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.::.. function5 and percelll key
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--_ --- addition or a\:;oyboarel

Same liB C-6B70 M.&67! ar.d battery to proeluce a
.S;;;;~~'D IM.81le j working calCUlator.
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CALCULATOR

PRINT'R- ! Add; """y ""bili'y to ,", C-7'7X oed C-71B p""ti", ~C.7~ Fo< bo," LED ~
DISPLA'f ~~(lUlator :.'!~~_" _ is DIP and 1I0uroscenl di~c>lay3

INTERFACE:: I AddS display c.apaollity 10 lM C-716 printing ¢~Iculator clrc~;t. C.7~ 2.Z~
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~IO a'iarm u ! I L.ED :~~~t:l~e~:~t~~~~~~

<1 DIGiT I 12h -t---~GMEN CRYSTAL IOperel6S directly from a
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1 CLOCK __L_ : I' l _ I I.... __J Idrlv!l01LED(jJS~ \ J

4 functions, percent kf!Y, Xl, .'X~ 1/:<, +/-, one-key or multi_key memory,
choice at 20 to 291<ey5

4~:p~;:;tkey,x,~,7i.,-1/;:'+I-, one-key or-~':::::-
brackets, inch-cantimater COnVersiOn, choice of 24 to 30 K

4 functions and percent key

~~i_O~ pen;e~2'.:.....0!1!~emory_, _

i 4 flJncllon~, percent koy, mull'l-key memory. :_-,-_-,- ,--,

h
i~1\t:;~~~t~;~~~~e:~~~an~~~~'~~gSri~~~;;~~;:d~:~:~ ~:-a;~~~~; ~~~~~':~'~;',r~~61~~~i ~ ~~~L,~~r, ~~~L~ r~.

9 DIGIT All the ~bove plus: 0 10 10" degree trig rangS', !ogle. i l ,. extelldetl dll:llt accurBc)' 01
SCIENTifiC ~allcenelentals,choice cl 21 to 38 kays. , ' • _

1- 1-'1'"II.the abo"'t! plus; tWCllevel~ 01 par~nthesis, Xl, %, '/-, cnotceol 24 1,0 4~:;~S I

HUMBER I PACKAGE

I
fUUCTION_~ DESCRIPTION

Basic (funclions anel percerlt. Blllomatic constant in multiply and
8 DIGIT divide. repeal add.'~ubl!llcl, elecima't Mlcc! moele, and other~FHNTINO II tee1(Jres. In~erf8c_Bs With the OIIV~1l1 Pul100 dol It'lalnJ< ~Hin\er

I . Optro~ lor use Wtth thermal pr;nttng Vllf5101'1 of Pu1100,

iSaslc 41unctlorrs and percent, automatic constantin multiply anCl
! dllllde, repeal add/SUOlract, decirr.el sel.:ct modo, m61'l',ory·in.USB

I\~~:~~~~~'I~~~r7~~~~ ~1;II~Ot~~ ~~~~:~~ ~~i~~~eo~:r3~~d other
!Irrlpact printer

1-4
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1
"~1

•..•..~i,{1

?AQl
NO,

4C·14
4C_15
4C-16

PAQl
NO,

I :;C.22
4C.24
4C-26
4C-32
4C·34
40-36

."

i 6:

rYPE

FREQuENCY
DiviDERS

.......

f--~l
P-CHANNEL

ENHANCEMENT
MODE

f----

- rllSlonl
1I Ylt -I· ·clu T em

OHMS MHO pF pf

+-~''-+-~''-+-= -+--'C~'-t-"":"'"":"+--'cTY":,-P. ,TYIl. TYP, TYP. CASE

~~::~~ 1~;~ Tf:fg~ ::~ ~:g ~g:;; :g:~
MEM817 150 I 2,000 I _~.5 I ',2 TO-72 4C-6

~~83 50 ~~~~o 100 TO·72 4C·7

CP~I C~F! I R~~IO IV"1~~G2SI PAGE
TY? TYP. TYP. TYP. CASE NO,

_1pA -;;-~ ~:~ I, ~-~ I ~'~5 I-~ I ~g:~; :g:~~
r -O"g2o;A! =~;=~ , 100 I 1000 ~:~ lJlJ ~:~~ ;g I, ~g:;i :g:~~

==-l--""-~~rm;,- ,,,,,;;-I "",,' I Yr, 'm PAGE
rnA VOLTS i UHMS ! MHO pF I ND

~TYPE TYP. MINIMAX I, TVP. T~ TYP, j CASE .

I E~~~~~~~~T I~; ! 5:~ \ ig:;~
~ ~30 I SOpA. ~ 300 1,500 [ O..'i ! ,0-72

V~BaH~*~S VJ~~~~5! I~S: I \~~s! tt~~~ I ~~AA~ I J~~ C~SfS I C;~t I ~~~ ~: I
==-+---",",-.J-:o",,,,N,-+__~~~~x. : nil I TYP. TYP,: TYP, \ TYr. i TYP. I CASE

, ~~~~~~ II :~~ i \~ I ~6 I' 1~ 1'~6 i, =~ I 2~O II ;~:~gg 5~4 Io.~~ I ~: i ~:~ ; ig:~~
~-ECp~~~~~~ I MEM6J6 j ~20 'C 6 ! -±-6 15 50 I -4 I - 16,000 I 6 I 02 II 22 13

.
5 I Plastic

MODE I ~~~:~~ i :~~ c. ~~~ I = j 11l~~A i =1 ,I:~ I 1~:~g ~ g:~21:= \2': I' ig:;~
I Me.M6BO ->25 ~-----=-...l-~~~ - I 18,000 : 5.4 10.2 ~2.5 TO-72

PART I MAXIMUM ! FOWER I----I---- PAGE

f---"'=""'-_+-_~--'=="'- __i--',,,,U"""',,,"'-+I-"fA,,,,EOUENCY ~?i'liES I PACKAGE' FEATLlR~S NO.
I~A~~_.--\~~2_~ ~12, GND 16 DIP \ 250KHz minimum frac.ueney 5·3

AV.1.02124E MHz i ~ I 5·3

"~I ~le~~r:i~e~ ~r~~~:nI~i~50C\aVe AY-3-02~~ ---r-----I -~~:~50%dCt;:~:-=-__=_ ~
~~~. I 4,5MHt i ~1'J!O +16, GNol 16 DIP 13 outP..l::t~. 50':0 duly cycle' ~

1~3.0216 1 j _ ! 130UlpUIS,30%~_~ 5~

I ~~~:II~;~tSS~~~~~~sle~el 0113 1AV-'-'13'3~ ~OKHz ! GND, -12, -27 - "0 DIF ~:;~cr~l~bi~~~;.~~pandlld la\ehlng/ ~

i ~~~r~;~~t; rhythms, I;!rl"~~ 8 AV.:/-1:>15 10KHz i GND. ~15 18 DIP ~;~~t:/~:I~~i~;I~is~n~:~~r~~r~~~~~ 5,10

I ~~~~~~.e~l~ka/~~':a~~or. 7th AY-5.1317A 150KHZ IGND, -15 140 DIP I ~~:~~~y{lUIPUfS, 5u~tain, top key 5-12

E',ectronic1llly snnulates plano AY.1.1320 -r----=- IGND -10 -27' 400 P ! 12 keys per ~,nlt, lo"dne~$ 0. ropor- $--16
operation and sound I. . , 1 I, t'o"lIl to Key press ~s,,,,,Io,,,c't"'Y__+-_

I-;;:~=---==--=:==-:~:::::~,~ :~~~~~;~--;:~~ .~ :;;;::.~ ~: ~ +~=--.-.- ~:~~
AV.1'6~~~L~E:...-_~l..2~TO Arra~~,.~_:-':'___ 5-20

:~:~~~~~:-..!..._~-;-: ~~~~~}-~~:: ~:~;~~: ~:~1·--- :~~
7 sIege A!~2:~ lMHZ! GN·D."~:32_t=g.9.!.P_ i -;;;;~~"N-.-,---- S-~-

t A.!'.:!:.~7B S~LC!~()...:_.:~~~_~~ :_~.a~~!'!~~_:~:_2.:J10'I;er-on reset 5-2;4

I ". Opcration Is a h!nclion of: lI ~o~'~ter/DI'Iid~r I :r~e~~~(t~U~~~~~~'~:!~,~~~I,~I~,~. ';P~,t.' divide 5·26

.... .
FIiN/iTI01l !l~Sr.AIPTlnt; I '1l~~:IR S~~~l~:& I PACKAGE i HAT!IR~S P:gE ,

1=
---'--- -, I Ay,,-mor: 280" - -as"

24 h'" '''9''mm",,,,,,,I' 8""';31 ~- "H",oc' 150 0' 6OH", AV "'3" BCDO' ,~
CLOCK TtME:A able on/orl lime switch ,"""th __~ GND - ---- 7 segrnf;nl direct HUClreseont d >plBy dnvu

4 digit clock A.!:2~.--jl ·12w -1~ ~ ~~~4u~sOI~~~on~~~~'~~3~~ hour d Sp\<IY (12 ~

I--- AY-5·1233 28 DIP ~~
Appliance lLmar with clock AY.5.\250 -I Two limed output. 1:1 on Ihe AV :;> 1251l 6-6

~ER TI~I1ER ~SUl~~,?~~~I, ~fr':~~~~;L~~'~ -A-y-~S"25~ ~'l, GND 28 CIP :~~~~~t~;~d~~~t ~~a~u~~~2:>2:2~~ur syS'l.!m 6-6
, A COin memorylcredlt eCCU[TlU- -r· Is,GO\NBOX let jo I I _ t d AV.1-6622 GND 4() DIP e.en ,dl farll~t ;::Oln I~PUts crOdl1 a~" I

CIRCUIT ..q~~pm~~~e nco n opera a ~12.. -27 bonus" r~a\~'rlls. , 6·10

IONIZATION Completl! Ionization IIm;lke I I0 hit MDSFET d tId
D~T~~~~R ~~e~~o~~;rCtJltryio a single MEMU62 I -9. GND 140lP L:;cb~~tenr~~wning. an ou fJl.J "ver I 6·15

III}Jre

I-~
Dl!AL P_CHANNEL

ENHANCEMENT
MODE

46·2 i

48-2

lilB·34

48-33 1

48·23

413-38

4=1

'·'1
I 49~34

lI",,,,bilily in implell1enllng e .orogremmable sysl"m. Tt'e geme
•program'" ROM, whlcn e..n be incorporated,rl a c$.ssetle, .;:onnedll
directly lo tho ey~tenl addrl'ss lind dela buaees, With this
ROM/cesS€llle .:lpproach. e libra'y of gamu ROMs car. ~e developel;!
encompesSing a mull'lLJde clO)ame fp.rnil,{-s
Adcl,lionally, slnc;;> the heart of Ine p'ogrammahle system is ba,ed on
the powertu! 16-bll CP1600 'nicrOOlOcessor. expanded capablli\ief;
beyOIl(1 a '"gome"'1L.mcllon ar~ possible ~ ,n"ludmg hcme ,nt~raclive

leaclllrlg Syslems. delfl sloreg~ and retrleVill systems "in allect. e lrue
hOlne compu~er'

Th~ Gllner<:l1 InstrlJmenl gamoreperlolfC! offers gememllnLJ!II-.:lurers il

choice 01 approaches to the marl<etplaee, GIM1Nl dod'oallld gama
chips and the GIMINI c'lssettll progremmable game Wl

Tne dedicated gamschips for 1977 'nClude a ehOiceofSa.ller,d Paddto
games with true gamll rules, r~allsllc courts, ar\d indl'/idual player
idenlilicalion The BaIt'll? gam~0(for5 aillhe thrills end e~clternentc\ its
popular arc"'de big brolher

Tne plOgrammeble gem," 5el bosed on a v~rran\ of GI's CP16CO, a.~

a.dval\t:ed 16-011 $ln~l~ chip microprocessor, pra~ides maximum

BATTLE I

BALL &
PADDLE lJ

COLOR
CONVERTFR D

I PART
IIESCR/prloN G,l,/IlES' HUMBER

I 'I ! I I Avarlllnt Orlhe GI CP18DOmicroproces50r. the
P CP1610 is T6-h\\ unit utilizing ~ general pU,r- 4B 36

~
P1610 j 4001 POS!! rogisters for fast and efflclen\ proct;!~Slng 01 I •

j allgam"dala

!The
D
GtMINIGh'PSel p rovldes I --1--- The progra;;-ROM--;~-;;~:;S:;:W-

~~d ~:~;o;e~ ~~~~~:~~g:~m I user game I Re. ;;·:.:04I:1U i ~D DIP cr,nle ns all game ru'es symbollocatmflS

l
el91tl PIayersandlealurln 9 up deeloJnfol I----

t
-- Color \(lI~lya~~::~~~_', _

10 e'ght uS(J-·W"llroll",c1 such ih AY 3 89tlO The SllC Standard Interface ChiP pro~ des 48-36
GIMINI> mOJm9 objects 64 Selel;>table Ball.!o l"aOdlo I - th" J.ded ~,gnals me ud ng sync and blank ng and _

PROGRAMMABLE mo~'ng ()bje~l~ up fo 240 I Aggrf'~~lol' r-- - "0 DIP the menlpulatlon and ,nteraclgJn of all graphiCS .~
GAME SET 1programmable ba(;~grot1nd IGamb Ing tl AV·3-SS00 1 da'(t "t a non-"lterlaCel;! p~Hetri for H~e TV . 4B-36

10r~~l~~n~ e~O~~~J~I~~~~ ,n I ~~c ng - -- - - T~-;;;~Rm~-organ~~s ;(J:;W~I
I ~p 10 s,x eqlors plus blaG~ and OlO 3-9316.4. "4 DIP Ita ns e selles oj 8 " B do' mnlrlc"s for ~ Iltge I 48.;\9

I
wh't\! I I var ely of game symbols bac~ground f elo

, ~__ ---.l __--!.~~~~~c~_
I The wo,Ioang me!T1ory dUring game opara! or;

I I I RAM - AloI" "" ."56 ", RAM"" "R"''''''' " 1 48-38I I comb:"ed 255 > 12 end 256 ~ 8 memory
j 1. complemont ~

~GlMfNi IS a lreClE!mark of General InSlrument Corp

I
r--~II S' I I bl II AY'3.6.S00~ 625 I I Automallc on-~cre~n ~eonn9' SOI.'nOI _8,,~L ~ _ I I>: Se ec a e games lor. one . J IP I genl'mtlon (1'''\, bO\Jnd~r\-". SCOre)

I
PADDLE 1. lor twe ployers, wLth vertical -- ----'1 28 D 'Seleclablopaddle s,;:e, ball speed,Ipaddle mollon, AY-3-6S0Q.1; 525 re-bound a'lqles

r-----; ; ----

1
8ALL &. I S,~ SlIlectablp' games lor one IAY-3-S550 ! 625 J I ~:~~e~~~~:~d~tf,~~eo~7~~-~~~:~~Oa-l 48·14

I PADDL.E IA lor :WC p.leyers. wllh horilQnta. .~---,-- ,28 DIP I player mot,on, ~?IOr-eoding oj score

I arld verl'cei paddlo cr,chon. IAY-H550_1! 525 i ! :~~r~:;Y'~\~~'~tle~,J'g:~,~ "'miss 48·14

___----+-: I I ---...l_-,~~~~~_~~,

GO OR j ~~~~e~~St~~~sb~~~~t~e~'1~~~e 'II' i ;~:~~~sO~r~h:e~:~~~~~u~~~~~~~~~,~le
CONVELRTER 1 IAV·3·a50D-1 or AV·3-8S50·j ! AV·:l·6S15-1 525 ! 16 DIP i eCl1y hy ll<e game s"I~Cl Inruts

. i ~~d~~I;;~I~a~OIO! composite I " I I I ~t~~s~~~r~~~~~~:rr\~~t~-:~: CLlC<J,l

~nn.e i I ! I Automal\[ on_s"rll~n sr,:;,"r.a SouM

I
~~~~:r AV·3-86<lO I 625 I : ~~~ec;l~~~~ ~:~d~eo~l~~~:~nd~I~~~~~t1y

E,gnt selectabte gerMs lor one Squasll I) i seleclable Jor Mer' pl,yer) ball
or two player~, wllh hori~0r1tf.1 Prar.llCll ---I-~--: 28 DI? : speed, reDound angle-s. "vii l1'l0-aX15

J"d vert Ice I player motion \ ~~~dk~~~ell AV-3-6500.1 I :;25: ; ~~':r~J~~:,oRnea71~:~r-~~~~:~v~~:~~~e
I BaSkelb:l11 I ' SCOring Flesh,ng scor~ as "end 01

--------i\-P'-""""""-"-+--" ~+------K:~~~fd:~:t~oanC~gr?l!ndend paddle

I
Iii:oulpUl& r,re selech"ely Ghanged d,r·

IAV_3·S&15.1 I 525 I 28 DIP j ~~~~ ~ro~~~e~g~~:nS~~~~·u:.n~~t~f_
, i I I feled 3 5iSMH~ etoe~ lor the gelr1~

1-- ;-'=-cc---::: " -+!",o""":.:o",,,-~:-cc=C--
I~a~~~ ~~a:r~r ~~~!~kp~::~~hllS-::- IAV-3·6100 6?5 i I :;:~_~en~~G~~;r~e·~~~t~i:~~I~,,;;~~~~~s

!
comPlete"" ,teerabll< ten~ w,lh I Tank 8~ttle ~-,_..- ---1 ~8 DIP I IT"dneS to retard a"eh lank'S plogfass

L. !C::.:'~":"',::.:.~~:.::C::::~d:.:;'_'~:r~~~eb$tt~~~ iAY·3·87110-1 I 525 I ~;:;tn;;;;dl ~'~i~~.nLt>on 10 a 5eatlng
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rUi~v i ,Vi""i- ii~ii-ii:A jiiiii j

•

,,1
;;;f

I
··~

r

II,~"

8A-2

8A·2

llA·2

M·2

etA-1!>

8A-17

tAj~o .lVail"plo wl\h MIL srI) Be.:> scnenlf1g (add IlI.lH l:. TX to ,,~.rl r1umtlt<rj

.!;UAAiT is a lradl!m<lrk of GClll1rl1l InStrument Corporalioll.

P/SAT

P/SAR

UAR(I~

AY-3-101S AMI 51757 J:IO :leKB 1 4BOKf!l:
~mpleIB5~ 1 SIG~ _ _

""""Ii ~ SMCCDM2505 OI~OKH' -551'ii'J ,50NO. I 4001P I',," I

~:~:::::/aerilll ~~ ~6\";,~~~1~ ~9to40KB 640KHz 01070 I -1':__~'__b_~tS

I 1
10""'" I'N-"''' WO "",50" 0IOlDKe I "OKH' 0" 70 I" ~~~". ., DIP i :i~P\i:;'

I A progremmable I j I Dala CDnvSI-
receiver thai infer- sion to fOI-
,,,,, ,·,,1,01, ,I AY-8."728 Wo""B 0 10 100KB 1100KHZ 0 l<1 70 1'5' GND,C·ODIP Imllt5 ~ompl>t-
llll\g\t1 slIf;"l dale. I .12 ibis wi\~ al\

to a parallel data • lslandard
channeL I I Synchronous.
A progrllmmabls " As,;mchronallS
transmitter that il\- ! Ii.. Iso~hronolJs

It'rleces'''anablc I AY-B-1482B WD14a~e !Qt01QOKS\ tOOKHz I' 01070 I ~5.:3~D·140DIP dalacdm·

~~T1i~e~~~~~~~dala r I -1. I \~~~:~atlons
channol I I I

TA-22

7A-19

7A~16

lA-16

lA-16

1A·16

REPER10RY
..QBLLE~

C01N60X
CIRCUIT

DUAL TONE:
MUL~I

FREQUENCY
GENERATOR

MULTI
FREQUE.NCY

RE:CEIVER

CMOS C~OCK

GENERATOR

H

tAls.:p a"'eilable .... ith Mil STD B83 scraanlng (add su!rl~ TX 10 parI111lnber).

BOOohrN2C Volt~

240lP I~;;~Ple';;~t"c~r~;~~1
,.,

25 mAN .,.5, GND, ·12 I 40 DIP
l"lc\Lldf!$ 11:'(\\.111':;; o! ,.,
AY-5~40D7 &40070

i---
seriaf count oUlput,

2ol. DIP l'lree carry o~tpul$

,-,

GND, -;5
f..-_18 DI~_~~ 19103, 7.~(lg.0~~ ~.

16 DIP P.ange 10 1999, BCD oUlpul~ 9·1i!!

r-r I 3 r.'lr1ges: !)ge, 1~99,

~"~:iOOKHz I 'mA GND. -'.S, -15 i 28 DIP 2Y99. Dual pcia,,\y,
BCD & 7-seg. outputs

Auto-range. autCl-1C(O,
4DOKH;:; 2.5mA +5, GND 40 DIP auto-polarl ty,7-sll'gmanV

':'
SCD outputs, counler mode

SEE DATA ..5, GND, -12 24 DIP
Employs ~IOC:;3$i\C 8-27

SHEET techniques ___ I---
SEE DATA +5, GND, ~12 24 DIP

Far use 111 r{\~(jte

~"SHEET ~"n~ing applicallons

A mlcrQprcgrQmmObic circull

600KHl 20 rnA I +12.+5,

I
1which 10flns t:;a baSIC =Onlral·

40 DIP IL19 element for rnany system~ ~·36

CLOCK TOTAL ONO rcquiflt'1g liming and conlrol
lunelion5, , e-l

;·1

! COL,nt~, ~lores & ct ...\
codas four decades! AY·5-4057
to BCD outputs. I

! IAY·5-'007 ICouhts ,up or __
down). slcrss &
deCOde$ lour dtl' AY.5-~;:1
"d"" '-",m'" ~_~
oU.tPllls AY-!:·40070 I 1

14 CHANNEL I MI:M !l5± ;;U'lOIIS 100 ot\ms ..., -'35 to +85

·~5 25 Volts t 350 ohms i (P:~stlcDip)

MEM8S6 ( 40Vclts _~~ -€5 10 +125

'1t:L "'EM~ ~5 Volts --.L- 150 Ohms I (Cr.,amic DIP,

MEM853" '-~- I ~;;--:, F'elPack) !t=124f\aIPaCk

4 DIGIT
COUNTEf'l

MOSFET
ANALOG
GATES

4 DIGIT
COUNTF}11

DISPLAY
DRIVER

SEOUENTiAL
BOOLEAN
ANAL'iZER

S'r, DIGIT DVM

7S-16
78-18
79-20

79-29

78-30

18-$1

ACF HaOC I TneAcr HBOe: i511511arplytuned lille.r lor 60 Hert;suppr"5~ioll. ItpTnvld~~ a m,n,mum,,:lgnluallonol,IOd8 pl'''.orn"nU~O.25Hl:
, ,rom 1110 C!jnle~ /requenci. The Mer IS sell CO.1lelned ana r'!{julrc~ no exlefnal componanl5 lor proper ope/al,on,

:1:11 ...•

Tl".~ ACF 70~2C and tile A.C;: 7C'92.C l\\l~fS are low cest dll~lce~wtlichcan bll <.lMld 10 9~nerllte any1llter re5pollSe Low p~. Bane

A~~~EE~rT~R I ~g~ ;~~~ ~l~~'f::~~r~~~~;~o;d~'tg~o~~~i ~~~r:~:e;~/I~~raf~~r:;~~~J~i:;eG~~~~I~~I~ I~YU~:b~~al~:o~~~~~~II~~nl~:;~'~~~~ ;:~9~~~irg;oH~ I 78'2

3B2SH~ ~PF iACF 1110C I i:: ~~~~~~O~ttl:~~~fr~~~;~~~o~,I~~e~:f:r~i~~~inK~~P;a~~:r~hi~~~I~I~;s ~~~e:j~~~U~~rm~'~ 7;_~5a~ ~r:~~~I~g.,~I~i~~~~~Y 76-6
___-"1_ Illlu~l:)r"""nU~a.ldB, _ ,

PGM TLAp~N3MIT ACF moc I ~t~;r1~~t.o~1:?~ ~~t,~~ ~~sd bae:~II~~;~~~~~f::p~~I~~:~i~~i~"'~h;~c~~i:i~'u:~~1~g~l'rn liller P"'ViUll'i lor a minImum JB:lB 78.8

PCM TRU~I< I ACF 7173G: ~h~E~;~:~i:}1l;~~~;;j~;~;:~~·~I!~I~~~3\~h~~~;~~~~K;~r~~~~t~i:~I;:~~~I~~;I~~t.\':i~~~~:rlJ;i~~~~~;O~;n~~'U%~'1~:~I~~~::~fi:179-10
TRANSMIT lPF I I 01 32dB at 4,6KHz, ~ maxImum il'l-b'and nppla of pl"s or mmus 0 1dB, ana 14,5dB ml11mum allMuatiOl1 <1160Hz I

. Tll~ AcF 7174C !,Ite, hll.~ beell d...~igr1lj<J lor F'GM . Trul'IlC receive eppl,callona. Tn,s "llrlatlle gaill. ·lBdB 10 ~3,~dB, low noist

~~~E~REUL~~ i ACF 1114C [ ~1~e~I:~U~~~'~~U~~I~~~a(~~~) I~~c: ;~~TsaO~p~h~~~~~~n~a~~~fo!l:if~~I~e~~~~i;~~~n~n~"~soi~:~~ ~~: ~n~e~~ ~~~t:i,.n~~:~i:e~ 78-11
-'I. PA.M GATE I I, nM ::...,en comDE'.n~'lted ~or G. Sin Xover)( correction lIr1d p(Ovld'es n mlni'Tlum a\hmualion of 2&lB al 4.6KHZ £l'Id a mexlmum \r1

i~~:dlt,~~~~;~;I;~,,~rh:~rl:aS()~':::'9rted lor !"OM ·'Llrll;''' Ir~nsmlt3P~IICllllons. Thl31ixed gain, a.25dEJ, low nOI~e !iltQr IS Capable

T~~~~~llnPF I A.CF 711SC: ~(6~'~:ea~~~1~~~;~~\D~a~~ar%';ie8~r;I~SO:P~;~b~~~.~~~c~~~a~~~;~I~i~~~~trr~~d~fo~K~~~'lIIumaM~uatio'1 01 ~()cB a\ 7B-'3

I I Tile .It,CF 717e;C (liter ha~ been designed far PCM "l,.lne" receive applicat,ons Thj~ 'Ixed gain, a.Zde.low Mise lil:l:r IS capable
?eM \.lNE: : o( e<~eedi!\g tile A.T.!\.T. D3Ch<lllf\£-1 Bank Cc:npaI1t:ility ~ptcl(\~a\\on.TI'1:>!iIter has a.seH conta"neiJ I'ul~e Ampilil.lC~Modulalion

RECl:IVE LPF ~ ACF 717Ge r [PAM) Ga\e and-S.ffipie pnd HoldC"p<lcile>rlordomQdulllljn9 and na:dlllQ Ih!! Inpul5lgn~1. IMliiter t-as oflel'lcomponsate(jlor1l 79-14
& PAM GATE i I~i~:O~;d~ (;Ofr'ec1ior1 and provides a mininlum altenuaUon of 2Bd8 at 4.6KH~. and ~ rnal:.!rl'1Urn II' band rrpple; QI piLlS or
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aaprogram accessible 16-bit

geMral purpose r<>9ISlerS
_e7 basic in:nr\lc.tlons

16 SIT 1114 add:flssin9rnodes
SINGL.[; CHIP _Unl'lT\Jled ,rllerrupl nostlllll and

MICRO- pllonlyre50luilon
PROCESSOP II 16>tllt 2's tol"r.p1eme<11 anlhm('!ic

& logiC
n Direct men,ory access (OMAi 101

hlgh5jlH:ddalalr<lllslf1r
D64Kmemal)'usingsingie <lddrGs$

The CP lG~O LJlilileslh,ro g~ncr~llon nllnl'II~~~~~~~~~computer ?rc~·,If";IWe Witl'l eig~l ge-nerlll I
pur~~,e n-:lI~\B'~ The 16·0-( word 1m-

I~~~~~~S~r&b~~C~~~J~C~:(~~'in~ ~I~~:r;
~d"'<lS5 C~pdblll't permIts access to CP 1800 40 DIP

~~~~3~::~r~.,nd:;:Y~;~~~~n 01 pro" I
peripl1eraldevlces I

1DA·2

_Singll: 16-B'1 or Dual 6-Bil Pl:Jrts I The 108 1680 is a bYle orientell piOo;lf!lr.1·1 Tile loa 1660 enable~ cH",c1enllnlor1<iC lnSl
for Bicirectional InpuI/QUI;JUI mabie mpul!oulput butler wh,c/". p">VIcle~ betl'>'e~n e penphilral and the CP t60~ oy ,

INPUT/ III Pil/'il\, en.ec~ l.OIlLCO!1 Bolh. "0[15 compreherlzive inle.1ecmg rac.l'~~1 ~()[ '''a u~e pI ~iJ< 8-oil reGisters and 0 16_~lt I
OU,'PUT IBTnr~e Lc~els cr Priority Inc CP 1(;00 mLCloprocesso, Date I~ p.'ogram"lsbla llmer. lOB 11;90 40 DIP I 10A·a
BUI'-ER dAuloma\[C HaMonake lOgiC and transfmn;-d 10 Bi'ld Imm the penpherai o~ I

Signals 16 bidireetionailines, eaCh <:1 ""'\Jcl, ~an

IlIConjml REilgislt'! be oonsidered to be an input or olitpul
10rns/1Sbl( word

'5,'26 28 DIP
12·2-

SOrns!16 bllword 12·2

5msl4b1!wortl '1:'>,-t2 12·4

6msi1d bit word ·35 12·9

10"'5:4 bit woro 5. -1{ -;A 1 12-12

1,M2

-5,·12-30
IZ-1S

12.\8
-~

~
10m~/4 bit word 15,·14.,24

_.___~2'Z2:

IPIII.FQR.P1N\ I A~f:~S j ~~~i~~~
I ,:",-",uL~__~......:.~~l.lsrATIC +:i.G~~:'..J RO-a ~f;rSlon~ a~a,laoie

. - - _ I l~s I:YP.) ! STATIC +5, GNO, ·12 I 240lP I ror ·55"C to +125"C, I 13-2

~_L.INTEl1:W" 1,5jJ~~~~~~, +5, GNO,,12 ~~~dvefSI~,of -,02 __~

__. __~~2.:.~~,.':.~:'U-,_:-_ .._ 1 5jJs (~I,__STATIC +~:...~~ ·12 2~ o~.J RO-6 ,erSlcms a'lM!lle 13-6
1\0.7.2048J4 < : 1,5i.1S{lyp,j1 STATIC +5,GND,-12-.l2~OIP Ilor-SS'Clo+;25'C 13·6

00.,.'''' i , 450", STAT'e '5,~~? I ".,
1\0·3-4096 ; SOO ns STATIC +5, t,ND 22 DIP 13-1Cl

R().3·5120 ! EA 4000 500n~ STATIC I +5, GND • ~p I 13-12

loe·z

10e-z

10A·111

10A·2:!

1DA·ZO

MUX 16001 2~ O;P

a BIT
MICRO

PROCESSOR

DUAL OIGITAL 1110 bit biaimc(ional data bus Tho DAC 1500 contains fDur reg;slers -I-'--I
~gNAv~~~~~ IB~Y3~~~;OnOUsIASYr'\ChrCmOU!l ~o~'~,'; ~~:J~~o;g~ oueM thrO~'~l a IDAC 10\loj dO 01"' 1QA-14

~ I ::~:~~f 7::.slog ",puts The MUX 1600 If a,bmary addressed 1.~ 1!he t.Linar'l address _selection or Il1a 16 I !~
18 CHANNEL IIBAddfl:lSS latch on-ch,p ch~'lfIel ana'c>g rnulbplemr. The M~X Input lli~l1nels pro'lides for slrTlpl,lled

ANALOG 1i0 10 6 voll input range I 1600 il1clu'jm; orl-Chlp address Im:;nes direct CDnlrolo! ~nalo!J slgnnla by
MUlTIPI_EXEFI I IlIAnalog output coo\rolled by ct"p i 3;ld separlltl1 address strobe and tne CPj600 rnlcroproce~:;or~hl,l1

so1ectSignai I ch,p3elect ~lgM.'",, +c-__
II ~~~:o~~uc~~~~ CP lMO I ~~~ ~~~~~I~~I~e~o~ri~;~:~~i~';~~~~~~_ ~~It~~~i~e~:~~~~~~~:;;~;~;V~;~~

GIMINI I .. COmplele- mlcfcCompllter syslem Item proVides direct address!ng!o SSK design cycle & SllPP?rI pro::luct o'o\OI'lP' i
MiCRO. IIISep~[alo Dela. Address and words, ul1l"rlllod DMA cha."r.el~. end a lng, ~ microcompulm de.,e:opm~nl systllm •

COMPUTER C<:>rllrol Buses I multi-I'ne rrlultl-I(vel nesled <nterrup-l sys" and 113 ~s50clat~d O;Jmponen\s arc a rnu51. I GIMINI
SYSTEM II Up to ,6SK m",,-,,ory space Ilern w~h lull p~o<~y resolullon and ,elf· I Th2 Senl's 1600 lon111y 1111$ theSe roo~lre· I

I

II Unl'm~ed OMA chanrlels IdenlJtYlfIg add,e~so~ All eon:rol 8 ~mlng ! merll~ l'I',th \hI' GIM!Ni MI~rocompu(or

---,--. ~:~~::~~~~;n9ys.temwith fuli I :t~n~!~ya~U~ff:;I~~ tl~tJ /1. add[m bum; I i

l

IB 161< warth or R,\M The SC160C GI~'I"'I Sin!ll~ Ca',; MIGra- ! In inliu$11iill ussgo, tho SCl600 CHn rerv~

SI",g~~16~RD : ~~ 7DO;~~i~~~IR3~~J2 ~~~~:~e~~[~~I~J~~cf~i~1~~~'I;~~~~~5.ng'I ~~~:~~e5~5e/eo~~~I~\dOli!'~;~~~~;sd:~~:~r~; I
MICRO. outputl,nos us-es the CPIMO m,cr<1prcceupr w,jll requireo 1rl con~umer appllcntlon~, 111~ SC150Q I

COMPUTER III Two UARJT·RS232 Scna' nil ClrcuJI')' for A (.~mplele Oo,mwng SC1&lO can serve a~ Ihe ba"s fe' ,qny

.~ ~~a(~~~'~:~Ck I system I ~;~~~~O~~~~~Il;:r;';'~:I~~e7~::r, a~ T_V--,--I_----'1__-'-_-"

_2 ChlO M''''mum s.ymem The LP ~OOC LOIlIC ProC~5;,or Unit [, ~ IThe SGric~ 8Q(l:t Log,c Pro<;e'>0r Sy:;lem :. lP aooo: 40 DIP
(plug clo.~~) wmplele B-b'l single ct\J~ MOS-LEiI 15 de![gnoo:o pe.1orm any rhgllalllJrlcll()ll '_.__-,-_."_._

148 ACcl<5S1ble 8 B,t Registers M'GlOPrOt:C5~0[. 11 t\a~ 8 mod~"rl com- uSing far Il!wer 03C~~g"'~ U1~n do TTL or I lP 6000' 41/ DIP
II 46 Bnsic Instr,Jctiof'S pL1t~r afchllectur! "'lh hJrly ~gh! gerlemt ! CMOS Impl~ment,Jtl-orl_ Ty?'cally a 100 L-._. _
:~',~:t ~a;:~ l~t~I;~~IIO~~}I~mehC ~~;:~:, ,t~:~:~~,~~~~;~ b~~ ~:~~ ~~;a ~~~~:~\:,t~I~:T1L~a~O~~ r~ouCce:d;~~, ~~h,e~ i lP 11130 a(lIP

OUtpUT Capability dre~s ~L1S:0 gl~c B 1~-bll eddmss cap· 6000 Progr;ml Mcmor~' ll",j lP 1030
_Automatic !ubrou\l1le ne~tll'lg o~ 3.DiI,I~· w!'Hch permil~ <lCCe,S lQ ClockG0ner~lor AlSO av.~'lable LP '010 __.;--.._+

L--...~mory devJces I 16.384 word~ :~~e~~~~r. LP 100r, Memo[>'

EPIC 1650 mlCrtlCOmpllter Tht' PIC 1(;(;4 clr'1l1115 ()~aClI:r 1M I i:l
w'lhoutI<O,\( Sllme aG Ihe PIC 1650 «xc.tpl lhal I

SiNGLE GHIP [ IIROM ad:iress and ,;~\a In" ROM porl,on o! lhe PIC 1650 h~s !
OEVElOPMEN'T lines broughl out 10 p,ns bllen rllmo~ed A'lY exlll1rlal RAM or PIC 1664 [ 6: DI? 1[)C.10

MICRO- _Can ~~ stopped or ~mgle PROM carl be use'; 10 ai(l,n ]he I '
COMPUTER I $t6P~Crj ~Ja a HALT pm developlnent 01 a IIMll "IC 1650 I

-L______ ~.onrtgural'on l I
14-2.5

14-16

:< ~ey rollo.p.r, 68 keys,
3 modE-I).

---t ::;CSllHa:o +5'GND.~~2'NkeYrO'IO'ler'9DK6Y~ W±Z:
~s6 ~3205Z7 i 1).1S (typ.) 24 OIP ~~~oc::: C~IU'~~

o,,-~'~

RD-5'S1e~

PART
NUMBER

IlB

I

The PIC 1550 MOS/l.SI c,rcu,t mny,i '.1

byleeftenl~pfC9r;l.mm;1cle,onlrollc,

The army,; .1 et,mplelO chiP C[Jmrcllild
.... [U' ;)~ mlornal CU~lO'Tlcr--o~t,n~ ROM
p'O[<'Jm soec,fyt~g thcOVQr,llllunCl,onal
ChflJ"Cleri~tlcsilndoppr;1.\lonatwavelo<m5

on Qilcho!lhegNlc,alpurposolrlIlUI'
outpulllne!)

IBUs,orProgrammable
DJ2 a-8it "leg,slars
1i1512J<12·Blt ROM !or PIDg[[Jm
IIArilhrna:G LO'Jlc Unit
114 S~IS of a U~el Oelinell TTL·

compaltble InpIlliOulpLJ( lme,
_Real Ttm~ CIOGk C<JIJnt~r

lI$elfcontalMed Oscill.iiro,
II Acces5 to RAM R!){llSIe<~ '1\,

here"!I,, mSlr~:;!ID"

e BIT
SINGLE CHIP

MICRO
COMPUTER
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and quality assurance. The factory in
Kaohsiung, Taiwan, is dedicated to high
volume assembly, test, quality assurance
and applications of Microelectronics
products.

In addition to providing reliable sources
of supply on three continents, General
Instrument operates each plant as a backup
facility to the others, to insure uninter
rupted delivery. Common processes and
equipment are employed and major pro
duct styles are always produced in at
least two separate locations, To maintain
uniform standards from plant to plant, the
quality assurance and process control
groups at each facility are directed by
quality control policy established at
Group and Corporate ievels.

Because General Instrument has a
comprehensive exposure to all of the world
LSI markets, it has been able to structure
its facilities and engineering programs
to conform to evolving customer needs.
Production capabilities are concentrated
in product areas of greatest volume. Each

Chandler, Arizona-We./er Coaling

General Instrument Microelectronics is
one of the world's leading manufacturers
of LSI (Large Scale Integration) micro
circuits. A pioneer in MOS in 1966,
General Instrument is now a worldwide
source of microcircuits utilizing Hybrid,
Bipolar and MOS technologies in service
to the consumer, industrial and public
service marketplaces.

General Instrument Microelectronics has
facilities in every major market providing
customers with a full spectrum of services
including new product development.
applications engineering...high volume
circuit manufacturing...and immediate
delivery of over 250 standard products
"off the shelf."

Strategically Located Plants
The Microelectronics Group operates
four main production facilities in the
United States, Europe and Far East.
Plants at G1enrothes, Scotland; Chandler,
Arizona; and Hicksville, New York, have
complete capability for product design.
mask making. diffusion, assembly, test

KtlCthslung, Taiwan-Asstmbly operaTion.

A TOTAL
TECHNOLOGICAL
SERVICE

I!!lMJEol!Q

Hicksville, New York
Microelectronics War/a Hea(1qunrISf$

GleltfolhfU, Scotland-MIlSk Allr;ners.
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communications, the Microelectronics
Group has developed a series of standard
circuits for use in the conversion of
telephone apparatus from electro
mechanical to all-electronic operations.
These circuits are being sold to major
producers of telephone apparatus around
the world, and have been qualified by
major government telecommunications
authorities. New circuits now being
introduced in the telecommunications area
are aiding in the development of solid state
PABX's and digital central offices - the
wave of the future in the telecommunications
industry.

General Instrument has pioneered in the
development of 16-Bit LSI microprocessor
technology. The CP1600 introduced in
1975, has now evolved into a complete
family of products for use in consumer,
telecommunications and industrial con
trol applications. Extensive software and
applications support this reliable and cost
effective family.

~-:~/7
~ .f-

Another major development by General
Instrument in the consumer marketplace
is the Introduction of the OMEGA series
of digital tuning systems. The OMEGA
concept brings the tuning precision and
convenience of digital channel selection
to the TV set, without the need for stand
by battery power to retain channel
memory when the set is off. This pioneer
ing advance was made possi bie by the
utilization of a unique electrically alter
able ROM (EAROM). The EAROM com
bines the reprogrammabillty of a RAM
with the non-volatility of a hard-wired
ROM. Recently, the OMEGA concept has
been made available for popular priced
TV - ECONOMEGA - and introduced in
a special form for high fidelity systems 
STEREOMEGA

Supported by General Instrument
Corporation's long experience in tele-

KaohslunG, Talwan-Tes/facillty

Glenro/hes, Seotland-Assembly ODerilri()n,

1976 General Instrument introduced the
AY-3-B500 video game chip, the first
standard single chip LSI microcircuit to
provide six different games with on-screen
scoring and realistic sound; over 5 million
such parts were shipped that year.

More recently, General Instrument has
introduced its GIMINI LSI System for
cassette operated "home Information
terminals," a product expected to be the
next major development in consumer
electronics.

Beginning in 1970, General Instrument
has been a major manufacturer of
microcircuits for hand held and printing
calculators. Product selection ranges from
low cost "four function" chips to complex
circuits for consumer and business
printing calculators.

plant has several separate manufacturing
modules dedicated to the process most
relevant to the primary marketplace. Cost
effectiveness for the customer is enhanced
because import duties are frequently saved
on locally manufactured products.

Broad Product Lines
General Instrument Microelectronics
offers the widest range of standard LSI
microcircuits in the industry. The com
pany's off-the-sheif portfolio consists of
over 250 different LSI products in fifteen
families dedicated to the consumer. tele
communications and data marketplaces.

For the consumer market, General
Instrument has pioneered LSI circuits for
calculators, ciocks, clock radios, TV
tuners, remote control, appliance timers,
radio and high fidelity systems, musical
apparatus and TV games. For example, in

MicroDhoro 01 A y.Joasoo TV Game ctuD.
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Corporale Support
General Instrument MicroelectroniCS
IS'bac\<ed by tM full resources of the
General Instrument corporation. whiCh has
for over 50 years been among the leaders
in the application of modern technology to
entertainment. industrial, military, data and
communications electronicS, ,.he skills.
production \<now-hOw, and technological
capability 01 the entire General Instrument
organization are utilized by the Micro
electronicS Group to further improve its
products and customer services,

Among the many other electronic
components manufactured by General
Instrument are discrete semiconductorS,
relayS, miniature lamps, and TV components.
General Instrument IS a leading manufacturer
of cable TV productS. oil-traCK and on-trac\<
wagering systems, polnt-of-sale equipment
and apparatus for defense applications.

Custome' SsrviceGe~eral Instrum ' .
believes 'n CUS ent MlCroelectro ' .is best served by a software or firmware
Independent cu~OMER SERVIC~'CS modification of one of our standard micro·
are maintained somer service de 'a processors. In other cases, a dedicated
provide immed' a: each major 10C~' rtme~ microprocessor is more cost effective,
concernin or la e response to lI~on to ,.hese services may be arranged through
customer ~erv?er service and d~IiV:tlons. "ny of tM Microelectronics sales of1ices.

consider ou ce personnel are tr ry, 0,most ur e r customer's needs alned to APplications Asslst'in
Ce

Aro"nd Ihe Globe
and let Cs~ requirement. Call oa~ t~elr ,,0 provide the special application. assist-
responsive rov~ that we are ded' em "nce that customers may require. Generalservice, Icated to Instrument Microelectronics maintains

fully staffed APp'lications centers at
strategiC locations around ti"e world, ..

U.S.A. _ Hicksville, NewYor\< and Chandler,

Arizona
EUROPE _ Glenrothes. scotland; London,

England: and Munich, Germany
ASiA _ Kaohsiung, "alwan; TokYO, Japan:

and Hong Kong
Arrangements can be made for Immediate
assistanCe from these centers by contact
ing any of the sales oifices listed in our

catalOg. ~
In addition to its extensive catalog of
standard products, General Instrument
Microelectronics Is happy to provide custom
design service to satisfy special
requirements, in some cases, the application

Advanced DesIgn Centers
To provide our customers with the latest ir.
LSI technology, General Instrument Micro.
electronics maintains R&D centers at
Glenrothes, Scotland; Hicksville, New
York; and Chandler. Arizona. In addition,
the Microelectronics activity is supported
by general research in various fields
carried out with such prestigious organi
zations as the Massachusetts institute of
Technology and the University of Utah.

In addition to its work on standard
microprocessors, General Instrument has
also specialized in the concept of the
dedicated microprocessor - that Is a
microprocessor architecture specifically
tailored to a particular application, By
combining the programmability of the
microprocessor with optimum input-output
architecture for a particular application,
General Instrument provides the cost
effeclive solution for product development
in each of the markets it serves

Unlike many other LSI manufacturers,
General Instrument Microelectronics does
not produce end products, Our slogan,
"We Help You Compete" means just that.
We do not compete with our customers,
Hence, customers can share their ideas for
product innovalion through LSI with us In
confidence, kncwing that we will not
manufacture the end product ourselves,

We also help our customers compete by
our concentration on cost-effective LSI
manufacture, For example, the General
Instrument Mini-Pak, introduced in 1976
for Consumer products, provides a signi
ficant saving in labor and material versus
the popUlar dual-In-line plastic package.

ChOrfd:fH, AtJion4~.ElecfrOTl 81,1;1('1 [llaporailofl,
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~IBASIC - C·6830

C·6850
M·683
M,685

0·589 -
- --

8 DIGIT - C-68'lD

ALGEB~A - C·6890

M~
M-G89

C·593 CF·593
9 DIGIT C·S9t. CF-594BASIC

C·59& CF-59S

C·5.96 CF,S9S
9 DIGIT C-598 CF-SSS

SCIENT,FIC
C·59!t CF-S99

FUNCTiON (
1 PART

OEseR/PT/ON NUMBER

I Basic 4 lunction:! a.nd p~rcent

8 DIGIT aulomatlc constant In multiply
2·17

PRINTING
and divide. repeat addfsub· 0-116
tratl( decimal select mode. ar,d
olho;>r features:

Basic 4 iunctions !lnd percent
0·117automatic conSlant in mult;ply

2·'8
12 DIGIT I and diYloe, repea~ add/sub·

P~INTING ~~~'o~;~~~~:i~ed~~~g~er'ound_
C·'l17X

ing options, non·add (0) date C·118 2·19Key. an.:: oU1er features
Adds di')play oapability leo the

I C-717X and C·71S prlnt1fllt C·719 Z-.2D
calculator circuits

Adds di6play capabilily 10 Ihe
C'716 prlntlng calculator circult

CALCULATORS
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Display Calculator Circuits
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B. MEMORY DESCRIPTION: Multi-key memory as pro
vided in all algebra. scientific circuits, and C~6a5D.

MR, MEMORY READ: FIJncllons identically to Ine M "" sequence
above.
MC, MEMORY CLEAR: Functions Identically to the M CrE se
quence above
M+, MEMORY PLUS: Functions 'dentlcally to the M.;.. seouence
abo...e.
M--. MEMORY MINUS; Functions identlcany to the M- sequsnce
above.
MEX, MEMORY EXCHANGE: FunctiorJS identically to Ihe MX
sequence above

In addition, the C/CF~S89 are provided with a STORE 'Key which
transfers the contents of the display to memory without Changing
the display.

C. MEMORY DESCRIPTION: Multi-key memory as pro
vided In C/CF~585, 595 and 685.
MC, MEMORY CLEAR: clears the memory while lea... lng the
display intact,
MR, MEMORY READ: transfers the data in memory to the olspla y
withoul changing the memory
M=F,MEMORY EOUALS/PLUS; completes tne preceding oper~

ation, displays the result, and adds the result to the memory.
M::,MEMOAY EQUALS/MINUS:completes the preceding oper
a\\on, displays the result and SUbtracts the result from the
memory

in addilion, the C/CF~585 and C/CF~685 are provided with a MEX
(Memory Ex;cr,ange) Key which functions as previously
described.

'rhe C/CF-59S IS provided with the follOWing additional memqry
Keys:

MR/Me, MEMORY READ/MEMORY CLEAR: thiS Single key op¥
eration transfers the memory data to the display on the first
depression. When depressed two successive times, the memory
data is transferrf:d to the display and the memory cleared
~, SUM KEY: when connected to V~\. this accumulate SViltch,
Independent 01 the keyooard, adds the contents of 1I1e display to
memory with each depression of the equals key.

-. _. --- ....._- m.;;;;.;.III

1I THE FOLLOWING APPLY AS NOTED TO CiRCUITS
WITH MEMORY,
A. MEMORY DESCRIPTION: One~Keymemory as prOVided
In C/CF~58S, 589, 594, 685, C~6850, C~689D and CF·6S9.
M: Tne Memory key is used I'n conjunction with other function
keys to define a two key sequence which sets a mode of operation
associated with the memory register and terminates any imme
diately preceding entry.
Operatioi1 ollhe M key followed by ~ adds the coments of the
dispiay register to the memory register without altering the
contents of the display register
Operation of the M key followed by - subtracts the contents of
the display register without altenng the contents of the display
regisLer.
Operation of the M key lollowed by'" transfers the contents of the
memory register into the display reqister without altering the
contents of the memory register
OperatIOn of the M key followed by C/CE clears the contents of
the rnemory register.
Operation of the Mkey followed by the Xkey performs a memory
display exchange function. The contents of the memory register
are tHought out to the display register and the con1ents of tho
display register are wrilten ;nto the memory register, replacing
th0 prevIous contents 01 the mamory register
Operation 01 the M key followed by any key other than --t, -, X, =,
orC/CE shall reset the M condition and act upon the subsequent
entry as if the M had not been entered.

In addition. two optional keys are provided With the C/CF-S94 for
ooeralion as follOWS.

MR, MEMORY READ: Functions-Identically to the M ~ sequence
aoove.
Me, MEMORY CLEAR: Funotlons identically 10 the M C/CE
sequence abo ...e.

I THE FOLLOWING APPLY AS NOTED'
A. AUTOMATIC CONSTANT (All cirCUli.)
The answer from any operation is entered automatically as a
Constant by the = key without a constant switch. The Cons!ant
may then be used with all five functions and the ans~er from any
Constant calculation can be used lor further calculations without
re-entry. This provide~ an Elxtremely poworful facil!ty for solving
many complex equations without the need for wrlllng down or
remembering intermediate reslJlts. It is particularly useful tor
raising to a power, compound interest calculations, nt0 rools,
depreciation calculatlons, etc In constant mUltiplication, the
constant is the first entered number (constant multiplicand}. In
division, addition and subtraction, the constant is the second
entered number. The completion of the first operation with the
depression of the =' key initiates the storage of the constant
number For subsequent operations it is only necessary to entera
number and depress the =: key

B. DECIMAL ALIGNMENT (C/CF-593, C/CF-594,
C/CF·595)
The results of addition or subtraction will remain aligned to the
preceding number h~ving the moSl decimai places. ~his feature
allows compulation III the dollar and cents mode Without sup
pmssion of the zeros to the right of the, dec.imal poi~t. II a right
shift is needed to keep the eight most SIf)nl1lcant digits, the least
significant digits are los1. The results of multiplication and diVI
sion will be completely right adlusted such that only the most
significant digits are displayed except during overflow

C. CAPACITY (All eltcepl Scientific Circuits)
For the C/CF-S80 Series and Ihe C/CF·680 Series, in the case of
overflow, the eight most significant digits are dlsplayBd (seven
digits and minus Sign for negative answers) all decimal POints are
hl and the keyboard is locked oul. Only the operation 01 the clear
key will allow continued operation. On depreSSion of the clear
key, the decimal point is shifted eight places to the leH of Its
actual posttion.
For the C/CF·S93, 594 and 595, in the case of overflow, the
overllow symbol is displayed, and the decimal point shifled eight
pl?ces to the left of its actual position. Under these conditions
the keyboard is locked out such that only the operation of the
ctear key will allow continued operation.
In all cases, for an attempted entry reqUiring more than eight
display digits, the mos-t significant digits are protected upon the
attempted entry of another dlgi!. The keyboard is not locked out
and operations are still able to be performed
Wnen division by zero IS attempted, an overfiow condition results
and a zero is displayed.

D. PERCENT KEY (all except C/CF·59B and 598)
Multiplies the two preceding enLries and divides by 100, and
when followed by == gives add-on and discount: A+B% yields
(AB/100); ktB%==yieids A+(AB/100). A-B% yields (AB/100J;
A-B%-=yields A-(AB/100)

E. CHANGE NOTATION KEY (ScientUic Circuits)
Depression 01 the CHG NOT key will convert the displayed
number to scienttfic notation, if it is in the "normal" mode, or it
will display the 8 most Significant digits of a SCientific mantissa
with the decimal point correctly localed (even If it fails beyond
the display area) and trailing zeroes shall be blanked. In addition,
lor numbers less than one, the digits are lef! shifted until all
leading zeroes have been eliminated

F. EXPONENT KEY (Scientitlc Circuli.)
"EEX: This key operates as follows: The EEX key sets the tWO rlghl
most digits to zero, ihe third dlgli from the right is blanked and the
calculator is conditioned to accept sign and numeral keys to
define the exponent value 01 the number entry. If the mantissa
had numbers in any ot the last three digit positions, these are
retained but not displayed.

G. FUNCTION KEY OPERATIONS
(Used only wIth dual~ runctlon keys)
Depression of Ihe F key sets the calculator in the "Function"
mode and lhe F indicator is lit. The dual function keys will then
function as indicated by tl1eir upper case deSignation. Single
function k€ys directly perform the indicated function.
DepreSSion at the second key of the sequence resets the "Func
tion" mode and the F indicalot' is turned off when the answer is
displayed. The "Function" mode can also be reset by a second
depression of the F key

15\1LE!l

~s SEGMENT C

:1" SEGMENT 6
26 SEGMENT A

25 DECIMAL POINT

2,1 OIGIT 1OVERFLoW
2~ 0IGIT2M,S.0
22 DIGIT 3
21 DIGIT"
~o DIGIT ~

'9 DIGIT'j
,~ DIG'T7

I;' DIGITS

Iii OIGlf 9 LSO
T~ vss

NOTE

All DI~play C81c~"BI~' GI'G~;I" olle'sd ~y G~r.c,al In'irr~mMI
(e~cepi C-6XXD :l8r1e.) h~\'a Id~nrlc~1 pin /Uncr"ln. Or. BII P'"~
Q);'Ol!pl p,n" S, 9, ID 011<1 11 T~on" PI"~ Me utlll:red 10' the
d'~lmctj;'a Ilmel,on" 01 \!ach C.lc~13IorcliLUIImOda',M d"scr,bed
On the- 'oIIO-w;ng page~ 0' 111,. ~ewon

~~~~~~~ ~§~ 1

S=GMENTF~ ;
SEGMENT G oj

SEE NOTE BelOw. 5

:~~~ :KN ~

SEE ~'OTE. BELOW 9

SEE NOTE BELOW '0

SEE NOTE BELOW 11
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OSCILLATOR E~~~t~ a~_

'OpV'ilW

PIN CONFIGURATION
28 LEAD DUAL IN LINE

'l;/t,;F=580 SERiES
C/CF-SSO SERIES
C/eF-SBO SERIES

=r I" I 9mo I 15' I IDESCRIPTION ~\llE!l FLUOR. I fOlRECTj FLUOR,4 ~lions and percent kev
8ASIC
S DIGIT

FUNCTION

FEATURES

II Printed circuit board compalibiJity of circuits.
II Direct segment drive lor LED displays (C-XXX)
II Direct fluorescent display drive (CF-XXX)
/I Direct segment and digit drIVe for LED displays iC-XXXD)
II Algebraic operation
II Automatrc Constant
II Floating point operation

iI Constant or chain operallon (no switch required)
I!I Leading zero suppression
III Automatic power"on clear
III Internal clock (on-chip oscillator)
~ Internal keyboard debounce logic

DESCRIPTION

General Instrument's broad line of disPlaYCalculatorcircuits, the
C/CF-SOO Series and the C/CF-BOO Series, Consists of pIn-for-pin
compatible circuits (except C~6XXD series) designed to fit in the
same basic PC board. This provides a high degree of flexibility In
calculator moders manufactured while minimizing the toolingrequired,

'·2
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SEGMENTC

S"GMENT B

"leEm"N"
25 ' OECIMAL POINT
,,~ DIGIT 1 ovc:nFLOI':
U DIG1T2M,S,I)

~~ QIG1T3
?1 010114
20 OIGiT S

19 omlT6
,B 0lGIT7

,7 01GI,8

,6 OIGIT!H_Stl

15 v!,s

~.3 0-0;

_____________J

'co
D.T aSCII'.'

osc ENABLE

NOTE
Th~ osnilialol i~ ~oablsd by CO,1neclln9 a ,~Jj5Iorfrom IIGG Ie pin
14 (l50K :;;10;' IQ,CICF·~a3. nOP{~10~.lorCICF-6ll3).

KEV MATRIX

Note: Diodes lIsea only for CF -583 ana CF~683

PIN CONFIGURATION
28 LEAD DUAL IN LINE

---

N
E
G

S
I
G

456789N

L/ 5 G. 1 B 9 - [.

DISPLAY FONT

a DIGIT
NUMBER

EF-I=r=I~"=Lr----=S
02 03 04 05 06 07 08 09

aDIGIT DISPLAY

~2J

OPTiONAL 9 DIGIT DiSPLAY

80lGIT

SYMBOL NUMBER

I I \ I "T-=:I T-Er~
01 02 03 ot:. 05 06 07 06 09

DISPLAY

DESCRIPTiON

The C/CF-583 and G/CF-683 circuUs are basic five-functio(\
circuits whictl may be used with either eight or nine digit LED or
fllJorescent displays. Thoy compute and display the results of
cOllcu)ations with numbers up to eig~lt digits (seven for negative).
On overflow, the keyboard is loCked and al) decimal points are
lighted, In addition, an overflow symbol will appear in the ninth
digil position for those calculators ,'HiVing nine digit dispiaY~

FEATURES

II B digit, 7 segment display outputs.
II Basic four ar\themellC functions (+, ',)1" -;..),

• Percent (add·on and discount).
II Floating negatIve sign.
II Right-just'lfled entry and result.
III C-583 and C-683: direct LED segment drive.

GF-583 and CF--683: direct fluorescent display drive.
III AU otMr features listed on the first page of this section.

(!L C-583 C·683
iii CF-583 CF-683

------8 Digit / 5 Function Basic Calculator Circuits

~

FJu~~~~~~n~~:~'ay IL~~~~~~;~::XILED Display
C-S)(X SerIes

-20Vlo-~O.3V ~'5V 10 ~O.3V -15Vto+D.3V
-20Vfo,.O.3V ~15V to ~03V -15Vlo+03V
-20V lo+O.3Y <lOV to -O.3V -15V to +O,3V
-20Vto+D.3V -30\lto~O,3V -15Vto+D.3V J

SOOmW
-20°Clo+7QoC
DOCto+4QoC

01095%

SAt -9V

LED DISPLAY INTERCONNECT

~.
o'"'''' '0",'"

~
----==-- -:;:::;~;:

Ii:~ \~""',"TC

___.JllJ .- , , ::::;:
1""" " " •• , • , • , , ]1r, , ' -",.".,,-,,, Ii U' """" "I]'"'''''' ''''''''''''.'L'~: I -V- No" Dig'"''''''

I illl
[l;~ I ~O:~~"o"~:~;:'

I
"" ow -,-~ :~:',J::;;:~-

,--Ol",r~ ..~o .__ ,ons
.....R!.".!.!-L_. _

Ii! ~-::::::~~g£;a:':m!:1--::- 1
1
,:j,",~~;":~lm

I~~:::;: ---
~~,~ -J

4At 4mA
5AI36mA

-20V to +O.3V
-20V to +O.3Y
-3.2V 10 +O.3V
-32V to +Q ,3V

Fluorescent Olspfoy
CFv5XX Series

-"l,GV - OV oV rO.5V OV I -O.5V - OV
Vq , -6.0V V(,1, -6.DV V,,(, -4.0V VOG -4,OV

1K lK -- 'K ,"
200n 300n 1K 1.3K4

200n 6000 I 200ll 300n 1-
20011 3~~n - 20M saon 2Qon 300n 30n SOOb

18/.1A 18/.1A 100pA6

I
I _ 18/.1A

1_30v -,:V

-'27V -'24V

75mW 100mWI
1~~~~~~~~~ -100mW 125mW - 1 --

15rnW 30mW I ,- 15mW 30mW

V"t; supply vOltage rangel

Clock lnplJl voltage range'
Datainpulvollage range I

Applied output voltage range!
Maximum PQwerdlssipation at +25°C2

Storage temperature range
Operating free-air temperature range.
Relative hu rnidity range (no condensation)

ELECTRICAL CHARACTERiSTICS

Maximum Asllngs*

~ All output bulfNS are ope.n"drain to V...,
. Typical values are al +25~C and nominal voltages.

Keyboard InplJtcharflcterl!lllc9~

Input signallevsls: Logic a
Logie1

Keyboard resistance
OuIput bUffPI' cheraclerlstlcswj
Segmenloutpulon-resistance; at -05V VOl']

at -r.sv Von
Dig it output on-resistance at-1.5V Val'f
Di£litand segment ofl-Ieak"age: atVOt p=-9V
at V(JL'T~-2'lV (CF.S90, CF-680 Series)
or V Ol:T =-30V (CF-58Cl Senes)

Anodeand gridsupplyvoltage through
.200K resisfor: CF-SSO Series

GF-S90, CF--680 Series
Power(all outputs 011)4

atVu{,""-16.0V. CICF-SBO Series
al VI,(,=-16.0V, CICF-S90 Series
alV,;(,=-7,5V, C-6aO Series

All inputs and outouts are Inlernally protected against static charge damage during handlln9 consistent with standard Industry
practices.
'Exceeding those ratings could cause permanent damage. t Measured with respecllo Vss.
Functional operation of these devices at these conditions IS not 2 Derate at 10mWrC
implied-operating ranges aro specified below.

Operating Condillons

Vs>., subslrate supply
Vmi , gate supply: GIGF-SXXA

C/CF-SXX8
CICF-5XXC
C·6XXA
C·6XXB

CharaClerlstlcs- at typical operating
condilionsovera DoC 10 ...40°C re.nge

FLUORESCENT DISPLAY INTERCONNECT

~ rLUO~~scrJjT 0 S"~A~ l -~ fSV

Etffi1mm~"
m~

-------- m~ ~~

,---.::....~~ .

, n~'~O~'~~~I~@~~~
C ; ;~ ~.Ep~ ~

~ 2A 01C17 I
~ H OI{l17~

~ ""-~~x ~~ ~~~.--+--

:; 11 HW--~=_===_=l =-=~±=~
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[!!J C-585 C-685-l
CF-585 CF-685--.-J

s= C-589 CF-.589 -.J
8 Digit I 9 Function Algebra Calculator Circuits
With One-Key or MUlti-Key Memory

8 Digit I 5 Function Basic Calculator Circuits
With One-Key or Multi-Key Memory

FEATURES

II 8 dlgiL, 7 segment display outputs,
iii Basic four aritllrrletic; functions (+, -, X, ..;-).
U Percent (add-on and discount)
llJ Floating negative sign.
!lI Right-justified entry and result.
l!l One-key or multi-key memory functlon (refer to the

description at the beginnlfl9 of Ihiss8clion,)
u C-585 and C-685: direct LED segment drive

CF~585 and CFv6~. direr:~ fluorescent display drive
It All other fe.stures listed on ihe first page of this section,

DESCRIPTION

The C/CF-585 and C/eF-B85 circuits are basic five-function
me~'f\ory circuits wrich offer the user the hIghest degree of
functional flexibility in implementing a memory oalculator. The
circuits include all the features of the C/eF-S63 and C/CF-6B3
clrculls with the add:tion of the memory function.

FEATURES
• 8 digit 7 segment display outputs
II Basic four arithmetic functions (.... , -. X. +)
It PerGent {addMon arrd discount).
II Convenience functions (X2,v'X, 1/x.• /-)

II! Floating negative sIgn.
EI Right-Justified entry and result.
II One-kay or multi-key meno!)' tunctiOn (refer to the

deSCription at the beginning of this sectiOl"l,)
D C.s89: direct LED sfJomElnt dn'l(:

CF.5S9: direct fluorescent display drive.
iii All other leatu:ElS \isted on :he first page of this seeton.

DESCRIPTION
The C/CF-Sa9 circJils are baslc eight_functicn memory circuits
which offer the use' the highest degree of functional flexibility in
Implementing a memory ca'culator. The circuits include ail the
leatures of the C/CF~5a5 circuits with the addition of the
functions x2, vx. 11 x and +/-. The C/CF-5Sg circuits may be
o'erated with either single or dual function keys with akeybOard
configuration of from 20 to 29 keys.

CONFIGURATION
DUAL IN liNE

DISPLAY KEY MATRIX
DISPLAY KEY MATRIX

SINGLE FUNCTiON KEYS

OPTIONAL 9 DIGIT DISPLAY

a DIGIT DISPLAY

DUAL FUNCTION KEYS

t<EYS FeR MULT,.KEV MEMORY OpERATlOI~

~·~-E-{P-qJ-7"
¥f~'~-~--$~ti~~"0-g~'l--' J 1 FH-;--, r;1---'-l~I 2 -Y.:--!' '." -- j~ T~ L~J"" ~~

C( r Cl~- 9Y~~"
, , >2 D-'. lJ-O::; >~, o-~ ~--: D·S D_CO

I=c.cc::cr=L~=:J
02 03 04 ')5 05 [,'? De D9

8 DI(;'
SYMBOL NUM!3[;R

0::- I l ~_l I I~
OJ D2 D3 :::": U~! Of": C;6)'1

OPTIONAL 9 DIGIT DISPLAY

8 DIGIT DISPLAY
8 DIGIT

NUMBER

"

D·,? c~e

(I Itl Ko

Not~: Diodes used only for CF~585 and CF-685.
8 DIGIT

I>/UMBER

8 DIGIT
NJM8ER

I =err I i'l
02 D3 J4 05 06 01 08 D9

SYM1WL

[=L~~=C::IT--r_L:::LJ
JI 02 03 Do:: O~ 06 Dl DB 09

DISPLAV fONl

0123456789

o {2:3 L.f 5 5. 1 B 9

N
E
G

E
5 R
I R
G 0
N "

Co

M
E
M

DlSPLA'" FONl

0123456

o 12:3 '-155.
7 8

1 8 9

E
S R
I R
G 0
N R

C F
~
i:',----------------{8----*',

, -l 'F! l:J 0- c ~ , I~J->'"
~ "_r~l iT-! tw~ I~~->,qJ ", irl~ I~"

" I C-2 tl'" [j_,t n·~ ~.~ "'-,

Note: Diodes used only for CF~589
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NOTe: Minl·Pa~ mounted on baok side

1.1_66316651687/689 MODULI;

PRELIMINARY INFORMATION

CALCULATOR FEATURES
III M-883 - 4 function with percent k.ey
• M.6B5 _ 4 function, percent key, one or multi·k.ey memory
• M~6B7 _ 4 function, percent key, slide rule functions. one or

mUlti-key memory
• M-689 _ Same a.~ 687 with brackets, inch centimeter

conversion.

DESCRIPTION
The M.B83. 685, 687, 689 sElr/es ot modules contains anelght oig)\
LEO dis?lay and a CM680D series calculatorclrcuit leaturi'lg all
the neCBSl>ary logic. contact noise elimlnatlotletrcuilsatld timing
for a complete, simple to use, low-cosl, mullHeBwred calculator
For 1u\\ information on the many teatures of the calculator
clrcuits used on these modules, refer to the detailed descriotions

on the preceding pages.
The M-680 series modules are fabricated on a double-SIl:isd

printed circuit boa'd.

MODULE FEATURES
• B Digit LED display & lens wIth calculator circUit o~ one board

• Algebraic operation
• Automatic constant
• Floating poInt operation
• Constant or chain operaUon [no sWitCh requlr"dj

• LeadIng zero SUIlPtesslon

• Automatic power on clear
II Internal clock (on-chip oscillator)
• Internal 'illjlyboard dehounce logic
• Self contained module (only needs keyboard and oattery for

complete calculator)

8 Digit Calculator Modules

S--M:6a3 IIII-S87 I
•• M-685 M-SS9

iL

P,gll ?

01gl\6

28 tJ 0'9'15

Qil/it eL,S.D

'N
OCiClmcl P,,'~l Pi.lt 4

Ses,ne,lG 010;\t1
SIlgment F OI~.12

Segmenl fo Plg,t ' ~.S,D

Scgnle'lO r: VG<I

s"gme"l C osc IN

S<JQmenl El 1:1 "Ie

Segm(l.'t A O~C1I1~lor Enable
KP NC

KO "'A
XN l' V<~

l'ion::
r,e ole,ll,jar 'l ene~led or COM81;11n\j11 '5JI<::tl0" I
r~$151O' "am V"3 l~ pin lA

.-------

PIN CONFIGURATION
28 LEAD DUAL IN LINE
(Also available in a 28 Lead Mlnj·Pak)

DUAL FUNCTION KEYS

l~'-8--EJ-i~@-Q}-"
LT'I,J,T'T"!.l

~_-l~r-,"r.r::H.... ~C.'>X'"li'TT'-r'YL,JY
r'-; r ' n ;-I, n ,.1-, ,-- r-,l' "1 ' .:L.'_jY~ ,H~ 'I-t' ~

-.-1

1

' ;r __fl~~rf-h~~ ~~~ "
'T T T ~J Y '-(1.1' T

SIo. 59 s'c ;0 ';c d< ~G d~ ~,.

D8

S
I
G
N

07DED'

o

S DIGIT DISPLAY

DISPLAY FONT

8 OIGlT
NUMBER

(.- ~=.'~T==::;=I==:;::1==;:=-:J
02 03 04 !J~

2-'

FEATURES
'Il Direct LED segment and 019\\ ofilia ieXC9p'l CF-6B7/689/6B9:-iV)
iil 8 digit, 7 segment display outputs
III Floating negative si~n.

I;' RighHustitlad entry and resUlt.
I!'l' All other 1eatures listed on the first page of this section,

C~6830: 5 FunctIon
II Basic feur arithmetIc functions (.~, -, x, -I.
l!I' Percent (add-on and dIscount).

C-6850; 5 Funcllon with Memory
Q Basic lour arithmelic1unc\ions (.... -, x, -)
Ii:I Percent (edd·on and discount)
III One-key or multi-~ey memory function (refer to tnc

descriot.o~ at :l'1e beginning of ihi:; section).

C-61170: 11 Function with Memory
.Ill BaSiC lour arithmeticfunctfons (1-, -, x. -I,
I!l Percent (add-on and :jiscount)
P 01e-key or rnullf-key memcry function (refe- to the

description at the Deginning of this section).
Il'.I Convenience functions (x~. ,/; 1/x. "/-, t-y sxchllng1:l)
llII ll' key to display the value of rr
m User option tor single or dual function key operation.

C-6890: 13 Function with Memory
II" AI: features of the C-6B7D p:'us linear metric conversion

(lnch~cm, em-inch) and onE! lever et parenthesis.

CF·sa1: 11 FuncUon with Memory
Ii Same as C'Be70 except dIrect flourescent dlSfll~y o1\ve.

CF~689JCF~sa9HV 13 Function with Memory -r:
Ii Same as C-6880 except direct fluorescent diSPlay drive.

Supply '1ollage: 9V for CF-689 15V for CF~689HV. KEY MATRIX (C-6890 shown)

~--- SINGLE FUNCTION KEYS

DISPLAY

8 Digil Direct Drive Algebra Calculator Circuits

CF-S87
C-B8SD C-1l87D CF-6BS
C-SS5D C-S89D CF-689HV

I _

I 0 12L_ 3 ~ 5 5.7 B 9

I



9 Digit / 5 Function Basic Calculator Circuits

IJ!!J (;·593 CF~~9~_~1

9 Digit / 5 Function Sasic Calculator Circuits
With One-Key Memory

.------~I.!
SEGMENT C

SEGMENT e
SEGMENT ,.,

DECIMA.L FOINT

DIGIT 1OVER'LOW

D\G1T'lMSO
DIGITJ

DlGIT4

DIGlT5
DIGITG

DIGlT7

DIGIT a
DlGIT9L,S.D.

,~

lOP Vi~\Ii

.' ·, ·, ~, ·, ·, •, ~2

" ~, ·. ·
~ :: ··
E ~ ··

SE:iMENTO
SEGMENTE

S(GMENTF

se3MEt'll' G
lOW aATTEfl.Y INPL,;T

"KO

KN
,e
Ne
KO

'00
EXTOSC'N

osc ENA.EILE

HO"TE:
-hD OS/;II al.alle enalll9~ lIyeenn9cllnll a l,!IOK ~\~ r~I~\'" IT<>m

VGG1~ptn H

PIN CONFIGURATION
28 LEAD DUAL IN LINE

DESCRIPTION

The C/CF~594 circuits enable a manllfacturet to add a memory
calculator to his line with the simple inclusion 01 one addillonal
memory key in the rratrix 01 the CfCF-593 keyboard. All other

operations are. identIcal to Ihe C/CF·593.

FEATURES

• 8 dIgit, 1 s~gm~nt di5ple.y outputs with ninth digit lor sign or

symbol
iii Basic tour arlthmet\c functions (+, -, x, +) .
• Percent (add·on and discount).

• Floating negati....e sign.
• RighHustifled entry and ~esult.
iii Results of addItion or sub~raclion remain aligned to

preceding number tlaving most decimal places
II Dner-key memory operati:ln, with opfon for two additional

memory function keyS (reler to the description at the

beginning of this seGtion).
• C-594: direct LED segment dri ....e.

CF-594; direct fluoresce!"-t disp'ay drl....e.
II All other features listed on the first page of thiS section,

[En1 C·594 CF-594 J

NOT~;

Th~ olCllialor,s er,~bicd by c"~~eC[I,%' 6 lSGK ::!:1e»; r6RIlior r,om
"CG :op,n 16

;¢PV'ew

"GM"TO ~., "I "GM,meSEGMENT E 2 27 SEGMENT 8
SEGME."" F J 2(; SEGMENT A

SEGMENTG ~ 2~ 'O.CIMAl~OINT

LO'N ElATTIi.R"'I~"UT 5 N J DIGIT 1 o"EOn, LOW

KP t :OJ PI3:1T ~ 1.1$,0.

~~ ~ : ]:; g:~:;;
Ncdw ,,1 elGITe
NC : '118 DIGIT 7

Vo.o 12 \~ J OIGIT I'!
E-XT osc IN ~ ~~ 1$. CliO IT 9 L,g,D

osc EN,l,6LE~ 1~ vs,

PIN CONFIGURATION
28 LEAD DUAL IN LINE

FEATURES

The C/CFv593circults are basic five-function circJ!tsfor use with
nine digit LED or fluorescent displays. These circuits er'\ter and
compute both positive and negative numbers to an eight d:git
resolutiOn. On ovelilow, the o'lerf!ow symbol is c\splayed In the
nirrth digit position, the decirral point is automatically shifted
eight positions to the left of its computed position and the
keyboard /s locked

DESCRIPTION

Ii e digit, 7 segment display outputs with r-.lnth dlgil for sign or
SYMbol

II Basic foLr arithmetic functions (+, -, x, +).
• iPercent (add~on and discount).
II Floatlng negative sign.
1!I Right.justlfied entry and result.
iii Resulls of addition or subtraction remain aligned to

preceding number having most decfma, places.
II C·593: direct LED segment dri'Je

CF'593: direct fluorescent displaY drive
III All otherfeatur'es listed on the first page of this section.

II DISPLAY

I 9 DIGIT DISPLAY

I~~ _J -e5~~~~-TT--T-l
Di D2 D3 D4 D5 D6 D"l De D9

'0

"

~ .-.r-l'\~

OPTIONAL MEMORY Ki<YS
~

02. 01

KEY MATRIX

Note: Diodes used only for CF~594.

N P
E 0
G 5

L 0'0
o V V
WEE

R R
F F
c co 0

T W W

- L f [123456 7S9

I 2 :3 Y 5 6. 1 B 9

DISPLAY FONT

o
o

9 DIGIT DISPLAY

DISPLAY

S\GN ()I; 8 OIGIT
SYMBOL NUMBER

I ~I I ITI_I:J
Dl D2 D3 D4 05 06 0"1 06 O~

] .... "

KEY MATRIX

Note: Diodes used only for CF-593."E
G

l 0 0
o v v
wEE

R R
8 F F
A l. L
TOO
T w W

L E [
23456789

I ;:} :3 '-I 5 G. 1 El 9

DISPL.AY FONT

o
o
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2-13

DCGREF.5

'.'s~.-----;;-;;:~;l;;

KEY MATRIX

SINGLE FUNCTION KEYS

The CirCUit operates in the normalS digit mode until the display
capacity is exceeded at whkh time it converts to the scienti1ic
mode 01 operation,

The C/CF-596 features single or duallunctlon key operation for a
keyboard configuration of from 19 1035 keys

r
l~NCONFIGURATION

2B LEAD DUAL IN LINE

Top V,ew._.., .._co
SEGMENT E ,i SEGMEi'-T Eo

SEGMENT F J 21} SEGMENT A
SEGMENT G 4 25 DECIMAL POINT

LOW BIITI"E'1Y INPUT N DIGIT 1OVERFLOW

1'1' a 23 DIGIT 2M,S,O

.KO 22 0lGIT3
..-.N a 21 01G1T4

K:. q 20 DIGIT5

KB Ig DIGI,8

RAO!5'EG 1B OI("JIT7

v,.,,~ H D!GIT 8

OSClIN 16 Clle

OSQILLATOR ENAS:.E 15 v"

9 Digit / 15 Function Scientific Calculator Circuits

DISPLAY

~~

NORMM MODE

SIG~1 OR 6 DIGIT
SYMBOL NUM8~R

I 1~~rLT=-T -_L=EI-=-j
01 D2 D3 04 D5 06 07 De DS

SCIENTIFIC NOTATION I
SIGN OR SIGN CF";1AGNITUDE
SYMBO~ :. DIGIT EXPONENT OF

MANTISSA EXPONENT
r- .,~

r =r~ LT=r=J

FEATURES

II Number entrl in floating point or scientl1ic notation.
al 9 digif output with 5 digits of the mantissa displayed, 2. digits

lor the exponent, and 2 digits for the sign of the mantissa
and exporlent.
8 digit display and sign for numbers not reqUiring scientific
notation or tor the display of the 8 significant digits of a
number that is In scientific notation.

s BaSIC four arithmetic functions (+, -, x, +),
lllI Transcendental functions (sin, cos, tan, sin", COS-I, tan"l.

Inx and e'i·
a Convenience functions ('o/x, i/:<).
II A separate memory register (refer to the description at the

beginning of this section).
l!rI Trigonometric functions are performed In degrees or radians

(switch selectable),
iii T" key to display the value of tr.

a Left-jl,Jstified entry and result.
!J User optIon tor sIngle or dual function key operation
ra C~596: direct LED segment drive

CF-596: direct fluorescenl display drive.
II All other features described on the first page of this section.

The C/CF~596 circuits are fifteen function circuits which offer
trigonometric and Inverse trigonometric functions. nalurallogs,
e".jX, '11x and 1T as well as the basic tour functions and memory,

DESCRIPTION

"

-l
SEGMErorc

V -SEGMENTS
26 SEGMENT A
25 DECIMAL POINT

Z~ DIGIT I OVERFLOW
13 DIGIT 2 M.S,O
2, DIGiT 3

2,1 DI(>IT4
20 DiGiT 5

19 OIGITu-
18 DIGIT 7

17 DIGIT 8

IS OIGIT!.'LSD
,~ Va

....S"~--- OI ... ,P

ACCWJ'lULATE
ENABl.E SI'tITCH

D-,D~:;

NOTE'

Tha 'n~;1131Qr" e"ablad by CC"Mol'"g a 150K :t'o;;,re~r""rlrDn'
VGG 10 0:" 14

Too V,ew

SEGMENT 0 t"'SEGMENTE 2
SEOMENTF ;}

SEGMENTO ~

LOW BAnEAY INPUT 5

Kf' S 6

1(0 ~r
teN c: B

MEMORY INOICATORI'
NC 10

ACCI,JMULATE ENABLE 11

Ya" !Z
OSCIN 13

OSCILLATOR ENABLE H .~

r-:,N CONFIGURATION
28 LEAD DUAL IN LINE

KEY MATRIX

Note: Diodes used only for CF~595,

N
£
G

L 0 0
o v v
IN E E

R R
F F
L L
o 0w w

L f [

C.~~---~F.595 - I

5
I
G234567S9N

/2;] '-15 G. 7 B 9

9 DIGIT DISPLAY

DISPLAY FONT

IGII

DISPLAY

FEATURES

9 Digit / 5 Function Basic Calculator Circuits
With Multi-Key Memory

!II 8 digit, 7 segment display outputs with ninth digit for sign or
symbol.

~ Basic four arithmetic functions (+, --, x, +).
II Percent (add~on and discount).
a FloatJng negative sign.
Ill. RighHustifled entry and result.
!i1 Results of addition or subtraction remain Illigned 10

preceding number having most decimal places.
lli MuJtI-f(ey memory operation and automatic accumulating

memory (refer 10 the description at the beginning of this
section.)

II! C-595: direct LED segment drive.
CF~595: direcl fluorescent display drive.

a All other leatures listed on the first page of this section,

SIGN OR 8 DIGIT
SYM80L NUMBER

Cr- I LL1 TfE=j
DI 02 D3 04 D5 D6 0'1 08 D9

DESCRIPTION

The C/CF-595 circuits add a variety of memory opUons to tho
basic C/CF-593 functions. While the basic pin configuration is
identical to the C/CF~593, two additional connections are
provided for a selectable "memory accumulate" switch and a
"memory in use" IIldicator output.

o
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l(; 5EGM"NT A

~s DECIMAL PDI"JT
~I.IJ OIGT \ O";:;A~LOW

" ~ OIl);T 2 M.S,O
n DIGT:!

11 DIG'1'4

,D ". 1)IOIT~

DIGiT 5
O\GIT7

OIGlla
Gb D1GT9L.SD.

Vss

~~~%~~~ ~ ~~1
s"Glv\aNT ~ ;I

SEGMENT G ~

T£51 lNPU, 5
!<F' G

" ,
KN "" ,
KA 10

RAOIDEG l~
V

ell
j~

OSGIN 13

OSCILLATCA r;~JA8LE ,-,'_'__-,-,

PIN CONFIGURATION
28 LEAD DUAL IN LINE

TOp v,~w

7.~15

Nor~:

Tr.e on~lllav)r 19 e.,ablsd by cC~McilM" ~ 1501': 0';'0"', rc~;"IQ' lrcm

VGG I~ pin 14

" .
i'

J-I ~·2 D· ~

Note: Ciodes used only for CFN 599. ----

KEY MATRIX
SINGLE FUNCTION K~YS

DUAL FUNCTiON KEYS

operations are iden-tical to the C/CF-S98 with the f:l.ddlllon of two
levels 01 parentheses and three iunctions; Xl % and -/~. Single or
dual funcllon key operation is optional with keyboard coniigura N

tiorls oj lrom 24 to 41 keys

F

M
E
M

E

SIGN OF MAGNITUDE
EXPONEN- OF

EXPONENT
~

5 Died
MANTISSA

T
G

23.;.56 89N

DISPLAY FONT

o / 2 :3 Lf 5 5. 7 B 9

SCIENTIFIC NOTATION

SIGN OR
SYMBOL

The C;CF-599 circult6 are twenty-one functIon circuits wnose

DESCRIPTION

DISPLAY

NORMAL MODE

SIGN DR 8 DIGIT
SYMBOl N,uMBER

ctJ [-II 'J r=-j
01 02 D:3 D4 05 D6 07 oe 09

I I \ I I I I I I
01 D2 03 04 05 06 07 08 D9

FEATURES

• Number entry in floating point or scientllic n01atlOn.
• '3 dIgit output with S digits of the p;antissa dispiayed, 2 digits

lor the exponent, and 2 digits for the sign of the mantls.sa

and exponent.
• 8 digit dlsp!ay and 61gn fa' numbers not requ'lring scientific

notation, or for the display of thea significant dIgits of a
number that is In s::ientific nOlation.

• Basic four arlthrhe:lc functions (+, -, x, ..:-).
III Percent (acd·,on and discount)
• Transcendental funclions (sin, cos, tan, sin :, ccst

l
, tan-I, In x,

e', log:o and 10'),
• Convenience functions (-../'X, Ilx, 'i'. Xl. +/-).
• A seperate memory functiDn (refer to the doscription at the

beginning of this sactionj
II Two levels of parentheses.
III Trigonometric functions are performed i"1 degrees or radians

(swilch selectable).
• r. key to display the value of 71".

II Left-justified entry and result.
II User option for single or dual function key operation

• C-599: direct LED segment drive.
CF~99: dif~ct ~luorsscentdisplay drive

II All <:ther features described on the first page of this seotion.

9 Digit I 21 Function Scientific Calculator Circuits

I:!l C·599 CF'59~

l_

J~'G,~EES
vs~ Ta

illlDI':'US ~Ilol II

Top '1,~W

SEGM!:.N'C!~SEGM~'1r(:

~~~'~~~:~, ~ ~ ~~ b~~~~:~~;:

L("" OAT~~~~1~:fT~; ~ ~ ~~ ~ ~;~I~"f~I~~~~:8'"

<0I' "~ 0"'"KN & ~'DIGIT'

KB ·9 20 DIGIT,

KA'O 19 DIGITi
"AD/D'fG" i' HI Gr>iOIT)

v"" '.~ " 5 C"GIT 0
asc IN q 13 16 P DIGIT; L..,> D

OSC1~I.ATGRENAe,-£~

KEY MATRIX
SINGLE FUNCTION KEYS

DUAL FUNCTION KEYS

r-
PIN CONFIGURATION
28 LEAD DUAL IN LlNE

T

0907

CF-598

SIGN OF tr1AGNITUDE
EXPONENT OF

EXPOIIJENT
1..-._........,

II~

e DIG T
Nl.,"M3Ei'<

C·596

5 OIGIT

~:tl

SCIENTIFIC NOTATION

SIGN OR
S'fM80l

r- I I I ::::r
0) 02 03 D4 )5 D6

SIGN OF!
SYMBOL

NORMAL MODE

DISPLAY

The C/CF-59B circuits are eighteen function circuits whose op~r

alions are identical to the C/eF-596 with the addit:on of !hree
functions: log,,,, 10' and y', Single or d:.Jal function key operat'lon
is optional with keyboard configurations ot from 21 :038 keys.

l!I Number en:ry '1'1 floating point or scientific notation.
ra 9 digll output with 5 digits 01 the :nantissa displayed, 2 digits

lor the exponent, and 2 digits forthe sign of the mantissa
and exponent.

l!ll 8 digit display aM sign for numbers not requiring sc\erti{ic
notation or lor the display of the 8 significant dIgits of a
liwmbor tha~ 1s in scientific notation

Ii 8asic'lour arithmetic functions (t, -, x, '-'l,
15 Transcendental functions (sin. COS, ,an, sin'\ C03'1, tan-I, In x,

e', logl~ and 10').
a Convenience functions (v'X, 1/x. y').
m A separate memory reQisler (refer to the fl8Bcripiion al the

beginning 0' this. section).
II Trigonometric func~jon5 are performed ir degrees or radians

(switch selecti'lble)
£I r. key to display the value of ::;.
B Left~justifled entry and result.
I! User op\ion ;O( single o( dual ~urJct\on key opera\lon
1I C-598: direct LED segment drive.

CF·59B: direct fluorescent display drive.
I! All ot1er features dEscribed on the first page of this section.

fEATURES

DESCRIPTION

2-14

9 Digit / 18 Function Scientific Calculator Circuits
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Not yet defined.

Top Voov,

r' "? 3g

, "
4 37

s- :>e
e ~5

I
; ~:
, "
IQ 31

I' 30
12 2g

H 2~

14 2l

15 25
1~ 25
H 24

Ie 23

"

PIN CONFIGURATION
40 LEAD DUAL IN LINE

--
KEYBOARD SWITCH MATRIX TYPICAL KEYBOARD ARRANGEMENT

DO D1 D2 D3 D4 D5 D6 D1

Ko C/CE 0 1 2 3 4

K1 X .;- = °/11 # DB 88 DDD DDBK2 + - S T M+ M- MR MC

K3 5 6 1 B 9 . G800~ 08
8-l'JDD~R8DECIMAL SECTION 800 BThe C-716 features keyed decimal selection, a two key sequence

of the DS key and a second Key as in the following chart:

KEY~ • I 0 I, I 2 I 3 I 4 I 5 6 11 I 8 19 I
DS I:'~~JEI 0 I 1 I 2 I 3 I 4 I 5 6 I 7 I 8 I'~~~'I

DESCRIPTION
The C·716 Is a single MOS/LSI circuit containing all the logic
functions required to implement a flve·function general purpose
printing calculator with accumulator and a tour~keyindependent
memory. The C~716 has been designed to operate with the
Olivetti Pu 1100 malrIX primer with 50 dots in each horizontal row
arranged in 10 groups of5. Two olthe ten groups are used to form
the negative sign and the audit trail symbol. An option allows the
C-716 to be used with the thermal printing version of thE! Pu 11 00

FEATURES
JI 8 digit prir>tout plus 2 full relght justified audit trail columns

and floating sign.
Automatic accumulating memory_
Four-key independent memory,
Arithmetic operation In add/subtract sequences, algebraic
in multiply/divide (business rogic).
Decimal select modes: full floating; fixed point
(0,1,2,3,4,5,6,7,8); add model automatic decimal 2 in + and -)

• Keyed decimal selecl
Iii Automatically set to decimal 2 at power-on.
III Full floating accuracy 01' intermediate results ii'

chain operailon.
II MUltistage keyboard buffer stores up to 6 keyed entries

to allow unintNrupted operation during print.
II All other features listed on the General Information page.

mJ C-716 ] PRELIMINARY INFORMATION

8 Digit / 5 Function Matrix Printer Calculator Circuit
with Accumulator and Independent Memory

For both L.ED
and fJourescent displays.

~6 DIP

PART
NUMBER I PACKAGE I FEATURES

~T MATRIX PRINTE~SYSTEM DIAGRAM

I [. PAINT,EA

DESCRIPTION

C-700 SERIES

Adds display capability IC the C-717X and C-T18 printing -+ C.11!l
calculalor circuits

Adds display capability to the C-716 p~lnting r.alc,Mt; circui;:--- c::7.2o

BasIc 41uncUons and percen'" automatic constant In mUlfiply and I I I
divide, repeat add./su~traot, deCim.a,l selec.r l":"Iode, and olher I C-116 40 DIP Accumulillor end 4 key memory
foatures, Interfaces wllh the Ol)vettl Puli00 dot matrix prlnler, he

J Option lor usc With thermal printing ver510n 01 PU.ll00 _ ~=-t---r---- :--= --1
Basic 4 funclions and porcent, autom/lt:r:; constant In mulllp.ly and C-117 AccumUlator and Grand Total
dJvide, repeat add/subtract, decimal sl.'I(!CI mode, nlemorY-ln-use , C-1'11X Memories,
indlt:<ltor. rounding options, non-add (#)/dal<1 key. MId Olher f--c-- - ---
felllures. Interfaces with the ShtMhu Seikl Modcl31D C-118 Accumul~jor. item r:;ounter. and
impact printer. lour-key mdependent memory.

8 DIGIT
PRINTING

12 DIGIT
PRINTING

PRINTER
DISPLAY

INTERFACE

~

IMPACT PRINTER SYSTEM DIAGRAM

Printer Calculator Circuits
FEATURES

v"

IiiI 5 functions (+,_, x,+,%).
1'1 Chain calculatIons.
I Repeat add/subtract
III Automatic underflow and reverse underflow.
I Non-add {#)/date key.
II Memory non-zero indicators.
ID Overflow indication.
III Automatic constant In multiply or divide.
Il. Right-justified entries and results.
ID Leading zero suppressIon.
II 2 key rol/over operation.
Ii! Internal oscillator and power~ol'l clear.

The C·700 Series is a growing family of circuits for the printing
calculator manufacturer whictl provide the capability for a broad
based. multi-feature business calculator product offering. The Cv
700 Series currently includes four different calculator circuits
(the C-716, C·717, C-717X and C-718) and two printer-display
il1tertace circuits (C-719 and C-720), each described on the
following Dages of thie section.

l!Y[

DESCRIPTION

f§
H',:t
,~i;
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STATIC SWITCH MATRIX

I Dj \ D2 I D3 D4. D5 DSl
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~O"FIGURATION
I '0 LEAD DUAL IN L NE
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Coiumn 5 6 35 Column 9ID,.play D~la <I
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M",qr 12 ~9 COluml112
Colo· 13 28 Columr,13

CO'"rt"'nlG 1:' 27 Column 14

0' 1~ ~G CQlumn 15
06 16 25 D,~pl;)y load
02', 2~ D,splay Syn<

0:; d '8 23 SS3
0:' q t9 22 5S,

OS~ss'

CICE

o IM*

"* IM-

%IM+

CAIMO

X

+

N00

c=+

#
DATE

(;-718 ---]

9

7

8

6

5

4

3

2

a
~1 lE~3 LD4 LD5 lD6

K4

K3

K2

K1

IK5

.I DECIMAL SELECTION

DO

I I :~1-[ !nff}l1=--Y l i yJ-iJ"

KEYBOARD SWITCH MATRIX

12 Digit / 5 Function impact Printer Calculator Circuit
with AccumlJ~ator, Item Counter ilInd Independent Memory

DESCRIPTION
The C-718 IS a single MCS/LS( cirCUit containing all the 10g,C
funcliors required \0 implement a 1llJe-iunct'on general purpose
consumer calculator with an accumulator, item counter and lour~

key independent memory The C·71B has bee" designed \0
operate with a Seiko Model 310 16 column impact printer, When
used with the C-719 prl111er-dlsplay interface, the C-7jB also
provides e 12-digil display capabili:y. using eithertluorescenl or
LED displays.

FEATURES
Ill! 12 digit printout plus 2 full right~hand justified audit

trail columns
SWitcn~seleclableautomatic accL:mulati:::n.
Three digit item counter.
FOL.'r~key independent memory
Arithmetic:: operation in add/subtract sequenc8S,
alge::lraic in multiply/divide (bUSiness logiC).
DeCimal select modes: full floating; tixed point
(O-6; excluding 5); add mode (autorr.atic decirn1'll:2
in "and -, unit/price mode In ~).

Non-coded decimal 9,,18C1 switch Input.
Rounding optlons (truncate. 5/4 round off. 1/0 round up).
Separate clear-all key
Full floating accuracy on intermediate resUlls in
chain operation

• Mulr~tage keylJoaro buffer :;tores up \0 6 keyed emnes
to al;ow uninlerrup1ed operatio~, dunng print.

Ii! Display capability (wit'1 the C-719 interface chipj.
R All other fl'!alufeS listed on 'If'l? GemHa\ Inlorm3tion page

""Colunn5
Co1um1'1 T

C"lllrnn BlOI~pI8Y Da\a ,.
Column :l!DiSpl~y DIII1I4'

CO,lJrnl'l 10/Di~p;ay Da\ll <I'
Colurn" ";Di~plaj OlIla 2"

O~'lllIlof"CloC~ Input
11I~m LED

Ace, LED

C",lurm ,~

Column H

Colum1'115

Display lo8d (Con~9C1 to pin 14 on C,717)

QI!<P:~ Sine INC on C-~17\os,,.,
'"'

TeO' \J,ew

C GIl ~ 40

C 1 39

C ; "b
c ~ ~1 •

~ ; ~:
c 7 :J.4
C a 33

~ ~o ~~
" "" "" ".. "" "" "n "" "" "" "

V6,(GNO

""K5
VoDl-\!>VJ
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Co Yfl'\n 4
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Co'urnn1
T,m.n9

PII~t E~d

Mot.:l
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Col~m~ 1~

0,

02
N.C

"0'

0'

'HOTE.
On I~a C·i,7X. pln~ 33-36aramulljlu1'1eHon p;nlwa~ bolh d,splay
calli and ~olumn r·l1 cat'L 01, IMu C-717. CMfe I'jr! afa .;ngl"..
lUnCllo1'1COhla'<nlng on!y<01"mn6·11 CIII~ )

PIN CONFIGURATION

4Q LEAD DUAL IN LINE

STATIC SWITCH MATRIX

01 t;~J~,:J~~
,

SS1

)2! 03 04 05 ~~2 I I :51, I I "",,'COO~TJOti CN/O~~

-+ SS3 "~DE \ ~n" .:::r:, \'"~'''' I e~,~'
5 00

_.....J. =
DECIMAL SELECT CHART

6 000 + % The cecimal selecl swi~ch is a four-pole switch With en~

*1
coded outputs during 01 thru 04 strobe periods. (n the

7 =+
chart below, a '1' denotes a switch closure.-

DECIMA" ---~-~T~-c- POSITION 01 02 03 m

8 =- X 0 + 1 1 o ' 1
F 1 0 0 1

# 0 1 0 0 0
9 DATE CICE 1 0 1 0 0

. 2 --'- 1 1 0 0
3 0 0 1 0

~- 1 0 1 0
5 0 1 1 ~
6 1 1 1 0

-

4

2

3

K3

K4

K2

K5

KEYBOARD SWITCH MATRIX

K1 I a
0110

12 Digit / 5 Function Impact Printer Calculator Circuits
with Acumulator anel Grand Total Memory

~ C-717 C-717~

FEATURES

e 12 digit printout pIlla 2. full ngM·hand justi11ed audit
trail columns.

II Automatic ac::umulatiilg memory (stores group lOtals).
II Grand lotal memory.
• Sele~table memory modes: normal (last entry printed);

(running sublotal printed); GT (grand total memory access).
FUI!<y ar\thmelic operalion,
Decimal select modes; full floating; fixed point (0-6);
add mode (with hardwired secondary aod mode option fOI

quantity :-: dollars),
Rounding optlOns (truncate, 5/4 round df, 1/0 rO\md up}.
Multistage keyboard buffer stores up to 8 keyed entries
to Aliow uninterrupted operation during ;Hint

• C~717: printer only.
C·711X: printer and display (wlth the C~719 Interlace chiP!

!:II All other features listed on the General Informatlon page.

DESCRIPTION

The C-717 and C~717X are each Single MOS/lSI circuits
containing all U1e logIc functions requirad to implement a five·
junction, two memory general purpose business calculator using
a Selko Model 310 impact ;>rinter, While both the C~717 and C~

117X are ::lin-compatible with each other, the C-717Xaddilionally
provides signals for use with the Cw 719 printer~display interlace
chip, This allows :he addj\:on 01 a 12~digit fluorescent or LED
display to the basic printer

2-10
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I iiiI _ C-719 ~ ~C-720 ] PRELIMINARY INFORMATION

Printer-Display Interface Circuil
Printer-Display Interface Circuit

FEATURES
FEATURES

FLUORESCENT DISPLAV

TO
PRINTER

C-717X OR C·718

-

FLUOAESCENT DISPLAY I
DIGITS SEGMENTS

1 2 3 4 5 6 7 8 G FED C 8 A Df>

r..., 1IIIrJJJ I
I

i'~l Cd LI'I
o •
~ ~

----7
TO

PRINTER

I
C~716 I

I
I

PIN CONFIGURATION

28 LEAD DUAL IN LINE

2~21

.'~ ~

j
d: ;;
, "
8 "
8 "
10 19

11 16

12 17

~
~ N(Jt"lJld""flBd I

• Adds display capability to the C~716 printer Chip.
• Full 8~dlgit display capability
Ii Drives LED or fluorescent displays.

SYSTEM DIAGRAM

DESCRIPTION

The C-720 is a single MOS/LSI circuit designed to add an 8 digit
display capability to General Instrument's C-716 ~Jrinter

calculator circuit. Data from the printer calculator chip is
transferred to the CH720 interface chip serially and reformulatad
to drive seven segment multiplexed common cathode displays.

The segment and digit outputs of tne C-720 are open-drain and
have a breakdown voltage of -30 Volts to enable the driving of
fluorescent displays with a minimum of interface components.
LED displays may also be driven by the C·720 with direct drive of
the segments and the additton of digit-drive buffers.

In the aisplay, leading zeroes are suppressad and entries and
results are rlght·justltied.

J

TopVre"

V"I",D) ~ OJ "I V
o

, (-1OYIOl.play Sync 2 2' Dis~13Y LDJ~
Oj~play Dale j ~ 26 Dlg'l 1

Ol5pla~ Dala 2. 2.5 Dlgl12

Di.play Dat~.l. §- 5 24 O,gl( J

DI~~lay Data ~ ~ 2:> Olgi\ ~

SegmentDP 7 22 Dlgl15

S""o<A ~ e 'J D.,."
Stgmen\ B ~ 20 019<1 T

S!gm~nl C 10 \9 Digit a
Sugm"nlD 11 18 Digit 9

Segment" 12 17 O,gil 1USeilm~nl F w tJ 16fDiSlt 11
segm~n\G~ _~ tJigrll2

PIN CONFIGURATION

28 LEAD DUAL IN LINE

• Adds display capablity to C-717X and C-71B printer chios.
III rull 12 digit dIsplay capability.
II DriVElS LED or fluorescent displays.

DESCRIPTION

The C-719 IS a single MOS/LSI circuit designed to add a 12 digit
display capability tD General Instrument's C-717X and C-718
printer calculator circuits. Dala from the printer calculalorchips
is transferred tD the C-719 interface Chip serially and re
formulated to drive seven segment mUltiplexed common cathode
displays.

The segment and digit outputs of the C~719 am open~drain and
have a breakdown voltage of -30 Volls to enable the driVing of
rlLJorescent displays with a mrnimum of interface components.
LED displays may also be driven by the C-7' 9 with direct drive 01
the segments and the addition of digit-drive buffers.

In the display. leading zeroes are suppressed and entries and
results are right-justified.

!"m""0".

I

L
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I ComiltlQns1No,e,

I

Note 2

Note 3

\

V",,=-2V
VOIT="-25V(-19V)
VOI'-I = -·35V

VOl L c"~2V

I

V'll'; "'--25V(-19V)
VOl'! = ·'-35V

I

mA
,A
.:.A
mA

mA
,A
,A

H,
Volts
Volts
KH,

Volts

"Volts

Unlls

'ExceBding these ratings could cause perma
nent damage. Functional opera'ion of these
deVices at these conditions is not Implied
_operating ranges are specitied belDw

.1('01
10

14

5(101
10

M.x

~·v""

~2(-' )
Vilil
50

_1.5(~1)

NOTE:
In the chan bela',';, numbers In () re!eronly to

the AY-5-1203A.

100

Typ"

Function

50/60

+0.3 to -35V
DOC to-l-70°C

_65°C to -!-150°C
500mW

50mW

-6

Min.

DC
....0.5

-8
DC

....0.3

--Ioutputs are a1logic 'OL~O display (positive) and will rJrtve Fluoresc(?]il
displays directly. in BCD mode outputs A to D are used, the codeior Doelng 0000

This \s a high voltage output Intended to drive a deCimal pOint or
colon. It is enabled during tM MX3 time slot and can flasl' once per sGcond illsqulred

These outputs select tne display digits sequentially. they will drive I
Fluorescent displays directly. Five multiplex time slols are gener~
atcd the fifth one being blar,k. Mi:utes are OlJtpUt in MX1 time, 10'501 hours in MX4 time

When taKen to logic '0' the clocK. IS reset to zero.

When taken to 10glc'D' the minutes c.ounter IS advanced at the rate of I
2 min. per sec. and the hours cOlJnler at the rate of 2 hours per minute.

When taken to logic '0' the hours counter is a.dvanced at the rate of 2

hours per second.
When tak.en to logic '0', 60Hz operatIOn will result

When tak.en to loglc'O', 12 houroperallon will result. I
When tal<en to logic 'a' the sE'lgment outpuT5will be in'/erted.

An. external capacitor is used to select the mu'I',iple;o: frequency. If

required the pin can be driven by an external oscillator. I
The m. aster C.IOCk IS. Input to the pin HysteresIs is prOVided so that I
the Input waveform IS n.ot critical.

Positive SUPPly.

NegativeSupply
When taKen to loglc'O' all outputs are switched OFF.
ThiS is a short pulse occurring during tne middle of each multiplex period. _~

In 7 segment mOdGlhe digits are multiplexed on to these pins. These

Characteristic

Clock input frequency
Clock input logic '0'
Clock input logic '1'
Multiplox clock frequency
Control inputs logic '0'
Control inputs, current logic '0'
Control inputs logic' l'

Segment Outputs
ON current I 2(1.3) -I

OFF leakage -

MUlliPIOXDutPuts~'- I
ON current 5(3.3)-

OFF leakage --

Supply Currenl = _L~~~
··Typlcal values are at +25° C and nominal voltages.

NOTES:
1. The clock input pin may be taken pOSitive With respect to V,,, provided that the current IS limited to 100pA. The Input \1/111

behave like a INward biased silicon diode in this condition .
2. The frequency is determined by an external, capacitor.
3. These inputs heve a 170Kohm pull up resistor to Vim.

Name

SO/60Hz Input

V"
VDD

tnhlbll Input

Sirobe Output

Set HoUrs Input

SO/60Hz select input

12/24 Hours select Input

Invert Segments Input

Multiplex Oscl\\alor

Reset Input
Set Mlnute~ Inpul

Multipl«:ll. Outputs

MX1-MX4

segment Outpu1s

A-F

OflJColon Output

3-3

ELECTRICAL CHARACTERISTICS

Maximum Ratings"
Voltage on any pin With respect to V~, pin
(except Segment eno Multiplex outputs).
Operating Temperature Range.
Storage Temperature Range
power Dissipation at +70°C AmbIent-Total

Per Output

Standard Conditions (unless otherwise noted)

v ss = -OV
VOD =-17V;e: 10% (AY_5_1200A/1202Ai1204A)
Voo = -11.4V to -19V (AY~5~1203A)

Operating Temperature (TA ) '" O°C to --7QoC

PIN FUNCTIOt-:S

J

"le,,,,,,,o,
23 MultlploxClook
2.2 $IltKllunI
21 SoIMII'lL't~

:1.0 SI'ob-eO~,put

" ,OJ
;~ ~ ~~ eco Outpuls
18 2'
15 NC
14 NC
13 NC

TClp\lIOW

'.Iss .1

I
~:: :

Olgll OlitPIJI~ Mli3 4
MX2 5
MXl 5

OP'COlon O~lpu\ 7

12/24 Hcul Sol&el 6

IM~lbll 9

50/60rlzSolllCt 10

NC 11
Rosel 12

M;(l. MX4
DIGIT
OUTPUTS

~
STROBE

OUTFUT

INHIBIT

A.'
SEGMENT
OUTPUTS

OP/COLON
OUTPUT

TClplJlew

~:CI~~':"~,'~:~Io"
!

MX4:1- 22 SlIt HO\J"~

Dlg'l O~!p~ls ~:~ ~ :~ :r~~~n~~~\Jt
MX1 6 19 A

DPICCllc~ OulPUl" lS a
12124 HClur $Il:et:t S 17 C

'"",0;', "J S"m," 0""0"
5(l/GOH~ $(Iloel 10 15 E)

In~el1 S"9menl~ 1I 14 F
Ro~ol \2 13 G

INVERT
SEGMENTS

• NOl InciudeC rn tile A Y·5·1203A.
Four BCD (~Ulputs are provided in place
of the .'2'len >cgmllnt DV!PUI~

AY-5-1203A

PIN CONFIGURATION
24 LEAD DUAL IN LINE
AY-5-1200A/AY-5·1202A/AY·5-1204A

Yss vOO

AY-5-1203A
.4Y-5-1204A

S!::T SET
HOURS MINUTES

SO/50H,
SELECT

AY-5-1200A
AY-5-1202A

FEATURES

lI:l Hours and minutes display.
ill 12/24 hour operation.
Ii SO/60Hz operation.
In High voltage direct Fluorescent drIve Outputs.
t'I Flashing seconds output (option)
w BCD output {option),
It Leading Zero Blanking (option).
I! Power~On Reset to zero.

(Counting does not start until lime is set.)
l!:I Options:

Zero Flashing
7 Seg BCD Blank Sec

AY~5~1200A Yes No Yes Nc

AY~5w1202A Yes No Yes Yes

No Yes No Yes

AY~5-1204A Yes No No Yes

DESCRIPTION

The AY-5~1200ASeries are P~Cnannel MOS integrated circuits,
containing all the logic necessary to makea 4 digit, 12 or 24 hour
clock, operating trom 50 or 60Hz. High voltage output stages
capable of driving fluorescent displays are provided

CLOCK
INPUT

3-'

I BLOCK DIAGRAM

1.1 Digil Clock Circuits



~'~'::1-\\

s"~ 8 Oull11 O\l\i~l Mlnute~ I~~ul

S'J(l C Outi2' Oul!Ra~elln~ul"i1 Sag 0 Out'2' O~lIComple","n: :~pu'

13 seg E Oulll2. or 2~ HI Seleol
12 3-eg F O"I/~O or 5O\-ll Selll"\

11 '3.Il; G Ou\'BCO or 7 se. seiDel

10 V,Xl0UI~ut (Un,t! MEnulesl

9 1 MX~ OU',pul (Tans ~IMu\e51

Voo

Y1160H~ Invu\

Mul\,~le... 05:i11"'~r n 3

3·5

12124 Hour Select (PIn 13)
When jeft open the clock will rU:"1 In the 12 hour mode, when
connected to strobe via a diode 24 hour operation will result

50/6QHz Select (Pin 12)
When left open a 50Hz clocK will be accepted. VJr1",nconnected to

strobe via a diode 6Q'r\Z. operat\Ol'I will rasult.

aeDn segment Select (Pll\ 11)
V/hen left open 7 segment outputs Will be prOVided, wiler
connected to strobe vi1! a diode BCD outputs will be providod.

SO/80HZ. Input (Pin 4)
The master clock (50 Of 6OH"i!') IS input to this pin. HysteresiS is
~~ovlded on the input so tt-at the input wave forn1 is not critical.

MulllplQX Oscillator (Pin 3)
An external capecitor is used to sel tne multiple;.; frequency. If
required this input can be driver, by an external oscillator.

Vss (Pin 2)
Positlv.:; supPlY linc nomillally av.
VGG (Pin 5)
Negative supply linE! nominally -15V.

Power-on ResetAt power-on tile chIp IS reset to zero, Counters will n:lt 5larluntll

Set Hours or Set Minu\es has peen activated.

BLOCK DIAGRAM

!>lrobeOulPU(

"';.; ~ Outpu\ lta"~ rwU<'i\ i1 7

>.,1X ~ OutpJ\ (U~'I~ Hours)

PIN CONFIGURATION
'6 LEp..C DUAL IN LINE

To~ \Ioe'"

Sag A Oul/2' o~II&l\Hr$ If\

Vo" M ~

PIN FUNCTIONS
Pins 1 and 11 ar~ multlfunctiM. During multiplex times I fa 4 they
functron <IS data outputs, either 7 segment Code or BCD
ac::.:ording 10 jhe display mode selected. During rnu/iiplex timfi 5

(Slrobe) tney function as inputs,

Segment Ol,ltputtt A·G (Pins 1 and 11 to 16)
In 7 segment mode the digitsere l1lultiple;(ed outon to t'1eSe pins.
Normally the outPUIS are at logic '0' (posiflve to dIsplay). Inter"
digit blanking. for 'r~ the dig'.t time is incorporated for ga.s

dIscharge displays.

BCD Output, 20 _23 (Pins 1, 16, 15, 14)
In BCD mode the digits are multiplexed on totheStl pIns in BCD
coda Normally rne outputs axe at logiC '0' (positive), i.e. c:lde

0=0000.
MulUplet: Outputs 1-4 (Plnli 10, 9.8,7)
These pins are successivBly switched to logic 'C' to select
appropriate digIt display. Anith mulHplextime (Strobe) is used to
enable t'le control inputS. These outputs have interdigit blanking.
The mU'tiplex rate is 1/201h the multiplex clocK trequency.

Strobe Output (Pin 6)
This pill is wsed \0 enable 1M corn!ol in::Jut keyboard, it goes to

logiC '0' to AMble.

Set HOl,l.ra ln~ut (Pin 1)
When taken to logic '0' during strobe time this 'Input causes \he
hours counter to advance at the rete 011 hou~ per s~cond.

Sel Min Input (Pin 10)
w~en taken to logle '0' dUring sHobe time this input causes the
minutes counter to advance at tt"e rate of 1 per second and the
hours counter to ad'.ance a1 the ra\e 01 1 hour per Minute.

Reset Input (Pin 15)
When taken to logic '0' dU"ing strobe time this input causes Inc

clock to reset to zero

Complement Input (pIn 14)
When la11 open the segmen\s and SCD outputs will have nOfmal
polarity. When connl3cted to Strobe output via a diode the 7
segment and BCD outputs will be inverted.

un: -~.~1"'A J
~----

4 Digit Clock Circuit ~-------------

F.ATURES l
• 12124 hour operation.
• Leading zero blanking in 12 hour rooda.

• 50 or 60 Hz clock Input.
II HoUrs and mir:utes display (4 digits),
II 7 segment outputs direct LED drive orTIL compatIble BCD

outputs,
• Complement control for segment outputs.
• Interdigit blanking for gas discharge displays.

• On chip multiplex oscillator.

• Single ,5V $up~ly• powe(~on Reset to zero, (Counting does not start until time

Is set)

O.SCRIPTION
The AY~5.1224A is a P channel MOS integrated clroull contal

n
1ng

ail the log'lc necessary to make a 4 digit 12 or 24 hour clock
opera.ting from a 50 or 60Hz inpUt. II has multiplexed BCD or1
seg

mcnt
OlltpU ts and will drive LEO, Fluorescent and Gl!oS d;s~

charge displays with the mInimum of interfacing,

~·'!!!~lm1
~,JDO

"

Flg.2. DIGliAL CLOCK CIRCIT USING AV·5-12l;>2A WiTl"1 f'1UTABA FLUORESCENT
DISPLAV 5~LT~01 AND CAPACITIVE POWER SUPPLY

Flg.1. DIGITAL CLOCK CIRCUIT USING AV"5~1202A WITH FUTABP-. FLUORESCENT DISPLAV 5~LT-01

3-4



Nrc (danatcannecl\
Seg OULa.Dlglll
Seg.Oul,b,Digitl

Seg Outg,Dlglt1
Sl!{I_Ou\,c,O,gltl
Sog,QuLd,Olgil1
Sl!{I.Ollte,Dlgit1

Seg.Out l.DI9il1

Seg OUI.a,DigI12
Seg.Olll,b, Dltlil2
S\l9.011l.g,Olilit2
Seg,Olll.e,Dlgit2

$l!{IOul.d,Diglt2
6eg,Dut,e.Dlllit2.
601l.01lt. !.Dlgr\2
Calarr/Clack

Colarl!Alorm
Sag. Ollt. b,Dlgl13
Seg.Outc,OlgiI3
Sl!{I,Out.a,Dlglt3

WekeOulpVl

Seg,OUI B,Digltl
S&\l,Oul.o.Dlgltl

S"'i! Out g,Dlglll
S&g,Ovl.c,DigI11
5&\1,01,11 d.Dlgl\1

St'Il.Oul.e,Diglt'
S"'i!.Out I,Diglll
Seg.OUl,c,Dlgll2.
5e9.0ut b,Dlgll:!
Seg.Out.g,Dlgit~

Se-;!,Out.c,Dlgll2
Se-;! Outd,D,gl12
Seg.Oul.B,DlgiI2
S~g.Out. 1.01g1l2
Calarl!Clock

Colarr/Alarm
Sag.Outb,Oigll:J

Seg.Out e.Dl9it3
Scg. Out d, Digit 3

., ~

I

, ·, ·· 31
5 ~

e ",
~, ~,
"· M

'1 W

" "" "" D

" "" Z;

l( 17 """ ~

I ~ 19 ZZ

'C" m

.,
~

2 ·,
~· D

5 ~

e ·, ~

e ~, ·, · M

" W
g "U "M D,
" ·. " ·,
" ·,
" ~, · ",
" m

40 LEAD DUAL IN LINE
CK3100 TapVi!!'W

'.3,33.Mirl.out
SO/&lJHzCanlfO

Alaml!TanaCanco

AlarmTanoOlilpu
SellnternBIFr~ullney

Sel linle Enabll;l

Sal Alarm Enable
IncromanIM,n.EnabTo

'neremonlHr.Enllble
50fSOHzlnRu'

",
Sl!g,Oul.elllnklng

AWPMlnd SIl9,Oui.
S(l{l.Out.b,DlgrI4
SIIQ.Ou\.o,DIgiI4

Seg,Ou\.o,Olgit:!
Seg.Oul.I, Olglt
5eg. OUt g, Digit
Seg.Oul e,Plglt

PIN CONFIGURATION
40 LEAD DUAL IN LINE
CK3000 l<,>p Vis ....

".
SO/50 HzCMtrol

Aloml!TanllConee

AlormTM"OulpU'

Setlnlern!IFroqueney
Sel'TlmuEnable

Sol Alarm Enable
IncromentlAin,Ennble

IncremanlHr,Enable
SOI80Hzlnpv

"S&g.Cvrren\Conlra
V.S.OCantro

Al.1rPMlnll5eg.Ou
Seg.Out.i:>,Olglt

Sog.Out.e,Dlglt
Seg.Oul.ll.Dlglt
Sog.Ovtl. D,gi!

Sl!g. 01,11. g,Olgil
Seg.Oul8,DlgllDESCRIPTION

The CK3OQO and CK3100 are N-ehannel MQS integrated cir
cuits, containing all the logic necessary to produce low cost 4
digit alarm clocks operating fr0f!! 50 or 60 Hz. lin!;! frequencies.
The output stages of these circuits have been designed spec~

ifically to directly drive the cathodes of Plasma displays
(CK3000) or the cathodes of large digit common anode L...E,D.'s
(CK3100) with no interlace electronic components whatsoever.

These integral~d cIrcuits also contain all the logic needed for
contact noise elimination and line frequency noise rejection
reducing further support components.

FEATURES

• 12 Hour clock, 24 Hour alarm setting
• AM/PM Indication
• 50 or 60 Hz operation
• Snooze (Sleep~over) alarm
• Direct display driving

CK3000,~Plasma
CK3100- LED

• No display interface components
• Seconds flashing colons
• Alarm, set, and snooz.e indication
• power interrupt indication
• Low current consumption
• Alarm output tone ~ direct drive with magnetic speakers
• Wake output for appliance swilchlngl(CK3100)

4 Digit Alarm Clock Circuits

m. CK3000 CK3100 I

;:;<S
, !
; ,
~

H
g ~
~

~Exceeding these ratings could cause
permanent damage" Funcllonal Operation of
this device al these conditions is 1'101

implied-operating ranges are specified
below.

I~·'i- .1.1 ..~".LJ;
",. -=h~F (Ce'lMr--lONl":P.THODEI

~ I~/;O'HI n "'H·\~2l'" V0 ~~

t - . "1'1""'" ~ ,J ~ J
,

2N:

_~JNG1'\
I

,[,.

AY.5·1224A WITH 0.3" LED DISPLAY

]

+0.3 to -20V
0° to ·t70°C

-6S"C !0+150Cl C
SOOmW

SOmW

CharacterlsUc Min Typ" Ma. Units I Condlllons

Clock input frequency DC 50/60 - Hz
Clock inpullogic '0' +0.5 - -2 Volts Note 1
Clock input logic '1' -8 - V" Volts
Multiplex Clock Frequency DC 50 KHz Note 2

Inlerdigit Blanking - 150 "5 at 6.67 KHz:

Conlro) inputs logic '0' +0.3 - -1.5 Volts
Note 3

Control inputs logic '1' -6 .- V" Vol Is

Outputs Logic '0' - 500 Ohms I (Vm'~-2V
IO~Jr= 4mA

Outputs Logic '1' (Leakage) - - 10 eA VouT=-18V

Supply Current - 10 rnA Vr,;o= -1SV

·'Typical values are at +2Sa C and nominal voltages.

MULTI'~E)(

c~oct<

TIMING DIAGRAMS

V;;s~ OV
VGc;=-12to-18V
Operating Temperature (Til);;;: O°C to +70"C

t:I.C'l.,i I HIiL,;.;U. IL.:HAHACH;'RISTICS

Voltage on any pin with respect to Vs, .
Operating Temperature Range
Storage Temperature Range.
Power DissIpation at 70°C Ambient-Total.
Per Output.

Standard Conditions (unless otherwise noted)

Maximum Ratings·

NOTES.
1. The clock input pin may be taken position with respect to VS5 provided thallhe current is limited to 100J-lA. The input will
behave liko a forward biased silicon diode in this condition.
2. The frequency is determined by an external capacitor.
3. At 6.67KHz multip~ex frequency the digit ON time is 450J-lS and the OFF tIme is 150J-lS.

3·6
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RELM
---O'lOLTS

~CSITIVE

Clock Alarm Golan A Colon B

Stopped/Seltlng Don't care Oft Oft

Running Set 1 Hz Ilash 1 Hz i l,ash,

Running NoIse! 1 Hz 1lash. Oft

Running Snooze 1 Hz. flash' 1 Hz flash'
period

'colons !lash alternatel".

Wake Output - CK3100
Thisoutputturns"on" atthe inslance of alarm compare and stays
on until the I.C. receives an alarm cancel signal. The wake output
has been Incorporated for eppllance control, or clock radio
applications, Output cheracteristics are shown In Flgure6

3.33 Minute Output - CK310(l
This pin produces3 pulses in each ten·minute periooor1B pulses
per hour, and can be used for Inputting to an external sleep
coun\er. for clock radio typo applications.

outpUIS being on together then each segment shOUld "e oper~
aled with an average power level of 21 mW or on a.verage current
01 15mA. The peak current for maximum number 01 segments
condition (I.e. 24) should not exc~ed 40 rnA per segment or the
devIce will sutter permal1ent damage,

Colon Utilization (Pins 24 and 25)
Two colons shcw alarm/clock conditiol1.

\IIC~ ,~:;orOOMAI\L
~."'"'c 1 1,--\- . I I
50IMHl ) ~-........----.------+., f

,IIL::"'C "e-------------- 5MA
II IN;,]46 11 IN~46 ~ •

L-""''' "-- l .;NOTf OR"OH'NES~
ALL I'lESISTOI'lS 02~"'" JI'lESS srlln:o O."EAWlSE CONTROL
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Stand Off Voltage (YSO) - CK3000
The voltage on this pIn Intluences the voltage current charac
terlstlc:s of the segment drives, Its prime purpose is to enabla the
sag

ment
outputs to withstand more than 30 volts. Any voltage

from 5 ...olts to Vp w!1l ensure Ihat 45 ...olts can be ......rthstood
through a plasma tube OH~gegment. For ease of operation it is

suggested lhat V.S.O.ls connected to Vp.

AII/P,", Indica lor
This outPut \5 an addillonal segment driver wnich can be used to
gi...

e
AM/PM Indicator. (voltage current characteristic as other

segments).

cathode (Segment) Output Drivers (Pins 15 IhnJ 39) -

CK3000
All these pins drive the cathodes 01 the display without any
addItional intertace components. These outputs are deslgned to
withstand higher voltage signals than the other outputs. The
output cha.racteristics o{ the segment drivers can be controlled

by pin 12 (See Figs.? and 6).

cathOde (Segment) D,lven (Pln~ 15 thru 39) - CK3100
Theoutputdr"lvers ofthoCK3100 hava suHicient current handling
capabilities to drive even the most inaftlcient of today's available

L.E,O:s,

The output characteristics 01 the sE:lgments are shown in {Flg.S).
Note: It is racommended thal the package power diSS'lpation be
kept below SOOmW, therefore, with a possible 24 simultaneouS

Flg.1

Typical Valuos for 4KHz:

~~~~~~F I}; for Vr = 15V

.r·~
1-~cTv•

Figure 3 shows frequency V6. capacitance and resistence for
nomina) supply voltage,

Figure 4 gives a gUide to component values for different Vp

values.

With the oscillator set to 4KHz, the alarm tone output will be
1KHz, and the internal antibounce logic is strobed at 250 Hz.

Seltlng Up Procedure (Pins 5 Ihru 9)
In the normal clock running condition pins 6 thn,l 9 should be
open circuit or at a logical 'f.
To enter set mode either set time ot set alarm shOuld be pulled to
logical '0'. Under this condition the increment minutes and incre
ment hours inputs are enabled and when either is pull,ed to a
logical '0' then the corresponding hours and minutes will Incre
ment at a 1 Hz rate. All minutes to hours carries Etre suppressed
while time 1s being set.

When set alarm is at a logical '0' the contents 01 the alarm 5tore
are displayed

Wilen sel tlme/im:rement minutes occurs, the clock is stopped
and remains stopped with the seconds reset until set timEl is open
circuited or returned to a logical '1'" Thi!i enables the clock to be
easHy synchronized to an independent time source. No other
setting conditions interruot the se<;onds,

50/60Hz Input
This input accepts a line frequency signal at ellher 50 or 60 Hz
and Is subsequently used as the basic counl lime base.

Segments Output Control (Brightness) ~ CK3000
All outpUt steges consist of a. three device cascade contiguration
of which one device controls the output voltage current charac
teristics. (See Fig. 7.) From the characteristics it will be seen that
a wide range of operating cond;~ions are possible, allowing
operation in either the resistive region (V proportional to J) or the
constant curren~ region. (I independent of V). Note that during
device operation 2.4 of the 26 available segments can be on
simultaneol.lsly, so in setting the device operating point it is
importent that each output stage does not exceed (on an average
basis) one twenty fourth of the peal< allowable package dissipav
tion, i.e. approxImately 2.0 mW per output.

It is also important that the display V~l load characteristic does
not interrupt the avalanche rag ion of the output device charac·
teristic or oH segment glow will be obseNed or in the limit device
malfunction or damage can occur.

The output stages and control brigh~ness were designed to be
used with half line cycte anode voltage and a corresponding half
cycle control of brightness to ensure the display is: (a) Offduring
segment data changes, and (b) To ailowcurrent toturn off and on
in display gradually. Which will result in almost a total absence
of R.F.r.

Segmenls Output Conlrol {Slanklng) ~ CK3100
Dueto the high current handling capabilitl8s of the oulput stages
of this I.e" it Is not possible to control the oulputV.1. characteris-
tIc by using a second series davice. To regUlate the display to the
reqUired brightness several opUons are pos5ible exiernal1y and
the following internally. The segment output control can turn oH
the display at any time by \aking this Input to a logical '0'. It is
possible therefore to use half or full wave rect'Jied signal on this
display anode and prematurely shut the display down in each line
cycle to control the conduci.ion angle hance, average light out·
put, using this control pin in phase relationship to the anode wave
form.

3·'

5tI/60Hz Control
For 50 Hz operation ~ Connect to V" or leave open circuit
For 60 Hz operation ~ Connect to V~

AlarmlTone Cancel· Tone Output
For normal operation the alarm cancel input Is left open circuit
Under this condition any coincidence between the time and
alarm store will cause the tone:to output on alarm tone
pin. This tone will remain present for one minute unless can~

celled by momentarily connecting alarrn cancel to a logical '0'.
This tone will re-occur five minutes (and subsequent multiples of
5 minutes) after the original alarm tirne tor a duration of one
minute unless cancelled by momentary conneclion of tone can~

cel to a logic '0', thus proViding a snooze facility.

To ccmpletelycancel the alarm sequence, thecoln<;ldenceof the
alarm cancel pin being ata!ogical 0 and the start of the next alarm
tOne period is required. Immediately atter this occurrence the
atarm cancel input may be open circuited and the alarm will oe re~

enabled lor Ihe followIng day.

Aaernatively if either the set lime or set alarm inputs are con~

nected momentarily to a logical '0' after ttle first minute of aial'm,
the alarm logic will be re~triggered for the next day

The alarm tone 'IS anominal1 KHz square wave chopped by a 1 Hz
square wave.

Frequenc:y Set
An external resietorto Vp and external capacitor 10Vr-; are used to
control the frequency of the oscillator, These values should be
selected to ensure appropriate 4 KHz oscillation.

The block diagram shows diagramatica1ly the various logical
function blocj(s that make up the CK3QOO and CK:3100 Inte
grated circuits. The various units have the 1ollowlng functions.
Oaonlstor
The oscillator provides two basic functions in the integrated
circuit.

,. Provides a suitable frequency in the audio range for
modulaling an external tral,sducer at and during the alarm lime
(nominally' KHlJ.
2. Provides a strobe frequency for strobing the 50 or 60 Hz line
frequency Into a '0' type flip flop to statistically eJiminr..te Ene
noise (nom~nallY 250 Hz).

Debounce Logic:
The logic here is used toeliminate conlact noise closure on any
input line and this is achieved using one second digital one shots
in combination wit\1, 250 Hzstrobe pUlses. e.g. with the setvtlmeor
alarm enable inpulsat logic lero the incremenf inputs are lOOKing
for one contact closure in each one second period. Any further
closures are ignored. However if any increment pin is at logic
zero and Ihe set a.larm set time switch is open and closed multiple
counting will result. This logic also direc1s increment signals to
the appropriate counters.

Divider
The divider counts down the line frequency counts to one per
second depending on the 50/60 Hz control.

SnoozEi' Control
This logiC stores the information that an alarm comparE! nas bElen
reaChed, and initiates a 5 minute counter, which then runs
continuously untJl such time that on an exact mullipie of live
minl.ltes if Ihe alarmltone control switch isat zero, itwill then stop
and reset the alarm compare store, During the 5 minutes the
alarm tone is made active 10r1 minute in each five, producing a 1
Hz moduleted 1 KHz tone. If when the alarm tone is active the
alarm lone cancel IS laken to logical zero the tone will cease until
the next fIve minute period.

FUNCTIONAL DESCRIPTION

I'""r-:- ='tt!i'clJ4,",~W;~io~>;~~;'_.",
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RESISTANCE

1

I

'Exceeding these ratings could cause perma
nent damage Functional operation at these
devices at these conditions is not implied
--operating ranges are specified below.

oto +25V
o to +45V (CK3000-2)

. -6SG C to +150a c
SOOmW

--25a c to +70a C

CK3000

Maximum Ratings'

Voltage on any pin with respect 10 VN
Voltage on Segment Output Pins.
Storage Temperature Range.
Power DissipEltlon at 70a C.
Operating TemperatlJre.

Standard Conditions (unless otherwise noted)

,,~~~_c.~~o~~_...~..

··Typical values are at+2S"C and nominal voltages.

VN =:OV

Vp "" +7 to +1aV
V~() "" +5 to +18V (CK300D)
Operating Temperature (TAl :.:c+25cC

CharacterlsUc Min Typ" Max Unit!! Conditions

I
-Clock InpUI Frequency

DC 50/60 2500 Hz Max. fig tHe for test only.Clock Input
Logic '0'

0 +1.0 VLoglc'l' 0.7 Vp V, V
Osclllalor Ftsquency (Fosc) 3.5 4 6 kHz Set by external resistor

and capacitor - Sea Fig.3ConlroJ Inputs
Logic '0' 0 +1.0 VLoglc'l'

0,7 Vp V, VOulputs

I
Alarm Tone

'0' Level 20
rnA at Vo\JT;;: 3V; VI' = 15V'1' Level

10 "A latVCC;~15VDisplay Drive
OFF Level

500 nA VOL'l =< Vp = Vw;;: 15V: VOLT =: 30VON Level 2
rnA See Figs.7 & 8; VOI"T=SVCurrent

2.5 rnA [ Not inclUding outputs

CK3100
Characterlgllc Min Typh Max Units I CondltlonsClock Inpul Frequency DC 50/60 2500 Hz I Max figure for test onlyClOck Inpul

LogIc '0' 0 +1,0 VLogic'l' 0,7 Vp V, VOsclllalor Frequency (Fosc) 2.5 4 6 I KHz I Set by ~xternal capacilor
and resistor ~ See Flg.3Control In,:luts

Logic '0 0 +1.0Logic '1 0.7 Vp V,Outputs
Alarm Tone

'0' Level 20
rnA Vou1""3V:Vp=<. TSV'1' Level 0.7 Vp
V Internal pull-up to Vp (approx, SKD)Wake Output

VoiFr =:: 3V; Vp "" 1SV

'0' Level 20
rnA'1' Level

10 .A VQ~'T "" VpDisplay Drive
'0' Level 20

rnA VOIIT= 2.2V: Vp =:: 15V'1' Level
10 .A Vou~ =: Vr3-1/3 Min. Output

'O'l-evel
5

rnA VLllJT =3V;Vp-=15V'1' Leve! O.7Vp
V Internal pUll-up (approx. SKfl)Current

rnA

NOTES'

1. Pins 2,6,7,8 and 9 have an infernal pUll-up resistor to Vr, value approXimately 200Kfl. !CKJOOOI)
2. Pins 3.4,6,7,8,9 and 10 have an internal pun-up resistor 10 Vr, value approximately 200Kfl. (CK31 00)
3, Under no circumstances must any pin be biased temporary or permanently negetl've with respect to V

N
or device operationwill be affected.

4. No output pin during operation must exceed V, transiently or operation will be affected.



0:25

I: 23
/9:23

2:26

e.g I 9 : 2 3 Becomes

or 7: 2 3 Becomes

PM flag (Indicator) segment connected to upper ;;olon s~gment

Alarm selllng flag segment connected to lower colon segment

Anode digit' conrlected (0 Anode digit 3
Anode PM indicator connected to Anode digit 4
Anode digit 2 connected lo Anode digit 4
Upper colon anode oonnected to anode digit 3
Lower colon anode oonnected 1<) anode digit 2
Alarm setting flag connected to anode digit 1

The anode can then be selected by the application or alternate
half~cycte sine waves.

50/60 Hz Control
For 60 Hz operalion Connect 10 Vp or leave open circuit
For 50 Hz operation Connect to V....

12 And/Or 24 Hdur Select
The IC has the ability to display the correct time in 12 or 24 hour
mode under the control of the 12l2d,se[oct pin. Changing this pin
from Logic '0' to ',' or '1' to '0' will irL,mediateiy display the
corrected time.

Htgh i.e, '1' "" 24 hour mode
Low '0';:12 hour rnode

23: 55 '

rlllill
Digits PM 4. 3 Colon 2 1 Alarm Flag

No leading zero is shown In 2~ hour mode,

AnOCle phasing 50/60 Hz High'" 0igilS1 and 3 selected
low""· Digits 2 ana 4 selected

DEVICE UTILIZATION

NOTE:
The phase of the incoming 50/60 Hz count to IC will then
automatically deliver the correct segment data to display,

For economy a single segment is employed wnicn IS illumlnaled
in 12 hour time, during PM period

Alarm Cancel .& Alarm Tone QulpUI • CK3200

[n CK3200 (Plasma) the alarm tone output, alarm ano tone cancel
input uses the same pin for alt three functions.

1. Alarm pin held to less than 1 volt (inputting a logic '0') ai\:lrm is
not requested.
2.. Alarm pin returned to positive supply through an appropriate
resistance such that output is above 3 volts, (lC pulling appro)(~

imatflly 1 mAl Alarm is requested.
3. At the alarm time this pin alternates oetween an open cirCUit
condition and pulling 1 mA at the slarm lone rate

ISee Fig. 2 for typical external connections]

Fig.1 DUPLEX DISPLAY DRIVING

FUNCTIONAL DESCRIPTION

Segment a Digit 1 connected to segment a Digit 2
b b
c
d
e
f

9 9
Segment a 0lgit3 connected to segment a Digit 4

b b

The block olagram shows diagramatlcally the various logical
function blocks Ihelt make up theCK3200 and CK3400 integrated
circuits. The various units have the follOWing functions.

oscllletor,
The oscillator provides two basic functions In this integrated
circuIt.
1, Provides a suitable frequency in the audio range for modulat
ing an external transducer at and during the alarm time. (Nomi~
nally 1 KHl)
2. Provides a strobe frequency for strobing the 50 or 60 Hz line
frequency into a 'D' type flip flop to statistically eliminate the
noise. (Nominally 250 Hz)

Dl2!bounce Logic
The logic here is used to elimmate contact noise closure On any
input line and this \s achieved using One second digital one Shot$
in combination with 250 Hz. strobe pulses. e.g. With the set-time
or alarm enable inputs at logic zero the incrament Inputs are
looking for one contact closure in each one second periOd. Any
further closures are ignored. HoweverH any inorement pin is at
logiC zeto and Ihe set time switch is open and closed'multlple
counting will result. This logic also directs Increment signals to
the appropriate counter.

DivIder
The divider counts down the line frequency counts to one per
second depending on the 50/60 Hz contra!

Snooze Control
This 10gJc stores the information thalan alarm compare has been
reached, and initiates a 5 minute counter, which then runs
continuously unttl such t1me that Dn an exact multiple of five
minutes if the alarm/lone cancel switch is at zero, it wililhen stop
and resel the alarm compare More. During the 5 minutes the
alarm tone is made activefol' one minute In each five producing a
1 Hz modUlated 1 KHz tone. If when the alarm tone is active the
alarm tone cancel is taKen to \ogical zero the lone will cease until
the next five minute period.
DUl)leX Display DrivIng
To use either CK3200 or CK3400 Ihe display is connected in the
following manner.

IV~hV;tV' lINE~m_m I
11

--- I

N ' : I I , I' I I I ,

I I V 1\: :1\: :
0---4- ' v, ' ,-I ~ ~

t~ I (' :::' II t I I

VB~

-I

V50r ICKJ:,'\Ii

v N ~;~ 5egOulo,Digl\s1 &2

501~D H( Conllol q " 21 seg O\llg, Olgia 1 l!. ~

Sat In\ernel o~o Fraq 13 26 seg Out e, O"~jl~ 1 l!. "
AI~'m Tone Ovi (1) 4 25 seg Ovr d, Dig;\5 1 &. 2

Sci Time enable (2) 5 24 Sl!Q Ol.lle. Oig;,ta I &2
Sol '",1.1''''' Enable (:;» 6 ~3 SDII OUl!. Oi9;11 1 6. 2

t"·oremenf Min Enable 7 22 seg OUI e OlgilS 1 &. "-

InommBl'l1 Hr Enable 8 '21 Alarm &!lI'LoWBI Colon

5MiO H~ Input 9 20 PM Flag/U,,:;.;!r Colon

Sell Oul Coni'ol ~ 10 '9 seg OUI e. Olgll; ~ II 4
12 and/or 2A H'Sel . 11 ',8 seQ O~( b. D'Q'I~ 3 II ~

v~ 12 11 5eg OUl O. D,g,t. a& 4

Sag Out 1. o,gil~ 3 Ii 4 13 '6 Scg OUt d. 1':"gi1~ ~ 6. A

SogOul Q,O'gtls 36,4 _"__,15 segOul".tJlglIs3&~

NOTES'
1. For CK3200, this pin IS also alarm tons cancel
2. For CK3<iOO, either of these pins can be used as alarm
cancel.

Top View

PIN CONFIGURATION

28 LEAD DUAL IN LINE

used ~ that of half line cycle anode duplexlng. The duplex
teChnique depends on the use of Ihe IWO half sine-waves pro
duc~d by two diodes pIeced across an a,c. supply where the
common connection becomes the system reference.

.011\(1
ro'll~cn.

CK3400 l

~iJlfiO

lNP\.fT

3-12

III 12 andlor 24 hour clock, 24 hour alarm setting
~ Leading zero suppression in 24 hour mode
m PM indicalton in 12 hour mode
II: 50 or 60 Hz operation
II Snooze (sleepwQVer) alarm
III Direct display driving (two digit duploxing)

CK3200 ~ Plasma
CK3400 - LED

2 No display interface components
Ell Saconds flashing colons
II Alarm, sel, and snooze indication
II Line power interrupt indication
Ii!i Low current consumption

BLOCK DIAGRAM

DESCRIPTION

4 Digit Alarm Clock Circuits

FEATURES

The CK3200 ana CK3400 are N~Channal MOS integrated cir
cuits, containing all the logic necessary to produce low cost 4
digit alarm clocks operating trom 50 or 60 Hz line frequencies.
The output stages of these circuits have been designed speci1i
cally to directly drive the cathodes of Plasma dlsp[ays (CK3200j
or the cathodes of:large:digitcommon anode LE.D:s(CK3400}
with no interface electronic components whatsce\'er (Duplex
mode)

These integrated circuits a,lso contain aii the logic heeded for
contact noise elimination and line frequency noise rejection
reducing further support components, In order to overcome the
extr~me difficulties in eliminating radio ~requency interference
(common problem of multiplexed display cloCks) and to keep Ihe
device in a low cost package a novel displaY driving technique is

[&jI CK3200



Clock Alarm Colon A Colon B

Stopped/Setting Don't care OFF OFF

Running Set 1Hz Flash. 1 Hz Flash.

Running Not set 1 HzFlaS~I, 1 Hz Flash.

Running Snooze period 1 Hz Flash. 1HzFlash.

Cathode Se-gmenl Drivers - CK3400

The output drivers of the CK3400 have sufficient current han
dling capabilities to drive even the most inefficient of today's
available L.E.D.'s. The output characterisllcsol the segments are
shown in Fig.5.

NOTE:

It is recomrnended that the package power dissipation is kept to
below 500mW, therefore, with a possible16 simultaneous outputs
being on together, then each segment should be operatad will,
an average power level of31mW or on average current of 25mA.
The peak current 10r the maximum number ot segmonts condi~
fion (I.e. 16) should not exceed 60mA per segment or the device
will suffer permanent damage.

It is also important that the display V-I load characteristic does
not interrupl the avalanche region of the output delilce charac·
teristic or off segment glow will be observed or in t.'le limit device
malfunction, or damage car' occur.

Colon UlIlIZl!Itlon

Two colons (Pins 24 and 25) show alarm/clock condition.

segments Oulput Conlrol (Blanking) ~ CK3400

Due to the high current handling capabilities of the output stages
of this I.C.. it is not possible to control the outputV .1. characlerig..
tic by using a second serle5 device. To regUlate the display to the
required brightness several optlons are pOSSible externally and
the following internally. Thesegments output control can turn of1
the display at any lime by taking this input to a logical '0'. It is
possible therefore to use half or lull wave rectified signal on the
display anode and prematurely shutthe display down in each line
cycle to control the conduction angle hence average light output.
using this controi pin in phase relationship to the anode wave
torm.

AM/PM Indicator

ThiS output is an additional segment driver which can be used to
give an AM/PM indicator. (Voltage current characteristic as other

segments)

Cathode (Segment) Output Oriliers - CK3200

All thE!se pins drive the cathodes of tr1e display w'llhout any
additional interface componen\5. These outputs are designed to
withstand higher voltage signals than the other outputs. The
output characleristic of the segment drivers can be controlled by
pin 10, (See Fig.S)

The output stages ana control brightness were desigiisd to be
used with a half line cycle anode. voltage and a corresponding
halt cycle control of brightnl3ss to ensure the display Is

a. Off during se.gment data chang as
b. To allow current to turn oft and on In display gradually

This will rasult In almost a total absence of R,F.1.
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Segments Output Control (BrIghtness) ~ CK3200

All output stages consist of a three device cascode configuration
of which one device controls the output voltage current charac~
teristlcs (see Fig.S). From the characteristics it will be seen that a
wide range 01 operating conditions are possible, allowing opera~

tion in either the resistive region (V proportional to I) or the
constant current region {I independent ofVj,

I 2V/DIV 'los

L Flg.5 TYPICAL OUTPUT DRIVER j

SO/60 Hz InpLli

This i"put accepts a line frequency signal at eltner 50 or 60 Hz
and is subsequantly used as the basic count time base.

Setting Up ProC<3dure (Plna 6 Thru 9)

In tho normel clock running condition, pins (6 thru 9) shOUld be
open cIrcuit or at logical 'f.
Toenter se1 mode either set time or set alarm shOuld be pulled to
logical '0'. Under this condition lncremen\ minutes and incre~
ment hours inputs are enabled and when either is pulled to a
logical '0' then the corresponding hours or minutss wlll incre
ment at a 1 Hz rate, All minutes to ,'lours carries are suppressed

while time is being sat.
When set alarm is at a logical '0' the contents of the alarm store

are displayed
When sel time/increment minutes occurs, the clock is stopped
and remains stopped with the seconds reset untii set time is open
circuited or returned to a logical 1. This enaoles the clock to be
easily synchronized to an independent time source. No other
selling conditions interrupt the seconds.
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Flg.3 AL.ARM TONE OUTPUT CHARACTERISTIC ~ CK3~

Frequency S~I

An external resistor to VI' and external capac'ltor to V,... are USecl to
control the frequency 01 the osci[Jator. These values should be
seleoted 10 ensure approximately 4KHz oscillation.

The !ollowmg graphs give a guide to component values for
different Vp values.

With the oscillator sello 4KHz, the alarm tone output will be 1KHz
and the internal 811tibounce logic is strobed at 250 Hz.
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Alarm Cancel & Alarm Tone Output ~ CK3400

In CK3400 the alarm output is on a deaicated pin (see Flg.3).
Alarm cancol can be achieved by either taking set time or set
alarm to a logic '0' during the post alarm t,lme

Tone cancel is achieved by a momentary connection 'to a logic '0'
ot both set time and set alarm simUltaneously.

For normal operatIon the set time and set alarm input <ire left
open circuit. Under this condition any coincidence between the
time and alarm store will cause the alarm tona to outPUt on the
alarm tone pin. This tone will remaIn present for one minute
unless cancelled by momentarily connecting both set time and
set alarm simultaneously to a logical '0', This tone will re~occur
five minutas (and subsequent multiples 01 5 minutes) after the
original alarm time for a duration of one minute unless cancelled
by momentary connection 01 set time alarm to a logic '0' thus
providing a snooze facility.

To completely cancel the alarm sequence, either set lime or set
alarm pin is taken to a logical '0'. Immediately after this oc~

curence the alarm will be re~enabled for the fopowing day.

The alarm tone is a nominal1 KHz square wave chopped by a1 Hz
square wava

ALARM OUT -t-----Il='

Fig.2 TYPICAL BUZZER CIRCUIT· CK3200

! VN' -

For normal operation the alarm cancel input is allowed to e~tab~

Iish Hsown voltage (see Fig. 2). Under this condition any coinel·
dencebetween the time and alarm store will cause the alarm tone
to be output on this pin. This tone will remain present for one
minL:te unless cancelled by momentarily connecting this pin to a
logical '0' (less than one volt). This tone will ra·aceur five minutes
(and subseqlJent multiples of 5 minutes) after the original alarm
lime for aduration 01 one minute unless cancelled by momenlary
connection of pin to logic '0' thus providing the snooze iacility

To completely cancel the alarm - snooze sequence, the cOlnci~

dence 01 this alarm pin being at a logical '0' and the start of the
next alarm tone period Is required. Immediately after this oc
curence the alarm cancel input may be returned to the normal
position and the alarm will be re-enabled for the following day.

Alternately it either the set time orset alarm inputs are connected
momentarily to a logical '0' after the lirst minl.'la of alarm the
alarm logic wlll be triggered for the next day.



Charac'erlstlc: Min Typ" Max Unlls Condition!

Clock Input
Frequency DC SO/60 50,000 K, Max figure fortest oni~1

Loglc'D' 0 - 0.8 V
LogicT O·7Vr - Vc V

Oscillator Frequency (Fosc) 3 4 6 <Kz Set by external resistor and
caoadtorat Vp"" 15V

Conirollnputs

I

Logic'D' 0 .- 0.6 V
Logic'1' 0_7V~ V, V

Outputs
AlarmTone

Cancelled

Lli
0.3 V Typ \ sinK'='3maat>2.5V

Tone 3 - V.'

I

V
Display Drive

OFF Level I - - 2 "A V~o-~ 15 V, VlJcr'='45 Volts
ON Level - - - - See Figs.4a-b-c

Current ~o, - 3.0 mA Not inclUding outputs

--
ALARM
CANCEL

Vp

39'

8F Z57

OkS
'w3"

I""

.··------1

\

~~-'----- I==+---, I

~*;±,,-.Jl I", I_
I DUPLEX D''',"' I

-l1rmmI

< ~ I ~~ ';:tJ"~"''':' ~
50<pF .-J-l---r--r-Ij j II -1 '''-''CR

NS
IV.! II I "MEA"H",M'

, z'
FUSE

IOOmA

HC>-- 1,1 I

AC
VOLrs

Flg.6 TVPICAL APPLICATION

-Exceeding thsseratingscDUld cause parma·
nent damage. Functional operation at these
de... ices at these conditions is not lmplfed
-operating ranges are specified below

-0.310 +30 ...olts
. -O,3V 10 +45V

-65°C to+150oG
500 milliwatts

--25°C to ''!-70oG

CK3400

CK3200

-
Characterlsllc Min Typ" Max Units Conditions

Clock Input
Frequency DC 50/60 50,000 K, Max figure for test only
Logic '0' 0 - 06 V
Logic '1' O.7Vp - V, 'l

Oscillator Frequancy (Fosc) 3 4 6 kHz. Set by external resistor and
capacitor al Vp15V

Control Inputs

I

Logic '0' 0 - 0.6 V
Logic '1' 0.7V, .- Vc I

V

Outputs

I
Alarm Tons 40 pA Von'=' 0.3 Volls,

Typ I sink == 3ma al > 2.5V

Display Orhre
OFF Level - -

10 I "A V~ "" 15V, V"UT'" Vr
ON Level - - 20 rnA See ,~igs. 4a·b-c, VO'.J:-: 3 Volts

Current 0.4 -
30~~.A

Not IncludIng outputs

Voltage on any pin wIth respect 10 v~

Voltage on segment output pins,
Storage temperature range,
Power dIssipation at 70~ C
Operating temperature

ELECTRICAL CHARACTERISTiCS

MaxImum Railngs~

Standard CondlUons (unless otherwise noted)

VN'=QV
Vp = +10 to +18V
Operating Temperature (T..] ::::+25°C

~~:
;~!~
.'1:,

"Typlcal v<llues arB at +25°C and nominal voltages.

3-16
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ANODE 24

IC POWER SUPPLY
AND lNTERi=ACE

iH- ~~- SET TIME

I ~ ~ SET ALARM

I :ii 0 INC HRS

~ INC MINS

All dimensions in Inches
.lI,,\1 dimensions nominal.
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l PRELIMINARY INFORMATION
----~

M-3400~

CK3400 N~channel clock radio circuit
LED display; 4 Digits plus colons

No external contact noise elimination circuits required
No external line frequency noise rejection circuits required
12 or 24 hour display
Leading zero Suppression in 24 hour mode
PM indication in 12 hour mode
Alarm·snooze indicator
50Hz or 60Hz operation
Line pOwer imerrupt indicaiion
Sleep operation indicator
Low power dissipation

MODULE FEATURES

DESCRIPTION

The M·340Q module contains a fOur digit LED display and a
CK3400 LSI microcircuit featuring all the necessary logic,
contact noiSe elimination circuit&, control switching and timing
circuits to implement slmpJEHo-use, Jow·cost, multHeatllred
digital clOcks. For full in/ormation On the many leatures of the
CK3400 microcircuit, refer to the detailed descriptions and
applications suggestions contained in the CK3400 product data
sheet beginning on page 3-12.

The M-3400 modu,le is fabricated on a single-sided printed circuit
boerd measuring 1,500" x 3,930".

CLOCK FEATURES

Digital Clock Module

II Simple support electronics
II 5 minute repeating snooze
81 Simple setting of time, alarm, alld sleep
• Hold and synchronize capability for timo selling
• Independent hDurs, minutes setting (carry propagation

suppressed)

-. 3-18
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DUring the timo that Set Time and Set Alarm are et a logic '1'
together. this pin is the 12/24 hour select input.
The lesl date on this pIn before a data change on Set Time or Set
Alarl"l1 is stored 'Internally in a latch, and defines '2 or 24 hour
operation,

se1 Alarm (Pin 21)
This pin, held at zero while Set Time \s at a logic '1', enables the
Increment Minutes and Increment Hours inputs to the alarm
counter, such that each change of state (1-0) of the increment
inpuis will advance the appropriate counter by one un I!.

Set Time (Pin 22)
Is identical in operation (0 the Set Alarm pin, but in this instance
allows the counts to be entered into the time counter.

Taking bolh Set Time and Sel Alarm te a logic '0' allow.s the Wake
outputs to become active when the time reachos the alarm time.
Returning either Set Time or SetAlarm to a logiC '" will cancel the
alarm.

Increment Mlns/SleE'p Cancel/Snooze Repeet (Pin 23}
If Set Time or Set Alarm is at zero, 1hls input provides one unit 01
incremenlforeach logic transiflon from One to zero. (This input is
de·bounced against switch no,'se). If both Set Tfmo and Set
Alarm are at a 10gic'1' or logic '0' and the sleep limer is running, a
logic zero on this input will cancel sleep.

If both Set Time and Set Alarm are ate zero and the Wake outputs
are active (i.e., post ala~m time), then Wak:e 2 will becancclled for
a period of up to 5 mins when Pin 23 is:raken to logic '0'. If this
input IS at zero when the alarm comparison takes place, then
Wake 2 will stay off until 5 minutes have passed

Increment Hours/Sleep Initiate (Pin 24)
If either Set Time or' Set Alarm is at lo~jc '0', this Input provides
one unit ot increment to the required counter for each logic
transillon from 1 to O. (This input is de-bounced against sWitch
nOise). If both Set Alarm and Set Time are at logic '1' or logic '0',
this input will cause Sleep output to become active for lhe time
resulting from current sleep oscillator frequency.

oSC Z (Pin Z5)
Tnis pin produces a triangUlar wave oscillatIon depending on the
value of resistance and capacitance. This oscillator is used to
produce the sleep period by bejng gated internally with 160th of
Osc 1 frequency (i.e. SO/60Hz).

Additionally connectod to this pin is a low level detect circuit
used with oscillator 1 for re~settingali internal logic to 12:00 in 12
hour mode and 0:00 In24 hour mode. ThiS low level detect is also
used to detect that standby operation is required,

OSC 1 (Pin 25)
This pin produces a triangular wa'ie oscillation depending on the
external value of resistance and capacitance. The signal is used
during normal operation to provide internally to the LC. ~

e.lhe internal timing for a series of one-shot gates
b. After division, the frequency to de~bounce other externel pins
via D-type latches. This frequency is turther divided down to
SO/60Hz and \s used as the source frequency during standby
operation.
Connected internallY to this pin is a low level voltage detector
which is used in cOnjunction with a low level voltage detector on
Osc. 2 (pin 25) to reset alitMe (nternallogic to 12:00 in 12 hour
mode and 0:00 in 24 hour mode. This low level detect is also used
fOr test purposes.

50/S0 Hz In (Pin 27)
Thisinput is lhe normal source of timing. This input drives both
the internal count and lhe alternate half line selection of the
segment outputs.
Forequal brightness in thedisplaythis input must have a1:1 mark
Space ratio (±20'lfo).
There is no necessity for eliminating \ine noise externally when
provlding thiS input signal as an internal arrangement ellmlnates
undesired counts.

Vp (1='1n 28)
Is the most positive power supply to the chip (typically 10 volts)

Anooe phaSing: 50/60 high"'" digit (1 & 3) selected
low= digit (2 & 4) selected

,Sleep Output (PIn 1S)
This output turns on while the sleep counter is running and is
indicated as active by en Indicator in the display (Pin 3), This
output turns on immediately following a sleep initiate and is
ca.ncelled either by sleep time being complete, asleep cancel, an
alarm comparison taking ptace, Or ail end of snooze period. This
pin Is also used as an Input during circuit tesl to speed up testing.

Wake 2 OUIPUV5G--60 Hz Mode Select (Pin 19)
ThiS output turns on at alarm compare time and stays on unless
either an alarm cancel or a snooze repeat is activated.

If snooze repeat is activated thi5 pin will go off until the next 5
minute period elapses when it will again turn on.

The snooze can be repeated indefinitely,

If the alarm Is not cancelled this output wH\ turn off 80 mins after
the last snooze repeal re-triggering alarm for the next 24 hour
period.

Thispin is also the SO/50Hz Select input during the time at which
SetTime and Set Alarm are at a logic '1' (last data on this input
When either Set Time or Set Alarm changes state is stored in an
internallatet,l.

Weke 1 OlltPlIt/12 Or 24 Hour selecl (Pin 20)
This output turns on at alarm compare time ana stays on un·
interrupted until either.

a. An alarm cancel
b. 80 continuous minutes from alarm time
c. 80 continuous minutes from last snooze repeat

The anodes cl;ln then be selected by the application 01 alternate
half~cycle sine waves derived from a transformer from the line
The phase of the incomIng 50/60Hz count to IC will then auto
matically deliver the correct segment data to the display.

-23:55-
IDIGITS I l-. L, L,

PM 4 3 Colon :<' 1 Sleep

PIN FUNCTIONS
VN ~ (Pin 1)
Is the most negative power supply to the chip (0 volts).

segment Drivers (Pins 2-17)
These O\Jtputs are 50.n switches which drive the segments of
common anode LED's directly. Their use and operation IS as

follows

To use Ihe CK3300 with LEDs, the LEDs must be oftne COMMON
ANODE TYPE, and connected in the follOWing manner.
segment a digit 1 connected to segment a digit 2
segment b digit 1 connected to segment b digit 2
segment c digit 1 connected to segment c digit 2
segment d digit 1 connected to segment d digit 2
segment e digit 1 connected to segment e digit 2
segment f digit 1 connected to segment f dig!! 2
segment g digit' connected to segment 9 digit 2
segment a digit 3 connected to segment a digit 4
segment b d~grt 3 connected to segment b digit 4
segment c digit 3 connected to segment c dlglt4
segment d digit 3 connected to segment d digit 4
segmente digit3 connected to segment e digit4
segment f digit 3 connected to segment f digit 4
segment g digit 3 connected to segment g digit 4

Colon 1 segment connected to colon 2 segment
PM indicator segment connected to sleep/power down indicator

segment
Anode digit 1 to anode digit 3
Anode PM indica~or to anode digit 4
Anode sleep indicator 10 anode digit 1
Anode colon upper to anode digit 3
Anode dlg'lt 2 to anode digit 4
Anode COIOil 10..·.8; to anode digi~ 2

, ..... ( ..\

~':!••

DESCRIPTION
The CK3300 N-Channel MOS I.C. contains all the necessary
logic, contact noise elimination circuits, control switching, seg~

ment drivers and timing circuits to Implement simple-to-use, low
cost, multi-featured clock radios.

Due to the extreme difficulties in eliminating A.F.I. in radios when
used in conjunction with digital electronics a great deal of care
has gone Into the design of the L.5,L to ensure that little or no
R.F.!. problems are met by the clock radio designer. The largest
R.F.!. prOblem in Display DrIving has been solved using a novel
technique-that of half~line cycle anode duplexlng using the
half-sine waves produced by hvo diodes, and ensuring that all
segment data changes occur at the zero crossings of the line
cycle. This technique allows brightness control to be achieved
simply by resistively di'vlding down the line vollage with a poten~

tiometer. or a simple two level scheme using a transformer lap.

Segment drivIng of the two groups is directly from the I.C,
through 50 ohm SWitches which allow the high current peaks
required of LEOs, up to one inch In size. while keeping the I,C.
Powerolsslpation, for reliability, down to the 200 to 250 mW level.

The I.C, also contains many unique foatures which enable the
equipment designer to put into the clock radio his company's
own product image,

PIN CONFIGURATION
28 LEAD DUAL IN LINE

',.' - '"~,.CaIQns 2 27 50160Couminput
P""ln~:CIlW!Sle~" IMlcal!:" ~ ,6 O~C 1 (Slandb~ Tlm,ngl

1 0:g115 3.lo 4 4 ,~ OSC 2 CSI~~p Timing)
g Digll. 3 .lo 4 5 Z( Inc Houri (SIN~

~ Olglls 3.lo 4 5 nlll'lC MiM (S.C.lS.R·1
dCigll~3d~ 7 n o$T SelTlrTl\I
" O'lliiS 3 ~ 4 B ~, 5.11, $l!l A,1~rm

I> Di~il. 3 ~ 4 9 20 Wak~ 1 au' (1,;~4 H' 50111
DDigits 3 8. ~ 10 19 Wa~B 2 Out" 150160 S&I)
aOig,l,f' 8.2 11 18 SIll<lpOul
f O(git~ t & 2 ,1 11 b Oi~'l' 1 .lo 2
a Dig1lG 1 /.. 2 10 IS 9 0i~11S 1 .s ..
d Oigrl. I/..2 14 13 (;Di1l11o 1 ~ ..

TopV1aw

-~
4 Digit Clock Radio Circuit
FEATURES
II 4 Digits plus Colon3
II LED direct duplex: drive
e No display-Ie interl ace components
til No radio frequency interference problems
n No oxternal contact noise elimination circuits required
U No external line frequency noise rejection circuits required
II 12 or 24 hour display
Ii leading zero suppression in N hour mode
II PM indication in 12 hour mode
~ AlarmwsnoQze indicator
II 50Hz or 80Hz operation
II On·chip oscillator tor standby operation with battery during

line Failure
1!I Line power interrupt indication
• Sleep operation indicator
II Low power dissipation (under 30 mW)

L~- CK3300

'''';~'iF

CLOCK RADIO FEATURES
!lII Simple support electronics
II! Ana.log sleep setting (user controlled 5 to 120 mins with 1

minute resolution). No necessity for dally adjuslment
• Totslly independent sleep and wake timing
• Independent volume of music during sleep and wake
• Radio sound mUting during normal radio listening
• Wake 10 music or alarm tone
• Se!f~canceiling alarm after 80 minules of wake
:; 5 minute repeating snooZe with radio and/of alarm
III Sleep override or sleep repeat
III Wake to alarm tone with quiet radio override (every 5

minutes) during snooze time (repeatable)
1IiI Simple setting of time, alarm, and Sleep
a Hold and synchronize capability for time setting
II Independent hours, minutes setting {carry propagation

suppressed)
III 5 minute pre-alarm appllcance switching
III Automatic tape recorder control (record your favorite

program automatically 0-120 minutes-starting trom the
exact second)

rOC'",~M'

I



Flg,2

OSC 2

R1, C1 '" 120K, 2200PF
R2 ~ 0 ~ 450K

Frequency range"" 8kHZ - 2kHZ
Gate time"" 20ms
Zero sleep counts"'" (2.0 x 10~') x (8 ;0: 10)) '" '60
MaXimum sleep counts'" (20 x 10-)) x (2 X. 10

3
) ~ 40

Range =" 120 counts
Hence' count =' 1 min

~ Cl

Sleep dot IS on for sieep timer running, Hashing ~or post U:-:e
Int~rrupt (removed from flashing by movement of 5.T. or S.A. to

'0')
Stand-By Operation
If a circuit is employed to chan gil the IC power source 10 oattery
during line rallure, e.g. two diodes, then if the external liming
componer1ts of oscillator i are set to give 8KHz (nominally R =
1.20K n ~ 2200pF), then the IC wiil maintain operatIon to an
accuracy o! one part in120, i,e., 30 sees/hr, during the failure. On
return to main power the sleep indicator will flash at ,HZ to nolity
user tr,at indicated time could be in error.
The standby condition IS detected Dy tM failure of oscillator 2 to
oscUlate, therefore oscillator 2 is connected to the line-derived

power source, not the battery.

It is assumed OSC 2 inpul has gone to zero volts. •
To remove flash condition leke S.T. or SA momentarily to zero.

Analog Sleep Control
A second oscdlator is prOVided on \C whose lrequency can be
controlled by an RC nelwork. This os(llator is identical to '
oscillator one (Stand'oy oscillator) and occupies the same silicon
real estate location ensuring that process variations, temperature
variations and voltage variations have as nearly as possible
identical effects on frequency stability. OscillE'.tor 1, which is set
to 8KHz is divIded down to 50HZ (20.0 msecs) :and is used as a
gating lime for oscillator 2 (Sleep Timer source).The number of
gated counts is loaded in thl;'! sleep timer (capaciti' 160 counts)
and sUbseou~:ntly counted up at one per minute until 160,IS

reacMd.
The range oi sleep time is contro\\ed by varyIng OSC 2 resis~

tal1ce. At 4:1 change in resistance will gIVe variatton of 160 to 40
gated Qulses. this gIving a sleep time of 0 to 120 minutes.

NOTE:
Minimum sleep time to ensure correct snooze operation should

be a minimum of 5 minutes.

Vp

To iniflale the sleep timer both S.T. and S.A. must logically be the
same, and INC HRISIN must be momentarily at zero. (See laler

section).

v

,,,~" ':" ~:

COi-ON CONDITIONS

BOnOM TOP
on on
off on
oil off
1Hz oli
1Kz 1Hz
1Hz 1Hz

FUNCTION
Set lime
Set alarm
Stopped (Sync)
Run (alarm not requested)
Run (alarm requested)
Snooze period

3-2.3
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CHARACTERISTICS FOR V~ = 10V CHARACTERISTICS WITH VOLTAGE CHARACTERISTICS FOR Vp;:= 7.SV

p..t alarm, the effect of (S.C,/S.R,) becoming :tero for et Itlast 20m
secs is to lurn Wake 2 output off until noxt 5 min interval, if aga'in
depressed, Wake 2 witl !Urn off for a further 5 mlns-this se
q;uence will go indefinitely until s:r., or SA or both are re1urneo
to logic '1', cancelllng alarm, If inputs to the dev'lce are left
unchanged for 80 mins tt1en alarm will re~6et for 24 hours

AgaIn to improve the radio features and simplify radio operation
the tied function 01 (s.C.lS.R.) and (SIN) on one button performs

the following three functions:

lnil\sle steep (SIN)
Cancel sleep (S.C.)
snooze repeat (B.R.)

DelayIng Alarm by 5 Mlnules
If, when Wake1 output is capaclwely coupleo to (s.C/S.R.) input
then at alarm time Wake 1 will turn on and stay on but Wake 2 wlli
Immediately become cancelled, hence no alarm will be heard
from radIo until5 minutes later; this allowS an electrical oppliance
to be turned on 5 minutes prior to alarm sounding,

Use 01 Sleep Timer for Tape Recorder Control
If sleep input (SIN) in directly coupled to Wake 1 output, then a
tape recorder or any electrical equipment can be turned on at
alarm time using sleep output lor a period ot time sel on sleep

potentiometer.
Radio control outputs
There are three radio control outputs:

a. Wake 1
b. Wake 2
c. Sleep output

Foncll on
,. Wake 1-goes at zero; I.e. is on at alarm time for a period of 80

mins or until an alarm cancel.
:;!. Wake:;! goes to zero at alarm time, and stays at zero until a
snooze repeat Is activated ther. it will stay off until next5 mlnule
point then return to zero, for a period of 80 mins unless snooze
repeat is r~activated. Snooze repeat can be used indefinitely,
until either a continuous 80 mins occurs or alarm is cancelled

Note: The 5 minute period is any 5 min interval irom alarm time

and not 5 min from each snOOZ€l repeaL
3. Sleep output goes low after a steep initiate for the period of
time set by sleep potentiometer. (Will be overidden by Wa'",e if

sooner,)

Colon Utlll:t:atlon

Cancel
Cancel
Cancel

Alarm maintained lor 80 mins

Not required
Not required
Not required
Requested

1
1
o
o 0

S.T•• S.A.:= 1
IIS.T. and SA are at a logic 1together during pre·alarm time, the
following functlons can be obtained usIng Inc Min - Inc Hrs
inputs. Inc Hrs input going to logic zero for at least 20m secs will
result in sleep output goIng to zero for the period of time set by
sleep potentiometer.

Atany time fnc Mins input (SC/SR) going 1.0 zero for at leas12QrYl
secs will cancel sleep timer if sleep output IS active.

To reduce the numberor knobs,swJtches, Wiring etc., in the Clock
radio theloliowing alternative feature is provided. If (S.C./S.R.) is
wIred to (SIN) a dual acllor, is achieved, 1st depression of switch
activates sleep, 2nd cancel sleep.3rd re-activates etc. Thisallows
features (a) if user decides he wishes radio off after he has been In
bed for a lew minu1es, he pushes button, or (b) radio goes off
eutoma.tlcally because sleep period has finished, but user is not
asleep and would like radio 10 contInue, so he presses button
again.

S.T., S.P.. -= 0
In pre-alarm period the function performed when S.T., SA."" 1 is
identical. (When the alarm sounds at the requested alarm time
the Input (S.C.lS.R.) (Inc Mins) becomes the 5 min snooze repeat
Input.}

pOlsrltywlJl immediately change the displayed 1ime from 12 hour
mode to 24 hour mode or vice versa.
e.g. 21 ; 56 becomes -9: 56
or -9: 56 becomes 21 : 56
No leading zero is shown in 24 hour mode;

12; 32 in 12 hour time becomes 0 : 32 in 24 hour time

[Note: 12 to 24 hour displayed time change can only btl achieved
when lhe alarm is not requested and not in set mode)

For eConomy 01 LEDs a single dot is employed which Is illumi
nated during the PM period In 12 hour lime.

Time Seiling
Four Input pins (S.T., S.A., Inc Hr., Inc Mlns,) are provided to
enable the following tour functions to be provided:

a. Setting tne time
b. Setting the alarm
c, Stopping the clock
d. Starting the clock
For synchronizing purposes

S.T. =0
Allows each depression of Inc Hrs to advance nrs by one coun!.
Clock will stop on the first inc mins and will remain stopped until
ST'" 1, thus ellowing synchronization. The device assumes that
the hours may need to be changed without aflectlng mins, but
assumes clock is incorrect if minutes are changed, thus stopping
clock and re~setting internal seconds counter to zero.

S.A. =0
Selects alarm time and, for each depression of Inc Hours, hours
are advanced one and, for each depression of Inc Mins, minutes
are advanced one.

NOTE:
No carries from minutes to hours occur during setting of time or
alarm

Radio Control Inpuls
The inpulsS,T.. S,A., Inc Min, Inc Hr,serveas radio control Inputs
under the following conditions.

S.T. And S.A.
At zero together· alarm is requested. S,T. and SA. allog·lc one
logether~ alarm not requesled, but if taken to logic one during
post alarm, alarm is cancelled.

S.T, and SA different will also cancel alarm if alarm is active.

S.T. SA Pre-Alarm Post~alarm

Flg,1 SUGGESTED USE OF WAKE OUTPUTS TO ENSURE

PROPER OPERATION OF INPUT/OUTPUT FUNCTiON

Pins 19, 20, 23 end 24 are dual function pins whfch operate as
inputs oroutputs dependent on the state of the Set Tfm£l and Set
Alarm inputs·

INC INC SCI Wake Wake 501 12/
S.T. SA MIN HR SA SiN 1 2 60 24

With the Set switch in the centerposiUon the set inputs are pUlled
up to a logic '1' by the Ie, provided the Alarm switch is in the en
position. The load (R load) will pull the junction of the two diodes
and R2 to a logic '1'.

The output pin Wake2 wiHelther be pUlled up or down depending
on the connection of R3.

Changing of Set switch will pUll down the appropriate Inpul and
not affect other external circuit conditions.

Change of position of alarm ON-OFF switch will allow R2 to pUll
down both Set inputs 10 zero before Wake 2 output is connected
10 load, This ensures that the internallC latch is disconnected
from wake line before data on wake lIne can in~luence stored data
In lalch.

12/24 Hr. Selecl
For the "Wake 1 output 12~24 hour select", changIng the logic

·Operable - Not Operable
Set time (S.T.) Pin 22
Sel alarm (SA) Pin 21
Increment minutes (inc min) Pin 2'3
lncrement hours (Inc hrs) Pin 24
Sleep cancel (S.C.) Pin 23
Snooze repeat (S.R.) Pin 23
Sleep initiate (SIN) Pin 24
Wake 1 Pin 20
Wake 2. Pin 19
SO/60Hz Select Pin 19
12/24Hr. Select PIn 20

UsIng Wake 1 Or ~-lnpul/OlJ\pulFon.ctlonll
When the Set Time (S.T.J end SetAlarm (SA) inputs are at logIc
one, the IC outputs Wake' and Wake 2 become inputs to two
bistable gates which store the logic conditions on those pins:
50/60Hz Select on the Wake 2 pin and 12/24Hr. Select on the
Wake 1 pin.

SO/60Hz Select
Set Timl~ or Set Alarm must be at zero before data on Wake 2
changes, orclock can change\ts 50/60 pre-divide mode. To avoid
this, the following circuit is reCommElnded:

I 3."I. •"" ,," "



NOTES'
1 Under no circumstances during IC operation musl any pll"' either Input or oUlput be taken to a voltage more negative than
Vo or IC malfunction will occur
2. No input or output must be taken to a Oosltlve VOltage greater than 20 volts or permanent damage can result

3. No outPLlt must oe allowed to diSSipate a continuous power 11'\ excess of 100mW.
4 Total chip continuous power CliSSIP61ion must not exceed 500mW
5 The total current bemg returned to V, tnrough all device PinS must nOl exceed 7 amp.

Lead temperature {Soloerlng lU sec) .. • •••• T;jUU~L; below.
-~

Characteristic Min Typ"' Max Units Conditions

Power Supply Voltage 6 10 18 Volts V" "" OV
Supply Current - 2 rnA

50/60Hl. Input
Frequency (must be

identical to anodes) 0 50/60 50,000 Hz Vr~ 1QV

Logic '1' level O.6Vp - Vp Volts
Logic '0' lelle1 0.0 - 0.7 Volts

Inputs (Excl Oscll/alors)

LogiC '1' level O,6Vp Vp Volts
Logic '0' level 0.0 - 0.7 Volts

Segments Out (on) - 3D rnA VOl" =-1.5V
(off) 10 - "A

Wake 1, 2, Sleep Out (on) - 3D rnA vop:=1.5V
(om - 10 - "A

Wake 1, 2 lAs Inputs)
LogIC '1' leve! 0.6Vp - Vp volts
Logic '0' levei DO - 0.7 Volts

Osclllator~ 1 and 2

!

Hi level 5.5 - volts Free run
Lo level - 3.5 - Volts

Reset Level
~

- 07 Volts

I

'·25

L - - - - - - Fig.?

Typical Application
To combine the S.A ano S. T. functions to prOVIde simple and
rapid clOCK setting. It is suggested that the following IS incorpor
ated in the clock radio.

Two toothea wheels are placed o'ller two seperate sprung con
tacts and coupled to two concentric rotating knobs, (say 12 teeth
each} along side IS a three poslt101"' swi1ch la'Oeled 'set time. run,
set alarm'

To set clock, select time or alarm and rotate Hrs Knob, or mlns
knob, each click will result in one unit change of tUTle, rapid
rotation will result in 12 increments per revolution of knob.

The above procedure results 11'\ an easy to use system With the
advantage over mechanical clocks of independent hrs and mins
setting

NOTE:
No carries from mins to hrs Ci3.fl occur dunng setting of time or
alarm

I·· - -~-1iffi--l~--==~
: ,:,: ''-1- --;~
~" . : -~I"=:::-::-1~ r;maa r~, :
""~_." J~~;
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Use of 5 Min Delayed Alenn wlih Appliance SWitching
In this mode of operatiCln the wake 1 output is made to cancel the
first alarm tl"!rough the SC (inc ht) Input such that radio or alarm
Ume will only occur at the end 01 the first snooze period

This result in appltilnce being aCllvatao atset alarm time and after
5 mins the alarm or radio will sound

Fig.6 - snows a typical ciock~radloDloCK diagram
Fig.? - shows the chip/display cIrcuit

back arouna the aUdio arflpi,fier or radio in s:Jch a mat"::1er that
the desired sound can be achieved and the feedback cen be
stopped by open clrcuft one pOi.nt 11'\ the network

At alarm time buv:e r wlll souM'
On 1st buttof' depressiof' Buzzer will cease and raOlO will

switch to low volume
2nd buttor depreSSIOn Radio and buzzer will be off

If after Ilrstoeprcsslon radiO IS left untouched, radio will return to
bU7-Zer after 5 mins
If after 2nd depresslor ra.dlo IS lett untouched, radiO and Duzzer
will be oftard at 5 mins BUZZER WILL AGAIN SOUND

As for radio position ~ radiO will reset after 80 mlns for 211 hrs. At
any time In buzzer sequencing, buzzer radio select CSI'\ be
changed over to radio. then the radio Will alternate high-low
volume witl"! button. Cancelling in buz:!e r mode is identical to
radio mode

Use of Auto Tape
Fig.21 snows the facllilY for automAtically switching or an
appliance (e.g tape recorder) at a specific time and keepll1g
appliance active for a period of time up to 120 mlns. In this mode
the wake output is made to start the sleep ~1!mer at the wake time.

~:.: 'operation Clock Radio Ellample
'0;; (snoWing some features and their use) - ref Flgs.21 ana 22

~~;~~; connected to line lor 1st time. then battery IS inserteo

Assume following sWitch POSltiOro RADIO OFF. SET TIME

SWITCH~RUN

A~t1~~;Will illuminate and read 12:00 sleep mCllcator Wlti flash at
~~s: Sel clock as indicated previously (~lashirg will cease)

In 24hr mode 0:00 williliurninate with flashing sleep InOlcator

S"ooze 6sr Action
IN RADIO OFF POSITION
1s\ button depreSSion Low volume radiO (set reqUired volume)

2nd button depression Radio off
srd button depression Radio on low volume
4th button depressIon Radio oft

etc..
\N RADIO ON POSITION
Radio comeS or high volume (sst wake volume requireo)

1st button depression Low vclume radio (mUTe facllltYJ
2nd button depression High volume
3rd button depression aa 1
4th button depression as 2

Radio Auto
In 2,uto, alarm IS requested a~ Haet alarm'] time. It sleep 15 aeslred
pressbuHon. Subsequent button pushes will have same effect as
in radio "off" position.

Select Wake to Alann Tone or RadIo
Assume radio seiected
At alarm time radiO wilt come on at wake volume setti.'Jg

1st button depressior RadIO Will SWitch to low volume
2nd button depression Radio wdl switch off
3rd button depression Radio back a low volume

11 after first depreSSion radio is leltuntouchea, radio will return to
wake volume after five minutes

If after 2nd Clepression radio is left untouched, raoio will slay Off

for five minutes then return to wake volume

ThiS wake volume, If left, wIll be maintal1led for 80 mins unless
radio is returned to radio ON or radio OFF switch position,
changing switch momentarily from auto to ON or OF~ and back
10 auto will reset alarfrl and re~request for same time next day.
The above, repealing snooze, can be maintained idenlinitely if
button is pushed before 80 minS elapses

Nme. 80 mins (S limed either from alarm !rme, If untoucned, or
80 mins from lasl button depreSSion

Select Wake 10 Alarm Tone
The alarm tone or buzzer is obtained by placing positive Ised-

'Exceeolng these ratings could cause
permanent damage. FunCllonal operatlon of
this device at these r.:ondjlion~ is not
implied-ooeratlng ranges are specified

OUTPUTS
Normally open circUlt
Operate "on" (low impedance typically 50.0.)
INPUTS
Wake 1 - as Input .,' ~ 12hr '0' = 24hr
Wake 2 - as Input '1' = 60Hz '0' ~ 50Hz

CLOCK INPUT NOiSE ELIMINATION TIMING
50/60Hz - strobed every 4ms internally for less th8r1 uS

Testing I.e. Facilities
1. Master reset· This can be activated by pullfng OSC1 (Pm 26)
and OSC 2 (Pin 25) to zero volts together
2, Internal debounce and predivlder logic may be bypassed if
OSC 1 is taken to zero volts While OSC 2 is left running
n. Under this condition Inc l-\rs and Inc Mins pins are not de
bounced to allow fast incrementing for test purposes.
b. Also in this mode the 50/60Hz input pin is directed straIght to
Ihe main counters under COntrol of the sleep pin. If Sleep pin at
'0'-SO/60Hz input clocks 120 minute sleep COl1nter, and with
Sleep at '1' It ClOCKS the main minutes count by pass'lng the
debounce and divide by 50/60 counter. Under ltlis condition it
also clocks the 5 minute snooze counter,

".,.~'~.'+-"'"'-'-~"'''''---.I

E' J;f,'::';f~,t~'~'~~~~~~~~~~T"".~'

."~lflfT\flJ---nnnr---

~,·~lfIJlrL'lJ-T1I'JlflJllII~

.'"=~SLJLJ----uuu---
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Maximum Ratlng9*

Vortage any pin with respect (0 VI\ • . .. . • . • . . • . .•. +20V
Storage tempera.ture. . ••.. ,. •...• ....• • -65°C to "'"15QOC
Operating temperflture. . , , ..•. , -20P C to "70Q C

~~;:::;. ) ~ .=,"".

Unless specified otherwise. characterIStics are deflneq with Vp =- 10V at TA'" +25"'C,
'~Typica' values are a~ ""I"2So C and nominal voltages.

INPUTS

SA 1S.T. Active pull up's 10 Vr 250Kfl
INC HR (SIN) Operate levellogfc '0' } .
INC MIN (SC/SR)
SO/60HZ count input actl'lle pUll down
For correct operation duty cycle OT 50/60Hz must De 1:' :.!: 20%

ELECTRICAL CHARACTERISTICS

Input and Output Characlerisiics

:H4

ITIMING DIAGRAM
----_.



Flg.18 RADIO pOWER

SWITCHED BY RELAY
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Flg.1? RADIO POWER
SWITCHED BY TRANSISTOR
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Flg.16b TYPICAL TRANSFORMERLESS AUDIO AMPLIFIER

Ad.diiiorlai riiiemUes
1. Automallc tape recording (Fig.21)
2. Appliance switching with delayed alarm (Flg.21)
3. Wake to normal radio with 5 minute alarm over-ride (Fig.21)
4. Wake to quIet radio wIth 5 minute alarm over-r'lde (Figs. 21
and/or 22)
5. Retia muting during normal radio listening (Flgs.21 and/or 22)
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Flg.1ea RADIO SWITCHING BY BIAS CHANGE
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Flg.l' SAW TOOTH OSCFlg,15 RADIO SWITCHING

Radio SWitching
Option 1 Push button operation (Fig.14)
Option 2 Rotary switch operatIon (Fig.15)

Radio powering
Option 1{Fig,16A 168) Direct audio ampliHer control (no active
components)
option 2 (Fig.17) Power supply switching using Transistor
Option 3 (Fig.1B) Power supply switching using a relay

Tone GeneratIon
option 1 (Flg.19j Saw tooth generation independent 01 rudio
Option 2 (Fig,20) Sine wave generation independent of radio
option 3 (Flg.15,16B) Sine wave using the existing radio audio

amplifier
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Flg.10 NO BRIGHTNESS CONTROL
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Flg.11 TWO LEVEL BRIGHTNESS CONTROL
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Flg.12 MANUAL BRIGHTNESS CONTROL
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Flg.13 AUTOMATiC BRIGHTNESS CONTROL
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Interlace with 8 Radio
There are many possible configurations of clock radios in use
today and a wide range of different radio chassis are employed in
these units. It is necassary therefore that the clock radio I.e. be
sufficiently flexible to allow simple interfacing to be
accomplished.
The following section gives different options, features and Inter
facing to demonstrate some olthe approaches possible with 1M
CK3300.

Power Supply Inlerface
To enableanyexisting line operated radio chassis to be used wIth
the minimum of changes It is suggested that the following power
supply Is used with the adoption of a 2nd line transformer. This
will (8) reduce the need for a change at the eXisting transformer
(It is unlikely that the existing transformer will be capable of
providing the additional power required of the display;.

a. Allow the electronic clock movemer1t to be self contained
therefore, keeping the interlace wiring to a minImum.

b. Allow the same electronic movement 10 be used with several
radio chassis.
Options
1. Without baltery standby facilJly Flg,B
2. With battery standby facility Flg.9
Display Interlace and Power Source
Four options are shown
1. No brlghtness control Fig.l0
2, Day/night brightness (two level) Fig.11
3. Manual brightness control Fig.12
4. Automatic brightness control Fig. t3

Flg.S POWER SUPPLY INTERFACE WITHOUT sTANDay
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FIg.9 POWER SUPPLY INTERFACE WITH STANDBY OPTION
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Flg.2Iea) TYPICAL "BASIC" CLOCK RAOIO CIRCUITRY
Flg.21 (b) TYPICAL "BASIC' CLOCK iiADlO CIRCUITRY
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Flg.22(b) TYPICAL "FULL-FEATURE" CLOCK RADIO CIRCUITRY
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RADlD
CONTROLS

AND SWITCHES
(Figs. 14 & 15)

I __~v,

SLEEP

SET TIME

RADIO
POWER
SliPPlY

SWITCHING[,.16.17,'"

·11-/1/
IC'/ ~

s,rAlARM~
INC. HRS,

M3300 MODULE lNG MINS, ~

(,) :J UJ

" " ~o 0 ~

v,
v,

ANODE 1/3

ANODE 214

~: 3930 ==f1D190
0,125 I" 3,690~ l'
0.059 f: 3,070 ----i

To I 0 1
1 0 I I (-I 0 1--; ; ;ll()l ~
~ 0 I_I I_I 0 I_I I_I. L___ 1
10 PIN1- • l.1'O

1----1,330----1 II --lit-D,OSO O.126~'A(4\
0.100 TVP--ll-- ~r-0.05D '

All dimensions in inches.
All dimensions nominal.

I

I DISP!.vpL,R I
SUPPLY AND

BRIGHTNESS CONTROL
(Flgs,10.1U2.i3}

NOTE: Figures. rlllerenced are conltllnE:l'd ,n the CXJ,300 prooLlcl datil 5~eel

-------~______1

MODULE OUTLINE

CLOCK RADIO SYSTEM DIAGRAM
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MODULE DIAGRAM
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cs..r= M·3300 ]------
Digital Clock Radio Module

MODULE FEATURES

• CK3300 N~channQI clock radio circuit
II LED display: 4 Digits plus colons

• No radio frequency intDrference problems . ,
• No external COntact noise eliminaHon CIrcUIts required,
• No external line frequency noise rejection circuits reqUired
• 12 or 24 hOur dIsplay
• Leading zero suPpression In 24 hour mode
• PM indication in 12 hour mode
• Alarm~snooze Indicator
• 50Hz or 60Hz Operation

• OnRch!p OSCillator tor standby operation with battery during
line lailure

• l..ine power Interrupt indication
• Sleep operation indicator
• Low power diSSipation

CLOCK RADiO FEATURES

Simple SUPPort electronics

Analog sleep setting (user controlled 5 to 120 mlns with 1
minute reSOlutiOil), No necessity for dally adjustment

• Totally independent sleep and wake timing
• Independent VOlume of music during sleep and wake
.. f.:Iadio sound muting during normal rsdio listening
• Wako to music or alarm tOne
• Selh::ancelling alarm after 80 minutes of wake
• 5 minute rePoating snooze with radio and/or alarm
• Sleep override or sleep repeat
• Wake to alarm tOile with quiet radio override (every 5

minutes) during SIlQoze time (repeatable)
• Simple setting of time, alarm, and sleep
• Hold and synchronize capability ior time setting
iii. Independent hOurs, minutes setting (carry prooagatlon

Suppressed)

II 5 minute pre-alarrn appliance switching
B Automatic tape reCorder control (record programs

automatically frorn 0-120 minlites-starting trom the
exact second)

DESCRIPTIOIII

The M-3300 mOdule Contains a tour digit LED diBpJay aM a
CK3300 LSI microcircuit featuring all the necessary logic, con
tact noise elimlna.tion circuits, control switching and liming
cIrCuits to Implement simple-to-use, low.cost, multi-featured
digital CloCk radios. For full intormation on the many features of
the CK3300 microcircuit, rofer to tha detailed descriptions and
applications suggestions contained in GI's CK3300 producl data
sheet.

The M-3300 mOdule is fabricated on aSingle-sided printed circuit
board measuring 1.500" '" 3.930"

II. 3-32
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'Exceeding these ratings could cause
permanent damage. Functional operation of
these devices at these conditions is not
imPlied - operating ranges are specified
below,

C~;~lC~~H
',.

C~T~J~i~

OISPLAV INTENSITY
When the LEC' Is supplied from a voltage in the range of 2,5 to 5
Volts, the current into In/ector4serves as an intensity control, For
voltage- over about 3.5 Volts, a resistor should be Included in
series with the display anode, The value should be 2,5 (V~2.51
ohms and will diSSipate a maximum of 0.4(V-2,5) wetts. This
resistor serves to limit the chip dissipation to acceptable values.

INC STATE switch Is again closed, placIng the clock back in the
RUN mode. When the RUN mode Is entered and the units of
minutes digIt has been changed, the seconds are reset to zero,
givIng an exact m"lnute count. In the RUN mode, closure of the
INC DIGIT switch hRS no effect

-----=J I~f7
-l~

ST/;tma~

5UPP~ v

....
re. .... ..... ' .... , .....20~C to +70~C

Characteristics ~ Min Typ Ms. Units Condltlons

InJector Current:
1001

25 3.0 25 rnA

1002
055 0.2 25 rnA

Iooa
.75 1.5 25 rnA

I1004
- 10 15 rnA

Oscillator Supply 2 - 5 V

Output Sink Current - - 20 rnA per segment

Switch debou nce - 50 - rns

Oscilletor Frequency - 3.5iBB80 - MHz derived irom crystel

Oscillator Bela 20 40 150 -
Logic "1":
Frequency Inputs _ open I - -
Increment Dlgits/Stete 2

~
V

Logic "0":
Frequency Inuts

rnA

Increment Dlgiis/State _ open - -

\',e.

CONNECTION OJAGRAM

O~~~~S~ C I \ f CO'.IOIO'< /;N~O€ ~UPP"Y ,

ELECTRICAL CHARACTERISTICS

Maximum Ratings
Injector Voltage, ' ' O,55V to O,9V
Injector Current. ,. . •. ,,, . . ... .. . ,. 25mA
Input Current "",., . . , , .. ,.. . 10mA
Output Voltage. .. c..... .... .. ..5.5V
output Current Display Drivers. . . . . . , ., .• . . . ." . . .. , 20mA

Test Points .,.,.,. . .. , ..... . 1mA
Storage Temperature ' _55°C to +150"C

TIME SETTING OPERATION
Two sWltches are utlized for the time setting ot t~e clock. They
each apply a positive voltage to the appropriate pin on the chip,
To describe their operation, supposo thet the clock is running
normally (In the RUN stBle). Closing the INC STATE switch
causes the hours digit/digits 10 flash at a 3.75Hz rate, At this
point, the INC DIGIT switch may be closed, causing the hours
digits to increment one count each time the switch is closed.
When the desired hours count is reached, the INC STATE switch
Is again closed, causing the-tens of minutes dIgit to flash. Closing
the INC DIGIT swItch then increments the tens of minutes digit.
Wl1en the desired digit is reached, the rNCSTATE switch is again
closed, causing the units of minutes digit to flash. This digit isset
as beiore, repeatedly closing the INC DIGIT switch, FInally, the

I
--< RESi::T

3,"i~H~ OllT

'''1''''
39 VD~'

38 osc Coli

37 osc a4~"

30 80H~ Ol,t
:)5 60H1lr

3·1 3,-/5rl111\

"I HSH, De'
32 'PPM Out
31 PPM In
30 INC D,g,:

29 INC St.'"
28 VDOJ

27 Reset

28 Hrs'O

25 rlrs'C
24 Hrs 'B'

:j
" H,,'A'
22 Hrs 'E'

,21 rirs'F'

Top Vl~W

'" ,OND, ,01M,n 'G' ;2

MI~"F' r;>

Min 'E' 4

Min A 5
Min '8' (;
M,n 'C 7

Mm '0' Jj"

10 M,n 'G' !:l
10 Min F 10

10 Mill '[ "I

10 \olL', 'A 12

10M,r,B \3

10 Mll\'C H

10 M:r'D

NC
IOHrs 'B erC •

VDO'

10Hrs 'a ore
Hrs'G'

for each depression of the digit Increment push~butlon (I'.e. each
time inout is connected to VDD)'
Increment Crock State There are lour clock. slates sequentially
selectable tor each consecutive depresSion of the increment
slate- Push~button (i.e. each time this Input is connected to Voo).
The four clock states in ol'der of access ere as follows:

1, Set Hours
2. Set Tens of Minutes
3, Set Units 01 Minutes
4. Run

(NOTE: The sequence starts over with contlnued momentary
conrl6ctions of this input to Voo).
Selected digits will flash al a 3.75Hz rate to indicate the clock
state,

Two power connections are provided, 0118 for lne LED display
drivers and orle forthe timekeeping function, With the display off,
low power consumption is possible

PIN CONFIGURATION
40 LEAD DUAL IN LINE

PESCRIPTION
The CK3500 is a bipolar LSI circuit utilizing General Instruments'
lil technology. The clrcllit contains an onwchip crystal oscillator
end the logic to display hours and minutes in a 12-hour format
The time Is set with two Internally debourlced switches. Tho chip
also has direct LED segment drive capability, thus requiring a
minimum of external components.

BLOCK OIAGRAM

5egmenl Outputs (23 pima) Tne segments of each digitare driven
seperately. The outputs are open collector devices. and are "ON"
When the stlgments to be displayed are selected.
VCD4 Positive supply to the decoders and segment drivers only
(to conserve battery drain with ignition off).
VOC1t VDOl. V003 Positive sUPDlles to the o:'iciJlator and count
down cIrcuits,
VN Negative supply (normally ground).
Crystal Inputs (2 pIns) Connection of external crystal (frequsncy
source).
Increment Olglt This lnplJt increments the selected digit by one

PIN FUNCTIONS

4 Digit Automobile Clock Circuit

FEATURES
• Direct 20mA segment drive to 4 digits, two hours digits and two

minutes digits.
• Timing designed for 3.58MHz color TV cristal.
s Two button selting of the lime:

1) Increment clock state
2) Increment selected digit

.. Four clock states'
1) Set hours
2) Set tens of mInutes
3) Set units 01 minutes
4) Aun

• Selected digit for setting flashes at 3.75Hz rate
• Internal switch debounce.
D Clock resattable to 1:00
• May be operated from a wide range of power

supplies (Device Is powered from a current source.)
• Can be driven from a 60Hz 5':gr,al.
• Low power consl,.lmptiop (display off).
II Variable display intensity.

lPPM

"

~ CK3500 ]

L.. 3-54 __
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PRELIMINARY INFORMATION~~ M-3500

Automobile Clock Module

MOOULE FEATURES

OPERATION

The M·3500 module IS designee fO operate at minimum battery
current drain al all times in a.n automobile. Maximum Curront
consumption is used when the display is on and this requires the
ignition to be turned on The following is a IIsl of modes for
normal operation;

,. Ign!tlon oft. IIgnts on or off - moaUie k.eeps time Without
display and time can't be altered.

2. Ignition on, !Jgnts off - module keeos time. dl6Play /5 at full
·b-rlghtn~ss. time can be reset

3 Ignition on, ilghts on - mOdule keeps lime, display brignlness
is dimmer Controllea and time car be reset.

II CK3500 I~L ClOCK circuit
II LED display 4 Digits
II No external CO!itaet nOise elimination circuits reqUlretl
II' All external components are contained 0('1 board
II Low power dissipatior wIth LED's off
18 Separate display supply line for dimmer control
II Two switches are only off board Components
II Clock time Source IS e standard T.V. chroma Olirs! crystal

(on board)

The M-3500 IS a mOdule which conSIsts of tho CK3500 12L CirCuit
with a four digit Jed display plus all othercomponents on Ina P,C.
board. The M-35DO is a self contained clock particularly useful i"
the auto clock markel The oniy external components necessary
are the switches for setting time. It also has a separate display
power line for dimmer control and sa,ting pOwer when display is
not energized.

DESCRIPTION
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4A-2

8msec
50 per second
1.28MHz

4A-3

DISPLAY OUTFUT
The output is in 7 segment form multiplexed int01ive time slots at
a rate of50Hz. All the dIsplay outputs have high volta~e capability
and will drive fluorescent displays directly. LED displays can
either be driven directry or with simple interfacing depending on
the digit size.
A pin selected option allows the direct driving of liquid crystal
displays using two frequency multiplexing (125Hz and 8000Hz).

Selects 29.995MHz counter range when at logiC '0'. See MOClEJ.
Select truth table.
Master clock input controls timing of whole system.
Dlsab,les the outputs when ta~en to logic '0'.

The digits 'EO be displayed are output on these pins In 7 segment
code. They areat logic'1'to display. These outputs will also drive
fluorescent, liquid crystal and iow current LED displays.
Positive supply.
Selects either combined or separate + or - display when in
channel mode. Logic '0' selects combined mode, In the combined
mode the horizDntal bar Is output on segment "g" and the vertical
bar on segment 'T'. In the separate mode the ,- sign is output on
segment "g" and the + slgn on segment "f".
When taken to logic '1' inverts the Segment Select outputs (Note
1). I

When taken to I'ogic '1' the output timing is arranged to drive
liquid crystal displays using two frequency multiplexing.
Masterreset to all counters and registers. Resets when allogIc '1'.
These outputs sequentiallY select the digit to be displayed, They
are normally at log\c '1' to display. The outputs are high voltage
and are capable 01 driVing fluorescent and liquid crystal displays
directly. Each digit Is on tor 4ms. Abonding option gives Inverted
outputs.
Selects C!lannel mode when at logic '0' and SW and MW are at
logIc '1'. See Mode Select {ruth table.
Selects 2999KHz: counter range when at logic '0'. See Mode
Select truth table.
This output resets the external prescaJer divider, at logic '0'
during count intef\lal.
Frequency measuring Input, Frequency range 10KHz to 600KHz.
Negative supply.

Funcllon

Measurement period
Reading rate
Master clock frequency

3. The IF 011sells mask programmed and can in
principle be made to any value.

4. in Cilannel Mode, Channel 0 =87 MHz.

N.C.
N.C.
Segment Outputs

Name

SW Select

Vss
±DIsplay Mode Input

1.28MHz Cloc~

Output Enable

Display Rpnge
Dlscrlmlnallon Prescaler IF

05 04 03 02 01

2 9 9 9 KHz 1KHz. .:;. 8 460

2 9 . 9 9 5 MHz 5KHz -:- 80 460

2 9 9 . 9 5 MHz 50KHz +800 10.7
+ 9 9 300KHz +BOO 10.7

r 2 9 9 9 5 0.5KHz 8 10
--

4
5
6-13

14
15

16 Segment Select Invert

17 Liquid Crystal Select

18 Reset

19-23 Digil Select Outputs D1-D5

24 Channel Select

25 MW Select

26 Prescaler Raset

27 Counter Input

28 Voo

Mod<o

FREQUENCY COUNTER OPERATION
The frequency counter section is intended to worK with an
external prescater. The three frequency ranges require division
ratios ot8, 80 and 800. Thaappropriate IF offset is loaded into the
counter belore measuring. The local oscillator must always be at
a higher frequency than the receiver frequency,

MW SW CH DE Mode

0 1 X ., MW
1 0 X 1 SW
1 1 1 1 VHF
1 1 0 1 VHF/Channel
0 0 0 1 Counter mode
X X X 0 Cloc~

I

MODE SELECTION

NOTE;
1, lithe digit Invert bonding option Is used (bonding to logic 'l'] tne SSI input logic sense will be inverted.

MW
SW
FM
CH

COUN

NOTES:

1. Leading zeros are blanked.
2. In Channel Mode the.jo or - signs are lit if tlie

receiver is more thlln 50 KHz off tune.

PIN FUNC·nONS=PloNo. I

1

- MODE

SELECT

ve;:) (-1'lV]

CICounlerlnpul
PH Ple~c:JJ(lrAeset

MWSeleal

CHChanrrelSelecl

OC} eso
0'
03 D'IlIISelectOutputs

0'
OS MSD
RHe$e!
LOLlquidCry$lelSslect

S.S,I Seijrrerrl Se!ec~ Invert
:';O'~DI~¥ ~cde InDut

TOp View

U8MHtC~:kSi~I::: g~1
OEOutpul Ertll.bl~

'C
'0
B

A,
"gm", ) G 19
OUlpul" 'OP 10

o "
D 12

E "
V",

PIN CONFIGURATION
28 LEAD DUAL IN LINE

MW INPUTiiW INPUT

SYSTEM DIAGRAM

lell "
~ ! l' I1 00 i1liT''-'",~,--J

Flg.1 FREQUENCV COUNTER CLOCK CONNECTION DIAGRAM-DIRECT FLUORESCENT DISPLAY DRIVE

SOHlle
Al'-S"l~OOA

CI.OCK

CIRCUIT

~ AV-S-8i00 AY-S-8102 ]

Radio Receiver Frequency Counler/Display Drivers
FEATURES

IIJ Three frequency ranges: 'MW 2999KHz., SW 29.995MHz, VHF
299.95MHz.

II IF offset: 460KHz {AY~5·8100) or 455KHz (AY-5-8102) on
MW and SW. 10.7MHz on VHF.

• Channel mode O~99 channel spacing 300KHz., Standard part
channel 0 is 87MHz.

II High voltage segment and digit outputs give direcl drive
of fluorescent displays,

III Inversion control for:segment OUtputs,
• Direct drive of liqUid 'crystal displays.
II 1.28MHz master clock input frequency.
lil 300KHz input with 8ms sample time,
• TTL compatible inputs and outputs.
I!il 50Hz output to drive the AY"5~f200Adigital clock.

DESCRIPTION
The AY·5·81 00 is a four and a halt digit frequency counter for use
in Radio Receivers. Three main trequency ~anges are provided:
2999KHz and 29.995MHz (with a 460KHz IF offset on the AY-5
8100 arid a 455KHz IF offset on the AY-5~8102) and 299.95MHz
with a 10,7MHz IF offset. For use in VHF FM receivers a channel
mode is available, In this mode a chann6'1 number from 0 to 99 is
displayed together with a "+" or "-" sign tor tuning Indication. In
this mode the IF is 10.7MHz and channel 0 is 87MHz:.

The outputs are multiplexed in five time slots onto a seven
segment bus, DJgit and segment outputs have high voltage
capability and will drive fluorescent displays directly. A pin
option allows the driving of liquid crystal displays using the two
frequency multiplexing system.

l;
Kl;
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~Exceedjng these ratings could cause perma
nent damage. Functional operation of these
devices at Ihese conditlons is not Implied
-operating ranges are specified below.

+O.3V to -2QV
. +O.3V to -35V

O"Cto+70e C
-65"C to +150"C

600mW

CharacterIstic sym Min Typ" Ma. Unlls. I Condition,

Input logIc '0' level V" - - +0,8 Volts
Input logic '1' Jevel V,. Vt'.\-i - - Volts
Input load current 1" - 0.2 ' mA VIN "" -Voo Note 1

ISW, 1.28MHz, OE, MW, CI, CHI
Input sink current Inl - - 0.2 mA VIN = +Vs,s Note 2

IDMI, SSI, La, R)
Input capacitance GIN .- 10 pF VIN "" OV f= 1MHz

Digit Select Outputs -Logic '1' On Current 5 - mA VOUT ;= (Vss-2)V Fig.2
Logic '0' Off Current - - 10 ,A Vour"'" (VII +1)V Fig. 2

Segment Outputs -Logic '1' On Current 2 - mA VouT=(Vss-2)V Flg,2
Logic '0' Off Current - 10 ,A VOl'T'" tv!1 +1)V Flg.2
PR Output
Logic '0' Vec - 0.5 Volts 1Load:= 2TIL gales (3.2mA), 3.3K
Logic'1' VOIl . v,~ -2.2 - Volts resistor to VtlD,+20pF
Clocl:. input frequency I, - 1.28 1.4 MHz Note 3
Clock pulse width 350 - - ns logic '0' or '1'
Count input frequency 10 - 600 kHz
Count input pulse width 600 - - ns logic '0' or '1'
Multiplex ratt! -- 50 - kHz
Power consumption - 450 - mW

"Typical values are at +25~C and nominal voltages
NOTES:
1. These inpuls have resistors of nominally 170Kohm connected to Vs~.

2. These inputs have ft!sistors 01 nominally 170Kohm connected to VDtl.
3. For COrrect frequency readings the clock input lrequency must be 1.28 MHz± 1 In 10~.

Voltage on any pin with respect to V~S pIn
(except Segment and Digit Outputs).
Voltage on Segment end Digit Outputs with respect to V.'~ pin
Ambient operating temperature range
Storage temperature range
Power dissipation.

Maximum Ratlngs*

ELECTRICAL CHARACTERISTICS

"-""UI'IT""~IOO-~
bflS<O;.

Standard Conditions (unless otherwise noted)

Vss = +5V ±O.5V}
VDD""-12V±1V or: V!lS - Veo = 15.5V to 18.5V

VII = -28V ±2V
Oparating Temperature (T,.,) = QOG to +70"C
Fc = -L28MHz ±O.01%

I ".,,"'''~. ~ --==-J-L I
Ii __

--~___--Jr-~~_
~._-

<1A·4ill.



Radio Receiver Frequency Counter/Display Drivers with 4 Digit Clock

AM FM Time DlgltTlme

Colon OFF OFF ON 10 min., hrs.

Decimal Point OFF ON OFF min.

Stereo Light OFF ON OFF 10 hrs.

Function

The AM display always ends in zero.
The AM IF offset is 262.5 KHz on the AY-3-8110 and 455 KHz on
the AYR3~81t2.

The display reads the center of the band even if the radio;s tuned
up to 5 KHz off center

DISPLAY OUTPUT INTERFACE

There are twelve outpUt lines to drive the digital display: seven 10
drive the segments of the dIsplay, four for the dlQitdrive, and one
for the colon, decimal point and stereo light. Tha deCImal point,
colon and stereo light follow the truth table below:

jnten~ltJ'.

The local oscillator output frequencies from the radio afe
connected here.

A high onthis pin s.ets the logic t08xpect a FMfrequency in. A low
sets the internal logic to AM.

A high level enables the set hours or set mJnutes switches. Open
circuit disables these switches.

An 8 Hz signal can be observed here

A low level resets the chip.

The crystal and associated trimmer capacitors are connected
here.

The diode programming Is input here.

These pins go to ground to select the appropriate digit

D.OV

A ground on these pins caUSes the hours or minutes to update at
a 2 per second rate. There is a one second delay before updating
starts. If set min, is grounded for more than O.02seconds but less
than 1 second, the seconQs counter is reset (See Note 1 below),

These pins go positive to indicate tile desired segment and
decimal point,

An external RC network of 1M!! and 3DDpF controls the display

A momentary ground on one 01 lhese pins selects frequency or
time to be displayed.

Time B+ supply, 1-1DV to "'16V (clock functions down to +5V).I

AM Freq., FM Freq.

Name

AM/FM

Intensily

Segments a-g & Dp

Inhibit Time Set

Tast

Reset

Oscillator 1,
Oscillator 2

FM/IF Adjust

Digit 2,3.4,1

GND
Set Hours.
Set Min.

Select Freq.,
Select Time

Vee

DIgit Lines

28

5
8

7,8

1,2

25

26.27

9
10-13

14
15,16

Pin No.

.-

17-24

Frequency 10 Hour -Hour 10 Min. Mlii.

.1076 1 1 1 1

.1074 1 1 1 0

.1072 1 1 0 1

.1070 0 1 1 0

.1068 0 1 0 0
,1066 0 0 1 1

.1064 0 0 1 0

.1062 , 0 1 0
,1060 0 0 a 0
,1058 1 0 0 1
.1056 , 0 0 0
.1054 1 1 0 0
.1052 0 0 0 1
.1050 0 1 0 1
.1048 0 1 , 1
.1046 1 0 1 1

The FM frequency display always shows odd tenths. The. display
reads the center of the frequency band evan If the radIo is tuned
upto z:100KHz off center. The FM IF offset Is determined by the
use of diodes. The program code is as follows: (A '" represents a
diode from the digit line to the IF Input pin, pIn 9.)

The code Is shown below:

OPERATION (Continued)

PIN FUNCTIONS

NOTE 1: There is a "disable" feature - grounding pins 15 and 16 simultaneously disables the display (pins 10-13 and 17~24

beCome three-slale),

Top '.lrew

~Vec
~7 Sel T,me

26 s"IFreQ
2S Inlen~lly

24 SIlgmente

23 segm~1ll e
2~ segmenl b

~, SIlgmenll

~O Segmlln! pp
Til' SIIgmontc
1~ Sl!gmlln! g
17 ~gmellCd

16 SelMinuillS

'S Sel H"OIJI$

O$clilelof'

O~W.",'I'FM,'lFAdlust 9

Dig;t:! 10

Dlgit:3 "
Digll ~ 12

Pigrll 13

GND 14

AM Fr~~

I'M Frs'!

AMII'M

InhiM THTlOSel

Tesl

~~ci~~olliQ[31j]

When displaying frequency the decimal points are also used to
indicate stereo and the radio station. There are no decimal poinls
in the AM mode, Below is the FM display. (The least signifIcant
digit is a LH DP. All others are RH DP.)

Ds~lliQJ

II~

OPERATION

The keyboard consists of two momentary 2~pole switches;
Time/Frequency and Set Hours/Set Minutes. The hours or
mlnut(ls are advanced at 2 per second aHeraone second delay. A
momentary depression of the set minutes resets the seconds
without altering the minutes. The display switches from time to
frequency and remains there on the momentary depression of
the Time/Frequency switch to frequency, The- display
automatically switches to time when the radio is turned off

Four external diodes program the chip 10 accept 16 differenl FM
IF offset frequencies from .1046 MHz to .1076 MHz in 200 Hz
steps.

The clock colon is automatically displayed using the decimal
points as shown. The clock i~ 12 hours.

PIN CONFIGURATION
28 LEAD DUAL !N LINE

The FM local oscillator output of the radio must be divided by a
factor of 100 The AM display Is as follows·

~ AY-3-8110 AY~

L--J I
~=J I
F~ ~

DESCRIPTION
The'CIock and Radio Readoutchlp is an LSI system that contains
all the necessary circuitry for displaying time of day or radio
tuning frequency on a common 3Y~ diQit display.

The time is derived from an on-<:hip crystal oscillator and internal
countdown circuitry. An internal digit counter and seven
segme,1t decoder provides the signals to drive the display. The
radio station frequency is determined by measuring the local
oscillator of the radio and subtracting the IF frequency.

The ChIp is a monolithic NRchannel metal gate MOS device using
Ion Implant to achieve both enhancement and depletion devices,

B~OCK DIAGRAM

FEATURES
II Low current drain (10 rnA)
III Wide supply voltage range (5V to 16V)
III Intensity control on~chip with external RC
B Display disable
II Mask programmable display freQuency

100,200,400, eoo or 2 KHz
• Inter digit blanking - 10~s

• Latched outputs to avoid blankinQ or flashing
during counting,

RADIO FEATURES
II Measures standard AM and FM frequencies
• Displays frequencIes on 3Vi digit display
II Externally programmable FM IF offset
• 262.5 KHz AM IF offset (AY-3w B110)
II 455 KHz AM IF offset (AY-3..a112)
I!!l 10KHz: sleps on AM. 200KHz steps on FM.

CLOCK FEATURES
II 12hourclock
II Hour and minute display
• Seconds reset control
• Easy time set controls



.......

I

,::(VOltl)

H.~U" tURRHlT (P"'5 J,!I,15.1U<!"~T)

,------,
SfT I

-L"" I
-~ I

~ I
I
I

ISEE TABLEI

---

~

6 ~ '0 '~

~,c lV~""

DIUlfOU1Pl.<T YOLTAO~

"0 ,

..L.~<l-'"

SYSTEM DIAGRAM

,---,
I -L-.J

r!FFlEQ I
rorr-Io~~ "::: -L-.l
I~~"",,v<;oo-I"'" 11K L __ ....J

J flAOIO I ";:" .

L::0f~-J ~'"

~
',""'.'02a 27 2G ~5~' 2~ 2: ;:, 2Il 9

." J"';::; "''''1'
TTc

rI

TYPICAL CHARACTERISTIC CURVES

'-'.....-r;::;

VIce 3,9K

piN

W\NVW"v
---l f--l/~

9<y<1,2MHz ITyp)

-j 1-25ma

_rL..--------f'
~_1?5ms-_~

'-\f\JvVV'
--! l--ttx
8<x<~,tMHz (Typ,)

Vee ~ 16V \ l"'NVcc =10V
Vcc "'16V UK

Vee'" 10V
Vee'" 16V
Vee = lOV -=-

DIsplay outputs dlsaoled

------

Positive Dr negative

Poslll>Je or negative

Vec:= 16V
Vee'" 10V
Vce:: 16V
Vee=10V
Vce := 1BV
V,:c 0: 10V

Input connected to Vss
Inout connected to Vec

TEST
OUTPUT
(8Hz)

FM SIGNAL
INPUT

AM SIC;NAL
INPJjT

Volts
Volts
Volts
Volts
mA
mA

Volts
Valls
~A

uA

Volts
Volts

~A

ns

"Exceeoing these rallngscOuld cause:perma·
nant damage I=unctional operaliofl of these
devices a.t t~lese eond'[tlons 'IS not ',mpl'led 
operating ranges are specllied b<?low

NOTE 2 PinS 3, 9, 15, 16 and 28 have on·chlp Duli·up reSiswrs to

Vee
NOTE 3: Pins 4 and 27 have on~cnlp p'JII~down resistors to Vss>

'"TYPlcal >JaluBS are at "'25D C and nominal voltages

--------
CondItions

-40
40

0.5

10

1.6
1,2

-3.3
-1,95 I

I
0.4 I mA

0.5 Volts

0,5 \ Volts
- Volts- I - Volts

~
2;5} = \ ~~

_ 20 \ ~A

5 10.~

·O,Slo+18V
-55b C to +1250 C

.0° 10 ...60° C

5
3.5

'5
9

180

360

3,5

logic '1'

logiC '1' Current

Output leakage
with outputs disBOlea

Supply Current

LogiC '1'

l..ogic '0' Currenl (calculated)

Output Current
with outputs disabled

Segment
logic '0'

Clock
Input Free
Logic '0'
Logic '1'
Capacitance
leak.age

Control Inputs
Logic '0'
Logic '1' 3.5
Input Current (Note:2 - above! -3
Input Current (Nota 3 w above) 3

AM Freq., FM Freq., Intensity Input~

Logic '0'
Logic '1' 3.6
Leakage
Pulse Width - Pin 1 (AM)

_ Pin 2 (FM)

Outputs
DigIt

LogiC '0'

ChlJr8cterl~t1e

~IMING DIAGRAMS

I
"1" r- 2,5m'-j

)

10"" ::Q::-=L-r~
I OU~~~~ 10 MIN ;6:, ---------ns----rL
I SEQUENCE rlR 1 --~.--

, MIN ::?:: Ji: J-~

L
Q 1O,'-~t- i "

TYPICAL, "1" I I - _10~B

~~~~G~T "o"--Hl--
INTENSITY PIN --l./1/

-l~'a~s

L=:.I _.-v'_ ... -
ELECTRICAL CHARACTERISTICS

Maximum Ratings·
Voltage on any pi" with respE!ct 10 Vss pin .,
Storaga temperature range •
Ambient oDerating lemDeralure range .

Standard Conditions (unless otherWIse noted)
Vss :: ov
Vee;:: +10V to "'10V (clock tunctions aown to Vee = "5Y)
Operating Temoerature (TA) = ObC fa -BObe

I Min

~:t
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conversjon Is done 1n two parts Tno 10 most Significant bits
gener<lle e variable duty factor waverorrr with '000 resolution
elements 01 fixed amplitude.

The lour least srgni1icant I)its are used to generate a narrow pUlse
(equal )n width to one coarse resolution element) but variable In
ampiitude to 15 discrete levels. The variable width and variable
amplitUde components are muiUplexed together in the CMOS
chip and drive the input to the low-pass filter. The filter integrates
the area undflr both component waveforms and delivers a dc
voltsge to the varactor tuner. The ripple Is kopt below 100 I.N and
the settling Ume is about 50 ms This is accomplished with a
maxirrum clock rale of 1 MHz and with a resolution of 1 part in
15,000 01 the reference supply voltage.

For a complete description 01 the operation ana speCifications of
the MEM4956, refer to the data shel'lt beginning on page 4A~14.

Inte"ace Chip (T-1201)

Where single aiglt entry IS reqUired for up to 20 favoritectlannels
a fifth Chip (Interface Cilip) IS added to the system This Interface
Chip is a PIv1NOS device incorporating f] 20 line '1on~volalile

memory (EAROM) of 12 oils per line together witb all logic
runctlons to address the 20 line memory as well as to interlace
directly with the rest of the Omega system via the cO:ltrol chip
keyboard Inpullines,

Each memory line In this cnjp IS capaole of storing a two digit
channel number ("zero" before a single digit channel number)
which is entered via a tens and ones input that can besequenced
through a to 9 With wrap around, out without carry o'{erana cal"'
oe stored by pressing a store button.

TIle cnannel number output from the dlsp!ay cnip always snows
the correct channel 'lumber lhat is stOred in the data registers ot
the interface chip wnenever any funct:an on '1 IS selected

Tr,e tuning voltage OUtput Irom lne DAC also corresponos to the
data stored in the maif' 100 line memory forthat channel numbo!
The Interface Chip usesa binary Input keyboard to prOVide single
digit access to eacho~ up to twenty memory lines via a diode
matrix or to d,'rectly interface with binary coded, remote systems
for a slngie digit address

ProviSion has been made for sequenCing tnrough al120 memory
rines for simpfi11ed remote control, with the capability 01
Introducing a skip code (0,0) to bypass any memory line. Memory
line or single digit button number outouts are also available in
botn binary and BCD format

EAROM Chip (ER1400)
ThiS channel numbor IS also used as a two digit aadress lOO thrt.
97) lor the EAROM memory 10 locate the corresponding memory
line This twenty bit address is sent serially to the EAROM [m a
single wire bi-directional data bus

The EAROM memory IS designed to accept a two alglt 20·M
address This format was selected to provide ease of keyboard
encoding, ease of display encodlllt;;. EAROM address decoding.
and ease of address Incrementation (one bit shift).

The slow spaea and Simple timing reqUireml'lnts of the 'nemory
permit address and data to flow bath to and from memory on a
single wire. A further economy of interconnects is achieved by
using a three bit parallel code tocommand the memory into one
01 its sevp.n modes 01 operatiol"' Including: Input Address, Input
Dala. Erase, Write Read. Data Out and Stand By

For acomplete deSCription of the operation and soeciflcations of
the ER1400, refer to the dala sheel beginning on page 4AM 17

Olsplay Chip (T-1101)
Each digit of the channel number entry Is convorted lmo a one~

out-oHen code and serially sent to the display chip where It is
stored and decoded bo1b for a seven segment or character
generator display ano for band switching.

control Chip (T-1001)
Tnacontrol cnip scans the keYboard at a , 4 KHz rale on constant
alert for B. switch closure. A closure may command one of the
following functions:

(a) Two digit random channel Sfllection
(bl Channel stepping (units or tens digits)
(cl Coarse~tune
(d) Fine~tune

(e) search
The contra) chip also IS deSigned to accommodate a slgnalmput
from a remota control receiver and a "Dower"up" signal ~rom a
power supply to trigger the last~channeJ~viEiwed 'unction

DIA Converte, Chip (MEM4956)

The CMOS D-to~A COnV8rlerCnip prOVides lnterface between the
control chip outputs and the filter In order to achieve optimum
trade·off rl"' the D/A systerr belweel"' clock frequency, ripple
contenl of the filter output. and filter settlJng time. the 14-brt
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BLOCK DIAGRAM

SYSTEM DESCRIPTION
The Omega System combines an electronic solid state channel
selector with a VHF/UHF vareeto' lunerpalr. The system accepts
a calculator-like 2 digit keyboard entry and provides theselected
channel number on a two digit seven element display, Controls
are also provided for fine-tune, coarse-tune, search, digital step
tuning up and down, Single digit entty for favorite television
channels is available as a design option.

The digital counterparts of tho analog channel voltages CON
responding to the frequencies tuned are stored in a non-volatile
Electronically Alterable Read Only Memory (EAROM) which
retains. without standby power, thedesired coarse- and flne*tune
data for all channols. The system has been designed to be
extremely insensitive to supply voltage variations, component
aging and environmental changes. The tuning accuracy depends
only on a single well regulated reference voltage for its stability,

The method of D/A conversion used is a pulse widlh modulator
driving a low*pass tilter. The DC component out of the filter is
applied to the varactor tuner. A complementary MaS device Is
I.lsed between the control chip and the low-pass tllter to achieve
the precise and stable amplitudes required at the input to the
filter.

The EAROM is a 1400 bIt Solid state memory organized Into one
hundred words of 14-blls each. ThistechnologyprovJdesa non~v

volatile memory for 98 channels of tuning information, Two
words or lines in the EAROM are reserved to remember the two
dIgit cha.nnel number tor the lasl program selected by the viower,
When the set is turned on again after being off Indefinitely, il
automatically selecte the last channel selected before shut down.
Each word can be erased and rewritten without affecting the 99
other words and is updated anytime the viewer adJusts the tuning
of his sot. Adequate space in the memory is provided tor the 12
VHF and 70 UHF channels, plus 16 locations reserved for other
services.

OMEGAJ82 Channel Digital Tuning System

4A-l0 4A·11



Charaet~rlstlc Un]ls Min. Max, CondlUons.

VDD V 10.8 132

lop mA 10 With clock running

VL V Vss VDb
QUiescent Current mA 10 Clock Frequency'" OHz

VLN (l.-oglc Low Signal In) V 0.0 1.0 At all rnputs unless otherwise specified.

VHN (Logic High Signal In) V 8.0 Voo AI all Inputs unlesE; otherwise specified.

VLO (LogiC Low 0.0 1,0\1 For Pins 8, 9, & 10 in!o 1 M ~t, 20pF 10!ld
SignalOul) V 0.0 0.5V

VHO (LogiC High Voo -2 VDD For PtnS 11, & 28 Into 1 M~~, 20pF load
Signal Out) V \lDO ~3 VOD For Pins 8, 9, & 10 into 1 M ~2, 20pF load

¢1 (Units & Tens ClOCk) KHz 9.2 16.8 Pins 1. 4, 5
TR, TF os 550 Pins 1, 4. 5

~2 KHz 9.2 16.8 Pin d.

D,lly CYCle 01 (TYPIcal) 1(12 of clock Fr'equency Pins 1, 5

Duly Cycle 1212 (Typical) 116 of cloc!'; frequency Pin 4.

TOELAY
"s I

.45 .55 Delay between nse at 0' and 02 "" 1/F
TR, Tp "s 1 Pins 8 thru 11 and 28 Load" 10pF

ROUT Kohms 2. II '" 1 mA Pins 3,7,38,39
Vo V 2.0V At 10 MIn. = 17 mA. Additionally each outpUt

VarIations $hall be capable of sustainning 10 m8)< 25 mA pins
Between 13.14,15,16, J7, 18, 19, 21, 22, 23, 24, Z5, 26, 27.
These For LED display only. jn the off condition leakage

Outputs current at +20V 10 be no greater than 10 J.lA.
on any 1

chip to be
~V Max

10 mA 1.6 For Indirect display drive -13, 14, 15, 16,24thru
27, Outputs to be compatible to TTL or CMOS
wlthut interface, Vo'=: O.6V.

Vss '" Ground
VDO ::: -.12V
T I>, = OcC to -70°C

4A"13

Voo " 12.0 VDC

R co 100K :!: 50/0 to Voo
C = 68, 75, or S2pF ± 100"/0 to Vss

~s

V
",A

MHi':

'Hz

... -20V 10 ....3V
.. _30°C to ""'150°C

...O°C to '\"70°C

T~1001 Standard Conditions (unless otherwise slated)

Vss;: Ground
VDO::; .,.12V
T,A. -" OoC to +70n C

----,--~I~~--r

Unitt

ELECTRICAL CHARACTERiSTICS

Maximum Ratings

voltage on any pin wltn respect to Vss '
Siorage Temperature Range ..
Oparaling Temperature Range,

Characteristic MIn, Typ. Max,

Supply Voltage, V00 10.8 12 13.2

Supply Current, lop 15 35

Master Clock, 1m 0.7 0.8 0.9

Fine rune Clock, fr 9.7 11.2 12.5

Inputs:
Logic "," Vss "'e Voo
Logic "0" Vss - Vss +.5

ou!puts:
Logic "," Voo -2 Voo
Logic "0" V" Vss +.5

Rise &. Fall Time t~ 1

T~1101 Standard Condltlons

Operation of the fme tuning COntrOls (UP o~ DOWN) on the
C'ontrol chip alters the 4 bit polynomial counter which has carry
over to the ,0 bit polynomial counter Therefore use of these
controls allows the user to scan throu9h the total tuning voltage
range at a speed that IS determined by the time constant of the
,'1etwork connected to pin 37 of the control Chip. Alteration of the
time constant is used to provide coarse tune speed tor set up, as
well as equalization of the tuning rate (MHz/sec} between VHF
end UHF

The action of the store"fine~tuning command, which may be
ma.de manually, or automatically on release of the fine tune
button, cause the two polynomial counters to chain together into
a 14 bit shift register which then shifts its contents into the data
roglster of the EAROM which is then written intolhememory line
of the EAAOM corresponding to the channei number that is in Its
address register.

The new tuning data is still retained In the control chip raglster
which returns to ItS polynomial counter mode and continues
ooerating as previously described

On power~up, a master reset pulse IS generated in the control
chio to reset all clocks The Control chip then alsc addresses lines
99 and then line 98 of the EA~OM if' sequence calJSing the
information stored in those lines (last channel number viewed) to
be out into the display chip register (if last channel viewed option
IS used) which then starts up the sequence described previously
rust as if this data came from the control chip keyboard. Read and
write times of the EAROM lines are approximately 20 msacs. All
times are referenced to the internally generated 1 MHz clock In
the control Chip

Channel number informEitlon In the display Chip register is used
to automatically decode the band Information which is fed oul 196
logic sIgnals by the 4 band outputs of the display chlp The
channel number information's aiso available (depending on
display chip used) in i) fDrm SUitable tor commDn anode type
s()ven segment displays (units and tens digit Information are
separate) or tor character generator type display in BCD formal.
Timing wavslorm outputs and inputs are provided on the display
chip lor decoding channel "umber information where
appropriate

[3, One digH ent;y (5 chip option)

Tne use at the Interlace chip for Single digit entry for up to 20
favorite channels does not oasicatly modify ttle operation of the
system as described aoove, This chip Interfaces with the
k.eyboard lines on the control chip and the operational sequence
IS [dentical to that of a tWD digit entry from the keyboard except
rnat lhe two diolt Information comes from the Interlace chip
register which IS ted the two alglt cnannel Ilumo&r Information
stored In one of ,'ts twenly rl"1ernory iines (non volatile), which can
be accessed by single digit entry as described above.

Wnen tne Interface chiP [S used there IS an option available as en
alternative to the obtaining the last channel viewl;!d on power~up.

This alternative option always relurns the system \0 memory line
"one" on the Interface chip on power~uo

SYSTEM OPERATION

A. Two digIt en1ry (4 chip OMEGA system)

To select a channel the viewer depresses two dIgits ("zero"
before a single digit channel number) on a Keyboard CClnnectaCl
to the keyboard entry pins on the cOntrol chip. A Dna of six
subroutlne counter in the conlrol chip is used 10 continuously
scan the keyboard for a closure which then stops the scanner. A
debounce dellice is used to confirm the closur& after a debouncs
period 01 approximatelY 15 mS8CS Confirmation 01 key closura
converts the subroutine counter into a shift register which passes
the data contained in it to a regl!,ter in the dIsplay chip The
process Is repeated when the second digit is entered Whel'\
both digits of a valid entry af() received by the data. registers In the
display chip the following sequence occurs

a) The control chip addresses wordJrina 99 In the 100 line
main memory (EAROM) via the EAROM address register

0) One digit of the channel numberstored in the display chip
regIsters is shifted via the control chip to the data register of
the EAROM and upon receiving a "write" signal from the
control chip the data is shitted into lhe EAROM memory
line accessed by the address regiater (in this case line 99).
This is repeated for writing the second channel number
digit into lIne 98 and the combination represents the storing
of the last channel viewed Information used during power
up of the system,

C) After storing the last channel Viewed Information the
channel number stored in the display chip regist';!f IS sent
via tM control chip totheaddress register of the EAROM SQ

that the memory line corresponding to this chaMel number
can be read on cornmand from the control chip

dl The read~frolT'~memorycommand causes the data Ir"! tne 14
bit memory line accessed to be read Into the Data registerof
the EAROM and from there out to a 14 bit register In the
control chip which also doubles as two polynomial
counters of 10 and 4 bits.

e) After receIving the information from the data registerotthe
EAROM. the 14 bit register in the conUol chip becomes a
ten bit and a four bit polynomial counter, The 10 bit
polynomial counter is used to produce, via a set/reset flip
flop, a variable duty cycle square wave (amplitude is Voo to
Vss ) which IS used to generate, via the CMOS DAC, the
coarse tuning voltage corresponding to the code in the line
of the EAROM ttlal was accessed.

1) The 'our bit polynomial counter acts Similarly to the 10 bit
counter, but in a different time trame, It gIves a vanable duty
cycle square wave at a frequency of approximately 67 KHz

g} The coarse and tine tune data IS fed from tne control chip to
tl1e DAC where ills amplified to the level of VREF (tuning
voltage reference), The fine tune information IS alsofiltered
to a DC level and then Inserted at the end of each coarse
tune pulse. 11 Is this combined output of the DAC that is
filtered by a 5 pole filter networK to prdduce the tuning
voltage VT for the varactor tuners. Theoutput Impedance of
the filter is approximately47 K ohm ano its rise Ume is about
50 msecs.
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Funcllon

Positive g.-DingPL,lse The duty cycle determines the Tuning Voltage Output

Positive going pulse, The duty cycte aetermmes the Fine Tuning Voflage Output.

NegatIve power supply

Amplified version of Fine Tune Input. Switches bBtween Vss end Fine Tune Reference.

-2V Bias used to Increase breakdown voltage.

Power supply to FTne Tune 8uffe~ Amplifier: 2BV nOm

Power supply for Logic: 28V nom. (VbO must be the most positive power supply).

Combined Coarse and Fine lUning data whtch after 1ilterlng is used to tune the TV.
~2V Bias used to Increase oreal<oown Voltage.

The Filtered Fine Tuning Vo,'tage connected to this Input is cOmbmed will1 the Coarse
Tuning Data by the action of the Fin9 Time Slolrnput.

Power supply to Coarse Tune Butrer Amollfier: 2eV nom

When at logle 'a' tne Coarsa Tuning information IS connected to the Tuning 1'1'r
Voltage Output. When at logic '1" the Fine nlning informetlan is connected. • .... '

..,.12V reference for Input level shifting circulI. ~ I •....

Neme
Coarse Tune Input
Fine Tune Input

V"
Fine Tune Output

VB
Fine Tune Reference

V OD

Tuning Voltage Output

VB
Filtered Fine Tuning
Voltage Input

Coarse Tune Reference

Fine Time Slot Input

Voo

FUNCTIONS

,.
2.

3
4.

5.
6.
1.

9.
10.
11.

'4.

12.
13.

PIn No.

S1ANDBY

The -2V Va supply may be reduced to OV during standby provided thal VDD • Vl:lEF1 und VAEF2 are reauced 10 "'12V (VGG ). The Va pins must
nor be open circuited.

'JGG 1+12V ~om,J

~"'''' TIme Siol Inpl.ll

CoarsaTuna F1e/erence

FI11er&(jl'"lne Tunrr>g1/oUBga IM'ul

10 bvsr-2Vl'lom,)

9 h TunIng VOllagll Qulpu1

Yeo I+Z<!\' nom,}

rP1N CONFIGURATION
14 LEAD DUAL IN LINE

l
CMOS DIA Converter

FEATURES

II Combined andlor separate Coarse and FIne Tuning
I!iI 30V Tuning Voltage Range
II Higt'! Stability
III Low Power Consumption

Im.] MEM4956

DESCRIPTION

The Mem 4956 is a CMOS DJA Converter designed to operate In

conjunction witt'! the GI Omega and Economega Digital Tuning
Systems,

It consists of fWD level shifting amplifier-OrillefS with a common
output, A controlmput determines whlcn amplifier is connected
to the outpul.

:~
t~

BLOCK DIAGRAM
91AS SUPPLY
The -2V Va supply must nave e source impedance of 2.2Kohm or tess and be decoupled to Vss by a 10nF ceramic capacitor.

CONNECTION DIAGRAM

FINE
lUNING
VOLTAGE

00-
J. J. -.l

~

,

MEM 4956

T O
•
1UF

FINE
TUNE

-2V

COARSE
TUNE

·2av

FINE
TIME
SLOT

4K7 22K 100K

~
TLiNING

VOLTAGE'

33~"'_. 5BnF_. 15nF

+12V

v""G~h--------
'TREF h

VGG '"'DD 6 TUNING

i~ J 6~~!E__
I FT 4 11

INPUT FT FILrERED
OUTPUT FT INPUT

""
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1400 Bit Electrically Alterable Read Only Memory

I!C ER1400 ~

-ll
6oltomVre....

0
~ 00

, S
03 (;0

0 2 , S70
o 0

5 CI<:>~~

• C,

7 C2

Special order package
8 LEAD TO-a

2 v~~

3 'Iss
'I \loa

o
OJ 4,,0

o~ 50

0' 0]0

PIN CONFIGURATION
Standard package
8 LEAD TO-99

The ER1400 is a serial IrJputioutput 1400 bit electrically erasable
and reprogramrnable ROM, organized as 100 woras of 14 blls
each Dala and address are commumcated i" senal form via a
one~pin bidirecUonal bus

AddreSSIng is by two consecutive one-of-ten codes

Mode selection is by a 3 bit code applied to C1 C2 and C3

Data Is stored by internal negative writing pulses tnat selectively
lunnel charge into the oxide-nitride Interface of the gate I nsul<ltor
of the' 400 MNOS memory tranSistors When (he writing \loltage
Is removed the charge trapped at the Interface is manifested as a
negative shift in the threshold lIoltage 01 the selected memory
transistors.

FEATURES

• 100 Word x 14 bit organization
• Word alterable
• 10 years unpowered data. storage
• Write/Erase lima lOOms/word
• Single -35 lIolt supply
• No lIoltage switching required
• MOS compatible signal le...els

DESCRIPTION

C1 =100pF

C1 = 100pF

-Exceeding these ratingscQuld cause perma
nent damage. Funcl10nal operation of this de
\lIcE! at these conditions is not implied _
operating ranges are specified below.

Condllions

Pin 4 connected to Pin 11
Rl '" 10KOhm

Voo =VREF 1 :< VREF 2 :<0 +28V

VGG = +12V, Ve '" -2V.
Pin 4 connected 10 pin 11; all inputs at VGG
orVss

Standard Conditions (unless otherwise noted)
\Iss =OV
VGG " +12V ~ 10%
liDO =II AEF, ! = liREI'. 2'" +28 to +30V
Vb =2V.c:100k
Ta =+25°C

ELECTRICAL CHARACTERiSTICS

MSlxlmum Retlngs"
Volta.ge of any pin with respect to Vss pin (3) (except

VAEF. 1, liREI', 2. Voo and lie) •.•.• ,......... . ., .. , ..••• , ••.• -0,3 to +201/
Voltage on VREF 1, VAEF. 2' 11M with

respect to Vss pin .••.. , ......•.•.•.............. , ..•..•..... , Vile;; to +361/
Voltage on Va with respect to Vss pin •. "., .......• " .. , -4 to +0,311
Storage Temperature Range -40c C to +l00a C
Ambient Operating Temperature Range. '" ..•.•...• , ...•.•... , •. ,oDe to '!'70a c

hi
Characteristic Min. Typ. Max. Units

~:' Input
:~; Logic '0' -0.2 - +0.3 Volts
if, Logic '1' '0 - VGG Vol Is

Fine Tune Oulput on Reslllltance
Logic '0' - '00 300 Ohms
Logic 'I 70 200 Ohms

Tuning VOllage Output on Resistance
Logic '0' - 200 500 Ohms
Logic '1' - 300 700 Ohms

Output Propogatlon Delay
Logic '0' to Logic '1' - 00
Logic ',' to Logic '0' - 80

Output SwitchIng TIme
Logic '0' to Logic '1' - 80

I
-

I
ns

Logic ,,' to LogIc '0' - 70 - ns

Supply Current

VGG , Voo' VREF l' VREF 2' VB 0.2 5 ~A

BLOCK DIAGRAM

READ

c,

c,

10 elTS

A
D

D Ii ' li----1 !
s OECCDE~

...------~:DDRESS=r~

WRITE

'''"S I OA,' f'"'' J--1
il I M:i~~~' 1

---- I
VOG

TIMING DIAGRAM

V,N

Your
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Ch&UBClerlshcs
~boI Min I Typ" I Max I Units

DC CHARACTERISTICS
Input lOgic 'l'
Input logic '0' Vil. V" ... 15.Q V",-~-8 Volts

Output logic "1 vlH V...,;-' a VS~ -03 Volts

(1 rneg, 100 pI load) VOL v,,~-12,O Volts

Oulputlaglc "0'
Power Va" Vss .. 1 O v...~ -0.3 Volts

AC CHARACTERISTICS
300 "'W

Clock Freollency
Write time f¢ 11 ,2 140 168 KHz
Erase tw 16,0 20D 24,0 m,
Alse. 'ail tlr118 te 16,0 20,0 24,0 m,
Propagallon <lelay tr II 1.0 ~,

Unpowered non~volalile data storage tpw - 20.0 }Js

Number of erase/write cycles Tg 10 - Years

Numbor of read accesses between Writes Nw - 10"

"Typical values are al+-25"C and nominal voltage~
NRA 10'

4A·18

~
l1l,:,>'''''''·'''i,,,,!,"If~'~~....

Pi,.. ;-Uf'i\.,;iiUN5

Flg.4 ERASE

C'

Flg.6 WRITE

4A¥19

,
c,~nnnnr~ >"L..JL...JL...JL...J 0

C'I <

r~

C3 ~ 0r-- _ ,'l------ --F 1

.'. -----1

PLfUlSLfl-fl;~:
C'

Flg.5 ACCEPT DATA·

·Outpul dsts changes on the positive-golng
clock edge. Data and address Inputs are
shifted on the negative-going clock edge.

C', ,;' r:
C3 // a

f-----~-- t, ----------1

03, /f ',
~A~~ n ,,' I{

~~-tpw 'pw~1"'"I----

" ,
..........----- 14 CLOCK PERIODS -----~, ,

Flg.3 SHIFT DATA OUT' ¢ 1lJLJLJLJLJl,,)l...fl..JLJl.j :
J'/

C',
C3 I
, " I:

-:;,: ---F:

I. 14 CLOCK PERIOQS _I

¢
Cl~nnnnroI :<JL..JL...JL...JL...J<02, .f) I:
03

1
/.<---------..r:

~ " ,0
DATA i 'f= ""' mox;: =4~25lJs max

TIMING DIAGRAMS

'Exceeding these ratings cOLJ.!d cause
permanent dam;::~e Functional operation or
this device at these conditions is not
Implied-operating ranges are sDecified
below.

-20V to -O,3V
. . -40V

.. -65'~ClO'150'C

ELECTRICAL CHARACTERISTICS

Maximum Ratings"
All mputs ana outputs
(except VGG ) Wlt~1 respect to Vss
V('~I with respect to V~s <.

Storage temperature (No Dala Retention)
Storage temperature (wiln Data Aetenli01!

Operating
UnDowered _ -2,s 10.75' C

.. -65'C:!0~80"C

Standard Conditions (unless otherwt:;e noted)
V...~ ~~ GND
VGo = -35V I 8%
Operating Temperature iTA} "" 0° C 10 "f<7rJ> C

r~
Pin No. Name -

_~____ Function

1 Data --------~.ccePt.Aaaress and Accept Data modes. trllS pin IS arllnput
pin for address and data respectively In the ShiH Data OUl mode this
pin IS an output pin de,slgned to drive MOS. In Standby. Read. Erase

2 and Wnte. thiS pin is left floating
'1 M

Used for testlrrg purposes only MIJst be left unconnec1ed
3 Vs

s
for normal operation.

4 ChiP substrate. Normally connected to ground
VGr:;

5 Clock DC supply Normally connected to -35 volt supply
14KHz. timing reference, Required for all operations. May be left at loqic

6.7 ,8 C1, C2. C3 lOro when device is in standby. "
'v1ode control pins. Tfleir operation '5 as follows:

C1 C2 C3 Function- - -o 0 0 Standby· contents of Address af1d Data Register
remains unchanged. Output buffer is left floating.
Accept Address· Data presented at the I/O pin is shifted
into the Address Register with each clock pulse
Read· The address word is read trom memory into the
data register,
Shift Data OIJt • The output drive" IS enaoled and the
contents of tho Data Aegister are shifted out one bit
with each clock. pUlse.
Erase ~ The word stored at Ihe addressed 10callDn is
erased to all zeros
Accept Data· The dala register accepts serial <lata
presented at the J/O pin. The Addross RegIster
remaIns unchanged.
Write· The word contained In the Data RegIster is
written Into \h€ 10catl0f1 designated by the Address
Register
Not Used

j~

i~
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Function

Confirms valid slop command. POSitive for a valid TV signal.
Initiates Autostop sequence on a positive going edge (except in constant
time scan mode).

~h:;d~tf~~~~~e~a~dV~ss~O~o~ss~~e~~~:~~~eao~:;:~~~~d~:nr~:~:~ltehc~~d~
positive edge and the Muting output is active low with the same output
specification as Band.
Active high during scan and program change (active low in constanilime
scan mode).
Goes to logIC '0' when the last program is selBcted (8, 12 or 16) end is on
Band 3.
Fine Tuning Information, 4 bits resolution.
Used by MEM4956 CMOS D/A 10 combine Coarse and Fihe data when
separate FT is not raqulred, Connect to Vss when MEM4956 is not used to
invert CT and FT Outputs, The Fine Tune slot is a 2/-lsec pulse repeated
every 260psec on Band 3, a 1O,lJsec pulse on Bands 2 and 4 and a 30J.lsec
pulse on Band 1,

Coarse Tuning Informalion, 10 bits resolution
This output goes to logic 'd· when Band 4 is selected.
This output goes to logic '0' When Band 3 IS select(Jd.
This output goes to logic '0' when Band 2 Is selected.
This output goal3 to logic '0' when Band 1 is selectad.

Positive power supply, "12V =10%.

4A-21

Ground

1To ER1400 EAROM

When connected to Vss selects Band 1 and initiates scan.
When connected to VBS selects Band 2 and initiates scan
When connected to Vss selects Band 3 and initiates scan.
When connectBd to Vss selects Band 4 and initiates scan.
Controls spBed of COBrse and flne tur,ing, ssl by external R·C nslwork.

1.2SKHz nominal.
When connected to Vss causes FT to increment automatically.
WhBn connected to Vss CBUSBS FT to oecrement automatically.
SyslBm clock 2.0 MHz nominal set by external R·C network.
When connected to Vss reads EAROM (includes 20ms anti-bounce delay).

When connectod to Vss increments program number by 1. There is a
20msec anlibounce delay on this Input.
When connected to Vss decrements program number by 1. There is a
20msec antlbounce delay on this input.
When connected 10 Vss new data is loaded into program number register
from the program number inpulS and the EAAOM data is read. When left
open the program number inputs are inhibited
When connected to Vss selects inpul mode for 2°, 21, 2~, ~ pins.
Fixes the number 01 programs tnst can be selected using tne Program UP
and DOWN Inputs. Open circuit =12. Vss'=16, Vcc"'S.
Accepts a traIn of O.Smsec negslive pulses, the number of pulses
determines the program number to be selected.

Binary program numoer input/output. When used as an inplJt8ccepts data
in positive logic convention. (0000::: prog. 1). When used as an output the
data is statIc Bnd in positive logiC convention. These outOLItS are nL
compatible.

When connected to Vss stores Tuning and Band information In EAAOM

Fine Tune Up Input
Fine Tune Down Inpul
System Clock
Program Read Input
Program UP Input

Load Input

Program Down Input

Name

Vss
Data 110

C3
C2
C1
16KHz
Band 1 Input
Band 2 Input
Band 3 Input
Band 4 Input
Tuning Clock

19 Input/Output SelBcl

20 8/12116 Program Select Input

21 Serial Remote Input

22 2° Input/Output

23 21 Input/Output

24 22 Input/Output

25 l3 Input/OutP~it

26 Store Input

27 N.C.
28 Validate Input

29 Auto Stop Input

30 I Constant Time Scan Input

31 MutIng Output

32 AudIo Visual Output

33 Fine Tune Output

34 Fine Time Slot Input/Output

35 Coarse Tune Output

36 Band 4 Output

37 Band 3 Output
38 Band 2 Output

39 Band 1 Output
40 V""

16

12
13
14
15
16

17

1
2
3
4

5
6
7
6
9
10
11

An No.

PIN FUNCTIONS

Tcrp \,,~w

Data I 0

CJ

"C'
Cloek 6

S~ne , I~PIII

Bone 21npUI

B"nc: ~ r~p,,;

[J~n,1 J 1~~Hl

T,.r'~:;1 CIL'"
r: flG "'un~ Lip Inpl.1 ~z

~,~~ ~u~o DDwn Inp •.1

Sy,le~' Cloe'.

<'regIa,.., Oown Inp,'1

~08d ioPUI le
,cpu' OutP,,1 SEI"~!

B 12 10 Pro9'a.11 ,,"I~~t 'np,';

PIN CONFIGURATION
40 LEAD DUAL IN LINE
AY·3-8203

"'28V

ER1400
EAROM

SYSTEM DIAGRAM WITH CMOS DIA OPTION

FEATURES

ECONOMEGA I/i1S Channel Digital Tuning System

"12VO If! "

DESCRIPTION

The ECONOMEGA 1 Digital Tuning system is a two chIp voltage
synthesizer. The tirst chip (AY¥S-8203) is an n-channel control
chip which interfsces the remote control system, memory and
a/A converter, Tho second chip (ER1400) is a non-volatile
EAROM memory which stores the tuning Bnd band information
for 16 programs. For details on the ER1400 raierto tho data sheet
beginning on page 4A-17. For details on the MEM495B D/A
converter circuit refer to the data sheet beginning on page 4A-14.

S! 8/12/16 Programs
13 4 Bands
IliI 1Dbil Coarse·Tune
I!liI 4 bit Fine-Tune
Ill!. Non-Volatilt3 Memory without battery
l!iI Auto or Manual Tuning

~. AY-3-8203 ER1400 l
MEM4956

--- -----

AY-3-8203
CONTROL CHIP

I I I I MEM ~~8~,~"ci'

I~ 90-ttt I

lm @ ~_J

d
',;;
:.~

;:~
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ER1400
EA~OV

5. Manual OperatIon
In the Normal Mode Stop and Validate can be Imk.ed to the Band
Inputs to gIve full manual control 01 the luning operation.

6. Mutlng
The Muting output IS active from the time that a Scan is Initiated
until the Validate input goes positive after a Stop command.
When a program Change is made the MutIng output is activated

for 2S6mSec

7. Tuning Procedure

1. Select required program number ( 1 to 16).
2. Press required band button, scanning commences frorr" the

station currently tuned, scanning stops at the next station

3 Fine tune If reQuired.
4. Store Dati5

a. Fine Tune Resolution
When me MEM4956 O/A Is used to combine the Coarse and Fine
Data the reletlonship between Coarse Tune and FIne Tune IS as

follows: Band 11FTstep'" 7.5 CT steps
Band 2, t\ 1 FT step:; 2.5 CT steps
Band 31FT step ~ 0.5 CT steps

4, Auto Stop and Validate
In tne Normal Mode a stop is executed immediately on a positive
going input transitior1. If validate goes positive within 256mSec
the system stops, if not the selin will restart.
At the end of a band tha tuning voltage goe:l back to zero and
after a delay of 256mSec scanning restarts. In the Constant Time
Scan mode in Band 3, the stop is executed on a negatIve going

transition.

~

"ROG NO ::,E S
IN our ~~ 1';

ATION

SYSTEM DIAGRAM

I.bl constant Time Scan Mode
Operation of a band outron initiates scanning on the
selected band. the scan rate Is a constant 8 seconds for

each band.

3~~~: r:;, _ Ifl
·'-L~ ! I ~'"""'''~'''''~_;~'_'_ J

-----
l ,.. 0

Fi~;'1~¢f 0------1

t.urosrop o-.....,-.--~

1-

Band Scan Time

I 0.8 sec
2 1.6 sec
3 1,6 sec,
3 8.0 sec,
4 1.6 sec

cosr~ Tune
coarse tune resolution is '0 bits With a oredominent Olltput

at 4KHz

3. scanning
Tile actual tuning rates are fixed by the Tuning Clock and may oe
adjusted ovsr wide limits. Typical f.igures are showr'l below

(a) Normal Mode
operation of a band button Initiates scanning on the
selected band. the scan rates are as follows:

4A·23

2. Fir\e tune
the fIne tune resolUtio.n is 4 bits with a.n output nppleat 15,6KHz
the tine tune steps tWice per second, It does no! wrap around or
overllOw Into coarse tune, During scanning it is reset to mid

range.

to Vee

to Vec

at .,.25"C
at 13V and +70"C

Tsmk '" SmA
VQut " Vee

Conditions

IsmK '" 1.6mA
Isource ;;: 10HA

Isource'" 2mA
Note 1

"Exceeding tnese ratings- could cause
permanent damage Functionf.ll operation of
this device at these CondItions is not
:mplied-aoeratlng ranges are specified
below

"Typical values are at .;.25C>C anO nommal voltages
NOTE 1 In the constant time scan mode, the Muting Output has the same speclflcallon as the Band and AV outpuls

Parameter Min r' M" Units

Control Inputs
Logic '0' Level

I

1.0

I

Volts
Logic ',' Level 8 Vee Volts

Resis1ance 'DO r<Ohm

Program No Inputs
Logic '0' Level -

I =
0.5 Volts

Logic '" Leve! 8 - Volts
Resistance

I
50 - KOhm

8/16/12 Input
Logi~ '0' Level

I

0.5 Volts
l...ogic 0/' Leve! ooen
Logic '1' Level 10 - VallS

Inout Resistance 'DO - KOh'l1

Band, AV, Outputs-
Logic '0' Level - 2 Volts
Off Leakage 10 I,A

Muting Output
Logic '1' Level 6 VOlts
Off Leakage 10 ",A

Program Outputs
Logic '0' Level - OA Volts
Logic' j' Leve! 8 Volts

Supply Current
Vce (-'"12) - 45 "A

80 mA

Maximum Ral.lngs'"

Voltage on any pm With respeclto Vss pin •.-O.3V to ~2DVolts

Ambient Operating Temperature Range.. • 0" C to --70" C
Storage Temoerature Range -65~ C to -150" C

ELECTRICAL CHARACTERiSTICS

Standard Conditions (unless OTherwise noted)

V~S ::: OV
'icc -" .,.12V :::- 10%
System Clock'" 2MHz ~ 7.5%



Resets program register to Program 1 and retrieves appropriate dale. from memory

Test pin lor te.sting EAROM volatility

Signal pravldec to fe.cilitate test of circuit

Six inputs from scanned keyboard matrix.
Five outputs 10r scanning keyboard matrix and for multipleXing display.

FIve bit binary input 10r remote control inpU's. Compatible WIth SAA 1025 or
equivalent
Strobe for remote Gonlrol mputs.
Drives TTL BCD to seven segment decoder driver. Display channel or program
number according to Pin 23
A logic "1" on this Pin inhibits the automatlc skipping 01 a program If its cnanne l

number is set to "0". It also enables the "store" button.
Logic "1" causes channel number to be dIsplayed, Logic zero causes program
number to be dIsplayed.

Goes 10 logic one during program changes
Single ended outputs used to activate tuner band sWitching. Function is Internally
mask-programmed according to national standards

Logic "1" prevents user alteratlon of data m first 12 programs.
Plf"I 10r connection of capacitor and resIstor for setting frequency on on~bpard Clock
to approximately 0.5MHz
Pin for conl1ecllon of capacltor to aatermlne caSIC tuning rate,

Variable duty lactor waveform proporrional to 4 least slgnlfice.nt bits 01 tuning data

Variable auty faclor waveform prooortlone.1 to 10 most significanl bits 01 tuning dale..

Strobe useo as input to MEM 4956 for combmlng fine and coarse data Inlo single

waveform.

Functlol'l

Tune "late

Fine Out

Coarse Oul

Fine Slot

.17V 't. 1V

Ground

-20V:t;, 1V

Reset

Viol
Test Reset

"Aute
Banos 1 through .<1

VHF Lock

O.5MHz RIC

Display Mode

Program (No Skip)

Strobe
BCD Outputs

Name

KB1- KBe

MXl ~ MXs
2~ - 2· IN

29

30

35

36
37
36
39

40

31

32

33
34

23

22

FUNCTIONS

24
25-26

17
'6~21

4A-25

OPERATION
A. Programming the system,

" Swltcn "program" sWitch "on."
2. Switcn rotary selection to "channel."

3. Press de5lied program button.
4. Operate the Channel Up/Dowl1 switcr until desired

channel number apoears in display.

5. Operate theTunlng switch until the desired program
appears.

6. Press "Store."

7. SWitcr program switcr "off",

B. Selecting a channel
1. Pross desired progrem button.

"[ ''''
39 ' ~'"
36 P.e~~1

11 -2DV

3£ DV

35 +nv- "".,
33 Co~r~ OUl
32 FlneOyl

"1- ,," ""30 05MHl AC

2S VHF ~D~"

26 Ban~ 4
21 8aM3

26 Band 2
~S eand'
2. ~ MUla

J.3 Orspley MQda (Ch/Pr)

2:' Plogram (N.oSkipl
2, 2' I Beo aUT

T~p Vww

t<B, Do,

<B,
KB,

::; ~"
t<8 e 6
MX, '7

MXl 6
MX, 9
MX~ 10

MX~ "
~'IN '2
~. IN ,~

,< IN 14

"IN. 15
2' IN \£

SHobe IN 17

(" '"sea OUT 2' Ie

2' 20

\\

PIN CONFIGURATION
40 LEAD DUAL IN LINE
AY~5~8290

PRELIMINARY iNFORMATION

done 'Il a mask programmable ROM according to the
reqUirements of the particular country,

The digit to analog conversion (s done by filtering a duty factor
:nodulated waveform. The MEM 4956 CMOS D/A circuit Is
recommended as a buffer between the AY~5wa290 and the tow
pass filter. Fot details on the MEM 4956 reler to the data $heet
beginning on page 4Aw14

~'5.8290 MEM4956

DESCRIPTION

The AV~5~8290 IS a one chip voltage synthesizer for low-cost
television luning systems It stores channel and voltage
information for twenty programs In a selt-contamed non-yolatile
memory
The chip IS fabricated In MNOS technology and contains baln P.
Channel control logic and non-volatile memory within asingle
chip.
Channel selection IS accompUsned by pressing one of 20 sInglE)
button program selectors or by pressing the PROGRAM UP or
PROGRAM DOWN button. Provision is made for skIPPing
unused programs The circuit has the capability of storing and
displaying two digil channel numbers Irom 0"1 to 99. A mode
control permils display of the program numbers on the$ametwo
digit readout

The tuning voltage IS stored il1 memory to 14 bIts of accuracy In
all bands The rate of tuning IS ....arled automatically betweer>
bands in order to equalize the tuning rate OV"lr all band$.

Four band OUTPUtS are provloed, These are automaticallY
selected by decoding the channel number Tne band decoding Is

~""

CONNECTiON DIAGRAM

FEATURES

II 20 Programs
• 4 BC!nds
iii 14 Bit Tuning Resolution
I Two digit Channel and Program Display
Il Selt~ContalnedEAROM Memory
II Most System Components Contained In Single 40 L.ead DIP
II Self-Contained 500KHz oscillator
• Fully Scanned Keyboard COl1trols and Multiplexed Display

for Pir> Reduction

ECONOMEGA ll/20 Channel DigitBiI Tuning System

4,1l.~24

r



KEY MATRIX FUNCTIONS

Single Closure selects. corresponding program number and causes channel number to be retrieved and displayed and
activates correspondIng band output.

Increments program selector upwards and retrieves channel information each tlmo. "1" i$ selected after "20", If
"Program" signal (Pin 22) Is a zero, program$. will be skipped if they hav~ preViously been eet to Channel "00",

Increments program selector downwards. "20" Is selected after "1", Rest same as above.

Touching button less than 200 ms, increments the channel display upwards one count. Holding button down
increments channel display at the rate of 2 counts per second.

Same as above bul increments downward.

Causes tuning voltage to increase whfJo held closed. Tunes at the rate 011 X for first 3 seconds then increasea to ax.
Tune rates in UHF are both 8 times faster than VHF.

Same as above but tunIng voltage decreases.

Closure causes currently selected tuning voltage and channel number to be stored in memory loca.tion
corresponding to currently selected program numbar.

II'
Power Supplies .. , .••......•. , ..........•... . +17V ± 1V at 1SmA

·20V ± 1V at SmA
GND

Clock Rate. , ,. 500KHz (Self conta.lned oscillator)
D/A Converter Output Frequency ........•.•....... ".,. Predominantly 2KHz
DIsplay Outputs, , ...•• , , Drives TTL Dacodor/Driver

ELECTRICAL CHARACTERISTICS

MX,

MX,

MX,

MX.

MX,

KS,KBsKS4KB'KS,

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 Prt pd Cht Cht

Tunet Tunet Store

Pr

Cn

Pr

1-20

Ch
Tune

Tune

Stofe

I[~

Fig. f KEYBOARD MATRIX

4A·26 4AM 27
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4A~29

o·
1
2
3

•
5
6
7
8
9

DIsplay I Display
AY.5-S301/20/21122/24 AY-3·8310/11

Code I Display
2a 22 21 20 AY·5·8300

When taken to ]oglc '0', the dIsplay IS en8oled.l~an RC netv.rork IS

connected to this Din, a momentary diso1ay can be obtained

"00·99 MODE.

Daflnes the character outlines At loglC'1 When diSPlaying a
character.
Delines the background block. At logiC '1' When olltoutting

background.
Wher taken to logic '1', the channel display is enabled, The
display Is automatically enabled when the channel IS changed

When taken to logiC '1', the clocl< display IS enabled

This Input controls the colon between Ine hours and 'nlnutes
display. When at logic '0', the colon is blanked. Itconnected to the
DP output of the AY-5-1203A clock cirCUit, the colon will flash
once per second.

0000 a 1 To
o 0 0 1 1 2 I 1
0010 2 3 2
0011 3 4 3
0100 4 5 4
0101 5 6 5
0110 S 7 6
a 1 1 1 7 8 1
1000 8 9 8
1 0 0 1 9 10 9
1 0 1 0 10 11 10 .,..
1 0 1 1 11 12 11 -

1 1 0 0112 13 12 -
1 1 0 1 13 14 13 -
1 1 1 0 14 15 14 -

~' ~ 16 15-

When taken to logic '0', tne channel display Is enabled. If an RC
n6twor~ Is. connected to this pin, a momentary display can be
obtalnSO
Whe>r taken to 10glC '0', tne clock display is enabled

When at logic "0", the 0.15 cnannel mode Is selected: logIc "1" for
00·99 cnanne! mode.

Resets the ClrCUll at the ena ot eacn frame Al logic '0' oUring
ve-rtica! flyback

Activates tne line counter At logic '0' ouring nonzomaillyoack

Determines character pOSItion and wloth. Must os syncnronlzed
by hOrizontal sync purse to prevent 'agged edges on character,

Defines the background border and tne character.

Determines the characte>r colo(. Goes to lOgiC '1' during a
character block.

MUltiplexed 4 digit BCD c1oc~ data Inputs sucn as available 1rom
the AY·5-120JA clock circuit

Multiplex Inputs, al log\c '1' during multiplex t1me slot For the
AY~5~8310/11, When operatIng in the 00~99 channel mode, Mx1
and Mx2 time slots are used.

This input must go to a logiC '" during the middle 01each Mx time
slot to load the ClOCK data into the chIp

AY~5·8320/21/22/24

'Character Output

Mx1-Mx4

Strobe Input

Backgrouna Output

Horizontal Sync Input

1.1 MHz Clod( Input

Channel Inputs 2°.23

Chal\ne! Dis.play Enable

Clod. DiSPlay Enable

Seconds. Colon Input

ALL TYPES:
Vertical Sync Input

Clock Display Enable

Channel Display Moda

AY~5-8300J01/10111

Character Output

Color Outout

AY·5·83'0I11/20/2l/22124
Clock Inputs 20-23

AY·5·8310!11
Channel Display Enable

AY·5~8300/01

Display Enable

.------ Name I Funcllon

pIN FUNCTIONS

1A<4Inpu+

St'''b<l\npul

CIOr.~ OotPlay E."lablc

" 'MHzC,oc;k Inpul

NC

CllanMIOisplay Mode

V;:n IGNOI
v~~ 1<180,1)

2' Cilannel )npul

21 Clock Inpul

2"ChaMellnpu'

21 Clo~k InO"ul

__I

24 LEAD DUAL IN LINE

Tap VI~\I<

-c:r
C~annal O'SPlay Enable .' Mx 4 Inpul

6at~\)'our,~ OUIPU\ ~ Str"be Inpu'

Ct1atB~lar Ou\Put CI<X:k Oieplay Ena~le

M~ :I Input 1.1 MHI Clack lropul

Mx 2 I"put SoltQnd~ C<l'.an I"put

M~' lnllut NC
Val1ical Syn~ Input Vlil' (01'.10)

H:lrIZMltI ByM Input VSS «\&Vl
~o Clock Input 2' Ch~nn,,1 Input

:t'Channel Input 2J Clpek Inpu'

2' Clock Input 27C~al'lntllnput

2' Cnanllellnput 2t CIock Input

Channel Di&pl~y Enable ., -cr 24

C"lc,OulPU[ 2 23

CMt!etll' OUIPul ~ n
'#3Inpu+ 4 2\

M~ 2 Input ~ 20
M~ , lnpul ~ .~

Vel1,tul Svne Input 7 18

Morozonla! Bync Inpllt 6 17

2" CiccI< Input 9 16

20 Cnennplinpui '0 15

2' Clo.::k Inpul 14

2'CI1ermellnDul '2 '3

AY-5-832012'1122/2.11

ro~ "t,c",,,,,,,,,, '.I,,,"" ,,","
C"IOt OuIP"! '3 l1MHt Clock Inpu1

C~~rBcle' OulPut '2 t.C

"erl,ca' SJ'llC Input 11 \fc;a IGNO]

Hor,Zllnt8ISyl''':: Inpul '0 NC

2~Cllannal Inpul S 2: Channel Inpul

2 Cl'llnnlllinpul B.' Cnanr,ullnpul

AY-S.£310/11

TOp \fie""

PIN CONFIGURATION
14 LEAD DUAL IN LINE

AY·5-8300/01

AY-S-8300 AY-S-8311 ~
AY.S-830i AY-S-.8320 AY-S·8322
AY-S-83iO AY.S-8321 AY-S-8324

----

Part Number ".ott '.'AY~5-B300 O~15 No
AY~5~B301 1-16 No
AY~5·831 0/11 0-150rOO-99 YE>S
AY~5-8320/2' /2212tl. 1·16 Yes'

OPTIONS

FEATURES
III Channel Display 0 to 15 or 1 to 16 or 00 to 99
.. 4 Digit Clock Display option

• Color character on black oackgrounCl or color
character on color background,

• 1.6. or 24 OIL package

-The AY·5-B320/21/22/24 are capable of either simultaneous or
separate time and channel display and have automatic display
enable.

INTERCONNECT DIAGRAM
FOR TV TIME DISPLAY

TV Time/Channel Display Circuits

DESCRIPTION
Tne AY·5-8300 senes IS a family of MOS circuits designed to
display channel and time information on the screen of a TV set.
The information Is displayed as color characters on a black or
color background. Channel information is displayed either as a
single charactar 0 to 15 or 1 to 16 or as a dual character 00 to 99
Time is provided as a 4 digit hours and minutes display. The
display Is positioned at the top right hand corneroratthe bottom
center Of the screen; the display may be pe(manent or
momentary Any of the AV·5·8300 series except the AY-5~8324

may be used for either 525 or 625 line systems: the AY·5~8324 is
for use With 625 line syst£lms only.



ELECTRICAL CHARACTERISTICS

•Exceeding these rallngscould cause perma
nent damage. Functional operation of these
devices at these condtlons is nol implied
-operating ranges are specified below.

A,!,.5~e324AY-5-8322Ay -5~ti320 .. A.Yu5¥g321

~:m
~

Flg.:la OUTPUT WAVEFORMS (AV-5-83.0101l10)
(AY-5-8311 AS ABOVE BUT DISPLAY STARTS AT LINE S5.)

I -II

.,,_. :-~-~, ~__L_,_L_ !11I1
1------- II -----' L- 7q

"
1-- 11 Jl~ "'

LlNES~9~1l3 IS~ L
Flg.2b OUTPUT WAVEFORMS (AY-5-8320121)

(AY-5-8322 AS ABOVE BUT DISPLAV STARTS AT LINE 165.
AY-S-932' AS ABOVE BUT DISPLAY STARTS AT LINE 220.)

1,---11

F\su--L II JiJiJisUiJist

If

, ,
if

II

LINES 1"'~

II

Ii
LlN~S~~4

If

II
LINES ~S.S9

--II

II
UNESflO.64

II

AACKGROUNO

QACI(GAOUNO

SACKGAOUNO

CHARACTER

BACKGROUNO

H0l1120NTAl
SYNC

CHAAACTE~

1,\ MHI CLOCK

CCllOR

CHARACTER

COLOR

CH,o,RACTER

CHAf\AC"~R

HORIZONTAl '
SYNC

1,1MHzClOCK

TIMING DIAGRAMS

Conditions

10% to gOO!\;
Min slew rate 5V1/lsec

1OC!ll 10 90%

10'10 to 90%
at logic 0 and logiC 1 levels

To VOu

VOIJ10:0 Vss-'ZV
Volir=OV
10-90o/Q load 25K & 20pF to ground

Vf,,~ = ...19V

"to.3 to-20V
ODC to +B5"'C

-65~ C to +150" c

Flg.1INPUT WAVEFORMS

":;~' --1 1--'---1 j
, _~ L_

"'";;:;'~-LJ-'---1_J

..~ .J1J-lJUlJ'nrun

TIMING DIAGRAMS

Voltage on any pin with respect to Vss Pin
Ambient Operating temperature range
Storage temperature range.

Maximum Ratings·

Standard Conditions (unle~s otherwise noted)
V GQ = ov
Vss "' +16V to +19V (AY-S-B300/01/10/20)
Vss :: +11.4V to +12.6V (AY-S-8311/21j
Vss :: +12.35V to +14,QV (AY-S-8322J24)
Operating Temperatura CTA);::; DOG to +B5"'C
Clock Frequency:: UMHz :t 10% (1.173MHz :!: 10% AY-5-8322/24)

'lA-SO

Characterlatlc Min TypH I Max I Units

Vertical Sync Input (Nole 1)
Logic '0' 0 - 7 Volts
LogiC '" Vss -5 - VS~ TO,S Volts
Rise & FallTime - - 5 ",
Horizontal Sync Inpul
Logic '0' 0 - 7 Valls
Logic '1' Vss -1.5 - Vss +0.3 Volts
Rise & Fall Time - - 1 "'1.1MHz Clock Input
Logic '0' 0 - 7 Volts
Logic'" Vss -5 Vs~ +0.3 Volts
Rise & Fall Time - 300 n,
Pulse width 250 - ns
Channellnpuls (Nole 1)
Lagle '0' 0 - 7 Volts
Logic '1' V~-5 - Vs.+O.5 Volts
Clock Inpuls, MUlilplex,
Strobe Inpuls
Logic '0' 0 - 7 Volts
Logic '1' Vss-1.5 - VS3TO.3 Valls
Inpul Resistance 20 Kohm
Display Enable Inpuls
Switch point positive edge Vss-8 - Vs~-5 Volts
Oulpul9
On resistance - - 1 Kohm
Off leakage - 1 "A
Turn ONtlme - - 200 n,
Power - - '00 mW

"Typical values are at +~5°C and nominal voltages.
NOTE:
1, These inputs are diode Clamped to V~. MaXimum Clamp current 50,uA

I,'.
,::
'~

Jtt
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OPERATION
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4A-33

AY~5~a320/21

AY·5.-B322

AV·5·6324

I~ AY·5·e300!01Il0

I I I .......... Ay·5·83n, ,...------
L_..J

I~D:I~

Flg.8a DISPLAY POSITlONMCHANNEL (AYM5·B300/01110/11) OR TIME (AY-5-8310/11)

d~~
r--- I I

~ - - - - - - - _.J 'ME (AY.5.'320.21f22124)- -- - HANNEL AND TI YPDSITION-SIMULTANEOUS CFlg.8b DISPLA

Fig. 3b CHARACTER SET
(AY·5·8301/11/20/21/22124)

Other color displays are generated oy suppressing one or two
chrominance channels

In tne AY·5·8320/21/22/24, one IIldeo output defines the
characters and the other a bac~ground block Using tnese
outputs, a display of any coror character on a bac~ground 01 any
color may be obtained.

The channel data is Input on four lines, In tl1e 0-15 or 1-16
channel mode, this informallon is applied in bInary from a diode
encoder attached to the varactor tunfng drivers. Binary numbers
greater than 9 are detected and displayed as a two digit character

In the clock mode, data is entered on a 4 line BCD bus
mUltiplexed into 4 time slots A strobe signa! occuring In the
middle of each time slot 16 used to read the data into the chip
When the AY-5·1203A clock is used il can be directly connected
to the AY-5·8310/11/20/21/22/24 will1 no external components.
The AY·5·8310/11 displays the time with hours and minutes
(Fig.6). the AY-5·S320/21/22/24 displays tne lime with hours,
minutes and a flashing colon for seconds (Fig.7)

In the 00·99 channel mode the oata IS entared as a two digit BCD
number in Multiplex time slots 1and 2 in the same manner as the
clock formation.

Fig, 3a CHARACTER SET
(AY·S-e300110)

1i!31.15 I i!31fS
b1BqD &1B!iD

n:=":::::Ji

rII ~!~, ~Flg.4CHANNELDIS~_

The display )50 positioned ciigllally In ooth the vertical and
hoti7.0ntal directions. The vertieal position is determined by
counting horizontal sync pulses (the counting is initiated by the
vertical sync pUlse). The liming relationships are shown in Figs
2a and 2b. Additionally, for the AY-S-S320/21/22/24, the time
display is positioned 35 lines further dow" so that It appears
immediatelY below tho channel display,

In the horizontal direction the display IS POSitioned by counting
pulses from an eXlernal 1.' MHz oscillator which is synchronized
with the horizontal sync pulse to prevent ragged edges on each
character.

Each character IS made up 0115 dots In a 3)(5 matriX. Wiln a one
dot border around each character a lotal matrix of 35dols In a 5,,7
format is utilized. Each dot lasta O.9plsec in the horizontal
direction and Is 5 fines high. This gives a rectangular dot and
characters as shown In Figs. 3a and 3b.

Tne various channel/time display formats are Illustrated Irl Figs
4,6 and 7. The display positioning on the TV screen is show" In
Figs 8a and 8b.

In the AY-5-6300/01/10/11 , the character display IS controlled by
two outputs, Charac1er and Calor, The video channels are
controlled in the fOllowing manner'

(a) Black/white display
Character Color

o 0 Normal picture
, 0 Black (luminance channel full oH)
1 1 Blac~

o 1 White

(0) Blaek/Yellow display
Character Color Normal picture

1 0 Black (luminance full orf)
1 1 Black (luminance full off and blue suppressed)
o 1 Yellow (luminance full on and blue suppresSed)

,~"

i~

~-
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Flg.S TYPICAL
CHARACtER FORMATS

i!i!
3
I

12

"Exceedlrlg these ratings could cause
permanent damage. Functional operation of
this device at these condltlon$ is not
Implied-operating ranges are specified

below.

1IW,.;,Il

Flg.4 BAND 4 OISPI..AY

"g.2 SAND 2 DISPLAY

--I I

5
............-
I I

I
SB I21-I I

Flg.3 BAND 3 DISPLAY

I .
""'''__ 1 I~:::;~~ i!! J,:~g~~ ~
LINt'l;~ , m--
,,",-..I--6,,- I I I ILJ I --

1-_-""--- _ LJ
Fig.' SAND 1 DISPLAY ~--I

Pafemet~f Min Ty." Mox Units Co"dlllo"s

InputB
Logic '0' 0 - .4 Volts

Logic '1' +8 - Vee Volts

Analog Input 0 - ·9 Volts

Display Output

I
Logic '0' - - 0.5 Volts I sinK'" 1mA

LogiC ','
Vcc -1 - - Volts I source;: 1mA

Ton, Toff - - 200

"'~power Supply Current - '0 - rnA

"Typical values are at +25°C and nominal voltages.

standard Conditions (unless otherwise noted)

Vee'" +12V ~ 10%
i

A
;: O~C to +70°C

Cloc:k frequency = ", MHz

~LECTRICAL CHARACTERISTICS

Maximum Ratings"

Voltage on any pin with respect toground pin. . , -0.3 to +20V
Storage temperature range. . ., .' -65~C to +150~ C
Ambientoperatingtemperaturerange , .. ', ." .. ' ... " .. 0~Cto+70°C

9n 8.n1l2Inp\l1

"I HorlzOl1llilSynclnjl~1
14 Vertical Syr'lc Input

13 olepIIlY~!Pul

12 Ollpl./i)' Enll;>lelllpur

11 alil\ll.lnpu!

TIIP View

f..-U.". I I I ,~~,

f----~~~m~~

''"~1

Vee (+12V)

CIQ(;k O!~lIlat<)r Input

Clock OSCillator O~\p~l 2

ClOCK O&Cllllitor Outp~\ 1

-rU~i"g Vollagc I"pul

Timing Caploitor

Timjn~ Re"slOl

Bund llnpUI

PIN CONFIGURATION
16 LEAD DUAL IN LINE

~'~:~: <>-

OU'PUT

'~O~Il~~'~L

~'l<~

L ~

I SYSTEM DIAGRA-M---

AY-3-8330

1,1 MHz master clock which flxes display
horizontal position.

Intermediate clock output

Output of on-chip oscillato! synchronized by
Horizontai Sync. May be used to drive AY~5~

8320 Dlspfay Circuit via a CMOS inyertor.
Tuning voltage from Varactor diodes, Length
of tuning bar is proportional to this voltage,

Connect timing capacrior from this pin to
Vss '

Connect adjustable timing resistor from this
pin to Vss .

Function

Connect to Vss to select required band, either
channel number or band number Information
will be displayed.

Positive going output of video information.

Connect to Vss ,0 anable display

Negative sync pulse from TV set

Positive supply ("'12V ;'.100/0)

Ground

Negative sync pulse from TV set

Tuning Voltage
Input
Timing
Capacitor

Timing
Resistor

Band' Select
Input

Band 2 Select
Input
Band 3 Select
Input

Band 4 Select
Input

Display Output

Display Enable
Input

Clock Output 1
Clock Output 2

E!ectronic On-Screen TV Tuning Scale

PIN FUNCTIONS

Name

FEATURES

II Eleclronic tuning scale tor 4 bands.
IIll Mask programmable tor Band or Channel number display.
iii Mask programmable for display position.
II 12V operation compatible with G.!. digItal tuning systems,

Vee

Vss
Horizontal Sync
Input
VerHcal Sync
Input

ClOCK Input

DESCRIPTION

The AY-3-8330 Is designed 10 provide an electronic on-screen
tuning scale for varaclor tuner TV sels. A horizontal line of
variable length shows the tunIng voltage and 3scale is provided
to aid tuning. Four bands are pro'ilded. band number or
optionally channel numbarbelng displayed. The band or channel
number display may be mask programmed as desired within the
limitation of 2 blocks of 5,\(7 dots (see Fig,3). The graticule may
elsa be programmed as required.



Condllions

fl.1 ,O°C, Vin = -4V
to V$.~, VD\.'T"" -lV
to VPP. V(!~jr;:':: VOD+O.SV

See dlag(am lor external components.

"Exceeding tnese ratings COUld cause
permanent damaga Functional operation 01
this device at these conditions is not
Implied-operating ranges are specified
belo......

MHz

V
V

'A
II

Kll
.A
mA

r-~-lI Units

.l.oj to ·-1:;' Volts
10mA

·-65° eta -"150° C
-10c C to '-70"C

~--- -------,-
C D E FiG H I K L

0 0 1 0 ! 0 1 o I 0 0
0 0 1 0 I 0 0

~ I 0 1
0 0 1 0

I
1 0 0 0

0 0 1 0 0 0 0 1 0
0 0 1 1 0 0 0 0 0
0 0 1 0 0 C 1 0 0
0 0 0 1 0 C 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 1 0 C 0 0 0

I
a 0 0 0 0 C , a 0, 0 0 1 0 0 0 0 0
1 0 0 0 a 0 1 0 0

[
0 1 I 0 1 0 0 0 0 0
0 1 0 0 0 0 1

I
0 a

0 0 0 0 1 0 0 0 0
a 0 a a a 0 0 1 0
0 0 0 0 t 0 0

I
0 a

0 0 0 0 0 0 0 1 a
1 0 0 0 I 0

I
a 0 0

1 a a a a 0 a 1 0
0 1 a 0

!I
0 a 0 0

0 , 0 0 0
I

0 1 0
0 0 0 0 1 a 0 0
0 0 a 0 , 0 a a 1
0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 1
1 0 0 0 1 0 0 0
1 0 a 0 0 0 a 1

0 t 0
I

0 1 0 0 0
0 1 0 a 0 0 0 1

V,,'- oV
Vlll':::' -7 to -tDV
Qperallng Temperature (1,,) "" _10°C to "70°C

ELECTRICAL CHARACTERISTICS

~a](lmum Ratlngs~

Voltage on any pin wltn respect to V"' pin
output current
Storage temperature range
Ambient operating temperature range

Standard Conditions (unless otnerWlse noted)

"TYPlcal values are at -25"C and nomm!:11 vollages

___~~ct/!r1stiC ._ f- Mq TYp~~ Max
Clock Frequenc", - 4.4336 -
Output F(eq~aflcies _.. II Sea iab!e ) -
lnpU! logiC '0 -- - I -0.5
Input logic '1 -4 -

Input leaka;le - 200
Output On Resistance 500
outPllt Off Resistance I 1.5
Standby c~rrent drain 15
Operating current dram g,O

ULTRASONIC FREQUENCIES
Crystal'" 4.4336MHz l~ode In negative logic)- ---1-~Key Frequency A B--- --~-----

1 33,945Hz 0 I 0
2 34,291 Hz 0 0
3 34,638 Hz I 0 0
4 34.984 Hz 0 0
5 35,330 Hz 0 0
6 35,677 Hz 'I C 0
7 36.023 Hz 1 0
8 36.370 Hz I 1 0
S 36,716 HZ 0 ,

10 3,,062 Hz I 0 I
11 37,409 Hz 0 0
12 37,755 Hz I 0 0
13 38,101 Hz 0 0
14 38,44B Hz 0 0
15 38.794 Hz I 0
16 39,141 Hz 1 0

17 39,487 Hz I 0 1
18 39,833 Hz. a 1
19 4J,lBOHz 0 0
20 40,526 Hz 0 0
21 40.872 Hz 0 0
22 41.219Hz 0 0
23 41,S65Hz. 1 0
24 41,911 Hz 1 0
25 .:I2,25B Hz :J 1
26 42,604 Hz 0 1
27 42,951 Hz 0 0
26 <:3,297 Hz 0 c
29 43,6.:13 Hz 0 0
30 <:3,990 Hz a C

"ss (l)o,jtlY(lftupplr)

UltrllllQnicOulplll

voo (n"ll"lln""p"'rl

InputL

'n"ut/(

r"pull

rnputH

InllulG

TllP v,~'"

47M

KEY3
1M

TnpulF"

'nputS

InpulO

100pJ1

O$Clllalorlnoul

OsclllalQrCulDUI

PIN CONFIGURATION
16 LEAD DUAL IN LINE

-9V..._---t---- .__....----

ULTRASONIC
OUTPUT

TRANSMITTER WITH TOUCHPLATE INPUT

• 30 channels. 346.4Hz soacing In the range 34w44KHz.
II 9V bat:elY operation.
1'1 4A336MHz TV crystal master oscillator.
II Touch or mecha~lcal kByboard, 1 of f> and 1 016 coding.
• Low standby current drain (15/lA).

FEATURES

SAA1024

OV. j r···

Remote Control System I/30 Channel Transmitter

m SAA1024 I

DESCRIPTION

The Transmitter aJIc>ws the transmission of 30 commands usmg
30 different ultrasonic frequencies in the range 33.945 to 43,990
KHz. It is designed for b.attery operatior and uses a Jow cost TV
crystal as the master oscillator When inactive the cj(cuilis in a
standby mode /laving a current crain a1less than 1~IIAAs soon
as a valid input code is applledthe main circuit is Dowered up and
transmissIon Commences

The COele Input can be generated by either a mechanical key.
board or a tOUch plate.

l ----1

411-39
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Function

POSitive SUPPlY
Negative supply 18V '10m ina!.
NeGative supply to D/A slore, allowing the analog values to be
retained witI'! vet)' low power consumption(Typ, 0,2mA at 10V)
This pm 15 drl.... en by a 4,4336HM'l crystal oscillator, The input
signal should be a minimum of 4V peak to peak caoacltively

coupled
The ultrasonic signal snol,lld be capacitively coupled and be at
least 300 mV peak 10 peak rile first incoming pulse triggers a
23,~ms timer and atter a delay of thiS period, two measurements
of the ultrasonic signal are made over the follOWing two 23,'ms
periods. If the ~easurements produce a comparison, an output
pulse 23,1ms long is generaled 'Elfter a turther pause of 46.20's.
Wilh continuoLs input signals an output pulse is generated €Ivery
184.8ms During the complete receiving time the period of the
ultrasonic signal is me",sured 11 it is iess than 18.uSec orQ1eater
than 36/JSec the signal is rejected and the receiver is sel back 10
\hestart condltionsano a new measuring cycle commences. The
Input signals need not be completely accurate for satisfElctory
reception. At the lowest frequency an error of ±O,5WD can be
tolerated and atthe h\ghest~O.39%.
These outputs are Inthe form of a pulse, tho mark to space ratio 01
which can bo changed in 30 steps from 1:30t030:1, the repetition
frequency being 8.99KHz. The mark space ratio is incremented
by one step about 115mSec aftor the iitart of an ultrasonic
command, th6reB~ter it Is incremented every 184.8mSec The
output stage Is (1,1'1 open drain MaS transistorwrich appears as a
1 KOhm (Max) resistor connected to VS~ wher'l ON and an open
circuit wher'l OFF. At power ON the OJtputs are normallzedto the
following markspace ratios'

COlor Output 16:15
Brightness Output 18:13
Volume Output 10:21

When command 4 (Normalize} is recGiveo, Color and Brightness
are reset to their rlOrmalized values. Voli.Jme is unchanged.
When command 2 (Mute) IS receIVed Volume ,s turned OFF, a
further command re-enables the output A delay at approxI
mately 0.7 seconds is built In tp this control to prevent false

ope~atlor'l.

When tt1e Volume output IS muted, the Volume UP and Down
commands are blocked, The Muting is cancelled if either the
Muto command is repeated or an ON command is recel'Jed.

In the SAAR1025~01 version. this output is togglea ON ar'ld OFF
by the reception of command t, In the SA..o,·1025-02 version,
command 1 wI;1 only turn the output OFF. The command must be
present for 0.7 sec. At power ON the output is set to the OFF
condition. When In the OFF condltioT' the Analog outputs are
prevented from changing. Alao, when OFF, any ona 0' the 16
channels for selectihg TV programs. if present for 0.7 seconds,
will change this output to the ON condition !1owever, these
cnannels will not switch the output to OFF. The output can also
be switched 0\1 by connectIng pin 6to Vss for 10 microseconds.

These pins have the dual function of receiving Input commands
trom a local keyboard or touch plsle and for providIng output
control signals in ~csponse 10 commands lrom th~ Iransmit1er or
the keyboard. When the receiver is inactive the pins are held to
within 1 Volt 01 Vss by R1 (Fig 1), If a touch contacl is activated
cur~enillows through RS and R2 (Safety Isolating resistors) into
R1 driving the input negative, When the input vollage exceeds 4
Volts for at laast 10uSec the command is accepted and alter a
processing lime of 46.2mSoc an output pulse 23.1mSec iong is
gonerated. During the output pullle the outJul pin is driven
negatIve by the output transistor. The output curren\ issutflclant
to drive TTL. When commands ara received 1rom both the lemote
transmitter and thE! local lceyboard the local command lakes

precedence,

ONlOF~ Output

Input/Output A, B, C, D, E

Name

Analog Outputs

Ultrasonic Inpul

Clocif.lnpu\

v"
V"
VPI) (memory)

7,8,9,11.12

PinNa.

2,3,4

15

14

-
1

'6
5

PI~ FUNCTIONS

N.C

Voo(r>£gatlYesU;loIYj

Clock'lput

UliraS01ic Inp~l

InpWO~lou\A

'np~tiOiJtpuI8

In~uli0utpulC

N.C

TopView

PIN CONFIGURATION
16 LEAD DUAL IN LINE:

To prevent false operation Ulefrequencyofthe ultrasoniC Input is
measured in the following manner, As soon as the signal appears
a 23mSec timer is started, at the end of tllls perIod the rOOfl'
reflections will have died away.

Thefrequency 15 then measured for23mSec. and the appropriate
output activated. II at any lime a sigr1al is received with a period
shortor than 18/JSec. or longer than 36/JSec. the receiver is reset
Out of band and noisy signals are theretore rejected

Vss

Flg.1INPUT/OUTPUT CiRCUIT

------0 -VDOT ~

R3

TOUCH PLATE
I

~
~~_5VI

ENCODER :

IH---+- I Kj-- : TTL
ISOLATING I

diode j

---l

DESCRIPTION

The Receivor has 30 control channels, each channel bemg
allocated a separate ultrasonlc frequency. Sixteen of the
channel.ll are allocated to selection of TV programs, six are used
to cpnlrol lhree analog outputs, on~ for On/Off, one for
Normalizing, one for Muting and fi ...e are left spare. A.II channels
are output on a 5 line binary bus The bus is also used as an
\npu1 fOf loeel conlrol.

The analog cnannels have a pulse Width modulated outpul with
30 possible values, the time taken to go from maximum to
mInimum being 5.5 seconds The Normalize butto" sets the
outputs approximately to their midRpoint.

The ON/OFF channel toggles every time it IS activated, there is a
delay of approximately 0.7 seconds to orevent accidertal
opera lion.

~1025-01 SAA1025·02 I

Remote Control System I/SO Channel Receivers

FEATURES

• 30 Control Chan,nels.
• 16 TV Channels.
• 3 Analog Channels
• ON/OFF Channel.
• Normalize Control
III Local Control.
111 U5e~ 4.4MHz TV Crystal

~.'

~

\~
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4A-43

-l'~l ill
Fig. 3. TYPICAL APPLiCATION

t" ........ 11..."'..' '-''''u,,' .... ,..."" "'«lucncy 4.4~t) MrlZ UULI-''"'' '" "w"l"""'4 'w,,,w

CH Frequency Hz Channel Function A a C D E

1 33,1344,89 ON/OFF (-01) or OFF (-02) 1 0 0 0 0, 34,291.21 Mute 1 0 0 0 1

" 34,637.65 COiN up 0 1 0 0 0

4 34,984.02 Norma.lize 0 1 0

I
0 1

5 35,330.40 Color down 1 1 0 0 0
6 35,676,76 21 1 1 0 0 1

7 36,023.15 BrIghtness up 0 0 1

I
0 0

B 38,369.53 2' 0 0 1 0 1
g 36,715.91 Brightness down 1 0 1 Q 0

10 37.062.26 23 1 0 1 0 1

11 37,408.66 Volume up 0 1 1 0

I
0

12 37,755.03 24 0 i 1 0 1

13 38,101.41 Volume down 1 1 1 0 0
14 38,447.79 25 1 1 1 0 1
15 38.794.16 Fl 0 0 0 1 0

16 39,14054 F2 0 0 0 1 1
17 39,486.92 F3 1 0 0 1 0
18 39,833,29 F4 1 0 0 1 1
19 40,179.87 F5 0 1 0 1 0
20 40,526,05 F6 These 0 , 0 1 1
21 40,872.42 F7 channels 1 1 0 1 0
22 41,218.EO

I
F6 also give 1 1 0 1 1

23 4' ,565.18 F9 an ON 0 0 1 1 0
24 41,911.55 F,O 0 0 1 1 1
25 42,257,93 FI1

command
1 0 1 1 0

'6 42,604.31 P12 1 0 1 1 1
,7 42,950.68 Fl" 0 1 1 1 0
26 43,297.06 F14 0 1 1 1 1
29 43,643..13 F15 1 1 1 1 0
30 43,989.81 F16 1 1 1 1 1

CAPACITOR
MICROPHONE

FREQUENCYICHANNEL ALLOCATIONS

'ExceedIng these ratfnglS could cause
permanent darrage. Functional opera.tion of
thiS device at these conditions is not
implied-operating fangos are sP(lcified
below.

.....0.3 to~20V

lOmA
-6S<>C to +150°C
-20"C 10 +70"G

-4 -6 -8

VOLTS

-2

Flg.2 OUTPUT CHARACTERISTICS

mA

CharacterIStic Min Typu Mo. Unit, I Conditions
Clock Input
Logic 0 +0,3 - -1 VallsLogic: '1 ·-4 --19.5 VoltsCapacitance 10 pF
Ultrasonic Input 0.3 - Voo Vp-p capacity coupled
Inputs A·E
Logic '0' +0,3 -1 VoltsLogic '1' -4 - -19,5 Volts
OutputsA-E
Logic '0' - - -0.5 Volts RL = 4.7M to Vs:;Logic '1' -5,5 - Volls lout::=: 1,6mA (Flg.1)On/Ort Oulpul

10 Vout;:o -19.5 Volls
Off leakage - pAOn resistance - 1 KOhrn Vout:o -W (resistance to V~s)Analog Outputs
Off leakage 10 pA Vout "" -19.5 VoltsOn resistance - 1 KOtlm Vout "" -1V {resistance to V~\JOutput frequency - 8.99 KHlIncrement time per stop 184.8 - mSec
Memory Supply Current 0.2 - mA I VDD(mem)'" -iOV,Cl'tlp Supply Current 20 mA

"Typical values are at 'r25° C and nOminal voltages,

TYPICAL CHARACTERISTIC CURVE

ELECTRICAL CHARAc-fERISTICS

Maximum Ratings"
Voltage on tiny pin with respect to V5S pin
Output Current.
Storage Temperature Range
Ambient Operating Temperature Range

Slandard Conditione (unless otherwise noted)

v:;s;:'= OV Fc::: 4.4336MHz
Veo """ -16.5 to -19,5V Operating TemperQIUre cr~) = -20°C to +70~C

4A-42



"Exceeding these retings coulo cause perma
nent damage Functional operation of these
devices at the ccmditlons is not Implied 
operating ranges are specified below

¢R and ¢L
These are the oscillator Input pinS, The chiP frequency is not
critical except In so far as is necessary to saflsfy the requirements
01 the Ultrasonic transducers.
The chip may be driven trom an eXlernal clock by connecting the
clock to both tPR and ¢L linked together

Vso
Ov or pOSItive supply

VO'
Negative ~Upoly (nominelly 9 volts for the AyMS-8411)

V"
This pin is concerned With automatic cirCUit start up and should
be connected 10 Vop by a 2.2Mohm resistor.

NOTE'
Channels are the codes that are output ey theAY ·5~8420receiver.

. -20V to "'O.3V
... -65°Cto"'150"C

to "70°C

Chareoterl!llc Min, Typ'" Max. Units Condition.

Inputs
Clocks, Key lines 1-8
Logic 0 "'0.3 -- -i Volts

Logic 1 -3 -- Voo Volts

OUlputs
Strobes $1, 82, 83 - 2.5 - Konms Output at -7V

Ultrasonic output

~
- ohms

Supply Currenl:
Standby Mode - .A

Transmitting Mode _ 2 I - rnA Chip alone

~
Strobe

52 53 51

Input
LIne

i Ch 24 16 16

2 9 17 25 -
3 10 18 28

4 1i 19 27

5 i2 20 28

8 13 21 29

7 i4 22 3D

8 '5 23 3i

"Typical values are at ....25"C and nominal voltages

Mulmum Ratings'"

Vollage on any pin with respect to Vss ..
Storage temperature range,,, . ., .... ,· " ...... ,
Ambient Oper8t;n~ Temperature range .. , , .• . .. , .0

Standard CondlUons (unless otherWise noted

Vss == OV
Veo '" -9V Nominal (AY~5-84'\1)

-15V Nominal (AyMS·8410)
loperating Temperature (TAl:=. O~C to "'70o e

ELECTRICAL CHARACTERISTICS

TRANSMITTER KEV MATRIX

PIN FUNCTIONS

1<:8Y Llna_ 51, 52, 53
These key lines form part of tl'18 key matrix as. shown abOve and
are strobe signals whIch each go 10 logic '0' In sequence.

t<ey Inpuls t<1-t<8
thoSe key lines form part of tne key matrix as shown above and
they are connected to strobe lines $1, 52 or S3when appropriato

Il.eys are depressed.

Ullrssonlc output
the Ultrasonic output Isathreestate push pull output which goes
10 logic 1 between trains of pulse in a data block.
A transducer or step up trans,ormel' can be connected batween

the ultrasonic output and Vee·

6/

To-p\llGW

'''r'~:l' ><",",,, ,
Key II1Pul 4 ~ 17 Koy .npvl 6

voo 3 '6 Key ",pul1

"lC ~ ,~. Kl1v moui 7

Oulpul 5 14 '<ey Inpu! 5

"" ~ 6 " J ''''"',,'
CloCK4J~ 7 12P KGyrn~ul2

Clock rt"L e \' p I(,ey O'Jtt)(Jl S'

K~v CLlput S2 9 '0 b O<ev putpul S~

PIN CONFIGURATION
18 LEAD DUAL. IN LINE

l_~__---l

i'T'-=1=' ~."

'1 I I j
I I IJ 'll· ---0 v"n I _LLl

• m"""O~" · I
~tttlli

10 ,a

L~ _ -~--}:Jr.~~~:RD

CONNECTION DIAGRAM

• Ultraaonlc or Infrared transmission
II 23 Direct channels of information
II Direct drive for 40KHz transducer
II Power consumption only during lc:eylng of information.
If AY~&-a410 - locel control at receiver

AY~5-a411 - remote control operates an 9V battery
II Keyboard bounce protection built in.
• No Bxternal oscillator Is requIred
• Local transmitter wire--OA'ed to receiver

~V.5'8410 AV-5-8411 I PRELIMINARY INFORMATION

Remote Control System U/23 Channel Transmitters
FEATURES

DESCRIPTION

i"he AY~5-3410/8411 transmItter provlces the electronics to
transmit 23 channela of Information, The transmission Is in pulse
code modulated form sullabla for eIther ultrasonic or infrared
transmission, The transmittar will drIve a 40KHz transducer
either directly or via a stepMup transformer. WHen any key is
depressed, battery power is applied tothechip; power Is removed
at the and of the code sequence following the release ot the key,
The reqUirement lor a separete on/off switch Is avolded, Tne
keyboard Is an 8 " 3 matrIx es shown on the next page. Key
bounce protection Is incorporated. A stable onMchip oscillator Is
also provided.

If an local keyboard IS required. an additional transmitter chip
can be used to encode the local keyboard and the chip output can
be wlre-OR'ed with the output trom the receive transducer
amplifier before being fed to the receIver chip.

4A~4~



Remote Control System lI/31-63 Channel Receiver

l PRELIMINARY INFORMATION 'ExceeOlnQ these fating.9could cause perma·
nent damage. Functional operation at this
device at these conditions Is not implied 
operating rangeS afe specified below.

=' -15V nominal
~fating Temperature (TA) =' o<>G to +70<> C

Characteristic
Min. Typ· p,q.. Units Conditions -

Inputs
Clock,
SIgna'l ,
5/6 Select
Logic 0

\

...0.3 -

\

-1 Volts

Logic 1
-3 -

~Cl..~Outpuls
A-F,
LED,
stROBE:
Logic 0 sink current - 2

Oscillator IreC\;uency - 66
_ kHz

"Typical values are a'l +25<>C and nom'lnal voltages.

ELECTRICAL CHARACTERISTICS

Maximum RaUngs*
Voltage on any pin wl,th respect to Vsa . . .. -20V to ...O.3V
SlOrage temperature range. .,.,....... . -65<>C 10 .,,150<>C
Ambient operntlng temperalure range. Q<>C to +?o<>C

Standard Conditions (unleSS otherwise noted)

Vss::: oV
voo
Op

~;

t

Clc-r;~ OR

I.EDOuipul

2' O"lpul

Strobe Ouip'll

,', Oulp,,1

TopVlow

Outputs 2~, 2' , 2~, 2], 24, 2~

The srI( outputs are latching outputs which rotain the data Lin til it
is replilced by new input data. The outputs are open ended and
clamp to 0 Volts with nO output dala present.

The output codes change state midway through the end code
following correct reception of a data block.

Power-on~clear sets the outputs to an all ones stale when power
is first applied.

LEO
This signal can be used TO drive an Indicator to show that new
data has been received.

The LED output is normally at 0 Volts and goes open circuit
simultaneous with the outputs changing. The sIgnal remains In
this state during the time that the transmitter ;s keyed and the
receiver is receiving input signals. The signal goes to Ovo'lts32ms
after the input signals ceese.

By gating the LEO output with a discrete decode of the outputs
1,2,4,8,16,32 a signal is obtained to drive an analog tunctio/l i,e.
volume up. Such a signal would be present only during the time
that the transmitter was keyed

Strobe

The strobe outpulls open ended and clamps to 0 Valls.

The clamp \s released 60j.J.sec after the data on outputs
1,2.,4,8,16,32 has changed and is re·apP!led 60/-< sec later.

r PIN CONFIGURATION
I 14 LEAD DUAL IN LJNE

i,'ss (Ground I

Cloc~ &l

Voo H5Vl

Signnl,npu\

5'S,""'''p", § I '
2' Oulpu! ~ ~ r~ 2' OUlp,,1 I
2'OulpUl; sp 2'Ou(pu:

I _

DESCRIPTION

The AY~5-8420 provid",s the sletron/cs to produce an ultrrasonlc
or inirared remote control receiver which, with an appropriate
transmitter, can accept up to 63 channels of information. An on
chip oscillator 1s provided, the 1requency of which is non critical
(~66KHz). The osclilator frequency is set by one external
resistor: an external oscillator can be used if required. Two
outputs are provided to indicate that Oata has been received and
Is ready for use. Automtic internal power-an-clear is provided.
Error checking bits are transmitted With the code, these are
)nterrograted by the receiver and prei,'snt it from accepting
incorrect data caused by attenuation, reflection or multiple path
propagation effects. If the first received block or dat? is not
accepted due to introduced errors, the receii,'er logic resets and
attempts to accept the next block. Data blocks are repeatedly
transmItted whene....er the transmitter is keyed,

Vss
o Volts or positive supply.

PIN FUNCTIONS

Signa/Input
The input should be driven from an amplifieroutpu{ slage. The
recei ....er is Insensitive to input frequency except tn so far as \s
necessary 10 satisly the reqUirements of the transducers.

A local keyboard Input can be wire-ORed. The frequency is setto
approximately 66KHz witn a single resistor,

Voo
Negalive supply (15V nominal).

Clock Inputs ¢R, <P-L
The clock frequency is determined by the value of a fesismf
connected between ¢R and ¢L

<fiR and ¢L may be connected together and overdriven by an
external clock input.

FEATURES

II Ultrasonic or Infrared reception.
• Up to 31 or 63 Chimnels of information
III On board oscillator - external o3cillator optional
II Automatic power on dear
q Local control from wjre~OR of transmitter
iii Error detection is contained
a Output provided to show informtin being received

5(S Select Input
This pin alters the funclion of the receiver to enable it to accept
data from either a 5 bit (31 channel) or 6 bit (63 channel)
transmitter. With the pin not connected the receiver functions in
the 5 bil mode. With the pIn connected to Vss the receiver
functions in 6 bit mod~.

4A·4S
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The Keys ara In the lorm of all XY ma,rix.
As soon as a key closure Is detected tt'e chip is powered up and the
keybOard is scanned at 3KH~. When it has been determlned what ~.ey has
been pressed the appropriate !reauency Is transmitted. If morethan ons Key

ls preSSBCI HIe ChIp ceases to transmit.

The Quartz crysta.l network. IS connected to these pins.

Name

Characteristic Min. Typ Max. Units Condlilol'ls

Clock Frequency - 4.4336 - MHz See the Connection Diagra-n for
external components

Key Contact Resistance:
aN - - 100 n

OFF 1 - - MO

Key Capacitance - - 20 pF

output:
On Resistance - - 800 n To Vss, Your =-w

Off Resistance - - 3 KO To VDo, You,. '" VOD "'O.5V

StandbY Current Drain - 5 10 "A

Operating current Drain - 12 - mA

lII~a~1I

ELECTRICAL CHARACTERISTICS

Maximum Ratlf'lgs·
Voltage on any pin WiUl ~espect to Vss pin ... , .. ,.. . ..... +0,3 to ··12 Volts
Output current .. , .. . . .. . . . .. . . .•. , , 10mA
Storage temperature range. . . . , .. , , , .. ,. ,. ' -65~ C to +150°C
Ambient operating temperature range.. , _10°C to +70~C

Standard Conditions lunless otherwise noted)

vso; '" OV
voo = -1 to -10V
F clock =0 4A336MHz
TA" O~C to 7O~C

Functlol1

pin No.

T oscillator Iflput }

~ ~:C)lIlator Output
4 X2

5 X3 Keyboard Inputs

8 X'
7 XS
8 X6

9. V1 }
10. Y2
11, Y3 Keyboard Outputs

12. Y4

13. Y5

JLL
4. Voo Negative supply (-9V nom)

15, Ultrasonic output Off until key pressed
16. Vss positive supply (ground)

PIN FUNCTIONS

I VDD (NegilllY8 SUPPly)

'3~ ")

:~~:: Koybo:ltdOulOlJls

10 Y2

, "

f

Xl

X2

"
I<eyboald Inou"l"

X5

XS

TopView

O~c.\\\l\\or 11'I1l\l1 Y-\ 16f...! Yss (POSlllve 5upply)

OSCillator Oulput d ~ 1S t: Ullra50rllC OUlp~(

PIN CONFIGURATION
16 LEAD DUAL IN LINE

CONNECTION OIAG,RAM

,"""oRj'~~J. j' I tij0M I:-= 1,~lIX\.~1R~~ '0 C:-~ I

l· 'l,;",,"",,[F"", I~-~ I
" ,,"" 1''' 1'''' .::'J

----

SAA1025
Key Frequency (HZ") RecelYer Command

Xl Vi

t

33944.89 OH/On
Xl V2 37062.28 Z3
Xi V3 ~74va,66 Volume Up
Xl Y4 37755.03 Z4
XI YS 381Q1.41 Volume Down

X2 Yi 34291.21 Mute
X2 V2 38447.97 Z5
X2 Y3 36794.16 Fl
X2 V4 39140.54 '2
X2 Yo 39486.92 F3

X3 Yi 34637.85 Color Up
X3 Y2

I
39S33,29 F4

X3 Ya 4017e,67 F5
X3 Y4 40526.05 F6
X3 Y5 40872.42 P/
MY1 34984.02-

I
Normalize

X4 Y2 41218.80 F8
X4 Y3 41585.18 F9
X4 '(4 41911.55 FlO
Xl; V5 42257.93 F11

X5 Vi 35330.40 Color Down
X5 Y2 35676.78 Z1
XS v3 3602315 Brightness Up
X5 Y4 42604.31 F12
XS Y5 42950,68 F13

XIS V1 36369.53 Z2
X6 Y2 36715,91 6r(ghtness DOl/fn

X6 Y3 43297,06 F14
X6Y4 43643.43 F15
X6 YS 43989.81 F18 --

FEATURES

I' 30 channels 346.4Hz- spacing in the range 34~44KHI.

IIlI P~channel ev ba.ttery opel"tion.
1:11 4.4336MHz TV crystal master oscillator.
II 5 x 6 matrix keyboard Input
(II Low standby current drain (10IJA). max,
IJ Ccmpatlble with 8A"'10'25, SAA1i30, AY-5-8460 and

AY-5~8461 receivers,

Remote Control System 0030 Channel Transmitter

DESCRIPTION

The AY-S-8450 allows the transrnisslono~30commands using30
different ullra.sonic froquencies in the range 33.945 to
43.990KHz. It is designed tor battery operation and uses a low
cost TV cry~tal as the master oscillator. When inactivetha circuit
is in a standby mode haVing a current drain of less than 10~A. As
soor 'lS a key Is depressed the main circuit is powered up and
transmission commences.

OUTPUT FREQUENCIES Clock Frequency: 4.4336MHz

m= AY·5·8450 I

M,-1l8



AV-S-B461
--
Frequency Hz Funcllon +OUIPUf Code

370620 o KB1/KB6
37409 AecaJi

37755 On/Off 16 Clock Output
38101 Channel Down KB4/KB8

17 crock Input38448 1 K82/K86
38794 2 KB3/KB6 18 VDD
39 140 3 KB4/K8B
39487 Channel Up K85/K8B
39833 4 KB5/K8B
401BO 5 K81/KB7
40528 6 KB2/KB7
40872 Fine Tune Dawn

41219

I
KB3/KB7

4156.5 8 KB4/KB7
41912 9 KB5/KB7
42258 Fine Tune Up

~ AY-5-S460 AY·S-8461 I
-- ~

These outputs and inputs are connected to the corresponding pins on lhe Omega
system. A 3><5 matrix keyboard may be connecled to the same pins. Maximum
capacitance between intersecting matriX lines 20pF.

FunctloMfi

This is 1I1ristale input which provides ,local contmJofthe VOlume Output function of
pin 2. Connecting thiS pin to Vss (VDO) via a 10KOhm resistor causes the mark
~pace ratio to increment (decrement). The Input must be activated for 23m$ec
before the Volume Output begins to change_ This input has ariority over any
ultrasonic command.

This output is connectod to the corresponding pin on the Omega system. (t is at
logic '1' for the duration of the corresponding uitrasonic comml!nd,

The ultrasonic signal should be capacitively coupled and be at least 500mV peak
to pel3k. The lirst incoming pulse triggers a 23, 1ms timer and after a delay of this
period, two measurements of the ultrasonic signai are made over the fOllowing
two 23.1ms perJods. If the measurements prodl.Jca a comparison en output is
generated after a further pause of 46.2ms. The outputs are present for the
duration of the ultrasonic command. During the complete receiving time the
period of the ultrasonic signal IS measured. If it is les~ than 1Busec or grealerthan
36usec the signal is rejected and the receiver IS set baCK 10 the start condition and
a new ll1eesuring cycle commences. The input signals need not be completely
accurate for satisfactory reception, Al the lowest frequency an error of "-'0,51%
ean be tolerated and at the highest", 0,39%

This is the output of the clock oscillator. Oneside of the crystal is connecteo to this
pin.

This is 1M input of the clock oscUlator. The other sidB of the crystal is connecled
10 this pin.

Negative power

VGG

Fine Tune Down Output
(AY~5wB461J

ON/OFF Output/Input

Recall Output

KB1 Oc'put IKB2 Output

KB3 Output

KB4 Output
KB5 Output

KBS Output
KB7 Output

KB8 Output

Volume UpfOown Input
(AY-5-8460j

Fine Tune Up Output
(AY-5-M61]

Ultrasonic lnpul

4A~51

14

6
7
8

9
10
11
12

13
14

15

Pin No. I Name---------,
VS5 -11--

G
-:--

r
-
o
u-n-d-------------------

Volumo Output (AY-5~B460) I This outpu1 is In the f.orm of a pUlse, the m.:lrk oj space ratio of which can be
changed in 125 steps from 1:126 to 126:1, the repetition frequency being 8.73KHz
The mark space ratio IS Incremented by one step about 115mSec after the start of

I
an ultrasonJc co.mmand' therealter it is incremented every 46,2mSec. At power ON
the output IS normalized to a marK space ratio of 63;64. The output IS al:5o
controlled by pm 14

I

This output is connected to the corresponding pin on the Omega system. It IS at
logic '1' tor the duration of tM ultrasonic command.

This output is toggled ON ana OF:- by recepllon of the corresponding ultrasonlO
command. At power up the output IS set to the OFF state. When In the OFF Slate the
Volume output 15 prevented from changing and the K8 outputs are at logic '1', the
Fine Tune outputs are al logic '0'.

The output may be turned ON by connecting it to Vss via B 10KOhm resistor lor •

1OJ.Js. it may be tu.rned OFF by c.onnecting,1I to.VGG. TheUltra!ionic com. mand must •.•.'
be present for at least 0.7 sec. to activate the output. I
This pin is externally maintained at VOD +(6V i 5%), to serve as a ground ~ I I
reference for logiC signals which interface With the Omega sysfem. "

This outpulls al logic "0" for the duratiOn of the uitrasonic commano. . ,

FIN FUNCTIONS

14 P Volume Up/D",wn Input

13hKB61npul

,.~,oo
17 Cloek InpUl

16 Ctoek Cutput

TopVlow

Topvlew

Voo
Recall OulPUl

"810utpti!

K820utpul

KB:>OuIPul

KB40ulpu!

''"{- "pc"""""""Recall oulput 5 14~ Fine TI.'ne Up OUlput

KEllOuipUt 6 13 KSt! Inpul

KB20U1PU! 7 '2 K87 Input

KBJ OUlput B 11 PKBB Input

Ka'" OlJlPLJl 9--J K85 Output

"ss (poslti~e supply)

VOlum~ Output

DNiOFF Inpul/Oulput

itS5 (poslli~.;! ~UPpIYl

FlnQ Tune Down Outpu; 0 2

OIWOFI' Inp\JliOU~Pul

FIN CONFIGURATIONS
1B LEAD DUAL, IN LINE
AY-5-B460

AY~5~8461

L ---------J

Frequency Hz Function ~de
370620 0 KB1/KB6
37409 Recall

37755 On/Oft

38101 Cha.nnel Down K84/KB8
38448 I K82/K86
38794 2 K83/KB6
39140 3 KB4/KB6
39487 Channel Up K85/KB8
39833 4 KB5/KB6
401BO 5 K81/K87
40526 6 K82JK87

40872 Volume Down -
41 219 7 KB3/KB7

41565 8 KB4/K87

41 912 9 K85/KB7

4225B Volume Up

Remote Control System m/16 Channel Receivers
FEATURES

II 18 Control Channels; 0 10 9, Volume up ana down (AY~5~8460},
Recall, ON/OFF, Fine Tune up and down (AY-5-8461),
channel up and down.

II Outputs in 3x5 matrix formal for driving Omega.
• On chip oscillator using 4.4336MHz TV Crystal.

FREOUENCV ALLOCATIONS

AV·S·B460

DESCRIPTION

The AY~5-B460/e461 is a 16 ohannel ultrasonic remote contror
receiver designed to be compatible with tho 01 Omega TVdlg{tal
tuning system. It can be operated byelthertl1eAY~5~8450 orthe
SAA 1024·rernote control transrnit1ers

rV-S-B461 CONNECTION DIAGRAM" l
I -i:~

_ REC"L~ bON ON I
1;:---1 I

r
~.~:CE~_:r

I
, ~I rf l'oo"jKE~~gARO i I rill I I r '* ,,'

AND I I ~......... ,I~E TUNE DOWN
()MEG",~r OUTPJT ITO OMEGA
GONTRo~ I AY-5-S461 I CQN1AOLCHIJ'1

CHIP ~[Ff! liTJOpF
Ka 10 I I I J \8 L-....n l'LTAASONIC
~B~:- I I ;;- --11 --lr.Jpul

I
"Befit t~J r----o SI~ip~~N~~~MEGA
J(Bl_~ I 4~MHlIU'11 CONTI'OlCHIPj
"a~__ , I _ ..,'--_M

I ~~~<>----- 47PF! pQ~r

~~_J ~r'
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CharacterlaUc Min. Typ Max. Units Conditions

Cloc:k Oscillator Frequency - 4.4336 - MHz

Ultrasonic Input
Sensitivity 500 - 25 mVp·p

Impedance 10 -- - KOhrn

Keyboard Inputs (KB6-8)
Pull up resistance 200 - - KOhrn to Vss
Logic '0' - - Vss-S Volts

Logic '1' Vss -1.5 - - Volts

Volume Input
Increment Up - - V" Volts 10KOhm to Vss
Increment Down VGG - - Volts Short te VGG

No Movement - - - - Open Circuit

ON/OfF Inpul
ON Vss -1 - V" Volts Load 10KOhrn to Vss & 100KOhm to \

OFF VGO - VGa +0.5 Volts Short to VGG

Keyboard Outpulll (K81-S)

} Load 100KOhrn to VssLogic '0' VGG - VGG "'0,5 Volts

Logic '1' Vss -1 - V" Volts

Recall Output
logic '0' VGG - VGG +0.5 Volts

} Load 100KOhm to Vss
Logic '1' Vss -1 - V" Volts

Fine Tune Outputs

} Load 100KOhm to VGG
LogiC '0' VGG - VaG +0,5 Volts
Logic '1' Vss -1 - V" Volts

Volume Output

} Load 68KOhm 10 VGG
On LeIJel V~ -1 - Vss Volls
Off Level VGO - VOG +0,5 Volts
Pulse Frequency 8.73 - - kHz

ON/OFF Output
Off VGO - VGG "'0,5 Volts

} Load 100t(Ohrn to VaG
On Vss -1 - V" Volts

Supply Current - - 25 mA

ELECTRICAL CHARACTERISTICS

Maximum RllItlngD·
voltage on any pin with respect to Vss pin ..... , .. . . +0,3 to -20 Volts
storage temperature range." .......•. · .. ,.. ." -65"'C to +150~C
Amblanl operating temperature range.... .. O"C to '~70"C

standard Conditions (unless otherwise noted)

vss::: OV
vGG::: -12V ± 10%
Voo ::: VaG - (BV ± 5%)
F ::: 4.4336MHz
T _~,. O"C to +70"C

"=

-12

tOK

L
~DOWN

>"--~TO AY-5-6460

47PFf J90f

~ I 0-6V

1---------------~-n""12v

KS6.~O
KS'

KBe

10nF 39pFe--r
Ay-s·e460 ULTRASONIC PREAMP

+12V

1M

RECALL

100K

Ay-s·e460 CONNECTION DIAGRAM

TO KEYBOARD

CO~~~o~M5~~ KBl

K82
KB3 O~__---'

KB4o~--__

KS5 0 I

EFR·osa·'OK2 I
ULTFlASONIC J

MICROPHONE - i "--6V

I ' •

...A·52
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[ilJ:V.3.8500 ~3.8500.1J

"Exceeding these ratings could cause perma
nent damage. Functional operatfon of lhese
devices at these conditions is not implied
operating ranges are specified below,

~

flight Bal Input/lett Bat Input (11,12)
An R~C network connected to each of these mputs COntrols the
vertical POsition 01 the balS. Use a 10K resistor in series with each
Dot

Bat Size (13)
This Input is left open circuit (Logic "') to select large bats end
connected to Vss (Logic '0') to select small bats. For a 19" T,V.
screen, large bats are 1.9" and small bats are 0.95" high.

Sync Output (16)
The T V. vet1ica! ana horizontal sync Signals are output on thiS
pin. See Fig. 10.

Clock Input (17)
The 2MHz master timing clock IS Input to this Pin. The exact
frequency Is 2.012160 .!:I%

F1lfle Geme 1, F1l11e Game2~ Tennis, So~cer,Squash, Practtce (18
thru 23)
These inputs are normally left open C1rCUt't (Logic '1 ') and are
COnnected to Vss (Logic '0') to select the desired game.

Seore and Field Ol,llput (24)
The score and field vioeo signal Is output on this pin.

Reoel (25)
This Input is connected momentarily to vss (Logic'O'l to reset the
score counters and start a new game. Normally left Open circuit.

Sholinpul (26)
This input is driven bya positive pulse output of a mOnoslable to
indi~ate a "shot"

Hit Inpul (27)
ThIs Input is driven by a POSitive pulse outpUt of <l rnonostable
which is triggered by the shot input if the target ison the sights 01
the rifle

PIN FUNCTIONS (Pin numbel'8 In parentheses)

YS9 (2)
Negative SUpply Input, nominally OV(GND).

SOund Output (3)
The hit (S2ms pulse/976HZ tone), boundary reflection (32ms
pulse/488Hz tone) and score (32ms pUlse/1.95KHz tone) sounds
a.re output on this pin.

Vee (4)
Posl1ive supply input.

Ball Angles (5)
This Input is left open cirCUit (Logic '1') to select two rebound
angles and connected to Vss (Logic '0') to select lour rebound
engles. When two angles are selected they are =- 20D

, when four
are selected they are ~ 20~ and :': 400

• See Fig. 9,

gell Ootpot (6)
The bell video signal Is output on this pm.

Pall Speed (7)
When this Input is ieft open--eircuil. low speed ls selected (1.3
seconds for ball to traverse the screen). When connected to Vss
(LOgie '0'), the high speed option Is selec!ed (0.65 seconds lor
ball to traverse the screen),

Manual Serve (8)
This inpul Is connected to Vss (Logic '0') for automatic serving.
When left open circuit {Logic '1') the gamestopsaltereach score-.
The serve Is indicated by momenterily connecting this input to

Vss,

Right Player Output/Left Player Output (9,10)
The video signals for the right and lett players are output on
!;eparate pins.

Standard CondItions lunless otherwise noted)

vcc = "'610 +7V
Vss " OV
Operating Temperature (TA) ~ O"C to "'40° C

NOTE: The "Shot" and "Hit" inputs have on-chiD pull-down resistOr::> to Vss. All other Inouts (excapt the "Bat" Inputs) have OI"-CniP pUII~

up resistors to Vee.

Mulmum Ratings·

VoltageonenypmwlthrespecttoVsspln .,. "..... '" -0.Sto ....12V
Storage Te'mperatura Range , ,. . ,-20°Cto+70"C
Ambient Operating Tempereture Range .. , .. . ... '. . ... 0" Cto "'40" C

Cheraeterlsll'"
et 25" C and Vce = +6 Volts Min Typ Mex Units ConditIons

Clock Inpul Maximurr Clock source impedance
Frequency 1.99 2,01 2.0;3 MHz of 1K to Vcc Dr Vss '
Logic '0' 0 -- 0.5 Vorts
Logic '1' Vcc-2 - Vcc Volts
Pulse Width _ Pos, - 200 - ns
Pulse Width - Neg - 300 - ns
Capacitance - 10 - pF VIN::: OV, F = 1MHz
Leakage - 100 - ~A

Control Inpots Max. contact resislance of 1K to Vss
Logic '0' 0 - 0.5 VOlts
Logic '1' Vcc-2 - Vce Volts
Input Impedance - 1.0 - M Ohms PUll up to Vcc
Rifle Input - 1.0 - M Ohms Pull dowl" to Vss

Outputs
Logic '0' - - 1.0 Volt lout = O.SmA
Logic '1' VCC- 2 - - Volts lout'" O,lmA

~BIJPPIYCurrenl - .0 60 "'A at Vee::: +8.5V

ELECTRICAL CHARACTERISTICS

NC'
Hltinpul
ShCII"pul
Resetlnpul
Scofe and Fllllo Oulput
PrllCllc!1

$quul'1
Soccer

Ta>'nl~

Rille Garr.e 2
Rifle Game ,
CloC~ Input
Sync Output
NC'

I j I T'SP'

2201!

~

~ ~, V,
~, •, M, D

1 V,
~

9 ·W ·" ·n n
u ·u •

'Do nol UWllS 1111 poJM

~CONFIGURATION

I
26 LEAD DUAL IN LINE

Toe V

'NC
. IIss!Grount!'

Sound Oulpu
Vco

Ball Anglll
BallOulPu
e.n Speecl

Manual seNtI

Rlgnl F'10'lllrOulpu
Lett PlaYllrOutpu

Right Ballnpu
Lel1 Ba1lnpul

Bat Size
'NC

510!:

I '~TO "ODU,ATOR ",g."
IIHI IIf=:IL 1111-' '·:1111

SYNC SPACE -1 I*~- -U Lr

f"'

I/sS t------Jr-

DESCRIPTION

Ball & Paddle I

FEATURES

• Full COLOR operation (see page 4B~13)
• 6 Selectable Games - Tennis, soccer, squash,

practice and two rifle shooting games.
!II 625 Line (AY-J-8S00) and 525 Une (AY-3-8500-1) VerSions.
II Automatic Scoring
l!I Score display on T.V Screen. 0 to '5
S Selectable Bat Size
III Selectable Angles
• Selectable Ball Speed
III Automatic or Manual 8all Service
II Realism Sounds
• Shooting FotWaras in Soccer Game
II Visually defined area for all 8all Games

The AY-3-8500 ana AY-3-850Q-.1 CirCUits have been designed to
provide a TV 'games' lunction which gives active entertainment
using a s1andard domestic television receive~

The circuit is intendeo to be battery powered and a minimum
number of exlernal components are required to complete the
system, A system diagram Is shown below.

I.=.. ,."..
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Soccer
of intercepting tho ball and redirecting it forward st a new angle
according to the 'player' section wnich "IS used (Figure 2b). If the
ball ie 'sayed' by the 'goalkeeper' or It refJects back from the end
boundary, the same forward will hAve the opportunity to Inter·
cept the outcoming ball and divert it back towardS the 'goRI'.

A 'score' is made in the "soccer" game by 'shooting' the ball
through [he defined goal area. The scorln~ and gsme control is
done automatically as lor the tennis game. The same audio
signals are used to add atmosphere to t.he game.

[~-------~-- ------------1II ILl 12 t

I I
~ (t Fon.ard ~

Goalkeeper J
1!lt'••• Q ••• ~ ~I

t .... ~

'"t-:•••

l _
Flg.2

[------i-ii-I-i~-------l

I L.·····
~I

'11

l l__. J

FIg.2a Reium of "Goel $8I1e"

The "soccer" type game is shown in Figure2, With this game each
particIpant has a 'goalkl1eper' and a 'forward'. The layoul is such
that lhe 'goalkeeper' is in his normal position end the 'forward' is
pOSitioned in the opponent's half of the playing area.

When the game stans, the oall will appear treveiling from one
goa! line towards the other side. If the opponent's forward can
intercept the ball, (Figure 2a), he can 'shoot' it back lowards tha
goal. If the bal[ is missed it will trayel to the other half of the
pJaying area and the first team's forward will have the opportunity

The direction does not depend upon the previous angle of
fncfdence. With the two angle option tha top and bottom pairs of
the bats are summed together and only the two sha!lowl1r angles
are used 10 program the new direction for fhe ball.

The ball will then traverse towards the otMr player, reflecting
1rom the top or bottom as necessary untlllhe oHler player makes
his 'hit'. This action is repeated until one player misses Ihe ball,
The circuitry then detects a 'score' and automatically increments
the COfrl'lct score Counter and updates thescore display. The bafl
wflt then serve automatically towards the slda which had just
missed, Thls sequence is repeated unll! a score of15 is reached
by One Side, whereupon the game Is stopped, The bal! will slilJ
bounce around but no further 'hits' or'scores'can be made. While
the game is in progress, three audio tones are output by the
circuit to indicate top and bOttom reflections, bat ,hits and scores.
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With the tennis game the Picture on the television screen would
be similar to Figure 1 with one 'bat' psr side, a top and bottom
boundary and a center net. The Individual SCOres are counted
and displayed automatically in the position shown. The detail of
the game will depend upon the selection of the options.
Considering the situation where small bats are used and air
angles, after the reset has been applied, the scores will beO, Oand
the ball will servl1 arbitrarily to one side etoneofthe angles.lrtha
ball hits the top or bottom boundary it wi/( assume the angle of
reflection and continue in play. The player being served must
control his bat to intersect the path of the ball. When a 'hit' is
detected by the logic, the section of the bat which made the hit is
used to determine the NIW angle of the ball.

To expl1nd on thIs, all 'bats' or 'players' are diyided logically into
four adjacent sections of equal length. When using thafourangle
option it is the quarter of bat which actually hits which definesthe
new direction for the ball,

48-4
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This game Js Illustrated In Ftg, 5, It has a large target which
bounces tandomly about the screen. A photocell in the rIfle Is
aimed at the target. When the trigger Is Pll'iled, the shot counter ts
incremented and, If the rifle is On tarQet, the hit counter Is incre~

mented, a hit nois~ is generated and the target Is blanked tor a
short periOd, Alter 15 shots the score appears but. the game can
stili continue without add·l",ional scoring.

15

,_._._-----~' -

Rifle Game No. 1

...··········... 15 I D.' .
g" ~. ".. .. .. .. .. .. .

il!llD 0Q•• •••••

---FI9.-;------ -

In this game ililistrated in Fig. 6, the ball traverses the scroen from
Jeft to right under controt of the manual serve button, Olherwlse
the game Is as described for Rlfle Game No.1.

Rifle Game No.2t

..··1
.c" ~

II"

.....-_....----._-------=
I lot

Flg.4

Squash

This game Is Illustrated In Fig,S. There are two players who
alternatoly hit the bell Into the court. The rIght hand player is the
one that hIts first; tt (s then the left hand player's turn. Each player
is enabled alternately to ensure that the proper seCjuence of play
is followed.

~----------~----~---~-~--ILl Ii! t

I
~

t
..... '1...'..•... t

--------------------------FI9:;-------- ---

Practice
Thts game Is sim[lar to squash except that there is only one
player. See Fig. 4.

......
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Flg.10 LOCATION OF DATA OUTPUT PULSES

Vee

30pf

r RF
OUT

UK -:-75U

9O~H

~

This modulator is used in the lab for test
purposes and may not possess the tong term
stability or meet FCC requIrements for
home use.

Vertical

---+--
2 angles :0= 1 line
4 angles:±:: 3 liMS

2 angles ± 2 Ilnes
4 angles;:!::: 5 JInes

20pfJ

::!.; '1.15

Fig.S VHF MODULATOR

Flg.9 ANGULAR MOTION

VIDEO
(FROM

SYSTEM
DIAGRAM)

-
NOTE: Alrn rille at $Core on TV Bnd adjust 1meg pot. lor max. voltage on pin 12 ot the 4099 at a 6fl. d.istancc

TM Voltage fit pin 12 Ill'lOuld bEl 0 when thm9 b. no Ilghl on the TV screen

Fig.7 RIFLE INTERFACE
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DIN 5

RANDO'"
tiNGLE

MANUAl.
FAST/SLOW

MANU/l~

2,~ ANGLES
o

RANDOM BALL SPEEOiRAioiOOM ANGLES

To enhance the excitement and challenge of the \larious gamGs,
this option provide6 random variations of 1he ball speed and
random changes in the ball rebound angle as the games are
being played,

Soccer

Flg.15

r- RANDOM SPEED ~
1,3 OR 0,65 SECONDS

r-~;-----i!-l~-i!--~=-~-~l

hi: .....11 I
fj••••• Ill·
••~ =!.ANDOM

• ANGLE" "'~"'

l ~::~__l !J
Flg,14- - -----

~~L~ a 1 ,"

s~~~~ 0 1 ----,

Sp~~~~ 0 ,,\

~---.. ~o~~

~

FOUR PLAYER CONFIGURATION

With this optlon, the basic two player tennis game can be
expanded to true tour player doubles. Each player is capable of
playing the full width of the court.
A variation of thIs option allows for a three player handicap game
wIth two players agaInst one.

I , 0:~c;.HT

Flg.13
--------~

1 I 1

I I I
-----------.--------------

SV~\~~
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Practjc~

fig." AY-WSOO-1 FULL COLOR IMPLEMENTATION USING AY·3-BS'S·j COLOR
CONVERTER CIRCUIT (SEE PAGE 48,23)

k'" "':-0::'"
Vss \Groulldl 2 21 rillinpul rRiFLEJ

Sound OUlput 3 26 Shollnpul ~

"=' Vee 4 25 R€lsat Input -----~-.-+---.....
f Ball ArlglBtl 5 24 Score ariel Field Oulpul f 1

r=E=
eallOulput 6 23 Practice- l r T01j.JF
Ball Sp(laCl 7 .n SqiJa~tl I

Mllnual Serve 8 2' Soccer ----+---+-..
Right Plltyltr Outout 9 20 TenniS -;:- ~

Lltr! Pllty,H (lulput 11) 19 I Rille Game 2

1.~::t=tj==l=j;:::j=:..'RI9hl Bitt Inpul 11 18 Rifle Game 1
~ L~tBallnput 12 17 Cloc~lnpul---+-'"

...-H-I--- 8alSiz6 13 1(, Sync OUlput ---

NC 14 15 NC

,~d

Flg.18b

Flg.17b

,
~HH!

--i!-------,,,

i
I
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",."" ,0>-----1--~ t~I--~--- 400, 5'a~
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THE AI!OVE CiRCUIT IS US!i.O ASAN Al-rER~ATI'IETO THAT SHOWN ON THE SYSTEM DJAGF'lAM

FIg. 18 GRAV BACKGROUND
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BLACK AND WHITE BATS/GRAY BACKGROUND

This option pro'o'loes an added tactorforplayertaam recognition.
The field or court is produced 8S egray background with the bats
In black and white. This option Is particularly helpful for the
squash game where the players are positioned close together.---

Flg.16a

Flg.17e
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WHITE, RIGhT ~EFT

F.ILACI< PLAYER PL~Yt:R

SAT OUTPUt OUTPUT
SElec"

III
II

*Exceedlng tnese ratings could cause parma·
nent demage ~unctional operatIon of these
devices at Ihese conditions Is not Implied 
ooerating ranges are speCified below

" ~0,3to"'12V

..... _20°Cto+70°C
.,0"CIo+40°C

chlllracterl.llca
81 25" C and Vcc :: +6 'Iolla Min Typ Max Units ConditIons

Clock Input
MaXimum clock source Impetlance

Frequency 1.99 2.01 2.03 MHz Of 1K to Vee or VSS '

Logic '0' 0 -
I

0.5 Volts

Logic ',' Vec-2 - Vee Volts

Pulsa Width - Pos, - 200 - "'
PUlse Width - Neg. - 300 - "'
Capecllance - 10 - pF VIN"OV~" 1MHz

LeaKage - 100 -- ~A

Control Input.
Max. contact reslslance of 1K to Vss

Logic '0' 0 - 0.5 Volts

Logle'1' Vcc-2 - Vee Volts

Input Impedance - 1.0 - I M Ohms Puil up to Vee

Rifla Input .- 1.0 - M Ohms Pull C10wr to Vss

Outputs

I
Logic 'a' - - 1.0 Volt Ioul 0: O.SmA

Logic ',' Vcc-2 - - Valls lout:: 0.1mA

Power SUpply Current - 40 60 ",A at Vee:: ..g,5V

Standard Conditions (unless otherwise noted)

Vcc:: +6 10 +7V
Vss" OV
Ooereting Temperature (TAl =' DoC to ....40°C

Maximum Ratings'"
Voltege on any pIn with respactto Vss pIn ,
Storage Tempereture Range ..
Ambient Operating Temperature Renge ....

E~ECTRICA~CHARACTERISTICS (PRELIMINARY INFORMATION)

R!gt!! bat V""rtl~llnputlLettBet VeTtlcallnput ll',l~J ....n ~~IJ
netwDrk connected to each of these inputs controlS the varticai
positior of lhe bats Use a 101< resistor II' series with each pot.

Bat Slt.e (13) This Input is lett open circUit (LogiC '1') to select
larfle bats and eonnected to Vss (Logic '0') to select small bats
For a 19" T.V. screen. large bats ara' ,9" and sm~1I bats are 0.95"

high
Right Bat Horizontal Input/L.ett Bat HorIzontal Input (14,15)
An R~C network conn€cted to each of these inputs controls the
horizontal positlor 01 the bals. Use a 10K resisior in series with
each pot.
Sync Output (16) Tl1e T.V vertical and norizontal sync Signals
are output on Ihls pin, Sync must alweys be one of the signala
inGluded i" the composite video to the modulator See Fig. 10,

Clock Input (17) The 2MHz msster timing clocK IS input to this
pin. The exact freouency is 2.012160 ±1%

Rlfle Game 1, Rifle Game 2. Tennis, Soccer, Squash, Practlee (16
thru 23) These inputs are normally lett open circuit tlogic '1'}
and are connected to Vss (Logic 'a') to selecl the desired game

Field output (24) Tna field VIdeo signal IS output on tOlS pin.

Resel (25) This inpul1s connected momentarily to Vss (LogiC '0')
to reset the score counters and start a new gama, Normally left
opan circuit.
Shollnput (26) ThiS Input is tlnvor oy a oosltlve pulse output oy a
monostable to indicate a "shot"

Hit Input (27) This input IS driven oy a positive pulse output of a
monostable wnich Is triggered by the shot Input it the target is on
the sights Of the rifl€

Composite Picture Data (28) ThIS positive going output is the
sum of the picture data forthe bats, ball, field and score snd can
be used In lief., 01 the data on pins 9,10 and 24 ThIs signal and
Sync are the only slgnels required for blaok and white ooeration
(see Fig 12)

NOTe:' The "Shot" end "Hit" Inputs have on-chlP l'ull-down resIstors to Vss. All otner Inputs (exceot me "Bat" InPlJts) ha...e on-ehlp pull~

up resistors to Vee'

~orlzontal Motion $elect (1) When connected to Vss (Loglc'O'),
the horizontal motion controls a~a enablod. open clreult fixes
paddles. at baselines for vertical motion onlY·

....5S (2) Negative supply Input, nomInally OV(GNDj,

sound Output (3) The hit (32ms pulse/976Ht.tonl3), boundary
reflection (32mS pulse/488Hz tone) and score {32ms
pulse/1.95KHZ tone) sounds ere output on this pin.

'Ice (4) POSitive supply input.
B.II Anglell (5) This. Input IS lett open CirCUit (LogiC '1') to select
twO rebound angles and connected to Vss (Logic '0') to select
four rebound angles. When two angles s.re selected they are
::t: 200, when four are selected lhey are ±. 20° and ± 40°. See

Fig. 9.
WI\lle/Black Bat select (6) ConnectIon to Vee (Loglc'1') in...erts
tne right player output tor black right player. This input is pulled
to Vss so this circuit may be used In AY·3-8500/8500~1 sockets.

Bill speed (7) When this Input is left open-circuit, low speed IS

selected (1,3 seconds for baH to tra... erse the screen). When
connected to Vss (Logic '0'), the high speed option is selected
(0,65 seconds lor ball to traverse the semen).
PAlmUlI serve (8) Thir; Input Is connectea to Vss (LogiC '0') for
automatic servIng, When left open circuit (Logic '1') the game
slopS aftor each score. The serve Is Indicated by momentarily
connectinQ the input to Ves'
Right Player OutpuUL.eft Player Output (9,10) Normally pOSitive
going video sIgnals representing the right hand playar (paddle,
~ore, and when playing Squash, the ball when it is therighi hand
player'S turn to hit) and the le1t nand pleyer (paddle, score, and
ball _ except that in Squash the ball is output only when it is the
lett hand player's turn to hit). When connected to Vee' th€oulDut
is negative going with the "off" state at Vcc ·

48"5

piN FUNCTIONS

PIN CONFIGURATION
28 LEAD DUAL IN LINE

Top V'ew

Horizontal Motion Salllc\lnpu1 ~eICOmposite ~iclu'B Oata
V5~ (Ground) ~7 Hit Input
Sound O...tput ;:5 Sho\lnput

vee 25 Rilsallnpl./t

Ball Angles 24 Field OUtput
Vlhllll/Blllck Bat Selecl ~:l Practice

68.11 Speed 22 St:lua~h

Manulll&l\Ie 21 SoCClIr

Righi PlaYllr OUlpUl 20 "'ennlll
I..flf1 Playe' Oulpu~ '0 19 !:litla GamB 2

Right BAt Vanlcallnput l' \8 !:lllie Gam~ 1
Left eO\ Vortlcallnpul 11 Clock Input

Bot Sin 16 Sync Output
F'ligl11 Bat "jorllonlallnpul 15 Left Bal Horizontallnpul

The cIrcuit Is Intended to be oattary powered end a 'TlinimufT'
number of external components are required to complete the
system. A system diagram is shown below

E~'~btb b( I"" f""
RI~LE

.1' e~g~"

f'

'OC~l I I~ I ,,~,;,osc
,~ 10,""'''0' Jill 1 1 C J

',,1 I I j I 11 1 J II 1 ..J.I I I :

SEE FIG 12 FOR BIW IMP~eMENTATION

SEE FIG 14FORCOLCR If,1PLEMHlTATIOi'<

COMPOSITE
~ICTUA~ O.... TA

1 _

SYSTEM DIAGRAM

FEATURES
IfI Full COLOR Operation (see page 4B~22)

iii 6 Selectable Gamee· Tennis, soccer, squash, practice
and two rifle shooting games

/I 625 LInE! (AY~3~8550) and 525 Line (AY~3~8550~') versions
iii Selectable horizontal motion
II Special Composite outputs for color coding, players and

score, ball and boundaries.
III Automatic Scoring
II Score display on T,V Screen. 0 to 15.
/I Selectable Bat Size,
III Selectable Angles,
II Selectable Ball SpeeCl
iI Automatic or Manual Ball Service
III Realism Sounds.
II Shooting Forwaras In Soccer Game.
I! Visually defined area for all Ball Games.

e Score color-cooed to player.
II Ball output coded to player in Squash
II Practice game scores both hits and misses
II Composite picture data on one pin, and IndiVidual video

slgt'18ls for color,
/I Pin compatibla with AY·3·8500/8500~1

DESCRIPTION
The AY·3·6550 and AY~3-8550·1 circuits have been deSigned to
provide a TV 'games' lunctlon which gives active entertainment
using a standard domestic television receiver.

Ball &. Paddle IA

13 AY·3-8550 AY-3-8550-1 I

\§.

:~

~
L ..



Tennis

t

of intercepting the ball and redirecting it forwaro at a new angle
according to the 'player' section which is used, (Figure 2a) If the
ball is 'saved' by the 'goalkeeper' or it retlects back from the end
boundary, the same forward will have the opportunity to inler~

cept the outcoming ball and divert it back towards the 'goal'.
A 'SCOn3' is maoe in the 'soccer' game by 'shooting' tne ball
through the defined goal area The scoring and game control is
done autornatically as for the tannis game. The same audio
signals are used to add atmosphere to the game

0
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GIG) 8«1
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0
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00 .... 1£10
IllI!lI/!llll!lIllllllEliil_l!IIIlIlI'J __~=_

Soccer
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The 'soccer' type game is shown in Figure 2, With HIlS gameeacn
participant has a 'goalkeeper' and a 'forward', The layout Is such
that the 'goalkeeper' is in his normal position and the 'forward'
can be positioned in any part 01 the playing area,
When the game starts, the ball will appear travelling tram one
goa! line towards the other side If the opponent's forward can
intsrcept the ball, (t:=lgure 2a), he can 'shoot' it back towards the
goal. If the bell is missed it will travel to the other 'lall of the
playing area and the Ilrstteam's forward will haVe the opportunity
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The direction does not depend upon the previous angle of
Incidence With the two angle option the top and bottom pairs at
the bats are summed together and only the two shallower angles
arE) used to program the new direction for the ball.

When "oflzontal motion Is selecteo. the players are restricted to
the proper side of the net.
The oall will ther traverse towilrds the other playel, reflecting
from the top or bottom as necessary until the other player makes
his 'hit', ThIs acfior is repeated until ana player misses the ball.
The circuitry then detects a 'score' and automatically increments
the correct score counter and updates thescore display, The baH
will then serve automatically towards the side Which had jusl
missed This sequence is repeated until a SCore of 151s reached
by one side, whereupon the game Is stopped The ball will still
bounce around but no further'hits' or 'scores' can be made, While
the game is in progress, three audio tones are output by lhe
circuit to indicate top and bottom reflections, bat hits and scores.
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With the tennis game the pIcture on the television screen woula
be similar to Figure 1 with one 'bat' per side, a top and bottom
boundary and a center net. The individual scores are counted
and displayed automatically in the posltlon shown. The detail of
the game will depend upon the selection of tne options Con
9idefing the situatJon where small bats are used and ali angles,
after the resel has been upplied, lhe scores will beO, Oand the bait
will serve arbitrarily to one sidaat one of the angles. If the ball hits
the top or bottom boundary itwill 8asume the angle of reflection
and continue in play. The player being served must control his
bat to intersect the path of the ball. When a 'hit' is detected by the
logic, the section of the bat which made the hit is used to deter
mine the new angle 01 the ball.

To expand on Ihis, all 'oals' or 'players' are diVIded logically Into
four adjacent sections 01 equa/length. When using the four angle
option it is the quarter of bat which actually hits which defines the
new direction for the ball.
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Squash
This game Is Illustrated In Fig 3. There are two player3 who
elternately hit the balt into the court. The right hand pleyer is the
one that hits rlrst; it is then the left hand player'sturn, Each player
ls enabled aiterrrately to ensure that the proper sequence of play
is followed. The ball Is colored to the color of the bet of the next
player who's to hit lhe 'ball.

Rille Game No.1

This geme is Illustrated m Fig. 5, It has a large target which
bounces randomly about the screen, A photocell in the rifle is
eimed at the target. When the trlggerls pulled, the shot Counter Is
Incremented and, If the rifle Is on terget, 1he hit counter Is
incremented, a hit nolse Is generated and the target is b(ankedlor
a short periOd, Atter 15 shots the score eppears butthegame can
still continue wlll'1out additIonal ecoring

111 15

Practice
This gt:mG: Is "fffiila.r to squash ~xcapt that tliei6 is onlY' Gne
player. See Fig. 4. The lett score counts misses; the right score
counts hits The game ends when either ".Sll1issesoccur Of when
15 consecutive hits are made without II miss. The right score is
reset If it Is not 15 and a miss occurs

r------iiii--iiilf-:------

l :~::::~ _
Flg.4

Rille Game No.2
',n thi$ game, iliustr&ieci In Fig, 6, th6 ball ti6varsas tho screen
from left to right under control o1the manual seNe button. Other
wiSe the gama Is as descrlbed for Rlile Game No.1.
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Vertical

ThiS modulator IS <,lsed ll"l the 'ab for test
purposes and may not possess the long term
stability or meet FCC requirements lor
home use
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CLOCK OUTPUT
The AY.3~8515·1 generates a low Impendance2,045MHz clock. to
directly drive the game cnlP without external components

48-23

Fig. 1 COMPOSITE VIDEO OUTPUT

'---lPIN CONFIGURATION
16 LEAD DUAL IN LINE ropv,a...

cr-1

,p ",",'::~ ::~ :i::d':~::~:o
~PVrd80 II' d3 "1 SyrlC If'

::~q; "~J' ::::::" do< ~.
:3~1MHi: r 6 '\ Sccce-' ~ :

-!u~ Adlu~t 7 '1) TenniS

Video Ou'. _'__' J P,,,,,,,, ' " C,

CONNECTION DIAGRAM ... ,

1-- "ss VHj~~~~ 16 \PIN 61 ~
'::; 'f'lr-liD) <1 L'''VldM In F'SI(! 15 (PIN 2.41

V,CSO In

IPII~ ~I 3 I'll' Video In SY1C In 14 \f'I,'llij> '.;:.';

'00 "°""6;\ " "" ''l '~',!
Squash 12 (PIN nl ' "~

3,S7MH;: Soccar 1i lPIN21l I, ';
Hu~ Adlust "~M'~ tQ (PIN 20\ ~

I V,,", DO< ,,,,,,,, '- "'"'' "

__ TcMoO""lalar '.

CLOCK INPUT
The AY~3-8515M1 operated directly from a 3,579MHz. crystal
input. A variable capacitor wIth e range 01 3 to 15 pF should be

used 10 tune the crystal.

In order to assure the correct video levels, a 1K variable
potentiometer should be used to aajust the output to amaximum
pf" volts and 5 minimum of 2 voits,

PRELIMINARY INFORMATION

Grounded
Select lBackp Righi I LeU

Input ground Field Player Player

1 Tennis Greer Yellow Orange Magenta

2 Soccer Blue Cyan Cyan Yellow

Blue Green

3 Squash Brown Magenta Blue Cyan
Green

4 Practice Cyan Green Yellow Brown

Green

Colors may be adjusted for system veriations by the chip hue
Control Which varies the pt1asa delay of the color ol.ltpuls.

For games inr,orporating rifle. selecl input 3 may be connected
by diodes to the squash select and practice select Inputs of the
geme circuit, and select input 4 may be connected by diodes to
the two rifle Inputs
Lumlnesence Levels: The luminesence levels of the various
signals in the composite video output have been selected to
provide black and white compatiblity. The field and left player
signals are set to near white levels, the right to near black, and the
baCkground Is set at a mid level to show gray
Figure " shows tne typical composite video waveform from the
clrClIi!.

OPERATION
1M AY-3-8515-1 provides a color composite Video signal with
color burst envelope and sync for Input to the AF modulator of a

TV game.
sync: The sync Input from the AY~3-B500-1 or AYp3~8550~1 is
reconstructed In the color circuit and pro\'ides both front and
back porchs to insure correct operation In color TV cIrcuits,

Color Burst: A color burst sIgnal, containIng ten cycles of the
3.579MHz color reference, is supplied after sync. Tha color phase
of thO: burst Islntarnally selected by the game select inputs with
respect to the phases of the background, right player and left
player so that differen1 colors may be rendered for each game.
This color change may be affected with no external components
for ball and paddle games and only requires the addition of two
diodes when target games are also selected.
The color Durst IS followed by an appropriate olanking interval so
the TV set will not lock on to the baCkground phase,

Video Inputs: Four video inputs are provIded on the AY-3-B515-1
These are: field and score, left player, right player and ball. When
operated with the AY~3-8550-1. the ball input should be

grounded.
Video Output: After sync, color burst and otanking, lhe Video
consists of background, field and score, right player, left player
and ball. 'fhe ball output is always white. In the absence of other
signals, the background is output.

The color outputs are:

Color Conl/erter I
DESCRIPTION
'fhe AY-3-8515-1 is a single N~Channel MOS circuit which
accepts the video outputs of tne AY-3-850o-1 and AY·3-B550~1
game circuits and converts the black and white signals to a single
color composite video output. The colors of the background and
paddle outputs are selectively changed directly by the game
select inputs. The circuit elso provides. as an output. a 2.045MHz

clock for the game chip,

,lSI AV-3-851S-1 ]

...--

2700

FIELD~

2700

SYNC~TOMODULATOR

270fl

LEFT 1,OK
PLAYER O------Al\l\~

RIGr(l 21M
PLAYEP o---..!I..IV\~~_

GRAY c-----? V
C
(

SELECT

TO
\10DULATOR

2,71<

400'

FIS. 14 AY·3·8550·1 FUll COlOR IMPLEMENTATION USING AY·3-8515·j
COlOR CONVERTER CIRCUIT (SEE PAGE 48·23)

~

II

.d _ J
,1

a20p~1 1~2ap;:

Fig. 12 aLACK ANO WHITE IMPLEMENTATION Fig. 13 BlACK ANO WHITE IMPLEMENTATION
USING COMPOSITE PICTURE DATA SIGNAL USING INDIVIDUAL PLAYER SIGNALS

(White Bells) (Bleclt and WhUe Bats/Grey B!:'Jckground)

SYNC
(PiN '6)

COMPOSITE:
?ICTUREDA"A~ ---A2:~~

(pIN2el ~-vvv I
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rennlS
Hockey
Squash
Practice
Griobal)
Soccer
Bn5Kelbal'
Basketl::all Prac:ICB

4B~25

Cloc'/( \npUl- 3.579MHz

All SignalS are prflsent 'r U1e circUli to generate a composite
video Signal wetll sy1C, color Durst and blankmg. Tt,is single
video signal prov'ldes Hw Input to the game R~ modulator

Vloeo outpUI$ are brovided for eaen of tha two player bats and
thelrs.cores. Hle boundaries. backgroCincl, sync and blankIng. As
shOwn \1" the System Diagram, the ratio of the particular output

resistor with R' sets the lummance level
Ir aodition to the above outputs. a color burst locator output IS
prOVided for use wl'1ere exter;1al color generation IS cleslred. The
signal locates the position \n thp 'l/;'lvetorm behind the sync

pulse

Video outputs
Right bat, score and ball
Left bat, score and M.I'
Boundaries
Backgrouna
sync
BlanKing
Color burs'l loca'cr

scori1'l9
All twop\ayer games Will termlnale wilen one player has 15 pOints
at wr,IOh time the score will flash and the bats have no further

effect on the oalL

soundTone of approXimately 500Hz, 1Kz and 2KHZ will be output 10r e
nominal period of 32msecs for Mil hits wall. b~1I hits bat and
score. The output IS capable of directing drivIng 100 ohfT'

soeaKels

The game selections are defined as

SfR 1/SEL.. 1
ST~ t{SEl '2
STR 1/SEl 3
STR 'l/SEL 1
STR 'l/SEL '2
sTR 'lISEL 3
STR 3/SEL.l
STR 3/SEL '2

FUNCTiONS

OPERATION

6BI\ Motion
In all games, the ball starts at slowspeed. If the nigh speed mooe
has Mer, selected the ball with swi!cr to high speed after 7
consecutive hits by the players without a goal being scored.

"The oats will tie se;gmenled mto 5 ;tOr'les, oaeh ;zone dehfl\ng a
dHterent rebound angle. The zoMS listed lrom top of bat to
bottom are nominally 40" up, 20Q up, hor'zontal. 20" down, 40"
down. A ball passIng thloU9h a lorward 'rom behind will haVE! its
angle Influenced as above, but not its left/right direction

Game select Input&/OutplJIO
Strobe "'l
Strobe :2
Strobe :3
Select Input 1
Seiect Input 2
Select Input 3

Game: selectIon is maCle by the intcrconnectior of one 0· the
output strobes, STR 1. STR 2. or STR3 with one of lhetnree input

selection lines SEL "', SEl. 2, or SEL. 3

(iOnlro1 Inputs
Algh t playar vertical contrOl
Rlgr.1 playal hO~t7.0n1al control
Loti player vertical control
Lett player hOrlZOn1s! control

f2,ight player serve
Lefl player ~erve
fMttt player bat .size
Left player bat Size
High speed bAli inhibit

Garno reset

The game IS reset with scores set to zero aM ball returned to the
service pos\'(ion by momentarily connecting the reset Inoui to

VS',Bal size can be SfllBcted as BIther 15 or 30 lines in height
individually for handicappmg purposes connection of the bat

sIze input to Vss selects small b~t
Bat positIon is set by a variaole resistor ano capacitor connected
as shown in the system Diagram. A 10K o~m resistor must be

placed In series with the oolentiometer.

v~c

PIN CONFIGURATION
28 LEAD DUAL IN LINE

,c

LHI-I---------,

"'

':~~~~1---------'='---1

AV-3-8600.~~1
.~

LEFT r"LAYER

NO

Vee

:)
+- I 1

8
, GAM'

; \ SELECT

. . . ICOLOP BURST

~SYNC

RIGHT PLAYER
'H~ 1Q1:1'SERVI! 1 -Vee:

s:~;:: - I I! 'OK "K Ul.
eLANKING :::::.111 ~O<JK~OOK~OOK~OOK~ 80UNDARY 6ALl SPEED !
~

Po:!\) .~ eltl 33 F

V(oto pUl T" I"' T,r T' "fO MODULATOR

'=' "::- ~ =

VC(:~.A.!'..

Ball & Paddle II
FEATURES
II Full COLOR Operation (see page 48·32)
• Eight selectable games -tannis, hockey, SOCCE:lr, squash.

practice, grid ball, basketball and basketball practice.
s 625 Lme (AY-3-8600) and 525 Une (AY-3-8600-1j ve.-sions.
S T.V. raster generator
• Color or black. and w/'tite operation
III Two axis player motion
• Automatic on-screen scorIng, 0--15
!J End of game indication ,flashing score)
• Realistic ball service and scoring
• Score color keyed to player
• Independent player selectable bat sl26 for handicapping
• Fast ball speed inhibit
III Five segment bats giving ;c: 40Q

, ."!: 20". and horr~ontar

• Sound outputs tor hit, rebound Bnd score
• Shooting forwardS in hOCkey and soccer

DESCRIPTION
The AY-3-8600 and AY-3-8600-1 Circuits have been desIgned to
provide a TV 'game' function whIch gives active entertainment
using a standard color or black. and white domestic television
receiver.

The circuit is Intended to be battery powered and a minimum
number of external components are requirAd 10 complete the
system. A system diagram Is shown below

TopV,l'>Wr--V--I
~s.·' 28 se'~el lnolll 1

5~nc 2 2/ s.:lecll~pul 2
BI3.oklng:} 26' S61&CI lo~ul3

Color 8UI~1 4 l~ ;>Ireba T
B~r.l<Oround _. ~ ~., SlrOb~ 2

,'"""',, -I; ""''''''~~,rl VII;lco; U D~ ~Ol conncci

RI~hl V,ceo ~ }1 . B)II Spe1l11 inl,,~"

::I.S7s-MH~ CIQCli; In S 2J ~ I'liql'! a~, Size
Loll "'IOllZOnla\ In 10 l~ J LO!1 BUI Site

L'l'lIVerllcolIn 'I 'B Rani

l~lt~"'c 12 ," ., Rlll!'.\Sl! ....<\l ""~::,:~:;~ :;.._". I

I sYSTEM DIAGRAM
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Tennis Hockey

TtllS game uses a plaYing area as shown In Fig. 1. Eacn player can
only move around his side of the court The game willstort when
the player whose turn i11s to serve, depresses his seTlllce button.
The service will Elutomatlcally change every five pointsscorad. AI
:lervice the ball will move away from the seTllice point with a
random angle but always toward the net

This game uses a playing area Elsshown In Fig. 2. Theforwards on
both sides have freedom to move over the entire playing area.
The goal keepers will be locked In the horizontal axis in front 01
lheir respective goals but will mo....e in the vertical axIs In the same
manner as the forwards.
The game starts when both playersllavf3, depressod tMelr servIce
buttonS The ball will move away !rorr the face off point with a
randomly selecled angle If' either direction.

48~26
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Squash

t
g

Tnls game usas a playing area asshown In Fig. 4. Eacn player can
move over the whole court. The game will slart when the Player
whose service it is. depresses his ser'llce button, The ball moves
off with a random angle toward the Irani wall. The colorol the ball
will change to the color code of the flext player to hit the ball
Should the wrong player Intercept or be hit by the ball it will be
considered a fault Points wlll only be given if won on player's
own service Points won on opponents serve wilt only cause a
service change
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Soccer

Thrs game usas £I playmg area as shown in Fig. 3. Tha motion of
the players is as In the hockey game. The game will start when the
loser of the previous goal depresses his service button. The ball
will move away from the kickoff point With a randomly selected
angle but always towords the goal of the winner of the previous
goal
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Practice

This game lS a Single player squash (See Fig. 5) The rightscore
COunts the number 01 successive rllts in the current game (to a
maximum of 15), the left score the number at volleys played.
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The basketball games use the closed playing area as snown In
j:'ig. 7. The players must deflect the ball and cause it to enter the
lop of the goal to score. The game starts when both players
depress the service buttol"'ls, The ball moves from Ine serve point
with a random angle in either direction
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Basketbali
Practice

Bas~elbali practice IS a one player game which utilizes only the
leH basket a6 shown in F"ig 8 The right counter displays the
number of hits the player makes without scoring whlle the loft
COunter shows the number 01 baskets made. Play starts when the
right serve button ;s depressed.

Gridball
This game uses a plaYing area as shown in Fig. 6. Each player has
throe sets of verticallY moving barriers to block the ball from
approaching his end and opening In the barriers to permit the ball
to advance toward the opponent's end. The game starts when
both players have depressed their service buUons. The balI
moves away tram the face off point with a random angle in either
dIrection.
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'OUNP'R'''~
RIGHT~_

F'~A.YEA

~EFT 0-----
PI AYER

BL''''~'K\NG~

BACKGROUND

Grounded
Right I

Select Back- Le"

Input ground FI~ld Player player

",M' JSoccer Gfeen YelloW Orange Magenta

2. Gndball, Blue Cyafl Cyan YelloW

Hockey alue IGee.'
3, Squa.sn. Brown Magenta Blue Cyafl
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PRELIMINARY INFORMATION

CLOCK INPUT
The AV-3.8615¥1 operated directly Hom a 3.579MHz crystal
',nput. A variab'le capacitor Wlttl a range of 3 to 15 pF should be

used to tune the crystal

opeRATION
The AY.3-86i5-1 DrO~,\des a color composite vlc\ao signal Witri
color burst envelope and sync for InPut to Ihe RF modula.lor of a

TV game.
Sync: The sync Input from the AY_S_860D-1 IS reconstructed ·In
Ihe color clrcuit and provides both front and back porcheS to
Insure correct operation In color TV cir;::ui\s.
Color Burst: A COlor burst Signal, containing ten cycels 01 ttw
3,579MHz color relerence is supplied filter sync. TM colorphas

B

Ol the burst IS '.nternally shifted by the game matrix inputs with
respect to the phases of the background, rigr,t player and left
player so that different colors may be rendered tor each game
Tnl5 color change may be affected with no external components.

The color burst is followed by an appropriate planKing Intervalso
tne TV set will nol lOCK on to the background pnase

Video Inputs: Six vloeo inputs are provloed on the AY¥~8615·1.
TI1ese are: field, background. color burst locator, left player, right

player and b\8f1Klng
Video Output: After sync, colbr burst aM olanKing, the Video
consists of background, field, scores, right player, left player and

ball
Colors may tJe adjusted lor system variations oy the chip hue
control which varies the phase oelay ot tM color outputs,

Lumlneaence Levels: The luminesence levels of tile variouS
signals ifl \I:le composite Video output nave been selecreCl lo
provide blaCK and while compatibility The field and lell player
signals are set to near white levels, th€ nghtto nBar blacK, 3nd the
background is sel at a rnid level to snow grfly
Figure 1 shows the typical composite Video waveform from th<J

circuit
11'1 order to assure Ine correot Video levels, a lK vanable
potentiometersnou1d be used to 3Cljust the output to a ma1:imum

01 4 Volts and a mInimum of 2 Volts.

CLOCK OUTPUT
The AY.3-8c.15-1 genera1es a low Impedance 3.579MHz clocl': \0
oirectly drIve lne game cnlp without external combonenlS.

DeSCRIPTION
ThB AYK3-8S1S-' IS a smgle N·ChanneJ MOS circUit whlc,",
accepts th~ video oUlputs of tne AY_3_8600-1 game circuit and
converts the black and white signalS to a !;ingle color composite
v,dea output, The colors of the background and paddle outputs
are selectively changed directlY by the game seled matrix The
circuit also provides, as an cutout, a bullared 3.579MHz.clock for

lhe game chiD.

Color Converter TI
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ViDEO SiGNAL OUT~UT

4B·~S

All sIgnals are present in the clrcuil to generate a composite
video slgnel with a w;Jveiorm whiCh Incltldes composite blanking
and color burst envelopEi. Tnls simple Video signal provldEis the

Input to the game RF moaulator.

The luminance laveis are set oy thE) ratios of the resistors shown
in the System Diagram. This output configuration orovides
maximum flexibility to the usa who CBn set, at his optIon, either a

positive or negative sync,

Five outputs are provided: sync, right player, left player. back~

,.,rl)und and blanking. The right player output includes the tank

"col, right player score, shells fired by the right tank, shell
__ rst from rIght tank. shells end mInes. The left player output

includes the left tank, lett player score, sl'1el1s fired by the left

tank, rete tank shell bursts and fixed barriers

It 15 recommended that one tank be displayed In white. one trl

tliack, and the background in grey.

The blsnklng and olack outputs are shown connected 10 a single

resistor Since the modulation level IS approximately Ihe same for

both.

In addItion 10 the preceding five outputs, a color burst localor IS
provided to enable users who wish to provldfl a color baCkground

to locate the color burst envelope at the correci waveform

position aftar the sync output

CLOCK 4.09MHz

If'I FUNCTIONS

VIdeo outputs

RighI player tank, shell, shElIl burst. score and mines
Left player tank, shell, shel', our9t, score and fixed barners

BlankIng
Background

Sync
Cotor burst locator

Clock Input

4,OSMHz clock Input

power Input

Vcc positIve voltege
V

ss
substrate (negative) voltage

control Input" end OutputB

l.ett track torward
Left track reverse
Right track 1orwaro
Right track reverse

Fire gun
Control strobe 1
Conlrol strobe 2

Game reset

soUnd outputs

rsnk 1 motor
rank 2 molar
E1flarrng and track squeak

~ploslOn envelope

Gun lire envelope
ExplOsion and gut'" fire noise

-~'"

---------------7 c01ol6u~~O~O
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Battle I

SYSTEM DIAGRAM

'''~h

FEATURES

III Two Independently controllaole taMs
a Tank explosion and sounds wher"l l1it by shell or mine
III Exploding mines
N Shell firing and burst Video and sound
• Ttlree forward and reverse tank speeds
• 32 rolatlonal angles
6 Fixed larrair" barriers
• Realistic tank sounds
II Automatic on·scrae" scoring
II Scores color keyed to player
B'I 625 Une (AY-3..a7CO) and 525 Line (AY~3-87Do-1) Versions

DESCRIPTION

Tile AY·3·8700/8700·1 circuit is a "tank batl'rB game" and hes
been designed for two players where each player has a
completely steerabJe tanK with forward and raverse speed
control and a firing button. A(ltl~lank barricades and mines are in
the battlefield to relard each tank's progress while under baIlie
conditions. The object of the game IS to score a.$ many hIts on the
enemy tank as possible. The iirst player to reach 31 hits ends
game. Trle circuit is designed to be used with standard domestic
television receIvers. The AY~3~8700/8700·1 is manufactured in a
28 pin dual·u"'·line pac~age and csn be used In battery systems
with a minimum numbar of components to provide a complete
game.

~B-34



48·37

GUN FIRE SDUND .1
Gun fira sounds are produced mixing the noIse output with the
tire output. Tha fire output should be filtered and mixed with the .. :
noise output as shown In the System Diagre,m. ,

SHELL BURST AND TANK EXPLDSION SOUNDS ~
Shell bUl1lt sounds are produced when 8 shell teaches the end of
its range or hilS a barrier. Tllnk explosion eounds are produced
when a tank hltfJ a mine or Is struck by a ahell. The$6 $Ounds are .,.., .
generated by filtering the hi1 output which is an open drain FEr to
VN and usIng the filtered oul.put to gate the nols6 output. A typical
circuit is shown in the System Diagram.

RESET
The game 15 reset by momenterily connecting Reset Input to V~
through an $PST pushbutton. On reest, the scores arecleared to
z.ero, mines replaced and the tenkS reset to the upper left and
lower right comere. in the stationary condition.

on his opponent's tank or the opponent'a tank hits a mine. The
game ends when either playar scores 31 points.

ENGINE SOUND
Outputs are provided for the engine $Ound asaoc::lated with each
tank. Four motor frequencies al'$ provided; three lor the three
apeed ranges and one for stationary condition. A typical sound
circuit for fHterlng each output is $hown in the System Diagram,

SOUND OUTPUT

GENERAL
Ttte sound outputs produced by the circuit ere low Irequency
typical ot IMose a9Socfated with heavy equipment motors and of
6..p[05lona. it is recommended that the sound be reproduced
througM the TV set or In a large .speaker BO the lull rlchnesaoftMe
sound can add the pfopar atmo;phere to the gemEl,

o ,ElCPLOSIONS (VIDEO)
Shf" Bursts - shell burst pattems are produced when asl1Qllls
,I end of range or when the shell makes contact with a bsrrler.

r.nk expl~lons - a tank wilt explOde and lragmentwhen a tank
hili a mine or Is struck b)' a shell.

SCORING
Separate scores, color coded to the tank. ere indicated lor each
player, A player'S score is incremented when his tank scorMfI, hit

SHELLS

FIring - connection of the gun fire Input to e strobe output With a
SPST normally open pushbutton switch causes the firing of a
tan"'- gun and release ot a prOjectile The firing rate is approxi·
mately once every four seconds and the refire requires releaseo!
the button and redepression Depression made during the four
second inter/iring time are ignored by the circuit.

When a shell IS In llight. the rotation of the tank wlll cause the
shell to follow a curved trajectory in the direction of tank rotation.

Range - the range 01 a shell IS aporoXlrnately 2/3 Of the screen
length or width dependent on firIng angle.

Size - the shell IS a 2>:2 bit dot

8AlTLEFIELO BARRIERS

Fixed Terrain Barriers - a minimum of twelve oseudorandom
fixed terrain barriers are on the battlefield to both Impede the
progress of the tanks and provid€l protection from shells. When
coming in contact with a barrier, the tank stops and cannot be
restarted for two seconds. The operator must then reverse his
direction or turn the tank to clear the barrier belore proceeding.

Mmes - SIX mines are distnbuted On the battlefield. Hitting a
ffilne WIth a tank causes the tan"'- fo el':plode and become
stationary with its gun Inactive tor a period of 2t04 seconds, The
mine then venishes for the duration of battle. A mine being hit
SCOrl'lS a hit for the enemy tank.

Bmner Sizes - barriers and 'llines are 4)(4 bit square mlntmum
size.

"3
3

~, 15
'lIliliilLlii! ......

III 0 ... 0 IlII

::I>-

l1li III

III 0 a&.I ~_ rJIi
ill!

0
Ii .. III

-<II:
0 II III 0

OrIentations
Direction of travel and

firing angles
Forward speeds
Reverse speeds

Control - The tanks are controlled by connecting the appro~

prlata strobe outputs to the track inputs. Forward motion IS
achieVed when both the right and left track forward Inputs are
connected 10 the strobe, On connection, the tank will advance in
tow speed. If the connection is held, the medium speed will select
after one harf second. Atter another one sacorld of connection,
high 5peed is selected. Breaking the connection when any speed
is echieved will cause the tank to remain at the selected speed.
The controls should each be single pole double throw center off
momentary switch.

The tank can be made to go through the three reverse speedS at
ona second intervals by connection of the left arid rIght reverse
track Inputs to the approprlete strobe output. Tank rotation in a
clockwise (right turn) direction Is caused by connection of the
left forward and right reverse trac~ inputs to the strobe while
countercJockwJS8 (left turn) direction is clJused by connection of
the jeft reverse and right forward track inputs 10 the strobe. The
tanka are able to turn whileeltherin forward or reverse speed and
rotate when stationary

Tank Delalls

Definition and resolution 64 bits taxa) or 8/100
of TV screen width
32

DISPLAY SYMBOLS AND CONTROL

TANKS

Baltle!
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a. The graphICS processor ..... ill then begin the acwe picture
subroutine, "draw card" - move. At thiS time, beginning at
address '000' In tne 12 btt RAM area, each RAM address is
fetched In sequence (20 per line), (Each address conl"ins a
secondary address for the graphics ROM piUS an Insiruction
on how to use the data contained in tnat adoress). Each 20
consectlVe RAM location are re~addressed on 16 lines in
each picture frarre, ThiS results in the picture requlrinb an\y
2.40 words te describe the entire Sf;rtien (II' ~AM) while using
the graph'Ic5 ROM ta detaii the pOint by point det<i.i

l
ill any

one of the 240 "bacKground card locations"

9, At the Bnd of eacn acti .... e plcturo line the neXI (if reqUIred)
picture dots 01 the moving objects are fetched from ROM and
loaded to the graphics processor scratch aad

10, Cards and nloving obiects aro output Simultaneously by tne
grapnics processor. If, however, there IS a con!lict. moving
oblects ha.ve priorlty-wrlte, This feature Is the basis of
interaction recording, I.e., object coincidence Indif;ates al'
Interaction to be decoded by the host processor.

11. By the end of the picture. allinteractlon possiDilltles WOUIO
ha1,'e been recarded, The graphIcs mstructin detector can
record all 01 the 67,108,869 possible moving object
interactlons. AdditIonally, there are 16,384 ways tl1e moving
objects can Interact with 1M background oOjects These are

a\so recorded.
The inleracllon structure IS such ~hat either sl1ape, COIOI,
vertical position, horizontal pOSition, or rlgh; angle position

interaction cen be detected and acted upon,

12. The nost processor regains control at me e"ld 01 tne active
picture and ~e~computes ;he outcome of the last aclion and
what 'lew action is required due 10 the p\ct\Jre Interactions

and change in the user controls,

Dud\\~ t\-,,, drav,T, picture tlma :lr.y i:1!sractbns Of Sh<lpElS !\flO!

recorded Then, at the end of the picture time, theY are made
available to the host prccessor for decoding of the picture status
For the system to operate, each 1/60 sec Is diVided up Into five
time slots whic,", relate closely to the timing and synchronizing 0

1

tr\e TV.
Time Slot 1: A time slightly grealer tnan the TV frame blanking.
approximately 4,5 ms is dedicated 10 host pracessor. (Ti'1IS time
can be increased by the ~ost processor on a trame stealing

bf,lsis}
Tlme Sial 2: Actlve-oic1ure-tlme consisting of 4Su.s Of each 63,5

u.s line lor 192 lines,
Time Slol 3: A time slightly greater than the hne~b!anKlng~ti",e,
17.8ps, which IS used by the graohics processor for processing

trle moving object data,
TIme Sial 4: Conslstirg of 1he last two lines belcre tne actl ....e
picture when the graphics processor felCnes the instruclions
from RAM of oll the next-rnoving~object data ·Into its internal

scretcl1 oad area
Time Slot 5: The jirst lWO lines after the actl ....o plct.ure wnen Ine
Interaction data and the picture status IS a~ailable fOf the host

processor.

1. System on,
2. current game Ubrary displayBd, (AutomalicswilCh or routine

ROM orogrammed).

3. U,er presses solect Input. (Host Cfocesso' !leaking external

branch.)
4. If game has subset selectlan,l.e., • ,2.3 or 4 player mOces, new

library displayed)
5. The host processor comoutes the start~game·picture

instructions end writes to common RAM; it also computes
the slart condition 01 ~ariabtes Involved in tM stralegy of the
game or motion constants, This SEitup could, in some games,
take several picture frames, Therefore, tne TV picture IS
pre~ented as a single color wash, (Thls may be substituted
with a kalidOScope effect It the time for sel up Is more thGf'

one ':lecond.)

6. Whe'l the host processor gives control to the graphics pro~
cessor, the tirst TV pictJre will be drawn using the following
sequence 01 events, The first two lines belore the active
picture, up to 40 _ 8 bit words will be fetched. This Includes

Ihe following data:
(a) the indiVidual Ji and y coorclnate~ of the top left hano

corner of 8 moving objects, their iocation in graphics
library, their coior, Visibility, and orientation (facing, left,

right, up and down),

(b) border cot or;

(c) back.ground color,
td) back.ground offset in X, y lrom the top left nand corner ot

Ihe active picture,

1. At the Bnd 01 the last two lines betore the ac\i....e picture, the
firsl8 hOfizontal points of each 01 the eight movlng obJl:Octs
will be fetche:llrom the graphics ROM 8"1d loaded into the

scratch ped In the graphics processor

TYPICAL OPERATION

imi
nl

Programmable Game Sot consist::! 01 three malor sub

ns (refer to the System Block Diagram)

1. 1he host procesaor consliting 01:

(a) G.P.U. (CP1610!
(b) system instn,lctlon ROM (RO~3-20480l

2, Random access memory consisting of:

(a) 256..- 12 bIt words
(bl 256..- B bit words

3, The graphlCG processor consistIng of:
(a) STIC. Standard Television Interlace Chlo

(AY_3-5900/89DO-1)
(b) GraphiCS ROM (RO-3~9316A)

The hOst processor, via tne system Instruction ROM, executes a
fiJied program U13lng a specific area of RAM for variables and a
second area tor graphics Instructions The graphics Instruction

ar
Ba

is common to the grap1icS processor,
The gr8phics proce~sor, usmg the ccmmon RAM area, letcnes
<lata from RAM, decodes it and fetches from the graphiCS ROM
the picture to be displayed and disolays it on the screen at the

reo:uired positIon

AODRESS

6,. ~l

MeLFi
BUSI<Q
Tel
SDIf'
BC2

1 G.RAPHICS PROCESSOR

SYSTEM COMPONENTS

CP1610 Mlcroprocellsor: The CP1610 15 a variant of the General
Instrument CP1600 microprocessor and IS designe<.i lor gam$
operation. The chip IS a 16 bit utiJizin3 eight general purpase
registers for fast and elflcient processi'lg 01 all game data. Ihe
processor operates only when picture data is not oelng pre_
sented ana controls ttle addresses In both theprcgram 20K ROM
and the scratchoad memory according to the game rules

20K ROM (RO~3-204aO):The ~rogram 110M IS organized as 2048
)( 10 bit and contains all geme rule:;. Because the set IS organizod
on a aata bus principle, additiOnal ROM for more complex games
may be added. or RCM may be interchanged to provide a use-r
selectable game format. The unit also stores all symbol locations,
color and velOCity and direction data

RAM: Up to five (5) 256 )( 4 bi~ RAMS are requIred In the system,
These are standard units witt" a 320 nanosecond access lime
STIC (AY-3·B~OO!aSOO~1): Tne STiC (Standaro Television
Interface Chip) pro~;des the video Signals Incluoing sync and
blank,ing 1O a non~lnt€rlaced pattern forthe TV deriVing its output
from graphiCS data specified by the mlcroproocsso" snd
obtained from the graphics ROM TM unit IS IJnctior'la\ 01111'

during picture time and obtains new graphics data between
picture lines. The video OUtput will consist of the SIX colors, blacK,
whita, sync. blank.lng and color burst. In addition, the STIC will
provide an audio output signal for most game sounds

Graphics ROM (RO·3-9316A) Tne 16K graphiCS ~OM Will
contam a series 8 ~ 8 dot matrices fot a large variety Of game
symbols; ccmposlte background sections to complete field
outlines and 64 a!p1a-numeric characters Special graphic
symbols may be specllied by lhe user to" InClus:on In custom
processors

GIMINI Programmable Game Set
FEATURES

iii User game design capability
III Up tc eigllt player opera.tion
• Up to eight moving screen objects controllee by user
II 64 sa, actable Moving objects
III Up to 240 selectable bac~ground objects
II 64 text symbOls
III Movable background field
II Six colors plus black and white

HOST I'~OCESSOR

DESCRIPTION

ihe GIMINI Cassette Programmable Game Sel is a mullrcnlp set
whIch can accept dlfterent program chips. programmed by the
User to provide an unlimited number 01 games including
aggressIon games, ball and paddle games, gambling games,
racing games, etc The set consists o! a CP1610 microprocessor.
20K ROM game program CnlpS, a staflOard televiSion ,nterface
chip and a 16K ROM graph!08 storage enlp. [n adaition the user
..... ill ha~e to pro~(de fi1,'e 256)(4 bit RAM circuits.
The games can accept up :0 eight player inputs, and' the set Js
designed tor operation in color Of black and white with stanaard
domestic television receivors.

46·36
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I?llyout

S20
115
$10
Even
Lose

Hend Value

Straight
Th ree of a Kind
Two PaIr
One Palr (Jacks or better)
All other hand$

BilSSil

Draw Poker (1 PLAYER)

ElF< =5..5
!lI'T'= ID
DRI=l~Ji!

D"P'I

Flg.4

Draw Poker (2 PLAYERS)

prevIOuSly Described and Ina hand is evaluatea after tne neW

ca'ds have. been dealt.

Hend Value Payout

Ro'{al Flush $500
Straight Flush $250
Four 01 a Kind $125
Full House $40
Flush $25

Flg.3

The draw poker game is lor one or two players who play against

the 11OU:W or age,\nst each olhQf

In lWo player operation, the players are aealt five cards face up
efter an automa.tic ante of $5 and a shuUle. The players may then
evaluate their hands and raise tile pOl, if they dosire. The raise is
accomplishod by the opening player, that i8 the one with the
question mark naoxt to his bet symbol, depressIng his yes button
A raise of $51s echieved each depression of the yes button. When
the deelrad raise has been reached, Ihe raiser depresses his no
button and a question mark appears at the second player's bet
line. It tha second player deslfes to call or raise, he depresses his
yes button once which causes his bet to equal the first player'S
bel. "" $5 raise Is made lor eech Sucotl8sive depression of the yeS
button. Depression of the no button aftel' matching the origina
raIser is a call, It the second player does not mater a raise and
depresses his no button he concedes \t1e hand and the raIser

wins no further action.

The raIse and betting continue until one of the players cal!. Attha~
time, an Indicator moveS between the opposing player'S cardS,
dwelling In each posllion for1wO seconds. The plsyarswlsh1ng to
discard one or more cards. sacretly depress their yes buttons
i\'hen the marker Is in position. When the marker has mOl/ed past
all the carde, the cards are discarded and new cards are dealt to
replace the d\scards. The hands are then evaluated by the game,
and Ihe winning hand is awarded the 10ser'S baL The winner's

bankroll count wilt then flash.

When a single pllllyer Is plaYing the game, he Is dea,t five cards
atter the shuffle as In the two player game. Th8 object of the game
l.s to achieve the best poker hand, and odds are paid on the$5bet
in relation to the I/alue of the hana as notea oeloW. Discard IS as

~

\18
8~

lll( =5'15
BE'T'= 10
HI'T'';'

Flg.2

Black Jack (' PLAYER)

Those players with a e-ard count grealertnan that of one house bl,ll
r'lot over 21. will halle their bankrolls incremented by the amount
of their bet or two t'rnes their beT should they flave doubled, Th€!
bankroll count flashes indica:ing a wmning hand. Players w'lo
exceed 21 or have less tharl the house have their bankrolls
decremented by the amountoft~lelroetortwo times the ljet in t'le
event of a double Players matching the hOuse have no action
taken on their bankrolls.

The game endS on depreSSion of Ihe game reset button.

r-:JI
(

---Flg.l---- ---

Black Jack (2 PLAYERS)

Tne BlacK Jac~ game is a one or two elayer game where Ina
players are attempting 10 "Deat the r,ouse" by drawing a higher
card hand than the bank without exceeding a count of 21 The
game determines Ina wrnJ'1'lng nanos and Increments or
decreme.'1ts Ihe bankrolls of the clayers as a result of the
oUlcome of the haM.
The game approximates Las Vegas rules In that (a) the "house"
will always drawa card it It has 16 or fewer points and will stano
on 17 armore. (b) draws are Slandotfsand bets are not won or
lost, (0) cards ars dealt from a four decK "shoe" and (d) Black
Jack pays 3 to 2.

Completion of bet entry "y the players initiate the deal wh:cr
consists 01 two cards baIng dealt race up to the players and one
face up and ono face down to the "house" The symbol 1-1, asking
,f the player deSires ahlt, orthe symbol 0 fordoub(e are sMownon
the screen In the position prevlously occl,ipied by the S Symbol. 0
only appears if the playerhas a 10 or 11 showrng. 11lhefirstplayer
wishes to double, he depresses his yes Dutton when D symbol
appears. A single card is thel1 dealt and the next player or banK
completes his draw sequence DepreSSion of the no outton
causes the H symbol with a questIon mark to be di:lpJayed. One
card will be dealt on each depression of the yes button until
elther: (1) Five e-ards have been drawn, (2) The player depresses
the no buHon, or(3) Morethan 21 points have been drawn. At that
trme play 1$ turned over to the second pl<tyer, if any, who repeats
the player one sequence

Whan the players nave drawn Ihelr Ilnal cards, the "house"
competes its draw. Should the house have 16 or fewer points, it
will always draw an additional card. A count 0117 ormoreby the
"house" will complete the draw and cause an evaluatlor' 01 the
hands.
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\ I
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Acey/Deucy
(2 PLAYERS)

IIIII
5EL7

IIIII
5EL7

FI9.7--- -

War
(2 PLAYERS)

-,,
I

~
The Acey/Deucy game Isforoneortwo players where the players
use a combination of skill and luck to maximize their bankrolls.
Shuffle and bankroll entry ere accomplished In the same manner
as for Bleck Jack.

The ge.rno is played with two cards daalt from a sIngle deck face
up to each player The objecl of the game Is to draw a card which
is between but rlol equal to either of the two cards dealt.

- --
I=lDI

The Wilr game IS a variation of the children's carCl game and Is
played with four decks. Each player is dealt flvs cards face down
After the deal, an indicator moves sequentially between the two
rows 01 cards and the players choose the card to be turned Ollar
by depression of Ihe yes bultop as the appropriate card Is
marked. When both playars have selected their cards, the cards
are shOWn face up, The player having the higher card wins two
wins two polntG and the exposed cards are removed from tha
screen and replaced with two new face.down cards. In the event

that both cards match, War, the players select two new cards In
en attempt to win the trick. The winner in a War situation Is
awerded 12 points and the exposed cards play 8 additional cerds
are removed from the remaIning deck. The game ends when all
208 cards are used. The wInning score will then llash.

When only one person is playing against th(l game, card seloction
by the player causes both the player's card and the game's card in
that position to be exposed,

WI=lRI

4!3·J2

Acey/Deucy
(1 PLAYER)

Flg.S

:e.R =5'15
:e.E'1'7 ile

War
(1 PLAYER)

IIIII
SIU'

Fig,S
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Racing Squares

, Ii!

----------------------_."g.a

Combat Squares

I i!

• • ••
j~

I 'fII- •yj •11
II• I•• •

Tile object of Combat Squares IS to maneuver ttle square Into
such a position that a missile can b" launched against the
opponent's squa:re. Each hit scores one point and 31 points ends
the ga:me To lurther complicate the geme, barriers aro placed
randomly over the playing area to Drovide protection from
opponent's missiles and impede the maneuverability of the
players. The missiles can be directed to foHow Curved paths, as
they afe directed by the turn controls.

Figures 1 sllows a tYPical olaYlng area

This game reqUires bott, players to maneuver thelf squares
around the course as shown In Figure 2. Ea.ch complete circuital
the course scores five pOints. However, it the player is not SK,illfut
In the driving of his square, his opponent scores one POint each
time the player hits tho wall.

~E:l'~4
48"~5
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Juggle I

•

I

•

The gar1"le commnes timlllg and Juagment as tne players launch
missiles against each other In an attempt 10 have the missile hit a
wall or obstacle while on the opponent's half of tnF.! playing area,
The players ha'oie control of the missiles on their side of the
playing area Which they aI's able to steer in El. rigm or left direction

with thair controllers
Play begins when both players nave depressed tt;e,r five butlol"1s
which launch simultaneous missiles from the player's squares
The players then guide the missiles pas! tne obstacles to the
opponent's half or the playing area, where the opponenl gal1"15
control of tl1e incoming missile The player must then turn the
missile to return it to l1is opponent. Each matcn ends when both
missiles have col\id(ld With fixed objects and the players start a
new match. The game endS whel"1 31 POints haYe Deen scored by

either player

l1li••••••. .\
··············..············.,i..·..··1II11

e" ."
l1li..... • •..•.•..•

.............::-: -II

Flg.4

\ .

Ii

•

,
.~

Shooling Squares

5

The Shoolmg Squares game IS a 'larget game where the players
have their squares lixed as shOwn In Figure 3 and fire their
mIssiles at the targets moving overhead. The targets move at
various speeds and directions requiring constElnl adjustment of
time aM direction of fire. ThIrty one hits byeither player ends the
game.

III

•
..••/.//.~
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serving scores a ooint
Ball travel approximates a parabolic patn, and tne distance of
travel IS directly related to the angle of tne hit High angle hils
resullm shorter I'lorizonlal travel than the low angle hits

A score of 15 POints by either player ends t118 game

I

Volleyball

,.,.,..,,..,.........---
Flg.1

rhe VOlleyball game u:;>es the closed playing area snown above
The players musl hit the ball over the net to the opposing player.
Failure to hit the ball. or llitting the ball agelnst any wall IS
considered a foul
The game scoring IS Identical to the real game In thal a fOUl by the
server onty result:;> in loss of service !lnd a fOUl made when not

II

••
•

:I

• •

•
II

I

Juggle 11

• ••••• CI ••• • •••••••••• 11' •••••••

••••• ••••• •••11

•

There 15 also a single missile version of tne Juggle game wnere
the player who was last scored against, lau"ches the missile
against llis opponent

-Fig.S --

d
~..

~

Flg.1e High Angle

/:... \ ....

_/ I ;

4EH8

I i!

••••••••••0

-d..

Flg.1b Foul

I

I

i!
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the proper point on the bat to angle the ball so that it will hit a
boundary. Atter a goal is made, the ball is next served by the
player receiving Ihe last point.

The game ends on a score of 15 pOints by either player.

I

I

Flg.3e Point Loat

I , i!
....•..-

Hazard

e~
00 0

00 0
o 0

.0 0

•• - °0
00 0

••• ·0

••••• QI·o

00 •

•• - Qlg

o 0
0 0 0

•• 0••

o
o
o
o
o
o.

o
o
o
o

- I ___ -------------------------_.Flg.3

The Hazard game is one of skill and luck where the objeet of the
game Is to keep ftorn hitting the boJllnto the goal opening Which
Is in constant and random motion around the boundary atea.
Should the ball go through the mOVing goal, the player haVing hit
the ball Is at fault and loses lhe point. It is therefote Inoumbenton
the players to anticipate the location of the goar and hit the ball at

i!I

In this game, the player must protect the goal area of their Soides
of the net to prevent the ball from dropPing through the goal
opening. The ball may be played off of all sur/aces and shots may
rebound from the net or ·back wall. The game starts when the
player who W86 last scored against depresses hIs serve button.
The ball will then travel wIth a random angle to Ihe opposing
player who must return tile ball before it lalls through the goal
area. Play continues untH one of tha players mlss8sthe ball and it
goes through the. goal,

The game ends al 15 points.

00·0-

~"':i-J
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ft1e ODJect Of Barricaae IS to !l;e€p a constant velocity track,
stearable in the vertical Dr horizontal direction, moving Without
crossing Itself or a track made by the opponent Sk.ill and
strategic playing are required for If either player intersac1s his
own track or the track Of his opponent, the track slops, a new
track begins at the origin, and a pOint is scored fa" the opponenl

A score of three for eltho" player terminates the game,

Barricade

..............-

I I
L

-----------------------Flg.1

continues until one of 1he v~hll::fes collides with a slower CSf 81
whIch tlma the game and the score is dIsplayed. After five
seconds, the score disappMr~ and the raCe cars rtlsule 11'leir
acceleration.
The game ends when either player has I'\ad 15 collisions.

Roadrace

Flg.1a On Colllilon, game stope lind number at colllsiorus by
each player II shown.

Flg.l

The Roadroce tests the skill and reaction time of one or two
players who try to f8ce down a "road" filled with traffic without
colliding with any of the cafS they are passing

On game reset, the cars start accelerating and passing the slower
traHlc as they accelerate, Steering is controlled 10 the left or right
by the corresponding motion of the Joystick. Accolaration
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SUbmarIne
Dogfight

Survival at saa is the obJecli",e of the submarJne game with the
surfac$ fleet trying 10 depth charge the submarine and the sub~
marine trying equally hard to torpedo the surface ships. The
surface command~r has a fleet of cargo and capital ships which
he must protect with his destroyer. The destroyers are capableof
dropping depth charges to stop and destroy the sUbmarine and
this ship can move left and right to tire. The other surface ships
automatically move across the screen at various speeds to elUde
the sub, Each hit on the submarine counts for two points.

The submarine commander movas his sUbmarine left and right at
the bottom 01 the screen. His mission is to deslroy cargo and
capital ships as well as the deslroyer. Each hit on a cargo Ship
counts for one pOint, a capital ship hit Counts for two points and a
destroyer hit, for fiv8 points.

Score are Individually dlaplayed and 31 POints wins the game.

The Dogfight Game locks two aircraft in aerial combar. The
planes are controllable in both speed and direction by £lither one
or two players whose objeclh'e is 10 destroy the olher's aircraft
with gun fira, Points for 5,hooting down the other player are tallied
by an on-screen counter and points are also scored when a
piayer is hit by the rIng at antlcraft tire surrounding the playing
area. The first player to score 31 is the victor and terminates play.

When only one player Is :.islng Ihe game, the olher aircraft flies
continuously wilhil's gun firing. The player must carefully
approach the aircraft and shoot it down without being hit himself,

48·54
46-55
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TURN·ON CHARACTERISTICS

VOl • ~Ol (V(H.TS)

-10 -~ -8 ~1 _G ~O .~

DRAIN TO SOURCE RESISTANCE vs. GATE VOLTAGE

10 of.,,·

~ 3'
e

FORWARD TRANSCONDUCTANCE YS. DRAIN CURRENT

s,
,£

_!(I ~~o

v~~ ~ _4'"

vollVOLfSI

-,'

TRANSFER CHARACTERISTICS

.,
~

"

.10'1

THRESHOLO VOLTAGE vs. SUBSTRATE BIAS
Vl~ . {VOLTSI

_D -1 ~S -0"':4 _~. ~~ -''':1
rrtn r i

". Va"0.,.

TYPICAL CHARACTERISTIC CURVES

.0<0

I
I

TERMINAL DIAGRAM

,~,
4

Load
1. Drain
2. Gate
3. SUDstrate (Case)

4. Source

TO-72-I~~19'Cm 1-':A
•

~~ I TL .!!Qr.::: ,170 SEATING

HEAOER: - ~
Q!! ~.Jo I
.016 '" _0 nMAX MIN.·eoo

~~-U_ -l·T

,
APPLICATIONS

I> Low level chopper
application

III Low level detector
III Sample and hold circurt
III Analog sWitching
o Multiplexers
.. Operational amplifiers

...600mW

MEM8QS I.MEM805A

. '.. 300mW

MEM 806/MEM SOBA

.,. '-4QV
-4QV
-40Y
~125V

-65'C to +150'C
-·65"C to +150'C

MEM a06A

MIN.T MAx, I MIN_ I MAX,·' UNITSl CONDITIQ.l~S

-2,01-5.5 I -2,0 I -!I.S I VOlts 1',10':: v~.

1~=lOpA

v,,=ov
',101'" -20',1,
V~t=""'I=OV

v"" '" -20',1,
',1"",,,=',1,0=0',1

vo,=-zov,
V~I=V,,=OV

Vo,,,,v.,=
-15',1

Ip=-10pA,
v~,=v,,=ov

1,=-lOpA.
vw=v•• =ov
',1,,= '-15',1,
1.=l00pA
Vp,=-20V.
f=lKHI,
1.,""IOmA
.....,=~lOV.
1.=IOmA
',10,=-10',1,
10 "'" lOrnA
1,10,=-10',1.
10 = lOrnA

MEM 806

G~te Scurt~ CutoffVoltag~',10'1"1

-SVMBOll CHARACTERiSTIC

Drain to Source Voltage
Drain to G,ate Voltage
G,ate to Source Voltage
Transient Gate to Source Voltage
Storage Temperature
Operating Temperature
Total Dissipation at
2S"C Case Temperature
Total Dissipation at
25"C Ambient Temperature

FEATURES

o High breakdown voltage
o Low inputanddrain to gate

capacitance
" HiSh "off" resistance
" Very high ratio of "off" to "on"

resistance
9 Normally off and zero offset

voltage

MAXIMUM RATINGS (TA = 25'C, unless otherwise specified)

P-Channel Enhancement Mode MOSFETS

ELECTRICAL CHARACTERISTICS

(TA =25°0, unless otherwise specified -- body grounded)

1.11 Drain L~akase Curte!}! --1,0 ·0.10 oA

,.. Sourc.e l.ealulBeCurrent -1,0 -{).IO oA

lOll Gille Leakage Current -3.0 -1.0 pA

101'" Drain Current -5.0 -5.0 rnA

13',10" Draln·Source BreaKdown -40 -40 volts

BV,., Source·Oraln Breakdown -40 -40 volta

RO!o"l Drain (0 Sourteon Resistance '00 '00 ohms

Yo, Transedrnittancf 2000 2000 ~mnos

c" Gate to Sovrce Capaeitanc.(! 2.0 2.0 pF

C. Dreln to Sourc;1I Cap6c;ltanc;e 0.' 0.3 pF

c. Gale to Drain Capaclt~nce 1.S I.' pF

40-2
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TURN·ON CHARACTERISTICS
"u' VPG ,VoLTSI

_10 -9 -e .? ., .~ _< • ~ -.. _ 0

! 600

~

_6 ~IO ·'2

"'a~ ,vO~TSI

~ Mi<l

e. 700

GATE VOLTAGEURCE RESISTANCE vs,
DRAIN TO SO ~\l\~\

l

"

"'10 e

" ,t

(0 ~

11 ~

Ve~' 0"

o
('I,A
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THRESHOLD VOLr.~'t'~lr~ti. SUBSTRATE BIAS
_8 ., _5 -~ ~4 -~ -2 -, !l

mil i /

FORWARD TRANSCONDUCTANCE vs. DRAIN CURRENT

V~s' "~v

" '~~l

~

_10 '01

~~

TRANSFER CHARACTERISTICS

---.

v., lVOlnl

'~G"_4~v40 ~30 _20 -~.

~
-~

TYPICAL CHARACTERISTIC CURVES

t
-Ii,.

l

,048
/'=;t.=z--L .028

BOTTOM VIEW
NDte: All dimensions in inches,.

TERMINAL DIAGRAM

,~,
4

Lead

t,DrSI!"

2. Gatll

3, Substrate (Casel

4. Source

11, l~-

I- TO-72

'~~-

~~~. t~t111i
I

Ji "0G ±rSEAnNG
HEADER _ _ PLANt

.Q!! ~.j,!!lO
,016 ,/' -n nWA.le MIN, ,)00

~ ..-/U-U- --i"\"

" Low level chopper
application

" Analog switching
" Ssm pIe and hold circuit
" Multiplexers
.. Audio amplifier
" Operational amplifiers

APPLICATIONS

300mW

.. 600mW

" High breakdown voltage
.. Low input and gate to drain

capacitance
" High drain to source off

resistance
" Very hiS.t' ratio of "off" to "on"

resistance
" Norrnally off with zero gate

voltage
I) Zener protective diode

Drain tD Source Voltage
Dra~n to Gate Voltage
Gate to Source Voltage
Transient Gate to Source Voltage
Storage Temperature
Operating Temperature
Total Dissipation at
2S·C Case Temperature
Total Dissipation at
25°C Ambient Temperature

MAXIMUM RATINGS (TA =25<lC, unless otherwise speciflea)

MEM 807/ME~ S07A

-40V
-40V
-40V
::e:-125V
-6S'C to +150'C
-6S'C to +150'C

ELECTRICAL CHARACTERISTIC

(TA = 25Q C, unless otherwise specified - body grounded)

FEATURES

~EM807 MEM807A J

MEM801' MEM801A
SYMBOL. CHARACTERISTIC MIN. MAX. MIN. MAlt UNITS CONDITIONS

V">Il" I Gate Source Cutofl Voltil~e -,2.0 -5.5 -2,0 5.' Volb V",-YP'
I.=- 10j>A.
V,,"" OV

Drilln lea~age Current -1.0 -0,10 ,A Vo.:: -20V,
V~,=V.. ,,- OV

I., S::aurce leakage Current -1.0 -0.10 'A V.,~ -20V.
V"'o "'V,,,"" OV

I"" Gele "eakageCurrenl -0.20 -0.05 ,A V~.:: -20V.
Vo,:: 'V,,"'OV

I".., Drain Current -5.0 -5,0 rnA V",-"'VOl =:

-15V

6VOl ' Drain·Source 8reakdQwn ·40 -40 Volb lo=-10~A.

V~,::y,,=OY

ElV,o> Source· Drain Breakdown -40 -40 Volts 1,::-lOj>A..
V",,=Y,o=OV

aVo" Gate to Source 6rcakaown ·40 -'0 Volt' I~ = -10 I'A.
V~,=V,,"'"O'v

R., .., Dr"in to Source on ReSIstance '00 '00 ohm, V~, -"" -'15Y,
10 =1001'''

V" Transadmlttance 2000 '000 Ilmha~ 1,10' "" -20V
f=lKHz,
I.,;::; lOmA

CO' Gate to Saurce Cepecitance '.0 '.0 pF V".", --10V,
1.= lOm.ll,

C. Drain toSourca CapacltllnclI 0.' 0.' pF V., = -lOY.
I.'" lOmA

C. Gllte to Drain Capacitance I.' 1.5 pF V.,=-10V,
I.'" lOmA

4C·4

P-Channel Enchancement Mode MOSFETS
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Lead

1. Drain
2. Gate
3. Substrate lease I

4. Source

TERMINAL DIAGRAM

TO-72

~,.. t ~,a ~,.

Drain-Source Voltage -30V -30V -25V
Drain-Gate Voltage -30V -30V _25V
Gate Current (Forward

Direction for Zener O.lmA O,lmA O,lrnA
Clamp)

Gat~ Current (Reverse
gl1l1ction for Zener 1,OrnA 1.0mA 1.0mA

lamp)
D~in Current lOOmA lOOmA lOOmA
Storage Temperature _65°C to +200oC -65"'C to +200°C -65"'15 to +200oC
Operating Temperature _65°C to +l50<:>C _65°C to +l50oC -65"'C to +150°C
TotaIOI,' t"
25C1C CasS~~e~~.at 1.0 W 1.0 W LO W

Total Dissipation at
25 CAmblentTemp. 300mW 300mW 300mW
Derating Factor 2.4mWfoC 2,4mW/"'C 2,4mW/"'c

MAXIMUM RATINGS (TA =25°C. unless otherWise SD8clfied)

• Designed Primarily for Medium Power
Switching and Chopper Applications

• Series and Shunt Choppers
• Analog Switch
• Multiplexers
• Low Impedance Device Driver

APPLICATIONS

p.Chsnnel Enhancement Mode MOSFETS

FEATURES

• One watt Power Dissipation
• LoW Drain·Source "ON" Resistance
• 1010 Ohms Input Resistance
• Integrated Zener Protects the Gate
• Normally "OFF" with Zero Gate Voltage
• Square Law Transfer Characteristics
• High Ratio of "OFF" to "ON" Resistance

':I!l=3N181 3N182 ~

-----

I:

f
li
t
I
J
tr
f
}

!
i
~
r,
y,'

,000

ir

=,208".[",1 eA'

,'30 l----r
WL ~
T:: ±r,~.n..

t4EAOEA'/ _ LANE
..QC! -:Q;Qf ,2&0

.016~ ~ MAX lilt ,1500
_ MIN.

:Mt ~- ---l

TO-72

f

Dram to Source Voltage ....". . ,.. ..4tlV
Drain to Gale Voltage ... "... . 45V
Gale 10 Source VOltage ,". . .. "'.... , ±200V
Storage Temperature .....".. ... 50"C to 150"C
Operating Temperature. . ,50"C to 125<>C
Total DiSSipation at 25°C Case Temperalure ,,' AOOmW
Total DiSSHJalion at 25°C Ambienl Temperature, . .. 225mW

MAXIMUM RATINGS

FEATURES

" High break.down "ollage
o Low inpul aM drain lo gate capacitance
., High "off" resistance
(t Very hIgh ratio of "off' to "on" resistance
C) Normally off and zero offset voltage

APPLICATIONS

1& LoW level chopper application

III l..OW level Cletector
• Sa.mple and hold Circuit
• Analog switcnlng
• MUltiplexers
• Operational amplitiers
• Smoke Detector

~ MlEM811~

P·Chsnnel Enhancement Mode MOSFET

ELECTRICAL CHARACTERISTICS Body ConnecledTo Source.

I Bottom VIew

SYMBOL CHARACTERISTICS CQNOlTlQNS I MIN TYP MAX UNITS Nat.: All dlmenslol\l In. inchflS.
vGS (l~) Gate·lo·SoU/ce 1- Vos=-20V.las",,-tO}.l-Jl.

I-~'
-5.5 V

Threshold V~l\age

'asS Dr~in Leakage I Vos '" -20',1, VGS = av ·-3 ,.
TERMINAL DIAGRAM

f
Current

lSOS SourceL~uage Vso '=' -20V, VGflO'" OV -5 ". Lead
1 Current

t
lGSS Gale Leakage Vr,s ." -25V. "DS" OV -, " 1, Drain

Current 2, Gate
BVoss DrilinBreakdowp lOS ~ _1 O~A, VGS = -OV -35 -<S V

Voltage 3, Substrate ICasel

!i BVllO~ Gale, Vos ~IN ±200 ±2-25 - V 4, Source
O~lde Breakdown Voltage

-'2 I -L 10 (onl DralnCurrenl '165""'105- -10',1 -3 mA 2

~:
Ro I~nl Drain·to-SoutCa VGS ,., -15'1, lOS'" -1mA

- 1
350 n ,@,on r<,~islance

f Y" ForwarO'Transadmlllan~e VGS '" 'los'" -liN 100{) 2000 - umhos

I' Ci\~ Tolal Gale r~~J~j--10V

I

3.5 6

"l-' InputCapa:;ilance

~.
Cou TotalDlain r~iMV~f"'~'OV' 25 5 "Output Capaeilal1C~

~
C'5~ Re~erse Transre' i~ ~MV~i ~ -10',1. '2 2,5 ,F

Capacitance

IT 'as Voltage-Gain ~?rro~ ~~I~Vi~ ;;;O~~~\(~ur(eJ " 4
As Source Follower

1090hms

4C~6
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CHARACTERISTIC CURVE

,'I

DRAIN CURRENT \IS
DRAIN~TO~SOURCE VOLTAGE

:!!TA'125.<;

1 ,!::LJ--.h1, '4fft":rt , I

VC~ ~:~ltS) ~ 0

-~.~J.i"--4:r r·-~
! I· .

;-~-+---r---::'6-V~-··t=-:

o J-'O'l'.-

~~~~~ I
-I5V 90',,," ~ I

'~ftdON~ r-tdOFf~

v t,I"'- -1
t'r

"'O'"=i~1
VDDJl.£!!-~ L-_

SHUNT CHOPPER

SWITCHING CIRCUIT FOR P·CHANNEL ENHANCEMENT

L~_I III
85 105 125 .••._-

1£MPEflATl,IflE 'C
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o to -25V Squar~ Wave 20Hz to 100kHz

Vr~ +O.5V Mu) - ---- -
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SERIES CHOPPER
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RANGE Of TYPICAL VALUES
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VWT Chopped Output

DRAIN (OR SOURCE) CURRENT vs TEMPERATURE
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~
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GENERATOR SOU~cE1eOJl Cln :s 2.5pF

IMPEDANCE • ~OJ\

CONDITIONS

10 VOl \I~~

vos. :-15V
TA " 25·C
vBS '- OV

DRAIN CURRENT Y5 GATE VOLTAGE
TRANSFER CHARACTERISTICS

160

ISO

20e,

,'I
00

00

00

,,;

'0

00 , 1O " '0 "-vGS \lOLTS

3Nl833N1823NIS!

MIN IMAX I MIN I MAX I MIN I MAX I UNITS

'3(V183

'loION) >is >ics
10 ~ -IOO?-A
rA ~.g5GC

VBS ' b'v

Vas- VOLTS

~'-"

~
~IO -\5 -j!Q -25 -30

90!

<0'-,

DRAIN TO SOURCE RESISTANCE
vs GATE VOLTAGE

110 ~~

120

100·

~.

SYMBOL I DC CHARACTERISTICS

VG11'HI I Threshold Voltege 3.0 4.0 2.5 5.0 2.0 6.0 Volts I Ve, = -lOY, ID= -10,uA
len Drain leakage Current - 0.5 - 2.5 - 10.0 nA VM, '= -20V, YGI = OV
Ion Drain Leakage Current - 10.0 - 15.0 - 25,0 iJA VDI = -20V, Veo5 = OV, T... = 150(lC
I~$ Souree Leekage Current - 1.0 - 5.0 - 10.0 nA VS/j = -20V, V"DI = DV
IG~ Gate Forward Current - 250 - 500 - 1000 pA V.. ~ = -20V, VD5 = OV
I.r Gate Forward Current - 5.0 - 10.0 - 25.0 iJA VGI = -20V. V05 = OV, T... = l50DC
BVou Drain Breakdown Voltage 30 - 30 - 25 - Volts 10 = -10pA, VG1 = OV
BV~5 Source Breakdown Voltage 30 - 30 - 25 - Volts Ii = -10pA. VOOI = OV
Yes' Gate to Source forward

Voltage 30 - 30 - 25 - Volts I, = -10jJA, VD, = OV
IDlol/" Drain Current 40 - 40U 25 - mA VOl = Veo1 = -15V
RDll(lHl Drain-Source on Resistance - 45 - 60 - 75 Ohms Vr., = -15V, VM = OV, Ie = O.lmA
VCI(Q,Oj) Draln,Source on Voltage - 225 - 300 - 375 mV Vr., = -20V, 1(1 = 0.5rTlA

3NIBI 3N182 3Nl83

SYMBOL AC CHARACTERISTICS MIN MAX MIN MAX MIN MAX UNITS CONDrrJONS

Y,. Forward Transadmittance 8000 - 8000
;; 18~ - iJmhos Vo' _ -15V, Ie _ 25mA, f _ 1kHz

C,,, Input Capacitance - 2S - 30 pF VD\ = -15V, V"5= OV, f = 1MHz
C" Drain to Source Capacitance - 0.05 - O.07S - 0.1 pF Vel = -15V, VM =:; OV.' = IMHz
Coo Gate to Drain Capacitance - 8.0 - 10 - 12 pF VOl = OV, V<J! = nv, f = IMHz
t41·...l Turn-On Delay Time - 30 - 35 - 40 ns
t Rlse TilT\e ~ 30 - 35 - 40 rlS } R, ~ R, = 3.7K Ohms
trlOl1) Tu~n·Off Delay T!me - 50 - 55 - 55 ns See Circuit DJagrarTl Below
t, Fall Time - 180 - 180 L 180 ns

ELECTRICAL CHARACTERISTICS (TA "' 25" C, unless otherWise specIfied - body grounded)

40-S
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MEM 550 I MEM 551

DRAIN CHARACTERISTICS AT 25-C
VIlI (VOLTS)

TURN·ON CHARACTERISTiCS AT 2S'C
V51 = "Ill (VOLTS)

~'l

111±4Vihf11L

SMALL SIGNAL EQUIVALENT CIRCUIT FOR EACH SIDE
(Condlllons: VGS " Ves =10V)

10 z3mA

DRAIN CHARACTERISTICS AT 25·0 TURN-ON CHARACTERISTICS AT 25'C TURN-ON CHARACTERISTICS
VrtI (VOLTS) V'IS::; VDI (VOLTS) VtH ::; V~ (VOLTS)
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-10 -10 -5
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MEM 550C

5. Gate 2
6. Source 2
7 Drain 2

8 Open

-

Actual Size

TERMINAL DIAGRAM
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tJ~,.,' :!Ii
,I +!&MTINCl
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/'UU 200 .050-m 0IA
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TO-77

MEM~551• UEM 5S1C

.'~l~'.
~C--o

, 0 '.

Lead

MEM 550

1 Drain 1
2 Source 1
3 Gate 1

d. Suostrate (Body)

85mW each side

250mW each side

-~ -2~

-2~ -2~

-~ -2~

-2~ -2~

":"O.lmA
- 25mA ea.ch Side

-50 To 125°C
-50 To 100°C

MEM 550cIMEM 551C
-30V
-30V
·'-30V
-30V

MEM 551

-30V
-30V
-30V
-30V

112mW each side

325mW eacn Side

+O.1mA
- 25mA each side

-50 To 150°C
-50 TO 125°C

MEM 550

MEM550Cl

MEM55~~
MEM 550
MEM 551

FEATURES

.. 1010 ohms Input resistance (MEM 550 Series)
& 1DIS ohms Input resistance (MEM 551 Series)
o Integrated zener clamp orotects the gale (MEM 550 Series)
.. Normally all with zero gaM voltage
G Square Law transfer characteristics

APPLICATIONS

G Analog sWitches
o Series and shunt choppers
~ Operational amplifiers
• Logic circuits
• Unear RF amplifiers
00 Multiplexers
• Very high Input impedance arnpllllers (MEM 551 Series)

Dual P·Channel Enhancement Mode MOSFETS

lID

ELECTRICAL CHARACTERISTICS (1or each side - body grounded)
I .. _

Drain 10 Source Voltage .
Source to Drain Voltage .
Gate to SOurce Voltage .. '
Gate to Drain Voltage .".
Gate Ourrent (Forward Directlol" for

Zener Clamp) .
Drain'Ourrenl ..
Storage Temperature ..
Operating Junetlol1 Temperature " ....
Total Dissipation at 25°C Case

Tempsrature ..,
Total Dissipation at 25°C Ambient

Temperature ." ...

MAX/MUM RATINGS

S'fMBDl CHARACTERiSTIC

VI>~T Gale Source Threshold
Voltage VGS 3' VDs.ln = -3 I -

'OSS Oraln ~eakage Cuirenl VOS no -201,1 V(;~ - 1-02
ISOS SC'ufct'leakageCIHrent 'os 0 -20V V'S < 0, -- 1-02

M'" '" 1- -u'
IG55 Galt.ea~ageCumnt

Vr,s'" -151,1 MfM 551 - - - ,
-=-~ I pA1,105" 0'.1 MEM ~5(1C - -03

MEl.. ~<;IC - -10
IOlo~r Oraln Curre~l VGS '" "'DS"" -101,1 1 ~ -15 _.r,

aVDSS OraIM,SO'.Hce Breakoown 10 '" -l0IJ.A, VGS '" 0'.1 -30 -SO -25 -SO

BVsos Source·Dr3,nBreaitdowr 's ~ -10IJ.JtVGSc.- 0'.1 -3() -'};) -25 -50

aVG5S Gale 10 SOUfC~ Bleakdo'o'lll I(;s= -IOIJ.A,Vos"'OV -30 -5'J -25

'" Transadmillan(i; tkHl, "GS'" vas ""~, 10'.1 500 SOO - I"mho
Cos GatelQSOllrCe

"CaDaC,lJflce VGS" Vps "" -,10'.1 4 pF

C,4 Galeto DralnCaDaCllilnce VGs=Vns~' -101,1 " 4 pF

C" Drain to Source
0"CapaCitance "es "" Vos~' -101,1 01 or

'0S \'J~I Oraln to Source on
150Reslslance VGS '" .- 15'J, '.IDS - Oil <00 ohrn~

'r lIllY (s~ TraosadmltianceRa(io '.los'" -1011, los =2S01J.A 08 10 08 10 ~V

VCSI·IIGS1 Gale Voltage Di!lefenllal Vos '" -1011.1 05 "" 250IJ.A - 701200 '0 200 ~V

---

4C+10



Vcs=-lOV lo",500/-LA,

Vss",OV

'IDs-lOY 1~=500tJ-A,

Ves""OV

YGS==-~OV. V6S=V 05 =OV

vr,s=-20V. Ves=vDs""OV

pA

mY25

75

02 I LO

01 I 10

954A.955A

954, 95~

9558

955,955A

MEM _~10 ~~T~f'--~= TO~O~Il"": -j

~
-~ _.3- ~'-OV_~:::'o~:.::::9':'~_

~
:35 V V,D~O\ veD"=O~ lo-,-lOtJ-A-- -- -~-~-----,

-40 ._ "-~~",':.aI'.'o::'=~O~:~__'1
,~.i35 -50 Y YO;~YG~'=~ I

'I j::o:o. 150 n VGS~-15V 'os~OY i10",-0 1rnA

~- I - Vos"O~~ID=50~:~- --- •

700 14+-00 I /-Lmno
l.~ . . 1---- '".'.~Oy.I~':'~~_____ ,

N
91
-t.1 Vos~--IOY 'o"'OO".A

VB5=OV. I", 1,0 f<.\il .

- 7~~ ~_ ~DS'-"--lOV ID=500/-LA---~- ,

. .JRT V~e.::.~ f=lOOHz. 8\\,=11-11 1' I.:...;
175 --.!Y....-, Vn,=-!OV'D""500p.A, ~,::

i .JH'? Ve;=OV,f==l.Ol\H.z.BW"."tIi, ;;"

'0;";""'""~ ~c -----------1 ::..!.'
9548.9558 I .05 30 i nA 'os" -20Y Yo;~VB;~OY

CharacterIstics

Gale Vollage

DIfferential

Gate·Source BreaKdowr

Source-Dratr! Breakdown

Draln.Source tlreakdowl'

symbol

CTRICAL CHARACTERISTICS (TA .:: 25°C, unless otherwise specified - body grounded)

IVm -V025 I

~S'VG!Sl
AT

BVo;,

BVSDS

4C~1.'3

avos.

i 9548.9558 +;--I.---l--------------I
Gate Voltage 954. 95~ 150

Differential 954A,955A I 50 Ip·V/oc
Temp CoeH ------' r-- I I

'- T,~25·C. T,~IOO'C ~"'.~~9558__.-l__L__..J~ L---- --.-J

L

lransadrnltlance

Y'slIYrsl RatiO

~- .--

I EQuivalent Input

i ENl NOise VOltage
---

IE"
EQUivalent Input

NOise Voltage

1055
Oraln LeaKage Current

lses Source leakage Current

_.---

1m Gate LeakageCurrenl

VGS1fHI I Gate-Source ThreshOld

I--_-L~--
Ros,,,," I O""Tosource----lI.-----+-On ResISt"" I 95' Se"es

I

-'- -- - - 955 Series

VI; forw"d -
Transadmitlance
----_.-

.100

TO·77

~O'A.rt"j3"'" ~
'.1

1 ~SEATING
. PI.ANEI . ~:10

~OIA··nn·~·m·l~
./"UU w..r.050~D)A. .200

TERMINAL DIAGRAM

Lead

1 Drain 1

2. Source 1

3. Gate 1
4. Substrate (Body)

5. Gate 2
6. Source 2

7 Drain 2

8. Open

Bottom view of 8 lead header

Note; All dimensions in inches

MEM 954 Series I MEM 955 Series

'($"@J

MEM 954 Series
MEM 955 Series

MAXIMUM RATINGS (TA = 25'C, unless otherwise speclf,ed)

Dram to source voltage, , •... , .. "., " " . -35V
Source to drain voltage .•. ,. .. , ... , , -35V
Gate to source voltage, .• .. ,. . . ,..... .... . -40V
Gate to drain \lol1age , .. . . . , , ." .. , -40V
Gate current.... .. , , .. , .+0.1 mA
(FWd. directiol"' for zener clamp) (MEM 95.1. Serles)
Drain current,. ...• . .. . -50 mA each Side
Storage temperature....... . , ...• , _50°C to 150°C
Operating Junction temperature. ,.... , _50°C 10 "'125"C
Total dissipation at 25°C case temperature. . 300 mW each Side
Total dissipation at 25°C ambieni temperature •. . .. 112 mW each side

APPLICATIONS

Very high Input impedance amplifiers
SerIes and shunt choppers
Operational amplifiers
Smoke detectors
Cryogenic amplifl8rs
Multiplexers
Analog switches

FEATURES
D Normally off with zero gate voltage
• Square law transfer characteristics
B Tight VGS match
a Low temperature coetficient of A VGS
.. Specified for audio noise
l!I Low leakage currents
II 101~ OHMS input resistance (MEM 955 SerieS)
II 101~ OHMS Input resistance (MEM 954 Series)
• Integrated zener clamp protects the gate (MEM 954 Series)

4C~12
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I iii _ MEM 562 MEM 562~

~
I

~"

4C~15

5.0 lO '20

v.. ",ov
v.,'ov

~~:~;-;~

-----
"v.,r_O\.TSj

0.5 "0 20

Ie (mA)

\'P&" 10"'"
..... !ls"'" OV

r.'RfCl ~ 1k.IH
T4"=+25"C

00

1000 .1 0.2

DRAIN TO SOURCE RESiSTANCE
va GATE VOLTAGE

FORWARD TRANSAOMITTANCE
Vg DRAIN CURRENT

2000

'00

5000

~
~ 1000

.'!-
~ 500

Fig. 1 SWITCHING TEST SET
MEM 5S2/MEM 562C

10

70

'0

o ~ - - -'_..~
OI2.~.:l.567a9)O

.....GS (VOL.TS)

DRAIN CURRENT ys GATE VOLTAGE
TRANSFER CHARACTERISTiCS

~
•..~..

\ 0«lU.*~

...:=-7. ..n \ iI- ~~~
MI'.'1C101(I;

~~,~ \~~

60 -

50

"5 40

'"
'0

'0

,~,~,,:.._-~:~
0_ : 1 --

... ,,1- I

...__ ~~" :- :''''""1
OIlT""''''I1,3( ~ i : ,r-

,,~

~D1A,

TO-72

II ~II !

III \

~I\
i'

1. Source
2, Gate
3. Drain
4. Substrate, case

TERMINAL DIAGRAM

LEAD

3,@.
I

~OIA..,,,

Bottom view

Note: All dimensions in inches,

+20 Yolts
±10 Volts
±30 Volts
Limited by Dissipation
-50 to 125°C
-50 to 100°C

175 mW
500 mW

MEM 5620

225mW
6SCmW
T, = 251)C to 125cC

@2.25mw/ cC
T, "'" 25"'C to 12ScC

@6.5mW/cC

N-Channel Enhancement Mode MOSFETS
FEATURES
.. lon ohms input res!stance
<lI Normally off with zero gate ....-oltage
~ Square Law transfer characteristics
<II low insertion loss
.. low Input and output capacitance

ELECTRICAL CHARACTERISTICS
(TA :: 25'" C, unless otherwise specified - body grounded)

APPLICATIONS
.. Logic Circuits
(I Switches
.. Choppers
.. Multiplexers
.. AudiolRF Amplifier. Oscillators
" Operational Amplifiers

MAXIMUM RATINGS MEM 5.2
(TA == 25"C unless otherwise specified)
Drain to Source Voltage .+20 Vofts
Gate to Source Voltage ±!O VOlts
Gate to Drain Voltage ±30 Volts
Drain Currentr~ .Limited by DissipatIon
Storage Temperature " . -65 to 15aoC
Operating Junction Temperature -65 to 125°C
Total Dissipation

@ 25"C Ambient Temperature
@ 25"C Case Temperat1Jre

Derate Linearly From ...

MEM 562 MEM S62C

S~mb~l Chlr.1(tuisllc i Mi~ 1" 0" Iilj~ 1" Nu j Unill hnd/liV"1

v~~ ,,,., GaletoSourcc "J 0.50 1.5 " 0.50 1.5 tOT V
vo, - Vo~ I. - .... IO"A

rhrssnoldVoltaie

I." DlainlC3kageC~rrenll _ - 10 - - 10 I " V" = .... IOV. V~l '" OV

l~ll Gate Leaiage CuneM _ - 10 - 100 pA V~I 'C" :;;10'1' '1'01'::: OV

BV••l Drain Breakdow~ 20 - " - V to ~ ....10"A. VIlI = 0'1'
Voltage

R~ll""' Dra,n IQ SQVI~~ - 150 '00 ISO 350 ohll V,."=+IOV.I.",,O,lmA
D~ Re5i~'a"ce

I~ .""'. DrainCurrenl 5 15 - 5.0 15 mA V,,;, V", '" "'lOV

y" FCrtol3rd IIl<JO 1000 - - "mn~' Yo' -=: -IOV,I,:::: 2mA I::: HHJ
TrMudmlilan,e

C" Total Cale Input '.0 '.0 - '.0 I ~.O flt Vc.,:::! OV. V~l =' "·10V. f::: 1 Mh'1
CapaCitance

c... TolalDraillOutput 3.0 '.0 '0 '.0 p~ VC,1 '" OV, V'I '" "'10V.1 OC" t MHl
Capac!ldnee

C. IC'''''O'''"
OJ 0.' - 0.' 0.' p, V,;, = OV, VOl: OV,I= I MHl

Capacitance

10,","0,1,,"m' 1_ - 45 - - 55 nS Se~ rjgme 1

R1:!ie Tlml - " - 75 nS I~ee ~I&ure I

t(.111 jTurnoflTlme - 160 - 170 nS See Figure 1

4C-14



FEATURES

• Monolithic Gate Protection Diode
• Low Feed-TnrouQI1 Capacitance
• Low ON Resistance
• Normally OFF with Zero Gate Drive

APPLICATIONS

oS High Speed Analog SWitches
.. Linear Amplifiers
" Series-Shunt Choppers
1!11 Synchronous Detectors
• Level Shifters
l!l High Input Impedance BuHsrs

~'; J
,;:&;

•w

'I
.~

4C~17

mA

r:-PUL$E 'll'IOi"~.--l

900101 INPtH _f;o<;;"'GSIONI, 1()~OLrS

00". I """" • ~. ""
10'1. L Ii IO'I' __ ~Q$lO~F)'OVO~T$

I',n Ill" l-

1.,,,~. f- "'''.:r., ~
~i '" I~""'"

~o~:t: e ~O'I' ____-" OItOLTSIn5!:C
I010H~S

1,~I1F

IMOHIlIl$
IDF I~CLUOI~G .,Co~E INPUT C

u__ 'OIlOC

Id\ol(l

IdlonJ

Cg,

COl'S

C'9B

<0," ~

'"'~""n '" ~I t"n "ge,

I

I !i;:':CS{''"' I i' 1"" I '"':",
...L l"f..N 1 ~"'DD~ _ 1 I.~ ~.:b.L

"""'~,~'" ,,",eo - .:

~~~~(,~~~T: ~.~~.SEC
6E~ ~o OHIIIS

oIlCIL~O:SCOPE

"Rin
Cio

SWITCHING TEST CIRCUIT

L"" '.o.

, .

=-=-S~';b;;~1 ==-=:Cha'::~:'~~T=--=-= cond'l,on~==-l~-PEt"" I '"
V I III Gale.lo Source Vos = .J-10V la --" ... lO.. A Vas'" OV 050 - 15 I V

os I Threshold Voltage I
I I

loss Dram LeaKage Current I Vas - ... jOV"r,;s = OV, Ves = 0\1 - - '0 \ nA

1
0
5' Gale Leakage Conen! VGS - -10V, V", - OV V" • OV - - I 10 : nA

BVoss Drain BreaKQown I II) = -+--lOf4 A, VGS =QV, VB~ "" 0\1 \ 25 I
VoltagE' I

BV
GSS

Gate Breakdown ! IG = .... 'OiJ,A Vos =V es =OV 30 I
Voltage I

RaslONI Draln-l?Source VGS = t-lOV, la = D.lmA _\I 100 ohms
or ReSIstance Ves "'OV I

IDION' Drain current'I Vos = VGS = .... )01/, Yes = OV 10 I

Y
I
_ forward Vas""' '1"""10V, 10 = 2mA.! "'" 1KHZ tOOO I I Il-mhos

~ Transadmlltance I Vo$ = OV I I

TOla\ Gate Input Vr,;s ""'OV, Vos = r lOY, t ~ 1 MHz I 60 II pF

Capacitance Vas -= OV I'
Tolal Dca" Oulp,,, VGS ~ DV, Vos ~ +10V,' ~ 1 MHz I I 5,0'I pF
Capacitance Vas = OV

Ga'e~Draln I V8s=Ov,Vas=OV,f'~lMHz I \ I '.0 II pF
Capacitance Vas = av I
Turn 01' Delay Time Vaa ~ 1GV I - I 3 I ns

Rise Time I \0 IC~1 = 10rnA - 5! [1$

,,,,,,, oe,., ,,,, I ""." ,J '"",'" - I - I · I .,
J F'" T,me I VGSlO"'~ OV ~ LL- 60 ns

ELECTRICAL CHARACTERISTICS (TA '" 25" C, unless otherwise specified - boay grounded)

1"-2-'J'\I
:',1'"

~:-\,~
"\ L ,048

-:o2i
Bottom view

Note: All dimensIons in Inches.

TERMINAL DIAGRAM

LEAD

1. Source

I

2, Gate
3. Drain

l_ ,~j

nlt-~

~\
TO·72

•••~OA, ,m OIA.
":"f78

.l- ,05.
.~;~ L r'u

:
u

, ---~

f~:~.l~l~ '''r
.021 ,100

25 Volts
30 Volts

..30Volls

. -6510 150<>C
-65 to 150<>C

.225 mW
650 rnW

MEM111 ~

N-Channel Enhancement Mode MOSFET

DESCRIPTION

The MEM 71 ~ is an N-channel, Enhancement Mode, Metal Oxide Semlconduc
(or Field Effect Transistor, protected from exceSSive Input voltage6 by a
monolithic zener diode between gate and substrate. This MOSFET features a
low threshold limit of 1.5 volts making possible direct drive from low voltage
TTL loglc levers. The low ON resistance and low feed-through capacitance
make the MEM 71 1 Ideally suited tor high speed analog SWitching,

MAXIMUM RATINGS (T,Q. =25°C, unless otherwise specified)

Drain to Source Voltage Vos
Gale to Source VoltagE! . VGS
Gat~ to'Drain Voltage. .. V<SO .

Storage Temperature ..
Operating Junction Temr.Jsrature
Total Dissipation @ 25<>C Am/;lient Tsmperature

@ 25~C Case Temperatura

4C·16
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SWITCHING CIRCUIT FOR N-CHANNEL ENHANCEMENT

Drain Current
Draln-Source on Resistance
Drain·Source on Voltage
Drain Breakdown Voltage
Source Breakdown Voltage

Gate Forward Current

Threshold Voltage
Drain Leakage Current
Drain Leal'«~ge Current
Source leakage Current

'I Gate Leakage Current

IOIO~l

R~II"HI

V~l[O~1

BVol1

SVlOI

Voo +IOV~O'Yo-

t
~'OV i

INPuT I

PULSE I

R2 o-!.Q%- :

--)>-- OSCILL..OSCOPE j LtdOFF--j
R tr :So 10rS tdON I

GENERATOR' Rin ?- 10 Il .:Gr r --1 tf r
tr'p~~7tlg~~ Cin~75pF YDO~O"f"__ Y

GE~~~~T;~C~EO~;c"E 50Ji I
IMPEOANCE ~ 50n _ -= O..J.Q"fo .==..-

IGll

tvl1

--~----.--

3N175 3N176 3Nl77

-~---- MAX MIN MAX MIN1MAX UNITSSYMBOL AC CHARACTERISTICS MIN
CONDITiONS

---J

Ylo I Forward Transadm\ttance 120 ~ 10~1 5~ 7~ ~ ~;hOS
VOl = + 15V, 10 = 2mA, f = 1kHz

C", Input Capacitance -
VDl = +15V. VGl = OV, f = 1MHz

C~, I Drain to Source - 0.1 - 0.25 - 0.5 pF VOl = 15V, VOl = OV, ~ = 1M Hz

~> I'·'""""::'l- 05 1- 0.5 - 0.75 pF
VOl = OV, V"f c= OV. f = IMHz

tol"" Turn·On Delay Time - 25 - 30 - 35 ns

t, Rise Time - 30 ~ 35 - 40 ns } R, ~ R, ~ 4.5K ohms

t.[.fll Turn·Off Deley Time - 50_55-60ns See Circuit Diagram BelOW

Fall Tjme - ~ _ 150 - 150 ns_. --

V....lllHI

lois
le!l

'»

'iIL:X~If!CTRICAL CHARACTERISTICS (TA =0 25D C, unless otherv"lse specified - body grcnJi"loed)

.0«>

.~

/'::.+~.t.oZll

1. Source
2. Gate
3. DraIn
4. Bulk (Case)

TO-72

BonoM VIEW
Natl: All dImensions In Inches.

TERMINAL OIAGRAM

LEAO

lr
~~1
.195J ".

[m ~
.210

~-li'F•r-=:: _ ~.~~~
MEADE ~ MAl( , i

.!l!.i~_ ..Ot6 _

.Ql!

.~,

~,@.
~I

-

n~
ill!
il l

~75 3N176 3Nl77

Drain-Source Voltage +30V +25V +20V
DraIn-Gate Voltage +30V +25V +20V
Forward Gate- +35V +30V +20V

Source Voltage
Reverse Gate- -35V -30V _20V

Source Voltage
Drain Current 50mA 50mA 50mA

storage Temperature _65°C to +20011 C _65°C to +20aoC _6S11C to +200°C
Operating Temperature: _65<lC to + 150"C _65"C to + 150°C _65°C to +150QC
Total Dissipation at 650mW 650mW 650mW
25°C Case Temp.
Total DIssipation at 225mW 225mW 225mW
25°C Ambient Temp.
Derating Faetor l.SmW/oC 1.8mW/oC 1.8mW/QC

APPLICAT!ONS

II! Designed Primarily for Low Power
Switching and Chopper Applications

II Complementary to P·Channel
Enhancement MIaS

• Series and Shunt Choppers
• Analog Switch
III Multiplexers
• Audio Ampl ifier
III Operational Amplifiers

~N175 31\1176 3N~:J

MAXIMUM RATINGS (TA = 25"C unless otherwIse specified)

N-Channel Enhancement Mode MOSFETS
FEATURES

• Low Threshold Voltage
iI Low Input and Gate to Drain

Capacitance
III IOu Ohms Input Resistance
• Normally "OFF" with Zero Gate Voltage
III Square Law Transfer Characteristlcs
• High Ratio of "OFF" to "ON" Resistance

<lC·1S
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l

__I
~ii:,-T-t--'·+-+--.......l-.1- I , ' '

.'~.:J±~~·itj
pt~LL.. ': l 1 \

00 0 iOO-~
Ves 1"'1,')

SHUNT CHOPPER

DRAIN CURRENT \IS

DRAIN-TO-SOURCE VOLTAGE

,o:...-+.·--~ ;,;-;-;,p,

I I: \ I \------t---..,---.-••--r----T--I..-.....-
Iii

\/4'"

RGI!:N

~v", 1 ~v, -L ~
",=,,":::" "'::" - ":"

RANGE OF TYPICAL VALUES

o to -'-15V Square Walle 20Hz: to 100kHz:

+Ol~~ ~~:~j A,C, or D.C. Signal

Chapped Outout

SEFiIES CHOPPER
(or MULTlPLlEX CELL)

"O(c-NI ~s ~i'
I~ • l<>O,IL'
T.'Q5'O:
\1111' ov

. ,
Vn VOLU

CHARACTERISTIC CURVE

-,

ORAIN TO SOURCE RESISTANCE
\/s GATE VOLTAGE

"

.'I

40C;-

&'~(jl.
i

°6

""I

1000--',

··i'.

DRAIN (OR SOURCE) CURRENT
'IS TEMPERATURE

DRA.IN CURRENT "6 GATE VOLTA.GE
TRANSFER CHARACTERISTICS

o.trJ·~·.......-t ~..,,"_._. -; "e
~u tVOLTS

100,000 ...-,

"'os ~ +1 I

00 " 7

1,000/ /'

100 /' /'

I~

4C·2C
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4C-23

."

C5

I

NOise FIGURE 'IS DRAIN CURRENT

:~.": 1.~~~fT...,1"J'"$ ]
.i- ~_c. .~._L--i.-~Irr\:'J;l'~;1#" "~I
I iii, ~...
'1'-- .;-.·-+.-·-r·-t -+.-_._.-.- ··-i·_·--I

LJ-. • i I -t-!-, ' :'\ \ \ '. 1.-;- i I L '\I' ," < , I

I--J--T'--i-"-'~----\---+-1- --I
.' . I, i

l
: i , \ I

o~~.-----+~----t----;: C"".;W 'I01'~~' J,-- 1'-- --+·---,'0

~I( IOOQ.f

l, = 4 Turns +&22 Wire V4" Dia, &. %" Spacing

CI,I.4 "0 I = 0,9 to 7 pf Trimmer (Arco·Elnlenco :!t402)

L. = S Turns #22 Wire lie" Dia. &. %" Spacing

C, = 1.5 to 20 pI TrImmer (Arco·E.lmenco #400)

POWER GAIN TEST JIG@l 200MHz. FOR
tJlEtJl 5$7 WITH NEUTRALIZING

AGC

1

\7.

IOOO,F ) I~-:L
-:

POWER CoI\IN vs DRAIN CURRENT

I
l

I
~

TD-72 PACKAGE

Bottom'llew

Note: All ~imeti$ions in inches.

TERMINAL DIAGRAM

LEAD I
lOra" I
2. Source

3 Gate

4 Sub,".,. Iand case

2

'®'J

';::-OIA'R~014L---. ..m

-:Wo ~J-±.
~~o: =~:~::::L.,."O .'00~ T MIN•

.015 I.
,021

.1'"

\-------'

I
,fl·' I
'~.r'

I I[ \1
1

I II :1I :lllli,
I i ~ l'r-
I

i

APPLICATIONS

• TV runers
G FM Tuners
• IF Amplifiers,
.. SSB Amplifiers
o Wideband Amplifiers
o HIgh Frequency Analog SWitching

FEATURES
&I 10"5 ohms Input resistance
• Low 3,~ order distortion
.a High gain - low nnise through. VHF range
• Low leedbaok capal;ll<1llce 0.32 of typo
o Square law response

N-Channel Depletion Mode MOSFET

ELECTRICAL CHARACTERISTICS
(TA ::: 25"C, unless otherwise specified - body grounded)

MAXIMUM RATINGS (T.... :;; 25~C, unless otherwise specified)
Drarn-ta-Source voltage, VOl +20V
Gate-lo-Source voltage, ¥Sl ±30V
Gate·ta-Dram voltage. VO~ ±30V
Drain Current, 10 limited by Dissipation
Storage Temperature -"65 to +150oC
Operating Junction Temperature -65 to + 150°C
Total DiSSIpation at 25°C Case Temperature 300 rnW
Total Dissipation at 25°C Amb\ent Temperature 150 rnW

at 100°C AmbIent Temperature ISO mW
O~ra{e. LInearly froil" 100Ge to lS()'lC at 3 mw/ee

I!'J----- MEM 557 - ]

Symbol Characleristics Min. Typ. Ma~'1 Units Conditions

8Vm Bre,akdown vortege 20 _I V V:;< = _.4V, I~ =, IOOtiA
dram to source

J">I Gate Leakage Current - - 0.\0 I ,A VGI = ;r:10V

10 (oW Drain to Source I - 100 pA V~I = + ISY, VGI = -<l.DII
Leaf{age Current

1011 Zero Signal Gate 3.0 - 30 mA VOl = -1-1511, Vfjl = OV
voltage drai~ current

Vr, (ofll Gatl'-SOL,rce Culof{ -0.3 -2.0 _.4,0 V VDI ~~ -+ 15V, 10 = 100p~

Voltage

C." Smal!~slgnal, short - 3.0 5.0 pF vO i ~"-' +]5V. 10 ~: IOmA',
wcultgate NO.l·to· f=4.4 MHl
source tapacll~(\ce

C,.. ~i~~~\ts~,na~k\~~~~~r~e - 2.0 - pr Vel_~ -j-1511, 10 "'" lOmA"
(,~_ 44 MHz

C... Small-slimal, short - 0.32 pF VOl ,'''' +1511, Ie = lOrnA',
circu~t le'ferse f""" 1MH1
transfer zapacitance

G,. ~orward Irans 8000 10000 - ,.mhlls Vo; =. +151/, l, = 10m""
conductance I ",.1 kHz

G., Power gain lor lG \8 - d8 VOI = +151/,11",\= 1.11/,
'l'Ieasuremenls cirCUits f -= 200 MHz, ~, = 2700

NF NOise Figure·' 2, 40 '" VD, 7-" -t-151/,1/6 • -"' 1.11/,
f = 200 MHz, Rs= 270U

rd'I",,1 Drain to Source n V~l = 01/
on resistance - 200 300 10 = O.lmA

·VGiI bias IS adjusted for rne required current
-*lnp\Jt Circuit adju~ted lor mll1imum noise figure.

4C~22
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25V
25V

2!5V
mv
~v

.,50rrA

. , 360mW

..2.4{1lW!"C
_ ,265"C

•• -65<>(: to +175"C

Sugec"trlo

IlOSS Range
Source AIlB\stO' SuggunrCl BlasIng

Ollvice \mA) Color Cooe (ohmsl (voits)

-~~-

MEM616 5·13 BlocK Dot 150 VGl ~ "1.$

R,F, Ampllf:e' '1-22 Slue Dot '.0 VG'2S= ","4.0

20."0 Reo Dot 200

MEM617 I 2'

Slllck Dot 100 \lG1 "+0.5

Ml)(e~ '.15 Blue Dot 100 \iG'2 '" "'1,S

MEM61B Lf
Slec)( Do: i 270 VG1 ~ ·,.,.0

I,F,Ampllfier 7·111 Blua Dot I 270 VG2S" ..-4.0

12-:20 f',ld Dot 2" --

NOTES:
t, Sea FiQure 1,'2. Signal end tocal DsciliDtor Voltages. both Us <lpplloo on Gete 1 With kljact\on lulial "qu::;l to 500MV F\MS \5e" Fig\lre2).
3. Unnl'lUtr<!lli~edI"aximum usable \Il1in 'for ene s'tBgt (s~e Fi'ilure 3),
4, MEM 616 (RF AMP) ID"'10mA, f'"200MH~.
5. MEM 617 tMIXEfl.) VG1S"O,lV, f"'200MHz/44MHz.
6, MEM,61611F AMP) IO",SmA, t"44MHz.
7, In eddltlonto the stancHd lang" of lOSS. tho 'fOllowing tpss range, are avall(lole

sYMeO
L

CHARActERISTICS -t_TE_S_T_C_ON_0_'T_'0_,"_5 +-- -1_'--__-+'-- ~'-'-..:.

.VD$S
0""-5",,, ',,',"owe Vol"" I '0"'00"'" VG15""G2$"-4V '25 - 20 120 - - I~ol.

SVG1SS
G", 1-50""" ""kdowo VOI\'" 'GW"'.A, VD5"VG2S"OV ±6.0 - - ±6.0 - ±6.0 - - "'"

SVG2SS
G\lrW '2-Source S'~"kdow" VOt111gf! IG25"'1OJA. VOS"VG1S"OV i6.0 - - :t6.0 - ±6() - vOltl

VG1S(of!l
Gatel-SourceCUtoffVol t2ge 10=<60/IA VOS",,5V.VG2S"'4V ~ -1.5 - -1.0 - - -15 - \lol,~

VG2S(offl
Gate '2_Sourcl'Cllwlf Volu9'J 10"SO,uA. VDS"15V. VG1S"OV - - -4.0 - 40 - -4.0 \lol\s

lOSS
Gate '2-Voltagc Drain Curr<mt VOS~'5V, VG1~"OV, VG2S=-4V 5,07 10 2.01 ~ t5 3.0

7
- '20 rnA

IG1SS
Gatu 1_Leakage Cl.Irre-nt VG'S""UV, VG?.s~'VOS"OV 50 50 50 ,A

'G2SS
Gale 1_Le~kageCurrent VG2S"'±4V, VG1S"'VOS'~OV 50 50 50 oA

Cr.ls
ABVcrse Tran~fer C.paCltanC;e VDr~~~~IA~~~~~o~4~; ,005 ,02 .03 ,000 ,OO! .03 ,F

CI~
l1lout Capacitance VOS"'"'"15V, VG2S"'+4V, 4.0 5.4 6.0 6.0 5,1 - ,F

Co~s
DUIOU\ C"p~C;13f)C~

VOS"'+1..iV, VG2S"'+4V, 2.2 2.5 - 2.5 - "
rts;. Input Re~i~tancE' VOS"''''1f;iV, VG2S"+ollV, 790 670 "k "
ro,s OutpUt R~si5taI\C8

VDS"""15V, VG2S",+,4V. 1,25 - 17 18 kO

\Y,I Mag""itud~ Of Fwo ir?1ls(ldm,lt<:Il,ce VDS~ .... t6V, VG2S~+4V. 12 '9 - 4.4 10 14 rnmt'lo

0 Angle of FWd Transadmlltance VOS"'"'"1,!)V, VG2S,,+4V , see -55
__13.6 - degrae

IV'sl "'iagn\t\ld~ at Re-J Trensedn-lltance VaS"'" 15V, VG1S",...4 V, nOtes - 30 5.6 - ~iTlho

,,, An91e of RElY Trenl::1d{1lltta"c~
VDS-+HW, VG2S",+4V. 4,5,6 ·-30 - 90 - degrea

MAG Ms)Omurfl AVl1llable Powa~ Gall' VOS""',5V. VG2S", ...4V, - 21 17.3 2 - 39 - dE

G", Power Garn VOS"""5V, VG'2S",+4V• 16 '9
'

- de

MUG Mal';imum lJsable Power Geln VDS=-t-15V, VG2S-\-4V. - 30J - dB

N,~. Noise Figure VOS,,-I-15V, VG2S,,+4V, - 3.~ 4.5 - de

ELECTRICAL CHARACTERISTICS; (TA '" 25°0 unleSS otherwise speCified)

MAXIMUM RATINGS '(TA ' '" 25"C, unless otherwi'3e specified)

oRAIN'SOURCE VOLTAGE, Vas, ....•

ORAIN-GATE NO.1 VOl-TAGE, VDG1 ,.

DRAIN-GATE NO.:i VOLTAGE, VDG2 ••

GATE NO. 1_S0URCE VOLT AGE, VG1S .'
-GATE NO.2_SOURCE VOLTAGE., VG2S ..

DRAIN CURRENT, 10 .' ..•.•.• , •.• ,

1RANSISTOR DISSIPATION. PT AT 25<>(: •••
ABOve 25"C, oERATr. LlNERALV

LEAP TEMPERATURE DISTANCE 1/32 FROM THE SEATED SURFACE FOR lQSECONOS ." ..

srORAGE TSMPERATURE RANGE ..
--,

000

B~ttom VihY

W
=zoe

_195[17a_~ CAN

~~~ I" It
L_ -mT'- J ~ SEATING

HEA.DER .. _ r,__I'I.AHr

019 -:-r ~
.0i6~ ~ ,050j ,2!lQ IMAX MIN. ,SOC

021 - - _~....J.. III I,.,
0i6 ~- .l

TO-72

TERMINAL DIAGRAM
1. DRAIN

I
2. GATE '2
3. G,a.TE ,

4. SOURCE/SUBSTRATE

l__~_"o,

APPLICAnONS
Tv TUr'ler RF Amplifier, and M,l<ers
FM Tuner AF Amnl{fip.rs and Mixers
IF Amplifier>

Synehronouf, Detr:ctorl

Wid.:: B<lrld RF Amplifl&ts

DESCRIPTION

,ne MEM 616 I MEt</. 617 I MEM 618 are N'Ch<,'lMel, Depletion

Mnde. Dual-Gat!' Meta,' OXide Semiconductor Ir<ln$l~tors Tll~V are
oroter.;tcd fralT", e~ce5sive Input volt<'lgt'$ oy monolithiC back'1(>'back

oiodflS between gates <!Ild sOLlrce.

The MEM 616 IS ,htended fOr IJse 'n VHF amplifiers. The low feed

back capacitance ilermits stadte t,'9n gall' Without the use of 'leutrar.
<:1'111(,>11.

The M£M 617.£ Intended fOr use In VHF ml:l(i!rs In lelB'/lsloj' tLlner5

....here minimized :;rQ~~':nodulatlan,and Inter-mOdulation distOrtion

and 10,"" nOise ooeratlon are reqwrecl.

Thp. MEM 61B I~ lr'>tel1[l(l(! fOr use In tuned nigh frequency amplifiers

sucn as TV IF. The lOW tecdOl.CK c;::pa::l1:anCe '.)f>rmh;s high S\n~le

stage gall' and stability vmhout "eutrallz~tion.

N-Channel Deplelion Mode Dual-Gale MOSFETS

FEATURES
• MonoHttric Gate·Protection Diodes

.. Low Faedbilck Capacitance

• High Gain-Low NOISII at VHF
.. Reverse AGe Capability

/I L,near Mtxers-Ll)w CrQS5-Modulation Distortion

• Dual-Gate C~cde Operation

l!il MEM 616 MEM 1517 ME~
---._--------- ---

j:?

~(-.Ii 4C·24
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I~VDC

r
101< lOOOpl' 1001(

NOTE I ~

"'I~VOC

Fig. 4 _105MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT

ST "'0,19 9ARf cClpPfR WIRE ON ~/16" OIAM. COl'll, 'IZ" L,O"lG TolP Il.' 2T F'WM \:OLD E'-IO

<;T ~Q.19 BME COPPER WIRE ON 5116." O'A'" COII£,3/1;l"LONG TA" AT ,T FROrtl COLO END

1'1 Qo'67 AT 10.?'MM!, NI/NZ'17

IIS.7MI-iI 25;>F ~20" rUT r-Q ' .0.7"'Hz," 'O'~r 1°U""1~omV ,001 0 6".-- I"TO ~on
ON G2 LI G2 33pF NI 1~2 I_OAD

,ons"'" --r.n," s
7 .~

1" I ~"

~~+
- r_15VOC

-+15 YDC

Fig. 5 _105MH~ to 1D,7MHz CONVERSION GAIN TEST
CIRCUIT (PRODUCT MIXER)

6t "lO.iB BARE COppER .... IRE ot. ~/16" OIA'" CORE;, 112" L,ONG Hl" AT 4-1/2T
Ct tll.BpP flt'151( AT IOOMI-iI, MOLJ"l'Eo.

.. 2 SAlliE AS LI, BLIT Rp 301< MOUNTED

CI.C<; 0,9 TO TCPI=' Tl'IlMMER

C2,Cl All'I VARIAElI..E CAPACITOR 20p-F MAX

",oTE I ADJUST 'OK f'(JT FOR smA Ip

'::,~~~~."",,-,, 1C'~~~ ~gK"
C2 ,OO~ 7 ~

rillOOOPl'

1
,00oP'l IJ.. ~ '1

9.11< 1001( 100";" ~

CD
"-10

rrr
~gii",

001 ;:OAO

10"-
1"1" 1 -
o· ~ L?

J.- 15VDC

,oc

,,1,

14
'71<

"! 7

OOOp'II\~

141' NO,32 cO"'ro~ COVOtEO CQPPEp WIR~ CLOSE WOU~O O~ 1f4" ClAM FORrtl

7T ~O,16 BARE; COP-PER WIRE ON '/2" FOR"", 'n° ~NG

G) CH~AiN TAP 2-1/2 '" I"RO~ COLO END

~! LOAD rAP 0 ol'" I='ROM \:OLO END

Fig, 3 ~ 44MHz POWER GAIN/NOISE FIGURE TEST CiRCUIT

FIg. 2 _ 20tlMHz TO 44MHz MIXER TEST CIRCUIT

"OM"'TI"[
INPUT

FROM LJ5~fJi:

· ':T ;~~;
I 1'"

.),. 7 7 -

"ooo'i~ I I! 1 ~'_ 1000 I HOp'"

'" '''°.,,07 t' lf~-F'~I-o:1!g~o

--'001~
AGC 18vDC

FOR ';:xiJS~ GAI~ 1-
,-I 41' ~O,16 flARE COPPER WIRE 3/16" OIAM. 1='0RM, 1/2"LONG TAP AT 3T FROM COLD EN~

L2 4T ~O.IS ,/4·'0IA,~. FORM, -.li( LON(; TAP flo" 3141' "'ROM COLO E~O

CI 0,4"0 ?p'" (ARCO 400]

c2,C~ 1.3 fa Sill' YARIABLE.

C4 10000" aIJ1TON Tl'Pf CAPACITOR

Frg.1 - 200MHz POWER GAIN/NOISE FIGURE TEST CIRCUIT
SHIELD..c ... ,

";" i
TOT

'1~N~~~ ~-,~-----Y ~
50n SOURCf:

l-' )1 "10. IS BARf COPPER WIRE ON ~/IS· CORE, 112" ...O~G TAP roT )/4T FROM COLD END

PRIMARY lOt NO.32 COTTON COVER~O COPP~R WIRE CLOSE WOUND or. 1/'1" FORM
SfCONDAR~ it NO.l2 ENAMELED \:OPPEfl WIRE AOJUSTED 1='0R 16. ro I TllRNS RATIO

It:

~
.~

l~l,
e
~::'

4C-27
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4C·29

25V
25V

25V
±{)v

"±6V

.SOmA
350mW

.2..!lmV\'!'(;

.265'C

. ,·65"C to .. i75"C

VGl "-1.0
Vms .. ~4,O

''0
210
210

MINM~~:36MAxlMIN ""~E~ 63~AXIMINM~y~3aMAX(UNITS

'(,,110'0'1 Dot

Blue Dot
Red Dot

TEST CONDITlONS

'-9

].1 4

12-20

CHARACTERISTICS

MEM 638

1,F,Ampllfler

jlXIMUM RATINGS (TA ;:. 25"C. unless otherwIse speCified)

SYMB:OL

I)VDSS Oraln,50LJrce Breakdown YoI\~ge 'O'·100j.lA. YG1S"VG2S"'-4V '0 - 20 20 V

BVG1SS G~:e l-Source Brei:lf<.down Vollage IG1S"1DuA. VOS"'VG2S"OV :!tiO - :':6.0 - ±6,0 ,
IloVG2SS Ga~e 2--S0UTt~ BrellKdo.....n VOltage IG2S"'1O!lA. VOS-'VG1S~OV L6.0 - - ±6.0 ;1:60 ,
VG1S(01f) Oale l·-Sourc~ Cu~ofl Voltage ID"SOflA. VOS"1SY, VG2S~4V 1.5 - -1.0 -1.5 - V

VG2Sloffl G&!e 2_S0\.lfCS Cutoff Yoltage ID"'SOJ.lA. Vos~15V, VG1S"OV -4.0 - -4.0 -4.0 Y

lOSS Gats 2-.Voltall~ Dntln r.urrent VOS"1SV. VC;lS~OV,VG2S,,4V 4.07 - 00 ~.O 7 - 20 3.0 ' 20 mA

'G1SS Gll·.e t-Le~Ka!l!! Currenl VG1S"I4V. VG2S"VOS"OV 50 50 50 "A

10255 G&te 2- Le~Kage Current VG2S"±.!lV, VG1S·\IDS"'OV 50 50 50

C," Rel/er~e Tran~!8r Cap:IClli).nce Y05"''l-15Y. VG25"'.,.4Y,
lor.10I"1A. (:1.0MH1 00" .O~ _03 005 ,02 03 i(IF

Cl~~ [1111ul Capacltante VOS"~·1SY. VG2S".,.4V. 4_0 5' '_0 '_0 5.1 p'

Cos~ OutpUt CIIOacltance VOS~"1SV, YG2S"'i4V. '_2 2' 2,5 p'
ri.~ [nl=ut R8':Ilstarce YDS"'''15V, VG2S".,.4V, 790 6'0 15' n

'". Outp1.l1 R851~la"ce VD5"-15V. VG25"+4V. 2.00 17 18 >"
IYbl MB!lf\ltude 01 ~wd TransoomlttEm~e YOS"+1SII. YG2S~"'4V. 12 '8 4,4

8
10 14 m", Angle 01 Fwd Trlln;<Klmltl;mce VOS""'V, VG2S'-"~" -5!;l - -13,6 ,,'

IVrsl Ma9nltuc!o of Ai!\! r,an$Oelrnl(l;lnce YDS":l-1SV. VG25"+4V, nolo& 30 5_5 ;lmro

'" Angle ot ~C'I TrllnlotClrTIlUllnCe YOS""',5V VG2S~..4V, 4,5,6 -30 90 ,,,
G, ConllEHSlon POWll' Ga:' VOS"..1SV, YG2SH4V. 18 dB

Fi90 "2 200MHz. F'g 5 105MH~

G" Powe.. Ga'w .- 200MH~ "lg.1 '9 " 08
G,_ Powe' G~in - 105V1Hz F'9. 4 27 dB
MUG Ma><.,myrn ~J~able "owe' t:'>i1'''~. 44MH~ F'g.3 30 3 - ","-, '110;$" Fi',lurO - :.!OOMHz Fi~ 1 2_5 3.3 0'
NOTES:

'.See Fi{JUra'.
2. Slgnel end loce[ oicilletor lIoltaglls, both Me appliec on Gate 1 with In]ectior lo'IV~.: 'nUlll to 500MV l"lM5 liee Figure 2),
3, Unnoutrolizoc! moxirnum u$sbl" gain for one Haga (sile Figura 3).
4. MEM 636 (RF AMPr lo"10mA, f"'200MHz.
S. MEM 6'37 (MIXER) VG1S"'0.1V, t:.200MHz/44MHz.
6. MEM638 ([F AMP) [0'''-5mA.t:044MHz.
7. (flllcdltlon to thll ~tBndBrd r1l1!11l of IDss. the follow,ng I DSS "lnga$ era allalillolo
1'1. I" orward CO'Wf1,.~lon Irlln.~r,on"IJcti!nce

I ,,'''''"'~DSS Range Source AQ$I!Otor j S\.l~~"ted 6ia!OIng
_ Oevlce irnA) Color Code (51\ (V)

MEM 6'36 I 4-13 YellOW 001 150 I Val'" +1.5
ftF_ Amplltler 1 '"22 B\ue Dot 180 VG25'" '04.0

20-30 Reel OOt 200 I
MEM 637 I 2·8 Yuolo,," 'L)ct 100 VOt ,- _0.5

Mlur 6·12 Slue Dot 100 I Ven -,0 +1.&

'0·20 ~ed Oot

El-ECTRICAl- CHARACTERISTICS (TA -:: 25"C, -.lnleS5 otherwise speci1ied - body grounded)

DFI.AIN-SOURCE VOLTA~E. VDS •.•.•

-',DFlAtN.uATE NO.1 VOLfAGE. VDGi ..

"ORAIN-GATE NO.2 VOLTAGF. VDG2 ..

~AiE NO.1-SOURCE VOL TAGE. VG1S .

ciAiE NO.2-SOURCE VOLTAGE, VG2S.

pil AIN cUAA€NT, '0 .'
iAANSISiOA OISSIPATtoN, PT AT 25"C •

ABOVE 25OC, DERATE L.1NEAR L Y.
LEAD TEMPERATURE DiSTANCE 1/32 F8aM THE SEATED SURFACE FOR 10 SECONDS

sTORAGE TEMPERATURE RANGE. . .••..

I

I

TOP VIEW

SIDE VIEW

G : ,-
j

_ ,120 'I

L
- i ,"0

-15 J

~
~

TERMINAL DIAGRAM
1. SOURCE

2. DRA[N

3. GATE 2

4. GATE'

"..,.,.,,_.""".._","". I

1--_20°1
~~yp, :2f~-,
TI<: = I ~~ ,160l ~_=_J

1;32 DIA. f

-_710 -I

L IOTYP
•

-1=-

APPLICATIONS

TV Tl.ner HF Amplifiers and MIXers

FM Tl,ner AF Amolifir~rs a"d Mixers
IF Amoli'hers

SynchrOnoll~ Detectors

Wide Gor.d RF Amo\ifh:~rs

~MEM636 MEM637-~~

-------- ----
N-Channel Depletion Mode Dual-Gale MOSFETS

DESCRIPTION

TI111 M=1Y' 636/MEM 5311M~M 6'3£1 arB "Hhennal, DllPlatlon-ModB,

Dual-Gne Meta' OXide SemlConOuCtor +leld-effeCt tr~n5ist;)rs. Tl1(1y
,He PrC1:\lI;teo from IIxce'si~\! mout 110('1:3985 r-v TlOnOlltt1\C bac\I..to_
baCK Olooes belw'een g~tes and source.

The MEM 536 's Ilittlnded 10" 'JU 1(\ VHF ",mpljflo~. The 10.....

feedback C.:Ipaclt"'nce perm:ts statlJ.e high gall' #Ithout tr,e use Of
'1eutrlllfJatlon.

FEATURES

• Monolithic G~te·ProteCtlonDiodes

• Low Feedback Caj:laCltance

• HIgh Geln- Low NOIse at VHF
• Rel/arse AGC Capability

• Linear Mjxer~-LowCross·ModulatiOn DistortIon
• Dual-Gate Cascode OPeration

"'rhe ME1Y' 637 's ;ntend~d 10r USE' 'n VHF mlxs's wnere mlnl'ml~ed
crtJ~s"m;)duIBrlon. <'lno Inter·mooulatlon dlstort'o" lind IOVI' noise
Oper.<ltllJn ere reClulred.

ThS MEM 638 Is Intended for U$8 111 tUllaCl h'9" frequency FJmp!ifler$
"W~.l'" il'O TV (I'. 1he 'O'N fllec!:lack cIIPa.<::itl\r\c;~ permits hl\lh i[n9lo'l
stago gain ;)nd &tabflity W]trlout nlllrtrall~;ltIOn<

4C~26
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15pF
"RIMMER

~'" ~:' ,"""'
, '} OWH'WT

.

-J :n..~I SI 1CN~INTO ~OIlJ s >"T cl1 \.ono

1 I """ ~1'1 to,
~--L.

r-I~\lCC

.00
105Mi"lZ~1

50nSOUI'ICE J. r--

~5J~~; 2!:\ pI'" '~OK,,,m'rr--.. 00,01< GZ \ .(L.l -It . ! (;2
~o.nSOURCE r ~

~ f ,-'"

ST 1'40,IB BARE COPPER 1lI'!fl:£ 0'- ~11f;" OIAM CORE, ./2" ~ONG fA" AT 4·'/21
C" d1.Bpl'" RI"SK AT 100~ioIL MOUI'4TEO

~2' SAME AS ~I, BUT Rp30K MOU'-TEO

CI,C4 0,9 TO 7.0pF TRIMMER.

t.2,C:!I MR \I/l.IllABLE CAPAC'TOR 20p' MAX

1t0Tf I. AOJUST 'OK POT. FOR 6mA 10

I~ voe

Fig. 5 _106MHz TO 'O.7MHz CONVERSION GAIN
TEST CI~CUIT \P~OOUCT MIXERI

"10,\,(' ~

l

\. I Ei"1' NO Ie BARE CaPPEl" WIRE ON 0/16" OIAM CORE, ,/2" ...ON(; 'rM' AT 2T FRO,", COLD tNO.

.. 2 4T NO,IB BARE COPPER WIRE 01< 5116" OIA~ COI'IE, 3/S' LOt.:G TAP AT IT FROM I,',QLD E.NO,

TI 00"6T ATIO,7MH1, 1'41/"12'17

fig. 4 _ '105MHr. POWER GAIN/NOISE FIGU~E TEST CIRCUIT

... \~\lI:lC

lO~~JlAnC' ... 2 Col OUTPUf

SOIJRCE.. ZIIK r--t~-Ep501l
- JI. L3'OCOp' ="~,,-Op""i~I~'~-4'f" 1""

"~(. -1" ~ ~r' .
\O~ \OOOpl' 100~

-t-- H1VOC

"11.1"'"OUTPUT
!,IOn LOAO

-1 ~

r
+

I:!IVOC

J--

>G'
~6,4 VOC

""OR "'lAXI~U/ol GAIN

... 1 'IT 1\'0.16 eA~f COPPEI'I WI:'l~ 3/16"0IAM. ~ORM, IIZ"1.0Na TAPA· H "'ROM COlO nw
... Z 4T NO. 16 '/4" OIAM. FORfII. I/Z"L.ONG TAP AT U4T ~ROI,l COLO ENO

C;. 0,'" TO 'r>'" [.'RCO 4001
C:2,C~ L~ "0 ~lIF VARIA8LE

C4 ,OOOpf BUTTOII JYPE CAP,\CITOR

fiG, 2. - 2QOMl-1r. TO 44MHr MIXER TEST CIRCUIT

m1:
-~OOPI':

t(;' .(-I[ 10o,
,,-OON"1 t...-JV.I..,.

5T1V . F

F.IlOP/1 ~on #5.PF oi';:I.61<100\'(':;:

SOURcr ~ : l +
I 244 fill'll j '---0 + 15\10C

FAa"" 'jon :---0 -
\ SOURCE lIOJusrro ~

ml'l.500mV -.:-
ON GATE NO. I

... 1 3T 'i0,,6 BARr: COPPER wl~r O~ ~fl6" CORE, 1/2" LONG ,TAP AT J/4T FRO", COLO END

TI PR1!1tARY ,OT 1'40,JZ corrow COvt~EO COFf'ER ~\IIE CLOSE WOUIiC ON v,.." FORM
SeC:01'40ARY iT NO.JZ EI'4AilaEo COPPER WII'lf: AOJUSrEe> ""OR 16 TO , TUI'II'4S "lATiQ

Fig. 3 - 44MHz POWER GA1NfNOISE FIGURE TEST CIRCUIT

"eINPU'

IZK
1

AINfNOISE FIGURE TEST CIRCUITFig. 1 - 200MHz FlOWER G l,",..!fl.

lCI ';:"' IZOOMtl:~

,"o~",';':i 'h1""":f ·r1
l~lt'"

'--------
'OOOpFII~

,.," m~"''I MHZ

''''S6~:r,~H':.;' 1
~. " ~ 1'"

"" .o,± ~
-=:- ';;.'" •

~

~
i
~

l.,t \4"1' ftO.32 corrow :OVEREO COPPER WIRE CLOSE -.JIOUhO 01\1 1/.... Ol"", rOf!'"
n ho.I6 BA~! COPPER WIRE 01'4 lIZ" FCRN. Ill" LONG
(i) ORAI1'4 "TAP 2-V2T FROfll COLD EI'40

® ~OI\,O '''''1'' 0.4T I'RCTol :OLO ENO,

4C--3Cl
4C·31



~ MEM655 ~
Fig. 1 _ POWER GAIN TEST JIQ @ 100MH~ WITH NELI'TRALIZING

•~

'I

~
'I

yuD'" 18V

l

L2

T r RFCi3PF r Z14.

NOISE FIGURE ve. DRAIN CURRENT

""I:'-"-'+~'~.-'-.-.-----: 1 ' I : :' ,
0:;-- , ---7."-- 3~-+---+.--+---+--'9 ---g--ro

OAAINCUARENT liD) -mA

L t ... 10 turns of number 22 Wire. diameter of cOil"" .1251nch
L~ '"'" 81urn6 of number 22 Wire, diameter 01 coil ....25 Inch
C1 "" 1.5 - 20 pF !Arco Elmenco lt400)
C:<:& 03 "" 8 to 7 pF (Arco Elrnenco # 402)
C 4& C 5 ....9to 7 p~ (Area Elmeneo ;ld.02}

,S2KO
17Kn

1000pf It* W. ~l'000PF

C5

POWER GAIN vs. DRAIN CURRENT

4C·33

TYFICAL CHARACTERISTIC CURVES

AGe

l

.::L+IPJ+U!
~'I i;, I 'tt':'" " I'" ,--+--+ ' - -

o I I I 1
f2 11 " ~
~ 16r-r~ I I
ffi I " COMMONSOI,lRC"pmVEROAI!I< ~
~ ---i-i ~~~11~~QTNE'lJP~~~r"J~EIT,,) .. WC
a. i ' F"REOl)EN"~ m ~ 100MHt

~-tj DRAIJ·~.TO<;OUR"fvDlTIlGE 1"'~IJ k "15JQA-fE.TO_SOURCE vOLTAG~ l~llS VARIED

i .... , .,_
Z ! .. 5 6. 7 a 9 10

DRAIN CURRENT (10) -inA

L......-.. !

=
...

TO"12

®

4
Iii
;11

Lead

1. Drain

2. Source

3 Gale

d. Sub61rale and case

TERMINAL DIAGRAM

Bottom View

Nole~ All dimensIons In lncnes.

20 I - - I V
Min J Typ : Max I Unitt

=6.0

-1~100 oA
100 ",A

'.0 4.0 20.0 mA

-1.0 !-.t.O V
,

4.0 7,0 of

2.0 of

0.32 pp

600+ 0000 - "mh<>t

18 22 ,.
2.5 '.5 'B
3D 100

e eac~Ho_8ack Zener Clamp to protect gate
• Low 3(d order distortion
• High gal1-row norse through VHF range
tI Low feedback capacitance 0.32 pF typo
• Square law responBe

AFPLICATIONS

• TV Tuners
• ~M Tuners
• IF AlTlpllflers
• sse Amollfiers
it Wide band Amplifiers.
e High FreQuency Analog Switching

N-Channel Depletion Mode MOSFIET

FEATURES

MAXIMUM RATINGS:

Draln·!o.-Source voltage., , " , .. , +20V
Gete-ta.Source voltegA... . .± B.QV

Draln-IO-Gate voltage .. , ., , ,. . + 30 to -6,OV
Drain Current.. , "" , .. "."................ . L1mlted by DIsslpatlon
Storage Temperature ,........... . -6510 +150~C
Operating Junction Temperature , ,.. " _ 65 to + 150~C
Total DI.!Islpatlon at 25~C CaGe Temperature ,,, 300mW
Total DI.!ISlpatlon at 25~C Ambient Temperatlire " .. '"'''''' 22SmW

at 1CO°C Ambient Temparature .. " .. " ...",,,,,....." " ........" 150mW
Derata Linearly lrom 100~C to 150°C at 3 mW/~C

·Vas bias is adjusted for the requIred current.
"Input circuit o1'ldjusted lor minimum noise flgura.

ELECTRICAL CNARACTERISTlCS

S)'iTIbol Characterl_tlc Conditione
EVosx Breakc!cwn vOltage Vos - -4.0V 10 "" 100",A

drain to source
SVt\J3 Breakdownvollllge Yos'" OV, 19 ... lOO,LlA

gale III source
IGSS Gale Leakage Current Vos'" :t.4,OV
IOIOI!) DralnlllSoutee Vas"" + '6\1, Vas'" -tOY

Leakage Currant
losS teroslgnal Clate YDS - +HiY.YGS-OY

voltage drain ;:urrenl
VOiOfr) Gale·Source Culoi! "'OS'" + 15V, 10 .. 1QO",A

Vollage
Cia! SmeJJ·sJgnlll. snort "'os'" + 15V, Jo '" lornA'.

circuit input t _ 44 MHz:
capacitance

C~. Smail-sIgnal, !I'lort VOS '" 1"lSV.'O "" SmA'.
cIrcuit output eapacilBflo;;e 1-44MHz:

Cree Smail-signal. ~hort VOS'" +15V, ro'" 5mA'.
circulI roversa tranafer ,- l.O MHz:
capacltancaG,. Forward Vos - +15V, 10 " 5mA'.

1'''"''00''''00'' 1- '.0 'H,Gp, Po.....er gain (See Fig. 1 VDO'" ,18V,
for measurement circuit) f .. l00""i-lz:,R~ =0 2TOn

NF NoiliS FlguI'8 .. (Saa Fig. 1 "'DO - + ISV.
lor measuremenl circUli) 1- 100 ""\.f~, Rs '" 2TOn

ros!on) Drain to Source on VOS '" +5.0,
resilitancs 'oO.lmA

4C--32
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8 MEMS70 J
N·Channel Depletion Mode Silicon MOSFET

FEATURES

iii Femtoamp GlIt" Leakfl98
.1015 Ohms Input Retlrtance

• High Trans.lilnt Glltlll Voltage !dlpability

.. Narrow lOSS Range

.. Low Input Capacitance

.. E>:cellent Stability

--------.

MAXIMUM RATINGS (TA " 25' C)

DRAIN.SOURCE VOLTAGE, V DS
pR,AIN·c;ATE VOLTAGE, VGD

QATE-SOURCE VOLTAGE. VGS .,.

DRAIN CURRENT, I D .,

STORAGE TEMFEAATURl:. RANGE;

OPERATING TEMPERATURE RANCH'

POWER DISSIPATIDN lT c"'2 SoC) .

pOWER DISSIi'ATIDN (TA"'26oCl

20V
, .... 20V

, :t 10QV

Limited by DlsSlpstlOr"l

-65"C '1"0 +150"C

.. -6SoC to +1250C

300 rnW

••••.•. 150'TlW

NOTES 'VGSADJUSTEDFORID"'10mA

ELECTRICAI~CHARACTERISTICS (T", =25"'C. unless otherwise specified)

pRAIf'j·SOURCE. BREAKDOWN VC;S'"'-4V. ID",10,/JA. VUS"O

G,II.TE·5DURCE CUTOFF VOLTAGE VDS"-15V,lp""OjJA

DRAIN CUTOFr- CURRENT V DS".,.15V. VGS"·~4V, VUS"'O

GATE ...EAKAGE CURREN' V GS=±10V. VOS"'VUS"O

I=ORWARDTRAN5FEA ADMITTANCE VDS.... 1SV, IO"2mA. VUS=O

INPUT CAPACITANCE V DS""" 5V, 10=1 OmA, f=1 MH~

OUTPUT CAPACITANCE VOS"""1SV,ID"'iOmA '''1MHI

REV ERSE TRANSFER CAPACITANCE VDS"'·+1SV, I D"'1 OmA, t=1 MHz

Zi::RO GATE VOLTAGE DRAIN CURRENT I VDS"'''1SV, VGS~VUS-O

COL.OR CODE - NONE

1COLOR CODE - SLACK DOT

4C-S5

II
MIN TVp MAX uNITS ij
20

I-·;·~
VOlts l-0,;3 -4.0 volts

0.5 10 ·IA
.01 1.0 'A

2000 umho

I.
2.0 5.0 "2.0 50 p'

0.3 p'

0.5 I 2.2 mA,.. 50 mA

TEST CONDITIONSCHARACTERISTICSSYMBOl..

V(SR)SDX

VGs{offl

ID(olf)

lass

Iv"l
C,,!.
C~11·

c.,,,
IDSS

1 - DRAIN

:2 - SOURCE

3 - SUBSTRATE AND CAS!:

4 - GATE

;~~,~;::oc'-~;'"
1'»"',"'1 £.4.!

~ ~I . Ola

< jC-Mff
1~·...-.j

TO-72

I

11

~

®J

~I -~:.~~:;
030 I ~

M/l.~. I rro S~""TIIl;;
L LJ--5r"

It£AO£f!f- - - -.O;-oT'~T~. ,:i1o
mt _Ln~:--..J_ M:"-m _/./t) U L

BOTTOM VIEW

Notl. All dlmllI'TSt0l15 in Inches

LEAD CONFIGURATION

APPLICATIONS

OESCRIPTION

Smoke D8~ecl0rs

Memory Moclule6

Electromtlters

AlanYl Systems

Tl'le MEM 670 IS Brl N'chBnnel, Deple~iOl'" Made. ""otal OlCido

Semlcorldvctor Field Ef1ec't Trant1stor. This MOSFET e)<l\lbit~

..ery lOIN gllte 'e8lage, extremely nigh Input feliUel1co. lIl1d i,
caPable of handling ",.ry I'Ilgh gat8 to source ",olte-go lrBn,lorlts,

Ttleso IBllture~, comb/I1Oel INltn 611 excellent litebillty, ml:lkil the

MEM 510 idoally sUited for smoke dl1f1ctor BOplicetions

40-34
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~EM~O MEM 681_ MEM 682J

,SV
?5V
,SV
±J3v
±J3V

.50mA

350rflW

2.<~InWI"C

265"C
-55"(; ,0 -175"C

V01~·'·O

VQ2S" +4.0

V01 ., -\.0.5

VG2" 4-1.5

4C-37

VG1 '" -\.1.5
VG2S'" +4.0

Sug!leBtliO BlaSing
(V)

270
270
270

150

100

'00

'00
100

Suggestad
Source Resisto',n,

G1S"OV 1- , - -4,0 - -1>.0 -4'01 V
G2S~4V 4.0 '0 2.0 7 - 20 3.0 I "20 'llA
:;~OV - 50 50

'0 lOAi=OV I" 'a 50 50 "f\.
v.

005 .02 03 pF

1'0
5A 6,0 6.0 6.1 0"
'.2 '.5 '.5 p'
190 - 670 15k II
2.00 - 17 18 ,n

'.' 18
B 10 ,. mmho'A

I,," 1_ -55 - -13.6 d,g
\ nOle~ - '0 5.5 jo1mho

. '-4.5.6 I -
-'0

90 - IdogI I 10 dB

19 21

I~ I~:" '0 3 dB
2.5 3.' - d.

Yellow OOt

810.18 DOt
Rid DOt

YeliowOo\

Blue Dot
RCld Dot

Yellow Dot

810.10 Dot

Red DOt

COlor Coca

3·9
1-14

12-20

'·8
B·12

10·20

4·13
, 1·22

20·30

IO$S Rnngll
(mAll"DevlclI

pOW~' G~I" - 200MHl I";g 1
PQWer Gall' _ 105MHz Fig.4
Mll)(lmUrT' USlltlla POW!!' Gllin - 44MHz Fig.:l
I'I/o\u F,gurll _ :200M'Hz Fig, 1

MEM 680
Fi.F, Amplifier

@TA'"2S<CUNLESSOTHERWISE SPF.ClflE:O

DRAIN.SOURCE VOLTAGE:, VOS., ...

DRAIN-GATE NO.1 VOLTAGE, VDGl .

DRAIN.GATE NO.2 VOLTAGE, VOG2 ,

GATE NO.1-SOURCE VOLTAGE, VG1S .,

GATE NO.2-SOURCE VOlTAGE, VG2S,.

DRAIN CURREN1 10 , . , , ., , ... , ...

TflANSISTOR DISSIPATION, PT AT 25"'C
ABOVE 26oc, DERATE LINEARlY.

LEAD TEMPERATURE DlSTANCE 1/32 FROM T\.iE SE;ATEO sURFACE FOR 10 SECONDS

S-roRAGE TEMPERATURE RANGE .• ,

M~XIMUM RATINGS (TA =25"C, unless otherwise specified)

NOTES:
,.SeeFI;lJr4t1.
2. Signal and locel oscilll'ltor voltllga~, both era applIed 0" Gate 1 witt'l ',n[lIIction level equal to 5QOMV RMS (illD FIGure 2).
3. Unnlllutra!ized maximum usable gaIn "for one stllge (SElll FiQure 3),
4, MEM 680 lRF AMP1 ID"10mA, f"200MHz.
5. MEM 681 (MIXER) V01S"O,1V, f""200MHz/44M;'i~.
6. MEM 682 OF AMPllO",,5mA, f"'44Mtiz.
7, I" ll:dd\tIOn to the 51l1l'1dard ranll8 of 10$S, the followtng lOSS renglls life ElVEillaole:
6. ForwEird I:onver&.ion trlllnSC(lilductEince.

Go.
G..
MUG
N.F.

(NOSS DrelnSourC6Br~akdownVol\a.,4! iO~H!O.LlA VG1S VG2S--<1V 120 - -/20 - Y
BVG1SS Gate 1-Sourca 6reekdowJ' VOltage IG1S 1Oj,tA, VDS-VG2S 01.' :160 C:6.0
BV02SS Gate 2-So(Jrcl! BreaKdown Voltage IG2S"'10j,tA VOS=<VG'S~OV +60 C:6.0

VG'Sloffi G." l-S,"", 0."011 Vo'''" '0 50pA V05-15V VG'S '" - ··1.5 - - -1.0 'I
VG2S(offl Gilte 2-Source CUIOf! Voltege IIO~SO.LlA VDS,,'5V \
lOSS Gate2-VollaQIi! Oreln Currert vDS"15V, VG1S"OV 'oJ

tG1gs Gate 1-Le8kage CUmi!l"lt vGHi"'±4V YG2S"'VO

10255 Gate 2-Leakage CllrrBTlt VG2S"±4V Vms-Yo

Crss RlWIlrlB Transfer C!Wacllance VDS"'''15V VG2S-+'
ID"TOmA I", OMH~ I OOS 07 ,0:

CiS1 Input cap.acltence IVOS"-\.15V, VG2.S;.+4\
CDSS Output Capeci1ence VOS·-..15V, VG2S~.,.4"

riu Input Rl!Sls\8nce VOS~"'5V. YG2S"+4'

ross Output ReSistance YOS",.l-1SV, VG2S"+4\i

IVhl MagnItude of Fwd Transodmiltence VOS"'+15Y, VG2S=<+4V.

o Angle of FWd TrElns&dm,ttaflcB VOS'O""SV, VG?s"+4V

IVrsl Magl"lltuoe of Rev TrensodmlttBr1ce VDs~;t-15V, VG2S~"4V,

flrs AnQle of Rei! TremedmltlanclI VOS""-15V, VG2S,,-..4'v.:

Gc Conversion Power Gain VOS~+15V, VG2S"'.,.4\l
I=lg. 2 200MH1. Fig. 510SMHl -

ELECTRICAL CHARACTERISTICS (T, " 25 0 C, un less otherwise specified - body grounded) •

SYMBOL CHARACTERISTICS TEST CONOITIONS

I

MEM.B~'L1_
Mlx.r

MEM 682

I,F, An'lpllfllllr

'______ 1 I

1

.050

fL~

I
!

6otlorn ~,~

TO·72

@,

TERMINAL DIAGRAM

1. DRAIN

2. GATE: 2

3. GATE 1

4. SOURCE/SUBSTRATE:

[ i;~!
195f"T7e:l1 CAN

0'0 I !--r
lIlAX. I i70 SEATING
L • t PLANE
I ~T-f-

MEAOER/ - - ~~~~500** _n__n. MAX .._1. MIN

021 /;.u U J.
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N-Channel Depletion Mode Dual-Gate MOSFETS

FEATURES
D Monolithic Gate-Protect~onDiodes

" law Feedback Capaclt<lnce

.. High Gain-Law Noise at VHF
.. Reverse AGe Cflpabilitv

.. Linear Mixon-Low Cras5·Modulatlon Distortion

.. Dua.I-Gate Case ode Operation

APPLICATIONS
TV Tuner RF Amplifier.; and Mixers

FM Tunar RF Amplifiers and Mi,...er~

IF Amolifiers

Synchronous Detectors
Wide Band RF Amplifiers

DESCRIPTION

The MEM 6S0!MEM 681/MEM 682 ara '\I-cnannel, DtP\etion-Mooe,
Duel·GEI!e Metal Oxidll Semiconductor froid-effect trensiuors, They

Brill protected fTCIT' exc8ssivll Input VQlta!lBs by l'rlonolithlc beck_to_
bUck dic,ldes bet.....'llon !Iate$ and source.

The MEM 6BO' '5 Intended for use In VHF amplifiers, The low

1eudbeck j:apa"ltanC8 perm!ts stable hit/n glIlr' witnoo.lt the USe of
neutra.\i1.atJQn.

Tne "ItEM 681 IS 1111:8noeo lor use 'n VHF mi"lIrs wnero 'ninimllild

crOU-modulatlon, lind Inter-"'Odlllation disTOrtion end low nol5e
operiJtion are rtlqufrad.

Tne MEM 682 is intend!ld ~or use In illned nigh frS'lllency amplifiers

,0.1'::1"1 as TV I r, The low fe!ldbaek <:apecitenc8 P&rmiU nigh single
stage glOln end 9tablilty WithouT nautraillation.

'&'C·36
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_DAD

ST 1110 18 BARE rDFt>ER ..,..IIlE 01. ~/If;," 0 /l.1Il cO'?£. ,/2' LONe: TAP A'" 2'" "'RO~ COLD END

..'" !'lQ\6 eARE COPPER \/lIRE 0'" 5/16" OIA~ COI'lE, ~/e" ...ONe; TAP AT ,," FF!C~ COL.O E:NO

.,.: 00'67 AT 1071141'1. "lrN2-r

Fig. 5 _ 105MHz TO 10.7MH1: CONVERSION GAIN
TEST CIRCUIT (PRODUCT MlXER)

FIg. 4 _ 105MHz POWER GAIN/NOISE FIGURE TEST CIRCUiT

..J.I!>VIIC

6" NO.IS 9ARE COPP~R -.IIIAE: ON 5/16" OIMI\ CORE, 1/2" ...O'lG 'rAP fi,.l 'lIn'
C\,I?SlJ'" ~l'I~j( AT LOO"'HI.1ol0U'ITED

SAlliE liS L..I. BUT Flt,30K "'lOJNTED

CI,e.: 0.9 TO 7.0pF TRIMMER

(;2,:::3 All! VAFlIt.IlLE Cfi,.PlICIT:)1l ZOP~ ~A:<

HorE I. ADJUST 10K I"OT. POR €ftlA 10

- 10.71011'1"
115.7 WHZ 2:~ pf I OUT~UT
AD~ro~ • WTO~C'1

7~OfllV :r~' Opl ;,3PF-- NI lEI'" LOADOOG~ ~ ,
~o.n. SOURCE ,

~ ~ ~ ~

-t- 1-
~' °°1 r'o

,,,.,, IO~01,'';:~." .",. J-~0I1 !>OURCE I
~-~- --<l~'~VDr

- .. _L~. -0-751'1.01 ~
-:;' -;'

+I!>VOG

'05"J-Il~CI21.IK,on
SOURCE

"-:: c2 ,oo/PI" 1 ~~\~ ~

1."

J

I
~

l'
+

15VCC-r
'4T NO 3" rOTTO~.1 ~OV[RE:D CO~"E:.~ WHIt: CLOSE .....OUNO 0" II':' Ollt/>! FORM

7T "0.16 BARE COPPER WIRE 0,," I'~" "DRM, 1/2' LONGo DRAIN "A~ ,-112" .<ROM COLD ENDo LOol.O ~AP 04"" ~'RO~ COLO ENO

I\GC

,T M

'~"~~; "" ~'o~"o,,'@--,jf!-~fF'IIT--+ .. >:~, ~~~'$ ":f)Ln~"OP'
, _ $'1-711"too'1 0+ -} ,o0~ 1"1

Flig. 1 - 200MHz POWER GAINfNOISE FIGURE TEST CIRCUIT
5HIE..O

~:;o IMll C\ ..r: - -I
'NPUTM .~ I

"ROM :;01'1. . rUT

SOURCE _ IOOC;~PF,L _rtf'T" ~ ir l"'I" +"- ---, --+---,IOOOp" j t-:L I I 1"<

I ~ ~ 1001'0' ~ .FOp" TO11 C '" "°"'1 1~F _±~':~(-~tgi\,
~~~~IL~~ - ~I~J..._Jl ~

,OOOPFif-l -------,o~~-~r_i

! ~ L~
AGt I~JDC

I'O~ ;;;i~:~~ GAlli 1-
...1 ~'T' "10.16 RARE Ujl'i>(P \',11'1" ~J\6" OI ..M. "ORfo<, \I~'U)"G lA" AT"... "RO'ol COLO END

'~2' 4T "10.16 '/'!"OIAM FORN, Ir2"LONO TAP AT" 3/41 FROM COLD END

C' 0.4 TO 7p" IARCO 400,

C2,(,;~ ,3 TC ~""f "tl,RIABt.E

C"i 'DOOpF aUTTO'1 ... ,(1'£ CAPAC;roR

Fig. 3 - 44MHt POWER GAIN/NOISE FIGURE TEST CIRCUIT

Fig. 2 - 200MHt TO 44MHz MIXER TESl' Clf\cuiT

01-£'1 ~ TI

. T '" .00' ,.1t'c..J~'fi~ "'~"~ - __.L-J IO~F OU,PU'-

500 pI" -=:- II L . MICAL ; 50ft LOAD

.. I lOOK • ~ l l -= ~
~oo MHZ

,",.;g''; err" '" ,c,,~ f"-rl.", i lT oo' I"
'0"'''It-t' 1 I "on

~ ~ '"'? ~. 'i::.".io:.j,. 1 ' ~~ ""00

~g~R;go~JusrEO -~
_~O'" Gol,TE "0

L' 3T NO.16 eARE: COPI>E~ WIRE 0,," ~/16' C{lRe:. '12" ..0"'1(, "'ol,P ol,'" !/4T FROM COLO ::1-10

~RIMARY .OT NO.3~ C:HrOt< COVERED GOPP£R IO'IR€ CLOSE WOUI-ID 01'< 114" FORM
SECCNCl'tIlY IT 'lC.3~ £1il'tMEU::O ~D::OPEF<·\I"IRE I\OJl.'STl:O FOR II'- TO I ~~FlNS ~ATJO
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Master Frequency Generator/Top Octave Generator

mAY-1-0212 AY.1-0212~

-I-253

Input 10

TOflVJSW

,~

r--
PIN CONFIGURATION
16 LEAD DUAL IN LINE

I

L~

DESCRIPTION

FEATURES

Tne Master Frequency Generator/Top Octave Generator is a
digital tone generator which produces, from a single input
frequency, a lull octave of twelve Irequel"lcl8S on twelve separate
output terminals.

The M.F GJT.O.G. consists of twelve dividercircuits which diVide
the lnput by an exact Integer to p~oduce a chromatic scale of
twelve noref, When used i('l conjunction with an oscfJIator 8l"ld
frsql1f.lncy dividers, ~ iiiystem may be configured WhiCh generates
all (h~ frequencies required by an electronic musIc synthesizer.

The AY~1~0212 operates Wit" Input frequencies of up to 1.5MHz.
A premium del/ice designated AY·'·0212A operates up to
2,5MHz

• Wide Input Frequency Range
1) AY-1~0212-250KHz 10 1.5MHz
2) AY-1·0212A-250KHZ 10 2.5MHz
Low Impedance Push·Pull Outputs
Full Musical Scale in One cnlp
Zener Protected Input

BLOCK DIAGRAM

5·'

~ fo +- 239

)fO-7-253

I > 10 -;- 26B

;=="---=]l L~ (0 ~ 26.

II ~fO"""-301
fo -:- 319

I I I I10 >- I I
IN

5·3
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CharacteristIc Min Typ·· Ma. Unll9 CQndlf!Q"'

DC CHARACTERISTICS
Input Leakage - - 10 "A at27V
Input Positive Level to.3 - -2.0 Voits
Input Negative Level -10.0 - VOD Volts
Output on Impedance to VDD - - 3500 Ohms
Output on lmpedar'lce 10 Vs..~ - -' 3500 Ohms See Nole 1
IGG Supply Current - - 16 ",A
100 Supply Current - - 20 mA

AC CHARAcTERISTiCS
AY~1~0212 Input Frequency fo .25 - 1.5 MHz See Fig,3
AY~1-0212A Input

Frequency I, .25 - 2.5 MH,
Input Capacitance - 5 \0 pF 1 MHz
lnpl,lt Positive Level Width I, 33 - - "' Ay~,--o21Z

Input Negative Level Width tn 33 -' - "' AY~1·0212

Input Positive Level Width I, .2 - - "' AY-1·0212A
Input Negative Level WIdth In .2 - - "' AY~'-0212A

Output Rise Time I, - 1 - ", no load
Output Foil Time If - i - .", no load

I

-,

!:l·S

27

"'e~A1. AO

G#Il>-~I~G""r,~-~G*,O

G.~~-----7G1.~ .... GO

F/e>---1 FREQ DIVIDERS ~";;'F"\n_~O

Fe >--~~F1. Fo

Ee >--~'!y@liD-~E7, --- Eo

D.l"e~FR[O DIVID~!l"!r, D"'o

DIl~D1, __._00

C"B>~MJ----7C"\-_-C-'o

26

.n-PICA .. I~PUT ~~F-rLIlJl_II-.'Jl.JL--f
~rVEI~IOfJ I 20' ,~PL\" cYCLES I 0:0\ 'fJFUT CrCLES I
rO'"'''O~ !L

OUTPl)T~--------1

2'l~~ICI".. I~PUT -flIl--.trJUl-fl-JL1r-JL1
OIVISION I 160 IIjPI"IT CYCL~S I '~9 lIlP~T cyCLES I
'0.:.319

OlfTPUT J !!f+' ~L-J
11 • 1",,, 01V151O", IjUMBER

"24

1- -' i

.~
- -l 1/

/V

I--- -

/

Iy I
1..-_.

2MH

, M"

~

100KH

Flg.3, TYPICAL FREQUENCY VS. VGG VOLTAGE OPERATION

\'GG VOLTAGE

--r~--FF''-fT~iO'"
I~PL\~,..-A-'~:_' I r.:J -LJ-- -,L-90"l.

~,.-h-.,~

OUTPur f=.' ,._- __ e·' "F'-~IO~"+ -~----- -~~~'I--~D'"

-;1--1, -1 It

TIMING DIAGRAMS

TYPICAL APPLICATION

TYPICAL CHARACTERIS~~CCUR": -I
3MHZ r--r-,........,..---r-~·~l-~-- \

I

0,-, I II:rT'--+-1-+I-l--I~I-l

IL l _

./
i
I

fV
DD _~9

'OG--'-

'Exceeding these ratings could Cause
permanent damage. Functional operation of
these devices at these cond'itions is not
implied-operating rangas are llPecilied
below

F19.2 TyPICAL INPUT BUFFER (IF REQUIREQ)

{E
-- ~-

470n. I
_ ZIFREQ

Jl ,NPUT ~ INPur
I'REO 2.n;.n

10 Veo
vr,o

l

~. TYPICdl values are at-l-2S"C ana 'lomlnal vollages

NOTE'
1 Output Impedance measurements are made Witi'11.0V across

the device to be measured with 17K Ohm load to -6V.

Flg.1 OPERATING VOLTAGES

~2o ~24 -25 ~26 -27 -21;>

VaG (VOLtS 1

1/

>'

§
~ ~.,3 f----,f--f--f-----ih...,.

ELECTRICAL CHARACTERISTICS

Maximum Ratings"

All Pin VOltages with rasp~ct to vss . . ... -30V to ·~O.3V

Storage Temperature ".' ."".,. ,.~S5°Cto .,.1500 G
Operating Temperature (T A) •.... ,. . .'" .• ,.00 C to +70° C

Standard Conditions (unless other-,vi,se noted)
V:'ss;; GND
See Fig.1 for Voo and \t-GCi Operating VOltages

5·'~



5-7

IIl
I

~,
11

-J

'."!..~."'..:J::: _

'. i~i \
. :]\

.f:
16n8.~0

AY..3·0215/AY.3.021S

1"\111635./0

"Exceeding these ratings could cause
permanent damage. Functional opere.tion of
these devices at these conditions Is not
implied-operating ranges are spellifled
below,

1202J ClockS

Flg.2 TYPICAL OpD DIVISOR N ~ 41"

M., Unlls I Conditions

0.8 V

V" V
4500 KHz

30 os I A.5MHz.
30 os I 4.5 MHz
60 %

10 p'

V" V 0,25 rnA

0.5 V 0.7 mA
2.5 "s 20K & 500 pFto 16V

25 "s 20K & 500 pFto V~~ when V((' oe.'16V

% Ay-a,.0214/5

% AYM3--0216

'20 \ rnA 1SV, 4,5 MHz. 25~ C

50
30

50

Vtt

Typ"

202 I 202 I
C10el<.S '. L-E~I

Vcc<-1.5
0.0

Min

40

0.0
Vee -3.0

100

AYw 3-0214

'-'~ -

~8Q l!601.H

,.. ClO 16140,rIlH'

'- ._~ O!i ~3~H.(l.

Fle.l 1Yl'ICAl., EVEN OIVISOR N° 4ll'l

Charscter!stlc

12271 226 I226l 226
J C'oeKB ~~ Clor;ks L Clooks

FIII.3 TYPICAL. EVI;.N PW5 tI.S DIVISOR N • 4SOlS

TYPiCAL APPLICATIONS

Supply current

TIMING DIAGRAMS

"Typics,1 values are at ";·25" C and nominal voltages

standard Condttlons (unless othel'Wlse noted)

-'Clock Input
LoW
High
Frequency
Rise Time
Fall Time
Outy Cycle
capacitance

OLilpUla
High
Low
Fall Time
Rise Time
Duty Cycle

00C 6: TA ~ 50°C

Vss;:: O.DV
V- - ... 1nV to 1'16V

Maximum Ratings"

Voltage on any pin with respect to Vss "'20 to -0.3
5torage Temperalure . . .•......... , .. -55"C to -150~C
operatIng Temperature (Tp,) , ••• 0" C to .,.50"C

eleCTRICAL CHARACTERISTICS

- ~52.~

'''2&5

+380,5

-~59

V"

N!C

Vee

Top Vlev.

Vee

Top ,",ew

",

-32Q

AYM3~D2151AY~3w0216

tnpUllo

L- ~ 10 _426

L ;, fo ..:... 4~1

16 LEAD DUAL IN LINE

t\Y·3M 0215/AY-3-0216

PIN CONF!GURAT!ON

16 l..EAD DUAL IN LINE

AY~3·021.d

:~>--j II~

]AY-3·0214
AY-3-0215
AY·3-0216

BLOCK DIAGRAMS

,- ;» fo - 25d

I ~10~269

r -~10_427

Wide input frequency f1l.nge 100 KHz to 4.5 MHz
Single power supply
!=uU musical scale on one chip
LOW impedanc;e push~pull outpul~

Zener protected input.
AY-3-·0214 12 outputs - 50% Duty Cycle (Hlgnesl accuracy)
AY-3-0215 13 outputs - 50% Duly Cycle
AY··3-0216 13 outputs - 30% Duly Cycle

[

410-285

'-~ '0- 302

:: >-1 I I I '0 - 320

.--? fo - 339

10 - 359

-------===-~~ /0 - 3805

L..- - --------;;.+0-403

- . --------;:. fo - 452.5

AY·3-0214

L-----.-----J» fo - 479.5

The General Instrument M.F G./T,O.G. IS a digital tOne generator
which produces, Irom a single inputfrequency, 120r 13samilane
outputs tully spanning the equal tempered scale When used in
conjunction witl'1 an oscillator and frequency diViders such as the
G.1. AY-1·1D07B, a system maybe conflgu~edwhich generates all
the frequencies reqUired by an electronic music synthesizer.

~.

Master Frequency Generator/Top Octave Generator

FEATURES

5-6

DESCRIPTION

L...
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For multiple umt operation, the Priority
Output 01 tM hIgher priority unit is
connected to the priority Input of the
lower, and the Inhiblt Input of the
higher priority unit is connected to the
Inhibil Output of the lower The priority
and Inhibit Inputs mllsl be grounded
wtlen not in use

} RL:::: 47K to VI)D

I="FlEOUEliCY
•. OUTPUT

'Exceeding these ratings COUld cause
permanent damage Functional operation of
this device at tMeso conditions Itl not
implied-oDe rating ranges are specified
below

-~-

Conditions

~,'u Inhibit I-n"'~'~t: 15 - 80 Kn II ~easu~ed lQ----.~~--
lmpedanr.fil 1 - MO . roun

Input Logic "0" -- -2 Volts
Input Logic "1'· -9 - - Volts
output LogiC "0" - - -2 Volts
Output Logie "1" -9 - - Volts

FreQuflncy output Switch
Impedance - "ON' - - 2.0 Kn J

"OFF" 5 - - M~
lim Supply current - 8 mA
1(;(, Supply Current 1 rnA
"Typical values are al +25°C ar,d nominal voltages. 1-- _

---

== C.2r201e".II, ~Max__~_I _
PC CHARACrERISTIC5
switch Inputs ImDerla 

prioritv n" '

eLECTRICAL CHARACTERISTICS

Nla.1mum Ratings·
All pin Voltages With respect to Vss ' ... ,~30V to +0,3V
storage Temperature. . , .. _55°C to t-

1 50°C
operating Temperature (TAl· ".,., _20°C to "'10°C

standard Conditions (unless otherwise noted)

VDO ~ _12.::t1V
VGG:: _21±1.5V

"'50S:: GND

IN~~B~I~

r~,CRLT'

'0'

LOGIC DIAGRAM

~'/Il\TCO<~

reIN CONFIGURATION
40 LEAD DUAL IN LINE

Top v.~'"

SWll~h a 0 1 ~o Switch 5
SWlt~h S:? 3~ Switch 6

SwilCh 4 3 36 Sw\lc:h 9

SWitch S 4 ~; Switch 10

Switch:C 5 3~ Switch 11

Swilct1 ';j 3S. Switch 12

Grou~d 7 34 SWitch 1::1

V~~ 6 33 !'l,e
FmqUlIneyOllt 9 32 N,e

f'rl(lnt~ IN 10 3f Prlori~y Oll~

Inhibit 0111 l' 3CJ InhiblL III

N,r: 29 VOG

""C 13 ,,6 NC
""C f4 27 F1tlqual1CY '3

Fr~Qllency 1 15 20 F(lJQllsncr 12

F'cql;~ncy" '5 2S F,equen<:y'1

Fn"queney3 '7 24 F'lIQuencylO
FrllqufllCY 4 HI 23 Frequency 9

Frequ~ncy S 19 22 Frequency 8

FllIQullncy6~::-P Frequet'lcy 7

·>"RIORtH our

INfIlBI~ OU~

III Low Power Consumption
.. Two or more units may be connected ,n tanderT'

DESCRIPTION

The AY-1-1313 Priority Latching Network is a LSI subsystem
designed for use In electronic organ keyboard and padallatching
circuits. Wtlen any combination 01 or'le or more "switch" Inputs is
connected to iogic "1" the output switch corresponding to the
highest priority, or lowest l1U!llber, Input will close, connecting
the selected frequency 10 the output frsClueney bus, Tne oulput
switch will remain closed ellen If the Input switch is released, and
will remain closed unhl a nlilw Input switch closure occurs.

FEATURES

BLOCK DIAGRAM

r~ OUTPJt S\\'ITCelES

I
llU_I_II_II~1111

FRE(jUf:NC~ INPUTS

~ AY-1.13~

Priority Latching Network

5-'
L



'Exceeding these ratings cOuld cause permanenfda.mage
~uncr[onal operation of this device at these condiHons is
not implied-operating ranges are specified below

5·1'

programmed out, the clrcliit 01 anar!J2 Will oe directly reiated to
the ON (iogic 1) and OFF (logic 0) time at the clook generator
Input as providsd oy an external oscillator The ltJ2 clock dn ...es
the 5 bit counter/decoder which sequentially turns on one of the
32 lines 01 the cqOM

On the 4)1 clOCK. the program out of tne ROM IS transfer~ed to the
output mus eliminating decoding spikes at the output. It the
output of the ROM is a '1' the proper instrument will beturneo on.
The output drivers are programmed either for 100% duty cycle or
50% dUly cycle Wher programmed to' \00% duty cycle the
output turned on will remain on for an enllrei¢ 1/icb2 cycle lIthE!
'lext bit in the program IS a '" again. the output will r~main on for
tne '1ext cycle without going to zero betweer cycles When
programmed for 50% duty cycle the OU1Plit Will be or during ¢1
only and relUrr to lero during dJ2

Max Units Conditions

100K Hz with .32 CirCUit In

100K Hz with no +32 circuit

VilD V
-1.0 V

Hz Set by external resistor & capacitor

V"

-1.0

KOhm PUlled to VrJu

Vnll-4.0 V with Internal pUll ups to VUI)
(instrument outputs only) supply-
ing OJ mA

-, 0 I V Sinking 1.0 mA

300 mW V1Jl)= 15 volts

Typ"

VDIJ-·ll.

~0,3

10

100/1000

Vml'-6,0

DC 100/1000
DC 3/300

VlJll-4.0
"'0.3

Instrumanl &. osc. output
LogiC '1

Power

Logic '0'
Logic .,.
Internal osc. freq.

Rhylhm select Input.s
LogiC '0'
Rhythm select inputs
LogiC '1'
Rhythm select Input
Impeda.nce
Instrument & osc. output
Logic '0' (Note 1)

Clock Input
Freq.

O~ERATION
The AY-5-1315 Rhythm Generatorcontains an internal OSCillator.
a ClOCK generator Circuit a S~bit synchmnous resetable
counter/decoder, and a ROM that drives a instrumelits and lhe
reset circuit. By selecting one of the 6 available rhythm patterns
the appropriate sectlor of the ~OM's enabled

If no patlern IS selectee the rese' I:<ircuit IS activated which slops
ihe internal oscillator, Inhibits tho output drivers and resets the
counter to count ,. When a selet;tioro is made, the outputs are
enabled which brings out the program as stored In count 1~ the
down beat program
The osclliawr frequency determines the tempo of the rhychln
pattern generated Tne clock generator generates a 2 phase clock
¢1 eno ¢2. If the Internal d1\1ioe oy 320plioro 15 selecled ..'l is on for
the first 16 COlmt and $2 IS or betweer count 17 and 32, thus
producing two non ovel'laoing clocks If tne olvlde by 32 circuit IS

'~Typlcal values are at -r-2S"'C and nominal voltages,

NOTE 1. Open ended deVices have a minimum ,mpeoance of SOaK ohm to GND when In the off condition,

ELECTRICAL CHARACTERISTICS

PJ!flxlmum Ratlngs~

Voltage or any pin with respect te Vss . .. -201J to -0.3V
Slorage Temperature. .... . .-65"C to 1150

6

0
operating Temperature ITA) . _25°C to ~70<>C

Standard Conditions (unless otherWise 'loted)
Vss 00 0 Volts Voo" -12 to ··16 V----CharacterIstic Min

I
i

t
I
I
I

)
",,,"
\lOICING
CI!lCUITS

l

TOTE",PC
LIGHT

~~;::~~ I': I • "'~' w ~~ .. ".~'," I
SWITCH~S Dt}

'1J! H/$6

Out4

OutS

T(J1l Vi~ ...

.1~VO!l
2 11 pPllthlmSllI8ClIOrl6

O$C In q J leIPllllerr! $eliICllori S

Out 1 q ~ '5 ll11t\llm SeliIClIQrI ~

1.\ Patl~m SfllllCtlori ~

13 ] PII\!llm SflI8Cllon 2

12_ PatlemSllI~lIon1

PIN CONFIGURATION
18 LEAD DUAL IN LINE

A separete pUblicat!on, "AY-5~1315 Custom Coding
Information", available irom GI Sales Offices, describes the
punched card and truth table format for custom programming of
the AY~5~1315 memory.

TYPICAL APPLICATION

~,

QUTPUT
H'C/l;E1WOHK

g~cl~pu~ )>-+-----

'"

'00

BLOCK DIAGRAM

FEATURES

The AV-5·1315 is a P~Channel MOS Ie specifically designed for
tile RhY'thm and Percussion section 01 an ElectronIc Organ and
lor Automatic Rhythmsrs. It con~eins all the logic cirCUits
necessary \0 generate six sets 01 rhythm patterns driving eight
inr,trum(lnls. The automatic reset feature allows it, when coupled
with the chord section ot the organ. to start on the downbeat
every time R. n8W chord is played. Selecting multiple patterna will
result in a combinatior' 01 the patterns selected. Tempo Is
externally adjustable from slower than largo to faster than presto.
Foradded stability of the mternal lampo oscillator a -;- 32clrcuit 15
provided. If an external tempo oscillator is used tllis circuH could
be mask programmed out of the counter decoder chain. For
added flexibility the OU!put buffers could be mask programlT'led
foe either 100% or 50% duty cycle. The AY~5·1315 may be
operated alone or In conjunction with the AY-5-1317A chord
generator

5-10

6 Drives a Instruments
Il 32 beat long pattern
III 6 rhylhrr selections
III Internal oscUlator
• Mask programmabre mythm paHern and pattern lengtt'1
II Automatic reset for easy chord coupling

Rhythm Generator

D.SCRI~TION

s= AY-5-1315 I
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~4I.EAD QUAL li'.lllNE
AY+5OS0

'O:..EAO
AY+6121/5

10 ~EAD

AY-t·5051

1i~ LEAD
AY·1·672l/lJ

AV·\·50S0

AV·11-!iit:lSO -AY.1.672~/U···
A·{·'~-51J51 AY-1-672l16

---~---_.~--~-- ...-----..-

TM A'r·Hj050. Ay w 1·S0$1, AY~1·6721 /5 1'!f1Ct the AY~1~t57:?1/6aie
constrUl;ted on manoHh c silicar, chipz \1S1119 MTOS (Mr.tal~

PIICk·O'\!dG~Silicot1) P·Channel E'/'lI\!:lnC8rtlent MCt:l~ Fie!d
(;flecl 'TWrlsistor6. Atl C!(C<1(t.s can bo dri"":!rl from a Sln,~ Qr square
waVE' Iflf.'llt ThG differ~r'!t IYPM all have the same speeilfcatfciflH
.. fll;! <Ita fUlly corroatlplc with One anoihl'r.

FEATIj~ES

DESCRIPTION

4..5·6·7 Stage frequency Dillid"rs

~ DC to1 MHz C'P(W01illfl f~rtquo[Jcy rl'lllgB,
III Ciio:le prolectlon ':In ;:\11 lnput~

III Low "ll!pLlt impedance In both st~w~.
b' Ch(llce oj conngul;'~ii:lns'

1) AY~1·505a :r-:~'M\Je Freq1I91i{;)' Divider, 3+2--1
21 AY~1·505' ,1.$tag6 Freql\NJ'1 Dl',~ce.r, 2+1~'1
3) iW~1~6721r5. b~Staoe Freq\limcy D,vider. 3-12
4) AY~i~6721W. E-St3.9f;! (;requCricy 0 ... ider, 3+'(..11

1--·..:t--,-,O:-''"--·--'~'~~''-7

LJJ~{i~-~~~~; I

'",' "" ',ie '-"';;;I;,.!
AY.'·5051

r,------------····-'-'-··,-·------l'If..OCK DIAl1RAMS

I

i
l'l~ 1,,~:-1.6.7~,~/~, 0"" I

rr-.-;:'r'Ji
u~~_:~:~;;:[~~1 J

11IU l'jlB O\J1\1,111': 0IJlC

AY·1·6721J5
,._.._-"'._._~---._._-----_._._----_._--

f,-20



5,,2-;'

'~:(ceB(ljf1:J ;he~l> r.. tll1g:, crJuld (;;;.u<,e
ptrITlcflf-nt danage Fl"ncticrwi JJp01'atiClfl of
th",~e dlOlV1C,flS '3-t thfl~(l cOrldll1ons I~ nc,t
;tr1plll;~d-'~IP(HliL1Ing nlngc~ arB Ilpet:ificrJ

PO'IOW

3 V,'D not ~l8ecl :ntt!rnally Us:::o lor O\.liPiJl ncgatr;;(' :;:upply Or'IY
:.. Out\lutll cTIf1!i9'i: ,',ll'l t;,e 'l\~'J~j!\\I~ tra!'l3lkll1 cf tl'i8 respective

'n'.)ut~1

Max Unlt'il

",2.0
\',)115

",.1,0 Volt:;
VSlJb

1C(l f,'jP. V"n ·:::D\}
Valls

5J) KH:.:
-s pl' V, ... '" ()V

, -30\1 to ·O.3V
._550C:O" IWee

.O"Cto·"70~C

A'V·1~20{16

A'j~F1QQf\

CIilCUIT TEST I::ONFIGURA'rlONS

_.\~ ,oJ '1;~
~'-1--I-'O'" r~T--.,COC'

-i~ '"'t;T''''' -\t'M~:r"'"

\

':} V '0 v

__ , ~_.__~~~~,I)~I:~~r~J1..':",,~-"-,_, .., ':~~5.'."'.~L1~.:':2iO.S2:.l...~'~"-

1.nJ"1.T
"l..,,,C1...

DIAGRAMS -UeJLJ'\..,·l•.i"ULrl:U" "r -l..rl.T..-·lnrU·U 'JU"

",y<. _·'--·-~·-'-L_,_

,Ji..JTJlT

-1...,.1"-"'". r'" '''"'''' '''LJ''L,-''

'-:.SUUU eJ ,,,, I"ruu",.n.;
, r ~·1~_.r·-- ".,f~'O '-LS"~L~r---l_---

sw
ntluu

!, conditlo 'f1S (tlnless o!herok/I"e Iloted
)

~14< \'01, <1,().3V 'h(, _27~2V \),;:. Gr-lD

C~\;"UQChHi~tlc Min '-:'r~~~~-~'

,.... DC CHAf1ACTEHISTICS

ln~'ull.f\ak<lge.
1f\0UI Pnsf,ive \.!?N~

JrCLil NogntiVG L.IW~1 8,0

GUII.JUt p{lfjit'vt~ UW2.·
OlJtput NerFltlVo "'O\l,~: ~·lO.O
I,... ';I,,[lPly Cur I'",m
D.C to.Jai,W Immunity (Noll~ 21 \-u)

Poe CHAAACTERIS"ICS
Input. Rcpoti:\Q\1 RatE' D.C
jl',PU~ GMHlcitanef'

< 'iYD1C31 "alul~'" aj,~ at ·...25" C <lnd 'wro1lj)fJI vQllagor,

""aloES
", O\J.\?Ui.S nClY 00 flIomflntari,y grourdCd (lndh'idu')iiVJ

'1JH:--lClUi dOfn:,gt.! tp \"1,1 d£ViC8
1. D.C n01ge lmfW,lI'l\W IS dn(]Md IE follows

"'jl' stale N.I ,~" -lIr.; "1" '"" 2V
,,)"SWIGNI -V\\\IT C'-'''' 1V

~.a;tlmLlIil flaUn9~\"
,/1.\\ pil1 \jolage~ Wltl'1 re,o,PGCll0 Vs',

Storu~e Taf'!:08mtIJl8 •
operalili9 TOl11per>lturo iT.\) .

:I'll 'F:C"ff11Ci~L CHAAj;\.CTERISiICS

l
j

\
i
f
>

l
!,
I

1'_,Od"

,,

AY·1-200G

, rl LC:AD DL/·~ IN LINE
AY-:-2006

PIN CONI'IGlJRATIONS
1.1 L~AD DUt,l 1i'l LiN\,;
AY~H005

JW-'j-,WOIlAY·~-1006

The AY'I~i(106 and 1\Y-i~2C1:JB ilra ll1or,,:ilU,ir: ImQuenc,>, di\!idRf
circuits w~lich uti!Lw MOS technolo!l'l E,q',h CO!l~i:::ts of ~;(Y. flip·
flop~ Bm.,nged eith",r 2·2·1 (AY-1-1IJ08;, or 2-2·1·1 (AY,,1~2D061

and ~liifd,;ed ir!o a !;inglH sllicCli suostrilt~, EcWtl c,rClji~can be
(jrjlJerr 1,(,}m s sine or squar~ Wflve Input Each ouipul15 d lOW
rrnpr,dancc pusfl~pull o:,Jt~'U wl'{ctl \$ GJPRol" ot d~ll,ling t:<.'.cn"lU\
cirCUitry ~IS weli !1S othm ",lip-flaps

FEATURES

OESCHVPTION

APPLIt;ATION

BI.O!;K L11AGRAMS

AY~1-1ao6

II 8m!?- e~ Sq\JI.HP W;;'h rnpul
II Low Impedance PLJsIH::I~jii Output:;
iii SIx GI'tk1er stages

::H~" 'I (AY-1-1006)
2,·2.. 1~' (Av'1~2006)

SI.x Siage F~reqillency Dividers

t 5..2:~

1~~l1Ii111l!lB_BIl\_--""F_-------"



• f;xc""dlr 9 thes8 ratjn~I!) could cause pe-rm<'lrrentdgmllg
e

FlJnCl:l~)Ml op0ratiofl Of tIl'S device al -,h0:'l2' G(lndl\iOt1':', \;

riot Impli~.~.-CP"rl:l.\ir'lg rc.llges m"5pm;ltlf;r.l beloW
-30V co "03V

, ...55~C to "150"G
.,O~C to "70°C

SllJlf1cliHd C(lI~dIlJonf:l (unle~;s olhervm;e notea)

,_~,~ < VDO .::::: ·o-O.3V ',1:.l,l"' - 27V 1: 2V \'G$ ~ GNO

CtJ<lrodarlrA!I:s MIn 'typ" Unltoe Conditions

\IW',ll.ellktl,ge 1 IlA V\,;",,-20',,/

Inpl,.it I:;'osibl,je L,JJVCi -'2.0 Vc-Jltil
Input Ne)(ltI1J8 t.,(;vt:;\ -,g,O Yoll~Ou\pul PMiU" Love' --1," YolI' 'h,' 2'!Y, V"" -1"V,

oulp'" NegGI"'","O'.' -11 0 Volis V"", ,2JV, "0'" "WI,

\SG SIJPpiy Currl~111 14.,0 noi':!, \1l>G-.::-2~.v,
D,G ~\joi5() Imr:Hmlty\i~ote2) -;.'1.0 VOlts,' " .'

AC CHARACTERISriOS I
lnput Repetition R&'.8 D_C 50 K."1l5 OF V,,~OV •

_. ~___ B,

,"ou," U" Ou'OIlI, PI'; be ""meotarllygrcuoded ,,,,,,,ou"'Y! ""~tho", 3 'co "0' ,,,ed Intem,lIy used 10' culp''' no".,,,,, ",'Ply oo'y. .
d"",,1g' 10 tlte ;O'l"t, 4 ",,"etl o,,,pu\ ,,,,,,d,"ce '0 V" or V"" I, 1.;iKol"'"

2. D.C, nolge IrntnLJrolty is d81ined as folluw!,:
"1" state N,\ . Vn'1 'T"- '»1\ hI" - 'l'~\(\\ -,\--':1\" 'IV
"D" S\tt\e H.I. _"\(17' "0" -V(llf "0" [--"2:1 -l--1]'~ 1V

5-25

l',(PI 'TIMING DIAGRAM ,~p.H " +'1~...J--:_I1J1S-

,~•.' ',_r-I,_f1,,1-_':-1.rU":'-fl nI .]\ptl'· ·L.----'-"L_I ,~~.' "LJU';-~-

~~.~_~~~~_j-~~_ ::::: :~?:~:~:~~~ ,"""' '-\,.1'1._

eLI::CTR1CAL. CHAR,";CTER1S~nC~)

~~)(i"~Un'l Aatings'~

p.\1 pir' VOltaglls "",llb rc'spect to V!;j~, , ..

5W rrage T(';rr:pen~tqrr;

o~.er~\',ng T8rnD('r:!jun:.~ n ,,\

I
.._.. ,.,_. . .,J

AY·1·" li()7~1

DESCRIPTION

FEATURES

7-Slage FreqRl~mC:V Oilrude'r

ill SIne: or Square Wavs )npu\
II L.ow Inpl1d.:arrce Push·Pull Outpu~~
.. t;"~~Vf;:r' Div)~1er Sta9t~·

Ilf POW!3'·OI'l-RElset

[PiN CONFIGUflA no'N---'----------1
I 14, IXAD Olh\L Ih LINE

I '''c{;:::~~~""'''''"' I
I

'-'S' '" Jc",,,,
"t:;,::> ~ ,lUleu"B

rr~~ /'\'""1,(107B IS D monmithlc fi'~qlliJnG,/r:livl:l~( Circuit w!l':ct, ru ~1 ~ 1 l' 20\,lIr.\I\ 'IS I
Ltllli(l~, MOS tcchrology. Hie ai"idor cdrr.:uit consists 01 [le'/BTl j 0 "rculill d [, \ ~llnr:Ul oj

1~\P-"I()P_5 l!m~nged ~n ii 3~2~1"1 corrlig'J(<ltiOi' and dlll~IS8(1 intO!l I Ot 'I:\! #2~ 6 ~ I:J O;lr.% ~~
slngl~, slilcar substrata '"fIIC circuit C~,f, tIt; .l,\rrJe~ irom i'l !;!F1il or O...tP~l",;I· - l b1,~~1 ~2
~qWO:1r".w,r/~' ',t1Put. EtlCI1 fI1r.-fJoCl has a IQW l!ntlsd,:nce 9lJS j',"pui! L ~- __ .J J
o~tput wtilch IS capable of drr~ln-g !O")'.lernrd clrcuHry as woll a!,
oth<.lf filp-~kH'O ~.~~_.__~ • .~__•__._

APPLICATIONS

f---'··' '1'" ,--- "'_._'-~-'---_.~'-

•...- ....~- ,. - -.--.-- ..-.,.,.-----,,-.~ ~'o,~~r~"

O\I,,o,Jt

r--;;:c~·~:~:~--------------~C~'~T-.;EST~:·;N;I;I;RA1'1O~-----'---l

I ' I
001'\ 0 "., I Ir-o~ r-¢(,

\ '

l~ L)\ I
1~.,r~~1 r----, l r.~'~--' '.-,'I ~ Oirl"'''3 I
•c--i,..J--<--LJ-·i,_ ... -- l/--<> , I I
IN#~ ,j~'~}--i~ 0IlT'''4 I )

••• C... C/~:" I '

,,-, I' -l Lr.I~--: r-~,,- CUi"t3 I ~0~~~1' T2Hr~~tltt1.1)!}1:~~t~r.:;g~
10 0-- -, J -~~. I---·-'l---->-··-·~ 17.

I
· ,,,'. r'~-1;-: 0"" I

l~~~~_v__ ~~ L_

~;

, :,~;>4

~~"la~ilIIIIlIIlIIIIIllIlIl1If--'''''''''''''''''-"'''-'-''--''



,

~)
'.

~1

",,1'f

'~:):.caedlng tn~s9 rating~ could Ciluse
parm,m~n\ (j',2\lTl"gc. Fi.\,,~\ion£ll OFef~tk)n ot'
\l1ir, dil<.... iM at Ul'3SEl oonditlons is not
'mpliod-o;;'(~lat,\'\g raJ\ge~ arll spec.:i1ied

below

. 7,OVolts
200rnA

,.".. ".20rnA
. _550)Cto~15iJ~C

ell"..I"I"I" $yw""1 Min TW· .... Un Ii" Condilion.

--Sl.Ipply Current l.NO'.t! :~l Ie; 1.5,0 -- rnA

~Ig~) L<.llie1 OI.l1PUI '.lor, 4,1i ..- 5,0 V

LO'l-ll.evel QU',out Voll·1ge
\1(1' :.; 2,omA'1 \/~I 02 0.4 V

rligl
1

L.eve l Input voI1ag~} V,a \\.7 -~ V

LO"''' ~"O'f-ol InpuL Vo\1ngp. V 0,.4'- V

!-'iiGt"l L.Ei\lOI Inpul CtHt'fllH(V~I\ ~ 750rnVl h, SO 100 IJA

"'rl'picO! '.'BlueS are "'.I ~'25~C and '"OTTlHia
i

..oltages

1 NO/m'l deVle. yolteg. is _bou' 'i50nN, Operat,on i' Dfunclion of \h. "ultEn' tnrough, ".I,int lro", V"e '0 "jeelion Pi," Til"

outputs al(P optm collec'.or de\'!ces

2 1
0e

IS a lunc,ion of the. p{(~gr ..mmlllg rEtS1BtOr Ri,

<J~(,,~TRIC~1. CHMI,~CTEFlISTICS

_61:11't\\.1I\1 1:~l):'llngG,'

OPilllcolledor Volt~~l'le 1:V~h)' ••.

c.1.l~pIY current (lcel ..••... , " "

~O~ll\ Culral,t . , ." .
St.(lflH;llJ T.;:mperaluro .

S1'p.,Ii~'JlklO c:otio\\)tTIONS (unlt;.iss atMf\'l'lsa noted)

vee,,!N (No\e i\ HI 0. ICOO~~ lRef,IS~c.'i·l'mll'l Vc~ to InjOctlDo ,lriPIlt Pin)
Tp.=' gee open CoI18,;,~(lr Output~ t\tl!l Lo \leo \'\6; 240f) oM' !\(/t:lsto'S

!3RELIMINARY iNFORMATIONAY·ll-11}llCI '-J
__. " v_"_·,,·.'_~ · _

FEAT'JFlI:lS
8 Crystal oscillator rl1.... Wl
III pte osdJlator Input
~ SlfI!} rx equare W,MI input
III Divide by 2115 , 2 '5 , 2J?, 211 , ::1I1i, or t~7

III rti.. intel1ac8 capilbllity

DESCf\lPTIOi'l

I
~'--··,_·_'-_··_--'_·--'---'-- '---

F'IN CONFIGURAVIO'. I
1(, LEAP DVAl. IN UNE l

! ' ,

Tn" "'t·O-jOC" " • m"""lii'''' Ireq,,,,,cy dIVide' 'hu' 'OS", I I t
Genere.l instrumor:t's bjp~ll£lr logic. Thi~ logic lJ,sss an lon~ I t
lmplar..(lid integratacin!<3ctiorl techflilHte, wn.Jci"l allows I ~ I I
OpetatiO.n In e~\'lronme.rH$ normeUy too ~IQ81jlt;llt;)ral/fJr~gl:.l MOS ~

t~chnolcgy HIS" spee,j l\')w power \Jp.:Jr"lllvn <'.nd n"L ~nt€,rfJC'1 1 \
capsbll:1y are also pro\liJed using this technrque. !

The A'H)..1COO inWH'ter ill).:mt[; sro inton:J3d fo-I usa <J,$ ti cryst!),l
os-elllBtorJaI1)pllller: however, they may DO uNd ,I$ [l110rrnaJ Icglc f I
lnv~,rtelll dl)s)red jl_____________________ t

IlLOCK DiAQRArl1 (

I
<90----·---, (90-----.-----

IN i J' IN3 !
(Vo-r{'><> ®o-r-{>.o--'

: I
I " L'V ---1 1----\:>0---0 OUT i

~'-'--:J J......

L~}~~~J{~9J--GJ1~:~Jr-- ! j ~6Dr;
@o 1 .~. 'J IN 2 SELECT IN3 SELEC-r 1'..... - .- 0

IN 2 ----v~~ ---"-[.../'U--Q UT 2
0)0---,

~!'Ia PL Frequency Clivider

~ !/·;w

h~~!~i1IPM1fM11i11jJ1Il.11iSl!UilJj[iIl'li&P-.-.,...-~·,-,·---,--
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l

~.

~.:1:'j

.-~-'".~-----_.-

Fly. '\ _. TYPICAL. .~rPLICATION (SOH:! CLOCK)

I~T. _0932 1 601,\t1z

>,,"" ' ,
,.L"21F I \ li

l
·· I J l -o1.G211Kliz \ ,

" !
'JOpC .: 'K)'

I
l ')- ..r-V-"·"'·-·-·\6~ J---{j 6QH' \

lOOK . - '

__. -.__~_ ........ ,_,,_._~_.~.~. .....o~' 7 10~

_~ ...21.-v

'!"IV

r-ig.2 AEYE~%F- BR.EAKDOWN

ICcimAl f

'0 j. J
2,C! ---_._-<

10l....//
'SOO 100 i' g,

VU :(II,I}\

r:19.~ INJECTOR C(Jl~HcNT 'IS, 'N.JlSt~TOR VOL TAGI!

..~_ _.+ _ _.+-.-_ --1 '0

,11/

"

r1IV

Fig.1 tNi>'lJT eLJRR~N'" ~':> INPUT VOLTAGE

ir.IPUir CHABACTEFHSiTICS (at ~2:5CC)

INJ.c'rOR CHARACfERISTICS (a\ '25"C)

~~\I8IIIUIIIIIL'I!llllritl~I',U~I~j-"'OlIIOO;"""'-_.'-~-"'----
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Concol h1PUt

seD OutPu~:>

COlon O~tPUl

SwitCI' Output

Multll=ft':-'
OBcilliltn;

i Sf:)glTl~"'l

O\;tPLlJ::,

~3.

:;4,

22,

18·21

1~,.1B

'7,

1C'16

24.

2.

23,

22

17.

"10-16

13~1l'

1a~21

35

33.

'0

32

2:.:

37
38.

~1.

23,24
27,28

'D~21

15-21

8.

s,

27,

22.

28.

24

26,

;25

:1:3.

26, I :28, ' Veo
n, '27, aeDli' 3sgrnerl\

8010(;t

I
~- In/1loit !npUI \VMn tnli:llnplJt IslClkef1 lc logiC '0' diSp!Sy OUtJ.lLl~:5' are

{ ml,litclled ofI, Th!s input can be used tor display chuning
~ i-I - 12/24 Hour Select \'Illijll conneclo:1 to Vss selectS? hDur oper~lJ{)n,

'0 I - 50,60H;: Seloot WI101'1 conne(;tf.!c: to VS$ Sel13Q.19 SOHz operation
I 29 - t PM Output rtns output is 011 (JUrll1g ~he PM po,.iod. IllS a high "ollage
f Q~llplit -enD.~led at \o1Xd. time 1,lot

i 39 28 Sf'tlRtln lnp~~l i"her m~€n to jefllG '1', lhe (;IOCk l~ sto~ipeo ;'Inc! the
';C-::O'1dB CDurllN is rl~set 10 wro-.- 134 1·- 25 r·(J\lellnput l:I.'I,.,m l"klm to Ir::glc '0', this InPl." ".~£eb.' ei~tlE.,r t.Ml'! cloG~~, thCl
'en" tlmf', or !no: "oil" 1HTlQ, deplJflcing on the !,H~h' of the
Sd ON and £9: OFF Input<>

-NOT~---' --- ----. -_._-- .--.--.--------.-- ...-..----.-.-.--
I. All inpuf11 I)B~e <l PU!l down r8i'!.il0r to V!){}
:~. At PQwer-<ln tha chip i~ reset but the clock dO>:r;; not s~art to {'llllilluntil MhQr th€l sell·ours or sot n!inut.% blHlon

l!<is been pre'~$i"'C~,

lO~16

13-16
17

18··21

PIN fU~ICTI()NS

(j·3

"AY:S:';230TAY:~;:~·'5..12:;2 1Av:ii~i291-·'--_···
.-!~W..!~_!:"~ ..J.~lflIIIO. l ~.!!:J~:. ~~~,__ 7." --f..unc11{'Ji.:l_._.__.---~-'-.--.-.
. 1. J 'I. I 1. i L Vs" PQ:~nl\'1O Supply

2 '~~ 2 I 2 Sel ON :/mol Wh-on t~K$n Ie ICelie '0' 1h~1 ON tlml~ I!> ~llsp\ay{)~ ene, the Set, I . I' SEll OFF' lim~1 Inpu\ hO;Jrs and Set mln\rws Input!> Qp_l3rd~ tria ON 111111~ "l..~l!j1tl,lr
When lakan to logic ',' ,he OFt' tlme:u displayed and U'G SQti I hOI.Jn3und Sat mlnl.lt»5 inputs "periJ-to) thtl OfFtlrm;· (;ounlor

I
I When loH Opon ciri;:ul_, the tlme Is dll:iplayed When, I~ithor Set

ON or Sot OFF is .Elctlvated th{l SwItch 'ogle (8 set U1iij 'he
6WItC~ output Will j)!ler~Lt(;1 at tl'6 sat t!ms9,

3. ,- J\ :) a Repeat Input Wh'M connccled tulDgic '0' the SWlt,n o,ut.putc(}m~' onevary
24 hl.~urs, Whlln leli Dpen circuit th'6 .swJkl, output C,:I!Tlas on
olity Dnca altar whl(:h the Switch I'lljit.: is resel. The $witch

I

10g)l; can be Sill R[)sii' by pressing Sl'~ ON Md SolOFF".
5 4 4. Sat ON O~tput IT(]ls OUfput gOtElfl to lOgic :0' when ar: ON tl.ma 11SS oeen ~et. It

I r€tturrt~ to '1' wherl ihe ilWI!c:h logIc has timed out 01 haj beeri

I ce.nc(1l1ed
6. 5, 5 Sin OFf.: OU~PUl Tr-t's NitptJt g,~·es ra Jagro '0' when ,Ht OfF lime 1)3$ peon O1et, II

I
r£Jt@'1S to '1' wncn tile :?wltch logic han tlrl1ed Qut or I"la~ been
c:.;lfll:.aUed.

1-1. II 0. I 6. IClock In.,u, . T!"IC liming CI.:JCK i5 Input 10 thtl5 p.m. HYS!~riSiS is pl'(I'I'ided so
'I that 1118 mpul wavoC'fofITI is nat crlt!:;a!,

~:::! i' I 7 Set I;OI;'S Input Wilen this inpUll$ t9ken tD logic '0' lha hours OQUI\tN IS
!'H.::vancEid tWiOS por ,second.

13 I 8, I a ISa! Mj~1..t,-1S 1l1our IWh~n thl.5 Input is HH:en to log!~ '0' the minute!> C()Unt8r is-
s'(I'J,a;l(:ed twice p~r fJecond. Dur:r:~J slC,tUng thQ minutes c.O'lrl
tiH ~Ioes not o'{erf:ow into tl'i;l hours COLln!or.

14 9 S 1~~tp~~:tlay l ~~:~~~ ;;:~Pc~~~~~~!~~ ~~5~I~t~!!;j~~c'!r~~:~ ~j~~~I~~~~~~~~~~e
I diuplay this pi" i~; connected to -32 Volt~1

I High 'Iolta.ge outPU'tB "apable 0: dn~ing IJvo!'t;:sGEJil \iiz,piays

I
Cir~ctly At 109. ic 'n' 10 display ThIS)' h"vi) on-chiP 1)1.'11 down
r~s!~(ors (D V~L .. .

In the BCD modi; the tm1e da.Hl IS OL1Put on tnes~; Pl'l:>

I
illi8 high \lClfll{je output 1$ enabfeo or fI,~)~3 Hmo ,tno tloshes
O'1ce Po( 8BC0I10.

MXll~MX1 Gu~PU\;; \ TMS'2 outputs am $wltcr.ed:o logiC '0' SHJCC€!lSi'lEJ:y 10 Stlll;lCt
tM big Itt:, MX4 is ~O$ hours, MX1i;;vnltsmiM 'l"lvHeareStlrn&
slots the fifth beIng olai'1k. ThesQ <H,irputs a~e 11igf1 ,,-,;.;t;';.9c and
h,t\':o on~crilJ pur! down resls'lors. to V1.l
Trd$ Olltput gOil:> 10 log.IC '0' whet' tl~i) ON tim8 IS i();;loh13d 101M
nIh tns f.r) logiC T whiln the OFF tima I::; reached If an OFF
lime lias nQi bl~erl pt"gflHl1rncd tr'!:1 output will r('lturt' to logic
'1' 1f<n minwtos eHe! ~he ON tiroe has been nJachod Ttje OLltput
w:1i sink 30m A
)\JCI u:jeq nQrmalli, An ~x1~rnal cap;:Cltor can be{;cmn~ClOd to
rl~oLCe triO mux ff9Quency. or ane:-:'lernsl clock C:8n be a~plied

;j rl!quired.
ON/OFF Input When lhi~ II1pUt ~<:; tnkM to logiC '0' tne SWltCn output 13

eHilrnstsly turned ON llnd OFF, Thl!, input hilS I1'llibC'unce
IO~llc to prevent m~~lopal'ation

Whan thiS input ,:S- lillian to Jog~c '0' tne Swll<:;r; logic IS rlJs'!ll
nr,d ihfl Switch output turned oH
Negatlvo supply 15V nom, 111-19Vl
Wher. trds Input Wired to logiC:; '0' BCD oPt'!rflilor r~)8ults

40 :.EAD DUAl rN J.INE
IW-5,12,)1

~.
--.".._"_._-""_.__.."---_.._-.,-".,--"

PIN CONFIGURATION 1
~~a L€~~\D DUAL IN UNE
AV~S~ i2~O/123;'!f12:;13

~";C ([;'iI~)

;~,! (,r, ~"I"(',SOII)F'~ j;",,, n z

"
"

h \1.0 lilJl..,~ 05CI(~';(:,

SW,:cnOUip~l

k';::

I'M O"lp"

M~: ; 0';11""

MX ~ Outp,,!
',C

""~/:o; 2 Q.ilfl;J'

MX to ('~I;;'Jl

BLOCK DIAGRAM

0·-··_··_··--·-·-··-1'·-:> ~iWfTt,h ,1tJTPUT

Dr1
MI"JlIr~~;

sr.,.
f10Ufl;

~m;ll' m;Ay-o,.12J'
"'/'DC'-/;"j(\IGN !I"-~-lJJ~

U"FIEStO:T 0'1 AY·S.\;:;l3

4 Digit Clor;k

OriVf'!S 7 segment Flu(lrescel1: [lls~faY"i

Ii! PLr~grar'nnmbl~ S\\lt~h fJn ,mel sWiich oH til::':'D:::.

llIi R~~pe(l\in~! or non-repealing l)nm'itil.)n.
II DirnmlnQ ~1.Jl1lrol.

Ul Power em m:""t. r;!)mlllnS l'(lSlj-: drIll 1ml!::! i(-;Sm

!II ~oolprOOI MY)Jcn on/t)f' S>:l!iJllg, If SWi!CI~ ,;ff iirnl.\ not
orograr'nm8d ou1out stays on for cO minutes only

m Non "-ll.Iltip((;)wd Stlt 'np~ls (o~ 'O",'! ra(Jlated 1)OIS~
II IndiciJtion of set al3.-m t,!.2t,3)
IE AY~5·1230/123:U1233;i5aHl input.;2.1 hOlH op.;!ratwn
II AY~5"123':5Gr!',OHz, input, 12/2"\ tlour OpGrtl.'ion.

Clock I Appliance Timers
FEATURES

DESCRIPTION

The ~\y~[j'·'lnO S~ri(t5 Clo"k!ApPlj~IlC0 Tim,~l~, are circUits
d",slonea to p:'iJvide (j four digit clod, dl:<pli?y g'1d ,:;utor,lat:c
on/o-~f SWitching <:!f a TV or other appliance "t ar;'l de:wed time. A
typiCl] appiir<l1fol\ w,Juld be the I.1SA 01 rHi AY-.5~1230 S",r)t"!,
I';ir~ull wi'h C,;'g 1\""-.~~8:'l.211 TV 'Tin1A/Chanrll:11 DfiSplay circuit Ie
praVidfl& clock display Jnd autDI"Hiic Oil Bnd offWI'r'itchmg of tl;ee
TV ilt any desin:!o tjmf~.

"-"2



!.-4 j:~;wr.UI___

ELEClrHJe~~JLCHARj~CTE'ftJSTICS

SI:f ()r,'l"iM~

'" RUN/SE'! GL(

~ E!:TOI:! WI.1=.

~_._---_.

!

...,··_-,_..-t---~--_·_-v "fl!/,C CIJTF'u'r

~
m

~ g tg~l J:
~ g ". , tr1

M m >Z 1:1 o ::l ....J

" &'c...--.....--.-f....-.,

.>.c. - ..---- -;=:::::==:l~'1

~_.- ._-,_.,-+.. --,_.."~.,

FJg.1 4'1·5·123Q CONNiECrlON OIAGRAM

F[g,2 AY·H·1231 CONNECTION DIAGRAM

M~·1 ~~~;:~=~~r~~~~.=:~JM;:~

,.",

c·,

~ ~l

5",::::==- ::====~-..JJ !j.~ U~ ~i
-", .-..--"-------.----'T--I1{·-..1-n

GO-----------·"l l '~I/~f)~' I,0-------______ I /.: <' /( I ;..~:~=-~==== . I I: . i:!.. I I I] \\ "'~ TON 'riM!'

:::---=:- ,iJ1ll,JlLWJ.Jlli., ,
I AY-(i-1231 I
LI-DU"1i-ITll'11II-rni'"._-_. I L I·

CO:::;:=====:::=_-:: i g;~ ( r~ CANCEl (~i!:;

::::~ ~=====:===:.J jlJLl--.tJ_
J

I~Ml""---'~---~-__ ,.L~.;;::,
ovo.-..__.._._ ..... L __l _

'I,~\j &---·-··-----·--·------·- .....········'--··-r-iH-+·-,..-··--,-",--,.,

S(HZ 0-- -- --.....------••>.•' ..--••-..,-.•-.----,

eGLON (r_k_."__~ __,.__+._. j

HYR ....8E c,_s +__. ,
2' ,~cc-.. ,-...-----+.---..,

~'---"-"--~~.~-----""'_.",",

!Od:~. 51]lr~.

'V()_: ""':;5V
10 Vu

'EJ:c.:(iedlng t~'''!$~~ ratings r:oll[{j cause
p~'rrl~"'llGi"lt rJwnaqe Fum:tlorllJ1 :>P~!ratior 01
thlf' df,wice :(! thcm8 tonditic,l'I~{ 15 110t
'rn~';lied--ODrJ:Hin!l ranges ,HE' spec)fiod
b~IGW_

I[il;' "'" 30n1A
V"I --19V

k, -~2mA

'j" - --'j9V

Volt.s

"A

V~II"

"A
'11\11,1

VblW
.vA

,'<oh;n

I (1.:J Ii) -2(1V
'-() ..'3 ['0··35\1

0"(; co ~-lOUC

-f,5"C to ·t,1:)O"C

t 'Typrcal v;alu:;s ate at ~'25" C anu not,lfn;;;1 \,oIJago:;;

Mnxlmurn Ra,Ulf1gs·

VOltage 011 [jny Pin (except d1t'i!)lay t.'Ilns)
...... ilh rCSOHI; Ie,) V" pin

VOHaQ€l o'n ';1;:tplay pim: \..'Iith :es:)ect to V, plf1
Op,~faIJny l,,'rnperlllure I'an~l')

$IOI'"g-o tomp,,:rallire range

Standard CClodltlons (un,0ss otherwise nQted)

'OV
to 19V

~'Ll -- -<1 1 (0 ;':JV
Or-malin!) Telnpera1Ul'8 ('T,,) . (j'C [0 +l(}~C

1;0Te

I, The ciocl< input may be tukEJn PQSitll'l~ provfde(l thaL the Cllrreh: Isl·tTlltea to 100uA
2 Thit rest!ls in a multiplex 'ate 015KHz,

~'-'--,;,-,,:;::::- --f-:;'~--I~Y~-: r-'~;: T--~~~l-- ,--- ---C:n:il:"~-- --""-
'-C~;~I~~::~---- "~-- - -~~~ -~ -::-t--~~~-I-~~-i-~:':~:,-~,~p-,~;:;(=",:---

L.oqrc J >+-l! ~ J ~ Jol[", I f'jl'\1l 1
L-lHll j ~ 10 I 19 Volls

"U.lUPlO;!: Clocl\ Frequercy I 100 r -. ""Hz I No'e 2
Corllroll:'ll)uts I j

LOQ!C'l) I 10,:3 I ~-1 5 I Vol·s
LCQIC'I 6 .'11)' Vol:.;;

p. uil Up Ae,;j"l'?'hCIJ i 20C I I KOIi.m I jO'v'IFI
$egflll~l'1tOutput I I

Logic '[I' ".2 I Vol~". 1~)l.Il" 2m!~
l.r~gr(,,"~ fD I UP. I \',_,,;"- --3;)V

~'1J): OlJlpula I
~~~;~ :':: ! 10

Pull Up li~sJSta'1ce 200 I'

SlI'I'lh:h OU~~)ul

lOqiCV

1

: ~

L.onlc'1 _ iO

net ON, OFf OUlpul:r.; J
L.oglc 'G' - __ :.-

d:~C~ .__-,-__._ _3~;) --~~..i---L-



DESCRI~'rION

Ttlf:lA.V~6-1 ~50/ 1251 are de;llgned te! lJ~ incorporatEl~ In rjom,~stlc.

cDoiwrs/stOl'es In <idd"ion to thr~ three Uming fU!\(;liQt:s (Ot
(;,luti)rn.alic ,,;:ooklng jhe circuit Ir'[ckl(je~ u count-·down timer
(1'.11''1.)(0 Mlnd;;,r). ()¢ntrul <Jf Elfl u .. ,~r\ l~mp~:iltllr(J "LT 2. 01 the
(lut,~titS is also ~lro\'11ed

Botn dc;cks and alJ~;.~mutlc timer c·or.tr,)lc car· u!\e 1~ or 24 ~IOLIr

~lyslGrr·$, bill wher' tblO' ~2 flour I1!OOt<!1 P,M, k,;y is prt1vJd<>IJ to
Gnatti<;! the controlG- t) bt3 set rnore Ihal' 12 hours e.healj

~...

II;

5<

{OJ \lSE
FUlly t'l.lJlt'J'il(lt,C· Tho ,~rn0 rXintrols ~;:n, set ano th~ ')vml
l.empc'nlllf~~~0Iect("d. "Nr1en the rf:a! t;rne. ;,~)a"h8S the StnrtTII1]\t
:;;e)octfH-': (0" t[1f) 8101) Tim" !~;;s tr,o Cook DIJJ<l\icn) the tdr.'JfJr,t
outpl;t!;; ;H:.:ilvr.Wd ana l<;}t\tS the ON lamp, A1 the conClusion of
COOk'lP9 bl):h t'[8 ",U1"(J ,,i-"I0 th\,:ON l'i:IH'Pfi "rt',\ e>:l1'1gUjr:;l"I~HIand
th", ICle',mll tlll\lng I'egl:;':ol;:, ~evllrl 1(1 0 Tn0 ,Iu,li-::J I?wl(.;ut {li,r(,s 2:

1Hz eycl;:' fo' 10 Sf;,::;

Wm1rO~ tiw !IUtofManl,J81 ('uitem Is 1I)(:lllq8(J Itw_n conking (;[It'1 be
ier,'t"dia:,,;rj ",1 r.lr'j,~ by the mornc,-.:(:lo'y d"p~os~~i:J1' ;:' this

;'W·II.ch. Ir.',ch ?llso (;,~nct_1 the AuTO aITIO

SernH\UDnH'Ih~ Hit; 'E,WP Tlr~G' IS set <In" oven tr:rnp€t"u:re
sel.;~cteC,j, Cc'oKlng ClJntlrld~':i unlll the ,Slr.,p Time is f'(~<lcn"ld
_""hei' tile I\UTO and ON ',imps arB ext;i1gl1 5n':d an(J thj StOP
Tlm~j rf,;;ister fE,y~r13 ro ,NO n'c avoio (hllC)IJt 9\..'95 aj Ht eyell:

for 11) 5'C~~"

1.,.1.:n1l1,wOllBtatl0f'1 101 &,,~r:[Jly rhrotJgh tfleOI(E;n tEIO-npiiratdril sel~Cl

swi1ch

INFORMtITlON RECAi,L
Time.!. 8'';Jec:ted for .:l~J1l)nl'i'..t\C 0j:;eratio, can be dli:;playl!-(I 'or 5
:,WCQnd'i !)'" QepreCi5If):i of Ihc i~pproPl'jr:c kny,

If t .... 11 CNJK D·,lr~t,(ln lsinterr,1gated dUring COOKIr.g tnen ':nn time

n;:rrruil1il,.r~ tJ:)forc comclellon i~ d',spl;W~d

MINUTt-: MINDER lS\1Dft Term Alqmp
DepreM!(l11 ot ~he '~.~!J1liH~- Minqer' k~'I (J"J"'litHlles trlst r,ey and

the contenls :)1 th(' MM r'iigl':!{'i Thf! dr<:pl<i " "oior,

rime I" UrJlEH'"Hi lr.:J01 tt!(lI,CyOQ3ra. E'ltly incrernsnlof 1'-!'·i'llJI1~ il>

dl";C'lpted (rorrl 1 minuti~ 'iO r" r.~wrs ~~9 rl)lnutes,
5 sees. i::illowmg ltl(lla:;; l;'.If'llry key rne :::o)on CBases \0 Ila.;-,h ilnd
th~' CQUf)\doWI' com/flf;1r.es (pr0... itJinf~ nu false limFt j::l$ bar.n
erltmi1c1 ~ gn;2\¢r ttwn 9 hQurs or 53 rnlnu\o8 Uf>O of 1118 c:(,flr!(ey
will C€h:./o e ItlISI; er1try). It is imporWllt lll;j( thecour(fdmt'll .'jldrlS

Imme&:J.led~.. 'ollowlng tillS 5 sec" IjerJo{l rather lhtln to ,~~ouple

tho MM f()His1N to thai jOI true time Icr ir1 thil.; lallar ca~C ,'tt1 ~'rIur

of up W ::'9 50CS. C;tn (',('CU" and seriou:~J~' distort dwrt periods

For I11c,d21S WI1I1 a £t1p'irate MM displaYilhe tUTle remalniniJ fO the
end of th8 S.,IM:ted penco ~s c0f11inUl'--,lWly stlOWn For ~,ingl.e

disolay rnrydels thi" time Garl OJ diSpl<ly'~(1 by d[:jpr~msill!J tl1e MM
~Gl and remains for 5 secS. fc:llowing n:ltrls\~ of Ihis k"Y·

n.., ccml~lletIOr' Of tl18 5t~lectej p~rlod 1M <lucia O'.llp!.I1 fJlvr;;s [i

con(jn(.lou~ tonp for ',. nfnu;e- ThiS tent! can De cilneoelled Or

c1epres&ing t"I"l MM key

Ttw m:llute '1Jlnd,,:1 can IjC c;H\c~lIed at any \1111(' by
dBtY8SSf:lQ t!w MM by tr,~, r;:lear Xf.JV.

prevlour,V -3':11, al1l1ougJ-> "Ile Alyro lamp :Iof-:\'>£OC-. dnd nl,/I()lnatIC
I.:.ooking i:.1l0! sl;'! If the CO<)', ,juf<1tiofl is g[f~dt8r t:1an the :'eriod
boIW0F,!:", "fll'! r<'!!'.l time 'lr,d ~electcd Stop Tirnu,

To el,ter 'i Co.)k DUrJ,:lon e)f less lhe:ri ~no hOUl Ii I:, cl1ly
'lec<>ssar/ to USI~ the 'S{": Mlnuh~s' bulle I'

Set Step '·irnc F'Uf\cf!OtW as the 'SGi 513ft 'fifM' SWil.ctl, ,:',xcept
Slop Time' Swllch !'3 j!!urr'IPwled.

The relevant AUTO Iwnp ii,jI1\S

If a co:)1, ~jllra1'r.)ll jHl~ soll,ctcd \.,.·t'iI(~h Is grealN th','·] the
period b,,,,,wr;,,n the f':;i31-,jrJ\e .'l,M the gel'.'i:::~":lj stop tin\<.' ff'Ii':'1l tt1e
",UTO ldrnr~ lI;1;,rHJ$ alp:, mltomat:c COOkiilU is 110\ S(Jt

Jl\ltomatfc O,\HPut Contr61
'rwo outputs p on Trel'! t,y·,:.o-'-:';:i') <H;" cJh<i"r trill ~:,mlrol Col U',p
lJUlorn.;ttic tirm(. T!le c01trols ar~ "Set Sl~lrt rlrr:p,", "Set SlOP
Time" ,:md "Set (.'Jok Dr,ltallOr,' ,;~I\,nQugh or, any ~CI,~nl.lf"ctL:mrs

:llodel unly 2 of ttl8 ::J ,'He "WCfifl"ury

('W(I k~ys C~ll~ t)(, !lo;~d f(H f~m.:/i C(J"llrvl'lOd()iHPLIl, vrSWJrnailvC'lj
or.>?- pair of ktIY~; with a:;> lor ~i} P0snion :iWltCfj to direct {["It)

)l1rmmi:lI10n t~ Inc rl;lI(1·.'j.;"lf ~h;[l l~pU( cal"' b(' u~",,(l

(11) SETTING
S-et S~<!:n Tlnl~; ,VIH311 qepreSH'i!'e] tt'is KO,. irnrr10(liamIY Ilgnls Lip
3rtd the tml~ (lh;play coron commence:; Ii) fii1:;/i The dl~pi,l,

(jMw~ thr;,- prr:1,:-ousl'{ set St~d. Tlmo if a COI)klng perlc)(j Ii>
illGomplelG:, or asirlglll '0' 0l11h1 P,HS if nO peri()(j is UI}derw:ty, A
'star', l'imt;J' I':> ftxer:l wrtrl the :S::\/'1e Get KeY::" fo ,-"ot a t'lrr,l'

commencing with 0 hOllrs Jt i~ "leceSSnry· w give a singlE'
depr<lssion te'lI-";tl8et HOUrf,IH\Y (cpuming comrri8nceS with I)) to
ill\lm'flate lhu h:)(JrS oig:t,
I! TlmeSwltcl', 2 JS Irllhe Sl<llicpnsitlcf, then lnf1 dl$play readS Ihe

"Start Time" ulltll another function 'll ~elec.tHC.I, olil(3r!V:'i!e It
rr,,','l;lrls to Rei.l.1 rima L,nO a const<lr.l colcm [; seC!; aft~lf mlf'Ds).'JQ

the Set Tlme_ 881 HO\Jr,~ or S'-!t Minutes ~QY 

TrIO le:av<;lf1, ll,UTO 111rnp light., aller tms:1 SGl;()~'(\S If 0. C::Joh
DlHatlon (lr SlO-P Time hl'l3 baM pre',IIOliSly ';~l. Aulo'n3tic
f,::oaJ.i.Ing 15 ~el (SlJB n(Jtr~ Ptlragrapt"t 2-1])
Sr.t coo~: Durllt)on l~unCllOI)S as the' S8-t S'lal·t TimE)' sl'/j[cn.
except lhe Go,jf( Durat[or, ~i't'Itcl. is illummt':,:Cci. The rehwHr,t
,~UTO I'lmp Ij:1hl3 If a Slop'I'Jrnf' Dr Start Time has be~n

'j1me Display
A 4 oiglt displ<lY ill tiiTIo in einwr 1~~ or 2.'~ hDur n1 [)iJfll)& s81ecwd
l,r t,SO is proIlY);!d lnLlc<.JfB pt,1 time~ when In Int 1::! hOI)'

roode (thi:> cOl)'d tlfl n tl~lt disolav)

\~incrl1tlf. 'S~t l.IJI(' Key iB (1,':lI)ff;i:>:;'JO tile a,~,pl'i1'll~;bl:.ln,:\ed, f.na

:h'J r;oloh COiT\Ii"I<:J!ltcs to 'I,\~,l"j at 1H<::.. Tf\(ltimr:'.I~,r;llle·e" through
H"Ie keyboard ClJl1\mencinq wilt! "he t1c'\m. Oigl'~ am (Hspl<lyao
lrljlT' ttlEl RHS; m this rmmner le~ct,n9 ,/:r.TosrernC'.'.ll ':.llPpressp-d

Asi?cond depression of thfJ 'Set Tintl' key G<1.'Jses me (JOlOn to bel
I!Jl)mlnat~d c(JI'stilntly and the Cfoc:k tv operato lrorlt thQ m:;I~1.'S

SUpply Th~' interntJl 's!'JCQ:lds' (ei~iS1er ::ltarb to QperratQ fl'Olll ttl,)
'0' $tl'lc.
In io'l(l even1 01 D!P,]S0 lime being 01temd Irnc\fO 'tl;:"n 23 noun, or
'3Sl rnillLJles) th'i; colon (0 fI~sh and buasr lj,)umH e'
1Hz, rnodulallon if10 clocl. to start I:al:$i'l et"llri$'~ CEI!'I be

,iGI~ted by depr-m.sion 01 HI£' 'tlell" Key"

OPERATION
on Irrili.ll.1 SWltc:;n-c:m <:tIl registers rUG ~8t fa zero und M~' dlspl3.Y
$~I~cted reads a single 'Q' in the t"tH.poo;ition, Nucl./tput is In l'ln

AUTO mode
fol[(lwing (lily AC lirlil f~lIlure ';'0 mltlCl' c~~,:mion I;; r3
f!SHlbli!3Md. Pro,.'is;on af [0 CilP~lcilO; lr thl~ pcwef fWpply circuit
will enable tho- crt<O to remain f3c\i...-e d~Jr\ng AC line (r.~nslc~'ltS.

Ii 1fl<: e"..;terrwl :;'L::lI"r(!oy (l.,>ciJiato' "c_on'1~\Clf}d t~l('n IrDl' tJrtw I';:
Tll.:Jintalnej /romn~Ueryoperatiml {'J)Qugh not dl:"~I::1y6Cij dur!nl~
OOw\~r (al',lr9 Tim.: m~a~~'!i£"i ~~re ,i!SO !Otored. On ri'.'JI~rr:p!k,tI01
jhl~ n1aln poWf'!r a I~rilp i,~ lit let irdkale that a failUf211ClS oCCl.jred

ThE! ~t<lrlcibY QS(;lk~t{)' IS ot acc-;mtablP ac(:uracy fr0rrl pS5SI lie

(Omponent~, (2 l\llnutes. per Ot'ly)

A keY pOS!tiOn !O VIO Pi'lill.li'sntly Wlr~d 10
select j.!A howr Qf:-!;-ri:lt>On tina l<:lit (,!~en

circuit /0" ~2 'lour OpNnMn

A wiring u'Ji(}ctatle opllol'i

A wlrln9 seICt:!nL;l;j funC!ir.'t1
:J) 4 digi! fllsplC1y ~ when r;;inlJlc ml:1'1er

selCG!od then rBqulr"d period IS
sht;I'1)l In JJw tlm(i \'tinooO';, for 5
se,coM;'>

Iii) Wryer: m!nuli; mlnr.ier £'Ble.::tN th~ re
qiJlr~d poriQd is ,mtM')d Into 111'"' ad
dili9(?[jI:j diqic dl'ipi,w Bild remalflS
illutnml~ted .

A push t;uttc,r kQybOElrd W\tl1 [flO 1111mtJ,-'fS

0·9. a p,,~ !\£!/IOr 12 hOLir<;ystern. Dl"d R cle.E';
k&y (If oven t"-!mprature C(lntroll~

',hen Ine ~8mr.era~lJm s"It'lrg couk
11118B,1' on a poten:iQml'l!(;r or digital
If]rougr tne I(ejlbo,~rd, 0<i'li:"ltJ first de
Dressed a tctrnperature key)

;-J~~ y~'; VI'-~~,l

~I~I CONFIGURATION
28 LEAr) DUAL, IN .. INr:::

(1;',50 1601-1"_
'CISo(.iarflll'

Mir11,Jt(1
Mtlld(jr
DI:l-olaj<

(a) 12/2d
hl),lr

AH'1251 Kt'YF.lOAflD FUf,CTlONS

(,jINumb9r

~eyboard

t~RIr.:LiMlINJ!~RY ~NFOF~M.AT!ON

.~-~._-_._-" ......•~-_._~----- ..._---.._..,.__ ....

AY'~-1250--:~~~-~-~l~J

Cooker Timers

FEATURes

lI!! H,')urcw:!<
lil Timing FUnr;t\Ol"!3 STart, Stop, D-JratiQ(1
JI .$c,:?o:m:,> 'minu,o rnj(1der" ftmclbr
III AV"fj~12S0 Dally !!JMst mod(~ fO' (:;",nH~1 hOi11111g

l~CI:lfrol

Ii\. I"'Y"5~1251' TrtmpEraturoQ pro~rarr'l(J':!ng

C.:i.labiii",y
II ThEH! l'i(Fl cum:Hjl tlmeo C'uloul:;

AY,G·12S0 KE'IllOARD FUNCTIONS

(a) 'l~i24 Wrr;ng SI~ll'Jclab'8 Cp;ion, PM lfldlcnkl'
hDUI -.v!~fln In 1? hour$

ib) 50/60Hz Wln'lg SQlectanh;1 op,ion

(c! S,;;:;:mH,;: il) 4 digl1 disnlay ~ ','Ir\i;lll rl1ln:Jt0 !l11r;ue'
Mlnut{l slOh:-:;.lso 1;'<'111 'TClUI(.;:d j;eriod 1-:; :.;howr> III tne
V~l!l\ier time wlndO......

Di"pJay ~ll:nuIQ mjnde~ display 11 contlnuousiy

on f1 Sei~'tln;t~'."3 digit dlspl8y.

(d) Timl; A ;),';(lng s.;;lectaole lunction.
SWlt:lh 1 (i) When :rmt tuHr:'ns d&pm~:;(~d til';:11 drgm:;

dCt~anceu ;:!t ?r-fl
Iii) [)igns advance l'12Hz fo~,; c'.-ou~',15 another'
cit €/-h

(10\ LmlO' A WOfI'l(J 5{<I"cl~It1If' illn(~IJor'

;S"";lCh 2 (i) 00 selecting an iutomatic t1rr1i:a tUf"1_ctlc.n
Ihnt fiJnction n.mli~j!lS disr,/ayM /(If S S(~Ci;

folloWing releaSB or loe select key or incrfl~
men! tJme keys.
(il) FunctiQfl remalM, (1ieplayr;d until ,~)Jother
lime- functlorr is seim:{f;;O

Wiril'9 selectable flJ~CtiOr:

(iJ Cooker ilPpllctlliQ!1 - illl ilutorn1i.tlG

rr,glt>lcr 1'1l()rnor'i~rs r~YOI1 1~1 7.fJr~i oller ;IJne
PEirlOd c.onlplell)

Iii) C~ntrall"hMiP9 f1r,pl)c:-lllon OJlpu!.'3
f.lctlVli,led each :~4 hrJJ.j( perrod

A \'VInng ~WI£'cl~Olfr f,JI(;flon.

(i) When autOnlatic tlmB c(lf1t~ols fllO SO\ IIleI1
<i'ulOtrI,,(ic ,;ooking I" set immerjl<lldy the
I\Ur'U ia'Ylp lights

(ilJ ['I tfllS lT1od() the '-',iI'iOIT,atic tlrlW t;:C'ntrols

flr(esel but IfJE\ AUTO liaht,; elW not !lluffilnalerj
(c:'H;epl to lIasn t\) i'h~i~i~tf; (Jflor cO'1rJitions
in 1m;'! seWn;]') IIrtillhe AUlo/Mantlal SwJlch
IS de()r~JSsed

(tl Rspeat
VlO(!lJ

Ig\ Auto.'

t,1i~nual

~·wilet}



ELECTRICAL CHARACTERISTICS

!CENTRAL UEIJ,l'ING OPE:RA'fION ..."ith ttle AY-5-1250:
For tt'IS 3ppficatlon tin 3ddltlonDloLitPiJ11!l prQv!d8C' whlctl IS ilt~

r.:omposit01'Jlnna( eli the two tlrrH~d l~utPl,;IS liJ O((j<:,1' to rT,infmiz(>
1;)(.I'.',mal periphiJ(HI clrclIilry

'·<10 Rep8<1t modo i~ m:jlected to l:t,lr)le tne two l'Ir,lC<J period!; to
rWlfIln storl2ld [In(j 'Jpemte every 24 hours.

S€i~tJtlg fjtan snd ~).loQ trIneS IS. E!{)IIl;"'8':1 in pr<lClsl~IY \he same
tttarm.:r as pn:;'..Ii\JJ~;Y described

Cal1(~~1

Car,eel bwttons ,:.;re !)I"oVldad for '~<lch output '/Itlich, When
d~(.'nnsed, !,j)~lin9l:!SI' tM raloYl;\l'l1 I-\UiO lamp and Inhibit th\l
output signal CN(111 though the Sl8t1 and Stop tHn~;8 '&ma\n in
m.emolY The output Ci;\r: be ~estole,;I by cJepresBiroq ;f~et Stal1ahd
S\ClP time key~1, whereupon tho AUTO I~mp lightr; tiP

SUZZER

'C>p " OUT",,'

K:"~
G~ BUZZ'"

[~-==l ,~~/\NUAl.lAUT() IOI~TIO\<.l,\:.)

~
'0S;~,
\,'\.,:';'
.::.:,;,

[~:=J AL'TO/~,.v..Nl.J.r'1 IUPl"IOt...Il.t.!

NUM~:lFfi

t<t~Y8r.:I\RD

m
'-1-,·;'

J ~ "~7i
, (, j.;j
, / ,J

" "j~ fa CANCe' INCORRECT ,,"'rRV

El i; O;:l '2 '"lOUR SVSTli"M$)

'O/P O'JWl1T

rG riET ·'Dl,.lnA"I\J~l

lJ 'fO BE" "S"(MI'r 1'1/;',£'

'-JL.

o Ol~' ON (DRIVF!{ ::r>10~1 TRI4~~mfI-A'1' CJ/I~'i

Q9 /1.,;1'0 GET

'rOSEI TIME

TO SET MiNUTt: MINrJtfl

o/p'~o ';\1 SET "STOP m.if~

o 'C/0f: ',;or TG:MP

o
o

IT~~ MINUTF /.,lINDER DISP,,~Y lOP'tIONA_J

Ol l fJ 0 ('M~CE\- OPEHAn.:-S wHEN 'j~ RE"P[A" MODe 1 ,':O{),'

I \SE~TRA~

J
'"IEATING

I [J (ir>-!!OFF O/P' O,"~f'J\·rr:.S Vh-JE,'j Ii, qf;P[,\T r/()Li:;: ..o\PPLiCATICf'.

rig. 1 TYPICAL .lI~Y~5~1250 CON1A()I.S I:OR INCREM£;NTAL. It~PUr COOKER TIMER

[:~I]~~3 L.'lj r:MEjiiW~A'/

® ® ® MiTOSST

O/P" O/P'~ (J.lp',3o 0 0 TO SET ":JTO" liME'

o [J 0 TO SF" "DIJF1ATION"

[J [J 0 TO SET'S", ACrf TIMe

MINUTE /CI,
MINDEFI '6/

StT

Illg. :Z TYPICAl. AY~S~1251 CONrl~Ol$ -FOA fUl.l~ KEVaO,~11D COOKER TIME

® ® ® OiP' 01, wn:vF.=t>. f:P.()f,,1 TRIAGIHEu\Y OUTPU'Ij

6-~1

-~..-- ....-:;;;::1 O!l"~

DiD
OfF" FOR 1
G~NTRflL 0- ,0
HE:A'1'ING ,

or'~J1MIONS '

OIC]._, 1

'---°1 0
010

1
---- -----~--- ...__.------. -- ---..--- --.--

[';'~T 5':3 Sl 7 1'.1£ Ol3 P l.AY_-=:=2.1 C:J (lEAl-

1'.J5] "OW ""'0''' _""" ,,",,","__ 1
o TO SE' TIM, L._1 on"' ,if IS I

I ~:~~~~® rJ ro st:'" MINl"n:: M\NDE,q SiC:r rJ;H':~,;T,~S
,Jl;l

On/Of! CClntral

This IS a bliltabJvactrcm s'.vltCIl ,';hlcn ehn;'lges tile start cf th~
compt:;J3itG signal OUlpl"11 swi':ch. Ifthe l:Jlllpul were OFF thel" t~i$.

switch I:um~, it Or-I unW til", next Stop Tim~i: If it Wp.r8 ON the:l it
betCJm~~1 !)witc!led OFF un1il it',s qr:JXT Star'l "rime

hJrthm dc:pa':lsion again Ctl(Lnge:'J lht ~;ln1tJ

,. 9V
O~C 10 70G e

. " 50Hl. c~ fiDH7.

.".100KH,

" .. , SuitablO 1:0 unve LED dl!;[:'lllyS UP to OS "lign. Segmenlr, ,nre drl'.'en dirsc'.ly
Flll()r~1st:l!ntcompmfblJil:

. " 3 rimed OUlpulEi are prov\d,;d ,.,.ifh 30rn-t\ ,:lrtV8 Gapabl!lty to ooerot(l B
triac or (i,13)'

" COI1,lnl;C!lJa tone for ~o se:c~. 01" compli;tion 01 mmulcl nllTlder period 1H7
cych, fo' '10 sees. or' (;Olll\?leticn of autoiil"t,:C cookir',g Yt>r,od.

Tone 1KH1..... nornmo.!
, KeybQ:;n(;~ PrD!eCllc,n litH! two key lockDLJl prC'Vloe/J,Keyboara

"Di:'
Opr,lrating tempe.'JIWC fatlgi:l. " .

CI:JCK Input " ....• <

Ir1t$fnQI MUltiplex Ci,.'J(:k. IreqlH'!m~y .

CrH11ay outpwt:;

TI'-"·ed outDt)!S •.

A~JW_O oLI1pui

f> H



Cr)l'ltrol Matrix
TIII.J C,)ntrr:/IIJlatl'I;': consists. of thr(:8 ~i",:.;tlC'nS. 81 a'i~I-S2Ionl1lile

Pro~r,''IIT\ SBle~~t Oli,pLJis, G1 tlm)l'91" 07 fOrm thr:. '11P1,ls to th('
Cre:tit .<\ccumUI~ltQr, slid ~1 thrOli'(!il Fi4 Dr6 the f)Qnvs '-18g\sler
Outputs. The CnK'lit ACGurnui~JQ(', H e bl~ up/dow,,, i.~i)\,mler, h
u'.J1()r'l'1illit,;:;llly plaewJ In the ''!.IP'' count mode whefl n (~,)il1 (r~pl.Jl IS

"I~i~(I~, ,,1'I(j B "dc"lm' count IflOdf~ wrl;Jrl (:\ 13(1)(.lCli'JP IS madf'
.AlthQugrl f;innfc srlcGtiof1il and llflll pri-:::B :tiputs Me iud directly
In:o the I~ourlle,·, s;::JBcml plfly O~Jtlons ~:::nii bf)nl,::, (.-edil:, arc
er,liJrDd thrOlJgh rh~ 11'';:',tri,~, A "0" on Gl places 1 r.(fI.:Jit1dt!bit in!c
rhl: c(juni(~r fl "0" '~';1 G2 placl;}s?, C"::;r,1it;'.!df~bit:l inti; I '1p. {:uunleL
e1c

Bonus Credit Control, 15 derived lhrou":;rI InrUl~ Ell <)I'oj 32, 'r'
cc.,n;'Jction with 111G Prograll1 CO!1trol M.,:~i;( Unlike lho: uml prien
coroir_"Jl secl\orl whic;l dri"-es t~11' crc'~:it ;\t~~'iJrnulat(,· dir0Ctly, ~ht':

ponus Credil CCI"lrnl drive!"! a shUt :"gistN who~", r:II.ltpu~S, R1
HIT',;uqh F,4, lDrrn fJ3rt o( the P'ogrnm COI,troi M.J.!~lx. B1 a'ld m~

c,~,nlro' 1".01'1 !"n arl 'I units df() reqt:'lrcd to Ir.CfI'HII,:;rl -he "hilt
lh~ firs! bemuS olaces a "O"onto ~l~, \r,~) s~i;cnd rrwves it

lO (lte

l .. '~ ., ~:~:'r~'?=-:,~~l_~

'TlIpicnl E)(arnph~

In U~f: typical nPP;~,·;;'·!:on!,hcowrl ore urnt IS 5<, P1, ~:'~!, PO, G: and
B::~ ."ri;;! !I~ d ~o "0" ;',S <l rQs,Jll, INn" i~, lInQ play fOI' ;:!:c frorl1 ttw
Uriil,<:)ricf.l Contrct an'~ (JIlIi' bOIl:.J~' Tcr25: By tying i~i. to Gi, the:
hc:;q<J 9i~'~~ tl bon!::; pidY for 25', rGlH.Jl\in~1 ill a lowl 01 two plliY~'
lor~~i' H? is tied G:?, so fha, tiv~ deposit 01 an JCldl\lonal2S'
rctults in thr'J€ plCiyS I)j!l. toWI 01 fiver. nli:lys ft'r 50~

TYPICAL ,\PPLICI\TiI)N

'GA.,lEe ;1Ei."I.L'11NG' nfJ'f~~~~~O>'If.
4. PtAY~ <:>:;

5 !-'~t,YS

1 P,.AY'o. !',

PROGFll\MnllNG THE IW-1-B62'l
-rhe AY-1-lJ622 hilS bef;ll caslgned for the '-nBxirnum ",er~iltilit'f
compa!ibl~ wi~h one p<>ckage. The USi~r C"f1 program the t!C ... itD
10 ope-rate W]tll differ'FJnt currend~B and \~itl1 d:f(8.l8n\ pfI.:::rnJ C.'r

credit stn':GturfJl>

Curren';¥ Pro(lrBl'ilmhl 9
01, C2,i;fnd G3 j(Jrm the 3 ;::CllI1lnputs. with W(llghllflQ ;]S In(IIi.~me(J

under the pin fww(i\;In ~e,,'IQn otthls dallll!l",,;et. If, terexmnpld,:3
t1icklfJ (5") i,. cho~erl a6 O:li! unit, C1 dime 111]'; would haVi: i1 Wm~lh\
t,lftwo Ul1il:;:, a qunr10r (2£)") ;) w~ight ofJm, units, ~ilc, 11'\ rhiucase
H19 user ""c:uld progr<1m hi;, coin <lccepl0.rtl) prod~:r;ea "1' 8.1 C1
""hen a5~ piH:O i:~dapr>:iiled f! "1" at C~~ whci'l adimQ is ~IEJp;]si\ed
,and a '1' Clt C3 wh8n a :25' plecl3 is dep(}~;iled

PricIng Structure Programll'liNg
Pricing :5lructuro Cl1nEi~\s {)f H1'ee con1wll,;lbll:: or,ti(lnS Uni1
Price Centro1, 30nus Crprjlt Control, "imd Progrmfl Select
Control Tl'll? tir~~ two fJl1Y~,3':l control how r"any plllY crodits me
(~uslC1mer "8cf:iv85 for Ill:> coin deposits, Program Select (;,:mUol
doterrnin.ss IIOW r(la-hy p!<ty c:rCClts an:;. 118r",j by hi~, V2;riaui' lJllly
optiot,S
LJr'Hl Price Control Is thrm,gh inputs 1"1, Pt~, elM P3 If for
"xall'1pl<';, 5(': is on<l UJ1i1, a.nd 101): is onH ol,;;.y, P'2 would be; t'U(! to
lD-gic'" '',If 25¢ 15 on;,; pwy. thlO' P1, P2, ilild P3 would all be li",d10

"0
In many llpplications II 15 .JS8irsb\8 to p;(::!(';n( ;:ne cust{imiJ" vrllr
In Incen1j'/0 jor rjp.po:;ilil'{! cldditbnel mor,,"! to r(jc0i~'r; "l~r;'Hj5"
play~, f'or cxmnfJle, twa p1rws '(!r :!Sq:, fiv\' pl;:ty& far 50C This
option i.;~ '~'::'i'ltfO[)ed by tr·fj 8onu~ Credit Co;\H:::<I.

6.j",

_271 12\'

ACCE;;~t~ ~--~,:t~:- -~_.~~·_4_·J

___._._~ . ----'---.----'-."--.-.-----.~-.-----'-..--~.J

_..~•..

U~j\ ;>'1(,,,, C'1;~tl(';1 ".3

;(HcliQ_'1 LIl;'bl,,~

'0;1 ",,,tlr'!1 !:,,:~bl~ :;

'S:i'('~;II;lI-' Enblll~ .,

~~Ii:~:I'Jr1 ~1'I~hl~ -,

r,"~t::I~ b

3~1,-.,:t,·:.>~. r.""bl.' 'r

t~-"" ·~I,(.ot. I' 'ilt·l~ 1

(;,:,"\'(',r rlr'p;~

rr·~ilr.l·!' !;~l;:c\ C'ilpu> <=;,
I"r~''1nll ~klc·ct 0U~":J1 ;.,

(;".>,:~ (;"'P!l~llo'

(;:Ufl' (;f\pnc:to'
C:Gi:( Rcal,\',"

COl Gr~(J't It1pLl1

-'1\'ilwrl S~'~cl ;<'I',.t ";'1
~'f\)Jr;tni 5(;iGcilnt;LlI ~';:;:?

G;' CI~,lit '''>'u·
ClJ Cr~(!il inD')'
(;,1 (;1~(:lt inr.>ul

• .."~o ·:r.lO

1:.--~·'-_~--.-lV3T

.~_.~-----c 1i,,~,'_J

--'---l: --·....-.,;-- ..."........ -·-1

, C6~gK ~:::::::1j
._-"..-----"hIAST[f,

of-.---.----""~,,-REt,E-i

PIN CO~IFIGURATION

10 LEAD DUAL IN LINE

'-------------'-----------·~-l

1411'·-"1··8622, i
__.~.__._"_.•.,_",. .• ,_._._~ .J

[)ECobI?R
DRiVER 1> 8/1

IF'IDOV,N COU,'iTEn

(°5'

'--r--T-,.--·,,-,J BONUS
f,HiMDR,

SLOCK DIAGRAM

APPLICATIONS

1"118 Ge!ieral Instrument AY.. '1-8622 is a singie rHHwlitrnc P
charrlel MOS/LSi Chip dQ~~lgI1l?d10' lJ80 as a credit t1ccumulal()r
iii ,~oi(\-Oper<LtM ~:;'Qlripn16nL Th~ chio requires C,Oly a power
supply and a c.;)ln:x:ceplor to c'Jrn~<t'''-~ lh[f cM:h fcgisltlr$l;lotlon
Gom inp\J!s allow 7 dliferent COif, 0' piil'E" clr~nornir1a.tion.:; to be
u%d, BOtf1 credit ilTlt1 bOr\!,.Js eric£: "ro lJ<',siiy chRngrd mlhe tielt!.

TW(j speci.~1 SI}!eQ\lOf1 oollOns 0"1';' be pr-:"grwllTTi{)d

DE,SCRiPTION

PiP.ATURES

E:.-tv

III i~fCC{d,J EqIJIPnl~':'\t

* V(>nainq M,:t:rlj;,35
n Gamino De.,lccs
III Progranlmablo C;:'UnTers and Timers

CoinllJo)( Glrcuit

lllI 63 Cmdil C8pUGity
m 2 Sp13c1sI Selection Optlon~

I~ ~' Llifler~ml CD~P inpub
n E:a13Y PrieD or r:~rD;l:Iat'/l Chan~;E

ti "Mtl.lw Sellll)!icn" Control
III II1pdt NClis['! Rr~J~,,;tion 01" CfllP

~ 0'1 Ctdp Cklt~k O,JcilliJlQr



ti-\~'

CrEdits,
2

6
7' or more

o
o
o
o
o
o
o

BEl

1
o
o
o
D
o
o

S.E~SE3

1
1
o
o
o
o
o

SE,4

I
1
I
a
o

Thf,l Sel0cllop Enable outputs Ii'-H:lII~aTe Ihe number of cre(!\l1J 111 tho

cr~di! counter ,\.~ joll"WS'
SE'I SEO SE5

1 1 1
1 1 1
t 1 1
1 1 1
1 1 0
, 0 0
o 0 0

progmm "ontrol matrix ClUlpIJt$ Output s1~U'.:; flro Bel foll<.,we

82 S'I Oplhm
o 1 Option 1 £'(;;:IN,tcd

o Option 2 Sf:l10c:ted

Single CH,.ait :;;e'l'!cl h, intGrnall~ conrecteo ~c GI.
l'hiti Pil'1 IS alloglc "·1 't un!11 at 'Ir,last one credi1. IS III tl1e oredl! C:OI.',nter

A BOD pF cap<}~,ltor belWBi?!n Pins 28 fmd 29, i:lrld 11 nK re516tO~ botween Pit1s
2] arlo 29 give a nomInal ~...y~i~m frequerlcy 01 6.'lK~~;Z:

T11eS'l irwuis ctmc'JI crodi1s a!~ !~'II[)ws:

~1$2 PS1 ~li1'luH

1 1 No Oaocel1::Hlof'!
1 0 Single Credil

cancellation
OptIon 1 S$"~ctfld

o 0 Ootion 2 !l&;~c!"d

SeleGtior of OptiOl', 1 or 2 rewl\!; In program lielect ¢\Jlput"i bei"9 tri..]ger£fc:l
This allow!;! Liner f3~lcctlon of 'h') number of c:·edit'i;! cl\f\celled by both op!jons.

~li.S2

Cownter Empty

Seleclll:m En<tble 1

ClccK f'B:.11s1or }

Clock Gflpacitor

Cloc}~ CHpaoitcr

Progrllrn Select Output~·

~~.<::

.as

21

28

?SJ
30,:~1

eE'I
SE1

1\ SelOelien En"ble? I SE?) I
':It SeleChon !:.nat:lle 6 SEQ

3(\ S~'ect!'~f1 Er13tJre 5 SE'51
3; ~~ f.ll-!lOr'1 En !Ole <1.1 SE'

'~tl Se'octlO 1 En-able 3 SE3

_-=:~~I<)rEn~ ~ ~-_._--------_.

PIN FUNf;1"IONS ((:ontinued)

~Nll,i------N;~---rS;;t,~11 - --~--~~-_. ~ ~o;s-;~fu;;;--~-·---- -~-
----;-; - -;"'C~-~~;;;;.--~--- T-0;~------ ----_.-- -- ----- - -- ~------ -~

19 GCredit Il1put 1\ G6 ) 1 A 0' 1".llnl'ul 0,' a credll Ir,oul en"" Ihe ret,roec'". numb""" cr,'OII' "'"
lQ t 5e",,' Inplll G5 ~,~j c~~~~lr:~C~;'~~7~~~,~~,':~~".::::t:o~r;r~~;;~~~~~:~o~'r:'~;'r, ~~', e;f:;~'I1PU\'
21 1 4 (.,~Bdltlnpwt G4 Crodlls are f\Cdl,d wh':lri the c )In Input IS ~ddrBS\lod and ,Ire Sllbtractao whan

";2 I 3 Cr~Cllt Irput \ G3 prl;gram llelaf: mDul~' are en~blDd

~3 ! 2 CfPdft Ir\p~lt G2

26 \ 1 Credit Input G1 1
2.i,2~ Plogrtlnl Sel8ct InpU\3 PS'2,PS1

i
I
i

I
I

"AI><....

The Jnt:rtlOIY, a 6 bi1 UP/down counter, IS p'a~~ed mto 311 "IJp"
count mod", when (;oin ~IlPlJt5 arB ma(1",~ and a "down" COWl),
mods wh;~n selections are rna de Input 10 it c:ornes 1rom the !.!I'li!
priceJ cor:trol and from ,lpulSe gcno7;1tor ~ol1troJl6d by G1~G7.

S 1, S:? F!'I.·R4 and GH)'i' form the pro\Jrtlfll control matri;.; and
are Inl6-rconnocteo by lllf! dser to olll"Jw Itl~ programming (}I th~~

flU rl1tHlf or c:eolb triqgc(l~d by bon!lr:lO~and d6bitl> lrigD8rsd by
sel.lc::lionl',

'11

COifl Irlpuls .:1 'H er.cDded into ,90 series Cll pUI,se;J by tho coir
-2'nc:oOtH. Thc~'~ pulses are lad ',n,o rne linit p:icn control divider,
;nntrollod by P-" P2 ,'1nd P3, Gnd inl(i the bonlJil Ct'tlt:Ht control
rJivider c.cmtrollcd by 81 and 82 Ttls Ol.ltput from the unit prlcr
I~orrirol divider g003 to th') 6 bn memory YI'1C O'Jlput from th';
bOnl.J1; crtldi1 control clocks a 4 U shift regi~,1"r rhe rlrst bonut,
i~wdit plaCeS ,1 "0" into R1, the fl~C(ln(l movos 1hn 'TJ" to R2 etc.

I'IN FIJNCnOlifi

~ ~~~~-~~~=-N-;;;~;=~~l--~~l-~-~=-=-= -~~_-o~;;rJ~~nl~-=~~-=-_-= ~~=-=--=--=~ ~-~~
I V..... Power Suppl~ V,;s Groun I

.2 3 40 I lit':! price CDntrol:> P2,PI P3 p, 1'2 1'3 dmormlnl5 jh~' lJr CEl In UI11tS ,-IEH (,rpC!JI Dy tM rollowlng MIl(1I1

p'J p~ P1 Units pcr trerJJI

I
0 0 1 1
[) 1 0 2

I 1 0 (I 3

I
I (} j \ 4

a 0 0 5

.4 [, 'I 80 ,uS Cred'i CUfltmls 61,8.2 I 81 82 determ,n" the rlumoe- o' vnlt~ n"'eoea 10 mcrefwmt \h!":l bonus :;mft
regl"tO' one plM:e as follows

rn 91 Urllts per bl'Jnus Credit, ,
j f 0 6
i I ') 0

6,9,10 1 CiJil1 Inou\.~ C3,C2,Ci II 01,02, (';'3 1m: com In~vts Inputs ar., WllJfJnmd as- f(lIII~W5
i C3 C2 C1 Wolght

I 0 0 Q n,~lnput

'I I ~ ~ ~ ",:n~:;o i 1 4uMs
Il (J 5 unii~

1 1 1 e units
i 1 a 1 \Ounils

I
'I 1 1 a 2() "it,

MLlstDr R.eslo;j MP All cou;,u,:Jrs and regl~:Wr$ are resel by" 'oglc ",'

I V~:'3 Suoply I/cle> ·27 Voll !:l,Jl:'ply

I T~31 POint n:; ror Teshnq Ql'lly Do nut maKe t'xternal corltleCti(ms to HTiS Pin

'12 I r~I~ClrCUIaH.' RC LogiC "1" on Pif' 121"CK~,t~lebonus snlli r8~iisI9-r.Hlt'3rflTl:311(;118,s the4 OOnLW
credJt levf~1. t~ogic "0" CIt, Pin 12 "ilQWs sh\11 register 10 re-cyr,le "rom the
fourth levul to the fll'sf

13,14 I Bonus RegIster Outputs A4,H-3 I The OOnU!l mgi'Otl.t ()utputSlnd,r:ateJ the! ~latus ~)r lhfll~c;nlJs
15,16 R2,R1 reglsterai follows'

R4 R3 R2 Ri Bonus credits

i 'l ~;; ~ ;,1 0 1 1 3
'0 I t 1 II

17 VDI" Supply VDP I !2 Vorl Sllpply.. 1.. ._. ~__.. " .._..... ,_.



l!fr1l\lll"1~"_iIII:l'!!>JlllIliI"""""'_-"'. •.

L.ov~! lJ~(~ct~, Oojl~~'

V~D {~"" l:~iJ u! 'lUb.'I!lIYI

L"w. ~~,.r';;·"".1~"

R'l1c-r1;r\~\~ "'():11'l';

Tiln,'11j Cil!<~"tl""

Tltnln\lJlr,p:~r

l:!'~'.'::EET".CTS~Il.. ••._
\rIOt} ..Vi fClllp~jt @ Pin (I---->Q2"V· '~--~-"._~_...-

,~._~~~~~,-, •...._-~~_.~_._--

f·---··_------_·_--_·
PIN CONFIOLIRA-nONI'14 LEAD DW'lL IN Ut~E

I
I

-------------l
ME~~ 491,2

-------.-~-_.-- .._~_ ..__..•_--,-----'

IIHlil!:i:Dtlon Smolke Dete-c~Clr

FF.ATUIlES
III on·Cnip Input MO·SFEl (ryp.10"~I~ ii,' "40~F)
II S18nd-By Currant Orain 10lJA
I!II Low B61tery Wamirlg F.loep
I 1.H~in DIP Psckag",
II On·Chlp output O,l"or
lit OS:o.l~fh3d til Me-at Ul ~17

15-1~

OPEIlA1'ION _ ..-- 1 _
_.~ =r 0.,,",

',' Ole -C/M\)8 N:'~-;;~~~-Op 1'~I~()e II'lPli.:! ~___ __~H~~_

--''~ :--~"v-:'V I olsBtlad Low 011S'''ild-by V, <,. V~ "'.,~. "

rm V,";;> V~. V\I < \>11 ! Dlnolad High On

Ai-ll. . I .• ,I., "-. V Enatt'(J(1 IPl/I:liJ~ IP~II~S'1 enLow B1ll1!lri V, '" v, ,,__ ,)

~ "
• I' En"lblf::.t:~HI9"JO"Lf.l'.... E,&iWIY v, ::> V~. i' ,.' 1~

Alarm ~. . .__:-__

--"--'-' --".•--- l"'l'll '"1500 and r,::ltnl(1ol"WitM built-in nOl'l:ilnal ~uty eye _, "
frequency determ~(jed oy eAC

r.-:~~~K ~. L 13

1 "'. _-j-"I -~-'----i''----

1
---l,' ·-.=J--i I

i r-=-----· -.+-..- I iI r -.-- I
I [1=--- __.J__, ._.__J .- I
, I VOL;:;:;;:-'-.>-_{ OSCILLATO". f-- l

L Cl)M~~/' -J-----.J
II V - {.,~ n'"

-I l iC~~.~'~~~._"[TRIOGER . D~7~~'::>J .''''E/.'.>>--'JI·-V··/ .-'-'._-'--./ l ./"
l [_...._~ ------,
-=C,- - ---F--:r--r--

1 I 2 I 3 4 5

'!:.';c..'8fWIn9 tne$c rtltj~gS could caU::fI perm
{tnent dGmagf' Functional Opera(jo:L of Ihis
dc\'iGt' at lhe:.rt' t:mwltions IS nat !1J)plj8d~.
0ptlr;ltinlil rB(Jg~)!o are SP!Jcifif.~d bC::lC'w

.--8fl\/!O "C,3V
55"C 1Q ';-'l.'50"G

,·-20°C 10 -'-:IDee

Mi!lxlmum Railnus"
All Pin Vollil9~13 wI1n respect to v,;s .
SttJra.gn Temperatllre .
Op~~rallf\rJ TerJJperaluw

lC.1...c.l..- I ttll";,I\L. (;:iiARACTJ~RfST'CS

Stl~nclfJrd CondHi{mti
VGG = -27 'I,UV
V~Jf.):O:-I:2 ",OV
Vee>" 0

C!ulracterJs(ic Mill, Typ Max Ul'llb C{};lClJtfon-'J
AIIlnputr,

LogIc ''1' -'8.0 w3Q,O Volts
LogJc "0' 0,3 ..2,0 Volls
InplIllmpac:ance :W 100 Kn
Program Cc-n~rbl 01.l1puh!
R1, fl?, r.:~-L R4, S1. S2 _

Logic "i' Von",Q,S -- Volts 'lQOKn to V
CDLogil: "D" -2,0 Valis O.5rnA

86/$ct Olitp;"l:9
CE, $[1 to SE7

Logic ''1'' VD,rO 5 Volts 'IOO,uA
l.ogic U{)" .4,0 Volls ~!,iJrnA
CoIn fnplJt P.e~dtlon Ral,B 30 HZ
Coin and Prt)gtam Select

Date Hold Tim\) 20 Jnsec I 6.2Khz Clocl(
Ciock Frcqu,mcy 10D SO

~OW~I' CO;"1!lumpilOIl 2t;-O 400 mW

NOTES'

Clock F're:t'_IOmcy: The clock frllqUi3l1CY IS determined b~' ttlEl v<llues of an <;rxLerl'lal tlmJr1g (;l'.p.JC/lOr (il,a <l fP.t;i;-tN connect"'d to P/n:tO
An 500pF C"'D~citor and 7:2K "8Slstor will prnduc0 a clock (f$qlJency of 8.2~J-lz
Mt..9ter At'f1!)t~ ...'\11 CQunters <Inc rfjGi:3t~~r.3 tl.:::: 18881 to ZfJrO ti'( a 100le "1" or, Pin?

BonlJ;:' Roell'ell/atE" LO{liC 1 .:,,'1 PJn '12!C!cks tn,~ bonus rl;9lsler ,:1Uer it r"8che.s1J~o..1th bonus IEV'.!I. Logic·'O" I:lIICiW:; lhe <.l bonus levl'll!:!!Qbe ccntinu.:JuGly rl:lp)ja!l:ld.

1"&$1 Leeri: PHI 1, It; internal;)' :jfJO to Vtm l\Jo 6Xl<~rnal connections sholJlo be 'l)aOe 10 thl" PJf1

8< OUTPUT MQS STRUCTURES

utm IORlel: CONTROL ~~Ot:ir.Ml :SELeCi, CQIt-lINPUT!, BONl/s CnWjT, COUmER EMPTY
90HU.'S CflEorr CQNTf:!Ol. CREDit fNPUTS P110GRAM SELECT SELECTlml E:NAOll:

RESET, JlEClllj:ULA1'E INPUT'S OUTPIJT5 OUTPUTS

~ ~#os ~. [~~ro
I __ . ;.

>--t--r-i.. - >--~-+--j >---1 ~ --j ~ ~_.."
_1~..J 1 I J _j

1 ~
VS~, \'5:,

!,·~ol



Funntlono l I ---'-"---r;i;;- ~l--l·---·~I---··'·-·-·---·---_·_-·-·---

Blol".¥:; ,.' CMuu:;ferialle 'I ,No, Min . _1 ~~P ,MI!X Urllf9~ COrlur~IQl"lfi
, ]~I L.e~;~g;Curr~_~~- -~·~-·l=-=-l =~C=__ -~~I, .._,~ln 1 @ ~~~~M~;Z~ GN'D~==.=

volU:lge I Pm 1 8rl~ar down i 1 40: -' T _.~ VOlts Other Pins f.:fi GND
ComDan"/or' VOltage 1 i '

""="-r-"- -t-- .-1-·--···.---·-·----.fnpUl Ritrlge {I ~ 13 0.5! _. Vor:-2 Jolb V(lD ,-Vll~ ~~ 6 to 1,iV

~$t--- -;~ ---;;-- v "~~~~~~--~---_._~

VoltligtJ \ 1, is ~ m lll) S';

_______r·;rlgg:~;~=~~ _J~~ 0.01 OI~:1~r~~~.-~~.).I~"~~.S .--~~~-:-==_~=I PerIna -- 20 50 i Sec I Low S''''ry coo,Moo

f
Dvtycy;;;---~-- ~-~-:- ~OOL_- 17iOOD-t~----~$~;: ;::~1V------·-

OSC -c;;;;----·i--9-----;;"j----= ~-;;;'I-:; -.·~~~~N uauf.l.'.Y C(\~~~~urrent m..,..to:--.
M_~_~~!~~ __ _ L_~ _._@Pj~~.:J...Y;:~.~~~":::'E::..~"~

CapaCJte r C18~ 9 125 - 3DJJ ;JA J L,OW BaHery Condo Current meter
Chargll1g GUlrl~nt @PmgandV,:;" VOll.vSS-;! 7,5~11V_h_______ CjMOS3t~;;;;;-ng --~T--4- -~-I ~~_. -:'_.- -~" ~·--I~o-~r~lJtJ. AI;;;;-"--

Out"u1 I Current ;---l- O)l1d"tiof"l, VOP-V5[;::: ;,SV:=-. 1 ~~;';i~~~:~~~er.'___=~_i---,:a-~[=··- ~~. -'~__-~~,~~~~~, ~:5V~~O_ ~~s;/I.n;.==

Cl1ip I.ow SatiNy "'"ffiB' 5/9 7/13 ~UA l.ow 8eitely Condi~ion, ExcludJflg
Mode Curren1 pulse contl3nf, VpDMVSS -":' 7,5l,1\1

A(;;t~it."-'~-·- -~VoJtag~;- 10 0.$ 1:"2-' -1T'- v~s #-v~-=v~!; " 7,i3-"i1':jM_.-__.--_...

'ji;e1 DO'-;;~'~ Bias cu~~', ---: _:~_..!I:~i2513:" 3::/0.0_L~JA =~'DO"V~s" gmv-~-=~~==

ELECTR'C!~l CI-tAAAClrj::JI:IS-rIC$

r'f1lr.xlrnum RI1iI~nGll!l·

'lim-
I~',r!:l' ell,ront 10(;1 •.. "' ' •••••• ,
Opera!lng T<Jrnperaturil ..
~.,toragB 1"flY:r,terature .

Stendard Gr.-ndltlons (UI1[!:'lSS OtnerWIS(~ h01edl

'rA ," 2!;iQG
fl '" 9.1M f),(5%)
G 56J,IF

, lav
, 12-):IlA

-:m jl:, ~\5«C
. <~D Ic' l00"C

'FxceC'drng thKie ratings. couid (;eV~G

p"rmmlenl rh~mt'.!lI; FUI~CI,lonal operolion oj
thi~; devic.B at the,l\:! COl1d'lllUtlS IS r.OI irnpfiQd
.- ';lp8f<l~ing r<'lrlge~ are :,peGiried bn]ow.

TYPICAL APPt.tC!\TfONS

If-~~~;~l=t

i,, . J I J r-

I
rGLdJll'L ~__l.b-~ I

i i \ 'm,l 496? \ \

\\1f-~l"--.LfrT~.--[r"L:Tl:J~ I
I \_- ----+---j r + II" ..J r--- ..

r"'A·OHM l '-I ~l1
R:F::::'~~ ~ : ·1 I ICHAM"ER I i >[. I

t---- I "on <: '-..J
SENS!I,G L_L I Ii ~.- --.--------,~
C:HAMBER --I'''' L __~~ ::.::-= '2VWIi

-~, "'"·b I

I.--~==~~i:;-til==~'::::'r:--l··-J
' ~ r-----'\N\r--: c..L' .....
I .:=:- "l 56,i' J

-~--..- --Jld ......::r '

I~C'llli'LE cLi!3
B

-1 \
I ME~ 4Dr!2 i

I I

1~-O-l-'TT~TTTJ;J- ..,.. ... I

\ r---,·J ~~~J~ '~~'ViI8'J
Tm".•OHM I \ 1 \. -;:"

l
""'S:OR ~

OR
[IEFEf4ENCE r- j""'i6V

CHAMS"" t j ."J,JDC >I'"''
__ ....>~. 510!7 ~ .... ,

SENSING L::: - J I
CI-MIDER r· L S\.1fl -_::.__.. I"V/8V

~. .i J~
_..._..__._._.__-.~_-.. __.-.~._._~:._------_ ...__._-~_.-..----_.!

6·,\,(

1;1,,,,......_ ..
(j.1$
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d,l
I
I

16

17

18

--~-._-_.__..----:~~_IIl!I.iU1

Av:5:m~ -.A"V~S-fHl)8

ft'Y·~I-g.t1C

f.l\iwS-l;120 AY·Ei·9118
PIn No. Phi 1110 ;'\lmm/Oencrlpt1oo

-'14'- t.- t-u;;;-owt~tAIO;G-;~["~
)5 ~l lint purse "merit" O( 'break

1t f, Motk/SPllce Select TJw f'l ark tr Sprlce
raHo If, controlled by tIlLs Input a~
fellows:

Inpul Man Space
¢1 70 30
<P3 50 50

Leg ic Lt 66 2/3 $3 '1/3
Logic' An 40

ihfJs>3 ratios EHi<l exact fONd <10 1101 ct)"
~md ()Ci dock frcqlJency
$tlob" Outpul, Thill milplll gO{l$ to
IOOio "(1" H) indicate that ;J, digit is bJZ<lng
o~Jt·pulr.~d

Jl1hlblJ Jnpul (eXCl1pI N,'-5~9' 1,)
Tlw inhIbit Input if; u!;cd ttl inhibit ()uf·
pUising and to place thl~ diJ'..Ir.et if' rt:
al,M mode
fhil K£ybo,3fd s!rt;>be mL$t Do takon to
logiC "0" ot any tirrle In,;) inhIbit input
(s strO;Jl'id, oxcept wtll~fI 3,11 Acoess
PEl\~se)$ being f;ignaJk!{1.

This Input nor'mal'y ooerr.tes 0.13 8
"togg:~t flip-trap". :1 it Is taken to <lIOSI,:;;

"i" 1.'1.1'1'1 tim" Q(hl:Jr jhWl '...'nt:rl an ilr.:CP,S3
P~USfl j~ bll\I1~) sj~Jnalleoj, the circuit I'll:!
lo(~k ill10 the redial r'TIQt!e <Ind LtH~ red,,::!
output wU! go (0 logic "'0" Tile chip VI~lj

Tf'm{!ln in H1I! re·cial 'Mde until IhJ5
input is. taken to h::gk: "'1" again

I~ the Chip IS cl~areo tlt!tore Inl'llblt is
toggled, digl!s enier(),j i.\n:J accepted,
but Oi!~.pul;fI'lD dog... rl;JI 00rnmence
ur\ti!lr,B irJhlblt 1$ fe~strcbec If 1.'l

number is teing ':lutpuls>3d wher: the :n~

hil'Jt I" s(r,):,ed, dlaUirljJ CeaSI,$ until t!lO
inhibit is rlj~~trobf~d. I! th~} in,'liblt is
~troh8·':! 'A'hp.n !l dllllHng ~oquencc- if.
compJNOd, UH! rediai tU1pu\ goe;, to
loclo "0" and tile numl)'Sr is 6~orod. R(1
~Irol:;ing the InhlJll starts the d&Wng
seQUDnc€-

WhC'1lJ:1 3>;C\::S13 polLl,m i~ SISIi<.I!Qd, tni~

inpu~ M longe~ operates as a tcm;le.
but ratt.or ilS a gate, with a (ogil; "1"
innititii19 further rHJt~pulsfJ1t'

l.O.P. Select Thi:j. inl'U\ controls 1M
inler'dfgltal"p<;lu:>~ a,~ foll{Jw~; (See
NoU' i):

r
-~~'~l=:-(-OP;~!:~!~~S~~=~~
._~""... _·_I·_~~~~:_r~~:.!:...+~~:~:~:t~.J

~.j 4001'11 I ;'0I:'n'~ I t>,%n~ J

I I,~3~t~i~~:!Jf~~~~,~;j
I L·-·-j,},,~,~~.t'~~.".:·:·..I·:"'.'~'~'1 ~'!'.~:':.· ..I"IJl~ lOOI'l1~ ~50nl~ r 1 \ (i6m~ :GCm~,1

1
V," ,',""., "'''''' I """ ',",.'! <pi snCmn ¥)(Jm~ l3,:I~~1:; 8G')m~ J

l! ~-;~~:;'i·~~t:I··p::,;,:~·~~:I~~-'le~q~·;~,~
the intor-dlglta.1 pau~e prl::lcecle~ the
first iJlgil of any number.

_._- --- --_._-_..'------~••~,.¥

NOTE 1: une PUlse Freq:.Hlney and InlO'~Digllai Pause <ire
spw:Ji1ied with i'.1'l , 6KHz cltdt lraquency.

1 ' \-14

iJ
'11

"'!3

6·9

p1N fUNCTIONS
~r---··-r----·---------

A"-5~91D6
,*,V.!i·9fiIT
.A""5-9t20pY"S~9'118
P~i1~. Pl~,.:.,.. ._,__~~~~~-"-
--1 -' tnl'!"Olal OUipl~t ll~XCl>pl AV-5'·9i18). A

( logic "0" (it thli,l o\Jtput lndl(~alos that

'I r.)dia( modE! h;.\'j b'e~m s~lcctad
J~cCesB PSUlll'i Outpul (~Iy.copt

AY~5·9118);A lOGic "0" r~\ this ()lltpUl in
dicates thal RG ,WCOS8 pauso j!l requiroo,

! ~1~tf;~c~i~~~~J,~t~;'~j~e~:~~I~JI~~c~II~~~~B~ll
Heset should 0,:1 appUnd after I=cwGr 0''1
10 cJNH tho dl':!Jlce.
Ml.J\lng Output: The rfllltirig O(ltPLl1 gees
((J l{)gic "0" .....hen;;ver dill'! is being
entNed 01' frnll3m]Uerj. It mllHi'ltllo
1,';Igic "1" wht.lr I'M ll(:r~e.ss paIJ~ll' QutpLit
turns O~ lind when tr'lflSrnii$s;Oli ,~,

, c:Jmplete
in j K~ybotltd Shobe; This)g the G()mI'l1Qn

l :;ignal Itom ail lhtl 'rI;eys. A logic "0"
J en this input iTlljicilloS that ell her the Jrl

hib-it input Of 'C.l··C4 lire to til; n:;nd
C'lnC4 (ex(~8pl no access pal1~t or.
,W-5..911S)· TI)2SA MC the ke}'board
rJa~~l il1rnHs Triey are encmJ(ld flS
10\10ws 10 allcw sirnpl9 Irlterfac-e \\oltr a
~t!!ndtlrd pUS/l bUl~i)/1 {2-o1 ..1~

. k:eyboard.

l--,~,<---"--,.~- _~~~::~~~i:-1~:[;~~.·~~;~
I ~~""b!i1£~lm~1J.tljCIIr~~~,.i;£I.~!;,§KrT;J.I~j'I'; ;"1: Ii: :f; ,; : i, i~ I

I
' I " I, ',I b i , I, I u; Q ,

I A' 4 , 1)1,11,110 I'll

: I : !:,;I;I~I~i;!;I;!
II' ; I ; !~ I: I:,), i; I" ; I; ;I

); g) ~~ 1~~,g,6Ig~~~J
IAccw! i 1

I
,."'i~L=......,,_W..!J.L,.9.L.'.LJ.9
Vss
¢1
¢3
DfaW'IO R&te Conim! (Fixed I\t 10 pp.!>.

I on ':\Y-5-911S; This input c01trols the
I line pUlslng ir'~ql!",nc.y 3$ follows.: (See
1 No!~!)

L
1 Input Lin"l PUiS,; .Raw

"1 600 p,V.'.
, ¢3 ZOp,pS,

___i __~_ ~__~._.~:._~_

L.~.__..._ ..._. ._, . ._ ..~

I

r

-·'----·· ---- ---------------..
PIN CONF1G,UrtA'rIOI~ I
1I:J l..EAD DUAL-iN-LINE
AV-o-S lOOff!IC6/9'1 O/9j~ ('

I I
i I
I I

I
14 U£t..D OU.\L-iN-LINE
AY·S-'J1113

-------P;y:e:9100--.-----1
AV..5-9106 ,W··S-9HIJI I

lIImWiiidJ_.---"~v--:~::!!!!l_~'y·S-~2i] _.__

• :EO tllglt Storage
III $e]eC1:lble dlulllnQ l'a!~J

• SOI(U;f~bf8 n,a~{';I;DEl<;;e r.. tlO

II S81e-ctiblt:llnter~Dlgi! Pa"se (excopt .AY~S-9118J
II DvnfJimic Gfrcuitry ._. low pOWH ~~()nsump1ioh

• R0·dle! of last numb!!'r (fJXCf_'pt AI('S-Ol' OJ
• ,lkcast, Pause Facility (oxcept AY~ij~91 H!)
Ii COrntlli'lll,m Hoparlory DiJl/(Jr Chip (AY~:j-\120{J)

DESCRIPTION

Push l3ullon T'c!ephol1li! Oiallei' Circuits

FEATlIRES
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The A'H~-9100 Series i:J.1JSh Bulton Diali'~r provides orl of Ih~
legic requl>'ed to convorf Rpush b~J!IDn Input to 83eric$;)f oll[se:;
suitable for' s;rnwlatJf1.9 ,'3 lelephone (Ji,).~ puJse rsp€fiti:m rate,
inter1lglh:il !:.'f!use, and 'n<'lrk~space rallo al'e ali progral"TltnabJ~
OUlputs ;Sf€: provldod f:;;: I:ne DuiGing ant! rnU!ihg Ar. "~nh;bil
Input" b IUov/(lt:d tu s! ow ufor;,:gb' of on~ r.umber Of up to 20
di~lit5 i\n ·'Ar.C6SS ,ol'''!'9'' c:a~,'1bJ!!I~ s ~ro~'id&d to &/10'11'
a.utorfH:t~it oper"t!nJ) with a pax or WAfS JinE! :::;yst:;.m ~hfJ 10.....
pOwer l:o:mumption enatrl£s flne..paWG:l'ed operMlorr 1(1 a pex or
,!iJmll8-r~rste!l1. At; AY"I;~91oa $9ri.:Js clrG~lrt may ':lC o~l!rat€d
SIOillJ OJ' irl tOrlfUCilon with the AY-5-920D t$pco1ory dlililflr

i'A'2
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f:l'()ct,l,'f.! orw)' wl'ler1 RESf"T 1/1131J! I:;
31 Logic 'j'

'1l'"

Mfd'iKhiPACE ,:lA'nOS]

\'!/"FiKJSPACE 1152/3·-33 Ii}

VI'" "16,5, T,~ 2!;~C

,Ir, I!1Cr~;]~ieg lor utllel
!\.~,\FH(iSPACf;.r~ATiOS)

Aft'Sr docks ffweb hill arnplillJoe

V'f)'~ 16,5\1

165. L 25"G
lIlt] .. ()ii, r,· 1M;!Z:

V.. ''· -I ",:)It
··lav r,\ :;;:j"C

MARI('!;PACI:.· e,ij 2,'3,·331-'3
1l;;>IricieaSEi5 for othGo

Vi - OV, oF "1MH?

33

'/1
'/11'
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I

_._. ..~'",.__. ...~_.~, .._.._~__.__~J

An IIlPLUS iExcapt Resell
Logic'i
logic '0'
Lr.ilkag(!
I~ise c.lnll ~ailllJne
Cl1pflCiWn£:o:

l<~:;'bnatd ShoM Input [Sf.!(> F '(1 21
Pulse Width

M1.lII119 (lurpl.ll (S'~t' ~i9<:, 4j
l..-lfl8,Ml)ilntl De-I;,}'

fi:ECrni(;,~cfiAR;';ITRI"S;:'C'S---"--'

l,4~xll'nUlli R~'l!ng3'

Mut VOIt;:lg(l~ (Wlt'l rOSr!tH;t '0 \' "J
!:ilOr'ilge \i)rll~Nill ..lre
DPr~ri]u"'g (ernperiiIUI.;J

stun<iard Conditions (ur'ile~:s. 01!'WIWI5-0 nOHW,'
'0/" '" OV 1 -:~S'C l~) ',70~C

iH'-, rr.;.1I0w~!<) lor U",l:> datEI ;;/Wf;l\

Charaoluri<::IIC COl'ldill(lllS

-C:fccl::;(::"k'I~lg 1)

I.Ogll)1
Logic '0' r'IlHttl'l C:IPC/;,ji Wlt1'll'\ 0,.';'\1
FrGq(il'n~:y St;(-' Note

0" F'd' c'o"k ""''''\''''0 'JV '" W!I",
I .',s;

FaW,"r!18 l;:s
Jilt.. j 11",,- -16.5, l' -" -'8II,"C

b ~I~,

ruJscsep,lIatior; 5 116

All Outputs (NotE' 31
On F:l~$isl"ncl) (lOOI" 0') ~l,,, ! I(fl

orrl.eak'3,G,..18 {L(}l]I';"'j I 10 /1,'1

Line QuipUl (SeE! r·'g,3J
StrobE;·I~lfle Dsl"y 'p 3
Lme·"trocet'el;ty '33 ":1$

"I'S

·-<1.0 -'\65 V
+0.3 • \.0 Ii

I"~ "'1 _.. I ~','~
C,. £l of

l..'n I 10

Rnl>~t Infllll ("3ee r.'g 2)
Log'le'1' ·-4,0 -15.6
logic '0 "0.3 -'.0
leakag~ I ~A

CapacilBnGe 5 P'
FaU f\i't1FJ 3 lOG IJS

Ot;!flY TIme 3 rns
PO~r O,9 ,

,Heal
2, !.If1C PU1Sf; (~\ip-end~ I!pon frRquency 01 clo~,; 11IPU! Slandar'l clock :roque"hcy IS 1£\I{Hl
3. OutDlJl~ 8xtp-OTalljl.lll-do\'i1l resist(f1's (471{Q typic",!)
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c.lr-..E
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Fig.4 Llne, Muting alla ACCiils$ Pau:;e OUl,)~;1 Timing

Fig,:,! l~e;1~1 and KE<yho<l1d St~ob~ Tii1i.lfl9

DUring di~l!l;jg if an nccos~, paU$Q Is requireD lho muting DUt'Plif
will reCOflnE,0t the Lrapsrrlls"ion circuilry GO th,lt the Gall"t ';an
I:!;lell for the di21 (om, n, d ':,.,Sure hirnsdf 1I18.t the syslnrn i~
lunGlionlnq correctly,

The d:g,t \;lore n,~s.a CG.pElUly Of 20 digits T:1£ n\Jmbers arc: l'eM
nl~n dc~(ru;:.~!~olyallowing ri'd!i~1

F-o\J' :~l hil IW:d ,he (ll!mbl~' IP BCn for~nat, thi!
numbel' I~ norG'.1 p,Wl;lsl 1\ 11flh reglsh'f 110!15:; a 'llt.rkf:lt bit
(Slgnlfiod j" A) sllo'lm\~J fl'le first nllrnbClt entr:re.1 fifth
rnnist~r hilS d g.3J:ed 2t.'nd bit allowillg t1H' r10]rk0r i1i; ,1'') btl
'3Iipped' b',10hl'/M(.i:;· one b.t with reSpect f.;:,' th,), number'
8"S1Jr~iS tha\ ali Ihlrnb,~r~,<:ira sequcniially (Jrlh<r~(J, the lir81 cliiJn~

II1g ItSf!lf v.illl HIe tIIEJrKI,r A When th€llifst IllJrnMr i~, to b,-:; 1I::.'llied
IntI) thE; C\Junh~F. A is (J~lco~jt)d i;'l its 21$1 P~\"llion and the P<lI'.;l,llel
<liable roeds 1M l[tiil digil into lh(l C'(llllltor Gath::J IS

B."abll2(i ::;Ilow A to I;lB ,,]lHlerj It\rol.!g~' .Ile 2~nd I)il al th(l
rnarr.er stCr,:, ~\::J <.tlignirlg i'~;offwilh tho.'. r,cx~ 'lumbEil·tO bE; dlalkcl
out Wher (\ is det.oded il: We 21st bi1 [I(ln ;~o r,w7'10er I!; P', the
stored di~'t (('(1IS\'_"r, A r",rnHlll:;rJllgn€ld In ttl'~ stHle ,ln1i! 'redis,I' is
(J(lpfe'I~,NI31'd tho markor ',lore gOBS Into Irs 22nd bit rnode !li~ijl

,A. aligns I'ii~h tlie Ilrst di!Jit

Galw'Q ensures tn:H only :m !HE' '3/1{f;',6Ci into f1'I-.1 OhEt
ampt\, sta1(' [;(t I~K1£t IS lr)diCil{f to t:le' ~jystf!rn liWl 6.
niJrtlDl!t·S eOfllDI(:te.

,NrlisrT
'NPlJ'l

'(E','eCN,o
:;T:,CEk

';l'ilG!:\f

c'

Flg.3 \.il'ie, Mulilig Qod ~mobe OutPlit T~ll"rinEI

I=tg.1 ClOCK 1,-Va'o'l)io,rtl9

TIMING DJAClRAMS

(IPrmATION
Th'" '" bit code fl"('~ ~'B IwybC!ird arrives on mput~l C1-C~, or the
F'u:;h Butto.... l .. flflh 'rortl the kcybo:w!, til" K.ey-
t.'Qanl Slrobo, if; in lis s~a\e tile Il'l!?
input:; om <~t tl1C I(flyli(.'ard Strobl"
Inpt:l indicates il is t{l re(ld the dilta orl

G1-C4, Ihu:; all/)I",linn !1~1 as nr nilawab!l' (:(,',1(;- 'Irol'll tflf;
i<;oybo3rd

0~1

vVllen a (jig,'! k~;y IsdN,{t'SS8d thl; 11.:9'(; ~j,,>tecl:> ttl'" '; .. (l 1r8r;~:HI'(m
~Jn the- Keybo<lrd .S,~r~)be \1,"'1<.1,' thiil oc<;:urs E! li1lwr win, a

flWllrrTUrn IS :;"tv.rtod.lf tht! -!';amm~nlnput
i~, IBmo\,'ed bafdr(~ !hl~, tHi'3 H'H: !;,l~.lnter will be

"I h1ilSl 5.5 ms('C. ~'ElriflL1i amj
cunverttor

Ii t10 codr) ':" -;1\'811:) It I:' IgnorfKl 11 vr,11:1 II is co'.\'srwc1 '0 Ir,E!
pro~:8r BCD ccdeal'l! writlen Into rU':lleulatina :lhlf, 'fjglst8r~P:I.
FM :1 an o.CC'~SS V,USl'1 is decoded, it I::> written into !r.8 aCC8f:b
Po:JlJ$'ij r8[)ister

SIlI1'.If:i~neDU:;;wnh .N; ds.!8 ~)r.ing wnt1cn J.'1:0 R1~F14, 1110 rn~jtrng

OJI,,,,: I""""" 'oG;c, "0", II, dis,:{)nr'I'~G! the lrarismissi')11 cin::ullry
V','hen dilJit~; bllen kC;i'iC,o Into lh~ ,:I(CLli1 r:3VI) oeilfl
di:jll,~(j out the m, lillg OUWU: returns to lU~l1C "1

7;,,<')



2filJo! 'fO Dri'y ;\1111':11 RESfT 'rtp"': I:,
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MAr',K/SPAcr~ .. '36 2:'-::hj3 1/3
::,;, ;nG~e:lS(',', fOI ')/hcr
li.-1ARK/SPACE ~IATIOS)
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NOTES 2 Lm" P",Sfj Haie CfJpf'nds Upon 'r:pul Standard CJocx. /H}quMCY m 9KHz
3. OutpUlS req!-lilll e;.c:larr~Jr pul·down lyplcal)
4 Thf!~;O Irrr,es will bo I1Hlvcd br 18KHt:

YYPICAl OUrpUT INTE!I~f'AQE

" -'; ~.

-1f ~ 1.:'
I.;

ELEcrRICAL CHMAC'TERiSTICS
M,u',lmum Ratln90'

InrUI Voltages (Wlj'l r':l~PQC! to V,~) -::>(NIO .·O:3V
S[\)i,lg", li'iTI;:lCra\lHE -65"(; t,) 'HiO'C
OptHallng tempertHur'~ 25':'C: 10 ".7QcC
St;mdard CQndiE:)n:; lunle:i;~ c1nGrwl:5{J 'lotrJd)
V" OV • -2S" C

Nr;9
i

w
v
e !.:~gl(. flU;;' lallowed fO'" fillS anta $teE'.,1'- -T--,- _ _,_.._-- __._ , ,,_.__ .

==~~~~~".r~=-=-R:~=l~~; C"moillan,

I.:{)gk: '0' , V'~I:' ~ "-0.3
""Cq\)'.ilCY ~ 11

C,b ~ r}j f-c,jMH2.(. I e
F;JJlTime j.<1

1..0l),0g
e I..., I 'C

PUls'3V'/idlh I(ur.~ ~1 4('
Pulse t,Op<lratlo'i 1<iJ.:, S 40
J.\I! OUlput., (fI,::llf; ~~l

OU'Pll(CUri8il l (LogiC '0') Ie" O."i

Offl~~al.u.\gn(L{)gc'"l'·1 II.[ ! 10 ::25
P

C
linE' Output I
SttObE,·Lm, t, I G

Ie' I 66 mr, MAR~"':'.~~i\Cl: '-;;66 2/,3--831t:j
(I;:,mC:J:asHE for othee .
~v1ARI(/~PACE 1MTIGS,I

MUlinrl OulplJf :Sf',:! FIQ.3, .1) I I
lIne-Mutil'lg DC!:'j! (Note 4\ t~, H·I) n"lf:

MI'/IPUI5 (Exc; ,J! n(~:.,et) I i

l0DIC'1' I Vr, I ··2.0 -,1}.5 v
l.')(}lt G' Vi" ~O.:; -0.2 y

~'~:~~~~:·ClIl1·"1'I;: t~['l' lC -<iA I V ·~L.'~ fA 2($"C
;:::,'!I)i,lCll:.inCe '-.,:,

i'\Q\'DClSrd Shope InPOI (S~'(' Flg.;!\ I
Pulse V/ldlh (l',!,::'t; "'I h '''' 20 -- I Il," I Etrer.'lvl 'Jr11y when RESEl Input IS

;'~~:~ I~pul (S" 1"1
2

, " If, ! -2 (j -85 II If jl '" 0;<1.. ,

~;~k~QC" Y\;' ! ~~ 3 j ; 2 ! ~~ Vl(\ T
A

_ 25~C
,:irr.cilance I GI ! J' )~ lir Vir! DI, 1\1Hz

I'ilf( r ml" tfl,1 I' 1100
1-'-"

001", 11me (N,,(,)4) (, G - 'YO Aile' clock "each tul, Mn,. ,tud'

Pawer L - 0 1~) - 1111-\1 V~ 6SV,l - 9KHz

~.------_~~_. ........ -_.~-.: ~:_ -.=- 1f1:::'- ~~~_f~~ ~
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tr,:

rA·~,
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adrlress anrJ dl~l\ )(eybMrd". :SInQ!e
nOr'fnally be e~\1pIQyr:(j '.n 3~O nurnber
ptlO11!:l Dunl \,eVboBid o,)E!r,,:I(Jn 1$ usual

J1eDsrlory bi<l\i~rs
'thJ3 AY~5-9200 lTIay mso be ,J~F;J If> MF 1mle (ilaliing syS1t!('rS, tn£
,)utpul (.lata mte belr;g di1'0r;U'( comoatlbl';

i'=QLH phMO g)91C IS lJS6i:J 10 2chtevn mintnliin" ptJwer Gor'8un'I~"<

liatl, ~he cirCuii!J bll ng tIl<:lnufar.tur8d utl:ng 1"'tl MTNS P-ci"l.•,,,noi

nitride 1,'\0,;:, l:ror;e~l-e,

Cenl'''i ;'1l91~ £:

em:"",',,,,' ''''''~ F1PIH U

. C',ll\JI.'

::'::;:~:co,"C,,""I
I Il__ _" J

r'---·~--"--'"'~-"'··---~·~''''---_·~·--'---~--·--~·-'"---~,.----_.

[ PIN CONFIGURATION 1
\ 16 LEAD DliAL IN LINE

I \
I ) I

---------------------------1

.il>Y-S-!J200 I
_._._,---_..._---,_..-.__..__.~---~

BL.OCK DIAGRAM

The AYM5~87.00 I:, alO ;'Il,'llbe~ SlorEHl€lf.!ignl'l') to won, in c,:)n!\.ln~·

hot'l wiHl thr to.'0'-:)-9100 ;)U'$1'i 8llitor "i'e:s'P1':OIIC circw·t to forrr- a
Ojalif~r, ;~~(:r, 01 ~he il) n'l,mber" COrr18.lr'ling up to 22

d'<>"" C' ,-,,:;e,,_ D'lI.JSflS

Thi.' ~wyn0Md, t~Y"5-81GO llind

,,,,c""'" A','-,-920D to the jl.Y.S·910D '.'Ifllll? l~olllrDI o';llp~,lt!; frc::H'
th,;;. !\.Y.'S-9'200 dGte:,;Ir,e the 1\;ut,ng Of the 0<i1,1

12 (mUOn ke-Vlm::lfd,

u51~d separate

DF,SCRIPTION

---
5TC~t1r.~

,1[(; 5T[R~

,OH>o:JIT5L';.n~

:'[',;J~H:~SS KEV

II ~'wr~~ 10 >t. ?2 dl~FlI-8IBphon<:J '1umD8rS, InGIIJdlll9

~,c ;;B:,':' pausws
" (IlwiCClS- can b£!$lo.'CKNI' h:l gIvE; a ;;1()n~ f;;<I~a[\aa.bl~ il'1 DlocKs

,i 10 nurnben,.

, ~~~':~~~~~I~::;;~li~~:~~tlOI' WII'" tne '\" ·5·\)100

III Dut.! Keyboard DP:;I'<:!1 Icr,
• to GlIW,d~l(d MF TOI\D Diai:Dr KejltlOh.fdS
• Repertory DiaHcrs ;~n(· SL!ClJ~i'.y S','~;I$n;s.

1M operale MF Tone' O]$lIers ClS t'1.:J AY·;":>·9:~OO

II Lew power con<:;'ir~lt)IIOr,.

FEA1UHES

~epllrtj)ry Planer
'E:x'';''~f'(j\nr_J :np~f' ,atlngs CO;.ii,1 caU,;r;>

dalrl~.(j" ~IJTlot-Ol1al Opcr;i1tlon 01

dC!''''':J 'II lrc~;,' ';onditions IS rlr,l

IrnpIIO(I.-L)(if:riJll~'; 'Clilges .He "P(lClfli:':,lj

to '~O ~:\V

tiS"C 10 < l(il}QC

to ·/O"'e

'fVPiCAL OUTPUT IN"EAr~ACE

,(i~'

- -, t
: ~"-lhT-;'

-1:
._.J

Ch&r<l~:lerlst1c CondJlr;)n,~

CloGks (sc{';"' il]l i
l.G~)IC '1

lC;W: '0 ~JiJtcn clocks WIHlIf'1 (15',

FrI'Jql,l'iI'lO't Set; f,,)(.::e ')
C8p3(:iHnc" Eil';'1 dm.:i-: I~put, V'I' ·,(lV, J -1MHl
Rl:;eTltr,(' I-'S

F:iil TlfllC: ~i I'S

10 ,iA ,I,,' -3:},r.\- ..·so~r
10 J() ,'"

Pl'::';U:5e;~(1;;HiOr /(,1 ~ .l() "S

()'I i" D, ~ rnA 1voit
I, '0 ,,/.\ 'I,,;,' S,5,'I~ -25"C

LlflEi-Slrob8 Di'!I<J~ \, 38 Il:S MM~I<;iSPACE",66212;- 33 1/3

MUlmQ OUlpm is':;'' f'\i Ii)
LIf1(l-~hlln;ll:h1i:\,. I.. '33 ms Mt.Rf</S"ACE - IjR :::'/;1,--33 1/3

)1A'rit)~31

,1~1l Inputs (f.:!":,;:;p: fI8'3rd)
Log It; ': VI, -2.0 -8.5 V

VI" 'li:3 -O,? V

1'1 /-d. V, '-ji)6, T." 26"C
nlS0 r-:iJ i llln" 1,,1, H) .,,5
C::lpaC,!,lflCt' C 5 Pl~ \1, 0\1, f= - 1~~H"1Z

I(eyboard Slr~,bt, Input (Sct: hol?i
PUlSE; Widlb t"f" '(I II,~. l~ji!::C:ll'-l'~only ~'''I112rr ASSET Input 16

;;.1 L.\,19IC '1

Fhl!:iet l\'1pul \~;(·e ~'q,2i

Loqlc l' V!I .'2 Q ~8 5 'I

, VI" ··a.j~
II I >"11, 1", 25'C
C, pl. r,· 1~M'i;:

tr1 '0:::' .,:.
ll' fIl!. I'e<l,~h fUil fimplitude

O.N r"W

()f t'1,')CI< Input SUU10tlr,1 cIOCi< 'r~:mWil[:V I;:; 1[l.t<Hi:
(·ffl< (1 tj'f:ICal)

Siandard Conditions (unlo;;;; o!'letVJlse nat, (I',

"-' OV TA 26 0
(; 1.0

lo(]!e C(l{IYGnllrJf15 ilr",

F-LECTRICAL CHAR_ACTERISTICS
Maximum Ratl~~ls'

Inpul V0ilO\JEl5 {i'/i';~l respect 10 'I ,,1

IWl1P>U,,'ruI'P

11..;;)

I~------- AY-5-91-18



KEVllOAAO CODE

'I
'I

nll~~ oparflU0I11[, baSically a Stare operation w;lh I'm digits oew,g

Input

DEP8ESS e,TORE
This seti; ur.' nm loglG a~i In 1M StorO operation

DEP8ESS ADDRESS (Digll)
nils In~n cicll\'Ji the oecode'j addr.:;sS

8EL.EASE STOnE
Thl" is accQn<pli~hel1 ilfttler rJ)i rflll:lat~ll1g 'Storn' 'npul, O' JI"·

setting the IlNcharliGal or o'eclr!cal 'Store' rllst'lble

OPERATION MOOES

'I. S'VOAE OI'EP.AT10N

OEPHESS STORE-,
Thi:>'j(1ts the !,ogic, Into a star8lnO[.iC Tj1is $1!!nGI 'TlI,'St oe PI'H!H~I'I,

througr,out rn~' storl~ oPNutlol', TtlU2" l1ilne; eloclrical or me·
chanical DI'i\<Lbl(j switching It' rH~ULr\!;iJ, or lbe 'S'lore' button l1'lL:~"
rEmain ~jl"'pres!,pd during the ~;'.~qt.ierll~e '1'11& Cl)ntrol L091C En'
ablel~rrd GlllpSeloC1 inpl,lts stle,ukl tIe ~ctlvatc"~ 3.\ ~he sa.m~! tilT'lf;
The Common Key outPUL Is inhibited and thu Md(es~ and .;Ilj;ill
CIJdll5 are rOl,'lcd into the AY·5..P:~DO (~hlp rill" crd~r of applic'>.
lion 01 the f;;Dr~nb b no; lmp.;;nan1, IlleY may he ",ppIi8d slrn·,.tl~

ttlnM\\!,ly with Mldrl~ss 11 reql.,lrerJ

f)EPI1ES~l AODRESS (one dI::~Hj
foe ~ddress .:;l):j(:. if valid, i£, Wcmd and \hl; 'm'lTiory lo(';tlll,:m
nsso(:[Oted wi'ln trlis ,'1ddrl?sS lB c1ear£d 10 pro;;\l8ni (:<wupting tl~i~
/ww nwnr,ler with old lnlorm,ltion Th~ CO((lrnOM Key uutput
remains disi.r)!ed rhe Addrtl,:,., K~;ybcJOlrd i<:, a~':i':i d;sabled for thl,"

fl::m:iinder Oi th,~ Stare operPtion

ENTEH NUMBEFI DIGITS (£lnd Accli'3s P!:h..l~;f,-:;)
Tho I'lUlTlt}0(10 t,o sLorod is tMn or.\r;j"lld i.J~;lr1~ th(,c1igTI k8yhoard
at,,, is stored i:'llhe SIJrJnlsse::l ,rjCi.tion, The m:~:(irnl)I'1i tl!lOV'''8b!,~
number of dl9ils \>r <:CCEISS plt:J':H'''; I:;; 22, eM) :iCi,::,c t must DC! &1

logic '1' c.,wrirlf! d19ileT1lry,

FlELEASE STORE, CONTROL LOGIC

ENABLE AND CHIP SELEC'
This is m:complished by re-$f)(tlng me 810Cli'l(;~tl Of rnf;lchanlc;:1
t)ii.tllble or rdeasli\g the 3101'8 t.::uUon 'ito:: CC','ltro l 'l"gie IS trion

1(1.';81 and disabled

2, RErRIEVE OPERATION
Df.Pf1.ESS RE;'iRIEVE:
For :;ep,iratQdd~re$skGybo,Hc', ~,y<:lems thl$SI(jnai C,ln beqen~;

flt,~d aUlornalic8,l!y WIth the addr~~~l) Th"J coHt'C\ iogic (5 5Cl in J.

retrilWr. rnO(J8 Clnd U1e B.ddrE:ss inputs arc onableo C,:;ntroll,.ogiC
Enablo ::.nd Chip Select 1,1U~',i be fit 1()gi(:'l' ioT' the whOi(~ (J1 th8
Hetnc'.'e oper1llinn, loc\udin9 ';Ill; data iranc:-\cr perkld The n~'t.
1rll')\';) tnput mlW! be r'il\ln,€I.'l to logic '0 b,'lfOl'c \ne <;,)r1d of cr~';~

1.rZlnsfer tD (:~,went i~ rope::lt operation

DEP~E.sS JI[Y:)I:(ESS (Dlgll,
HH;l addres!' '$ decoded a.nn latclwd, tlOlh KeyboarO di~t,"J'IC
Olilp".;IC go s';;.ti\'8, dISilt:::l~"g the k~~yboiMdt, ,.\Her D mtnimlrrl
PNlod of 60;\iS, th~ iil!;I' digit code is tr<lflsmiHCd to \1'1.>; PIJ<;;ll
Button Dial "nip togetherwitt~aCommon signal The ComnlOn I,>
stClb\e hH II rflil~imLiIYI p~lrlO(I 01 GDrnS, tt1e Cormnon only bf;ing
t)rt';f,ent \vhil;~, tl'\eGl>de isal",1Ae, 1'hGda\il tra"smission continlll)8
'It eOmS on, 20m3 off unlil \\(,,1 wholtl nUl11bU 'I\]$ beoM tr;:'nslf;I'>
red, &flfJl'WhiGl1thech(p Is r~'$\?'t th~' keYfloaro dls,lble ~Ignalsdn
r81\l<lyed ant; the Comnlor 51[;ini'll!; onableo to the Pus~ Bull~)n

OWller chiP, {Sen Fig, 3.1

3. ERAS£ OPERAl'lON

4, REeJ.'lL ANI) NORMAL OIAlllNG
ThQse tile p,.Hlor'med liS for the PIiI,I\ [lunoll Dwller on Its (lWI'

See ,\Y-5·~I\O() daHl snsE:1 tor fuli Ol'lf>Grl'1UOll

CLE.
'0 Co:nrT,Or: O\.ltpul15 a direct rep

licE (;1 Commcn input ,lfId digitlJ
fire ciiallC!d direct!'t ~y the
;,y '5~91DO

'1' Commo!l ::;,igntlls to the pusn
BU1wn Dklil.~r are ~1E'nerated

on\'1 as (l number Is beir'9 re-·
~:'I(,\f~~d lSI~<! Fig 3) After a rl~

HIi;V8 op':lration Common
signals arB gated thrO'Jgl'l, al·
lo'JtIinU 1u'~her dial!lng unless

exl.t."nally 'nhiblted
," NoCommo('l slgnnl5 urn gener

aled a.nd tlle outpUI d~yico gOD;;
off

LOfllC LeY'.l1 'r

Logic l::lw:1 '0

c,s,
lG';i::; love1 0'

w~ng ;;lcsr;;nptIG,n applie\'i to <' ~'usl' Button i1€p€lTtory
sin,g the Ay-:~,.8mO<1M AY·5·[l200 c~rc,~j!s syr;tem
normal push t)UltOT1 HM:phoi1D J,at,:!liri8s access
d ['ediaHing. tog£:therwith ) r.8'D8rtory dln!'jn'J ~;tofl;

lli! In bl0CI(,~ of 10 numbIHt'"
tlil AY,,5~!rIOO I~ ,,1 ~,lafld.',rd Flusi'> lJ..IHc.n Olt.iller c,rCl;Jt \~ltI1

~Olpl~1 dialling and r,~dlaliing fnci~it;8S. It aiso tw~ th::: CI,lp11.bllity
I $V;!;ng accesr.'p"",\l:J6S £lnd ';Vaf,tllv,l, ,lIilrl a dl;::;1 tOP8 IS dcO\ect~d

o 6:il
crn

i-\\ circuitry bclo~12 dmlllfll) ~',;. :~c~lTirnencIHj 1"h
l
,5 ct'liD

QY
n

.:JlJ€lH!te by itS!?(! wr;er 8 st(JrB~W facHI\Y ia no( r,~quir~,d A
~~':",;,l~d d(;SCrlptlon of !ttiS dovj~<" j,~ contnined in lt1f:l ...\V,,5~9100

{faiS shc;)t
1'I'lEl AY-5~9200 (,onl"dns all \he GOI'I!IOI, lOCjIC and dwrl;;: lu'.::illty
requ

irod
to slom ton tet~phOne mW;I)~II~" Eaen r.Uf:\~Ic:r m"'y be

IJPt
o

;!2 characl13fS \:lIf.'I1~ih, each \:1~2,r8.c.wr b(~lng i>l:l1~rl' i:l dig:t
or !i[:I;t:SS.paus.e; adY'la.n1IC mer:'lorytf;cr1,l'1lqu8 \.ll~lng \1,,0(,\ fc:,r the
cts.t~ ~\On:lgl:: Diqits, J.c:..~t?,g~, pl.'lu:;es «:!'lCl T'f:m'no["v 1ld,l~fUSS"';: ~re
enl

eted
Into the ,(;'Y·5~9200 as 4·'n!t ~Odf.J!~ on to inputJr.;lvlpu t pins

~hlGh are ,ll;lC COrlfi(;,~,l,<!:j to the dlgll input pins r~! H',t ,W-S-8100
1;1~ )1\ FI~S,4 1j(1(] 5 cl"la IS bf,ing lransfem:d DI;lVioe"l the
;.','-5-9200 ana ,hI:! ,he keyl10ards o.r(: e:<~erna\l'"
dl:,ab'ed b\' slgrlal~ 9cnerat~d by \~';e AY-5~92DO, s(J ti1at tunher
key'depro~;slonsMIi;; M ef/~)et UI",tl1tt',etransfefof fMa h1.S been
completod Further l;ddress Inputs ,He inrl\bHr;d ,-,ntH t~e c.ull IS

tEllrninaHtd
rr,€: CIDil ~eybOflm ,;l}~!ltn(ln KGY C,ulpul I,. rOllted tlHOUgtl tne
control logle ,HId dOf.Hmd\:'lg or: tM s:!a;o ot ltie 10g:C, :hB CO(l1
mon Key outPllt Ie tt,e Push '8U!tOCi Diall·,-,r chip 1$ ..;ll18b\i':c1 0"

di~;ab\ed rhis ;lre~'!f1ts dlgit~, tD IJ~ ~torcd 'lila rnBmory ad·
dn:o;5e~: i(orn (l,ltH 1'1g 1119 Pw;h l3ut!G(' DiaU'8r
1he Common K6Y c1utpu\ (rom thrc) /),'1'-5..;'120,) It; CtlnHC!Lcd a~'

lo~';o'/.'ll'

rh~i contwi log[c op:anlter, so ttlat the Ilrsli(ey IjspreS~l';Jnat H\I~
b~ginnlngof arl operi:;tlon determines the ~il.l\lSf.1qllenl "equencC'
In\'lliid key drlpressioT15 ai a l<ll~r "tagr. \1" ll. 5f)O,UlJ:lC8 are then

ign(lfflQ by the conlrol, logic.
T]HI syl:itern \6 exp3flded by conm~l~tlng furtnel' AY·S"9200 chips
tc the bl;!;S€& ar,d us:ing the CrIll) Select input to enaole tM

re:t1111ted (ihlp.

When a Sof!parele i.'I(~dre39 keyboiHd 11> tc De usN an aod~('1sS
k6yboard slrob(lCan bo fed to tt',:) 'Retri*ve ,np'.rl, lhusal!owing R
S,lnn\1l button depresskHi when ret:,\evirlO a numtm (torr H18

store,

\(1

Power"On-f'1~f;!!\ Input

»'gil Cod"

C, C, c, I c,

1 I
2 I
., 1 (]

I 1
1 1

I 0
o 1
o 1
o 1
1 \
o

Cmnmon K,:y Ollt9ul

o
ACCQ!ls PaL'~\e

~ '1

'0

'\3·16

1?

pln.No, Nllm& Flum:llon

V5'> This Is me gn..1lind and sutl>:1nJ.le conneC\lon l'i,'\l'j "S u~:ed <:5 a
r~taro(lC8 for ell the G!;wtrica', pnramefL'lrs

2-3 CluCI\3 111,4'3 fil?S(lInPUls f01'11\ lh", two supp,y cloCKS, and alll;rr.>,;tenega'lTVH.
gOlnfl pulses i1W re,qulrtO!d, Thtl$(J ~HO (lescriiJe(j In '11'18 Elec[:rlc~1
Cha:<,cterlS!ICSano fig 1 Any d.ovlstlcnlrom the 'lomina\ 181qJ2
willi esult in a proDOr(WI'd.i mor]lf:caUon 01 tho Gfl·t:bip lIrnlng~,,'

11etrlBVE! Input Th~ relriove inrJ:1t rnw~.t be ~aK€Illo ,11~)g!C '1' fqr "Lll8tJt,l10rJ'lIS l~,
Indlc[ll,e wher\ ;) r8tn~l\l€ ;)pWi]110~1 IS to be plnf(lrmo.;l 1~lnli

bouncelo9ir; I'; providHd on this inp\,jt

GC>r,holloglc Ena.::lle Input This Input /flu:;\ bE: t'H:en to a logIC' "'I" 10" lh? (Iuratlon 0' :l.tl~
, ,;tNt or re:.ri81,c, ,?pr::ffI1iofl Th~ riOlltl'01 loglri IS ff'S'.=t When Inf;'

inpu! returns to logic '(Y, }\i1tl-bl~~mceb; proyiae(j for II\IS Inp\lt

(:cmmorl Koy Input T;11:3 Input IS \"k,~rl fl'om tl1r: C\)n1rnoll contact or: <',II k9ytlO<lrds,A
1'10 '0' lmnsilj:)" will indica Ie C!. Ir.e;,- clo~;ure Ant i-bounC6 Is

Q1'oyl·:;,M to er;3llrl'! ol1ly a singie depl'':;:lfiSioll is r.:>ad

2.1()I'€; \IW~; 1111:3 Input musl be !a~er: to ,:llogln '1' for Ihedwrat!0n 01 J,1'y f;I'Jr.:;
'mE!fi'~:ion Ar,\;:+aul1cP logic. is pti;lv\(;IM for b()lh log\\':
:r.lfi$ltiQn(;,

CI1:D Sel.,r;1 lnout WJwn;;.\ IOOiC '0' 311 InPIJISill1<l OLltPlJt~ \exc,~l)t for C~)rnmQnK~y
IrlPUt j,nd t)i..ltpLlt) Me InhIbited If rn.D.y be ))erm;;nently wir{\(j ta
logic 't' if only Qoe ,W~r,~g200 i~ Lisf:d in tM 6Y~1tern

DigIt t((\yhoar(J DI8~b!~ Output The dIgit K\~yb()<i,"O rnu:il b~' d:wbled w(lile mfarrnallon 1$ baing
H<lrIsferrcd from fh~ Store chip to lhe Pus!'l Bulton Di8,IIi'f. during
d ,.",triflve Op8f;'l.ti:m This output qoes to a h)gl;~ '0' dunny t\1ilj
period. in fI sln91';: keybo£lw syi;lmn Ihis output is the UI1e to be
used.

Adciress l(eyb r')llf'd Disable QutP:.H The .;IC<lre~;s ~8yb()ard IS to lle c:-:';flblea. rootr1 dLJrin!~ a f~<1trLjlitl

(lpr;ratic)rl when J;l!omiBtion i:;, t'tlitl(l tl'ar:sf,HtcI~ betwMn chips
ilr',(( dvring 1110 811)16 op<'Jra!iOn fllt.-,r 8:'1 ati(;!re'::::lils b£tlll'l 0110
Gi:l.t~1d, unt!llhc~ !3tor8 cperr:tlion is finlsr:tld This O~IIOlJt 'Joes to a
1'Jgic 'i.j during lhe~c PElrlvijS

An l:litl<J.I re.set 15 requin:d for r,!O)i:,nng the ';hlp
!l,i:hlly applied This irlpul must be held at tJ i0l~it

g,jlr,g to <J. logic' I' to ar:t(va(e tl1B thip<l

T.'lIS (}utpUL is lEd 1ir"l(;tiy to thEl Ccmn'lr.);l K~'y lJ"TpUl of ,I'le
.~,i':lr;l"Ia.\\'ld f,Y~5-g1(rO Push ButtGIl t'ialler arTd QtA:'lJ to n Icgir; '0'
11) irJd',cate a vatid wde :lIgnal. Hccmlrolr, the rOU!lng (}f data into
1he. AV-5-9100, (Bee "1)r1ction Dl'1scrllJllon for flmfH1r dl3taiis,)

C, C? G:l C-~ t')'.ll;;l InpLiI/Owt;:oU\S Tnose f<~ur hl1l)s <Ire cOlwecteLllo the !>ys~

~i'rn, Adr:!r~lss and ('hll£ld digit II1q~lfrnatil~'n [1:) inpul on t.hb'<~e pins
:[1'\(j dialling info"rn<:ililjl" IS fed cuI frJ!"'!'! the:';l~ pin;; to the p~T$h~

dutton Diall~-:r The sl8nd,wj keyt)CI:Fd God~) ,"Jcc;Gptt;!rJ by ~n(!

,'W--5-9'2CiO is :muwn bl~lo''''' WtHiH1 GutpuUinQ information, ,he
OH~.P'.Jt is norrTl<l!ly;:;t i~ logic"i' and goes lQ a i_lfJic'O' fora liala bil

'''ltHE
Chip S~[ect Re!~.(wl?, Oontrol L01~jc I;nablEJ 8nd an 3':Jc!re£;s can
'I!I be f.lpp!l~,d ~irrll!ltar1l:ously t01110 Store Ctdp, ,to,lilO Stnre and
C6rrtrollogic f!"l(II)le signl;lls C;;l!l be appliEd simultaneous;'y,

,'1\·1'1

I 7/,-10

WI~SIlIl~il>llIiIbJIIlIIllllD:lllillll_:I'il'III'IQI_",_-"-'--

/________, .~"'".....,, ..~iiIil



"TYPical yaiLJIiS :in? t1t "'25~ C and J'\tJ;njilsl '/QIl;lg95

NOTES'
I. Glock IOG~(' '0' levll!r> snQul-:j I:n'i Wj~/ll)~ 1).51,1 ·~)I eadi other,
~ 'rhc l';'ffcc:j'l'o (jynarnlG dOGk {,;f,ll)~1citanc(;\ Ivhllf: (ll::J(~raMg is 260pF

"

11~I~W1"
--U u~ ~ II!j

Fi,~.2. CI.QI:;:K WAVEFOflMS WITti f1f:SET TIMIN(i

-,,, ,,~

r:!i:YBI)MlD
OI~Il.)jL~I;

:uf)(
(,J1l1·"ln~

(., "NAf:1Lf.
~ CH'P SEI.fCT

CCM~Ojo; i<[Y
<lurpl. T

o

~I

W~

tiS.' CLOCK WAVEFORMS

TIMIN,(~ r:ltj\GRAMS

VIIC";OV,f""lMHz
VJ~"';-' l' 6,[,V,1",=-2.5° C

At 1<)9iC '0' tn(3;1;., lev!'!1 see iig, 2

-----l--··--------...~:~ '_~_'w_"~_ .c~=~ .._
Volts NOlf-1
Volts
KHz:

l.(~;

.If;

'J~ At logIC '1' tllll1 levei
I'S I At logtc 'Q' max. level
pF f:{lr pho$';J V<;'FcOV,t:-OlMHl(t,lote 2)
I'P, I V4~-i~i.~IV. T'l ""2ti"C

'EXC:CEJdH')B those ra[II'If/l, could catJSI~

pnrmanetlt dGrnage FUl"letirmUI Clper<ltion of
thIs deViCQ ;.)t 1I1c$8 I;ommic'ns i!j nOl
Irnplllld~clpera~il"Jg r,ll.nO!l~' :lrfl sP(~cHi~,d
btiilOw

'-'20V to +o,av
-'£5~ C to +150" C
"5:5°<:; w·\·eo'c

F..ll;c'rRICAL CH,<\rrAC'rERISYfCS

Voltage on Clny pin Wit.. re$pecr tu \'<5
~'HQr",gl) !~ll1perallJre nJir!r~€'

l\rnb'lenj opjjr<llin;j temporalLlrIJ rdnge

Maximum Ratln'9I~'"

:S1i<1hdard CondLtiol'lll (unle:;5 othNwlse not~(.!J

V,,""OV

V'fl'>'15'="1 SV (see fig 1'fNwaVll"Onn)
C~':}cl~ frequf1ncY"-16 f(Hl
O~eratjng T.";\rnper.:lture (iA)""-'SSo C to -;·BO~ C
NI~~Hltjvo logic conventions aro fallowed to~ ttw; d<.itEl ~hf.et.

~~~-- CIO<'~~---~~~~~~~~~~=-~I'~-;- -2~~r-~
Logue 0' IEV"I -0.3 ~- __I
Logic '1' h":v-Sl '-'13,~ ~-."16,5
Frequency 10 1F.: 30
Rlsl:) "riml:; (Tr) i 0,1 - .:;
Fall TIme-iiI) I 0.1 ..... 8
Widtl1 (TVl) 5 ~_. 40
SepMr.Llicn iTs) 5 _ 40
Capa-eita:!,:!? I - 70

Li,f.lk8ige I 10 I
IIIputs ~ I
l.Qgic '0' ',!V(d 1-0.3 -'I Volts
Logic'I' j'a,'"J1 I -5 I -l!i.5 Volts
Cl.:P'K',ltaLl:O .5 pF
Le6.kagG 1 I.A
Coml1lan K~y Inpu!
P~1r6eWIt:jfr (Tl;) I In -!TIS
Ii.tl~el Input

~~~I~~I~:,~d~~~(J) r 3 'OO~: jl ~r~~e;cl001~S reacb tull "mplltudc
Antl·bl~LJnCfJ on alllnp"t>i ">;Gept J'

Ct'lo Select & q~s!i1 '\ ,I 111$
OLltp-ute-

~lf~~nU~C\II~/t~~~I~~I~l '0 c;~ I
Logie 0 outpul cllrrcn1 0 ('; ~ rnA Vo~-11t
LogiC l'olitputJ~3kllgG ~- - '0 ".IA Vn--10\l--.:::~':"=----~JJ~L:_L;:; , ,,-,

F"lg,3 ·'r.tETRIEV!::" WAVEf(>I~MS

·r';\-l?

_.IIII111_._I~I!II!.I\lIl1lI__".,,,m_,,,_.•,_,., ._..
f,r'1,3



,ieJi(;;;l r>;'!9i3t.~!rS

if,£: sum when fl

'rb~ utie of 'l)lJ r~ph(1sedyn,'1 ni\'.logll) vro... d~s ve~y lew
"''''lOn.'''';'''';O' (2r.'W typio::.al) '1':1\3 .~,y -;3·93lJO I~~ offl;';'ecJ In oj 24

Pi<·':~'Bg€\

lleSCRIPTION

7A_1G

.,r)p l() ThroO COin fWIl:·)~H·H3.tions T€CCgtil1:[1(]

III 16 coJn 'rd1lJO ratios :iliI1fctab,lc ,

• a1fll"flt rate'~ :;el;Jt.t/1DI,"
'. ,.or'~ oulj1IM for s\'l,tc~·on. co:,r, 'npUl, bulk ,:,-o'Jp.ct, 1['.51 p.y

p'!'(jD;J, CIJt·Ofl.
III LSrl1lJ outputs 10r \<J::.t ~:()Hl and last pay ~)erlod

-------------- ----------- ~--------- -- ------------,---- --"-'--l
~LOCI( DIAGRAM

I,
I r------- ----------~-- ----------·--l~~i,~os[,::~~~

\ ~
. --==:: ==::::::::.- ::=- :-.:=--='-:--=:=~(r~ r" c{l;' ~,~R;i51 COIN$ I

l
$'-''1, ES' ':<l,N? \2~, \(' v 'lJ),

I VMlli d',)_ ~.". '&-.
I :I 8, ~ SO,ENOIDS

, , __;;-_ r---'--- ti B ig,~g_"cTI , J AN '±j-L o ' c,Heu'p;;;1.-----' 1
___ ! BOUNC£j :J _.",

L..rANT' ~:== 52 C2 r-==--' r;;;CR I-- - ~
~U!!Slr rA~ I" ' 1"----- 1~~~~:.:.J__ .~ ~ .. ,T I ,S3 03 ......i O\l'F<R1'------ ----' __._-.J

"".__._, ,eolON,srl . JI~--'\ p,)WI:::n ON _\.,_.:,:,:::="",_ POM' R ,",.::::::::=--= IJU''ff.R \.-. TO COI.P" I~EFlJND MEOit\NiSf,l

~£T G,RCUIT I I ("--~ J._____ (' _ 'rl 8 ~.. Blil"FEA --:::~='- -- 10 COIN CO....LECrION MECt11.',NISM 11
, [if-'ill _'r r;. ~ '("WAR"NGI _ n 'BOO 1. --"_.~ ..~."-~., 81fFER -"-'''K ,.IlLIG 'l" ... . l:" Ii . _~ r-..··--.., l--~_ "H o..uUDSf'H\o(.. R r iriM1DWIR2'DT~ ) _ ifl r __(SUfFER ~_=_, -__. ---_---·-~"1.\1

Df.F'INE'1At;-lFr < "-"-~&N1Tl._ SULK
AND CC'I~~ RA't]O I -j lT~ Be {.::.:::.::::::~! @.£!~£f ------~.---.__-<l p~OLLE:'C'flGN ~

l-- "'3 GS - B~~\CEr--;.::::::::---'---"--ll BuTTON
__ 'lT4 G ---::::::--'. SeUfFr-.;l..... DIS(.Oj~NEC-iS CAL,!... Vee .__._'__~w__

I
__....-'.-~. J r;,:;;;;;;'LL:::-·_-:J ".co ~ HAI<{ifP ""

Ci.OCK --101 M P_~ -...----'---"·"",Ftr--- Lr-L~-"lL.J
GENERATOR _ ~ 0 ~ yND METER P\JL,~~E -------( J,l_,--.._._~ L __~._~_...& FJiOM EXCHANGE CRADti-SWITCl-l

AY"S·930(J

reJeptlOfle Coil1box Circuit

No,.,. ft'T FlgsA ,)n;j 1)

Lop'.:; CD401','\ le-MOS)
Re'i;i~tor:o 10IJK
C(t'ilclI";IWfS' OJ uF
DiodBS 1N914

FlgA SINGll;: KEYBOARD SY'STEM FDA iiEPj~RTORYDIALLeR

smli

-T.I.Tn-nUl' n'I
r--- -li~+!---lL~{Y'1, "-'.. ;'00"'1
I ,--.--.---- -. ---- ..-.~'...._..l--t-,+-- I... ". '. , 1 I . ,c. -.-, I
'I I r;=:.::.=7t-~-, :::::::il>I-::::::n= I ,

, ~'r[-1l>1-·ttt·''''-'---'~I ' I, I Cd,t,ON J
f
'':Jr -... COM [-h.=. ..~1 '1 ! I I' I ~"-r--

c1,·er" • ,G, ~c.; 'j i J' )

I .1>'''$1' I "'1 1
"",' I II I ! I I ;-~---1

• ~;,,'ilUARD ; "V$ KEOfEIOMD! ,':'V.!L, i ! . I \

L.--l·-'''-l~·.L_1:(J_-"'; h.i I. II.!I.I '.-._lo.:"..~ .
I I ;"1 \i . I II ,""'.9200m",. -..I I~-'-r I

Ij:~ q.----.....l.l..tiltt· r.·" Inr I I ,+- +-1'""MO' jJ

r..:.t rJ '=- -1- .L~r n-r
'

1 -2.::~~J Inn I
I r.-"~~~ ''""'1 ~"i (

I~
I~

FI",.5 OUA"- ~O;YDO/\BO ;;"(S'TEM FOIR l~t:PI:ArORY Ol/IL.LER

.-~--._..,-".-,---~

7"',-1.,1

~1Il1_~liIIIgl_""'''.'.'''''''.'-''''--'---''



Dual Tone M<IItI-Frequency GeneratiOn;

I
I
l

7e'·1'r

Tn.: tQ,1C~' drs tutpJI or' a ~lfildl08 pin, as a nW:1:UI'El01 pUhi,1WIJtb
modulated corrsllwt amp!illldG W'l~~)';" Tlil~;

",ill nul
P~~8 filter '~hEi eppro:dma!!·::ll'l chosen ylc,!tlf> l~ 10'tal r,Bffr:011iC

dl::>iorrion :;.1 \e::;:;.< 'l1,lt1 5\'/v,
'Hlo amphtl.lJQ 01 lilt: OlllplJl 8i9nal Is dlroclly proPOl1lOmJ\ lo ',rHJ

VC\~ s:.Jppl}J \'oltag.~

A low paM, fli'wr O'.ltlf,I' <1mpJilier IS u,~0d :u lomOVD SWltC'"oIl1q
nOiSB anel :n\l:;r1ace th~ tons'" t,a 1M \lIY~ l!'.t]rl;l 19 an optk:" c;f
qlt~\Fjr n !In'' h~lf':'edflilco; ol':t high Iml1edl'tl'lc;l; ()UlnUf (Me fi(p, 1a

anrJ 1b)

1~lg.1b LOW IMPEO/'U\:CE BUFFER

~;~-l~-jr-"---\

[---....~-I·- ..-·-.-- -to .- .. --- '[ -l-~;."sl- I,',308 '"'' '[....-_ .. j-_.-
,.__ ~_'_ r-·'_t..~~.~'JI::-..,.:. 1

3g
'J J~€()'lr ... --..1.----",. 1 ".. Or I i/""'"

I :-:::=::: \' .' :-~--'- ----;;;:;- /;,,,,,~
I ",VSOARD)----ill-,... ,.,.,-,o,f ~ r"' ".?
l -==-= (1 . 'r.l !C~I"JI2: .. ."" ;(-

___. c' .-- .. _..._ ...-... _-,r--"--L
--, L1II" 'N5'" Y.." ~ r!~S(\~((~ C

1
j\ ?nF" I 1

"''''1' ~"p' I J_____1-.",---... --.- ..,--- - ~-----J

Fig, 1~1 HIGH lMPl:,DANCa aUHEll,

NO-;E:\1 13 to pre'i,;nc; for 2dB pre""rr',p''''''. ",p .•m,,,'",'i,,,""C1"'O,,bl',,",AV-2-9""
CCinrl(ll:t 1~~ Hi 'Ii,;" 11,.1' 3d:' Qr ttl gw>- qd Ie-I Pl,~,("npn.).~';; i\w ,;,rCU 1:'; MC, ~~tI\C!'Ni:'e !di)ntlc,,1 ,r'

opHi,tlor' til," A'('·3~9400

2 Sl1El rlfiFo2 Sfledfil~~,WJn !or doe fr,Wf18wr

"I:Yl,O,rlH[)

,._----_._-.,-"-----""~~. ,---,,--_.-~_.'"'_. -,_.,-,-~-",._-_._,,-........-,----'

opeRA'nON

V~hon a !;..;ly i:::; pri'&$ed 111\3 cnlp Will Hl1medietfJly smrl opora\ln~L
tr.8 outp'J[ tOrl(l;; t:(1tI1 starling fro[l11:::HO 0:'1 the fir",t negntiY(;l h".lf
cyc:c. l hi> flr!;;l cy(;l0 wHI \)() Ol hi-l\ mnpli'iudt ~r;:>un,:rog lh£! oow,~.'
sll~';Jly is ailhe c<lrmcl il<i1/81. If poW0r i:s arplied at the $nlT1l~ timo
as II k8Y Is pre$~'OliJ, 1M POWfH 01' resf:1 cirtui! will oporato,

p,'ovontlng spUIIO'j" O\ltputs
\,\l\l.ln tW() or Ill~lr<l My:;> ore pr~ss(';d t>:JiJ81h::r. c·rlf! I)' l)ot!\ to!1C,~
vfil: be $Wltcll~ci oli Th81()n~::.;will bllHt fr.::1n ~ero ,:" ,~()()Il as U',c
e;\tW key£ havC' bU1~n rQ\n;>,f€G Wi",,!! "Ill \('O;'t' EHI) r8

l
eascd. \hi~

1.(lf'~ {Jutput!; ....Jlli immp.-diateli' cease
110rlly ane Key c~X'nar.-t is rna.~IA, t; single ttne (:orre';pcmllng Hi
W'i clCI$ed COlll8.::;t 'will bt;: Qulpu1. The "(l.,('\'i Key :!{l\'!n" ()l.liPut
g,,~"~'a to 1(l~IIG 'C)' fW S:JDr1 (lS <1 Key (jrj~Wl!sf"iOf1 I~~ rff.;(,grlil.ed

~~~:::~~I_~~~;::-

I

r-·-----·---------------···-----·-----·--··1
; Pill CONFlGIJRATION

I 14 LE.I\O OUt,l, It>: UNE I

, AY~3~940a II '",,",
, ~, My ke, """" """' I
I !I I
I
I

I i6 LEAD DUAL IN ... iNE
I .AY·3-9401!f''(-3-S410

I I

I ". ",-, 11

I '~""':':)""-'''<O' , 1'""-,-,,,,, J I
---- --------.------~=--" I

.~

{
HIGtJ£~ PH£5~lh.f.:1'

t.X'Wt-;I~ l>~tSCAI.(i1

,w"3,,1401/94 ',0

BLQCK DIAGRMJ,

w No tl.:n]n~; reQi.lIrti~l, inren1IH iICCIII'.s';y.f O,25~:\1

bII U~;,;m low cost cMJr,dc r8:>onal'or
II 12 tone Pf;17S (1btcnl' P(llfr.; with AY-~··9,oO1/9410 an(i tilOJG~) at

grouCi pr'l:Ho>rfijJh.%ie with AY-3'·9S'lO)
II 1'\,"W'1onk dislortlon 10S.~ iI"illrl ;~% (but depD(l:J&111 or.

~X~B\ 11:).\ riiter\

lSI IMtHl'lt ge'1ernll0n of toni? output!.

rei Lo','! V01to.gB drl'p
It L,(\lii rA~Wf)~ consumpld,}O) 11i:"S 1,hdr, :l~;/1'IW I
.. GODd thetrnal ,lInd vcil'lage t"labilitY
ttl 1<~ibr;'anJ kllJk ()l)1 ii1hitits Qu\::>ut if ';'lQre thafl onl; Key

di:<pr-;);,'36d
., NMcri!l.nrm] 'on 1:r:plan1
lilI Hit~h ~UI:)LJP pre-Gn101-,cSi:; ill ::",62cIl3 rAY<3:-94f!CQ,

2df~ i A.Y~3·9<'\Q1\. 3!6dS (AY-3--9~,10;
III Pro-emphasis (~ari!i8var,CG by ~irnrJ)f:; (:ornpor,enlndIW,lln£f1i:

fEATUI~ES

DEscmPTION

Tt1f! A",,3·940C/g4Q1JQ110 '.YrMf WC\,II\S genl)mll'l" 1.111 l t;e wr,B

DiwO; f!~llL.Hfed ~or rnultiir~.~.ju8ncy tOni''1I01ling, T11€' 100'::S are
gBrlf:r~J'l(l 1'(OrYI a f,!ngip. (~(!remlc c.:Qnh~lled !l'IOIsler oscillator
QflcL!(ir'9 hig!" aCGu,ac, arid st;;!.bilHy (\t Ul~ Olilout freqi,lBnciet:.
'lila ~J'i11in;1til'lg the nt;p.(i 181' ani' aJJt:Sll'n(lr1iS fne diglt~liy

sYnlhG"si~Gd tDnes give prctjstJly G':)l'llroiisd cbaracteris!ics

Trw AY<;"\:l4{]Ci9<!.OI;'9~lO I~ rAr,tlc;;ll,Jd ,J!;lng tile Inri Irrpl::'l1\ N·
r;hannl;( !n\\' ;/8Ij"ge ptOC8t,js, .,:nd emoloys nav,~! logic
tecnniwes to minimize power comium~)tion arid voHagr;. 11«(IPS
Th., Glr;l;i\ l~ t.ultalJle \v' uperii11r;n dL!?'C', tr0m lele;:>brji:e iin!<
power. or it eRn oe Js~d ',\lith !'nair' pov,er or battery surO!ies

1!!J ~,v..3~~~~~:~~?J~_~(J__J

,

I 71<-16

~_IIm__IIlI>1--"'''-~-''----'-



CI:,e,lIcJ!Q'!"] <,

'opV\I>"

PIN CONFIGUHATION
14 LUID DlJ.A.L IN LINE:

----~~~~:O-----I
,

__._"__"_~" ,_" ..__ .. ..--J

BLOCK OI"GHAM

Ti18 AY-5~950(! IS a C-MOS WOlllt de"lgncc to gf,)nerate !hll '"
pl1<1SlOl cio:;K re:quired by the AV~[l·9:00 Push Bulton TI:leph(in.~

l:hhJ 8nd th'i A\'··~,~!~20D RepmtOIY Dialler circuit

It COIl$!SIS of afl RC c;o;c(i18.cor 2 love I srllf[Qr, ,I? pht,S-8 cloe"
IJ€newtor and G,·i~.:-[, Dild a clocked D-iyP£! bi;;t-l!)!e. Ti'c RC
oscillator 1(; set by <:x!crnal eompon('nts to run 8:t 3GKH;z. and

rlor~8l1y o~H1ratcrl fr(lm a 4 VC!l suPPW iO r'l1inmili'e Dower COn
WIl,pl10n The o:,;cillator c~ulpUj is ;;hlll\~d and used to crt'.'e the 2
ph!lS(; cloci<. g~nN;ltor Whi(;:1 'IS norrn.flily rllrl (.In a 1.:::1 Volt supply
TMe fJ-iype bist,-~b!e is silher 1J3~d .18 a Res~1 generl:ihjj fur I!I~J

i\Y~5.910D, or' jt IS u:>cd 1'.) drive a Cook,-()t~·-VVaI10!' 'Joitagl'J
lrultiplier to generete lhe 14 Voit :uppiy

I----~-'"~ I .cr,---.. " 1-IL/

rL;J-[
.. l_-i~~~-f:"

I r--' I~;;~~ "'II.--D'

------------1--~E",3I. - - ---- -------" --- -,0 7

DESCHIPTION

III Generllt~s 2 ph,;J.~le clock Iroc"'-,ll1gIG pOIV~r suppiy
'11 Qptxaler, with AY-5--9,aO P,I:m Button DiJIlcr

and AY-B~92"O(JRBpMcry Oi,.lIer
:11 very Low j:JriWe:1 conslJmption. allowing USfi (If line

powered ir;Jr.pllones
It ~.linjml'Zt'~ fP.temai cQmpOt1flnl~ ,n P'Jsh Bljl',~ln rE':lfWhol18S
101 Siable gonerllnon ot clock frf;I)Uenci0S

~:EATURES

C.MOS Clock Gen~!rator

Condllionli

f8sistQr l(l tlrour:'J

\tOUt -·~V

Vau:" -3V

l/(, - .W, Nelta ~ Nolo:3
l)r, ·!\\I.NClIE::~,NOle'3

1.6d8lyp for AY-3~94e'_

t~Ot8 2, NOIe 3
dEl

'-'ems

vhrl1t.

"ExceeGI.'lg lnese rall11gs could Cd-USB
permar:6:l1 ~illma9a functioflal ormrRtion of
lhos~ C!flVk;£,s at thesE' COi!ditions i;l 110(
irnpll€,(j-op~rajlng qlnge:> .'He 1;peQiil~}d

b'Jlow

SOD

o.sr"j.'3
O,7B~3

3.52

t-10\, ID "-0,3'1
-I';i:;-,"C to ~1f.O"C

-25~C fn-70"C

Min TYI)" M,'!) [Itlll", I
~"'3.3 '8 Volts j '.1gi(' '1' activales tone

'OA I!olt~

2(: 100 Knl'iTr
1(J pr

'JrIllS

Cnar.:lc!(!rI6Iic

tn~ut Logic·~

In~'l!t 1.I)gl'C '0'
lnpul PUll down mSI~lance

IfI(AII c.~pa(;lIaI'ICt.

T:)I1e output Low Group
T'~)lle oUIPl.J11-flgtl Group
Hi~'h group p,-e"'ll1ph<1~jB

Oulpu\ imped3nc'~
f\rly Key Dowr ol.'lput

Or. r~ili-stan~~l 1 Konm
Ofl Leakage I 0 ~lP,

")lJI Ols!ortior ·~,23 ,IE;

'-1E1rmonic CQ'npOnf,;'l <" 30 (1£\ I
SI.'PPIY currenl 8 mll V,-, .. +351,-

'0 "'I' Vu - -:'3'/

Erl:::Cl'RICJl.l CHAP.ACTlt:;FIISTICS

Stand.JJrd CondltiQm runloss otn€Jfv/ls6 tloteCl)

V,'( • "·3.S to '18\1
FC!OI;h." 659.lKHt
OPO;<rBIJflg Ttlmper"l1ure n 1\1 -25c C h'J +I'O°C

F~1EOUENCY OUTPUTS
AIIQ\Hput fn'":.ltl~n:iles ,~re deriver] froPl1 i! 558 i'i\H:?: rnaSlEI~ osell:,?tor,
,he output 'r~aL!<Jnci6S "He f1s',,:loWf;

NOTE
1. The amplitudes I,J! th~J ampul sign~lz are direclly rOlated 10 trle \1" supDly ve<llaCj&

2.Th!O C~liD 0uipt,: IS Intended to \lrtI.'e a 10'11 P<~ss fill.)I· n<!~;ng fin ':lPU! Imtfed~mce 0, [Jr~,.tellhiln 81'< (inrns

:J.~"hp.output wOJJk1 be bulfe<cd 10 drt\i~ tno Imc, lilt; buBo" ca.,-' f.1(! ,1fr:1ngec' 10 hav!; (ll!h.?r ,1 hlgb Hl1;JedsnCe ClIri'b'lli OUlput or a
~OW j'~l.oed,m~~e vQltagE:' oU\;HJI 15e8 Fi9_t.i.1 a E:nd 1b)

M':DdrmJI11 Ratings"
V,;'lIagc, c,n any pI!' witr, -.:'<iP8:::t 10 gro IH:(I iJln
Stor.f.lqlJ t~rnpo:lratl.lre ran£ji;
AmbiE:nt Oporalinll temperature rar~gE:

"Typical va!u~s are at 1'~5°C a,hJ nominal vol!8g-d8

------~;;;;:;";;;;;;-T;;;;~l_-~~~_'~w-~FK€y ---<>-

----=~-G-"-,u-n-J-r------- m----I"-~~]r---~!- ~1f- ~ -----,-
. 941 ! 940.68 ; --O.O:l I ()

:~~i 1 ;~~~.:~ i ~~:~~ ~
__.__~~"~~:~, __~.._~_liL , J~lI1LJ ~~_0~ _

CHARACTERISTIC CURVES

0' '-rr--.,-",---'-

o ~ -j-'-::r:-::-~kil"'" -\--1
,',

rEMP "c Va VOL.'rS

Flg.2. OSGH.LATOR CHARACTERISTICS

~flIM"',,",".
rA·18 ]A-1l~



riMING WAGRAM

ELECTRICAL CHAFMC,ERISTICS

1IIIIi."~~j__IIIIlf,mllllllillllO""'IIl''''_~_''' '''

~

[IC·DC CONVERTOR CON.,ECIiOtl

SINGtE SUPPLY OpeRATION

---- r---"--<> 0'1'----'-If--"'--~,_, ,:~ --l~J~~'Oi'
! '-@i8:

f-<l-ir-_::·.J "·"
1., [-rr6.£r:.- AY'5-9S00 ~'-J_,L---:>"",_ll<1i'}1r:- T '\ I
! -'-jr----' 8_"_,,.__-<)! 5C,' , ,_ ' 1
i fj t ,
I '." f1l
L......'--'-rgi ',,, ' LR ,ov

L~[' _,_, _,__,""-

0'1 ------'--J ----'-'--'--T
l

----<>
0--

----. 14=-1':---<>¢' I'j ,~ ,1---._"
f---:-: ","00 -'--j"- 'I, jL-ji--+~I -cCt' ~-11 I

"0' ,1 0"'" JO"'_~-" ,2""

Ylf"=:~L~~Jr.,,/ --_.. lL ._.+--, _, ..__<>-----_. =_......._, ...._-,._--
ALL DIODI"S IN914 ,,,__

'ExcEJeding these ratlngs could cauze
perrn'HH;.11dam~lge ~,'u!1cticmaJ Operation of

fhj~' dovb:, £It thflS8 c':lI1diti()ms is n,)t
implll~d-·-')POrilfing r~-l.!l[I(;t1 arl~ 5p!'!clfif!d
b(;low

-1BV to ~'(J.3V

··65°Gw
-25°C l~,

VulwgC' on -any pfr, willi re~'PE!(:f!O Vll';'; pin
SIO(<I,go£' ttlmpf1f.:tlurc rang.)
Ambien! oper8t1ng lemperatlJr.3 rilngc

MaxlmlJm f~at!ngs'

Parame!iH Mb Tyt' Mil)\ Unit!;: C-\.1nd1tJol1S

CLOCKOUTPOTS

AiM Tlmli (Tn 20() n~ At 3GOpF !O;id
Fair TitTle (Tt) 250 rs AI360pF h~"ld
Widllq

T
wj 10 .uf; ;\t3clKH~

SepamliOfl (T8) !O ,<JS Ata6KH.'

Stsbili\y % Wirn SWf'-ov!y a'ld temperature:
OllTP\fi 'ON' RESISTJ\NCE

¢1,:'33 - 2 KOhm
0,5 <!OO 75[' Ohm
SUPPLY CURRENT

DO :W0 ,.;.A '/';'.1 '~-"W
1(.0 :?OC ;",A l!,,~2:_. 15V. 10pr: IOllQ
30 5(1 .Jt. V<;3 •."M.ISV

Standard GOl1dltlons (wlil;BS omerwisc' nOletll

V(JI>r OV
V~.\I"""'·-4tC)-'5V

VI',2 :~. ···4 {o··lSV
V~,}i", "<1\0 -15V
F Cloc~, .. 36KH:..:± iO~,~

Op(-!wting T''2'n1l.lerIl1ure P"J "';-,5~ C



I

~,
I

,\

C".'1".;r 1~ Oll~pYl

V'N G'"J:' 'hl'd O~\DUI

NC·

C\I'.j(;(".lT'I'C;'

24 LE!1D DUAL IN LINE
~\Y..5·98Q7;962";'
I'wt yet def!ned

l)O jEMJ DUAL IN L.,NE
)t'f -5-9BO(}/9f12~;

NOl ye1 defineL:

,(1 ;J ;vnp Il,n ,ii~JI

p ,\mp·' j~ul...n

Jlj bA.mpd"t'":

Vi tJ
,~ DAmp {; CJ\i:"'1

r~~ ViC·...

~
~_._'.~.•]
2 ',0]

:, ~~ J
Col ~7 J
l~ s .co> J
C~ i~lJ

q, "10
c ~ j~b
CQ l~b

,

q:: ~:I~'2 ::~

',:]. :'U
C 14 ;(1

[ 15 ,,6 J
It; ,5-

C " r.~

~L_.~I~

~ ,.._J ~~:: ~:~~~: ~;(l

4(f LEAD DUAl, IN LINE'
A'/'5~!)80iJ/g82a

Nell/Bt doHn-ed

4() LEAD DUAL IN uhlS
AV .. t:A3802/9!:\22

\-;;-M'co;;;;it'URA~~---"···----·--'-'---"---------·-----------i

I

:2l:S LEAD QUAL 11\ LINE :<'4 LEAD DIJ'AL IN LINE: I
p.,'Y-5-930 1/9821 j\Y"5·'9BQSiL~32S
AY _~;.gBO"IJ98;~4 J, Y-5~9B08/982H

I

·" '".....'1plU••,o:l NC

l,nlp',;"Jlpul . . tlC

"'m" 2,~ulJ\ tW,.(j"jj'..lr("Jr 1 "'~ Irpl1lAY-5-9800 SF-fliES

r--;;;;;~:I--;;;;;;-f'~~I;rn
j ""lJmbe,r~ I Code OP Ampol F'lli~

~:;o~.,;mrZ.8-;"'·~-·-~-t'2·~·

I
I\Y~S'.9802!9a22 i 1 of 16 Vc.. I '0
1\Y~5<,9B03/9823' 2 of [j I Yes .iD

AY~e-9804/9B24 8IMr~) i 'iDS I 28, .l ''1 AYM5-,98D5/~B:25 4·Blt No .24 I
AY-$-,980i5/9B26 1 oj 1& 1'.10 1 40

, AY~5-9807/98:27 ::: Oi 8 No' 24

IAY-59BO~~~ .~~~ _.~~_Li:.J
'PClrt numbers A,(~5~SaOI tmolJgh 8BJJ8 am sUPPlied in
ceramic paCk6{Jes. Pad numbers AY-5-9B211hfOl.lgl", 9828
<He supplied 1:'1 pU.lStic pacl,agEis.

IiII Cemmon OUtPUl ca,"1 b~ <lHIfi.YCCI OJ , -32 'l1~ after 'i(J:)"~

are detel:lod vaiid
Note lOP period - ':;ommcn d,~~IIlY l' ccmmor> width,

iii! Common output pulr.o Ctln be PfG9t~1IT1m8d fro'll 1·31 mS
1IJ O\l'tput code can Nl 31)')" 11- bit COCP,- in 24129 IN'It! DIP or :lny

16·i;,jI code In 40 :8Ar1 DI~' ([;I,g.;;: c' ',',1 uf 12 etc)

--,_._-,._-. ,-~ -J
____, __~~:~~!l8()O_i~,:rle~__ _ _

() _T'? () L J () HiGH GRCi.JI; lONE iN"IJ']

~il--:[>1-.-·-=--rf t>J-~:j '4II: -.. -- -- i*~l~=-~;::T:,i'-:
I - '> ........_~..._-',
I .y' L._ -\> '1'.... I";l.nus REG --1-.---0

1

1
HGV- L~~-I--J INPUT

BillS 0-+- '-----,~-~.y--.._~---,,/ '"I CLOCK

·V,,, <>--r I HIGH l1nOUp [--~:ECO[)EA -r----ouTi;0T\
0'./ o-r·· OP AMPS PLA . LINES I

'VnD o~-~.. I LOW GPOUP AI'l~r~~~vUT ,.;'~~'~~

POF, O-i..-.•..c=-l.-·_[--.=::~==-l-~·- .-- -"~l ·-.-.·--[T='·~IT: ~~:~~~-I ' ~ [-_._._-- =i GA1'E INI'U,

'~__ i~"', '~"'"' _.S~;~S_~~_S1"-OlGV1--1;/ b-/- 1./ __.=r::. ,.
!_J _.: .1, I"~ - 1_ ~~ ~~e:~:~~_I~~'~J
l &t 0 (l- L~.v GROUP TONE INPUl

SLOCK OIAGRAM

PROGRAMMABLE OPT;ONS
Th€t-3F.J options call ".11 ~~ provided by a HinglE' ;"Iytlr mask change
is Programmable cer,tel 'PHi!~(!r,cies

III FrogrBnlm;;;ble accurt)cJ;.:&
II Variablt! "Acqt,Jim" critf:rlH C Out of $10 5 Oilt of 5)

Variable "Reiefls03" critHi" n (JIJt of 5 w :; out c! 5)
II Normally arranged tOt 2 018 detection, blH t8;ro- be

,",prO~118-!TII''06d lor single- ton"" (1 Of 8) de:02,:;\lon.

Dual Tone MuIlH:requerlC:y Receivers
FEJ!l,TlJ~E~:j
III ~~o luning required: inhemnl dlw:;rirnJnation beHer

~han '(l,Hb
lit DigitallY de','lned bal'l(fWI(HI13 with flO Illh~::renl

lIoltage {)t t3Jropetature:: drift
II l'.cq~JI:;iW)I' time typiCB.lly :;{. ~ns (tQl'e if'P1D, to comma"

output).
11:1 ~mq\lency l;ormlatlon prcvldor, ~oorJ SiN performance,
.. Inter'lone s:lpar~tlon ch"(i\ed f~Jr cClw.:ci IDF" p!3riod.
II Man'i' pl'owammablfJ l€lRlu,'tIS prov;dc.vI:JF,;o "ppltCOjiOrHi
IIil High reli;;bilily and Inw ~;o:;t llsl"8 P-<:t,anrMI proc(3:;ls
IIIJ OI1~ct'llp aNI\iJg anlplrfie:s 1')1' 8na!0!1 prr,proce$,~ing

I!!l Interf;'Jce~; direcllv wBh ;:1'lof: ,'\Y-5~9100 lor ~.1.F.·--Str(jwaer

convertl?rs (t\Y-5-9801/:~eljlil 
i-landSf18king tacllily to rr,t!lrf((ce dlreC!li witl' CPle-O~'

iT1ICr(1prG(;(>ssor
II rhrefj·Slatl~ code OU1piJtS

11,-:23

'/l.-2?
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3 t:ILTEn CONNECTIL)l'IS
(R"1~,tri~'c"1on~, j~cll't£l elelllS(l'"' 011 chIp)

I

I
1

';'IX OI)"i'l'UT CODE C:HART
_, .__,_.._...,.~_:-:-__:_=~.-.-r

,--,' ._- _. -'.--- -~- ---, -- -

-_.'- ----- --- .._" "-- -- - ---

$yt,lcms

OU!(:lut Logic-Two outputf-., hGV and lGV, WjIL~~lle !tle curren~

~\!J1e 01 trIG ccneiat0r 'or ;;a,~h gmuo ;IJ, valid Iligr group
're(IUertcy, if pnJlI(?Jnl for 10nOGI' than 1,"e correlation lim!). will
~HUse the HGV (h:gh group valid) c.utput to go K!~\. Similarly witt>
Ir.c lGV (lClw ~l~(JLlP ¥J1lld) output. Once both higfl and low grou;,
I~nes have beer; d~lecte,i v,llio, a preprograr'imed timer L~

-;,jH,'te':i, If 111(; lono pair IS still ,,,.aM! niter the timer l1as O(luntell ou~
~Me Cnr,1m0f1 Oulput 90es Il!gh !or f;\ preprogramrned penod anO
'riB Cod10 OlJtPUiS present tile c-rogram11ed outputs
';orre$Don(j1l'\9 I() H!D tnl1P. pair ir';:lI)t

-f Ihe l:"1terrDgalc :~WU! 's uOied "or C)and:1h:!~:lng, tnG CadE
DUiPI.'I;. am ani)' prossntecJ Ijflcr {n-,; Interrogate In;:.ut goer. high,
t~a int€rroq3le Input 90J09 k)w rertlovcs baH/ th€; GOCl8!i ami tna
C~rnrnon Output

the 1MHz cloer: will r"JSUlt In F- ~lrolJortlortal d€'Via!lon of ifIll tOri,e
rf:ICo~lnltiofi bilr"ls.

PowerMOn·ReSt't·--Atl '"-Xlernal pCJwer·or< rosell,; required \lihi(;~

,'3 used 10 'os~,t all count(~rs, ,~tc, ...\n on-crllp r~:'~I!liO{ pUlls t~li~

nput to VI)I)';) C.'J.IF capBciWfcOrtrleC!iJd /rOITl the P O.R, Input
l,) 'Is,,; WIll provlcJ;) a:,t0rnatj~ l;loVior-on-re.;.:et ','hIS input CBn tfe

Jf><)d ;)5 d i;hi::l ~8Iec~ pUHi119 all "Three~Stflte L>!..tput(. ioio Ihelr
rligl' ,rr.PE:~I'ln~i' %11P whor< f:~ld rU9t1.

h'r'u: Amplifl'ir~;-'-"lnJ:'(;l OJl'npllfmrs !H~ SUlmblC lor ,J$tl If' 1:lo.n,j~

r;nd ~wnl;lf,~! buffer aillpliflt~r~ frey nov!:'! :'>11 ('pen lOOp 981r1
approxirnlll,7-iy c50 and .0.1'8 trimmed by Ii !.\l'l!;;I-e 'Bit1S Inpl.lt'

Period CD~Inlj?l'~'-Hie Input fr,,~quency IS tnlCrrogatL~d ttl€'
period cOlm!!;;. [n,;;h COunter !las ci!Jht 1I&IU€t, dilccx:led,
ropresenling F'f low Irr!':it, Fl high limit. etc. Ont6tt PO~iliveg()im;r
ed\le- IS d",I"Cil;l(j, lhe perio;1 CC'lin\er is started ilnd i1 \h~ ne;>:i
f)OiOitive gO\(lO (>jgo OCCUr!: ~JlJrirlg a tlille :::101 oi;tode, trw drcuI1
deems ttl~1 1O,;c to 1)1: valid .::n.;[ a Qist-abie- irdicatlng lh$ lOll'"
,J();)oded IS :.itO! Sps-t:ia l logl'; '$ mcorporat,~d to prevenl Ih€'
counter Irom 1,;r[}!ng ccntlnl,lol!tily tr:9gerorJ ir tile pl'E?Sence 01'
noise

Sletm1 Wtlrd f{e£!ISler-~TIle StatlJ~ Wora Register 'S L~ fiV(l bil
rugister which Is filled 'WIth 1's fiJI' :,In In-band sirJnal but filled wit;:
D's fO!' out-of-bfind signal:; With the data m thi~ register !'i

decisiofl is perlc,rmGd which sots n blstablt~ (Acql.lri3S tho ~rgnalj

O' ~(je",~~ a bi8\:3ble (Releases 1h(~ signal) Thus tljl changing lh.-:
p;e;:lrQgrarnrrH~d ~;cceptat'lce $ti!/".dsrd, a dlrDct1~<\de-oH betwee-n
i3/N ta~io and :st'rnuiMloJ' rain (~an be obtained iDr ditf~~r~rll

7f,~:1'4

InpuU Clock - The r€commElnoeCl ci':lGk lreqUl?lioy rS 1MHl
vmich will then give d, frequency t~etect ffit'igS of 62C~·340DHz
wiih il discdminAiior 01 ± 1lJs, 1M d!scrimlnatiofl 01 1633Hz
uSing a 'iMHz olQck 'NiH b8 better tho;l ± 0,1%. A"y de')latlcJn of

~)E:SjCRIP"ION

Tne A'{-S·9(-lOO ~erll'~ cir..ults a.m rabricated In PChLHlnol MTNS
process thus mlnimil;ng ,,0:;1 Mel pro'o'!dlng 1,Igh reliability. The
i::Ia!.~!c chip bloc!\ diagl'!un h: ahll,wl' on the prl)v!ous page. For
analog Pl'oproc6l,f,inll ~;IX arnplill(Jm and !wosourcEi follow(,fS are
jilclL1dl~d on"chip, (lx\ernal cOJTIp~l'lelitsbeing usncl todatermine
lt10 filtor c;haracterislicr.. The mojor f~nctlonfJare mask :1rogmrn~

Il1sbl'l;l thus giving n 11~'>dbl(l Sys!lll'l1 lit a low cost

The tone pElir is s~p<:"')L.ed Inlo tWQ IrH:JiVldual tonot; using the
a.nal()g circuitry. lhe S&paratM to",e~ being appEod to tho
St".lhmitlt triggetG to ~qUare iMCIf'llrrg sigl1;~I$ which .~I'e theh
procNlsed by the digrUl1 cln:lJitry. Th(, hIgh and low group logil'i is
slrnilur; or'lly the clecodG -.oa1U(!5 lor frElquGncy recognition are
dlfretont, The Incomln~1 signal 13 aivldf.ld by two or t"ree 10
elirnlnOl'~ thD el1ects (II ch"nfjlng mariClspace ratio 3nd lts panod
cclunted by <I timer whktlls clockclj by the accuralo 1MHz clock
If lI'li;l p~riOd value Is ....'ithln -or)cO{leo limits, tne reflu!ll;) storod,
Five cy~les of incomlnGI {;ign,11 are ~tored and g dl,:~cjsion is made
with Hn: information as to WheUIGr the lone is 1'~11c1 A
prrJgrammable logic Slrmy &Cans tlw flva oycle More fm bOnl
8""J!.cQuire" crit~ria Ur"ld "FieJeasa" criteria If the "f,::quirB"
criteilll is exceed08d (e,g. 4 aut of 5). 'lnd the "Release" critena i8
/10t r",ac'~)d (e,g. lc!:m IMn 2 out of 5), Inc frequencyi5"dl:emed to
be '.'/):1,1. Ii boln high 8nd low frequenc16~>al'edeteC:led, a limEHiut
tllno' !~: :rlarted rnis timer is rn.a~'k programrnablf.! imd will
norn)~.1ly requito :~5rn~ of valid tone piliI' signal. Once thl!; pf..1ff()d
hat; ehpsed lhe Common Output Dulses t\igh, aDair for a
preprD~lramr:'led peri,:id Afler tlllS pUls~, HIe system VIIi! 'lot
r(1f;.pc.n~1 again until or, lOP 01,"] pmpfogrammed durallOn (lCC\Wl,

lifler w~'I:ch i!. new i~)DUI tOf'lt~ paIr cart lie :;pplil:d.

Ttle CQce Output,:; V,flO Ccmn~on Output caf' IJtJ configurrJd for i.!

I'o'ide "arie1~ of systems A typical dl'yic6. AY-S~r:=j(J1/9S;~1,

provHl".!!:i four Th~8Il~StatG Codi:! outpurs sullE:1iJl~ for
'TlicrcpJ'ocessorcontroliod syS1em~ ana direct inl",dud!l(\ to (fle
l<,V-e~"9100 t,"); DTMF·Strowger convl';ders A fwnc"haking

'flterf!lC? IS provided d:;irrg the Intf:i'tI)gate input thus alJowir,o
v<3r1 sin-,ole micmp~oc0ssor IiHerf"cii-,g,The ClJtOU\:, Viii! direcUy
dr'ive 10\.. power l'TL CMOS or Me,S and, beingl'hrl'.tl-S~aH" can
b(~ bus!wd In large sYBlc~m5.

I
I'"~:.y



EI~E(~nUCAl.. C;HAFl:J'~.CTERI~jTIC:S

NOlE. Any cf9vlalion I'rorn tho I1(Irnlna11MHz clock !;rJquency will re:Hllt 1(1 a correspclrlding deVlatron of tl,!:l frequency detBclion
l'):,mds Olrwr Irequoilcies than 1MH~ clock "an be V::OPfograrnlilcd ,r:. but circlJIt Chilf'actsristic:s will tm mo(\;,fied

'1',-;,'"(

\--------J-~:~_==:_~==~==--==~-==-==-~~===-l
~u I

I ~~.--.- I

I
TONE {:.-- •••-----.---.-.-••-.-,

~~---~ ! r-'------'---'------ I
I

f .--------------.. - •••-,)
~.;aj-_ 25mS -lJi!"~
\ ryP j ii g:;~~~t ),--.----~-..-----_.-.--_.---.--~ I

I ----------. I . ~--------- I
I

1;? ···-1110>1 j-oIIlI-'------.--.----------.\ J.-------.--
I INTERHOI3ATE
1 INPlJ1 l I

l
-~ ~=-::-'-'_.----:..: L..__

g0~~~:S-----"---·------·--~·--·--_··----------- :,..----..-- I
.._-..-.---..--..----...---f:\------------+-------- I

FI~.l "HANDSHAKING" TIMING DIAGRAM I
______• ow-' •·· ..-,~-_...---._~---..•------.-"-~------••-.----.-....I

/:in • 1KHz

v() ~ -1V (Exle-rnar pUll-down
resistor.\'; 10 Vuo requjt"ed).
PCJk to peak sine Wl)ve

Fin c: 1KHZ

~A

~;)!

,lJ9

I"
KII

MHz
Kt2

'Exceedlng 1h--;>.!i0 ruting:-, could cau~(J per~

manant dar'11;;ge Fl.)nctlonal operaHon 01
theso devi<:'?5 at these conl;illonu [3 not
implied -- o;Joratirl\) ral1ge~ are r:ipeci~ied

081(:1\1,'.

cnW lVoo ~ -9V

--- ..:'~--=-~~-------

" -20\1 to "0.3'1
w65"CtCl+151)°C

. -2S"G 10 +70Q G

M(lx,tltllJm 'HJ.llngs*

VCilt3CG-on <In,; pin with mspllcL to Vas
Stomoc Temp&raiUre R[lngo .
Ambienropsratlnotem~1iH<Jtllrll .

7A"2fi

S'!tlJn(J,ard Ct;tndltlon'j (unless (;;Hll~rWJS8 noteO)

VS~~ .. 01/
Vl";!) ~ ~i.5': O.5V
vGG - ··"IN -~1Y

CII;ICk. (n;'lq,Jency -, 1 MH;,
Opet'ating TernDeI'SoWre (TA) '" .,25"G

=~.~.~:;- -C;~"."I~'.I:'I::_===~=-M,n·~·r;~-·r.- Max -1=::~~1~--=. ~ndl;~;=----
I_ogle '0' I€\lel I "'03 -- I ,-1.0 I V f

Lcgi':; 'I' 1I€t\lI'~1 \ ··6.5 -!U;; ,,'1B V

Fre.'qL.".,.ncY (see NOTE belOW) \).01 1,0 j 1.1 I MHz I
I~IM~ iirn-e 10 _.~] 50 ',5
Fall "r 1111e 1D -.- 50- r;~

Wdlh ~O WO. 550 ns I
C&f.l8cltan(~6 i 20 I pF
Leak ago -- I TO I ~iA

loUl'; Inpuls I I
'0 level 1-0.3 .". i .. 1.0 V

'I' IElliel -3.7 -b I ·is V
Capacit8n<:-e 10 pF ~

i..tltlk;~Of' - 10 ~A'

~.og'l<~ Outputs I
(ij Code outpu's

Logic '0' Olltput t:lIr:refiT 1 _. rnA I Va ·- ··W
Logic ',' DLJtP~I~ current 460 IJA I Va:: ··5V

(iii Gommon outpul
Lt;glc '0' output currant 1 rnA, ~iV

Logic '1' O~I(put {;urr(ml 620 --}JA ·5V
Pulse delay 1 31 'TIS
Pills.e wid1M 1 32 i ~2

WI) Group ~';llid outputs (HGV & L.GVl j
U-,glc '0' output Clnrent 500 I

Slgl1l'l! Input .5 - I
"HMd~hake" Routlnrl

~~11~:~~f)\:~~s~~;I~t~ ~:~;arn) rl, T~ 50 150 I ;;~
POWQr·on Reset I
Pull·down l.•"stor (:0 Vr'o) 50 1$0 j' SOD
PuL<;o WidlTl 10 -

j\mf.irltlel'l'~

OpC'1I lOOp gnl/'1 SOD
Opr:ll loop ::lflntiwidltl 1
Output Impedance -~"

Power IJi9sJpaUon - 350

--~..._-----~,.~----- - ---~- -
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R
3

Of R
a

Cfll\ b~ (~al"ul<:ted f ,'8m the cqUll.'llon;\ listed Irl"T;LJI(1 I'

;:1·':'\

Step ff2: Calculate R3 or All as 6 Function of Design Q

Itlg, ,\INVEFlTIN{j CONl!'\c,UfloATION

r~lg, J ~'o/ON-IN'l,lf.f1tl\'H'; COHrlGU~t£\..'fION

St~r #1~ Deterrnlne Dl!Jsl~ln Q

(;a!;;UIRW tM product 0'/ 'the jB5lre'Cl r-n an(j C It tIlis prodJct
exclJeds 'IO,OOCi ret~lr to r'9ure l> to ob\l)in the corror.pond;rIQ
t8$19n FnO. Di'lide ttHl 'Jesign FrlQ prOduGl by F-n 1;1 determlnG
til~ desion Q for all subsequrlt11 calcul~tic>nr:, The dl:~sl9r' 0 '10','..
mdudefl the efle::ts 01 vJ)or ..\lIOof11 u,uPiiiier lir'1ite ~f.Ii!1

taflow\dtho;;.
II tho ae~:H'od FnQ protluc1I~1 ft11S tha~110.0!')O, 1l$t)1he de$lr";Q 0

l1S tho '.h:rsinn 0 lor "n subse'lJ~Jlt C;:l'CI,J\~t\on5 The optiratlcmd
ernp\\Her'~ {imte gain~bBnd'.\'Il:,th il' ttlls !(lW(,1" F,'10 fr;gion 11(.,.'0 li

sec()nd order e1l0;::t un t:-I'<l 0 .;\nd Gilfl bo i~F'Ne(.l

T~o foIIO','/lfl\llour slap nmll"lg prc,ceollm BIIG"";; the jGie<:\1o"i or
tl-:e o;(ternall'(JSlstor;;; R1, R2' hi and RJ or Rn fhe p,ocsovre ,,5

nas(;)d 011 iirst ~e1ecilngan out!:H.l( f~mct)otl (IG"N-puss, band-r;c:':S
o~ higFl-f'Il11E-) >1rl0 1h£! \nv~rt\nG or ml:1-in\r,Hiirtll confOgurallo'1, If
other gains are desired the l.lrIcomrnlttcd OP~Jl'ationil.1 amol ilisr

can PB u,,;eo

TRIAD TUNING PROCEOUi'lE

"(.IS.';'

_o~,,· !'t,SS

l'i'G~ i'M;S

'4
r:;t.

'/';1 r\''.J

-Wi':'

"4
'\:J .. A'S

G()

G<dn 8.1 Natural Frc:quenc\, H'GH

Ga\r1At~:aFrB~ PMJS

~all1 at~~~~¥52~~~ ~2b~

Q

o

VB?
~!hI

\~!tf'

WTlIZ fr::; Natural or ~Urilr:r IlequolWY for lOW or
hlClh p;:Jss C]'l!pUtS. Centor iraqllf;!IIW
jor band P(l~S buttJut

S . Tr>lf\sfprtn ·/;t,ri..b!e
Goo "G<::.1n a~ intir\i1e- IrecU8r1Cy (t~,gll pass)
Go :;. G"ln at cerl,!?r 1rl;iq ..lOrIf;Y IH.nd pass)
(2

1
0;- "Ge.in at j~~:rJ 1rel:tu~~ncy (low 1)35S)

o ~~~~?~ BAND
8"ndwldth ~ ;'ASS

"2· 'r:~-:-irf:"
Fie:! R-;'

F11

GLJ'

Ci lJJI\~\

\\i" - r;;~w~v~-~·

G;-\f'(~'

,r-'---~

Q [;;i.,--~~:-:-.~~;.jj OJ) ~.~ ,1;

NCtl':
$inclJ CrpIHOt.Onal nflipll11(lrs nave :in110 g<lln-bflnawidills, ltlO 0
Will te greo.wr ttian Gali;~l;!ij\ed. 4. corr,lction lal)tor .....m be
reqtlilad ,~nD wlll @»Iateort\hlol d€:slr'Jtj F:, Q prod"ct. S~0 Sti;lP

#1 or Tri<Ld tuning pr(lceduro.

/ll~n-In'l"rl\n~ IfWQrilllg

'::'~J\.H~ ~ :'!j'l"r~ t.

IG ,1, \ \ , 01 - .li; ~'"

IG" -".", '"",;,o-,-,.;-,C'-;-'

10(0; ~'" T .\",'0:\

-"

DESIGN EQUATiONS

Tne Cf'~ig/l BquatlDns tor tr.etFar1shl" fl.lncllons fisted It) Tf.ble 1

are'

ii, ',- ACW'~ FILn,R r.gSIGN WITH UN~VERSAL FILTERS

TfllAP Yi'ANS"E'I~ "UNCTIONS
Ttl" "Tpad conflgurtlti{1n IliustrHtAdir Figura 2 gl',en transfer
I nt:1il);lS<lt thOvf.lrious points, HF', 8;:1, arHH.p <l,"~hn'lfll!l nibletro r 1,.,1i tlllf:1 9i.1\f\ bap(: width opera1iotlal c:rnpljfi.er~

1'1I"1("1 TRANSfER. l=lINCfiONS

;,;,:

:;~ r~.t;~·~ t~,I~I\':J~i'~~·

Fig, :2 'TRIAl) CONFIGURATION

PIN CONFIGUA/,TI()NS
~6 LEAD TO-a
l.,CF 7J3:2.C

PI~

7,,

",
~i'
i:>

";~

't.
\l"IN nJN-~'rION

1 (\1("",)

~ e~~-::~)
4 y.
S VLP
E ,,4 (., ~l)

r A'J 1--1,",)
~ ~::;

9 (iND
10 t":l-,N1
II VD
12,'"
'J VBf'
H .....~ I_.,hl)
,~ ,\lC
't t..le

16 LEAD ~UAL IN LlNr:.
ACF 7092<::

~l /I. fi'l t[fERr<I~t
NM";<J .. r~I.QUF.N:'

Fig 1 SCHEMATIC

IID-_~~:_~~~(~_-_~~~;~~J
~'~"'--'_-~-,-~-._-- ----_.".~._-,-----._-.-, .•.~-

DESCRIPTION

TrH;c ~""~;leiTI[l,tlt; cliagri?rn tor the !;CF 703.2Crr092C I.'; mlown in
Figure ,. The f!lter is corr9Qs-ao o~ 4 {;I.)aHl\(olla\ c-.m:liifh,tS Til;)
first Ihree form the bEl~I(; s1ate vari;;;b!;1 configtJfalior> \lrlad) and
Iha fourth c ..~n be utilized tor Illcrrow,tlcl Slain cr in tr,e hiqllBdra!iC
conl;gmatlon wi1h lin' addition of ext~,rnlll CompOnents, Two
fr/tjH 111 puts <:Ife pr<:lViiJed; e. ncn~mveF1in(l input and an jfl.verting
Irll':lUl

In thf~ Triad con'ligufnrlolO, ampUfler A, IS <.1 s\J.mrrung e.1iipllti0r
prQ\,Jdillg the Illg/"! pass output, amp!ifers A2 sno A" are
integrator,:> I,Jro ..idir)~J bantl pass an.'l /01\1 pass OutpUtS lh"1
eXtern81 resistor... esf"bfL~M tile (lp,:;ratjrog paramslClrs f0r I~.acr

Ii/lOr ,node. A, and R,2 dG:ienrllne- the relic-n'anl fr~qlJl;mcy (Fn). I:h
<1(\,1 P., «f R-r ar.d REI ciill.ennlf\e tlr\! v!;Jues {or gain ;:'na Q.

Universal Active Filters
FEATURES

III Low Pas!>, HI~lh Pa%, Band Pews, >Imj Sand Reloct tespom'E':l
fmrn the same lJl1l~

I'll lnc'~p':'jnden\ COll;r:.,\ Ol rll;lqur.;nr", Q an!:1 Amplilil',' 0,1;11
\ill' Externa' reSi.stQr~l Ilfleo riOI templ1r:5turEl track internal I~PO

C'3yac:l10!'S

III 1')r"t:, to 10i'(Hz. op13ra\irl9 tmqll(~"<::" mnge,
Il!J 0,5 to 50 adJustablf' a iUn~e.

APPLICATIONS

Genera-) Instrument HytUJd url1,/~f:;i.\1 ;·~tlv~ flh{HS e.re !C,W (ost
l,rdts It;.nt can ~e US5d to llenar£1tii' any rilter response. 811m a
cCJmJfIOJl app:lca1iorr~ fvr\heS('filters 11;"{."Quna in gor.ar:w~t&ms,

tQler;ll01H~ ar:d pagrn~ Bystt'lms. nllVI~;atlor, SY~:rlen'<I. rn\ldmns,
transducers, biomedi<:::il m(!fl~urfn!J »'jSlflmS, prOcess (;.)ntrol
8quiprf\ef\1., dut~ BCqll;$:tiofl ~yslerr,;" raaM ~ys\eme, s:ldic, sl!)nal
procGJsing ecuipment and H;I1mology

r-- ------r·-~::rl-;~t.l__::;::-:lJ_

I "'"'I

~ 7G-2.. '·._,ilIIIIIIiII_... , ._



18 \I
12rnA
~-70<'C

. _55" C to "1:25~G

ENVIROtlMEN1'AI. SPSCIFICII"IION
(iht

l
lIytlrlds &P) crlpable 01 meet,n~llhe following speol'll~at!or,9)Th~rn1ClI ShocK .. ,., ... ,. ,~55"G to 1'125~(';, 15 c'l0bs {Mil-S1d-Se:i, \leU1Cd 1011. fest C(;n<litlol"'! B;

Ts-mperohlpJo Cycl((\~ _".,.,.' _.... _,.'" .. _ ... _.,. -55~C to ~i25~C, 10 cyclml ;Mil-Std.e~! Method 1010, rest CI)r,(Jltiol' 3:

M(iiSi!JI'e I:leslstance, ,Omil initial condiiiorli!"lg (Mil.·Std,,883, Method iO\)4) M";:> \0 96% RH and ,_~I)°C W ..-65"C n'~ power applied
Mo,:harllclll Shock ,. _. • ••• ". . _.. •. , , .• ,3COO EI'1l (MtI~Std~8a::1. MothC:ld 2002, Test Conditio!l CI
Vlbratlor

l

Verlable Frequ
8
tlcy" .. , ,. , .•. ' ,., ... ,50G's PCllK 3ccel<Ho

L
,\Oi\ (Mil-'Std·88:', MetnCld 2007, Te"l C':lf';dlll(ln 01

C()r,~~anll"cG(;IF.tr<:\io)"1 _. Ac::5.000 g's to 8xls, :( Y". z (Mil-Std.88~1. Methud :2001,0'=20,000 g'l, to Y1 mds. Test C(]nditions A a.nd Ol
SGldP,f£:Jbi lity ,. , , .. , , ""., , . . . , ,.. . .. . " Alilannlnal s, nO .,:;per,\Q\ PI-e.p;H;l,l\on tMII·S1d··HI3, Mett':od 200:.1)
jnt~.'rnll~8nl L1f(~ .. l,OOQ h(;U~5:;'1 rated 'ioliilge In 70°C tH!ij air (MII~Sld·f,83, Methud i006) 1,5 hour.'5 ON, 0.5 l"!,~~lr!i OFF
Se,,1 leak. rale ,_ 5;<10'''CCfS CalCllJll.'t€ld H118 p('!r t.\il-S'd-BtI~ Mutllad 1C1':, rest CQf1dltll)i"' A

E~EGTRICAL PEHFORMANCE CrIAR,~C'rEI!Il,TICS
unle~~ dlher ::;pecl

tled
, ·n-8~.e p3r,3[T\ell~,!': applY ov(..f il t",mJleraturf.l rar,ge (f O"C \) ,70" C wIth ' 1~ 'JOe ~llppI18'"

~:"~"~:-~:I~~=~==~~t~~'~I~ ~,\~~;__~':'~' --~,;~ -r~,~~~~-- ----- --- ----
FnO pmQWC t S \ I S<) (1GIJFn RiHl-\1e 10 -'\ 11 000 \ Self R-t,iIJnal,t Freo.;lJpfll,V

fn Accuracy - 1 ~ Q to Nrlle 1 1 ~ 25°C

Frl 1l;iLIP Coof! \ 'ao. ,15 ppm ~C Nole ~
Q Range 0,5 ~ SO -
Q Accvn1C'1 _, 7 ":i'
t1 lamp. St~I!)II(W 1 ~- 'Fn(~)o;1o'~\'- l'~ o~G E'T.... ':':;7(J'~C
Pr.:::;9 Dil'1d ~lalr' 1 I ,- 10 Not" S

Input olfsel VOltU£'O := \.:. ~; ~~~ b~~~~:~f~~" "!G'G

Input Off8€t currenl -- I b 20(; (1,.\ h·" 25('G, 800 nA O~C(,~.TA~;-'7(PC

;l1put ~)Ias c0rrenl I 40 ~~~ ~~ ~~'~ ;?;:;({,"1(l'C
'input ·lolla!~e ranr,e 12 I i4 - I V '"
1;1~,ut Rf;Sj"-tafl\'"' ~l ':I \ ~ - I r' (\_[Hgl~ $Ignlil ~W.O,iO I :!I)O,OOO \ - RL J.k Vo - , 10V \' - '25~ C

rJo ta£v Ga n \ RL ? 2k Vo lOVJ~r)!'u ~~ o""c.c ~-,--- 70<'..:1

,upply Vol!',,!> ROjeel,On Rat " \ \ 30 \ ~O(I ' JiV
O'J'put Fli:'l$I:'!" lCCol '00 I (1
!---oad RP."I~trllll,;~ I Oi)~ \ I'

DU\fll.:! VoltaQI' $mng 1 I 20
1I V fl·P { L:::,' 112SS

I

I _. e V (J.p rn - 'OHz. '0 'KHZ) B~,t1d pass
_ I :2 V p.p ll~J:JM DllSS

_ I. B Y 'e" ( I (,'II pa~:>
_ ,_. 3 V p-~ Fn 10KtiZ I) (,and p,\5"
~_ _ (j 8 v P_I" I \ !-lIqh pass

_, c"",~~,~...':~~"-:"~::~::'."..,_.L,~_l---=,'_- __~_l,_~~--·- - -- ~---.--------
NCll~ '1 TrD 2S C ;:1' {\\)C~I(ac,:" is. dotN-ninr)d by ttlG internal capacitor ~ole"ance ( .~ 1%1), ;;'ll1d'!hEl R~!R~; \olf)rml

l

;;(; ( Z"h; aria d,')es n,)t

Include tM toieranC6 Qf ttH) 8xternal f!~Si!lll)r~ R' and 82
Notl!::t, The mtef'rnl:1 Gspacitor5have" \t)r(\r,creture Gceffice~'t of '-- 30 pom/"C Tile n~f1'1al"Jlr.gporttOfl of tnetr,mpHrat\Jre coefficlont

is due to (he change of th~l opera\lo"~1 gain bwd widlh praducir, over temperature

Note :3. Gnin ~,realel' tnan 1 can 08 provlued wII\1 tl'.e uncomml\\\'lo llmpllfel

-S·5

pEllfORMANr;E SPECiFICATIONS

!l\AXIMUM RJ\TIIWS

SU~PIY yoll-ageE;, ••
supply CI!Jren~ ( . \5 Volt supplies) .. 
Op-2r,:tln9 Terrlper(.ture r~~1Iige ,
5torago T.'mpp.r~tl\':e (llll"lQe .,

'~O:I ,~ I ""-"";,' c , V,, ,«
"11\1

! AA \lR;;} ~ G(',)\

proVid~lq that F11;' 814 f-l~, r~~J.1,~J.:J .\.
:) "'11 L .\1~ I

"13
ill1 ;~".

rtJc trllnafor fllrjr:!IOn l!i'

'f';e tuning pI'{}cedure, j'Jf W(l anc: () it< th<: sam~ 35 if) inn 'HHAD
confl9uration.

.A Band ReJRcllilwr can bo ablaineo by making Conill-anl (b) .." j

r.1nO R'I£: il11inil:: wtllr.>h \11",~ef1tt\l! (;O\lst31H (a) C" zero. ih",transfer
11.1rlctlOfl theri becomes'

TM parll.melerc. far the 'rrt'lflsmlssion Zt"lros (lll"mt'trator) am
'l!ven by;

13lQU,AD "tI'lANSFEfr FUNCTION

Tn,} BIOUAD c.('lnli£j<:ratlOn for :aeneml.ing Cal.lflf 1)" Bi!nO FIe/oct
re.~ponsel's Is sllo'i.rn in Figuro f.J

l;~.;ii~~;~I·

2(;, ]0. ,w- ';O~

lW~lr,~D ',I,
~~L',j~1\. %L~~~1::~ly

rlg, 5 F"nQ COi~RECTIc:,til Fig. t~ SIQUAD CONIFIGUIIAT!ON

~:)k

...) ~

,1~~

CE;:~I ",,"
fn'.l

~~ 1 "I;;

TI~bleJl R~ OR R3 CALCULAlnO~f

10QI,n

'Okf.!

S[E~P #3: Cal,culatif! R1 and R~ a~ a Pun~tin of Fo

ror tlllSIC 1m ill' g~~1n cotlfigurr.tion, I:h Rz

Tabl':: Ifl R, CALCULA.TIONS

R, n~, ~-

LOW FBEOWENCY OPER~,TION

For very bw !T",~uQnr.io~ {tn 50Hzi .=.dclitiol1al C8.pBi:,itancc,
can be ,I"ed 10 shunL th~f :/itemal jI,tegraiing capacltofs fl'(.Hn pins
f. l~ r ,',nd 13 to \4 R, find R,;l r)r€ then ctliculGt\1d f',S 1C!I!n...... t.

Step #I~; Cal(:ulat~, R, lJ5 a Function l)f ne:J.lgn Q

R,. eM :;i!' c2lq.1laHld horn lh-=: eq'.H1lionfl b:,teo ,n TaDle III

il 15,4

bSl:~i;Il~15:ilII'I~IU~','JT~',Il'IlO&l\I"--',M"""""'-'·_·'-"~--_··---
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if.
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PlN
j5
If,

"n,
'0
2J
21
i1

2·:
2"
~;.

";'

(JI~J,

;(-,

~.~ -- ----.-.---....-.----..---, I
c.-)"''-{!:l'- "~rl!' it': "'I:tJ:l" '1'1:1: "0 .........M).~ NI)7F

l rV\h/'V'v lNlifiv~v',c __ . '.'" ""'" "I"''''"'
'i1 ~ U w ~ ~ ,I 4 UU ,I ~ m'~t';~~''''.,''I'~

':.(1 T', ", -J .L-. ...j;'4" 01B ",I • ~:;~;; .:'~,,;~ 11,:PI:\ $

Ir ;~~;'!~;;;~;~-;~~~';~--------'--"--1
I PIN CONFIGURATION I
I I

I
___ oj 7,:J tAM . . --_.-__-1

.::iB VOI![
'" ._':5 Vt)lt~

, Powt?r $'JPDIy P;')ten!i,ll
. -G5~C;:0 >150"C

..... u'e to .,70"C

DESCRIPTION

3825Hz Low Pass Fmer

FEATURES

II! 0 Inscrtlor"t Ll5S
I~ Hiklh ()U\ 01 Band Anrtl1lff..horl
!I Lmv NOI:>8
ill Low In Sarl(J RIP~i~

.. Call be OpcrflterJ frmn :l slllg:'1-\)nderJ POW8r SyStr:l"

lh'l I\CF '111OG 1$ a linear t"lyt,rld :Ui/V pass RC Clcllvc fitter :"Jje
ACF- 7'poC filler pro,'kJe:i to! 10,'0 pass fi!t;;:r!!,y or speech
1i'~'quiOnCrli!~ whii'(J atlelHlatinl) [tiG ;3825 Hz S1nnfliing frcQlIerrcy 10
'3. ITi!r1l1num altcnd;1,tior; n( DO dB. H;t J"!l:ort~nce l.0KHz galll of
11":15 Wt9r IS 0 dB with a f11llximLim H) ::land ritlp!e Sp8c1flca::onOl
oll!s or minus 0. ~5 rlS Thi:s: filtDl' is pf;lckaged '11 8 du~i1 ir: litre
'C:liliigufation,

MIl.XIMUM I~ATINGS

\/(;c (MilX).

\fcc (Min) ,
Inplll VcHagl1 nang.) ,
Storage Tomperature t1<.'ngc
'?P0r8.ting Tempcta!lJ(~ fiange

I:L.ECiHICAL CUARACTf.:l=HSTICS (Unless otherwise

speci'i/er.i}

------~_·_----------_·_····_·_·IIriii1 ACF 7110C
~.-_._---_.-.---_•.-_..-.-_..• J

\"',:-(; "-:!' 12 \'/'o\1s
Tet - "2:5~C

~~~ ~ ~gd-:1

=~-~h'''C''~~~-=L~-;-."1 ,;, -I=" ".' ;.-:I~~ =:=~ondltl~n. .~=--=~---
6~11~8~~~a~~:~y I =~ci .(1 I :~; ~~ 6;Ot~z.ig~1: ~1:~~,~:r\OKHZ gO'n
frequoncy Re~mQr'lse I ~lefMencad to l,OKHz Gain, V

owr
:" 1.0 V

AIrl
$

-0.15 -' I 10.15 dB 300Hll!~ 2400Hz
-0.2 _. I "'O,1b dEl 29()'JHz
'0.25 .-. ~·O 15 dB 3000Hz
··0,75 "-- ~,O. n dB 32~(JHz

-50 I dB 3825Hz
-43 dB 3SSfJHz to 4050H1
-35 I dB I 40$OHz!O SaODH/.

-22. I dB I 5000Hz to 2Q,OKHl
-25 ,I dB ;?S.Oi<Hz
-.25 - dB 56 m<H7

hpJt mDedllnce 10 K n I
UU~PlJt lmpedar r.1) hOO !l

flarmonlc O''',,'lon I ·3!! I - - I oBm I Vir. +8 [I dl:m, 300Hz to 24[101;1: S looM or

I 1 I
Tl1lr<J Halrno,·c OutputOutput Off!ifll Verltaglo1 - - ~O I mV

G(Jrrent Dram I - - 2{l rnA Vee t 15 Vo !<,-~~~.:.._-- -- _L -=- __.. J.......:~:.. __L.:\~_.L .:::~,~~ ~_~.':.::::~~~~ _
18'6

ill__IIIlO9:Im.D!IIIEmUWiilllillll1ilB"~IIl';llltW_""_K~'_"_.._'_
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18.1·

---iJr- ! (1':Hz)

Flg,1 LOW PASS Uj~TA FIt.TEF\
TRANSMiSSION CHA~,f\C'fEFllsrIC6

Flg.2 rEsr CIRCUI1

JSl oli-:l"'f-~rT~I=-[i~":'Fl
_'01-__'_' -'" J~b:i.r---;·J(,-~·tt---J

__ -1_. -_. \t...-.L~;'_'''+'_I-.l.J
T '- +10~C ..-.......~~ ... _1- T "" ·'·2b"C \ IJ

'Of....-j-.l---j--.H+\U.~".-l.....J. .1

~ol··--rtt-·I--t--l

. -t-·~·t---;ot+-_·,..+-t··· .. _1-]
-80, -··t'-r--i'~·_·t· "-r-+-1-' -- :L... _._~ ... .1. .1- __. ......-J

o 1 2 ~> .t 5 6 7 & 9 10

'110V

l:l....-_L..-,
r I" 13 9 . ~ '1-0---11.:,J~~r- j5 ""-\ _ " .- I J 2K,'

;.5VP·pQ . f~~ rV 8 -'-1t

l
-r'-t-~[""i 6 7 '0 _

'.. "-J~

t"~- -~~~~-1~_~~1 I
-1w"T'~~"1- ~..::r-,;;1
l~==-==S

I

I ~ v" '0"

I':~~'~~""':~:~.'~:::::~=::~:~~~.I

I
:~~;,~(~~'OR~,~~~

!'IN CONFIGUIiArION

f' . ~, r;;:;;-;:;.;:;;;:::::~~::::::::::.::;;;;;;;;;-

--~:'-=F:-f·-·~-·-- ,~~~====
':0.16 dB 100dz to 3KHz

~O.15 I dB Ref f·reo ,KH,'
.1.0 dB 3.4KHz.
- dB 4.0KHz.
-- , dB 4.':-iKl-lz to tCI<H,
-. I Kn 1nOHz 10 :JKI-!:!

lOG j n [DOH! 10 3K'rlz
7..\ Vp·p'OOH" 10 3KH"
50 rnVI---- -,,~---- ._--~-_._------_.

0.1

42

50

Typ

.'·12V

,. Vcr:
··(;jS"Cto""iempc

O°Ctot7D~C

··--···--·--·-·-·-····----·1

ACF' 7170\:; j
••••__._~_,~ •__N __•

Ch,Jrfr,lcrisllc Min

Da:;sb3nd Fr:~q F1Elng~1 0
Pr.r.;sba;ld Hit.mle
G8in -0.1b
C\Jlofi Fret.) AWl 0
Steip E.lane! /Hter't 15
Step 8anrJ Attefl 39
fnmJ11rnpndcincc 500
Outp\,l irn~~{)ancc

OutPut Lev.;ll
PO'Ner

Vec .
Input VOltD9~' .
S1orS.9iJ Ternp0(1HUre .
Uper:Jlll'1qT!;lr:iptll\llL.;·l;! .

P~lSS t)Hnrj npple ': O.15'dB. Hem iOO f(,) 3KHz. 0) 10 70Q C
SlOP bana ~:t\enur.tlcm. 39 (113, 4.6~;Hz to 10llKH7.
Low PI)Wr: r tl-ssipatiG'n. 25 rn\....' typiCal
Inswrlion Los:> ._- 'J dB
Call De adiL-~f8d to rn,~ej l')w;~ Sp,~!c111(,at:ons for pOW·3r
5Uppli':G ffO!\1;f.4 lIoltH IQ±l~; ViJI1& or e.qLI:"~ildf({ slngll}

8nd~c supplies

NOTES

I Or (!'l/,.Ill}fllem SI'lQle 811d!ld S'.Joplres
2· 000 Qilm lona C3pilbillty can tJl9 '1upplM t)~· HIe 13.ClOr,

DESGRIFTION

MAXIMUM RI\TINGS

Ttle ;\CF" 7170G I,S ;'l "inear iCh" P3$S i.1c'iiVe Mer wi!n a
Cf,ue.r tYD8 re:;-,Jonse functlOI1 based 01' elliptK
lwnctione). The ,,;ybri'::l pa$!J a siqnal ir"i the pnss tland with
t, 15 d6 rioplf: to 3KHz and be 38 dEl down al.4.':·KHl:Wltll eqll£l!
rejCClior't Qut I;, "IOOl<Hz TI18 fJik,r is d,~~.igrwd!() bG used Ir, PCI,ti
tr<l.!1!;·nll applir;atioll:~

ELEGTRICAL CHARACTERISTICS
ave <Tp.
Vr"C - 10 \ (N t 1
-Vee" 10 .-•.2SV( , ':> ~ J

r.1t ... 2;<~.) iNale 2)
8$ ~ !Y.)!! iNo·:e ~)

FEA-nJRES

PCM 'Transmit Low Pass filter

r:H!lii_..



-"'<1r"-------.---"l ;i:.C'>!.~:<, w_

PACKACiE INFORMATION
PIN GONFIGURATIOIII

"IN ;,;:::,;,~,;:,; S"'''''''',,,
~ ,",,-entIO''''':H'",

10

13VOilS

lice:
-f;!;,"'Cw1.50C C

. .. O"Cto-'O"C

Il1ptlf Imp0danc()
OUtput ImplldClr!I;~

r::nve'{JD~) t'elay Distortion

Guaranteed Gain. Adjustment
A:ange ·16

Noi~>t: IS.,!: I'Jote 2)
Pow8r Supply RfljflJ::tlon -'40
Rali(~ -3D
Curr~nt D(:wl
Sll19k, f're(~ DistorllOli .%

Gatl:' "Oli' ,IS "Off' -BO
ISQI.;;tirm

NOTES'
1 TC5t Equlprnent - HP333DB Syntt'C~:;IZN, HP3570A N8twork Analyzer
2 Test Eqwpment ~ ~JEC Modei TTS • 27BAO Noise Measu~ing rest Set

DESCRIPTION

Vee
llipup/·,;tage.
b-lorag;Jl'empMil!Uti'l .
Onoralil)';,' 'Fem oor?,!urc .

n\·\1

Ei..EC1'FUCAl, CHARAC1"EftlSnCS (at 25Q C Lillie-51) otherwise :;p£clfled)
Vee 0-:':: 12 Volts
Rs 1011
R1 • U~K

----,--- r ----i----f -1------;--------------CheraolerlGIlr. I MII:1 Typ Mn: Unl~6 i C0l1dlUrm6

-;~~~;}~;;f< -~--rl----~ __ w_ --~--- --~- -T~loren~;;_-;H~~;:~~'1~S--

(See Note 11 ~1 () - I 0 dO 130Hz to 3CaH:z,
~O 1 <- 'I 01 ) dB I 300Hl: to SOO{tHz
-1 2 0 I dB : 3400Hz
-14 S - I dB I 4000Ht
~28 0 -- I _. I dB 1d6'JOHz 10 12KHz

20K I I ohms I10 ohms i
ID2 200 ,lJ;lCC' BOO~2700Hl

E>3 100 I ;JSCC 11OOO~:?5(jOH1.
3D 50 I J.JseC 1 1'ISO~2~~OOH"

~3.:e:'13 aEl FrcQ. :: 1KH~. VI~ - BVIJ-p
~2 dBRNC Va 1.3Vp-p

dB ll=-req. - 300Hz to 4KHz
dB Freq. ." 4KI"'ll to 1OI(H"
mA Voc=:t12V
dB t:-lef.;!renC80 to frf;q. 10~OHl .~

Vi) "8Vp~p .80DH~ 10 ",kH~

300H~ 10 3000Hz.
" maximum He, :; 6\J(' L. ~:'g. 2

Tna ACr.7'li'4C is (1 PM,II GAi;E a WIt-aT low pa:::s ac.:'i\v,; fi'ler
CflllElr nl:ir,On~l~ Wittl SINX/X correctiof'1 p::;ckag(!d in fl h)'t,rje/. It
i5 el1pabl",. oj exeoedinCJ 1I,T & T 03 Cha.~r.fI8ankCompcitibl!ity
Sp'lClfiealions and IS dt'8igned to be lJsed III PCM "Trun!.;:" Re·
cei't'o applications. TrrG hybrid dCJnt..:illple,:es. ho)d.9 3nd iHten,
the Inpul information

FEATUflES

• m::MOn PAM GATE <SI'ld Trunk H£,cG:v~ Fl!t'~r in one P~g

II EXCOetlG A'T & T D3 CI1.mnel Ban~: CorrlPatlbilJrV
SpecWcatkms.

• to..... 1'10[(>f:1 +20I3RNC M3:,
• Adjusti,ble G<lin -16 jo +.3.5f3dB
" outpuL PC·Wi)' Sllppi~ 8ej~etiol'l Ran" '~i)d8 [;11n1lT'!um

(Froq,::IOut-!Z to 4KH;;)
• LQW i'r,W«r OissiDal!')n 240rnW rna;<.I,':iwn

MAX!MUM RATINGS

~]=~~-~~~~~~~i~~~__~:_~~~~]
pGM 'Trunk Receive Low Pass Fillet' and f'AM GATE

f
I
I
I
I
I

I

!
!
I
I
I!

BGQ-·nOOHl
10aOw 2500Hl
'j HiO w 2.300Hz

F'rNI 1KHz, ):'Ig. 1

rnpUl VolI,'lge t12 VOI1f'
G<:Iin ~ 10ljb
GfJl11 := -21~db r:req, ::: 100Hz to 4KH,:
Freq '" 4kHz to 10kHz
V(X; ." "'12
Vr:;r:. .~ w'12
Arjff;lr8nCOc~ to Fr"fl' 1020Hz B
300hz to ·~kHl

No ft\'ldenc& 01 O~CJnatlon

I'ACKAGE INFORIIIIATION

PIN CONFIGUAA1"ION
,..... ,~~-J. rOOf. ",_.__ .' 7W:MA/

":':' I
j3
1~," ",·c. ,."''''_,,,,,,,.,.,.,,,.

iI Ie. Pt':(':'''H'''11~' \ViPf"
'-/ ,

. ,.:.18\:0It5
. ., .. Vee

-65°C to 150"C
." ,O"C to i{)"C

o
J:~_?

·----·------------·-·--·--------1
AGF 717:~C

----.. --------_._..---------._------j

InplJt fmpQOBflC8

Outptii Impl,Q,mC8
Enl't1iOP6 O(llay Dlatortll;ltl

DESCRIPTION
no ACF7\"'i'3C IS a !Irtear nybrid low p::lS;~ f;.ctive fil1~r with a
C;"iUer 1:ypa, msnOrlse It Is Capabll3 of excuc'dlng AT &. r D3
Channel l~r:1rl'( Compatibility Spl=;cific03tll.,n:, llNlls de~igf!C'dto be
US9(J 'n PC~A "TrLirlk"" Transmit appllca:iolis. "{'his RC Active Filt.;Jr
"'iii pa:,.s i1 sl~:nar In the p;;;5:'; band wilh O.2{jb pop ripple tr':rn
300Hz to 3li':iOHz alld be 32r1!; down at 4.BKH;; with ~q\J8.1 ((lje,:...
ticJl" to 12)<H.~ rr:fniITIlHT]

FEATI)RI;:,
l:ll. E.l(C(;1ids AT & T DJ Cnrmrel B;H1k: COrflp;atlbllity

Sp~JClfiC~llDt'lS.

III ["ow N(}is(~ ~lSl1BR!'IC @ Gain.:: ""10dD
III 80Hz AttE>nllotlOn -14.5 db Min,
• Ad)uE:tubla Gam 0 to --28dt')
• OUlput G~fi.rnp Voltage 4.5 Verlls maXiinum
II Output Power Supply Rr!ll~ctioll Ralfo ~

dJdb mr!llnllJt'n (Fr&4 3iJCIH7. to <1KHz)
U LOW Po,'{t1f i)i::~,ipalion -·240 mlJ1iwilH5 rfliJ~hTlUI"!l

It MaXrlljVlr, O~ltlJut voltagl~ '4.0 Volts

PCIIII Trunk 'I'nll1smit Low PlISS Filter

MAXIMUM RATINGS

Vee:""" ..••
lr'ipu: VoltRS€ •.•.
Stnragf> Tr."npel'dtllri.' " ••
O~:ermtng "'<'rnperatum

EL.Ecn·lICA!" CHARACTI:RISTlCS (09.1 :?S"'C Uni(iSS omel'wli3e .~pecltIG(1)

~~ " ~G~~! 0~~T:;:~ ~;;'\;(~jts

CM~rs('r~rlstle Mirl, Typ Mm:. UnHs Cl;lnd!llQns

:~i:q~~n_c,· Fl£'~lpol1se R&![~,-€I1Cl~d 101KHz Vow.c, V"V,5
l$eE No!e -- _ dO 60Hz

- 1.0 0 (lB 1aOi.,z to 30D,l-j1.
~O.1 "'0.1 l'18 30014;: to .3000Hz

o ~18 3,:.oOHz
-14.:;, "- dB 46001-1,
"-32.0 d8 4BOOHl to 12kHz
lOW. O/1ms

- 10 ohms
102 200 usee
53 roo ,L/:leG
30 60 .,·sec

·:29..25 dB
i:4.5 Voll$
.. 15 oBRNC

d8

10 rnA
10 cnA
- dB

10 l:m'v
5000 pF

Guar(lTi~el,d Gmn
Ad)l.Istn1ar'lf R1II'1!')8

Gujput C:i:lmp Voltagt;
Noisa (SCp. Note 2)
Output PO'fJo1ll' Supply ~40

Rejection f"i'ltlo .::10
Cllrrern Dr,H1 8

B
Smgle. Fieq Distortion ~5:.1

DC Output Offset Volt~ige

LOl)d G",p~dl[lnee

NOTES

1 Test t:qulpment HFi:333Co8 $ynttlcslz.er, t-iP:::S70A Network AnalyzElr
;: Test Equipment NEe M(;~I"d TTS~37~3AQ NO:se Measurhq T8f1t Set

r:

l 713-1 1)
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j8"1~.~

-----------J
ACF 7H5C

"_.-_._.-.-.._-,-,~-_ ...,--.__._--_.

PACKMlE IrIFORMATION
PIN CONI'IGUAATION

MAXiMUM RATINGS

flJNCTlON PIN I'lJ!4CTlt.Ii'1
';~N;]"--ZlnICI\I SUpq-:·, '0 fJt-,

:~~ :; ~~C ~.Irwu' '~ '~~~,FjWt_YC'; ..

Vee, . " ::18 VOIIS ::~ ;~ ~1';'(;hn,-:c~1 Si'P"I\ ..

jnplil VOltage. ",. . Veo '.'f)~hilnlc~l :i,)prr:I" '1) rJA

~t~~~;t~r:e;:~~~~~~~~re . . .. .-.~$;;'~Cd~~;6:g t~~\I\I;_~ Vel '7 O~l\)~j

ELECTRICAL CfiARACTERISTICS (at 25°C uhloss olh.r.vi,.specifledi,',

Vau, 0 BVp'p I
Vee'" ":.12Volt!J. .'.
Rs- '" 600 n
I':\l" 1.21(

CI'farlllll",rl31lc I Min ryp Milk Unlt~ -"-~::':.._._--~----- I".
Frequency Ree:IX',1S.U I Refer-eMed 101KHz , .i.

(SeQ Note 1) . ' VCLI1"" HfFlMS DC BIO(.,K1ng I
-0.3 dB 300Hz to 3000Hz
·14.05 .- 0 [lEI 4000Hz
-30.0 - -- dB 4eDOHzlo 12KHz

InpLit Impedancl9 I tOOK ohms
Output ImpGdnac() - - 10 oM,s
Envelopo Dt1lay CJIstortlon -~ 102 150 ~1,~'BO aOO·z7JJOH.;z

53 75 P":ll~(; 11 OOO~25C~)HZ
~O 40 ~J:;J:C 1150~23g..)Hz

Gnl!'! 8.15 -- 8,35 d8 Fraq, =1KHz

OUlput CiSlrnp Vl)ltage 1 ·.... '1,2 - +;4.5 I Volt~ Input Vol18QO ":r:;1Z Volt!>
t~oilSe (See Note 2) -- ... 6 "12 deRNC
Output Power $llDply -40 - if') IFmq 300H. 104KHz

c~~~~~t:a;r~~tl() -.~O U ~~ I II~A ~~:Q_ ;~~~ 1010KHz

~ El 10 rtlfJ. Vel, -;: -HV
Single FrElq DI'llIJri!o" J -55 - J dl3 IRefBren(ed 10 FreQ' 1(Q:{}Hl &.

Vo - aVP-p. 300Hz 10 41<Hz
DC OUlpUI OffH,l Voltlige -10 0 10 mV
(Oad Capll.cllanC~\ - 5000 pi No [lVfdElnco C)l oscrllaticn;;m;--------- -~" --- .--,~ --~----------- _..._~~

I, l"tlst ~~qulpm(;m M HP 33308 Synth09s!zer, HP 35'70A Nelwork IInalyzor
i!, Test l:'qulpn16I1t M NEC Model TTS--.37BAO Noise Ml:iaslJring T€r.l Set

DESCRIPTION

'lhe ACF117!; is a linear hybnd low pass 8CtiV(l fillcr With 1:1_ Cnuer
[/pe resf,lGnse II '0; capable of et.ceedm9 AT & i 0.3 Channf;,;
(1ank Compatibility Specifications and is de5rgn~t:l to be used in
PCM 'line" TrCHI$r'llt appllcallons '''"tIIS RC A;:!iye Filterw:1I pass
;:; signal in the pass band with Q_b ab p.p ripple f(QiTI 300Hz tD
3,'WHz and be 3Ddb dOwn C)t 4.6KH~ with ~qll<ii rejeotlon 10
12KHz minimum

PCM Line 1"l'ansmil Low 1:lal,~1 Filter

FEATURES
/Ill ~:l(ceOdB AT & l 03 ChanneJ Bgnk Comp[oftibllillJ

specHlcaljonS
" LoW NoiSE: 12d8RNC @ Gem'" ....B,250b
FI OU1put Cltlmp Voltage ;!:4.6 Volts Maximllm
• Output Power Supply Rejec\tOll ~%tio 40db mlr,umurn

(Freq 300Hz :(J 4KHzI
~ tow Power D,ssipatloll 240 mnJWatts rna;.omlJ(Ti

Fig.1

j
-'--::--'~1:-:~'

i
----.---. ,, J,.------'"-

, '6 L

£
-------1' 171 r--1

C' 1 I IV I 1 FREQUENCY
/' SE.l.ECTIVEf I {, MOl' \) VOL,' M"'"

L
~ '. ON

--'J' 1" , I J OF? - -BOd'"

-,,_ lr-iJ,:"l~=- ,---- 11 1.1 J t-~

1
1-----"1""----·-- .~-

ON' i I
_~!;Dff .,,, t _'"

------------------_._----_._---_._-_.__._-_._---_._---

Fig. 2 GATE "ON" \/8. "OFF" ISOLATION

-,z f-=1 f---'-,'--1, ',. __L ,,_=-_ 13-----~- ---r---~ Ir-'-- r--- " l
~ ---~. C·

I '»- - I , • ,)•.•C' ~-/~.-.-..-- ..------- , , ~ ",'." , I7--- _.L __ - 'V~~_ II 1 ...1

-,- "-'--'.1.--~'''' ------.---- --·t,~rf _._ 15 :~ "" ."'__---c~~/'O ---.------ T J
'0< f""----. I 3MEC I

--~ r- -1 i

I ' J _ =IL_, "
". ~---12"GEC_.---J

m-l:!



EU-;CTRICAl CHARACTERIS1"ICS (at 25°C unless other~llIse soedfled;

::lg.1

uN=: F;~.':GIVE

----1 r 3.9!JSEC

_JI Jl-
( .., ''''iSEC ..•_.~

I-"-~-·_······~_·_·_······_----_·_-_··-~·_·_-_·~-I

I, PACKAGE INFORMATION I
I PIN CONflGURAYION

I I
I !. I
I ,
: P,' "N "U,<cr,oN JI
I

1 10 ~
- 11 ~,N,

L' r,";
I 13 N~ I ~~ '-Ie

'0 M~_tjln'C ,I6uppor
t:> l' \/,l __ ~. ~:: .. ._. _, 18\(011:>;

Vcr:
"65°010 150"C
.. v'CIr,..,.70"C

MAXIMUM A,\7I1'1GS

Vel.. - ,12 vults
~"- 10~!
1\ _1 ;~K

OESCAIPTIO,I

Fl;ATURES

III oriMOIJ PM/r GAlE. ond L!?HI riec'Jlve Filter i'l one,' package
Ell E)fceed~ A"I in D3 Ch"nnfj; Flank GornOHlibilitl til)c~:lfication
P Low nor:!£: '1O,1brnt 'lHV(lllh,!l1

'B Oillpul Power SUI:Ply F~&j,~c!lC\n Ratio J·()(.Ib rna:~lnlUrt'

(F'cq 300HL 10 4kdlj
ltl Lo\~' power [)iS~ip<!tjOr. -"- 2·~Orn'.'" maXlmU~\

"['ilE: AGJ= 7176 I';,. <l PAM GAT[, a Iill~nr ;'0W PCl~5 (;~1I\/8 fll\e.i CoW8r'

tGsponsf' with S,'NX/X carrect.iQi1 paG~ag8d 1{1 ,;) hyorid It 1$
cal1fJb,e Of eXC8c,D1ng AT &. r In Che.l1nel Bank: GJmpatlbilily
Specificatlon5 a,-d i:;; d€~lIgnM IO M used In PC\1"Lw:," recGivfi!
:<Irplication,~ Ti'lfi nybrid r1'lfil!.d1ip,exes hQids anG 1iI1us trl"~

inpIJ! 'rfnflTlatKl',)

\I;:.r..
Inm.l Vol\Elge
Swr,"g~ TerppHatUrFJ
C'Derating TemP:;rature

IPCIVI Line fl0Ct11vHr Low Pa:5s Filtl~r <lind PAM GATE

I ~-J ACF 7116C I
_._.- ._..•._-. __.~.~._._..-~ ..1

'~i

r~~~
J~~!
li1!,\

.- - ._~·;;;;t~~7:~--~ ~~Tr=~'~-r-.:r;- ~:.--~'::::_ ~T U~~~_I~. ._.~~~o.~ ._
f re l,-,<mcy Rl~ Or'38 nElfE;>fcnr,Eld to 1KHZ' Vr - 1 VRMS
I Sea "\l""'l 1 (I,j ".03 (lEI 3IJOHz to 300Of"1?

- 14 b - dB 'lOlJOHz
-:?80 -- (jfl 4COQH7 10 121'\Hz

nput tmpedal C, ')OK ohms
Outpllllr-nrA~dCir)tB - I ~ "0 ohms
E:nvelope OBI::).' O',,!Q'llcn I 10:::: ltiQ u~"",r. 18QD--2IDOHl

53 75 !IS(~C 1000~~.50(JHz

I 30 40 W:3C 11'JO~Z300Hz
GJlr 84 , -R 20 -·13 0 t1B"" lFrflq 1KH1
I\I:;"S\: (Se{\ Noltl 2) I J - 10 dEttJHC
Power Supply l~eJecllon ~i 1110 -4D I dB FrtlCj 300Hz 10 4KHz

~o ~- Fr"EVl l\Kr~l 10 1QKHz
CIJrrlO)'! Dr;;;lf) , B 11) filA VC(~ - • 1',2\1

1mgle ~rOt) D'M:lr! 01" I ~5r) I· - I dB RrJ(Pfo'Mld '0 Freq 1D20Hz & Va - 8 Vp·l.l

I 300Hl ~(l 4f,H•.
Gall:; On' y~ nlf' ISIJI<i'IOfi 80 -¥ IJ(J FH1q J.JOH, 'r 3000H?_______• • ~ n __ ~_----L...__ . ~ _
NOTES
I Test EqUlprr.i!fl1 "- t·IP3]:ji)['I Syntlll>sizer. rlP:i570A r>Jolwork l~naIY7.e'

:! Test Equipwew"- tJEC Model TTc)~37Uj~QNoisQ MOflSll(Jr)fl'iest Sr:;t

j
_._----_._._---'_.

.~- 4 " 1-·--
"0''' L I 1 CREQUENC'lC~ SELECYIVE

300""' \'"\~'I "'0 c! (r. VOL·· "'TE",\[)Jusr FC"fl Y '. \...'~I- "- C
OOl'm OU1PU'f\.·aGd""

---<] tt
~ r·-.- ~A'.~--t--l--1'3--- J

o,,,:' \ 1_POFF •
;{ "OV ·,c .'2'1

~; 78"

~fIIIJIl """""''''''''_.'--''--_·__···-

Fig. 2 GATE "ell' Yo, "OFF" ISOLATION

;E:.,~.
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13·17

~'-Ot;··

~ldb-'

000-'
-·ldb-
..2db ..
~3db~-

-4db··-
-5db··-
-·\idb·-
-7db-'"
-Bdb-
-9db~~·

-10db-··
-11do-·
-12db-
,,13db..·
-'14db-
~lSdb·"·

f='SCil r~f:Ir Fo F"pc;r"

~REqUFll'lC'{

1'19,1 FREQUENCY RESPONSE •

-'I.., -V,''. (;'~~~;~;!~;A ,

1J r--1f-1
~.231'~'j .,

D(;:TECTOH I - ---0 T"lblt~ I

't<P"T...C ~j=J-- ~·-_··"'-'-l·;;;--T"-L~~~~!~Hig;,-I-ii;h- I
14 i? 10 9 "'l CL'!I~ter jStop Band IP£o$!j Bond! Pm,!; Ekmd Stop B~nd ,

Ftl!quel'lcli r:raqt.Jeney! f:requeflcy !, Fi.~tIU,(-tr~c~ FI'':f:lU,NICY

ACF 7300C _ (FOHl<,) (FSBL)(H~W.':~~~~~..l3:~~(H'1IFS':.'!!"',)
54tJ 430 I 030 i DOO f:L,O

U
660 650 650 i 870 770
1130 670 "170 i 790 8£10

-Ii-1'i-+-~J5 _..;-J 900 1 790 ' 890 i"'O 10'0
L I. 1020 I 910 ~010 I '\030 t1:'\0

.l.. - t'- 11.10 1 1030 1130! 11 60 1'250
~ 13BO ] 1270 ~3"10 1:l~U 1490
~ I 1GOO I '1~90 1490 \;i,Hl 1610

FJL'l'E~ Ci ~IL'1'EA Ol!Tf'U'r 1620 ! 1510 ;610 i H130 1730
(~!PU! 1740 j 1630 1730: noo 1850

,io,2 TYPICAl. APPLICATIO~ 18eG i 1750 i 1860 r 1aW 1910
_~~~ ...L.:~J~._,~~~ __L_..~~~_. 2080

f

:I~'J

IiI.. '/..

r.IN

,,
a,

Hi

"12

PACKAGE INfORMATION
PIN CONFIGURA"fJON

NOTf,; ~"r prtlpor opert.lbn r:::n",~c! "'In..)
II" Pin 5 ~nj I:oir, 7 to ~il' 'I~

-------,-----] 0;0

"y'''''-'''I''''''"Ky:'-''' T",'\! ,(\1\, "---" "''I'
~ u u U U I

"J ~._ .:~-:~Gg~~~;Cti~

"I 'i.

II 'CF 7"000 FRED "',,

!l GI "XX '",

~leVolts

.""5Volts
, Power Supply Potential

-·65\'Gta·"150~C

, .. D~Cto~70MC

--_._"-_.,-_._-----~-~-"--j

Chlm'll:(~ri~iic

Filter'
!n:oullmpf3danCf,
V(lltage Gain

~------'~--'----'----1
111-'--- --- ACF 7300G ,

DESl:RIPTION

FE~,TlIflES

., Low Power Dissl[HltiOfl

II Cal1 b~\ opl:lra[Od frorn a sing Iv r:md8d power s~,srem

til 20 dB minjmvl1' nttr.;,ntJation at stop band 'req(J~mCie!;

• () dB Insortion IC~lS Itl pass Datid

II Flxfld band wid1h fi'ter
iI!l Internal full waile dl:lter,1or

MAXIMUM RATINGS

Vel) (Mu);) ". ,•... , •.•
VCG{Min) _
Input VO!18fjO F!£l[1!Je
Storag~ Tempera.lu.-ij RMgl~ .
Ol:n~r3Lin9 Tern9E:1"hHt: Fhl(lge ,

El.iEC1'RICAL CHARACl'ERlS"I'ICS (unless ot~lSrW'lse speCified)

Vct;' t 12 Volls
0°(; to "70~C

FlJkr ,-OBO R.eslstll1c8 SKU
De:r.:G!or Load ResistGncl?' <: 5Kl!
Source Impedance, Filte;r ,)r D13teclor:, son
-"~---'~---'---""---r-'

Band Pass l~iller lmd Full Wallll Delecitor

j'hr. ACF 7300C com,iBh, of -a fo~!r (41 pole, lixod band '.'fldlh, pand
p33S tilter, far-tory :un:ibll"! over.n c(:lnl(~r frequency (FG) ~Bnge of
54GH.: to 19BOHz, ilfld a lull Wfi'/~! (Je'\ec!o!. Tnis P.C f\C(IVlfj filler
and detector is pa"i\aged in a dual in liMB packaflS Only OM

e.IC.tl1rJ181 CElpOICitor is ,.equiri~d for filterin91he dutDclor nutI'll:, the
bil!rl!"ic~ 01 the circuitry is ~,t>lj CDnlG.med "e~ui(ln~ r'o "ddlliom,1
eorN:lonents tOI' prctJl;r Opf:wticfI

---~----- -------r-----
Mini'.~ Max. I O.,.Is- Condllions

10 1- KCI1r'flS

I See ~i9ure 1.

- I 0 CS G8, I !deal Center Froquoncy (Fo)
j (l I 1.-5 '..-cJ8 I'ass Band (~10Hz itom F(J)

-20 I - oB Slop Eland I ;;11OHz 'horn Fer)
Iflp\Jt VIJltagc 6 I "M' VIl p,.1,g

Output Impeal1l1C0. P5 ohms1
DDteclol'
Input lrnpedElncr:' 25 I( Jhms
Input Voltagll ! 6 .-. .- Jll~\S

Voltage Gaw 095 l 10 1 05 VOCJVR~AS S.)(I 'lgura 2
OIJ~l'lut ImpedE'lJ <;e - '- 2S ohms
()U,pul OffSOl VOl!a\1e - - 20 rnV~)Jl~,-"".,""~~ .I_"_J,, U__,,, ~
Standard factory t'JMd filters aV:J.!lnblo With the follOWIng Id~al ':8nt£.'r frGQlJeflCH3S:

540Hz, 6flOH:r., 180H7., 900Hz, 10?lIH~:, 1140H;~, 1380Hz, 15001-12:, 1620Hz, 1740Hz. 18tl0H;~, and 19CiOl-iz To orl:iw one or vw
(Ibovp. tuned filters, speciiy the (levleo as fOJlI)WS, ACF 7300(; .. Frequency t:.qJ. AC'-: 7300C, 05,tO

Olher factory tLhlfld f(equeneie~; MEl available upon rcq,Hlsl ,~f1d nominal set IIp ~)hmge

713- 1;;'
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n'·19

'. FIL,l"eR OUT?U'r

;:('1.2 TYPICAL APPLICATION

i
FILTI;R INPUT (;

flg.1 FREQUENCV R~9P(JNSI~

Fi:lcQuENGl'

~\Ic,. ~v"c FI ....l'I;:P.,ING.
") CAPACiTOH

-H-

DETECT!)8=t1 ±±£3""' OUTPUT
INPUr~L- __ -. .,

U 12 10 8 8

ACF 7301C

ltd '
I -~

-'-201:1_
-'-lclb-

Om;>
-iot 
~2db

-3db'
-<lob
Sdb
'db

-10'0-
-Bob
-9db -
10dtl 
1 hJb

~;>"J ~(. ~"Ii'"

TAGI.E 1
Ctnter Law Slc,p BD.r.d Low Pat'll Ben d Hi;hPll'";B;;;;--T~SloP"I~""

l;r~iquet'lCY F~eqUlrel1cy FrijtJu.£l"c~ Ft-equ.eney FrlilqU€i#lClf
1,1'0) (tIZ) (FSBL) (H,) (F?BL.) (H'I (FPBH) (1'<) I (FBBH) (Hz)

_.---~: -~--~~~~_."'~.- _._~~~ - _._-- ~~:-~~·~r-'"~·:f·----

110'0 9'!5 lOBS "115 l 1286
,~'OO 11'15 1~2es 1315 '148~1

_____l;__ .._~~ ..~;,~~_ __;~;_.~~. __ ~~:: .~ _..,__;~;. _

r-

PI",

1
Nurc For pT~)cr ?,,~r~~:')1\ ~,·n1<,,~ll'ir,"
';, >'i~ ~, ~r;':: "Hi 7 Ii! p". 1~

(-'~'-~'--'----'----I or)

i I "C'

,L""'77?''J-?J\r",··1 ,;
.::~,~~~j(,b~;,:--'T :;

ACF 730'1 C~t:I~EQ

GI Y.XX~

j"-'---~~--''''---'-'_' __ '_~_' 'M_'_''_~__ ,__• ' __"'_'~~_""_

I PACKAGe INfORMATION l
PIN CONFIGURATION

I

25

.",. t18Vo!ls
.!!j VoH,~

.. Power S;JppJy r'O!entlal
,. '€5"Gte'-'-15G"C

. . .,,, O~Cto --7(j'C

------------.------1
ACF ;1'3iJ1C

--- .,----~.~._--._-~-----_...-------...

DESCRIPTION

The ACF "301C COnSistS of a four (4) pole, fl)'.6d baM widtn. baM
pass fitiilr, factory hmablr: OVEH a center frequ(lncy (FoJ range ot
700Hz:o 1fOOHz. and a lull wave d;~leO"!Qr, This RC aCli,·f! filter
am: dtl't(ctor IS pacKa~ed In a dUll' 1(1 line pacJ(39D Only onB
li'x!·3rnal capacitor 1$ required for (Illering !1'l<2 detector OLllpul, tl»
balance at :he cjrcwlry IS sOil conlolill:>d rcqtJ:rl!lg no i!.,]nrtJonsl
cornp;:;m.ll\t$ tor p(Qoer OpEratiOn

FEATIJIlES

P Low Power DisSipation
IIJ Cal1 btl oporated from r:l !lIngle end.;;::1 power syMern
iii Odb InsortiDn loss in pass band

• 20db mi!lirnum attentl.Jation at stop band freqUE:nci",s
II flx(;ld b8nd width filhl(
II Int~rr1~i /ulJ wave d~i!)t.:l0'

VCc(M",q,
Ve~(Mm} .•.
fnpili VoHnge R.angr; ' ..
Stai'ag",T~i"'lperDllJreRotf][je
Oplr,'(aUngTemperntUreAange.

MAXIMUM RATINGS

Vee 12 Voit~

O~C to 1'1'O"C
Load Resistance. Filter OwJput or D",teClor OlHPlJt " 5f( cmms
Sourco lrnpadl3.nce. Fillei' Input or OolcC'tcor Input.:; 50,;'2

ChsreclerlsUc MIn Til' Ma>; Unlls CondltlQna

Filler

!Mput Impedance 10 K onf:1~

VoitEl-oe GDin S~~~ r:lgul'e 1

- (J 0,5 -"(IS Ideal c!enter P'eqvency (f('))
o 1.5 '~dB Pass Band 1};15Hz from Fe}

-20 - dB Step Bond (~; 185Hz fron' Fa I

VAI!ls
ohms

Input Voltage
(lutptll Impedl3nce

Del(lctor

Input Irnpeaance 25 _. I< ohms

Input Voltage 5 YAMS I
V.O,I(iiGIC Gill", 0.95 1.0 1.05 VDCNrn,'IS See FiguflJ 2
OUlput llnp!!dance 25 ohms
Ou1.oul Ofrs'St V<;lIta(jt) 20 r-nVOlls I

_~~_SlfPP~~!~__._.-L._.=..~_..~~~_ 3.0 "_ m~, .L__....._.__. ~'M_. _

standara factory tuned ~lIters 1lV<lllable with 'Iho followmg IdBa! r;ent8r frequenciEs. 700H:!, 900Hz, '1100Hz, ~3DOH(. 15C(l.~1z. and
1700111" To order om: I;;flhe ~bovc tlJn';'u lillCrs, SDeclljlliw device a(i~oilows. ACF 7301 C ~ Frequency. e.g. ACF 7301 C -oroo
CHher factory tuned f:eqLenclos r1rc [l1'i;!llable upon rsoUEl$t and a n01TIIt\81 set WI) ch;~rt::l8

ELECTnICAl... CHARAC1'ERlSTiCS {unless o1herwlse specified1

B~It1ld Pass Filler and Full Wavill' De'lector

78·18

i

L
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f·requeney Frequ~~fJCY FfoEtqUe.nclf; FI'eqllr.\,\cy PteqUl}nl::Y

_, ('O~__ _ (FS:''J_l~_ _--.JF!:".LL(fj,) .'_:--_£f'!BIi).(H...:~---r-_!"~~~~_
r~2aO 2160 2265 I' 2295 2,K{J
:MOO :2280 2:W5 241s 25~O

2600 2tUJO 2585 2810 2H:O
3825 370B jaW 3B40 5$,45
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See ~i;:JU 'e 1
Ideal Center Frsqul;1ncy {Ff)j
Pai35 Band {.:=15Hz irurp FO)
Stc,p Band (~ 120Hz fr'~rn F,),I

Sec FllJure;::

---------------------------·-----l

"" I
'" I

Acr "/UU2C·FR(:Q
GJ l!X;C>(
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PACKAGE INFORMATION
PIN C011F1GlJRATION

f

N,-'1 E fo' l"'lC"r '''p')"~!I\ln \.,.,'crn.-.( f'l~ ~
to ~il\.'i tiriJ hr, 71~ Pii' t~,

. ' . .;:18 Voll~

.. }:;5Volts
'" F'owerSI.q;p,yFotellTlal

.. -65"Clc1... 1GO"C
., O~C10N70C

., Low Power OISbipf\lion

lIll Can be operatad flom 8 SIr1gle encod pOWI,; 1)Y'1!em
i1 ~(lde mlnimut'l' Cttten1u<11ior'l "t "'lOp band frequel1Cies
III Oj8 Insertion ,0·'>:; ir p&tS!! bUM
UI! FI:.<.ed band widlh filter

:til i:ltarna\ fUll waV';l GI"lI~ctor

The ACF 7302G consIsts vf six (5, pi)le, fi:-;ed ban(J wldtn, 01lnIJ
pe$:~ Wter, rae/orr' Wnilblo OVer fj, c,mttW lreqt.J{mc;riFoi (3l\ge <J/
2281))'-1;, te 3825H;:: &t1d a full wave d,;!;eotN fhis At.:; actIV(, filter
and d""cctor i<) ";:lckag~d in a dual in !ine Pllr;k~i:~o;l Only on~
flxlemfll capacitcr is required f,)/,!ii1erir,g tb8dg.le~tlJT outpu:, lIw
b..iGnce or the circultl'y is $alf cOI1Htil~ed rElQuil'ing 1l(l ,1ddilio(Jal
cOiT;ponerr,s fo( pfOller o~,erallo(J

OESCRIPTION

FliATUfiES

fl.ll'ld Pass ~ilter 2nd! Full Wave Delecior

VC,-:(M3X) .
V<;c(Minj .
Inplit Volt~yt'l'li.Jn~W

Sloragl'} Tempera1Unl R3I'Ige .
Op~lratlnf: Temper-Bture Rang.-] .

MAXIMUM RATINGS

~LECTRICAl, CHARACTERISTICS [unless omer",s. specifivd)

12 Volts
to -m"e

Fill,:!" and Oet~c:or LaM AeSt:ltanc€ := 5K O~1ms

FI,')'£,r dnd DetccJQ' Sourc,~ 1tr.::md<;nc9 "Son

=~~~~~~~=~=p:_Mln_~~--;yp T~.M:]:--'--C~'h

Filler jInp~lllrnpp.dancZ' to ~ K I;/,Jrj)~;

Voltage Gain I -. 0 05 d,

Of:) 03
-2:> d8

I fllJut VOltogl: 5 I V::III',

~:~::':I~~mp",n,,,.! 25 on,,,
Inp'jt Impt'!dMcf 25 K ohms
Inpllt VoflE:.l)e 5 I V

mMl
Voltagr Gam 0 Cl[, I 1.0 1.:j5 VDCiV

nM8Outpullmpedance - 25 ohms
OlllpuI0((,,8 'Ie It?:JO I 2() n1'!olls

__~~.~~~,ry CrJ~~~______ --=~_" j~._:::~,_"J., __-=_o__.~~_._.L._ .._. ~ .."_.,_"....
St3nd~rd factory tuned filters a!lal~ablc with the f,;.IIOWltTq ids,;.:, c(Jnterfrequancle~;: ne.OHz, 240DHi~, 2(iODHz, 38251-1. 7norder or1&
r.r

f
tho above till\f~d filll;lrs, NWCi!;1 the dli'vJt.f.l 8S JOllOW<.I, ACF n:w C • Frequ€nc}'. e,g. ACF 73:::2 C _ 2280 Other faC;()fY tU;18d

fl"fo{jUS'lClof). are ~iVallntlle !mon r~qU~tS' itnd ~ 11CT;llllfJ! ::Joot Uti charge

1C!l=~--~=~-~~~~~~~~~_~-~~-:~--J

7B·2')

"·"-·-----·,-----.....~Ji;j~gl»~J.i'J!t..
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18,2::\
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F".2 ~CF 131DC P,.SS BAND ATTENI)A'rlON WAITS

Vi-r-T-r-'-r < .,'C ':::l·'·-- ._,-- -·-·r-"li

'IO~·-~i.-·_J---'tJtr}-{ +-f+.._..l---I,..
I i \ i !.'·I 1 I I \-20\-t-r··--\- .,".' :\ -';1----r-·------t-··--1

I ' '~' :t' !.::I~J..='-~IC--\ ,~: ~.~'~B '·~~~~IS·~~l=t---, .. I I
·9~ ", I I", -1
4
'..-'..-,.:.....",6.---\-.'.-'. ... ·'0"8.~..- •..- ...-.- .•.-

" ! t' \ ..+~~~. '--- ._--~-_ .. ··--··-f--r--·· _.:.~;;~~~
.10~ L __l._..__L __......-.L-.-L ..I-..-.J-..--J -10;8

1600 18ml 2000 2:~OO NO!) 'alOo 300!) 3:100 ~l"CIJ 3500

-_.--- 1-,...---'--

----.~~.---,-.-.------- ---.--r--r--T~'~=:fi:-;\· ! II ., f-····-·I ·-, ,~L.>.::;,.:o...".[ .. ~i v.:'f····-·_·t·-;-.- -'·1
:r~LI··-T~~'·.\~~· t:: 1 ~

o ..-_. I, ~_' . • _ .:-~~-r--- \ 1 j\ ~-+, I l \l _j_~'I I' ',- -+---1>;;;-1 •
I .' ...,"1-'·--. \ "\ L. I_

.'. r..-.···l. ;. _.. 1I- ' \._-'-~---.·l1 ..:+,.\ .~.[. 1
.1. ....-.,Ode.... i I. \ I, 'r {-.--l1 IL'_ rlT,' tl~1
"L·--~tl·' L. -~._ .._.L--·~l··--lJ*J·-r·-,· ,.'-. I I~--- 'I ,I 1J__ ,. I •

\ -5 Il-~~'.--Jo.---L-..;~D- .._'"s,,_. '"'"' ~'~ ,:
., -_.. • 0 ANOED ._.•.•_

\

2500 t~L.IMITS£XP _~,.~___ \ '
BMIDAnr,.NUATIO. -_._-._.. '~.1CF1;j~m~'PJ.\SS _.~,__

Il ------_._.-:~~--,\_.

f!!~ :.;"

PIP; PIN ;',01'"
1 1[' .'C
2 11 ;-1
~ 12 n
4 1:'1 ~J

5 14 ~~

f l~ ~

Il' zr,.
II 11 n
fi 1~ H.,

r~O-li: "'0( pr(jr.'8r ()1-'\';~1'<'-~ '~Q~M~t Pin 2& 10 FJ~ 10, ~'In '2!c f'q,

k-------~---~ I 50iJ M<'~ • •....J

___•.••_. __ •••••_~__•• 0'0

J~'1"lPli'\':P.b)l,""0'j"[~'7\ ' iY···J
{ ~ II V II \ II I" J---f
j~OT'lP --J l.... _Jl...-.l,lW· lh

r
··--·-·_--·-··--_··_···_-_···_··-
PAC~:AG£ INFORMATION
PIN COllFIGlJRATI(IN

( !ICF 731 DC r

I GI XXX'

,:<.:18 VOlts
, ....±tl Volts

, Pmver Sllpply Potential
..65'(; to +15(JQ(;

• , OQC 10 +'}"QQC

.__,, ~~,. ._._.__o_.J

·...-·.-·------·-.·-.---..--.l
,Il,CF 7310C

Vee"; (Max).
Vcc (l~in) .
Irpu1 Voltage Range
S~oraotl Te:Tlp1;f<1(Ure Ranol'! ,
Operating '1"enlperJIIHiO R;n:ge •

M"XiI\1UI\II RATINGS

'ol,ECTRICAl, CHAHACT!!RIST'ICS (Unle." ol',",wI,. speCified)

'Jcc "':t;j2 VQlt~·

r/\ co :::5~C

r-lS " 50
HI. ., 10K

--- _. ch~~~~~;;;;-~-~1-~'" -;;;-f;;;- - _..,
-~fagC~--~--I ~-=o;- ~ -0 ...0 S dB Ideal Center Frequenoy (Fr;), 2600H,

frequency R~ Spon~6 I Aefemncecl from Fo Gain
-70 1 - ~ ClS DC t{J 1600Hr.:

·60 I .. I - oB ~'OOH,
-80 ,- dB 2400Hz
~3 -- -- de 2540Hz. I ,) dB 2.500H7

-,1 dB 2640Hz

r,lpplo ,I =5 ; I'~" ~~ I, ~I~~L ~~~~~, (Refere"". Ci(' 1)
Inpllt InlpodoncEI 2<, -, K ~~

OUlput Off$DI V('ltt9C 20 mV
Output Impi dutlce I I F 2b r.
liarmonl"Dlstortlol - I - 1t):'kl I VOUT "10VOJ;;, Freq,'= 2600Hz

_._~~ rent D(a'~.__.__•__L__-=_L=-_ ~~ ..._L__n_"'.__.L._.•_ ..•_._.• ..__.._._. .._

FEATURES

DESCRIPTION
TM ACF 731!JC Is iJ Jineljf ~Iybrid band P13SS RG actiVe 'iller."lw
~.CF 131 Or.:; i~ JS!18rpIY tur,~d nl~(:r dcslgll£ld to dete(:! and pass
(he 2600~{1 f;jgn2:.ling Imq!JfHlt~Y This filter provides fnr ~

minh"llm atlemlation of 30 dB, plL.:s ~lf\d min';.!$- 200Hz !rom thEl
Idr.·al car,tor fmqllenr,~" The IiIt",r 1$ ,self contained and requires
no e:<;lerrr~1 components for rropei opuratJon This flltE'lf Is
packaged in a c:Jo.Jll' in Ilml <:onfi~urat!ot1

2600Hz Band ~l:'Ii.S filter

oInsertion ~,;)%

Low ?o\Yw DiMIPC11ion
Narrow 6~,f"ld Width
High Out f,f Baf\rJ Atl'<1f1uaUon

" eftn be OPC;-fj,h~d \o\Iit1J ~';nfj'lc~·ended power s;rgtl~M"'
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ACF 'j'311C

._-".--~--.-,"---_._--~-.'---'~---,----,.-

----~_··_-·_-·-_·----·-----l

JlCF "13211(;

. ..,..,-------'_-.--.--.----'~-~n-...---J

Condttlan~

m-25

dS
dO
dB

V"" lohms
,jBlll Input.~,OulplJttr:HlT1ln!'iltJdwitrl600 ohm~

PNC'.Jnt Vour a,o VR~I~;

mA ._-_..~.__..-.----_.~.,..-

IJnlis

K ohms de \(:; bDkH7
dB F ¥ 1,Okl-l"

"""".,.0',,.' ~..
·0"· ;,,"c',;';, "",; '" '" ""0""" ,,,", "OW,," , Ai

'I

3.0

Ma'

~O.15

-1.11

·25

Typ

<-:1aVolt~

Mlrt.

~15

..0'.15
..15

'0
....O.9a

Inp!'lt Impedarce
Gain
Frequency Re~ponso

de IQ i70H.
300 to 'J400~17.

3nO to 1(IOOOH;~
Irlput Vollagf'

00\ lU'lmpen:""',. 1·- I - t 2()OUlj~ul NOI$~ - -70
Output DlstcnlOn .~ - I 0

.!~~~~:_.~ -- ~__~__5O~ .~._~~

ChArac~etistlc

~•._----"---_."-

!!LECTRICAL CHARACTERI!;rICS (unlESS otr;erWise speclfied)
Vce:: :,' '5 Volt~,

o~C to '~70~G

L'Oad R~sistanc~·' 5kB
~~ollrc~ [ll1p.mdllI1t:e '" 5011

VCG (Max) •.
Vee (",lin; .. ". - .....
lnp~11 VoltagE- R.:]!"~c • • PQwo-r Supply Potential
Storago l'E!fi1pE:'n:.!l,r~) R;:mg€l .. . " •..• -6:.~Glo'~150°C
(ipl:lrating rtirnlJ€nttl~~~l Range. ,. 0" oto "'iO"C

MAXiMUM AllriNGS

!)E,;CRIPTIION

Tn£] ACF 7:,S20C I:~ 8. linear l~ybr(:;J band p£l$S FlC "cl:\le filter. The
~\CF 73200 pro~\d·~s for frequ~mc:y a:I€'·ntlJation ~;l g~eater tl1M
'ISj8 O\Jt of the poss b(lnd 1requ'~'lcl~)$ Of 3aoHir to 3400Hz The
f;ltf,lI'IS self r.ontained ';HoO requ,HlS 1"10 c>:ternal C(lrnpQnQnt~ IQr
~r()pet opel",tlnn This filter i:;i p8.cKagrJd in a :lingle Ir~ fme

paclulge

FfAniAES

iii (..OW NOlan
1I LoW pow€'r Dh,il:pation
It loW Ifl-b:1I1rJ Ilpplf3
Ii 068 In!lGn:lon ioSS
iii: O!ln be o~erfJled wltn slflg!&-Ilnded pow!>r ~yii.tr.OT1

:<\(lO.-3400Hz, Band Pasf. FlItl""

1
I
1

,
"""1:'

V11l ,,0 nBm, 30QH71o :3400Hz. S~':::.ond or Third
,H,lrmonic OutPl/t
'Vln" -5.0 dBm, ~~Icri 0'( two !fsquencit?:s, (f, & f~i, :JOOH1. to
a~lOOHz. Interrncol1lation Pm:luci (2 f1 - f21 at 38?.'iH7

I
;'i'~:~.·.~~.-:.~~::;;O'i--. _..----.- ·-'·-"~1

~--":~:~~:~J:"'~'-] -
1.1 ------,;;;x;;-- -----1 ,L
I tl,C\= 72.11C il MtX

I ~~~:==.~'T~~:~~=~:__::jJ
I ~:;,~]fvV~c~:~~~:f
I PIN

I :,,
1

I
I
I

I
I I I
I l
i I
L~~REO~~~~~r,~~~CHARAC~~~~:~?_J

"e
dB

~~ .U~Ll_~~~~.."~_. ._.._~ .__._._,_,.~_. _

p40
-50
-5\1

Inp\lt hnpedancEl 10
O!.!tput Impedt~(ICll

Hurnwni\; Distorti!;:••

ChBraet~tll!ltie Mkl Typ -M;~ ~Tl;i;fi-----~~:;;i;~;;-·~-~--------

-VOltag;----~--·-- -0.4 0 +0 41'~d8 t!~~aiConte~uc~cY(F~r~~5H;- ----_. -----
Gain Stability -1.0 ..10 dB (Joe to +70 Q O, ir,lm Ref C,lIn (cr Fo
I=rBq'.lency ReSPorJsB f!:ef~xencOd from 1=0 Gam

~6a -- dB I DC to :'I)OOHz
-50 - dB 321,;001-1.:
··40·- I dl~ 80101-\z
- -3 r) dB -3735Hz

-3.0 dB .37!5H2

1
·- ,0,0 rJ8 I ~li"24H2.' to 3914H,1

-3.0 -- dB 3375Hz

-3.0 I dB 3.911:iHi
dB 4Q40Hz
dB I 4400Hz
dH I A'looHz 10 1,SOKH..
1<11

25 I (j

EI"EC'fFUCAL CHARACTERISTIC::; (unless othE!rWIS~

Vee .- J~12 Volt:; :;>pecifte(l)
fA 2'~ioC

R,; ~~ SO ~~

Al -:- H.I.'<

Maxlrnurn Ratings

Vo;(Max)" .,,,,,. ...,,, .,,'~ laVol,s
VC{;{f..ijrtJ , ..• ".... • "" ". 5\1olts
Input \,ollf1gl1 Rat1ge....... , Power Su~ply Pot'Jllllal
Siorilt;!''O:' Temperature Hang<J ... ,. •. -6S~C 10 +15(IO C
Operating Temperatutf\ Range ., •. ,O~C 1:) +70"'C

:~1l25Hz Band PI~SS Filter
"EI\TUR~S

/51 (Ir:m Irl8'l1rtlo!1llo..~u

IliI Le,'..., Power Di-ssiPllfic,f'l
o N(Ir;ow Band W\dth
11 Hign Ol.l1 of 13aMo Att{){luation
lIN Cflr be opera~(l:d wIth (~ingle·endtl.j power sy~u;ml

OESCillPTIOIl

The ;;Cr 7311C 1$ a.li":':-9r I'lybrld band pllt'S RC &.ctlv!3"f)lM. The
ACF 7;~1 iC i.e a sharply tlJn~ld liltel" dl:;..~ignetll to dBtect IOnd P,etSS
~he 3i32SH2 slgnalin{1 1teqlJency. il"w filter pro'ide'} lor' a
11J1!nlrnum attenuation of 40 dB, pJU.9 .:and mll)us 200Hl {relm the
idoal center ft"eqtJen:~i', The filter ill Bolt contalnod and requires
no e>-:tvrnal eomp()rlElr'lt~ for PreipN operatiort. Th!f; tilt", is
plwknged it',.~ dual in (Jne p;'lcka~,e.

~~18rm(?dUlation -87
ttortlon I ~J4

Output O~fse

L.... .
CUrient 0 It Voltl'gc. I

\. . ... __•._ ..~__.._-l~_ __ _ --

, ' 78..24..._-_.........~._-~ _.- ..-



ACF 7383C

PIN
1

I
·.\t,,~

11..:..._ _-.. -"' ..'1\

PHi
1...,
",
o
7
6

"'0

ACF 7363C

PI~

ACF 7:,nC

CIRCUI,

roo

I
I

! .~:"

'.._. '__~'. ';_ ~.__ __ __ .~M" _K_ _.,~J

PACKAGE INFORMA.TION
PIN CONF'QURATIQN

1';[),'):[:I."'<I. 'ro~n
";llJ;l![i,CII;S

\._~_..-

C-tlnaitlons

10 i'O°CI

111':,[" \)l'UlJ"

600~! l"ad
10 to 10KHz
10 trJ "IiJ~;Hz

(O"G 10 70~G)

@rO (\')'G to 70~C)

I~"

H,

UnilS

pprn,'''C
%

pptn/~C

,m
I-I.n

VIOI,1~

.t ,5

~jOOO

30
:.0,3

Typ

1'0.2
} 35

500
10

) Min

--"'.. '-~_._-'_.'~-'."'-'.J
ACF7:l23C ACF73f>3C

ACF73113C
.-..•..,._.~~- .._-_.-~-, ..,",-----_._,._---

CharrocteriS'1ic

F~eqwll1cy ~lilng('

Q Rlltlge :

F(J ACGuracy I
Fa Ternp C(lef
QAG(:umr.'( :1.:'10
C~ iunr;. C~8f I n;oo! '000
VDltage Gilifl I ~1 [J +1
Input ImptJdtH'C~1 I 22 b "() 37.5

(lu1,", '011"go 1- I -OUlr-ut It'r'lpl~dance -- 1 d.
Output NoLr;9 ! O,\:'i 075 mVn j,.

(lutpl,l OIfH~t VQltage 1 J::~IO ~£o r"V
f1ljslll'reSlJpplyVoll<'1S1e ~S T121 .118 V
~~I1~WiIV8 Supply Voltqe ~S· 1:2 -18 V
f'owe;' Supply Curren'l @'!: ,~jV - 15' ,s) ''''A

::;::1":;:,:;:''--_ ~ -.::J,'~ I ~:,~_ . .... .__._._.._ ...._.....

ELECT~ICAL CHARACTERISTICS (25' C uniess 01"''''1''0
specit1ej ~

- '-'12V
-V~;I~ ~ -t,lV

DESCRIP'nON

NOTE=. 1·

Ful" the ~Ight stalldE!rd rn:)dsls, Q !~, r,(e~!~t to 2:2 amll,;~:& P,.e.f~Bt:~tthil t(j~~ frequencles- 697, 770, 852, gl~ 1.12D9, 1336, 1477 and 16:33 ThB
r!lndelflUrnbv deslgnl~tio.f1 is AC~ nixe - FQ (8.g" tl.GF ;'3:!3C--0697) Dtller val~es OF Q aro Indir.:atA;() by a dllsh nurnt;81 (0.:1 .. AcF
73230-,--069"'1.- 1 81,

fEATU!U,S
TYPICAL APPLICATION

• Standard model tOll';;! f.-!;qul)ncy ot697, TIU, , 8~SECn()N TONE FIL.rEF:
8ti2 941, 1~~09, 13::!£l, '''77 and 1633 MF frt"quencres 01
-roo, 8l1(), liOO, 1300, l,So.a, '1700

f O.3'l) Fr - to)eral1c~

').I)O;·S!J:~/oG Fa l.f~mD,?ra!Ure cO!3'fflGI<Hlt
: 0, rc.;,·'~C a 1lll1w(;ratur~ co~ffir.i8nl

Fr'C'$c; 0, 22 .!10% lidi~/~ r,~,W.j

hltr'I' dr:~~lgn facl;;Hy 1UTiabl6 over F,~, r<:lIlge of f·(,O tv ~I{Hl

~~;~ 1~;(,r~~;~2~S~J~"T~~1!:~Oni'2mW 111<1;-0 ~Lt.r 12VDC

(;"H1 b(: OP6J'al9d wi1fl G;lnglf.!~end4~d ~')Wi}r ~Ui)illlr;>!;

D'T'Mr- 'rom~ l)e'tecti~m Band Pas:, Filter

Thfl G'JnG:,[;1 Instrument ACF n23C/!ltf "!3t33C/AO ·'::JB3C

:;;'~fi~~~~~ f~~t;~'~(~~:~~~~V;;:;~~~~~~~~O~~3 11~~i;~Dr~I~~,~ ~~;~~~~~;~ !'~:JI '\;i~IJ~~0~~~,~:
able II' hermetically seJi·,d i;'~·lead To..a, D.D.LL. dn':: :~.I.I

P<K~hi;i9.:JS

"/B-:W
~,....-



78-29

PIN

"21
2!l
;<g

"31

";:1::-
:J~

r----~--_·--~------·-~·---l .
~~~~4R~rir~J1¥:~rrtryiirrrr ~=:

r-~:-,J L,., .J....... -018 ~l~ ~7~
Plrl <:UNCTION ;'IN PIN
1 r." " HI
~ w~,~ 1\1
:> ~:,~, :m
~ ~~::. 12 ?1
l' ,~c 1-3 n
« flG 14 ~.:;
7 ''.fJ 15 2~
n lK Hi 2~,

ACF H'IC'C
GI XX)(X

Pi\C:t<IIGE INFORMATION
PIN CmlFIGURATION

,!.13 "Gas
j 5 \I~.11l5

. P,~Wfl1f Suppl,' Pmelltial
-B5~C to !-lS0n C
. ,o"e to I-Tao':

--~---~---"---'''~--------J
ACF 74-IOC

~-~-_ ..~._--,---~-_.~---'-

ELECTRICAL CHARIIC:reRISTICS [Unless OthorwlSe
Vee'" _12 Volts, Specified) -'REGtJ~H(;Y iN HI

,,," 25"G
;~1~2, Fig. 1 FREOlH::,.ICV RESPorM;:~E LIMiTS ACF 'i410C

ChlJr<lChlrisllc Mf.:I:t Units

Voll<l9~! Gdln 8,6 dB 10001-17
Ffl'qlJ.:~nc',' Fl€spanse Rafel'i..'1ne-r,eJ from Ins 1000Hz GaUl ~15 0 ~JB

',0,5 dB 250Hz w ~~~Wr!l

.5.0 dB 2200Hz ':0 2400Hz
1jB 2585Hit 10 2B1~~lZ

.•5,0 dB 2800H~ to ZoOOHz
~O.5 dB 3000Hz: to 3400Hz

lrnpul Fmpedanco 2:) - .(~~
Output Offr,e! Vol~a9l'l 100 mil
OUlPLI1 Impedance 26 n
HnrrriclI'llc Distortion ..• 0,0 1:10 -to Vpp

, f'rc..q '" 1,OkHz

Current Drain 6,0 ITlA

MAXIMUM RATINGS

Yee IM3)!.1
Y/;c (Mini.
Input Volkge Ri1r1ge.
Storage -r;:~lpcraHire !=olfln{l(' .
Oporr.Jllng Temoeral\.lre Range,

DESCRIPTION
rhe he;: 7410C It> a ilnea" nynnd band $liP,)tij~Sl~ll"1l~C )o.C1I','S

fjlttl( T\1p. ACF 7410C IS tl 5t,c.r~JI'l tUfI\!d 11!!t,>r d3siGn(:d to ,BlOC!

tnc 2000H.: .1i9~1~ling Irsqtl1;iI1C'I Tllh, iiltf}r prCVIiJC::: lot i1 9 dB
atwnUaflC'fll() 111~tch tt-Ie chsrf-clem,ticsof HP,'t.SSI'o'rJ fill>!!' t.yst~rn.
In addition. ~nB fiiter provldet e. minimum dU"lnuation 01 5il :jB
piUS ~Ild mi:lus 15Hz f~om tM jd~Jal center frnqut:'-tlcy of 26{JOHz,
Ttlls fill~r Is pac~aged if' fl ciJ~1 11"1 line- COnllgun:nI011,

2600H2 Band! Slilppressior! Filter

Fif.to:runl::s
:Ill 69 ,i8 i-ltlefluanon fl'on1 :?!585H,~ to :?61SH;:
B ~.o\'r pc.,v."er o\r,:~iP3tlof'l

III No\IWW OHl1d ~l~llJCNJ11

III LO'I' Ripple
If Gar' be ,lj:',mlted w'th ;1F',i~I{;'"~:nded po"mr syslem

,Of)
"Wi

PACKAGE INFOliMATION
1'1~1 t;ONFIGURATION

18'JoiL'
f;Voll:;

Q"Clo;'(j'lf;

MAXIMUM RtliiNGS

Stof-ilgsief";lpH<HL:'
CpN.f\flnf/ Temcc

DESCRIPTION
-rho ACF "1401(: i5 a eJu&1 hlq(;~d b(~r!(j :,lUPPi >:lS~IDP p:c ;lCtlv8 fllti'lf

wtiiMI htl~, OWl' de:.ugned 10 ¥\~j;-(;I fteO~ll!n(':'3~, of :i50Hl anj
4<:llHc:, WhiCh it/8- ptosfm! on a !e[('~101-,C lin~: Tn~' unit.s lot;:~1 ~JGI;

cOIlDlnelJ an eql1Ire"; no «x\wn-3i ,~omp()r,l)nl'i ":)1 pr,:,por oper
ation The filt;," provi()GS forOdE, Irrsortlon iO~!5 1)1 !I',a pass ban a c\!
;;97H,~ Wroug111633Hl, II)EJ normal Dr ill1F Tone Frequc:lcies. TIle!
filter alSQ prO\!i'a<:lS for BOHz altEilhJatlon for' tow noise operation
This tilter Is P&Ckilger.l in a dllf!1 In iine pac!<oge

TYPICAL FIlEQI,JENCY RESPONSE CHMACTERISTICS
____ ~~" ~ ~ ~"'__~ _ _ O," --~ --- --.----~.-"

;OQHI ,/ !
I <lOOH, /',IOH7

('r" ---,,~-- """ I 1/
/1~-" ."" J\~'"

\.v \/
1- - - -~ ! ~- --·BOdB

:,5CHz 4dOh

IOlall'onl; Bal'ld Suppression W:i1tE!r
FEATURES
Q 60dB MInHi,llrn atl"rll1nllOn 350111 Mlt:! 440Ht
III ~~Od6 MirwJllJrr· :1!t'3Ihiil!lon ell eOH<:.
In OdS Insorlbr: lu$S Ir ~laD$t)lind

l'l CIOn be oP"";.lfrfJ lrcrn a !llll3il' • endM PO'NW system

I:.LfCTR1CAL CHARACTERISTICS lurlless ath(,iWIS(d
'.Ie,' I? '''oils ;;;- 5tH"! ~-,pr~c'fit)d)

1\ c 5K!1 ?Ooe

:~~-~~i;~~~:~:~;:~·'=:~-I~~_~l-·~~M'~.'-l __ ':;:~:~_-F-~='~~;!i~~:=~~::=
,npLIT Irnfmoa.nco ~1D I -~. ! -~ I. K ,)nms
:npl,,( Voltag iO Range I - - 1 VC'"; I ":1,Jt,o;
Frequency Res-aorist'. l ~ Ii~ofer~ncr-,(1 to 941Hz G,IIf1

SOH, ',0 - I ~ I dB I
350H" '6": I ciS

.I,O·~, I ,.0 I 1 ,<,;
1380 '0 11"OH7 I -0 .? 0 [0 Q dU
1750103000H, ; "0 S 0 ,03 c8
rCQOOHz I .:3 5 - ,H3
OI~lplJt 1,,,oe(J:J.l1cl" I - 20 c,h~ s

O"lput \ all'," R"g., J b I - I - \olb p-l
••£2.:t!:rSuppl~~__ ~__~~_~__~~ _~ ~ ~_.~~_

NOTE 1 Or r:Qllilj,d!~nl single ElnClCd Dower ~'~JPply

'i;:'·nl

r=~'1~-~----~-----------------l

L!i~ ~!\C~__~~I~~~~ ~~~_~_~~_1



n,'.<,3'l

No CUPPing

9·1I.1Hz
Fl/a!-arr-nc>.l to '31\1r-1z Ga1.'"

dB
dB
dB

Volts
ohm:,>

___ 1.160 MAX " .•_._._".-.-.1

PAGKI\GE INI'OflMATHJN
PI',I CONFIGUR.~TION

10

'.75

l::=~~Wi~f;:;;l:;~
T;I~l_, l_. --..~~- Oj~· • «,

_'_12

._---~-----_._-"~

K ohms
Volt:>

+:0.25 I dB 1120D~1Z

1
rl( '~lf{jrJce to 1209Hz (~ElIn

C I +1 5 dBp-p
_ d8

dB
_ 1'- \folts ~ I'h) CII,?Plnq-- 1 10 ohms
40 50 mA__ __'"~ ~ ----.1- ~~ - -~---

60

·2[,

...l:18VcfIS

...~E!Vol!s
..~15 \Jo~j$

··65"010 ...150"C
. o"CtO··7Q~C

-.75
-:30

.. 3.:?

·-----~:.1;~-:~~:,~--------1

_.--~.__.._-_ .._._-~ ....__.__._------

CII:1Fao1erlstit; MIn TlIP Max. Unlt5 I Ci,ndilions

Low Group rlltl'·r SetllOI1
Input ImpEdance '30 I{ ohm;;
Input VrJltag'i! Range _0.12 Volts
Gain 0 "t'O.~B dB

Frc~l:l;lney Response
300Hz to 941 Hz
1209~lz

1209H7.: to 1700~1Z

OiJlplit VOliil~:'J-l=lilnge

Owtput Imp~!CanC'..l

HIgh Group Filter Se-c!lon
Input linpoda"1ce
Input Voltal)i'l Range
Galf1 '"
Frl)quency F~El~ponse
j 70QH,1. to 110C,I-I.. I 75

911Hr: I 3J
~t"HZ In lOOl-lz -25

·\!tPUI VOllaqc Range L10
OutPlJl Irn~edanca

.!OWlll Supply Curren I -N';;----------- ----- --
1 .

Or eqUlv,:lent slngl~ ~ 811di~C pow?~ suppfi(!S

Vee (Max} ..
Vee (Mrn)
l1plli VoJt~g!';' (m Vee rn,lx) >

Sto-[.lgfl Temperature Range
Gpi:iatln~1 Te-mncr3jl~r~ Renge

MAXIMUM RATINGS

ELECTRICAl. CHARACTEfliSTICS lurlloss otnerWISB [wied)

vcc :- '12'.-' (Not€! \)
f\ ~ 51{.)

Rs ~ 5D!1
0"(; to 70~ C

""(lESCRll'flON

Tne ACF 77, 1Clt;!l dual Re ec.T1',I8 1ilte-wtllctl he:, been deslgne:1
IQ providt, che:nn~j iSClIi)\iO.'1 bel\\'€Ien tne IQW freq~lency gro<.lP 01
thi} Tone (DTMr'\ In;,queoClf)$ Of 697Hz thrrJugh 941Hz., find ~tll:

l'lgh IreqlWflCY oroup of Ule 11;1no (DTMf) frrtqut"nc;le:; of 1209Hz
l.hIO;.lgh ~&13Hz 1'hi~ dU(j) fl;l8r is packaOtJr::I ill .;; dllal In line

~i~CKiigO

j. (JIJDI ril1r:H 'n on!') pacKage
• 250B minimum out of band attenu:;ltioll

II Lt;'W In band ripple
If 0 de ,nssr:iorl los~
• 30 dB mll1llW.lm mit c{ tlJ:1Ci !lltenllfltlon at 8d·1H:z

and \2[)9H~~ ~eGpec:llv€

LoW p(Jw~( (jl::::::lp;ltiol~

C<ln br; operall::d fr-orn <l 5ill~li~.~)rh'jed pOWf:!:' :>yst~r,1

oril/lF Band Separ'llion Filter

r-EATUflES

Lens than 0.5% rlarl'n()!Ilc Distorllo/1
Vp-o JIat 1.0KHz
mA
~~_ R~~~~.OKI~: -

Conditions

H
dl3
dB
dB
dB
dB

ohms

NOT YET DEFINED

I'ACI<AGIlINFOI~MAT!ON

Pltl CONfIGI,IRtITION

IPRELlM~NABY iNI=ORMA1"iON

: 1B\I ..)I!&

. '!'5'liolts
. Pow.erSupplyPot(,_rl~iRI

·E~?C to ;'1!,'",O°C
. QoCto-1CcC

------.._._-------~_._._._.]
ACIF 71180C

--._-~.'.,,_._._._._.

Ch.nl'llClerI8Ilj~ Typ Max,

Input Impedance
de to SOH;! C rO.25
51Hz, 63Hz -
59.?5Hz, 6025Hz ,,-
59.90Hz,50.1liHl -50 -60.0
70Hz to 201<Hl - 0 --:025
OU1pullmp~danl~€1 - ~- 25
Ou;put Voltane

18 - ..-
Power Suppiy Current -- 3.0 6.0
Gain -1::5

Vr;c i5 V:)lt.~

or.e 10 ;.70c C

Load ReslstDnrce " iOKu
SOl,.1I'i.~e IrnOSC'lfIGS ,; 5-00

M.4XIMUM RI\TINGS

Vt;c (Max)
Vcc(Minj
hPllt Vol11lge ':.lange ,
Storage 'remperatur(, Rntlgo ,
Cparl3tjn9TempEII'~,\tllrtJ Rangt:.

FEATURES

E;LECTRICAL CtV,RACl'Efl:ISTICS (Llnles:9 otherWise spt:,cilied)

llESCRII'TlOI~

m Small Size
:I Low !'=lower DiSSoip:lllon
~I 60 dB typical a.ttenuation
II Can bl~ operElted jrom l~iflgip·r.:nded po'",e~ :lys\orr;

llOl-lz NoiseSuppressiorl Fiiter

1"he AC;: "J4SrC 15:~ linear hybrid RC r,otch <lOINS filterprovrdin\:'l
1,)( Go Her1z. ,'r.ippwssiOfl. 'TM ,tl.CF 74BOC prQYidJ~t f(Jt a typical
att,~r1UatjQn 01 €adS prWl or mlnuti a,1Ht fr"rn the c5'n1~11

frequency Thoe filter m salt contained and requires flO external
components f::ll' 1",?Per OP6fHli<Jn,

7fl"aD



')H·~,;j

-=== I I

1[lee "He 1 ,
- F~~~~~ I-'~~ ;--- "r-:-, ....,

;:C~7~6' G g'~
_ )~l~l I-·....~ , }

_____ , --~J;ffi;;L G.00..1 i I-}
W,Me till "J1' I 1-1 I... .'~:::J- " -OJ' Of ,'J~JIlU~ 0- r::lf\L lON, f I i~ -0 OU'TPU~'$

"OF' FllleP J I ~~-=:h (.1
•• ~()IIENCIE ~ I r--J (\tTI,1 i-----. 0--0

L~ _.__-l \_._~_ _ A\~J~;h:C ~ ~_ ::J, -0r ~\I_rE:p J ~I "____ c--o

rl.-..[Ai;~3";':?;-1--1 ,- .-<)

-=~!~J

l
i-~Yl

.--1 1117Hz ~._...

I.~ •

{~';;:l :
_. -!f~+~LF ~- _. I

:'~~,.: :W":''".'':''= ~_ 'I

'.
I

z
o
;::

'":JI'
~
~:
"

7a·3~

I-Ilillf~j
I . I I i I

r---"I,,~J'

1
· ! i

,~e~~ .~IJ~I_I-I+~~lL_
L__U.JJ._l.LLL . _

500Hz 1KHz 2r,Hz

HEQUENC'r 1

r'Rg,1 T'l'PICAL F'~Ea BESPON$E I

-12V

'111,;11,"o"<--~t-lOUIPUi
H]Ch (.:;f,O'JP

, ",NPIJl ---.---. "--l

I·[~~~ ....~~~~'-==ll
'6'5141312"l11O~) , i

ACF7711C , I
_1 ;I 3.+." 6 7 eJ I

...._~'\1Lt--'- !
LOW GHOUPoE---.-'-- ... _. ..

QUT"UT

lCiW GFWUP----.- __ I
INPUT

'12V c::-- I

I.._._.__. ._~~" 'rON~~~~~.r~::~.~ r~AMI:":~:~ ,, ..,~__._.(
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UAR/T Universal AsynchronolJs Receiver/Transmitter

"I"1":lj

6A·3

Function

Tnese two leads will be internally decoded to :;<llect either 5,6.1
orBdata bits/character

N82 NB' Bits/Character
o 0 5
o 1 5
1 0 7
1 1 5

The logic level on lhls pin selects the type cr' polrlty wnlch will Of'

appended immediately alter the data bits, It also detel'minas the
parily that will be ch8ck.ed by the receiver A logic "0" will insert
odd pariiy and a logic "1" will insett aven parity
ThiS Ime will contain a ClOCK whose frequency IS 16 times l16Xl
ihe desired transmiller baud

~5VSLJpply

--12V Supply (Notconnectec lor AY -3- , 014A/1Q15)
Ground
A logic "0" on Ine receiver enable line olaces Ihe receiveD oata
onto the output Imes
Tnese are the 8 data output linos. Received cnaracters are right
justifi~d: the L,SB always appears on RD1 rhese lil"'es have lri~

state outpl,!ll;.j.e.. they have the normal TTL oupul characteris
tiCS when ROE IS "0" and a hiQh impedance s!ate When ROE is
'1 ". Thus, the data output tlrl8S can be bus structure oriented
ThIs lines goes to a ID~,IIC "1" i1 ine recelveo cnaracterpanly ooes
'10\ agree with the selected panty ·rri~stale

T"is lirle goes (0 a logiC ·'1" if 1M received cnarJcte' 11as no valid
stop bit. Tn-state
This llrle goes to aloglc ·'1" '1 the pre"'lously received character is
not read (DAV 'ine not res9\) befom the presen' character IS
transferred to the receiver hold Lng register Tri·state
A logiC "0" or tnl5line piaces the status wora OilS (PE, ~E. OR,
DAV, TBMT) ontoihe output lines Tr;·state
rhis line wlJl contain a clOCK whose frequoncy IS 16 times 116X)
tM desired mceiver beud
A logiC "0" Will resel tne DAV IlI1e The DAv FI~ IS only tnmg that
isreset
ThiS lirle goe5 to E\lOglC "1" wMn arl entire chetacter has beel"'
recel...ed and Iransferreo to the receiver holding register Tri
state. Fig, 12.34,
ThiS Ime accepts tne serial bit mput stream. A Marking (logic "1 '.j
to spacing iloglc "0") transition is reQUired fDr initiaticn of data
reception, Flg.1 1, 12,:33.34
Resets 611 registers (except tnat tna recel ...BO oala register IS not
resol in ~he AY~5·101311013A and AY-6~1013) Sets SO EOc
and TBMT to a logic "1" Resets DAV. and error flags to "0",
Clears in out data bufTer Mus! be tied to logic ·'0" when nol in
use
Tne transmitter Ouffer empty 11ag goes to a lOgiC "1" wher' tne
da!a bits holding register may be loaded wilh artother character
Tri·stale. See Fig.' B,20,40,42
A e.trobe on this lin~ will enler the data oits Into the data bits
hOldingl%!ister Initial data transmiSSion IS initiated by the rising
edge ofDS. Dala must bestable during er,tireslrobe
This IIna goes to a logic ''1'' eacn lime a liJll ch<lracter is [ranSmll~

ted. It remains at this lev"'l unlillhe start of Iransmission of Ihe
next character. See l=ig,17,19.39,41
Tnls line will serially. oy b,lt. prOVide. the entire transmitted char
acter. It will remain at.s logic "1" When no data is being transmit
ted. See Fig.15.
There are uo to 8 oata 011 Input lines available
A logic "I" on t"15 lead wilt enter the control blls (EPS. NB1, NB2.
TSB, NP) mto the control bils holding register This line cal"' be
strobed or hardwired to a logic "1" level
A logic "1" on thiS leaO will elimina\e tne pe.rily Dil 'rom the
transmitted and rece,; ... ed character (no p~ Indication) The SlOp
bit(s) wlli irnmediatelyfoEow the lastdata bit If notu;led, trlls lead
must be lied to a logic "0"
ThiS lead Will select 1M number of stop bit$., 1 ar 2. 10 001
appended irnmediately after lhepanty bit. A logiC "0" will inserl1
stop bit and a logiC "1" will insert 2 slop bits For the AY-:3~

1014A/1015. the combined selection 0' 2 stoo bits and 5
bits/character will produce 1'// ..,too bils

piN FUNCTIONS

~In No.1 Name (Symbol) =4VtC PowerSupply (V"d
v(,(;powerSlJpply (V"d
Ground (V,.,)

I ReceivedDJta Enable lADE)

5-'2 Received Data Bits (R08-R01)

13 Panty Error (PEl

14 Fremlng Error {'::E}

15 O...er·Run (OR)

16 StatusWQrdEna5Te (SWE)

17 Receiver ClOCK (RCP)

15 ~ailable (Ff6'AY)

19 DalaAvaliable (DA\lJ

20 Serial Input (SI)

:{;

I
21 External Reset IXA)

22

I
Transmitter Buffer Emoty (TBMTj

I 23 DataStrobe (55)J

I 24 End of Character (EOC)

25 $enalOulput (SO)

i 26~33 I DalaBitlnputs (D81~OBB)

34 I Control Strooe (CSl

! 35 "Jo Parity (NP)
if
il
I 35 i Nurnberol Stop Bits (TSB)

i
'~
.~

I~7-38 Numoerol Bits/Character (NB2, NB1)

39 I Odo/Even Parity Select (EPS)

40 I Transmilter GlOCK (TCP)

OUT~UI

~~M~T!~
(n[~Ul

smt,'""

GENERAL INFORMATION

PIN CONFIGURATION
40 LEAD DUAL IN LINE

BLOCK DIAGRAM

\i~c\"'5VI ..~--cr-~-b TCP

'VGG(,l:!V) 2 39 PEF'S

GNO J 3e Net
~ 4 37 N61

RDS 5 $8 "'S8

R07 3$ NP
RDG I 3<1. CS

ADS a ~3 oea
'104 9 32 oa7

Ao:! 10 31 Des-
RD2 :l1J oa~

AD1 w 29 084

PE '3 29 093

;;jQ :: ;; ~:;
§WE 16 25 SO

RCP'7 24 Eac

A5AV 19 ~C3 O'S
DAV 19 Z! TaMT

Sl 20 21 XR

'Pin 2: AY·~-1014A/1Q'5 _ No Connection

Top View

!I: If I: .·:::I'ilW

,~~:,~4Y= f111lUb-
1,~;' i C-r .=r__. .~
", ~ t~~,,~.,;~

';:;;;i~--.""'''''--
~ {-fT. - -L-===:J

..,TIll.
'l!' ""'~ 6i!" ; W~!1Ii ,-:;:;-;

e:Ji '" on.a'Ti

L--__

AY-3-1014A
AY-3-1015

II'!!!'I [ AY'~'1013A
.... AY-6-1013

FEATURES

II. DTl. and TLL compatible-no interfaCing circuits required
drives one TTL road.

II Fully DQuble Buffered-eliminates need for system
synchrcnizat;on, facilitates hi9f1~speedoperation,

!II Full Duprex Operation-can handle mUi'llple bauds.
(recelVl!1g~transmittjng)simultaneouSly

II Slart Bit Verification-decreases error rate with center
sampling

II Receiver center sampling of serfal Input; 46% oistort,on
Immunity.

III High Speed Operation.
a Three~State Outputs-bus structure capability.
II Low Power-minimum power requirements.
II Input Protected-eliminates h~ndJing problems.

AY·5-1013A
II GIANT P-cnannel nitride process,
II 0 to 30kbaud/O to 40kbaud.
III Pull up resistorstovcc on all mputs.

AY·S-1013

GIANT P~channe! nitride process.
oto 20kbaud.
Extended Operating Temperature Range.
-40"C to "'B5 Q C (plastic package)
_55" C to "'125"C (ceramic package)
PUII~up resistors to Vcc 0[1 all inputs.

AY-3--1014AJ1015

• Single Supply Operation
"4.75V 10 +14\1 (AY.3-1014Aj
+4.75V to +5.25V (AY~3-1015)

III CMOS compatible (AY-J..101dA).
• 1'h stop bit mode.
• External reset of all registers.
II GIANT1[N.-channellon Implant Proces~
lSI 0 to 30k baud

• Pull~up resistors TO Vcc on all inplJts (AY-3~1015).

DESCRIPTION

t;~;

~~
W~!
r¥"

The Universal Asynchronous ReceiverfTransmitter (UARlTj is
an LSI subsystem which accepts binary characters from sittier a
terminal device or a computer andreceives/tran.smlts this
character wit" appended control and error detecting bits. All
clleracterscontaln a start bit, 5 to 8deta bits, oneortwo .stop bits
(Ph stop bIt capability with tha AY-3-1014A/1015). and either
Odd/even perity or no parity. In order to mak.e the UARfT
universal, the baud. bits per word, Parity mode, and the number
of stop bJts Bre externally selectable. The device Is constructed
on a single monolithIc chip. AlilnplJts and oulplJts are directly
compatible With MTOS/MTNS logic, and also wit"
TTL/DTLlCMOS logic without the need for 'Interfacing
components. AU strobed outputs are three~state logic.

l 8M
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InlUellzlng
Power is applied, Qxternal r",set IS enabled, and clocl< pUlse IS
applied havIng a frequency of 16 rimes the desired baud The
previOUS conditions will set data available (DAV) to a roglc "}"

Arter jniliaJJzlng Is completed, usar should ..,ote that one set of
contrOl bits will be used for both receiver and transmitter making
indivIdual control bit setting unn"'cessary, Data receptlon starts
when serial input signal changes irem Mark'ing (logic "1") to
spacing (\oglc"O") which Initiates start bit. The start bit isveiia If,
after transition from logic "1" to logic "0", the SIlins contin\Jes to
be at logic "0", when centsr sampled, a c'eck pu,sas later, If,
however, line is at B logic "1" when center sampling occurs, the
start bit yerificatlon process will be reset. If the Serial Input line
transitions from a logic "1" to a logic "0" (marking to spacing)
when the 16X clock is In a logiC "1" state, the bit tim~, for canter
sampling will begin When the clock fin'" transitions from a logic
"1"10 a logic"O" stale. Atterveriticat'lon of a genuine start bit. data
bit reception, parity bit reception and s~op bit(s), reception

oroceeds in an orderly manner
While rece\ytng parIty and stop bit{S) the receiver Will compare
transmitted parity and stop bit(s} with control data bits (parity
and number of stop bits) previously set and Indicate an error by
changing the parity error flip flop and/or ~he framing error flip
flop to a log'lc"1", It should be noted thatlf the No Parity Mode \s
selected thePE (parity error) will be unconditionally set to a logic

'0"
OncEl a full charactar IS received, internal logic locks at rne data
available lDAV) signal to determine if data has bean the reed out
II the DAV signallsat a logic "1" the recelVerwill assumedata has
not been read out and the over run flip flop of the status word
holding register will besottoe loglc"1" Jtthe DAVslgnalls 61 a
logic "0" the receiver will assume that dala has been read out
After DAV goes to a logIc "1", the receiver shift ragister:s now
ready to accept the "oxt character and has onefult character time

to remove the received character,

r-= ,...,,===:J
--==-=cI. _.. n.~'lit C\lrpU1$ ~l
U:JITQeE sHTV5 '/tllRO EIi.e~

>~rR~·r~--

§n ~~l~ ~"~~A~'o-.

s ..~,:::~: nA~5£o

'"G,~oE~~~~l~~:f~

\-r~\,.,~~'~.7',i,I I~~

L
' """ ," co., "" '" }l"'O-"!S!7~""''''--

~o ~~~?,'V"'~Eii'. OF ~A1M:~~oge~N

,

RECEIVER OPERATION
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Inlllallzing

Power "$ applied, external reset is enabled and clock pUlse 1s
applied having a frequency of 16 times the desired baud. The
above conditions wifl set T8MT. EGG, and SO to logic "1" (line Is
marking),
After lnitlalizmg is completed, user may sel control bits and data
bits wllh control bits selection norms))y occurring before data
bits selection. However, one may set both OS anC! CS slmul
taneo~..!!!~mu~oulsewidth specifications <lre followed.
Onco Data Strobe (DS) IS pulsed the TBMT signat will chango
from a logic"1" to a logic "0" indicating lhat the data. b'lts holdIng
register is filted with aprel,rlous c:hamcterand Is unable to recej\.'a
new dala bits, and transmittor shift register is transmitting prc
I,riously loaded data, TBMT wllJ return to a logic "1', When
transmitter shift register is emply, data bits in the holding register
Bre immediately loaded rnto the transmitter shitt register fOr
transmission. The shilting of information from I.he holding regis·
ter to the transm"rtter shift register will be followed by SO ana
EOO going to a logic "0", and T8MT will also go to a logic "1"
indicating that the shifting operation IS completed and that the
dala bits holding register is reaaytoaccept newdala, ltshOU!d be
remtlmbered that one full character time is now available for
loading of Ihe next character without lo~s in transmiSSIon speed
due to doUble buffering (separate data bits holding register and
transmitter shift register).

Data transmission is Jnltlatod With transmissJonof a start bit, data
bits, parity b'lt (if desired) and stop bit(s) When the last stop bit
has beeF" on line for one bit time, EOG will go to a rogic "T"
indicating that new character is rt~ady lor transmission, This new
character will be transmitteo only If T8Mi is a logic "0" as was
preViously discussed

fig.1
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AY~S.10t3A- See Fig 21 & 2<1.
AY~6-1013 - See Fig. 21 & 24

Ay~5.'013A ~ See Fig 21 & 24
AY.6~10'3 ~ Sea Fig. 21 & 24

See Fig.14
See Fig.1S

T A'" 25° C, OLJlput lOad
capacitance 500F max
AY~S-1013A

AY~6·1013

AY_S·1013A
AY-6·1013

Conditions

A,Y_S_1013/1013A - See Flg.25
AY-6~1013 - See Flg,25
AY_S_1013il013A. See I=,g 26
AY-6-1Q13

1,6mA (smK)
3nLA (&ource)

AY-S.1013A - See Fig,9
AY_6_1013~See Fig.9
AY~S.1013A~SeeFig 15
AY~6-1013
AY.S-1013A-See Fig 1.1

AY·6-i013
AY-5~1013A.~ See Fig. 13
AY-6~1016
AY~5-i013A ~ See Fig, 21
Ay-6~1013 - See Fig 21
Ay-5-1013A - See Fig. 22
AY-6-1013 - See Fig. 22
AY-5~1013A· See Fig, 21
AY.6-1013 ~ See Fig, 21

See Flg.2S

Ovolts

o volts bias. j:" 1MHz

1 111. '"' --1 6rnA rrlnx.)
Unit I,as 'Internal pullup resl5\ors

'Exceeding tnese ratings could cause perma
M

neflt damage Functional opera-tiol, Of these
devices a-t these conditions .s not imolied
__operating ranges are specii1ed below

-20 to .....Q,3V
-20 to +O.3V

_65'" C to ..... '50'" C
+330°C

AY-S-1013AI
AV-6-1013~

CharacterIstiC
Min Typ" Max units

OC CHAFlA.CTERISTICS
Input Logic levels

\ Vcc"·'5
Logic u

- \ 08
Volts

logic I

Vcc ..l. 0.3 Volts

Input Capacllance
All Inputs

20 of

Leakage Curtents

IThree State Outputs
1,0 "A

CaW Output Levels

logic 0 I - -+-0.4 VoltS

Logic 1 'vCC~i ,0 - Volts

Output Capacltance
10 \5 pF

.~O"O"'". :Jpower Supply cun,n'
\ \

\
IGG 1

14 1B rnA

J 2soC,al\ mputs "'SI) I
17

I
19 rnA

Icc
18 20 rnA

21 23 rnA

-------
\AC CHARACTERIS1"ICS

Clock Frequency
DC

\

I B'O \
KH,

DC I
3BO KHz

Baud
0

40 I Kbaud

0 I 22,S Kbaud

Putu Width
Clock Pulse

750
1,5 - - "s

Comrol Strobe
300

os

600
ns

Data Strobe
,90

os

250
';s

External Fleset
500

ns

1,0 - "s

Statlls Word. Enable
500

ns

600 0'
Aeset Data Available

2eO - - ns

350
ns

Fleceived Data Enable
500

ns

600
ns

Set Up &. Hold Time
Input Data Bits

os

Input Control Bits
Output propagstion Dlsplav

\ \
'I

500

\
TPDO

nS
650 os

TPD1 I
500 os
650 ns

---~"Typical values are a-t T2So C and nominal voltages

stapdard Condllions (unless otherwise noted)

VI;(i",-12V1:5%
'0/«(- r:= ~5V 1:5

%

rel1'lperature Cr,) ='= DoG to "'-10°C (AY-S-iO,3A)
-40 c to +85°C lAY-6M 1013 PlastiC paC'i\,age)
-55G to -'250C (AYMS·1013 CeramiC Package)

£~ECTR1CALCHARACTERISTICS

~a](lmUrT\ Aallngs'
VDE {With raspec~ to Vn '
CIOCi'. a.nd logiC Input l/oltageS(with respect to \hd

Storage \emperatu~e
Lead temperature (soldering, 1DsecondS)

I
J

TBI,qT F/F

END OF
CHARACTER

SERIA\.,
OUTPUT

TR~N5MITTER

BUFFER E~PTY

0."• ">

~ ~~
" z,
~ ~~

fu

5i
~~

I~

Flg.3 TRANSMITTER BWCK DIAGRAM
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Flg.16

Flg.1Sa CS

~\

V IL - -t-:::..:+=-,.:..=-:--...:.
SEilour:=-,:,\,·r-=---=--=-=

'0'--- - /\_:c.- ----
-~~~~----

CONTRO.. BITS ""'1st Bt: STlIl'll.E;
FOR LASl 300f1S 0' C:S

~----

4 ABOVE. SHaWN FOR a LEVE.. cOoo.
PARITY ANa TWO STOP. ~OR .. 0 PIIRITY,
SlOP alTS FOL_OW 0"',"'

~ FOR ALI- LEVEL CODE T~E OA1A N lllE
HOLO!Ijr, REOISTER IS RI(JHr JIJSTlr/~O,.
THAl IS, Lse ALII/A"S A?f>(ARSN
~O I IPIN 121.

Flg.15c I CS

nA,"DSTOFsrroNE \.

§
I~ 11_~-=-~=1':::::-=-----_·_--
1---1 ,[<1ST STOI> BI't

, I
'" LJLJLJlSlSLfU1SLf1SLJLJ"Ju

.""", ~.SA~f>LE ---~,,-,,---'tf--

RDI~FlDa .,~--- : I

PE,'EQR J

-~~,~,~;;""~·2t.:- -- \'1' ':..'.
"J.~_I;;~

""P-!1\i_. IIf1I' , I .,y,
".,~~ ' I i .- t,fJ

'r- 5~~~~ -I r---')O '

LEAOING E~GE 01'" DATA IS NOT CRIlICAL
AS LON'> ~S ltlAIL\N{; EOG'E ""10
Pl,;LSE WIO~1i 5F'tC5 AJ:lE o~SERVPO

Flg.14 OS

,,'-:t==:\
Ji I'L-

I I

,,'::: F - I\--- ::.-TJ-______I ~IN -i h __

Flg.10 UAR/T Rl:CElVER TIMING

~
I I

OATAvr"{\~L
>-:-1 l.:,~,~J L>0

Fig.11

flg.15b CS

NO,E3,I THIS I'; THE lilliE WHE", "HE (RROR CON'
DITIONS ARf IfoiOIC"TEt, '~ERRClIlc OCCURS

odA AVAILABLE IS SET ONLY WHEN THE

~~i~~i~R~:J~tr"H~EE~g~or:F, :t~I~TEP.S
{SEE RECElVfR BLOCK OIAGRA~1

3 ALL INrORllIlIllON IS r,OOO It! ,.OLOIN':;
REGISTER UHTIL DATA AVAILABLE TRIES TO
SET FaR N[)'T Cf1AHACrER

,\:~ ~~rc_!,r~=c=c=:t"~I~:-~i~Y.=f~:~·~~'-"-

PARITYERROR ------

",~m __~...J..-l----.L-L...-l-L-.l-.----L.--L. I
_____...2:"':-.:":.:'.:.:::1-

"1~:~~ ~
,,,,,:m "'" ,~'"'--

i

OVEflRUN -- ~-

"19.13 XR PULSE

VIH- 1'- - -_.-t-

J\ \'L-
',11ft"*,- - ---'-l\~

NP~~ 3~~5 -~>OW,,--
<:O"'TROL ~TROBt "NO CON~ROL BIlS
'l.l5," BE 300f1S MINI'rIU'"

.....HEN NOT IN USE., l(R
MUST BE IIELO AT GND

~R RfSETS EHFlY REGIS1ER
EXCEPT CONTROL REGISTER AH~
RtCE\\IEO o~:rA, so, TBMT, EOC
ARE RESET 10 5',1 ALL OTH!.R
OUTPUTS ~E.SET TO CV

:t:l'"- --\\.....-
l(R 5':l01'1~ \-_

"ON

_~C¥FI C[N1ER SAMPLl1!!L....-

I 2 ! 4 ~ 6 7 e
"oe LJ'lS'JLJLTL.n.JLFLSLJ

,,1 .---~---- a ClOC"~ _~_-r~~~:TLE
~ '3l--FF--~~1 ClOCK; -~-.--

Sl~':tlClOC~5====-----, ~

\.- ~f,",'-:,"1 ~,~!Ot~c~~50~E~FE,
TI-lEN I

SAIolPLE "01'11 Wl"~ aE lURE---

--_._~-_.._-_. ,_-
'NTERNAL SA~PLE I> JLSE =.J

TIMING DIAGRAMS

l
J

:1;

1

----u-

"lg.9 ALLOWABLE TCP, RCP

IINY PULSE WIDTij WHICH "'EETS
ABOVE CRITERIA IS AUOWABLE

"9.7 TRAHSMInER AT START 81T

~ET.IlIL

,,~g:1--,~-I.---I-
I

eLoCt; "-LruLJl..J"
1--'-"~iI16enr
so~

~AXIMUM I r~ ... riL~ "liN, 41'~:'-IO'J
DUTY CYCLE V.. L_ r~Dns "'I;r~, AY-5-IDI!A

MH"I~IJMI 1l-*--in *. I".s ~!N, .111-5-,013
OI,lTY CYCLE L~ L 7SJns "lIN, ll.'r-5- tOI3A

1 J~L
50"1,

nun CYCI..E _>'. .

10 STQPerr~ART3IT

!£!lo.NS~ITTER ACTIVE.
T"lANSMIT BUfFER ~OAOO:O I1II'1(N fDC ..0 ....

~r-vl r~LSL~

TElMf - 2·__~., CLOCK ~YC~---.''''''''-- -- '

~-~ .~

r---

Fig.' UAR!T TRANSMlnER TIMING

\11
__ ~i,_~A.9 .\

DS -r---~~TE!

Flg.6 TRANSMlnERAT START 811

'LL£OAlTO\JSECS~~
NOTE CONTRO" STIIOBl MA~ BE rlA~DW1RED 10 "I:'

'N TI-IA'" CASE, DATA MUST BE STIIElLE D\J~ING 'ILI-£'OIIL CS" TI~E

Flg.S ALLOWABLE POINTS TO USE CONTROL STROBE

TiMING DIAGRAMS

,

~~G"L

~t::~L~l~l~~[~= ~l ~}:~[~[~J 5,OP' :SlOP ~:

~_NOTE ( '65 1I.110 CS ~II.Y OCCUR

I ~~~~~T,~W~~~S,'l:A~~~~

I T~AN9~l:T ~:A~~SMITTEIl ,hAcrIV~

~""'''"''"

,,-i:Ft--~ 1SLf_1 --
"" "'0'" II; ~' U
rIlM'" I __-.1:
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TYPICAL CHARACTERISTIC CURVES •-.
1

SA-"

Conditions

See FigA3 & 46
See FigA3 & 46

T,~ ,,, 2SoC, Oulput loaa
capacitance 50 p~ max.
at ',Icc "- ...4.7SV/+14V
at Vee =: -4:f5V/+'4V

See fig.31
See Fig.37
See Fig,36
See rig.35
See FlgA3
See Fig 44
See Fig.43

See Flg36
See ~\g.37

See Fig 47.

See FlgAB

See Fig,45.

lOL "- '.6mA (SinK)
1
0

\-\ '" ~40~A (source) ~ at Vee'" +5',1
Iaf<::' ~50J.lA (source) ~ at Vcc ,,·~"I4V

AY.3-1015 haS mternal
pl,.l]l.up resistors \0 ',Icc
ovolts biBS, 1=<, MHz

•E)l,ceeding these rating" coulO cause perm a•
Mnt damage, FLnGtional operation C'f these
dev'lces at thesE condillons is not implied
_operating ranges aro speoi1\ed beloW.

-0.3 to +'6V
.•6SoC \0 +150o e

DOC to -;- 70 0 e
"'330o e

SlMdard Conditions (LlnlesS otherwise noted)

yee "- "'4.75 to -14',1 (AY~3·1'J14A)
Yec"" ..4.75',1 to ..5 25',1 (AY~3-1015)
operating 'Temperature (T hl ::: 0

0

C to +70
0

C_ ,- --.------.,---------

MSJlmum Ratings

Vee lW1111 respect to VGI)
swrage Temperature
operating Temperalure
Lead Temperature (Soldenng ,0 $8C)

eLECTRICAL CHARACTERISTICS

~..::-~~-- -------~---~------------

CharacteristIc !o1\n TYP" I !o1ax Units

-
DC CHARACTER'ST1CS

!
Input Logic Levels (AY-3~1014A) I
logIc 0

0 - 08 \
Volts

logic 1 at ',Icc ~ ....4.75',1
2.0

I
- ',Icc +0.3 Volts

I
at Vcc ., +111',1 3.0 - ',Icc +0.3 Volts

Inpulloglc levels (,Q.Y~3.1D15)

logic 0
0 .- 0.8 Volts

logiC 1
2.0

Vcr....O.3 Volts

Input CapacitanCe
All inputs

- 20 pF

Output Impedance
Trl.State Outputs

1.0

\

Mfl

Dala Output Levels
'..ogleD

- - +0.4 Volts

'_ogle 1: AY·3~1014A!1015
2.4 - - Volts

AY_3_1014A only 3.5 - Volts

I
Outpul Celpacltance

- 10 " pF

j
Short Ckt. current

power Supply Cu rrent I
I, lee at VeG ;; +5',1 \.6IY·3-1,01,4A) 1 .- 10 15

I
mA

Ie.c at ',Icc'" "14',1 (AY-3~'014Al -- ,. 20 mA

Ice at ',Ie,:;': ... 5',1 \,A.Y~3-10'51
I 10 15 mA

A.C, CI-tARACTERISTICS

Clock Frequency
DC - 11801400 KHz

aaud
0 .- 30/25 ",baud

pulse Width
Clock Pulse

3.0 - "s

Control SHobe
200 "

Data SHobe
200 I

os

E)l,\ernal Reset
500 - ns

Status Word Enat'lle
500

ns

Reset Data Available
200

R~ce'lv6d Data Enable
500

S~t Up &. Hold Time
Input Dala Bits

20

Input ContrOl Bits
20

Output Propagation Delay
\ I

TPDO
- - 500 ns

TP01

500 nS

"Typical values are at +25~ C and nominal voltages

1

Flg.19 EOC TURN-OFF

Flg.22 RcAV

-Y:'\-=-
_ .._- 5~2:s-~

filC----j\i
"OL'---!--~

~t~~ ---

Ii", _" _ ..,'C:·,,---·--

___ 12~~~S __

,,:,~~

Flg.24 AE1, ADS, PE, FE, OR. TBMT, DAV

22 ;-]':;.5"-VOLT s"iJPPCYe~1
" -f.-4 I I--.j

I I I /WORsr CASE: I

'0 i----'---_ ---'+-r-~;! ! I I i
F l"'i·';..~-'--H-, I ct-i
v ; j-.. I ! I :

~'/ 1611~---T;::-t~-+- -1
i I '/,r---!

17j-FI>lOOL/
i
T ! '~...j

'tiJ. I r---r-ri, I ' ...J
o '0 za 30 40 50 GO 70

CASE "feMPERt.TURE ("e)

Ag.26 +5 VOL" SUPPLY CURRENT

2oooi_l!'...oB~lE2.f; - ~-1

i /'1" I
,/, I

, '500' -'--~'--T-l

..~ '000,'-- ,T--~N0l,11NALr
! /,' i ~

500~-L-t---i_·l_-_i-~'"I

i ) : i I ~t-·..··'-'ioo----i~ij--~ 500

Caur p~

Flg,18 iBMT TURN-OFF

Flg.21 RDE I SWE

VIH -,.~-- "

2~--li
-TBM-:r-"':_-\

",c --J:;:'*==---
T"I> ....

~ffi\{---JF'"'r5~?~~ /j
TFlI~STI\T[ - - - '-·-"IL

oum" 'yo<[.::_l--=-;)-
~D ,-Roa .15 v.: i I

p~:~~~~.--,- L. _~~~~i~ ~

~5:)Ons'-

>,lAX i;OL

3.5 r-r--'"""--,---:i
3.0 f(--j-+--t 6~~~~'"C~RU~U~~N"'_

2.5, .~~t.~-~-L~~-_-t_-_..-
, I ~ i NOMI"lAL "

2.0- : X·-,----r-··-i
I-< I~t_--:.--_-------'---~!

I '\ "
I.() r---'-1--~:~-+-_J

8 rBiT c!~_"",_-,----!_

i_i_-l-----e _
o "I i? ~ 4 5

VOUT

·8.--------------__
~Il VOLT SUPPLY CURRE.NT! i

17 --'--+--~----t~-JI ' Ii/WORST CJ!.Se: !
16 r-+--r- ' --,-+_--+-..J

~ I! Iii I J

E "r--~._-L---l-.f--~ -..j
~ .............1 i!! I.; '4:--t-ILJ-~T--f--l

, I I )Z:+-! I ..~
I3INOMI.NA'I·-n~ !

'+i-t-T-'-IijL._-,--_,_LL~~,_
o 10 20 30 40 50 60 "0

CASE T[MPEFIATuFH. ,CC)

Flg.25 -12 VOLT SUPPLY CURRENT

Flg.23 SHORT CIRCUIT OUTPUT CURRENT

Flg,20 T8MT TURN-ON

Flg.17 EOCTURN-ON

VrJ
IyW-i·----F-

"., I I I- -~-_----/ I

f-",..s TYP~

TZP-\
VIL ._- --'~-:::~ " _

,-01-1- - -- - i--'--

~L/'
,

-I ~:~ ...

TIMING DIAGRAMS



Flg.27 UARIT-TRANSMITTER TIMING

M-13

Flg.37a CS

I____~Vlrr

-----I: '
_" I I

SEROL'T~:-...::--=-::

~~~
-1 ,~: L

Flg.38 SEROUT

"OHt-1

Flg.31c

Flg.36 OS

011C-
,,':::1 l,oo"jX'-..!:1SJ t,lIN,

LEA)\I4G (OGE of CONTROL OATA IS NOT
CRITiCAL AS I-ONG A!> TRAILING ft>~f. AND
PUL~E WIDTH SPECS ;"RF ';'~3r.~VEo

I IIcr-----·
--\=J I <"lRS; STOP Ill"

'"L.rLiUU1S1JlSiJuLflSlilSl..i

.NU~~t~ . 1 JTl-r- ----=--.::.--~
ROI-Roe I Ii:II1

"':::',:,: ~~_~UWia~' 'r--- 'I
Flg.34 RECEIVER DURING 1ST STOP BIT ; I

Os\ I ",_..c- 1 :::-:';;-
",-,+--:1 J I \~ '.

QAT'Jr=I
L
_c1~ ..~~,:r--IK- 1

1
'.'

""' "'"....j . 2~~'-I I..: ""' ",", i- '~~N"'.--1 f..-"
(,ONTAOI. BITS ~llST ElE 5TIo.'i:l\.E
F'OFl L.AST 200"S O~ CS '

FIg.33

Flg.37b

pp,~ITYf.AROf\ _

'RP,~\N"
EFlFlOil_--'

~
.,;-- I CLOCl\:

~-{]---

I

J ....EPRU~, ~
NoTES·I THIS ($ THE T1hlE 'MMEN THE ERROR CON- ~ ABOyE SHOWN FOR 8 ~EVl:.L ceol:.

011101>5 A.RE !I.OleATED, IP ERROq OCCl,IRS f'ARlTV A.... O TWO STOP. FOR NO PAil In'.

'l OATil AI'A1LAtlLE IS SET ONLY WHEN Tt'lE STOP BITS FOLLOW OAT/l,

~if,.~n~R~tJAttEiH~EHg~O:t~ :l~I~TERS ~ ~~~t,~~ itEt"o~iT~~OI~ ~~~H~Aj~$~,.JPJ..
tSEE RECEIVER BLOCl( CIAGRAMl THAT IS, LsB ALWA'f!l AP~£ARS IN

ALL \N""ORhlATI(",N IS GOOD H<I HOI-DINQ ROII~IN IZl
REGISTER UNTIl:. DATA AVAILABLE TRIES TO
SET rcl' ,,[xT C~Af</l,eTOl

F\g.S~ UARIT l\ECEIVER TIMING

DAUA'IAILABI..E _________

VIH-t=~-

J\ fL-
,,"-1"= --~'\-

NP ETC / l....- 200n& \ l..:\_~ !,lIN --1- ''--
CONTROL ST~OBE MD CONTROl. BITB
!>lUST BE ~Con~ JIlI~IM'JM ...

20n~ WI,1t

Fig.35 XR PULSE

WHEN NU, ". ,JSE, Xf!
MUST BE HELD AJ GND

XR FlESETS EVERl' RE"ISlER,
so, Tl>~T, EOC ARE RESET ...O
sv AL .. OTHER 0I;TI"\,I1"5
RESET Ta OV,

:JO-I~_-
500ns ~......., ~I'"

DAV AND STDP 13\1 ONE

n~,,~ Fl~\fR CU.1E~ SAMPJ...N<;;

-uisLrlslrl...dsLri-J1I
I I 1 SMoIPLE

st -------;I 1 r--PO'kT
I " I

'it --"1::::=±:=-" 8CLDC~
I , I

Sl~' 7CLOCKS ------1
I I

-l '-~ ;~A'R-: ~.l~Ac~~LJ~O~E~~ I
[!'lEN .

~AMPLf POINT WIL~ flo !'-I'RE""

------~~~L~j----

r::: ~ITA' O~~}'T0~T~.!r~l!Tlll~~P\ !>TonU~~~G DIAGRAMS "M" '~'~l'---T 1 ""_. _

TIMIN """-l::::f~=']~?_\':;=r--~:'L;-L;_'-~- -\ \ I~
'0 1 .l.--J----L

DAr~ I
STROBES

J

MA~IMUM -1 1'---1 .
Dun CYCLE: -Lr'" L_

Flg.31 ALLOWABLE TCP, Rep

AltY PULSE WIDTH WJiICfl ~EErs

./laO"'E CRITERIA :5 1I,\.I..C¥;./lBLE

""""" -l ..Jl ,.
DUTy CYCLE Lr-----J L_

001",.-1 11
DuTT Cl'CLE L....----:'J "_

so-----·~

r
!---i

"OC'ULlL(u

DATA
srR06E

Flg.29 TRANSMITTER AT START BIT

!!!'~~ill~
;-RAHSMIT 8UFFEf> LOADED WHEN ::oc LOW

~;U-LrLr--LJLrl_~
I I I I

0<; 1,1 ~

--- _.-l--Y : '
so i ! ~AIlT i

: ~ I I.~---:

"" IIIJ ~
-----I-~ --
~ n,-I _

r;;;
1--"

INOTE 3

~OH SEE O"IGl!RES :28,29,30 FOR OE,TAILS.

:~A~iA~'1TTO(t, O',~~T~~;'L" ~~5~~\DOl<NtCTI~f.
L~"El CODE A~O PARIT" AND TWO ~TOI'lS

I 611 'f!Mt • 1£ CLOC~ CVCLf:S

2 ~\J~~~HJ,~LTI~~t';RI~~,C[:~i ;~~ iTART

ClOC~ CYCLES M'TEi"' TH"E DATA STROBE
OCCURS SEE DE:T~IL

~ $1"lCf TRANSMITTER IS OOlJElLE BJFfERED
A/O/OTHEA DATA smoBl;; CAN occUI'lA>lY·
""JERE DURING TAAN$"'IE~'DN 0"
Cf'l./l,AACT~R lAnE? T8MT GOES ",roe.

",r-

ECCi-

TIMING DIAGRAMS

1

~ IL~[r,./lL;-O<JS~CS

"OTE COI\oTIlO~ STROS", ~./ll Ilf HARDWIRED TO "I"
1M H\jl.l' CA~E,co"rROLOIl.T'" i!liSMUP BE l"ABU.' o.IJR'NG
ILLEGAl- CS" ;-11111':

Flg.3D ALLOWABLE POINTS TO USE CONTROL STROBE

T~PJTLI
-l r--- ~OT~ 2

SO ::~ ~J:~~'I0:=r~~lc~~~i"E"~~=1C~T~ ~~A~_~lO:~!,[U~'i"!r~~~~FTOP' -;~;-qs~S:~~~
.. on 1-·1-----1-811 TI~E

Flg.28 TRANSMITTER AT START BIT

~ --..:; ./l~D CS l>.~y O~CH\JtN
3S Non I gIIllUlTANEO~SI~./lCTIVE

I T"'AHS~ITTE
,. I

r~AN:iIlITrf.A 1!t;lCTI~[

TRANS~IT aurmLOAOEDWiW7 roc HiGI<

;~LJLJLhJLfULf
""''- 1=11--1 ': ~-----u

I I I

~-,--l~ ~\ "'''~' "" Lf-----~---
;;~L~~-----------'L_

,

;l~_~_l~1~~[~I~1~J~~[6=I~J'TOP':ST~

1

1,1

~1
'\

i
t,

t
h
liiiIe.. BA·102

'\'~"'. -



•'1
I

';l,-l~

rig,~ +'14 VOl.11' SUPPLI( CUFiflENl'
{AV.3·10HA (mlyl

FI:V16 RD1Sm&, PE, Fg, OR, rBM,., DAV

Hi r····_..··:t·14V-~-LT SP'PPLY'CURRI~N~~-I

,.( !~t·t~wt-i'S1;G;;;;E~ .. -1
'0 ["'-'--r 'l':,t-I-"T-!

"' "t'''f--_'l-+_+I~-...
]; l' i·-- -:. "1;:t'r .. I

13 1.-.- -..t/.. 1---,.,.. .. "·-i..
I NOM!Nf~l I I I...... .

13 ~- J-..j +-------;·t -- -::.::j
'_ L L....LL.. J
I) 10 2:0 3D 40 ""0 6(1 70

CASE TEMPEf~ATURE ("C)

2500 ,-..-.---.•.,.--.-.• "1 .- , , -,

2000 1 .. '~)I~P~CI'§E

~ i5()O

~
~ 1000 f- }'--;L•. \ :'NCtM"lAC, __,

soo L../-:"-f-. --to. .. f···

emIT pF

flg.4S SHo;rr CIRCUIT OUTPUT CURHe.N·!
(only 1 oulput may ~Ie

9horled at d lime)

CASETEMPEI,ATURE {"C}

J:lg.47 <-5 VOL.T :9UPPL\' cunAltNT

21 [ "-T--'--'-"-I-"r - I
! SHORT CIACUn ..

18 ."-l•.·.....·j-I OUTPUT I'URR~.:"T ·1

15~..,,: ··'-i·I--, I..j
.- "l NOM:f.JAl!!_11 12"-~\;;;~'- /~':"-""'T"-'r---"'T'-"-!

'~! '1§/'I'+"
l' 9 ~-T"" ~ ·~-I.---"i"-I.- ,'. "'-. i

6~i:!~~I~:1\,,--,-t·]

3}~~~~:=~·=r~!sJ.=.:-:-J
V01JT

"VPICAL I~HMACTERm..rtc CUFIVEG

TCP-'-\
\

rIa..::.: TaMT TURN.ON

~~!.F' L

FJq.40 iBMT rURN.OFF

fBM,

Ffg.44 RIDAV

/.---- ---....---. C,~S

VOL.

'1 1DO '"~ ~ <YIN, ~.,

ROA \ i .r~-'---

,\ '/
vI L. '*:..:=.::::3'-

I
oAV "'''r'----''-''' .----\

i 1'0t.-·~:..._,

i- -'.- ~jOO (1:' "I
MAX. -I

t'('P

I."", I
TYP r-o

Fjg.~19 lWC rUrm'ON

~jg.4j Eoe TUAN.Of-1=

Flg.43 EWE, SWE

VOL -_.. -_.

....J 2j.lS
I T'r? r-

'qMING DIA.GfVI,,,ljS

RDE", s'w~E-. --soo-n;:-':1"t,=:Viii
MIN, ,j

TRI~SrATI2 •.~. _ ... --. -,~. _ .. ~VIL
OUTPUTS ) '-'--~'~-~-........Ii i

R0 I -'W 8 :I.S

V

: ~'''=:-T -=--=--~-----.----..\ ! r 500 os ~_

p~A,efe~~ ! -\L~-..c::c-;~..==~~:l
~""f 500 i1S f.........

M~X. VOl.

BA-14

·'-·-_·~"-'··""-- Ul""~' ..,.""'>hI~



II

>;1,.

v~,~~ai'lil),

Stq, 8·t~ts}. Iscchrol"lOus mOde SElIi;l(:\ioll provla(;ls oat"l
trail",!01Ssion witI'> a co'ingle Start and Stop 6lt with lh~ <:idde,j
ct:;,,")abllity ()f progr.stnmatllo Fill (ldl~,) Chflracter inscniorl dl,Jring
itl(; (,"lbs€nce or parallal Input data. r;'<::ur intdmai tcgbl8/"S and t:l

J"'llltll;>!ei(~lr, Jr, cOIl)lJncllcfl wah jri~St.;'!:!e OutJJUl Une~, provide
hilt [>Yl::tScm versatility

PFlEliI'\llINAr~Y INF(()RMA"nON

8f.-1'!

·--~-····-~--".•---'IIIIIIlIiil!~WlitiiB!lllll:llllllllflllllill~

DESCRIPnON
'rho G,~r:(md lf1slrumt~rl~ AY-f)·' 421313 PiSA r is- e Pro~ln:ln;nlflt:lle

"fransmillct Hklt irltl'lrfac-e~;vMiabW It!nqlh p;Jrailellt1L?lJt d~lla lCo Ii

seri~1 cl,,~nl"1fll TI18 'rrar,STnlltercorrvwt,; pmilll;)1 chflrac~ef;:; Into
fl 5(0"iD.1 d~ta s1rearn wlih a rorrnar cornpai:l:13 vd;h .tlr .,IOlr:(/a,rU

::;ynchl'Or!ous Asynch/(lrnw, or h.;DcnmfIOU., ~a~J C~V)1·

l'J1ur,IG<1lion'I1(;Cia

COnUg-U0liS s€rl.,,1 ctluracrers aFt!transrnltiad 'n1t1'J Syncnrcnou8
Mod" ','Iii'! the 8utom...tic, in3:<!rtiui' of!l. pr·?!lrarnm<Jb[o lolII {Ioil;:')
CtHlr3CtC f durrng :)18 ~bscn(;(l ~JI IMtallal \npLlt d(l.t1l.
Programming tht! A~yncn,orHlus mode prDvidpS ·'Sta.rt-.Stop"
serial dUlil tY!lnsmJ$sion with J:'I!Ji(,m.atic ;... ~,~rtlcn or Start ~['d

p/SAT Programmable SYllchl'OriOUS Asyncllwonous Tran(~mitter

:(;~~~~~-~'L &. OTL Gomp~,tlble ,- Internal Active Inml1 r-~-~~~-;~I:;-~~·j~;O_--~-·~··--·-·-'--··--·'-l
P!..lIl~Up (J('.... \ces. &; P\I::;r1"~")ul,f 01J!P~t Ehlfk~1"5 40 LEAD DUAL..!N I...I.NEi

• program!l1.al't~ Mod(~ S(J!.:~..::tlon -- ,_._:'::: ,(,::_._.,
SyichronOLJS -- prO~JrEH1'Irnl1bl(l 1=111 (1010') f}iflriJ.eter. \._.l·S'h
j)'I)chrorwus -- PrDgrarnrMble fill CI'I:lmr;::tw with S!l'lrt j

~;nt~f~:~~~ ~~ir~~~~~;~~;s~;;$~;l~~~8~:I[~(~~~~ Stop Bil I
III f'r o9 tan?t1fl.b/@ T"ransm/s$;:rn Ccd/~s - I

~::~~~~~ ~~I:i~~GO;r~~r~;i:~rP~1~::~I~I~~~j~;!lJS panty,

"~~~~~:r'~(~~;: ~::~~~~~~~~~ Mos~ Soltjc(;Jbie OiYI<1er Rajlos I
felt lX, iGX, 3.2>; or 64X C:ocK f1.:ltl;i, '

III DC to rh]h Spoe-d Operation --
Sit Fla\e 10 lOOK Blts/S>;.\c with 1X ClOCk

Jt Doubl~ 81JjferBd Ttar1srnltte l

8LOCK lJif,GRAM

fR.Q

f-.--{] v"

r"'-D!I "uo

f~-"{;2J J GO

, r:-')---[.'''.1 MR

':;li'; CTS D,l,P, 0:' DD yco r--··_·,r~~] co

m
---~--------------~------I

&1. AY-i:1-1482f:l
- II1II . .• .1

-- -~-~-~~--- --~-_. - --_._-~-

1'~11n,

"'.l3,
~~hH"

i'iM!,

M~H,

n,
\11'm.
crl1

PIN CONPIGURlrrJON
1I.(\ LEAD DUAl. IN UNE

I

L~ _____o _ -- _._---

FI:ATURE;S

Ii Directly rTL & OlL O::rrnpaLible -- Inlernal Activl~ Inpu!
PWI-Up D('vice-n 8. PUGh·Pull Output BUff"n,.

JfI Programml1b/fl Modo ~, Glock Rate S'~I{lcti,)rl .._
Asynchrol'll)l,Js & 150chronclls - lX, lax, 3z>: or 64,1< Clud:
Rate; SYl1Cl1rorJoLls ,,·,·lnterrl'J! or E)(IMn,,1 Charl:lc:t(lr
Synchroni2ntion.

III Pros,.llllmaOh: Tran$rnis:,:on c';ocles--
Ctwr:wtor L.g-lIgth 015, 6. i 'Jr 8 datCl tJ!~s I)IIJS P"irlly;
Parity Inhibit

I;l DC High Sp<JOd Openliol1
Bit Aat~ 1D lOOK Sfts/Ser: \\11h 1)( Clod,-

• Double 8utfon~d t-iecolver

DESCRIPTION

Ef~~~~~~~~~~~~~ ~=~":] PREI.IMINABY INFORMATiON

P/SAfI Programrl'lsble Synchl"orlous AsynchcmolUs Receilrer

OIAGFIAM

... ,. -·INPUT f:C:R
EYNCHHO;JOUS
MoriE ()r"Jl\

~-{,(~

~··---[i] Gt;

---{j'J ',!R

Thl) GSMml 1~'I~\trument i\Y-B-14'12E P/SAR IS::' Prrj~ramrnat,li)
~eC:Civer lha: Hrterfaces 'farlab!1~ rength ~;srial ,iaJa 10 <.i p&mUol
{j'Jt<'1 channe;. The mceiver ccrrv;(>rlc'; ~ ~f!ri:l! datil st'liarn :nr,")
parAllel cl1arac:lers witt, !l iormat compatbl", wilh <.iii ~tand~rd
Syn(:ilr~)tlOU-5, A~lynchronous, or ISQ{~hronoLJS nat;]
communications media,

ConltQUClIs ilyncMronoIJs Germ( Characters- 3m (;Ol'iipilrel~ Ir' :~
programmablE: i\ialch·Cilar,;\cier ~lo!djng .9JE!glster, Ch~rac:t81
synchroll;ZM End assembled, ~mgrammin9 tbe 1\~',yncht'Onous
or '8ochrol'lCUt Mod(J pnNid'lS aSSornpJy of chafactem with S'Mt
and slop bit (5) Whh:rh are striPPed from the d::1ta. Four inlerr)V!
registal'$. in CJiljunotlon wi1t1 Trl··State Output Ilnrs IHQ\'lrJe full-s
.!l~·stcm VoE~rS2!i1i1y

8A·1G
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Random/S,equentla! Access Mulllpie)[eI'S

II','I I

I
I

6B-3

"-§
f~
(,;

a.
"""
'""',;,

O'

(~
~

Hi
g\";)

Q.@

n~

a.
.3
g~ ~<

iH
~t
j ;"~I
... ,~ l-.

g,~ g~
;":,J (')

:r -:1
} ,?

i:l~

~.~

i2

r~
:5z

::i

~
CI,r

~ .S_ "-

EJ r:
o
.J

r
-··-----..---.---- ---------j

PIN CONFIGURAll'JN I
40 LEAf) DlJAL 11\ L.lNF. I

i I

1'1I ,j
I I Il--- J

I
'~ ---.-------.-------- ---. -/

SLOCK OIAGRAM

I

',,, Il 1002

I I
I !

I I
I !

i II IL- , ~~__"_,~_, ,_. ,~ _

i\Y-5"10:~I;--~~~~:~--!
"-._~-.,~.,,-'-_._.._--.~"----~-,-~

w Dirsc:tlY In1erfaC6~ Wittl Til/OYL and MOS.
o Current or vplf,age /f)odai! or OPtltiIOon
Jj Banc10m or seqUIHlliar laCC("lf.Il.
III :>/ngIEf ended or clilrorenti:3r ~)p~;rntion,
II E:lo:pandablEf in >::ilt,er tho sequtt.'1llnl or I"endom ?ccefJS

frlQtles.

.. Pro~lmrnm,'1b'e length CO(Jnt~r fOr MquetHttll applI~:MiOnf:l
.It DC) to J.MHr. Op~falir)n.

• extremely high ofHO,s]i;JlflnC(,
II Ci"OiC& of Operdfiflp. TernperdlLJiiJ !f(lnges'

AY~.)~10'6.~. Ore t,) +70~C
A'(·6~4016 -.. ,-[S'C to +125~c

/II loner network prOh?ctl~)n on cill "'PUt l€'a:1S

f'EATUFlES

DeSCRIPTION

"rh!;~ AY-5-1016 and AY~6·4016 are fJi'l11h B. ;6 Chan ....£11 Jiao(lom
iSf;qtJcntJu) AC(.'{;M MUftlpr,,1;xer cnnt<lining a programmable <!

!lhlgH bln;:lry C:OlJnil". a If x 16 ctr.code molrix, And 16 ~-;nal{l-oo/a
duUb!tHhrow switche6

rhe Blunt Enilb1e r:cr,t(~7111i1e ~tHrmi!:;; tne S0Jectlor! of CUtrli"nt
Mc;;!u or VOIta.ge MOde operation W'1d I" conjunctlor wilh Ihe
Gw,nr.t Mads-, malr.:hing r€l:;iah:H'-s ar!3 prOvided 10 improvG ac
cur,?,,::;y. ihe Diffar€niial MQde Con!ml allows the switcfwa 10
op\'lr~tl'}as Oight ganged pnil'$, wt1il!?the Matr;'( Inhlbi~Jln8allows
nlujlJJ~i() AY-5~10'B'>; {or AY-6-4D16's! (0 be CQrjneCl8i::! to form
largor ff\ll!tlph:l)dng arrays. The l.ri8d Enable COntrol JIJnws :;)'n~
ehronQI.JS loadinll of !hi.> 4. ac:ldr{lS3 inplJtt: On n JQW til high
lf1lnsilion e,f the C!oCk, Thj; DC lon" con/tol Is provided for
u3'yrlchranolJs loadingl of lhe CiQ(Jress Inputs IndapendEil1t 01 the
Ciock end LOBe Enaolo Inputs r.ic Bync OlJ:PlJt oCI;urs whe.'l~
everChanno! 15 is selocted lind is provided to allow e;.p.1n.;;.iolllr/
thr::' :.:eC'ju6ntial mode of QPtlt'(ltlon AI,qo by connectinJ the Sync
Output to the LQad Ellabie /tpVI, ilH cO~m~e, iGnW', .::an be
programmed via the actdrass Inputs, Any d~:Sjred Iflnglh of frO:T11
fo1t stales can be programmeo in thill mariner

8f,1·2

IUJllllflij_lIlll':l8R'IlDIllIlll_l!.:Jl:llIil~lllt'llft.Ul_ ....-.;..."...._. _
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of IOCid

3(lrl K.,1

Condltono.

5V l,') V

'-t-6Vlc. -sv

V,,<

J kllli,1

1 ~.-),i " •. _
I ms::>(w,f,iJwithH:fvHl,

Fi{j,fo

y
V
of
~.ln

V

~,r

i~jil-

"

Ohm:,

!5'J

SOu30t..

"'flO

B8·:>

·-----'--""_,tiil!l~_IIIIIIIIIllI __

t I
Ch"wallnisllc Min 1__!d.~_L_.~~t,~

Snunl E:nable I
LD\jIC L€JV~ll:; 1

t~;;~ ::~:. I 'OJl 1 (:
Input Gap('\cll<ir1I,e (; I pI'
Jnpul tmpedarlC(' 1.0 \-1!l
!'-lei:>,:,' In,1nllnil/ +·0.4 I I v

Matdx Ena'OIe
FIl"5Qon£.€:' ntr:olISfi,; Ftg. 3)

j;;;.j ~~6 I.
\.(jIJic LGv()ls I

LOgIC "0" I O,I~
l.oaiC"1" V1',-15

\npul C:i.pa~lt;,mc;,~

Input Irnpiil{l<:-t;",C(' 10
k')"$O Imliwflll't TO J I

DiHeri:l1till! Mud!;' Conlrol !
Po,?pan$\:', '{"I[:'lr,' (8"0 >:\';1 A) I

1("1 ?L1Q

U1:;;~\f.l'JeJS I eDn
LOQle "0' I 0,8
LogiC "',' V,f - L:'

il)pul C8pacllil'~ce I '
Ir~put )rrlrWd~nr~B 1,()
f\j{)IS~~ Immup,ty OA

S(;'rie1i 5wltt:j'les

Bon t I
(Cuner\l MCU8j I 450 "(GO

I
I I

I I

__ :,::O:,, JJ :.J__l.:_L . ._
"'Typ;cal vaLm~ are at 25"C "rid !iOtrll[\[j! hlllar.c~'r-·---· -----..--·- -.--.~-_ .._- ,,-- ·--·--·----·---------·1

I TIM)NG DIAGRAMS

I
I Oi",', j"--
I ~~lt'~~ ,n",o.- ~\I ----- .~/ : I1IFr~)if,~{f~~t I
I I··" lWf

I c~~m~:i~
I "0 'l)' (;fg~I~).;&~

l -':,_

'l~>:<;t"'d!'fI tilE'S';' r<lli/'gG COuld CHU!l{!

PormllOf:'nt damage:. f'11"r:liOll~
Ci>JerHliorl of these d<~ViCG!l Got thes"
CO:1dlllm~;; S r"iol 'm''',e·;' 0",,,,,,,,
mngs~: m'f) SDCO""'d OOk",.,

~20'J b '~O.JV

- ::OV :0 ..LQ,3V
-20V to .:lV
'-20V IC',:W

"%CC to 'L150"C
to+70"C (I'Y.S~i016)

10+'I;?5"o,:' (/1'{-6~401f,)

hh.xlmum Ratings

Vr;1 'md V,.,(j (w!lIT ri"SF~!cllO ltv)

C!ock "md logiC Input \iOIVJgoS {wi':h rosptiGt to 1/,;("

[i-W; 1ioltaq8S (Sus 1, Bus.;!, and Sht;"I[ eus wah reSC'HC! 10 'V(d
Md!,~tling Resistor Nodo,;; lwitt1 ras-p\Jct to Ve('1
SlnrrgB T€;rnperaiurc,
0pilratil19 TotT1p,.m:ot~Jr., Rn1l9~

'ELIScrmCAl CHAnACn:r:I:rnCS

DIAGRAMS Flg.l Fig.:!

rl.,~e'

n: Hl',~A?Zf'hi'~

lvAr,
<'i~.';l!

NOTE t'ddress IrpulG 'JOd IflO Lond Ellable ",ust "le 0 t~2~:~s~.:'.o~~".,.c;:(!.:': -

l~t:.Jn::lllrd C;OndiUl)J'w {unless Q:t:,:,rwise st.:ttedl

V, (0 +5 Vt1(ts "::0.5 lhl!f! l V,"(' ,~ l:=:\.1t1"tralc v{)lta[j8) O~\CrfJlin9 1 ~',np~;rdture rr~! _. -we 10 "W::; (-IV":"O'I6!
ii" - -I,? VorIs :~l Ve,l! 5f;;"C
V" -t."lND

~-~ =~=,;~5.:;;;;:i,~ ~=='-I-~I;--I'--;~~~F~~--F'~F:=-~;~;:-=-=
Ri>Dc1lt orr P [~ DC _ I ~,(, MHz

CluGk Pul,e ,V"'h 1"Pwl ~oo 'CiS" .MHz IS" ',0 I C 1)
CIOGI, Pu',s ""d,h I',pw, 10 I " I 01 ?e"H,

:Iir~~~~::~~~ (cOd) I' V" ~(: ; I' :, I(, 8 Ii :~o_':~~'_5\,

~::~ ~ ~::: ;:~:; Ii;: ~;I ;S I ~~ !~: ,:Z;i~~'
NOise Imrl1u r1 11'! [/ 1I ! ,!

EfJ:~j:::'" "''' ".'~, II I ," Ii :~s
!npiJl Capdclt1nce G I pf

Jnput Irnpr;;~Mn(.'(1 1,0 M!; I \f
l

,'- "',~\.J ~() -5l'
No:" '",mUG';') '0.' I i If

\;~~:'.k.~~).aa~'~;I~~lJl(SCE' Fig.1) I :~oo. II It I ns
tOgl":: LC\ff-(8 i

LOtli(~ "0" +0,13 V
L(lgic'T' V,,"~'5 , 1/

li1PLJt Ca06';it,r)C8 I I pi'

!tlPUI Jmp,"cUJrlce I 1.0 M~) IJ V ~ 5V II' 'l~NOI~e hmJnt1( "'4 I .. V
DC Load rnpU1 1SeD Flg,2)

Pl'I'lt:: W,_jti (90 I~ 001 )'!,) l~Q0 I f "I"

I )PIC I e~e S I'
Lo[!,c 0 ~O f) .;
L0[1IC'1 v( -<!.J V

Irput CflpaC!fmi~8 -- J B pF
J"pu! JrnpM,u'''e , 0 - _ MJ) V" V 10 -'3\

----.:~~::::.~~--.- .."-"--- _:-:- --- -- ----~-L_~____L_. _
'"" }'pl:;el va l.W;'i il;'.'I ttt -<~5~C i1na n:;lmll'1<it \{nltaWJH
j;/OTt 1; ¢ow' 'Pc :;~ !iGQrI3

88·4



I!MI
~

I

liB·7

rwr)~ ~c

-"'I/-~" If- ~~~'c2;'t;tt~'\L;1

____, ".,'.....~IUllWiI~~IIIliIII~~.~iIiIIlIUII

'i:':

~,f,AI" ~C;:Jf 'r

TVPICI\L CHARCTERISllC CIJR",",s

i" """ 100 IJ,"..
;3htlnl Bus·· OV
V:r .", .I..5V
\Iu , --12V
T . 23('C
"', - 100 ~.A
Shunt Bus . ~5V

Vn -'--, """SV
V,:,,-··-1;?,V
L"· 25~C
VI,-::.c \in'"' 10\.1
L\ '2S"'C
ClUtput VolHlfj(J W{iveform
WH!110 MH, 10 pF load
,.., ;~ 25""C

VI>; '" V,_, -:iV
6t25""C
VI)\),·-v,,··-rN
at 25"'C
VIW>;"~V'l "5v
at 25~C

oA

nA

"A

Gil

Ohm!;

Ohms

750 Ohlli~

iiOO Ommo,

Df

rn'W I Sem:s MODE J \h,. . 12V
",W .! Shun< MODi~ Vet" -- 15'/

mA
] Sen", MOD~'nA

Shunt MODe
'7

rlG.s

i2
[,:
1'?

300

~~CO

4El}

:zen
288

I

I
no

I '10

I I 200
I "leo

1.0 10

3.0 30

".0 30

IJ:l(1 '3()i)

~,~j0 900

PQ'<'ier Consumpllor

ClIrr';1mDraii

r,oCK

~,Nr;

llUT"'lI Y

SlilJ.'11 !?l~~

Matc.hinQ }1:esrslors

Sen'~:, Rus 1, 2"

P off

Turri Or,T,rr:e

Inpul le.~ka.gl?

Chgnnl~l:sO~'15 (Per Ch2.r1nt:lj

Shunt :;~~llc.hes

R or

11 on

TIMING DIAGRAMS

1313-ti

1
-

k,
1(,(
le.
Ie;" ..-

Power OIS!ilpatlon (Oevle,:,j
Pin Channel . .-

_·---;·~v~<;;;-~~ nominai;~i;;g;J~

:=- ~~;"'·"":-~-----I-:;-=-[r!po> j--'~~~[ U"It,~~t'---=-._;:~~~~- _._~
Sync Oul l '11! (ScI! FIg 5) I 1

I I
(C 10pF \0'''"'Latue 3 I - - I V ~ V !'lN~ =- 1 Ijn~f~ rllr1 Lo:,.1 j

nr - 100 Pll, mm )
L,OQIC 1 ,', 10 v
Rise Time nr)
P<lJI TinHl(lf)
fole!,ponse- Time

tprj 
~pd -j



I
J

HARMONIC !JISTORTION vs, ''Jr;.",

p.~ pilrame~er

";,

Li-"Ji,l';AG'E ,,~, 1iaMfOERA.TURE

'-'"

I'
5

",....'.,.".,,,).,.

"~l"'; \l5.l,h"
VI! plHarm"ter

,~. ,'·Jl.r,'

CROSSTAl.K (dB) vo, FREQUENCY

·-·7'J

.\. \';;:;.:..;"~""""
I~~~'I~~. \ /1,,,,,,,,

f- ~ 1/ v~" ~v\~~""''''
\:::~~~
.~~

RISt:: TIME \16. DR:AIN CUt!Rr.N1
R", 'fr.-;>, paHirootll:\'

; ~:__ ...._-- .--'.' ,,/:;.:;:'::.::

~l" '0.,'"
I.;"'!;

~o, ,,~'lT$,

Vpll"'r \'S. \h-,
I~ pflrametcr

(l8·g

•....__. •__._..._~....._~r.lilt.!l!llli~ImIm:~-1

\l';ll~" V.9, VII

t"'I"'~ vs. If.MPERATURE
VM, VII pafihtllZ-tCl"

~\,

" '~ III .~

~,: ,~~'.ll·

,,',,-

CHIlAACTE"ISTtG CURVES

INPUT CAf'lA¢liANi~F: ""$. VD~

[

I

I

'"'""~ """"""" IFl:o. V"':~ p~lri:lmctllr l

I
I

_._.. ._ .._._.--__._. .__._~_~, .. ._.__..__. I

"'''~'0~~~~:W:'

~~ 0 1.~~

'o,"U
lo ,-,,)~~.

til' "I~'C

.,;

I

f- - p-~:;-;::~, ~~S;I~--l

"
"(;:""". \7';"'·'

I ",',' ~ I

f
··--..2::::::"_~:·_·_-:~-
D 14 LI<AD CERAMIC DI;>-I

I
I_~,~:::,:::~:::::: ._. I

I F 14 LI<AD FLAT P'C~'l
I r '*
I ~ r~J' ,-IJolCitA ~INTI'jj

I
i' r",
ri1.~··-- .t.-;....,..~",._.-.--, I

I .. t= :
i tH:";,,: I
I II I, . 1

I Uj,i%li~~ I
1 0"'1--.- 2?~ lorolI L ~~I ~~3~~-.I

{~ 2;;'H\I S!.)~ ~

1

_ .oo~,~~;;,~o ~:h~~ .,
TERMINl\LS

I p ~ ~~~~l::~: I';I~ ~::::i::~:

I
Oralp 3 :J {.Irall, 1

Gtll~ 3 Ei f),lle 1 I
~ SOl ree 3 11 $~ur~( 1 I

I
I ~ Souce A. 1~ SOlJrc(I ?

~ G~t(l d 11 b~lc ~

J 0'.:111 4 14 Dr~J~?_.._----~~ .~~---

Y/oJ
-351'
-6..

·-50 I,'IA
"', -t-OJ InA

65 ttl 15n"1~

- 6~ to 85 C
,(;

-,- 6S llJ 1;~5('C

BO~i (O",W
150 roW/

CtRclwr OIAC,;R:AM
.,., :18 'nit pg<lk~~~~~ ~;18r;(j1 ,ri~lJt r;]l'Il(
l!' to'? ohl'<'Is Input 1~~i"(anf;1l to gal?
.~ Jnlegrated leJ1~' do;'I"I. Pri)ttC!.~ Ih~ f,dh
;f Nurmally (In "'fIn, l,-~l'.. gill~.ultllRr,

!!l Sql.fM!' law li",O,:: tr,1n~fef {."~r<1CrrmSIiC5
.. l~w cms~tal~

til UlW le<.lkilge pre~,~nl~o to toe SUl'niOh'IB jUnctlofl
oljl Low 'ell" nesisl;;nr;e
'iii LOyl 'Iiift;lonir. d-l~llirll()(1

r=EAiURES

}"\PPUCATIONS

II,gn ~~als~ (;1HI::~h':~\;\r.:

ITIuit!tllexlrg

~oii: dOiJb;e ~\f[o'" ~wi~cn

()'b:-tii' s"jlc!\ill~

E::I..ECTRICAL CHARACTERI'S'TICS
n., ..-. 2~cC. U~1;:5S d"erwiSI~ SPp.cifi~d _. tody ,~roun(ed!

.MA_:~I1'.HJM RATiNGS
(1, 2)'-'C Ur.lfISS {)tlit'rwiSr; IOH:r(It'(i _._ bOlly grounded'
Dr,]in to S0urce Voi:3ge
Ga'~ to $clIrc/) VoitJilc
Ga\o:: j,a Drain Volt'lr,~
Dr~Hl Ct.!i[i'n!
G,1tr- CU[lcn\ {f<:r~lard Q;reniD;l lor ww \:lamD)
ShlIJt;e TI!m~e'~!lJf€ ,
Ollmiing JUflriil\') Tl'71p,HHfJie l8SH';
U!ii'f:,lil)!'. jUf\ct\;;;', 1~1"1''i!f<lt~I\! \B5\ (nn
TUt,1! diSiipa\iorr at ?S~C Amtli!.H Telllpmllne
yo!·,1 c1i~~ip1Jtio~ <II 2S"C. Arr,t!~nt TClnD~rilMe n" cDC1- gate elrcuit

Four Channel MOsr:ET Analog Gahl

iliiiIli MEM 651P(~~;-------1
~-_._.__ _ _--_.__ _-_ .!

flu-I.I

~~~'I.C~H;iM~[_~-=~~p!T~~~~~~~!TS j_~==~itIQ"S_==
\I,,"(i,JG<;~~\f;~~r:I)CL'IDft I - i.n l- ! "~.rJ I Volts I It,,,,, -10 111\,

I,;;j 'I Dram leai\lle~ ~lJrren( I .-. ",- ~'2,,J, r,A; ,.,20Y, V"".;:I)I,'

',M ISource L~i'lk~~E' Currerit - 1·- ·'2:.e I n,~ '1('," .·:"0\1, ~!'''~''"'O
1,,11 Gal') lijJkag~ eli re~: I - I -~O,l -·1.0 I "A
j('I(';" IDram Current - 51) ' .. - -- 1t1~. ,. fJV
el,\,;; I Dratn-Soutc' !li\!',,~down ~Il! -- ....__ V()IH
OV"D~ ISOul'ce-Drml Bre~'~Crl'in I ,~, I ~- ~_. V!.ll~~ --lD It!', V",~II - CtY
B"~~( GalLL-SOl!rCC [lrof~(jDi'i" -3~, ---: I -SO I ~olt:. .-H1;tA ~~~~:,,-oV

y" 1~~~~S;~~~I~~~~~ r l l~IO() I --~ ~:nhoi lkH;,Vol"'O,,·IO'J v-.,~sm~
C" C3padt~nce I ~- -~ I J,(j t)~) 1 Wk, V,;~ ~ Yo, ··-luV

C.,I IGaf~:;C,~~~i~e "... -- 3.3 I pr IMit, VG; -'-' V~~ "-. ,~·101{
IGrain Tu Sourcu , I '. _"", ,,_ __. '!

C", I ~'Ipa.:itancc ~.- ll.OIl I O",-O! ;SF. 1 MH.. I", - III" - - di I

Ort~~~5T;tUcl;:~r, I '-- -II 1(:0 I D'ir~S Iyl't ·"-O,~-i.OV, I~= !DOpiL
111" ,V,_,~" )[JI'lli)·SoJrce VnllDgc O,~ IJ~lb 1/"<,, IDV, hl';' "-2:rrA

.~;_..l~'!:':: -_. l~:~ .. := L~d ~:-Ll ~~-R~~;~J~ _



88-11

h

1
0
,:i~~,ii-;'

,,\5

·!u·IQrJ'r.
1 ~ i ,"!1i

;8, ,,-.Q~·d~~
-0' --'1 "',

'"'1! ~

:,10

"fl.~ l'lQu~q

ftlll'(.~~1;IH o~

"'··-~--L __. .__

~ il

V(;\, lJ,j p.:'In~rnE-'!c'

fotv: "'$. "fEMPECl/\TlIfolE

INPUT CAPACITANCE vI>. V~~

HA~MON\C DISTORTION \I!I. V<;r;,

F(~ p-~rtlmeter

6,')

':'.HI

',OJ .. •· .. d.

:::~~;~~~~~![:;::=:

-- :Z~

."~
'I~~ l~'JLH'

't~.I ...l Ir"tl. V;:er

V~"~"'\ro", ,._,co,,,\, .~ '- ':...',.,
~~ \~ i

\~
\,,~~~

.,.t,"HR';~"l .{

~
~~ ,(;00

\N~~Y W~l'lk ·l.~;;I~:

~
",,,,,,.. '"''
~Ll- U~'It>,.r. "IN3

\~"'''" "".W", h' ""'"

;~;;";:j~~;':.;~,~:;A1,.~:~ "0 \\~~:,ll'l ~H~,V 6 \\,

); ,:..~

·-"i-__i-~=//,,,o,~. o~ "',,, _:: -, -., "-00

'~F,O'JL~i" lOcH,' I~~ ,r.4'1~~(f~(;"~~ V'~l-!A:>l:'

CROSSTALK (dB) vs. FREQUENCV
" _.. .

C::~~~:~=J'1
"'~";J®~q~·:-.',-··-fT:;:'

~ "-- i·.--,.;IF--
(~T~~u«:';L':::1:0

J~~I:~"::
-'if At;

.~~U/-"f§F/ -9';;'< 1''''
/1 /<f'y

i;'iJ'%.;/
Ii"//j,

I~.~> '1/;/ -
/,/;//;;,,//

i:> r,.'

____________.-\~i-~

.~t·1

V~!.ll!ol V!l. Vn,

TYPICAL r.HMIACTERIS-nC CURVES

~
~

~
-J

liar. \VOL1::'1

LEAKAGE \lB. rEMPERAiURE

C'

F'

'_;1

,
'~

All <I11~,t~'lIM~ In Intl'\U

TERMINALS

PIH fUNCTION PIN fUNCTlVN

1 Gatt 1 8 Substrate

Gat£- 2 9 Drain 6

Gate 3 to Orall'l 5

Gate 4 11 Or~m 4

I
~ Gate 5 12 Or:lMI 3

6 Gat~ 6 13 DrJJIl'

I__~_~~,_._~~-~ ..

-,~ov

-80'1
__SO'l

·-,20rr!~1

. "." -65 t~r'~,~~~2
-.0510 ,S'C
-65 t(112o';e

3QOmV/
50mW

APPLICATIONS

: ~rr~i~~~I~~~'~~I~l~X~~lfjlley'jng
'"' r,h°itjllnj",
& Serial to pi.liaHel & parall",t

to .~lldal r.onverl~r

",-----ifil~~..cr~1Hf.l~r?l-r·
",---l:::Jd j [i 111 111,.-----L-+-Jl 1 I, I

-I I ~+-~ ! [j\
-«------j--i--t--" 111, j I' I
-"~-------l----LI --t--=t"-d ,I L'·---r--;----TT=;-,JP--'

n,"v'~", <"'")I''''''''''' .
Amhlr>nt Tpmt\l~r.,IIJr" I(IT p.;lCn e~te l7l1tuit

~------------~--']
ME,M 855P/D/F~-------------------~..._.__ .

CiRCUIT DIACil:;;AM

ELECTRICA" CHARACTERISTICS
IT.• .,,; 2S"C, HnJ~:;$ otheHmll sDer,lfied -bcdy grounded}

GE}~('

'PEATURES

$ tow In~'llt cap<:c\taflc ~

~ q,Q 'loa pe4lk·peal\ :;i1inaf in~tlt m_1~e

• lQl~ Qhm& input re;;lst~:',r,1j i" gale
$ 1,~11egra1ed lI}n~{ Cli,ll11P prDtlltb Ih~ gMe
o!l NI,rrlJlly oft 1(1 th Zi;rQ gate ~ol1~"

i!I> So.ua1f: bw IIlJ1:'<lf trJfJ~ft!l c.lIJrlidlH:.5;t1,r.s
~ :'01'1 crosstalk
~ Lew ie"kage prc~-en1Od [0 me s!;il:n,ing Jt,:rIclicl'
q Hir.h {lr.1In, Sr,un~e imd Gate Brr.J\(~cwn Voltages
II lew harmonic Ji~trlrtiOF1

Six Channel MOSFET Ana!og Gate

!Y~~_~_ CHARACi!:"I~T~CI-Ti.,'~~-ri!!."...L~m"-_~~.-==~!,~~ITIO~S --::~=
Gi!te S\JlJr<:() CuliJtl ., I' I .\'0!\!'1 I Voltage ~J,O ,- '-~I,iJ Vljrls VB~''""~VU~,!p:=[, -10"",VI~;:'OV

Iw !Drairr l(!al;.~C£ Curnmt _. 1-'05 ·--0.5 nA !Vo, ,,,- ·.·,.20V, V,"~I~' 0

IS()urce l.eakaee Cur/ant 02 1 . I I . II -~OL~\ (Tolal for ;jIll/nits) -- --. ,-:0) nA V1i}~'~ --lOY, H;UI-

Lm !Gat~ Leilk:Jgl) eu((cill -... I-'-ZU -·{).5 nil V'H ~'_' ". ZOV, V~U '" ()
!~IO::fll I[}raw CUtrell! ·--1,0 --,J,O --; rnA I'VG~ "', Vt-, ·00 lOY, IJII :::=; OV
~VC>l Oraifl-·SQUrrl! RnJ3Hdowf! -·-50 t ·,--55 -'SD! Vo\t~ 1,,::_ ···-10 IlA., IIslI -=0 OV
IJVIN S;lurcf--Oralll BflJak~"wn --!J.O 1- ---60 -,go I Volts I~ ;.~ .- 10 JIA, V"~I::::: 0\1
\jV,.", G~te~Stl1.lr.;e Bfeak~()Wfl .·-50 --/0 -BO I Volts Jr,.;;.~ ·-10 IIIl, VOII ~ Oy
v"~ Transadm:l\al1ca ,~~" 100 -- Illmhll J kH" V,,\ ;::.. -_. 20V, ID ,,,,, •• ~rnA,

ell G~teap~~lfil~;~~ e ._ 02 05 pF IiJM\\t~tl - !'os = -Illv

I:" IG"i;p~,~,r;·'~,~ I --- II 0' I 05 I p' I(MHz, V" ~ v" ~ --liN

C IOralll To SOIHC" __0 OOd 0 ,0 pf 11 MH, 1/" ~ V = - HIV, CapFlcrtarlLJ ~~

_'~~~~ t_tll~~,~~__J -=~_1~oJ.~~'r, L~~nl'.l'~,=-- 10V 1
0 ~':"'~=': Vo> o!.
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II...,

t
I

·;:0

'"

10" I"~~

("l,W(

·-Iel

vI» 1';"OL1~\

' ............,---
~----~

II,""" "i
j\ (_\~

\
\ \
\ \ ~:::;,~;;;;; :?;::::"

\ \

\'"'"

HARMONIC OlS'roR1'ION V5. V"t.
R~ ptlramotcr

lNPur C:J~PACiTANCE \is, '10;'

.,~~'."lo'" ,.

1'~'J""1 Y5, -nZMfE:RATIURE

Vr.~, V~: ~.~~~.~ter

"':""'1

T~:I;~;:~.'~M 'e

lEAKAGE vs. TEMPERATURE

..........-_.

1(''''
.;:i:".'

'i;;?!,~/1',,'
Ai1V'/1

~~>.V
/;,~)

//1 1/" / ~/11
/,~'/?/

//?JI?
M.~r, I ~//(

iJG-Whj V:S· VII

~.' . 10 Ie 'lO 25

VO!> 1\I'~l.1 $1

~c.o

~~t.!) /~'

(Of
~_6.,~, ';> 'Ip~ ~ 'Ii;'"

ICI,,·iC!fJA
Tj ~ 1!<:<'C

,'1PIC II1• CI-fAMCTEAISTIC r~URVES

F ).;.1 LEAD ri,.,A7 PACK

" ·-35V
, ·----..:lOV
~·40V

-- 50 mA
" 'l'·O.l mA

--65 ~l) l5QoC
_65to 8~oC

-6510 lZ5~G

." .. ,900 mW
.150 mY\'

AI':JP1.1CATIONS

" 1\,'1~!"g MuHlple-~lnu
~ lin!.: di'w.I(lJI mll\h\'l!t~il'&

" CMppl»{',
oj S"::tla: t(l r,anl\!')! ~j l1~ra\lt\

toserfali:l'lnl,'erlQr

,·-.-.11d,l l!'i'"

_.4'

"., I,

FE,fI,TlJRE:.S
., t'n 'nit peB~·pe<Jk 51!:11;;1 :npur ranB~

It lC:D~h\i\S Input ff:sist~\'),,ll [I,l ll.atil
1Io rntl!~r~trd ten~r tI;,.mp l,[()I(lCI~ tli~ glll~

of! IIcrttally off with IcrD ~.a(E ~l(ltl~~e

!l! Squ~i'e lilW lin~ar !r<l1l5!Q,' ch<1lilcjeri~\;c~

g,llJ'tiCfo5s!a'k
.. low I~ak/!ge presented lu the :Hlmminr. ji;m:;IOr,
e Lo\'f "on" ReSistance
6" Low ,:J'inonic ~ls1orllGn

CIRCt.JIT [:')IAORAM

Si~: Channel MOSFET Analog IGlate

El..EC1",QICAl,.. CHARAC1°eR:!S1'ICS
If.. = 25°G, ~!'llcss ot~erwis!' ~p~cifip.d -~, btld~ f.t~unde!dJ

L~ MEt/. 85GP/O/f I'

-'--~-'----'-"-'--'----------

M,4j(!MUM RAiINC~S

(1" 25"C I.mlQ~s othemi~f S,N'clfii~d'·-MjJ arolind'2dJ
Drll:n I\I SOlJrc~ Voll<!8(l
Gate \0 Scun.:e .....Qlt~~e
Gate to tram VoJ!age
Ol~in C'Jnnt ,,", ., ... " "'_". ,,'
Ga;iI Curren! (lom8ro dircctilJ: kr 21lner clar11pl
Stnr,3~il !~(rtm!l.t\lre

0pNabng !;I~cti(Jj'l temperatule i85bPl
OneraUnt: JlJildion il':T1~Ni!luroll (S55 Din
Tot~J ~i&~"~ilt!Qn at 15~C Amt1iMt r!ilT1pn'i~ure ...... .
T[lt~) dis~ipalic~ at 2SeCAil:!l:ent TCi'fiperatul'e fei ~~",h £~te circuit

IJ
r

§BioL ~~~::r::T:~:~~I~=~TM:: fl~! Il;ii~_" CON;~!2NS-= I ',~, "",,,.c=:;~:;:-,,:T I CROSSTAlK (dB) VS, fREQ~~:~CV
VC,11101 . VCI\~g~ ",;1 -~) 5.0 IVi'l,{. I ~~;i;-O~~\' l~~", -10 ..A.. _ ~?: «~dlLTh
I", Dr"i" lea"ge Cllrrim:t - -, .10 ~""3,U nA:, yO! "'''' ~~OV V·;\!~ 0 (ljl o:Ii"lWnll~M HI In·:~et I .~v {} ,0",,~':J~

lJ(>l ISi)l~~[~rf~~~'juC~i~~r.t o~ "",0,5 -l7, l nA I V~~= -.20V, V~'PI~~O ---- -~-~----~----'-1 t~"~:~-"~sJ~F:~- ~:~;,~'
!-su Glt: L~i1ka8e, Cuner..t -: 'M?.l -1.13I nh ' ~(,:. ~,. --,[0'1,1,1\:",;, 0 , EHMfNALS 0 \'UI~ @ -:U--, ~
lalo'lj .Dr~," l,oUrre,11 --J-.O ·,,6,0 - _rnA I~t,l "" IJ~, "'"" ~"' lOV, VIS:: 0'1 I ~ ..I) I-a:: __.J
8V.'::;~ I~~3\\:SIJUi~e Bll!a~(j(~~~l .-~5 ~- -I "I\I~I!l ". ··~ll)).;/\, ~"'ll'.~QV P/tl rH~~rlJJrl PIN rtlN&ilOH , @ t~;~(~L~::ll'o
aY!t~ ::;uur~c.::-Oraln i:1reakrll;"n I -->5 .._, I ~ \'o;1s ~-1O !lA, I"'~I ,- OV 1 C"te l ~ SubwJle I -~~'r ,N~~r !;IG"~,' ,,;¥tJU h;'F;'

BVIl,I IGlot~(I\lne BI~ak(\l}J'm 1 -40 -,- -%0 VOII,,: ·-!fJl~f.~ I.f~~!- \)'{ 1_ ' I ;jj CftP$:STALK 'Mil- tOL""~'
11' rra;'ls3:dn-~ittancl) I' - 2~OO -1,",l'llhO 1 1kHz , VGl = V~~ "'~ ·-lOV 2 (,Ule 2 9 (Jf,~ln 6 I ~ A~~tU~~~~~,,{~'rJ ~~ 1~~J~~1J' ~ TIIl\~ ~
C r.~hroS(lllJea -~ 40 I GO ", 1 MIll V . V IllV 3 h~t":l 10 U"ln 5 I ~ ~~ll>'
,,. Capoclt~JJ;;e "I' ~I "-" ~! ",::: .~,. ~ • ~ L' -

I Clt\; ra On,in • . ., G'!; ,1 11 t',alll 4 ~ .---/
C. I Ca~al~it3nct -- 1.9 a.S ~f 1 Wll, V~\ ". VP1 .'';; -~·JOv ~ J ../,"

Olilil; T\J So~rce : "' 5 GJ',; 5 12 ~.Jf~Jn 3 ~'9 T- _."_~",,.
c" I_ G!lp~citanca 1- Ou.l. I O.ltI pI ! MHz, V,;'".L VO~ :::.~ "-·10V 6 GJt(r 6 13 I}rein 2 I --- 10 1~ '''~ .~Q

I ~::'~:_~~:~~~I"::;'__, ,-= __.~~~~'~:~JJ:~~~ooV2~',I',:_-_\O_O~, ,:~'~c~ ,_~~_I'~'~~J ~~~ ,'_"__~~,:::: ,,~_._~ :' ~ ~~ _"_"_"~~"C'"_':'.,', ---._--,

i

I. ",." 3[<,1:'

_b r:ii_~~lJNIHIIEre!~~'II~lUl~"~_==""""-=-==-:::'=' =-------------~~~~-----~------------~------------~-------------



Ba,1~

I(!!:l ~~~~~~~~~: J

30V
-·30V
--30V

50mA
+O.lmA
--·6E;r.'C to 15(.Y'C
--65(1C to 85 Q C
'-65°C tl) 125"C

L75W
1'15,nW

-lOIlA, VGu ,,:: 0Iso

Vc;\ 'c:- Vf)~ """ -lDV, t - IMHl.p~

Volts

Volts JIG. -lOvA. VPii '- 0
}llnl'105 I Vrf. _'-0 -lOV. 10 .00. -··SmA. f·"o-. H,H~. VI~ = 0

2.5

1 0 1
20 I pF JVc" ~ V" -- -10'1, f IMH,

004 0](1 I pi' Vo, - V" - . lO'l, t - IMHz

-1150 I Ohrn. v" -20V I, - -lOO~A V~ - 0
- ---~- - -~~-~---~---~---._---- -

30

MAXIMUM RATINGS
(T"" 2r:i<lC unless otherwise ~pecified _. body gmund~d)

Drail"l to Source Voltage
Gate tl) SO\.Jrce Vallag!?,
Gate t(~ DnlJ/"1 Voltng~~

On-un Current
Gate CU/'rent (fol'W<:1l'd direction fol' zener clamp;
St'lraw.l Ternperaturt.!
Opera·ling Junction ip-rnr~~rature (~57P)
OpertHlr,g JIJnctron Ter'l1peratun~(857 DfF)
Total Oi%If)atIOtl at 25~-C Arnblent Temperature
Tohll Dlsslpinmn at ~:~;~C Ambient f:ernper13tur.e for each gaiil (;/(clJit

eLECTRICAl.. CHARACTERISTICS
(1'... ~,. 25"C unless oHlerv,islJ specified ~ bOi.1y grounded)

BV'b~

eVI.m

'I"

--~

/}B~1b

Cd,

C~l

C\I(I

;r;:;I""1

~-S~~8~LI--~!;.~~_!~~~r'-~=-·l--~~tN-TyprTM_~~1r~~~~~~==-~-~~ONS ~~====-~.
V"'"lfkl b;J(,) S()l~rC(! I I •

CLJ~oft Voltage 1 5 - .:j. fl Volts 'If), - VGsJ It: -lOllA, Vss OV II II

1.", Or<11n Leakage CI~lfcnt J ~ -. 5 I nA VD,· -201/ V"H ~~ 0 •

I- ~§:~ ! SO~Jl'l [. Leakage (,1Jr-~ent - ~- I ~g nA IV'O -20V V,.n~ 0

iG" IG."~t",I.~ak.ge Current ,I -11 nA IV", ,- -20V. V", 0 1-
!CI~' D,all. l;urrent 11) I ~~ rnA I Vlll ,0" V(.~ ~- -,lOV V~i 0

BVI)~ Dr-am,SourceBre;~kdO\"'!l Voltn?,e 30 I - _. I VOlts IIOl <0. -lOpA, VGU (J

Source·Drain
Brt,;~kdown Voltagl3
G;lte,Source
Bre::lkdoWfl Volt;;!fN 30
Trnlisadmlttance 1500

Gate· Source
Capacitance I 1.5
GZib~·Drain

Capacjt~nce

Dram-Source
Capacitance

Dram·Sourc~

On Resistance

ArJeICI!:i r;!\;ltipll,xlng
Time tJl\/Ision MUltipJO:1I1[;'
ChoPpI)r
Senal to (':::r,lliel 11; f'drillk'l

to Sr~ri"J I Clillvertel
.1·cMarlllr:·) 1~)ii;,~r;;ntj.11 S~'IIt:C'I-i

APPLiCATIONS

The nitride Dfl5Slv::'ltJQl'1 prQC8SS lm;)!:';!L~s this delliC!1 to
'IElVe OJ !o"? threSilOld vrJlt.3gQ capability

By properly bltlsmt~ trw ~'0I"1(;f:!~, they C<irJ be uSed r.!ltlliC't
as multiplE! s.... itc:hes, rotary swi~ches, "AN[)" g'lk~ i~f

"NOR" gate$.

CIRCUIT DIAGRAM

FEATURES

:3 2 4 6 7 S' 11 10

J ! 1 JL~ r 1
20 0--- ·----r~·--IfJ t:;l ~ I ---~------.j'.---..-" r6.

1

fT" I II L.j t-
t-r f-....- ,. -<>-1 '

2' 0--------__ -.~l 1I r'4 --~"

22. o--l~trJ t... I I' r r t? Lr~--.---<>. "
J';i II II II ~L .

"1-ltJp--l~' 4- ljL1C['"""
24 12

......._.-••-----1

50URGE

I:ilI 25 Volt Pe<J1,·I:tu.'lh Signal Input r.:<lnre
JIt Loy. Throsl1o)r.
It lOli Ohms Input Re$:stanco
" I rne~r.)teo Zener Clamp Protection
!II l'I(lfrrH1Py Off Wlal Z({fO G<'lte V('ltage
It Sql1r.m~ l.<lW Linear T((IIl::,ftlr Characteristic:>
I!I Low CrQss1;.)lk
til !.(l~', Leaktlp.:£' l'r;~:,{:(1ted to th~; Summlnj~ Junction
111 Low "ON" ~l':~I~lt~nc"

III L-')w HLlrrTWt1I¢ Di';!ortl<m

II I.e!;:, IJf "ON" Resistance
horll Ch'''''''''''' (;,;"",,", -

ThiS '1iultlDle s"iitch cont<:llns 8 tlltride Pi'!:;siv:;'ted Ins!.!
Jahnj gnte field effect tran:>ld(frs. Th~ sourc~!:, Me
connected Iii such .'3 \,oJ&-y a;, to .offord maximul1l flexj,
b;!ity for swhc/'lII':g apPlications.

PESCH1P1"ION

Eight Channel MOSFET A.nal,og Gate
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~';ARMONIC OIST()RTION vs.. V[.c,

R~ parameter

"-
"'-""-'''-

,~,-

10 ~ lor":----··....
f ~ 1~,Hl

... 5 -\0 - 15 -20

VD~ (YOLr~ \

INPur (;il,PACITANCE ';l~~, Yij\

T,O

l.i.~

6.0

CROSSTALK 'dB) \/$ FR€QIJE.NCY

!.-EAltAGE !J5. TEMPERA.TURE

1\''''
1/'

10)''''
/~~I/1'

//{/'//;J ',"
/:ft/~//

i/'fY'1y'" Jjl;///'

'If'/!jf
~~~/ ~~~ / 0 ,~

a~~·~'~~~ .~

~B-17

_.__._._-_.._ ......·...~JllIlIlQI1~lIiIICu~~l>iiI!i_d~

"'10'1

.!:>'I< ISi'I. 't!--
"v '·-'V<:V·';liH-·l"'l I " .."','1< ~ CD ._.~ , y,r'll ,?"~J>

, ~':IY!r----IiJ" , I I '-"'-/,N-1.ii'--1
r---"~ ,

o~?-'T;Ai}---i-'~-T-~~1
IKn f @ ~---t <IOKfl-

y h··........j ~-
o'-::r.!l.I.1:-"' ,'\ .

(i)'","@I...:::j:'-.1 \ ",p,,, '",", 'i','.',; \
IHP\lf S\~Ilt..L' 1;;\l(;l,I>~-~~ Ij!. <1.\CU~N~~ ')~l1l
C:IN.';T~~~ [dill' W 1I~"; 7

1
\l tllHJ',£D ~IIlS

,1L~ IJN;;sl:", ~I'l~, Of !Ilo~'£TS 3 ~HrlU " \ (;(~.EfTEO l~' (}!1)~Il~
H![ COHtll:cTW "'0 r;~ouN,O ~

,.//: ' "' ",,,,i\
_.'".----~' I "'-

-~r.;, -" \(J :co 1001:> lell \... I

I
,,""'"" ,"," "-

'~~,~'" 'I

L__~_~_~_-~--~~~~~"':'~j
"'''H~~l'J"' '[

flo',,") V~. l'(MFERAfIJRE
V~" V" r);!J'nlYi('\cr

IF 24 L.EA!) FLAT PACK

p

PiN

,.,,,~,,,,".,.".,

VPl

lHfi'lrnetr.r

~ '-'0

Leo
,<

~06 • 'f~~

lp .~IO~A

T~ , 2~'C"

,'0'- I~.·;m .?"

D:;Jl 24 U?AD PLAo,'TIC

V.",j" v,;. VI>

V(JS IVOLtS I

I:~ 24 LEAD CERAMIC [)IP

TERMINALS

rUNtrluN PIN ,CUNtTION
S(Jbslr,'it':! 13 Gate I {)
Orill.'12 ]4- Gate~)
Dr.~111 ! 15 Gat.J 8
DrJin 3 16 G:ate 7
t'Jr,:ln 11 17 Gnte 6

6 Drain S 18 ~(lIJrc:e on
7 Drain 6 \\) Gato fi
.s Dr(,in 7 20 Celte 4
9 DI'cll(l B 21 Gatf'.3

10 Dr~-jH1 10 n GMfJ:::
11 D.-ain 9 2:1 Q,5i!J 1
1:? SI)l/(CP:! 7-10 :y, SfJUfCI] .(.4

TYPICAL CHARACTERISTIC CU~VES

-~, 0

J::/~
-I,a

m-"6



CIRCIIIT [)IAGR#,M

! ; i r rij L[ I ; :
ZOO-.---T-L+.-J"ii ~ti1 ~ ..1~t-

- . Jr'- I r '--+-11
~ f---

J
I j-

\.·3i'--._-~""T,~__.J!.--lf_M_1
SOU~t:E

~ "~::------------------_._-------------------------------------

1_...IIlIlllml--.--~_".--,--_-._.--.

·I'~

'''(),lmP.
--65"C to 150"(;
"'f:i5')C to 85 c C
",65c'C tc. 125"(;

1.75W
i'jbrnW

5(]tnA

--30'1
~-30V

-30V

MA).(IMUM RATlr"'IGS
(T,o. 25 'J C unless otMI.~rNIS~J specif-Ioc! - body gW'.Jfloed)

Dralfl to Source Vo\t8g~

Gate TO ~:;ol.lrce Vo\ta~~

Galt": to Dram Voltage
Drain Curl'ent
GatC' Clirrent (fort/anj Clirectlan fOi ZPMr clamp)
StN:lgi2 '(ertlpera.ture
Operating .JiJrH~tlot'l1·Qn"q::::0,rJtLH€ (853P)
Opentil1:~; lLlOctioM T~I"(jpeOjtur6 (85:3 DIF)
Total DI~$lp~tlon de 2'3"C Allibient Tnnpenlture
Talal Dt~~~IO,:Hron at 25"C Ambie1lit h:mpf.:ratul'c i'ol' e,?ch gate CltCul!

n_EcTRICAL~ CHARACTERISTICS
(T!- .-"': 25"C lillie:;;; otherwi.:H' spc,cilled -_. b:Jdy grO\IMderJ)

~_ !yMii~~T?~A~~ERI~T!C --=~ llli~~ r~y~-\M-~~!U~r~r~- __-= ~_ ~:~~rfI£0T-- -~ -- ------
V"" 1M I G~·e·St1iJrGe \ I I I'I Cu"oH Voltag" I 1.5 - 4:> \ll~ltS! liDs - V"I ltl -1 GilA. \/~~ 01/

I,,~~ l)talf1 ler~l~ag(. C'~r'-':3'lt 1 - I 5 \ n.h I 'hi -20V" ~~, C
Sl.4 I : I 20 \ \

I."s S5 6 ISOLlI ce Li-:<ikage Cur rl?r1t \ I - 10 I nt~ IV,'.", "" '-20Y. V'~(I~ a
87 10 \ : - 20

1.,<5 GatE L;;il~age Cunent '- \ I 1.0 j r'1f\ VG• '-:" ~2I)Y, VtJ;~ 0

Ie-~, 'I ~)la\n Curn:mt : 10 .- I I mA I Vr;; ~,. Vr;,,, = _·,lOV, \f" ,""

BVD<l Drm!' SOllrce
Sri:!- lkuown VQlto)~ .., ~ 30 I' -- i V.Olt s I'l, ~lOiJ-A. VC"II·· f)

B\;lOI Sou"'Cil. Dram \ I I'Srl;'!akdawn Yolt-ag<n 30 - -- VollS \$0 ~ ·-lO:,.A. "'\~I), (l

8l1"." G~~te.SoLJrce I

,- 6rcaldown VolwW' \ 3(l I I - I VOlt< Ib"' -!O,•.A. Yo;, 0
'f

l
" rnmsadmlttanc0 11500 I ~- 111lTrhos VO~ --lOY,ln-·; ··;mA,1 1.~HZ,V5"-'-O

C" Cot,,·Source I IC;':l?aGitar\ce .¥ 1 'J i 25 I pr V"" Vr;$ - -1 ov f LMI""l

C., Gat" Drain 1' Gap<'lcftance jlO 20 I pF" i./ u Vp~ =' -lOY, ~ lMHl

S"l OrJ \" SQljr~" ICap(lGit3rlCe _. 1004 0 1\) p~ V(, = '10;' - lO'J, t 1MI;

l J ,tool Dlalll Sourcf>__. J_~_~~s~.,~~c~- 1_ 1_- ~~~I~_~~ - 20Y, '~_ '!OOI'~~'J"'. __n _

:)8.1:-1

AI·PI.ICATiONS

Amllog Multiplexing
TIme Oivitihll1 MlIltlplc;.r.ma:
ChapPElr
4·chanflcJ niff,Jrential SWitch
Sqrial t? f13nlllel li:t Pa!'l!il<::J to S'.!rial t~<lI'\\Jt'rt",r

8)' properly bl~sil1g the !:le~'II~CS, !flay c~n M 1,jr.ed ~itl1~r
135 tT'lU1tii)Ie switches, r(,teuy ;;V\'itL~h~:" "AN (i" gi1tM I:Jr
"NOR" g<ilte~,

The nitridt' p~ssiv.uUol1 process enable!> ttilS deilice !I)

h:l\i'!; a low tr.rashold ,;/oltag(! c€pabllity.

~L'iii i MEIIJIIli53P/O/F I
1i1lUiinII-----.--._. . ._---.1

Ten Channel MOSF"E:T Analog Gate

Ft,ATURES

IIii ;2f. Volt Pi!-ak·Pet.l~' ~hgM' Input R;~nge,
&i tow rhiC:,hoid
ifII 101~ Ohms Jnput Reiilsti1:1Ge
III l!1tt1Er.ltr;d Zener CI,W1D Protection
III NOl'tW1Hy Off with bro Gate VCltn&~

I!lI Squam law Ll!1i~ar Transfer Ch,mmtflrlstics
.. l..!)'I'i G~tls'Stalk

IilI Luw t~akage pr(~s{m:tad to the Summing JunctlOll
IIf lOW "ON" R~5istar.c(~

IIJ 1.01', Harmonic Distortion
ti Less Thall a 20 Ohm Cnarlge of . 'ON" ResistlltlCf.!'

fro In C'-";'nmel to C!1&nnlCf

DESCRIPTION

ThiS ti1'Jltiple swtteh c(Jl1tair'l~10 nitridl! p;:,'Ssiva't\ld Il\S~I.
lat!;d g"tf field etf:?cl' tr~nsistors. 'rt1€' sourCE-S am
{.Ot,nilG\L(l in such a way as to alford maXlttlurn fle",j.
bil1ty YoI' switching sF1pik:<3tfcns.

II
l~
~l.
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-10
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H,ftRMOmC rJlSrOR'!'fl;I'N VS. V;:.,-';,

~, parlllmstel

I
I I

I "",I", ! .. " I
""-,. I 'OJ--....,

~~~---"
10 " IOmtl,

,f' 1M"' I

~.~

L!>,

mPilJr CA,f6i'l(:ITANCE \IS. \I'lll

6.0,,,·

0"

7.0

V>

u~

''--'"'"'I"J~

i

,~tou~:~cv \"~ll

'''", "" "tEP'it~'''-''·v t-'I-/''"~w.l!!'' ,
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..:..1 _. .'~_.; ._, ,,~ .._ ,..1._, --,--'
It! 100 lOCO

________._~__..__'''''O-lU!ll_''j~::.r;"..:llJlHlIlIIIItilIl!ll1IHIJtJtI!iilll:::!l~8IIIIIIMl\'!i_.

CROSSTALI~ (da) w. FRI~aUENCY

UAI":AGlIE Vii, ·~l:.l\lIn!lltA'n,Jf<l~

.~i··'

;j
;~'r'~

.~.. ///
il;, /1'"

",V" . . I/J!J/,;1/$/,01//'1
'"~ //;/ /1

///:'!J1'( /1lj
<:\~Il'I/- ~'I 61 n~,~"'''I:AI~~~ ,~

-~Oi-""

~;;t1.

pm ~'UNCTION '~/N Fllf'CVION
1 $ubs1r<lte 13 Gate 8
2 Drain 2 14 {~at£: 7
3 Or~!tl 1 Hi !~atl'J 6
4 Dri!lln 3 16 {i,;Ite ~)

5 N.C. 17 I~.C.

6 l1r:lin'1- 18 N,C,
7 Or<\oin .5 19 N,C,
S N.e, 20 '~at~ 4
9 Drain 0: 21 G:ilt~ 3

10 Drain 8 22 ';bh~ ;~'

11 Dreiil 7 23 G;~te .L
12 Sout'c-;! 5,8 24 ~10IJrc-e lA

i-"
\'~~, ' V(jS
11)' <>lo,u.A
rill - ;i:;"C

:0 I!) 20 25

l'IlS \\'O!.r1l]

·-1.8

-,j 0

D 24 LEAD CER.~~r,,1IC DIP

.. ,"~;' i'/;~

~ ::::(//.~._--_.
:;- .~,(;

~:~

P 24 LEAO PLASTIC

aB-::O

L".

1

I
~..__...._._..__..._-·....··--·--·-·------·-·..··· .....--..·..·..·'--·......··.----'l·I TYPICAL CHARACTERISTIC ClJlWES

I Yr""". \/1> 't,. r<l>'l"', 'il,. V,,( I
I

', VH pOrJfTllHtlf r~,\..! V~. TEMfl[RATURE f

" ...~" 0", ''"., V", 'I" pm"",,, I...... \:~~~;£~;?~;I
I

___.. .__.,_.. ~~.. ,_. . . J
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PIN COrm(;URATION

16 U'~I\D DUAL 1I"l LINE

l''''Il\'I;JW

1
--,,,-"

~(;G (~E-IiJ.1 IH~i MUI!,pk'.l: (l

R~~et -' '5 M,,:j'(i~~Y.::'

\lO f3 (-12Vl "..! '~£;:r<)~'.'

"",,' c"'~ 10"""" -., "II "onu h:;'I'
C~rry I)!JI~'ul Decad\!:l q ,. ,;; Count I!I1lul

OutpulU t' .' ,vr~1 (GNP,'

Outpull!;' 10' Cilr,yO'r1~uID<:,ca(]~2

OUllhJt 2 C. ~ __~j-.i (JIJ\PI.l11

I
I I
I Il ,__~ ...__.__ J

----~._---------_._-_.--,

AY-5-4·057 I
---_._-----------.-.-------.--_.

III FLllly s1nlk: Op€ri1110n,
III Max)rr1Um clock inplJt 500kHz:
III Roset Input.
II !A.tJJliplexed outputs.
II rinol Corry outpul snd two intermediate carry O\,ltPlltL"
If nUDTL COIllPdtibie inputs nmf OJ!Pl,Jl~

DESCRIPTION

Four r.)igit Counter

fEATURES

TI1I.; ,AY~.5-4051 Is a Iwliy static fOUl' digit counter Ci:lpable 01
Bcceplirlg i3: COllilt tl'~4lloncy of up 10 500kHz The iOllr cOllntQrs
<Ire Ct,lnnected I" SSritlS, each having <J 4·1)11 $tCJr~ ilsf:lor.i<'!ted with
a The counters <;h",r;90 on the ne:gf:llrm going clocl< t~ansltion,

lind ~he co~u1ter Oll/Puts are transferred to tlla 4·bl:: stores when
!flO load contf;!1 is taken to lOQic '{}'.

'(he l.:OlJn! held In thll four :;,tores IS .>!mbod cut In :>€qLJ€mc€, by a
BignEll derived from the 'StrobQ lnpul' The multipiexed BCD
\1u1pU1S are OLllpU! In sequence and arE! capable of driving n
d8coder/clflver The 'Sllobe Input' operates or. fl pO,'lltivol tr8.nsi
lion (,0 to i). and flow multiplex OlJLPUl~, P and (~ flJP. ir a 2-bi!
l?ins.ry EiElqll{Jnce

1n addition to II",fJ C(J\ml outputs, 1M devIcE! n~m <I. 'Final Csrry
Olilpul' (CO 4) arid two intermediale eany OtJ1pl.l%, C02 and
003, from the f'l€;coml and third deJ;ad~s ri$Spl'jcIJveiy.
A rei,:::lllnG is prov)dlld 10 reset all fc;;.i,lr OtlCfl.des to tne zero stato.

I
I!LOCK DIAGRAM

'-" FIN.'IL CAHHY
,- I~TGAA;lI'~

• INT CAFH!I'?

LellO~ ~TORE, 1. SlOl'1£, .1_ !JT(~rW I.. 8TO~~

,JIITIliITIL-r::r5OJSHlO!;E ~-It- f-,(ut f,'PlEXI:~

o --:I;-·6'-·"--;r~-;I;~:I~-·" 7

L+-:~_-:r-:_:::~~X-
c

---- v{;c

--"~;':l'
.__... ~G:'J

I

"I

Ml'LTJf'(.f'X
OUTPUTS

~lEGM~;ljT

Ol,lTPIJTS

..,
11IIIJJIU~~m'!ID~niml!JIIlIllB!iOfIllJIlJIl~_llI;"lI"'_""_,,_,,~~,, ._ ~"3



No-m~

J

VI~''"'Vt·l

'E)(ce~ldinq Ihose r:~\lng!; OQuio c:wse
parmEr/un: dl~ln<:g"l, "'Jrlc1)ona! o~or~J'Lc'l o~
thfs aav]ce at theSI: condllior.s i9 nOt
implle-d-·operfltlnlj r:'l.nge.~ aTe specijil"d
bt)tow,

,,$
n~

V
V

OF

-rOA

,
250

~'Jl£l)tlfl1-Unl RmUngs'

M~)(. voltage tetWl?:tsn Vee and iJ,(IY pIn. -20V to O.2\f
opemling Tel7lpet tot\Jre Allngc . O°C 10 +70"G
Storage Tem(Jl~ra:tllfo Rang,? "'6f,~ C to+'50~C

$!Ondard CondHfQo:3 (,.mICss otI"rC'(\'llse '1otrad)
V{;O~, -1ZIt .~~lV Operating Temperatl.Jrc IT,d =0 Q"e to c",'O'()

Vo:;:;: '\·'s,O±O.5V OUtplJl "'Ji\dIY10 "'1 TTL lOtiO'
Vi,' ,~ Cl\r' CL TOT,I\l ".10 pP

Chafach::rl!llh:: Min Mu Ul'Ilhl Co"ldillona

counllrHlul
AODe-till,~nH:itta tiC 5\JO
nlaoJraB'r'f1'1!;,;' TQ

Loglc'O' +'O.B
t.o~ic'·l' Vr('-U,
ll"lputCapacllanoe :i V((.,:,:Vn
l.oad Input
PlJ~e-WidHl f.;w 1.0 j.lS
Set~upTjm"lits\ 800 ns
Logic'(j' to.8 V
LegioT Vn'-1.5 V
In;)utCI<I~}fIeltancB - If) pF Vl"""V,'[
Slr<lbe Input
Rsp6litlcn,Llato DC 10 kHz
PulseW:cHh 10 ~,s

Aiee/F::.IITlme:!J _.-"to f./.'l.
LogiC'O' +0.8 V
Logic"· Yn,,··Ui - V
Irlput Cj}.Pi~GI1MCe 5,0 pF
~e~ef lriptll
Pul<;6w;iJth by,·
Set~up~Time 1$2

tg~:~'~ I V(,-15

InpLllCilj:;Sl'~·ltance 1 I '0
OU1pUh 11

loglcD' 1'04 t V I 1"'1"'='1AmA
l.oglC" \/,..("-10 I - I V I 1(;1,-100/IA
Propagath:m delay Ipd - 2: 0 1 -, I

~~;~::=- .__~__ _.~__~J__;~_ ~l_~~::_~=~_: ~ _
TIMlhI', DIACRAM

........--....- ,-;.. ------.•. ,.OGle 1

COUNT
..,-- ..'Ic=~==.7'_.......--..... LOGIC 0

l.QAt) ---..··+-..·-i-'\,.===~>IT ,.~~---- ;.CGIC 0

RESET
===::1:::.:/' ...... - .....:.. '~;:..,-=:=::I.OGICO

WfPlJfS I
,~ J

t~,,__~,__., . .~ ._. . .~.__._"~_.. .' ,

..,

EL"ECT"iCA~. CHAHACr~~!$T~CS

!
l
I

functlonli

A ntl9·l1!vogoifln 11100) SIQMI or, thio, inpL'tcaus.;s thecOl1nl:<r,o bo increml1ntt'fi ely
~1ne,

A 'ogre '0· re~~( all Hlls inplll cauSes the con tontl'i of tho; four COuntor$ \0 1:>1:
Iran::forreo to !hestofU. To store anyone count, (he toad InpJt mast go to logIC '0' a
tninlmLlm (:'f BOO nstlc ~ftf!r ~Ilf:l CIJLlf1t pulse that Se16 up lh€l C/>Unl to be stored. (!!If
on 11r'rllng dlagrnmj nnd stay at [ogle '0' '01' a minimum of 1I,H:BO.

i\ logIC '1' lova: i~PPlierd to thill- InPl.Il will re~,fjt ;;:11 four COurH,"rs 10 the all 'D's ~tati.,
I'Storo ja not mStlt). A Q(Jlay of 260 nsec mU.!lt t.'e aHowGd (!112 Of Hrllingldillararn)
after the reset ~I)ag to logil~ '0' bl~/OrJ!! a Count j:; etar!8d, Y

A PDsitive ~loitl9 {'O' to '1 'j srgn!:l Oli th IS irput C](lcks t:le mlJlt!r'!e.X COtmter. then'by
(;aUslnq lht:;'count te, bo outplJTln tile correct seql.umCG,

-rHo t\\"o MUltiPki:o;o~llp(jWP an.iQ, i(jl;;intitywhlcr: (jO(;ade I;'; th~II'I;;: C'tJ"inut
P Q

o E:trClOilj d~clld~ ""
1 8ltObi;ls deccld~ ~~
1 Slrobf.if; deCold", ~I

a ;iltOb€i!> deGddc, <t

rhls oufouj Is g'1fHHatcd by tho seCCild decade of in(, Counh:.>r

rnlS o11rpul iE; gommJted by Hlfl "fourth rJecacf~ 0.1' the CClJm~r

Thi~ output 1$ g!;tt!oratfJd by tho thltd dOCfidtl oi the (:Dur~ler

COUNTINPUT

LOAD INPUT

RF.SET

STRoee.:

P ~i 0 OUTN,'i',~

CDUNTER.DlSPLAY INTERFACE

i--+IT..JJJ" '11 .ni , -~ .
im~~~3Hti?-'~=i1l=3= .' i-I I

t: ·:==i~:~-=--==j£-=====:3= I
r-'~.,.LJ...L , - J I

r~gJ8llf!o4:f5lJ t'---i)~---~'
]~rT;-rJ v"v"v" .j -~=~~--t1~>_.

J

D c.J_-JJL '" , )__Ji '>--
B J\ [> ,) ... l-t,·.....

r~ A""'4D" '~-{'-.-~J,~~j)~'-D>-'--------J
I
f! , 0' gEE SF.;tOW

L. ". o-c:>or~_._-~. r-'--'-_,

I i l~~'TIT-J '-t-'>,..'l.- I "'"' !

~ § ~ ~ l~~~'----'--~._-~. L_____ J
3 8 it to L._=--.-- ..--CA~ r

_. ·*-"'--~Q..lllEJ:!.T4 0·---.....1' ?N ;}!'l69
~~ OR EQIJIV.4l,f'~ i

~

P:N fUr':CiIGNS

•Afl ea~ry OL11PU!s go to logle '1' or COunt B ,p:',cl retLJr" to !og!-: -0· Or' COunt 10.

'IN1.RMEDIATt
CARRY (C02)

• INTfAMI!D1ATE
CARRY {(03)

•FINAL CARm'

9-.J

_··_-~"·_-·'--'''-'''-~-'_'''''llllfa,,",JII1IlBllll''NlIU'ii!ll'alJ1Hj ..1



i!4 :,EA[) DUAL IN UHf.
AY'"S-40Q70

~jO'rF FF'u':', ~":;<;,~.4:~D;r:JI;,:f):;',; ;::;ir;~',~';:;';,~l UJliil(>;
i:, ""wei

H,:;'>/'(1

TAUE/COMP~'EMENT CONTHO"

COMMON SOURCE

SERIAL OUTPUT

10(101011' SElECT OlITPU'l" (LSD) I
101 OlGli SELECT OUTPUT
102 DIGIT SELECT OUTPut (
'0,) PIOIT SELECT OUTPUT {MSD})

," SCD OU"fPurILSB) \
2' BCD OUTPU1'
:t~ DCD OUiPUi
2' BCD OUTPUrIMS8\

"A" TO "0' SE:G~ENT

2ND DECAOE CA~RV OUiPUY'j
3RO DEC AD!; CA;:l.RV OUTPUT
4TH DECADe C,~Rf1Y OUTPUT

TRANSFEI'l INPuT

SHIFT CLOCK INPUT

~'fN CONF1GURATlONS
24 LEAD DUAL IN LINE
",,'_.'H007

gy7

---~"-,-_.,,-~-."', .......__.......,...~-

PIN FUNCTIONS

NnmCl l'ur:etlon I
COUNT IN~Ur C0"nl (Jecw~e C'~'llllti]rS- (-\YJ'.chronousl~ nn trw P!)';5I\I\'8 going ';)dg~~b

IIq;(l; ,'t;:-~-'1: lFH!(ijll'>Jlb:

RESET INPUT Wr',en tr~iS. LI1PI)l ~Wes 10 it logiC '1' it resets Info' deCiJ(Je COtH'lter:; 10 ,SlWO, tOI'ce~ tne d
l
9

i
:

')\:::1)(:1 ¢OUnJi.!o' to ~TW MSD pO('llti(;rl J.nd lnfl Higft $el(l~,t OlJlpllb :'0 '11'.); i'ilctlve 1t)~lic
lev!!;" to blan.~ th~ ,IIS!)lcl',' Il f,l\J;-;t l)i' (:HI\::;~)nt lor a minimum 01 10 psec:

DOWN/UP COMMAND n',1j COUlll ,1irN~tlml ~t'p('nCls ~IP(X', Hl(, lOgiC 1f.'V(;; on It'll: DOINN/UP Comf11011lJ ",nu,

"-"lDI;,:; '0' ,.. C/;',urlt UP, LOi;)!C1' Cou/",: DOWN

Nr.H!\1ally m;,~ ~<-m;: Ou\pUlS are nt ,,\ 1;:l91<' Q 'e.... ~i \'Inc!" ac-llv{'Jtr,cl n ~)osi1i""(;_ puw~ is
gel"8reled on tne Gl,itPlJl hne. whl~r 15 Iclentica! With lhe CO~Ii'!t 'n,'." o"",i,,,, "1<,,""
f>iaclng \11E~ TranSlef input fit 3 10"):(; l' aIIDW~ transfer oi cMa frpm \Il'~ aeca'/I:l G,)unters

W storage' '6tH:)!:;;r
'"I'I"'IS IS ,1!,e'1 ,0 ClpOly CICCK rlll~(~$ ',(J \t\c slor:,,:,-O regnaer \(JI senal sndt op,-,ralion

Shil'i CiocK ;51laInUl,rted al a~.og\c '1' and neqtllive p~ll30::; i,re nGC8SS\l-ry w
r;"rlorm ~hifl,wcHllion Act!1.n1 si~ii\'ng Q' stliri)ge regIster O<:la I;; done on lnn :;;ecQ'1d
",dl)C:' "pCS\t\Vf~ 90;09) 01 GBCr, cloC~{ puise. P. rul!-Ljf/ ,!)Glstor is ir.tci'ri~lly prcovloed fo·thl~
Shih Cloc" Input so that [.'l1S lin>;', iln(lt l)£.I'od, l1l<lV be ldt IIOtltirtfl tiince th" 6tCrnigO
l'''f.l\~1e'' 'S qJ';H;hU~IIC ,n O',enEl.l snJI CP\;lrat\on 111e y,-IQth (l! r)~n<-:t!ljC pul5es (at 10!:J!C '0')
h,l', to be Ilmit'3d to 20ps~c, !JLFlnG sari!:1 '5~11!\ cpcr2Er.Hl Ih~ Tr.1l1srer l.'lbut m\IS\ be "t a

1091i:: 0
Th~, IS the ~~HIi\1 r)\Hpd! 0: til<' s,oragt: reg1sll:'f When 118fl(;1 ,;Ili!, opnr~I((m b nat
p>:>rl0,rnoo Ihe Sem,i OU'lIJullS- the IN,Bt $igr,lflca~Hbit 1..\1 tt'!t:lICf,st :;lgniil~~l'lnt Oi~lit of It-,f

iitor<lqe reS1l51l~[

'reS\;? outputs pro'JldC S~(~u.;'ntl,.IIY an aC1:lV':· IG~pc: level IJOglC '1' II '110
i"nl",iCorflpl(!rnQnl Cor,\f(ll 'is HI [I Ingle '1·· log\() '0' if the Tr:.Je/CL~ITlI'-"m&nt Conlrollsal fI

'll\lic '0'), to SpGGlfy whler, of Ih" corr~Jpondin91:1igit!l Is sC!'JdGCI and olsplr::.yet1, the
fornalnlng 3 Olj~pIJIS 11(;:[\g 'n:;,,\ "ctiv(]' A\' the Di\)it Se!2ct OLlID~ltl) ore fOrc(;d to p ''loL

3-Ct'vC' logic I€v-al n!'; 101·'9 as tM RJSi~t Input IS acl\vt:'
Tm~sl) outputs prOllldiOJ lhe 81f')lli'l/ Codod D%lrn:~\ ,cpresen\litiOI"' o~ 11)\1 digit
$(,-:()ct(,d and diEP'ay~,d 'ly thl,~ f1lultlPie:-:or The hnh lilt:le shoW;;; BCD Codlf';cmicm

thGSf; outputs
""he,~e ()~tputs MI,; pr(lgrelT1mei:j !3iccordmg to the t~uth tBble Eo."h outPl.Jt WrI'I1l!181

1
!:':,

'clctuiJlly connecmd to H~~ ctri.lr 'J! '(ht~ l:OP!~spol'ldi>lqoutPIJt tmn:",slor,

'~hl::' \s the common o! thG t;o\,el' ll€!gment outpoJl \raw.llslor:> WhfJq [jot exLewa\\y
,l,'ai!.)ble tM oarrf,,,porlcJing WH1,lr,al Is ,nternil.lly to lie;" lQV) \\ne It ilEiy bc-:
connected \0 "rcy '1Cillaqll b~'lwe0() 'lj1O~ and '.lUG 10 roO:qlllre\lle~1ts

ThiS 'nput conln::'l~ tM pDlill'ily d the C19\t Select OI.;\putlJ actl\it1lcglc I~v()!. WrWr, :n::
n~UE/COMPLClv\EI'\rr Con1roll~ ",1 ~ iagic '1', adi'JElIl'1'1ol for th6 DI9it S(:tleCI OIJ\~'lJts I~,

a IoniC 1', wh;;,l' at!> logic '0' llctivl! ,~ve\ is a lOGIC 0

DIGIT 5fLI::{~T CLOCK II~PUT o;.;lernal slgne,1 <lDclied to 1)11\; termlrwl i)VernrJe,s l\'l(l mtlHnjl oSGIIle.\or Wh~n H1~
osclllato' IS USfr,j. tillS !stm',I1<:'o1 iTlllst bt, If1ft flo:~tif';9

MTNS P·chanrw! e-l'lhanCem8nt Inode Irnl1!.llSI(liS

AY~S·4007P" Avai\able 111 40 Lead Dw~r 111 LlflEl ~ackng>J, l~nQWiJ
fe,r ~u avai(alJle functions,

Tile AV~5-4007all.] AY·ij-·m,)7D inC~)rpuraIC Itll;' rnos'l camme'nl)"
Ul>ed Ie-awfos 1[1 24 i,.€'ad DllElJ In Line packages.

r
---,.-··-··------·-·-···--·---····--

PIN CONFIGURATION l
I

40 LIEAl) OU.lI,L IN LiNE.
AY.5-IlC:Q7A

"'Cl~\%w

I, "". '<'.·"f~~·---O-·-;;l~,. r" ...,ce,,",,,,,,,,o,,,,.,,C\)~nt Il1p"t I 3& Ae!ilJ! Ini"l1
D",.,-,:Up C';mr~~~rl:\ S6 .1111 (j~,(;ii~(lC5fry O'~U(

Tr,m"t:rltl~U\ ,1 Jl J N,l,
t~~,;, 35 '::1 N':':

I NC,' .' 35 ~131~('llK'1l~eCil-'rYOU'PUj
N,c, 1 ~G211'J[I~ndnCIIFI,'Pcllout

I ;~:~'Ic' ~ ~~g~~~:~:~~~~~:~\';lQ"!PUI
.1

' 'ho 1~'2'J.I [ 'D :)1 , OI.QII':'''.-':'lctCIOC~I.l1f''l\
N,c, 11 .10 1!l'OI,~riS~!('dOum'_Jt

i ~ ~:;~:~: L :~ ;: ~ ;~ ~~,~:~;:=: ~~::~;
\ ~ ~::~:~: a~~ ;; 5;:~~~ ~~;~:~; ,
i F, "'"""~"'1 " " ~ ".,'''''" ",'" I\ 1;,(,';, 11 \'.. J 2'61;1) O~lput I

I
N.G." " ] 2"0f) 0""" J

• 11' n: .",lQNO)

I::: ~l:"".~_.~.~, C~",r.-"" S(:,u,ce

L_. . . ,

8l0CK DIAGRAM

Fr:ATURE$

III MInimum InterfaoE! requlrEJ(1 1(Il~nlie most CO!1i/l'.()rJ types of
LEll, fluoresc"mt. r>ev,:m $!Jfjmc:rij displays

I: LatW~ QUip,lt curr~nt dapabillty lJr !>'evon SfJgn1ent outputs,
lypi<;:,\l!y 25m~~ ,... ilh 1V drop.

IU Ful'iy $YriChronOll~ up/down r";'llntlng 0p8I"atH'ln,
w Loo\..:. aheild qrry for on'or fm~ oUtpUI$ wlwn flWGFSing

C()!·1I1r diroc;nO.'1

JIl Inti:lrnal o$cillil([,r ne'J:'dmg no {'xt')f'iHlI C:OlllpOI1~nls lor
',pernilrlrJ the digit sel>'!ct CC}UI~,er

a FClir dlgl! Selcl.i outputS! with ,rwE'I','.IQI'1 contrOl tw dlsoJay
drivinQ flexiblJiiy,

01 Multi'plext-a 8CD oulpl,lts '1I1d $~!rrLl\ Ol.ltput lrorn Slorag~
regislln is 8,v(1ilal)!e,

~ TTL/DTL comfXllib\~on Inp/Jt!< ard mllputs
0'1 B~al'klng ecth'"X1 Qf Ae:i8t Inpll1.
iii Gounttng I'ate 'Jj'l ~o 600 KHz

Four Digit Counter I Displ,l\P Drivers

ll!lL
1. LImII AY::s..4uul--------..,

IliI AY-5..401l1A I
,W-5-4Q01D i

-_·-·__····_-----------__.1

DESCRIPTION

The Four D19\t Counter O!splay DrlVGr is an LSI SUbsY3t~m
d>?$lgnc~ for ~p~'lkallor; In cQunliTlg displc:.y 6Y$I(lrtl~ ~'ucl1 \113
frequency r;;Qunt~r:;, cHgltal ".o'tln~t9rs, digitol timan, a'jent
(mmtl;lrs using 7 ;,fjgmvnt num,rrir: display/;" II coraains a ~

dOG£lde ~Ip/down gynGhrOn!JUfo BCD counter, HslOrag~ register,
n,ult'~'lexin9 '.;irClJi(-s, Internal cwdlli,ic;r ior digl\ 5!!Itlclion ,gnd 7
s8gmertt decoder tc COunt 11111 di:iploy Lip 11) 9999.

ol,.'III-lfl Gonlml CIl'CUl't'.i provide tk;':,lbiJity or use with <; minlO1urr'
Cf~ (!xtt;rni~1 CQnWOllents

n,\l {lr.vlCe IS CO.l"]5trLicled on a slflgle Inonolitl1ic Crnl) vs,'ng

AY'";''"4r.~'·rA ~h<:l\~f\'

" ,nrl'c~IM f'Jn~bt";~

'\'I1I~bl;, With the A"':;-4n:im

I
""" I

I
-----.----.- ..------.----.-.--..---.----.-~. ._.. J
g'6



~l--il

~H~

LS[1
2"

o

A

F!------!b
CI---l

21::'

I3CDOUTPUT

MSE:
2'

SEGM~NT

IDENTIFICATIO'l

(,

7 $etPrten~ Decod.:!r Orlver
The 7 segrniln1 OlJc::>Ct1r drivers Qon~)ist of very loVi h!1p~d;)n{)e
OiJiput \rans!51or5 (tYPically 40 Ob(11'3) .() 1'1\r'llmi.ze eXlE,r1al inler
racl~ C(1mp0l1ents WhEH'! drivlnq 7 Sp.9rneiot dlSplaYr;I s~lch a~; LSDs.
Iltj(lrO~Gent!l, ihl;ondo;tsce-nts, etc.
Th'" '! segrneont OlltPUt:;. a~e ltv, llr0inS ot tho corraS'pondlFlg
O\Jtrut \r('lnsi:Jtor:::, !M36 OU!j:Jutf;l arlJ Drcgr,1mmcd rlG(:ordinn! 10
thO \HIli) table b,~lCiW I~ Comrl1ol' S:~lIiCf' lennfnaJ IS {;llsc
avail"!ll~ to intrefU'a iic":ltlility of 1,lse.

rBqUres no ~xtemal c':'lmponl~nt5 "iTI£' internal OSl:;llliHO{
()\!mrir:!den by em)IYlflg ,In eXler,IOl! ~;'Ign{ll to t!)e 1]1£111

OIOl;k lnpul.
nle O(~ll s".!IQc\ counler controlS the rnultlpu~xet!G rOU,6 ,nfor,
mation from litoragl: l'E:Gistuf 10 lI'\e 7 segm·:;mt d<1codtJr drivor~
,;\r1d lo 11113 SCD ChJlpul&.
n.".;;counte-r scan~ fro,n tviSD (1il' ,.,IDltl to LSD (10"dlgit), E,~('n c':
tr,fJ lour Dipit S~rltlCt Ouiputs is 9fql;e,1ii<llly B.ctiv(\ted wh"p the
(;,t)I'I'>3sponr.llng 11igit i~> selec:ted Elnd 11ispl<i.y€d

Thr:: Digit Selec\ cmmtl~r 15 torc,;,r:: to MSD POliitlQM Jrld OI(~j1,
Selee! Ou\;)uts llW forced to 'rlol activo' Io-gk~ leve':; 2.f; lQi'(J as
r~8;;i1t Ihpi.lt. is BG,tiv\" ThiB 'f~'atLJre blanks the cJisplr,y wi,en HlP
(ll;l'v iCa I:> Delng !'e::H.;;t. T\1t; True,lCornplltwnen~ Gon!r<)lln'JE,rt~: the
Diqil fielocl Otltpulf; (l,C:iV0 logic ili'liel lor flexlbiW:; oi O\JtolJ~

IlltcnaCG Circuitry
Ir,t';.rnl't! delny logIC erl5un-;S tnat both 7 Si':gnlerl

, Ol.llp1itS anD
BCD r,'Jlp-U1S 01'0 valid before activ:i\I\lIl 01 t~le corresponding
Dig,t S~'ec1 Output to ~\!old "ghO:it ir'l1,lgcs"

C

7 SEQMENT ANCI BCC) OUTPUTS TRUTH TABLE

7 SEGMENT OUTPUT 'rfiAhlSISTOA

DI(JIT

LEGEND
• olltPlJt trflno,isto' ON
-- oUlput tran~lf;lDf OFF
o 10gic '0'
1 logic '1'

DecadE! Counters
The fov~ oecildc counters fim syncIH()r'O~J:l,',,{ op.::roated on tr e
por;ililiO wl-:mJ Eldgus Of trlB ?ount Input ~\ ~111g,le DOWNIUP
com

m
8.pd Cl~ntroi~ (he dITrt\.. llon of counting. 1 ho l'Joge~lflg·

g('lI'~d lllrucHJr8 of tne nwSlcH:;lil~'I~ flip·'flopg allow~ tM count
dil~JCtjOIl ID bf;l eh.1n9C'd bc;wt'er. count pu1zes at ,11ther Count
jnpulll'\/el f\ ~Hl!i81InpLJi re';~t!'; de(~ade counhHS to 0000
carry OlJtPlib are provl(t~d ill \n~ 2nd,' Jrd i:l;\(1 4~t'\ cH)Ga(1Ct; tlleS';l
DlJlPWl5 am.activ3Wd wrien ~In tN('if,GW (II" (,C,untlr.g upl 0' all
dllcler!lv...... \'1'1 t::oul11lng dOW')) (;On<il\!(;n ;:ds~r; in th€~ corre
sponding (i1>C,ida coullter n,(1 carry OUlplll r,ul!;e I:> the :s;')mr~ a,;
the COlm\ !'lDUl pul.!l": c<J,ur;.lng t:-Id cMr~'
Hie iOO~, ahl[i'..1 dC~:lgn 01 \lV:, C2Jry rii,lgCs gl','tlS enorfn;:e OUWIJL;;

wlwrl re.elsing !I)t~ cour,t Ol{Octlor,

Storage AeglslElr
Dj;~a In ,h~ (.:,;cad~ countel'!J I~; lrar\~ih.'rred to me s!omg8 r'egl!;IN
llnrjl~r (,,,JnHol 01 ii18 Tr.;ln,sr0 1 Ir'IplJI siqnal '-11e 'p<J.nsf!olr I()put
rntly be r;OllnQI;ItX.\ to a ic.;;:lc '1' for a conjirwout; trom;!a

r
,Ftc!

ditpiay ';-'Dl!'m~icn
Ttlfr Slor3<;je re'2l,>t~r may nl~,) 00 operaled C1~; ~ parClll~Y-\'1 serial~
Ollt srdft r",glsler In ,hi~ C<:l~H CloOK puiSG;; I\n~ 10 be prov\d'}:) to
St;ifl Clock Input, the! ~;erlal content of SloraQo leglMer lS ""..[,)\(1'

Ill;) on ttl<J SGri;~1 OulOut IIn(l, IJnd 1'0clrcuUl8d back to the ~'f;;l
\lIonEl in.pul, .c\ train ot 16 nice\.; puIGr:-$ I" nee(\(,~d to i2:xtn'ict Hw ff;1I
cOlltMt of t~\O reglste', least slgnilicant bit of least signijic~Hn
digit lln·lt. Wi",:Jr operating the Slo((lge n~~l'~t8r serially, Tr<1Tj~1el
;nput '19 I" b~J K'.7Pt at 0. logiC '0'

Olgit $~lr.:ct COllnler Uno MultIplexer
Tl',e digit ~ldec.l CDUI1!cr If" c,riv(J1l by a. bUilt !!1 osCillEl-hJr v,nldi

orERAn()I~

}Iser.:
,.:A

'0
35

5D
,5

0.8
1000
200

n,
mOtl
,LO
5(;

7

'E;.:cee-dlrrg th(;~;B rHtlngs could cause
pi~rrn.anent dar('i.1.(IO. Functional opcratlclfl of
Ihse dll-Vlce:> HI these condi{ioru: Is not
Implied--CDeriJI:nc; ranges tH0 speclfl!1d
bfliow.

20

30

25
150
20

5
SO

10
10

12

D.C
0.5
10

'1.0
D.C
D-C:,

-20 tC' +Q.3V
'-65~C to VISO~G

Dec lo".71J~C

iQO
50

1.50
15-00
4.0
100
15

25
40

GO
250
2,0

10
10

'0
3D
',0

D,C.
(J.e

Vr;(~:O' '~'I:~V 'J:-1V lJl\';I~" -"IV ±O.5V

"~~~:J __ T;p-;l0'~~F~ Cona!t/ol'l~

v,"" 1, ;06
'1<:':-'-1,51 ~ Vcr:+O ..a

1

10,0
~H)

\~,~; I ,(100 [;',~
100

See Fig, 5

."Vr;r:(Smk)
Veil (SOllfC8) See Fig, ~~

Display DUll/ CVdl:' 2~,o,·o

M~il

Sl'l8 hmctiol1al desc.npiJon
VHI "'" 'hI (Sl~e Fig. 6)

V,n'r-V[','~ '-lOV at 25°C
V\~-Vrw, ,~q.ov nt25"C,
\k!:;,:O-Yt,
V,·,·-VnVf :,,, -1,01/ a\ ?6~ C.
Vn'="Vol

See Note 1 I?. rlg.i,

I'-ll "" 'l.ornA ""lin 10oF' load
1'1L''''~.uA

~:.';[~ g~~~~I~} SBt; Fig.::

Cht1lf<lcICi'Ii!lic

pA

"1 71
::

, I - I 200!mW
• Q3 0 i Volts

vrCl0IV,\-OB5 VOlb- - I l:l t-lr>6C
• 2 Ii !,s!Jc

• OJ I Dh tJ~(;Ic

..:_1~3J_:~_ :2_LI~:,,::~ _
NOTES
1. Oerato Powot LIn()arl~ to 100rnW a170"C
2, Seo "'Iso "rypical i'~S(lgrnEmtOlJ1put CUrI.'es, Flgs.9. 11, 1\ 1~{ (--12V :t1'l)

Sea jlso Typical 'l~S€grnQllt<)utPIJt CUlyes, i-lgs,10, 12 & 14 (-'7V ±O,5V)

DIAGllAMS

j~~dO~u~~t~ _,~J-I,."v_,~,,".J--L__.._J-1..__
9G!~ tlOQO !Ii" O(XlO »001 (XlG-O 'un • J-'··l I -, r"-j

',~":; I'JV-\J\.F\I\.F\I :: :::::-- -,,-- L __,,__ -

gg:~~~~ __ ~_,_, .._.j-_·-\'".__..._r-·--· .,~_.~-- CO O,GIT -·l ...._r~·L ..,,__._r' 1__

cu#~n -j::'---f;:'}..J:p\.------...{)~-~,

DIGIT SELECT OPERATION
CARRY CIPEiFIATION (TriLIc/~amplt!ment CoMPo' Is 81log!c "I' I~V~ll)

01911 $cl8'cl ewer:.
Inpul Current

Inttrnsl FI'eQ,
Ex1~rnG>i Freo--lJata amy

Pisplay

Inputs
Logic'O'
Logic '1'
Capacitance
Li~~~ago

RtJpeUtion Raw
Pulse Width
Trtl.Tf
l'r'UMCoMplemonti
C1,nlroi Input
in.put Current

Shirt Clock
Frequency I !~.C I'
Pulse Width . 0.4 ' 1000
Input Current I 20 100) 400
Oulp.uis-·7 ~gn\Eml' 1
(See Nota2) I
Leak9.g~~ (;urr(1nt to
()~~vice O,Il curr~,,~nt 1-5 25 I 45

Dovlce on Current 12'13 27

Power Dl9Sip,'1tlon
(pcrsegrnent.:lt2e;GCj • 200

Other Ol,ltPUlll I
LogIc '0' ~ ,0.2 CA

logic '1' VC<"]'OV'CC_O'55 '
pl'Op,a

g
allOi1 Deli1~ ~ "11.01.5

1'1',71
Flise, Fall Tlml}il . 0.1& 0,3
Powar,
1(1(, - 25 36_.."--~,_._' .._- ~-- -- ..

"''voical valu~)s are at +:25"'C and r\limillai voltages

'WECTRICAl CHARACTERISTICS

IlJIaximum Ratings'
'toltage on arlY pln ''''Itn resp~,cl to '>he,

Storage ternperstur-:~rarlge
Ambient operaUng tempe-ratLlre r;;!.l'lge

Stundptd Conditions (unless ,)tMrwlse nottid)
\Icc ='. +5.0 :.:O"SV \I<i":O. -~·~V <I;W OR -7,OY ~:O.!i\l

,..~ oV GpMatit19 "a;np0ratufe [T.,) O"C 10 ~ 70"C

_..._'__e~-__·~~·-·'~~··~··-'T··'-·-·_--~~~-~·_"~-·~""""



I

g·ti

\

\
----_.__,_1

Plg.12

'1(i':;' -)\> '/C5~"G

".,G 'lv "'cs' lIe,,\
,,. "c!l 'J ~_,~

Fig."

"~ ",llf'

'!G0 .

"~

i
" /~}

'0 ,/

i/
"7

,', '.0

VG(, '~\i Ves \Ie;,

'C -iT---1--T --l C' -i------- --"- -l
"." -f--,.-1'." ---1,..-.-"-~.. -·1-. ." J ---\-" ,J- f __

1
, I ! \ ,I -r-\ I

.-f-t-pt · .r1 i-1-1
I

l
~:, ~[~~~~;-~j~~j '.:{~;t;q
~"l-.l--"-~- LL~I---I-- .. l__ -j

"1' lOJ ,.. 2 I) 0 I}" \1" ,I" 7,0

v, vI' II liS J~I

FI9.1;~ flg.14

, ~- __~.~~:~~~=~U;pUT~,~:~"~~~~~U~I/O~~~=~-~.-

"g.2 All OTHEA QUTPUTSFlg:1 i'~SE13MENT OUTPUTS

'. '1~fi1i-~r-T-T-~~'= ~g~;,:-------·---------·--·-·l l"fI'IC,'L CHI,,u'lACTERISTlC CUR'I£S

?j rl >-1 >--1~>1h>--1~>-l -·----·--..-·--:T·-··-· v.. I' ""."'"

I I I I ~ • ~r---jh ' '

I

I I I l L __ -
H

I [-J
1

, v
o
" 1 II .,----,:."',--

I

I l-------..~· c.. ' --j, r-"-''> OUHUT (rYO) _......... .f-::~.~··..i
i --...,-------,,---) I' L 1- f I

I --~~~=~==:~=.:..~,=:~:=~:.[t' !1" I
1__ -,-------------» G -----,,,,L..,.. .,---- Vee I 1 "

I
1 0 0

1 r~Mr .,[ reM~ <:Ie

V"f---{'i-:J flg,9 Flg,10Y Lj~, v"r'-~ v"'---T~J :r ["__ I 1 TYPICAL CURVES QF SEGMENT CURHE"'f VS. TEMPeRATURE ,r W ACHOl'S OUTPUT DE.VIC"

'i·~~"----l'}· ,_:~- L'I]~ i~> ',,-11 Lj~ ~ I
O':::.':'.':..L-_v" v;, >------1 .~ -------i f1 Ii

\IC,t ""cc 'c I

Flg,3 OIGiT SELEC'r r-ll~ 4 TYPlCAllNPurClOC{( lNP1l1. .' flg.G TRUE/COMPlE:M1:NT flg.$ SHIFt CLO(;'.~
INPUT INPUT

CIRCUIT DiAGRAMS

,w r:". "''-' . r:'/ ·~v

9-Hl

I
I
L

1:lg.1' COMMON CAn-lOOE LEI::l DISPLAY Flg.S COMMOM ANODi! L!:.I,J DISPLAY J
-_._"---------------------~-_._~.._----~'----.-~----------_ .. -~...-



9"13

-~-~-'--"''''''':tiIIO''-IIlIlDlllllliil<lI:lilJlAlJWlllllilBl'llR:lll:lr.lil2ll!,l8lIl_

$witcI1e:J Off <lrU t/'w (WmiH.'f ;f> lhfl C(jl.l(lte~ 1$ lrarrSfl;l~(e(} tG ehG
t,tQr~} ~':J!Jeth€f with ~)Qlar,ty IniarmatiOIL

8flolJldtn\:~ \f1pWtsigMlbD ~o (aroe lhal ;.or" 1$ ;"\;)t r·e~,cn..ld qtin:l~)

one ci)lJntm Gyclo, on o'{cr~tlgeit!p f!upwill ti;'sctr<ndv,ili t~1mein
~et lJmH th'J next 1S99 10 0000 trni1l':-JlIM oj tha r.ownleL O\Jrjn~}

ove(l'sngr, the fi1ain d(sp1ay wil, bll set to OlJOO \md the ,)verran~e

mdlcattrwillfll1sli,
fo InlnimfN PI" reqUli8monts, tJ, time st"l",p)li jJU1P\.l\ \:>U%C, rnA"
displa~' stNe outpul «(l"Ic\u(j(nQ :i, 0(1 "rid QllerrnnQf.;,1 18 9fll00
soq!Jflil!)aJJy, ;:; cJ('!cw:le Elt fl Urnil, Of,lO a ·;:ommop , 1)Ni>
(AY·5·350/j C' 4 iln~ (AY"fi·3ti1(~~ Qutput bus,

Tr~G111pU~M the.) docaa(}(,ol;nJ:t:!$ am prM!lJn~sdseQJ)elll~1:"Y (In tho OiJ!plli,'iii\, a
C, 0, E, l--, 0. (t\ {tit: f(rst mUfilpl8X position 'i \~ irIQ~c8;tl'ltl 01,' '::,fJ{jmonm- 6 anc1C" .. i<;;
lnffcaled IJ~ segrnwt G, ojerr~nQ" by lhH flw3hJng of .9e::::manls II ~lntl 0, 0, • [,r-d
vnderrange 11m ,'11)1 indlc<.llll{l'

A lO'JIi;; '0' I(h',!! COT1~;rot\,ds10 a nO\1atlva m!ilj( SIQIlil.i
A logic '1' IGlvi,1 corr-esponos to a po~.jtlv() inn" sign Ill.

Th'I:\ 3i9M\ \,h,lll!d be sUPP:l\~d fror:'l an oK'.tl\"ne,1 oscillator giving a sql,arr, walle
sigrwl

TMse: ()('ltP~,lh\ am'e annlog sWfti;',nr:ni vml(:(l CI;lnnec: tM ~0tel'al'J;";Hvoltag(j" t,) trw
1IlH:gralcr. A \og\c '1:1 (:It the ::::crr.p;:H31or Input wJlJ be fo!loW(J(J by a lonk .~, [',I the
PQ;';lllve Ref.m;lnc6 Switcn Output A logiC '"\' "I the GO:l\~H'.r<\I(\" lnplll ...... Ill bo:>,
togO""lHl by 2. l()~ic '1' at the Nt9iJtive Rel0TDrlce SV'litch Output

'rhb oU\PIJ'. \'1\\\ \)1.; lI.\ toglC "I' dtlrinq the til"r,1] tt1f11 '\11':" 3\gIK\I IS GOfJr,8C'llxl \0 the
intogrator,

Each OlltpU~ ',vi!! bo a, logiC '1' fOr 2. c;loc~ (J8~iOd'f! Kl cllSP(llY {BHG Fig:i), The ()ulpUts
5!1lm::ted Wili b.' ;1!J iolloW8>-

MX1 0/1., ;L, OVi;;Hange M~: g;;;;:;i: ~ ;;~~;I
MX~; Dr:cMle": (Wi) ;111

FUllcUon$

nilS (/U!f'Jl;\ IS <'1-?;qu~fQ \\'{JYC;d! 'I/)\)O Hwcl;:cK WP()~ Ir6qufmt;y, It (~In be U$+;tl $ilH~1

b \Jh:J.te lock tho dack o~dllalDf10 the maim, Cir jl;, provid~ ~ 5% r'GD IlndLlr-r;)r'9~,

signal

nlQoul.pul'~ af the3 dgcaGc f;nl;I\('1rS <In;; ?r8semed on nw O(ltpUr" I,>, D C, 0 In BCD
corllplelJlt:l1'l1 L;od\" rV'2~, e'o::'2 1

, C'''2,', fJ""Z' AI MX1 timfJ, the rnast slgniljr,:int digit 1-:;
outout Cill Awith it" ,'ol1'!olGm,\:,ntOrl D, 5igflis-::H.ttputQn B ,md oV6Hiwge 'Ar C

RE'C I---~----J---"--"----c- ~ DIBP,_'V _ .._-

_L._. H COW-i\RAro,' l_ - -~:::;-J 11
-. { ~ _...., ff-"I'fT' 'I ISi~~~t!r (i...-, -f,l "";r"" 'I I I./ _~./ . • .......... 0._._.'_J,,",,~ 0 v 1 IJ].lJ-1 .[A~~hJIl 1:[.1_ _'LfJ J' II

l [---J I'\--5-'350? -- J

_,_;".z csc :=:,:_ .. ----r-l -::.==:-__1

___ ===----====---====.:.gJ v" "DO

N311Ht

COMPARA,\,OA IUPI,JT

AY·-S-S!i'1Q
C~IOPPr.1l ()U1'Plrr

AY-5-S507
SEGMENT Ol)7PUTS-

"",-5-3510
OISPLAY(lUTPUtS

('",..1.0C,c.li'lf;'UT

SiGNAL S'i"ITCH
OUIPlJt
O'SPI..AV Mll~tlPLEK

OUTPUTS

R'tfEBi;':NCr; SWf'fCH
!)UTPV'f'S

jtVNCTlorm

OPEFlATlllN

3'1, OECA!)E DIGITAL VatTMETER

The opMatiOn (\'Ih~! CirC'Jit Je as fallovlt'

Im\lally tn~! 519',u1, and r~\eHmc.e ol.itputserc In tj'\(~ l1J(JIC '0' stHte
>[/'<l?C{llm~N counts contr!llJOUG/y and nt trl(; 19Hf> to OODO tl'al1si
{(c,) a - :2 is togglGt:l drlo,rlng Ihe sigfl[l\ sWitch c1utvut k' (rJ.giC '1
1urning Oel the ~(\'Jn;)(swlt~h The ~1'tograICJrGen<;)talt~~a raine, tt'H,l
MWlitudi'J <lnd pOlarity (I' which depona on l)w artlplitiJde lind
~'()Iaf,ly 01lh~ inp.\\t $!gnii.(, Aft~T a {wine. 2000 !;(m~k pl,;!Bes tho
"2 Js toggled ag.'lin This ,'Jlon~l> the $I"'lt& 01 !tlE' c-omparatoJ
outpul 111 a D ~ypil fh\) tlop n"'i~ !;:gna\ rt:pie;:.('I\I;" ttle sigr> ,,1 thi:.'
lnputsign;l(l, The UPlHoprfalL't rElfm(jn~~: swltcf"i l~ lh£:lq cmerglz:ca
10 (;~Uge the mlegrator output Hl f",mp D<:vk IG ZFlro, When 1\1£;
c{Jrnl';vi:ltoy Dllh:"\lt ~UbSCa~lQn~ly change;) stot(j thr~ reference

>.·;t:?

"':>(1

Cic(~~

Vllt, '-l~V)

vSq'\i<JI1\

CSt.'(jnf>fJ'
" Set!rr:~~r

B,S~¥FIi)m

~--J

AY"S'S510 I

---~-__ J

AY"S-3507

3% Digit DVM

FEATURES

IU.OCK OIAGIMI\l

r ~'- -Q "::,~:-1

I I
1- I
i I
1..-- .-1

r- --... "". "" - - -- .-. -J
I -'."".. I

I
I
I

l i l Ii] 'J "J SAMCAS~-=lc:"~- -. --. -.tr~, l' t [. ,. • r;

"Y-S.3S07 "'V-5'3S10

lJ 3~$ Decade OiS!lIJlY (1:19WJ mal\, rI,aClrngl
(I Automatic P{l1arlty Of,l\(H:lklO
ill {)verrang~llrldjC':HiDn

AY·S·SS07
o DiriJct U:o 7~S;{:!,grnenl OtiVi~
Q til) t,,) 5 rNd'~f)S par t"f!CorH~

A'V~3·3S10

I!II BCD Ourptl1S

It' Up cQ 50 HH1011l9S p~r ,'J,flCOtta

Ri Gtloprer Ol1l~IUI pr,]vitfed k,r c>s\;'ln~lorSYflchr,Jl",lziOltic,m Or
undGrrangu indieution

/)!':$CIIIPTION

Tne AY'~3507 and W~ AV~5·3!Sld !'lr/:l MOS lSI C\~cw(~s
Containing all (r,B I09iCrH"C8.ssar}, for 11 3:1 Dccw~\1" j)jgit"t}
V~1!tf'''C~t3' U~ih:Zlr'lg Dua! Ramp Itl\t>!l!i]t/on. AlJiQm3~lc PtJI~rity
dlltact!on is IncorpQraffJd as Js ilU!I)rhallc o\forrl.lnge io1(1iC<l:ion.
FOf rh6 AY-5-350r. the Nltrlul:l;Jf!~ (nWlip!e)(ed Qi1Wa 7-Bf:PI1J::m:
bU$ l'eillo ......1nS fJ3t>y ;Jlterf<:r,'x, to lED and 5irnllnr dl!;~'il":i:LFO( tho
AY-S-;3!;1.o !he outPu!e are mU)JJp,exer.l onto a aCD be,S <lllowing
(!6!iy i!'l:telface !>;;; » Wids '16.([;;\y of dlsplDYS

9-12



d:i:lff··15

_I~~iI":'_o~~~:'l. ;~r;'~

1\ a Ii-;. ------1"'_.--

MX1 Q UTPur TAUTH TAaLE

AY·5,':iS10

~CI) QU1'PUY l°lriUrl~ TAUl-.E (MX11>ff\M)

F"";a·~nd

'i " I'
{~:.!'

MX1 OUTPlfTiillJTH TABLE
1;,:.q.IWMIO\ll11ln

£~-rrti-- ~ ".~" ---%- ·g---t---~~
4 ~ oJ ,~ 0 ~ 0 ,l

') 0 e> {J 0 0 1
Ull I a t 0 D II (j Il
OR I 1 I:' c- 1 0 Q 0

'FjfE"ru,TOy.
t,uTi>l,Il _,, ._. ...:0._.,..--
\{;~r~~()~l,m ',~:':.Q o}-.------ _.. !

'Flg.2 MULTIPLEX WAVEFORNI:~

AV~5~3!:iD1

7 S.<lMENT OUTPUT TRUTH 'rl~BLE IMXH\~41
~ll~iQ~1 O"\~\l\

~'fJ- __+--·:~·~"~i-·_J~·_~+"--+--·"~-
1 loJ I ' 0 I) ii ,]

~ I i l ~ ; i ~ \
oS 1 1 C 1
5 1 D 1 1 1
1 I 1 1 1 <j () 0
" '1 1 1 I I 1
9! ' 1 1 I) 1

CiACIJIT D1AGR!\MS

",,-, '---.. -·l------:~::~:L~-l----'·" •.,,"~-_~_ ~;:..lr,c - ,_ct_

-'" ~>·-.I ~+~C~~~l~~~-~ ~:"'.,- 1'1
IN'f((('''TO~ .;D11,<'UI/l.TrJR no .

FIg,1 BASIC ~_NALOa ClflCU1·r'AY.~.~~;o, I
.,,_ -tj'::::::::-~=-~=::::=-~:- F

1
1I,2 TYPIC,\L ANALOG CmCUlTRY·AV-5-SS10 ~"

~:---:s- .-.,.C;:::E=-·--l I ~
oe 1r , ,,- ',.,C"., l.J l~ [ ... I] 1 I '--r--''C--- ,,"

""t .,."..,,1,.. ".-.".~... ~··.].··J.;.!,]-...,I""•.~.I";";ll I 3"" ~~~~--j" ."_'W' ,"
1 ! ""r.,"..... i I ~j-·"1f--· __...:'i"-

... _l~::::~.-r-J~- . I t-----:;0Q."~ ,'- '" ' '
.' 1:\ g S-""r * ""'.-. -----

'''_''''''~ ,,, '- 'I" .•~'" '" ,""" '""~ ",Ubil'j·t - ·1 ~L-----""·'--·_'1--
• '0'1 n I ~ ,; I~:<'~;-::,'" lk==11 ~'g.<-CLOCK OSCll,LATOI"·AY·(i·3510

"~r-r·l]9
681~~ ~l~ 11)'J

FIg.a OISPLI\'f' IN"rEHFACE "or A'V~5-3510

. -,~~......-------~-------------------_.~--_ ..._---"--_._.-
'nM'N!~i D:::~~MS ~--l

.sWITf.I" 0 ~..•~:_-,"",.,., -,••---.--.--._.. \~R~ r-~ \
SWlrel', 01.--.-.---'" _t.-__ .....f---·-· c

_------------

1MHI

'- ,·211, 7.11- o·;W"C
~12\1

- -lBV. T~ '" .,.25"G

----~, .._,-_.

Vl:lIH -2V, T,\ .....25" C.
VG'3 =: ~1,2V

\lOUT -= ··1SV, "[/1 =: +2r;.~C

ff'Nn CIOlik po-sltiliB t1ctgfJ

froiT' MUltiplex
OlJtplU positive edge

Vou, '" -2V, TA '0 T25~C,
V{\(;l:> -1'2V
Vou,,;o ··18V. TA." ..,.25"C

VDI:> ~ ·-1:N, T,,:o. "'?5°C
I/OD ,. -,av, TA "+25~C

VII." OV
VI,,- " -24\'

VNOV, r
VCJtl - -18V
'lrm'~ -12V
I\jOliOl ;::

Condlliono

pA 'Jlr~ -HIV, T,\ "- -25Q C

pi,

pA

mA

mA

rnA

}Jr:-,

m;.\

lOA

pF
kHz
kHz
w!'>

~EX"1i:cding 1j',£'5~ f!lllrlgs could cause
pE'rJl1;~n"l'lj darntlg~, Functional operator of
tn-;;se devrCSU at 1110$1;) conditions I." fl\'lt

IHlpl'ied-·operatI11q ran~les aloe t;pecifiGld
below,

10

10

10

1<1

11

10
:20

2,1
5,25

1.25

DC
DC
10

AYwi5~350;r AY·5·~S10---(iNI"-'- --.~-..-. "'_.-------

Lt;£lrC '0' lea\o;a:g-e current

$wHo:::h OulpUls (Nme , ,f

Logic '1' sir,k clirrani

l.O~}I' '0' leaKflge G~!rrent

S(:um~nt OLltpub {Note ~)

L(I~liC '1' sln'r' (~urr8nt

Lo{p'~ '0' leaks.ge ctirr(J(H

Suppty C\lrrent

AC CHARACTI::RISTJCS

CJc{,'k .& Campn.rllto~ Ihpula
Inp\A Capacilancr
Crod: F~~'oue-nc:y

CIQCl< Pulse Wldtn

t:.·jJl:~~I;;~· Multf.olf:X OutpU(~

Pror'!"g~ll()n dDfay
Sl.!'gme-nt Outputa
Propagatl:.m do-lay

!l*l·!

ELiECTRICAL CHAiRAtC"r~RBBnC$

MEl~:lmllm Rslln-gn'
Mil1,lmul'Tl vollaqo betweon any pin and V,r;sjJln ., 0.3 to --20 II
Dper:Jting lemperatur\O' ;an£lf;) (l;'C 10 ""70c C
St';lf,1Ue tr9rT1perature r<lnge. ·s,'5"C to -"-'(;'0" C
Ma;t,imumoowerdis$lpatiOJ'I. <SO[lmW(totnlj, 1i(~ITIW (r'ler OLJtpUI)

Standard CondInlOr\$ (unlBss otn,~rNise noted)

v"
V,,_ GND
V~)iJ 12 \0 '-18V -HI to '2·W
0l~(jraxltlg Ternpemtu[tl \TAJ ,. 0"0 to -HOne \loC to ol'7U"G-.--- -- ------------------f- --'1--" ,-----~ ~~:~~~~~~ __~____ ~~~~~ ~ .~~:: _L~~~

A\f~5~3507

(.11;: CHtlRAC I eR"~$"tCS
CJQ1;\( & corrrpllr&~~r Inpu19
logIc '0 Leliel -6 - -'9
Ulgk '1' Level ~O_3 1 -1
ItHHlt Le,~Har:le - I - ! 10

DUlplllY MYltJplc~ ()ulpUla (Nett:: 1,J I 'I'

e0,0' ""' .,,,,, :: I:' '0

'.25 I
! 1.5I 36

i
I
I - I < I ~,

--·-----·-···----·----l.=+~1~ --.~~- -_.~
AY~5"351l) I \

Cl<ick lie. cOr'n.
p

1!ratCtl'lrlPUt.n I 'I
L09IC'O'L~V'i2!1 -'6 - ··,24 Volts
Logk'l'Level to.3 ,- _1 'VoJto
lnptltCElpOcltarice ~- 5 pI

I I1PIl\leakago -.- 1'0 IJA
Cluck Frequency DC I - 200 ~:Hl
OhiPll1Y MultlphUr Output., (Note i I

~.og:{;·l'Ziflkcurr.::l11t L" f -- rnA VOW1 ~oVLOtJ.Ic:'O'I,e~kilg~CUm:nt - I -- 10 ,IA I Vcur " ~2dV
OII;~l.f1Y &swItch Or~tpulc (I'IO~li':1)
l.G[,l\,,~'1'slr~kcurron! 0 r - trlf\ Vou, '" -.:IV
LD!Jir:·'\)'I(~akagecllrr_!}'1t ,- W ,.1\ V

Qli1
~ -2<J.V

__~~~~~~~_....__ "_______ -=-__..__- ..~._L~1~ 1._~~_=:~v ---''''__
~~1"ypil:al values M\3 J! -t';~5~ C and fl(;fniMI V'oltagos.

NOTE
,. All outpulS are slngle:-eMI}d ("opcll·,jruln"). External pult~(.\owrl re~IS!-::H$EIre requll'{Jt1
2. .4, sqilfJre waveforrt. \s ors/erred



-a·17

PIN C,:INFIGURATIQN
28 L~AD QUAL IN ut,JE

,,"

See next page io~ detail-s 01 Pin Function!),

BLOCK PIAGi~AI'II

DfSCRIP'!I011
inC AY~Su350{J is i~ ~\l'igle ramp, (\unl pOlarity tllgit~1 lIo1trn~'tlO'
Chip having a ~;oler,tabJe ':!.c::lla IMgtti 01 999< 1999, ',2999
1\ls rm:nufaCltJred using 1ha MTNS low vOltage p-channal nliri~jc
tGcbnoloQY \.OW pow(!r dl~'Si~,atlo\' achiev8tj by 1"0 use 01 4
phe6e logic with an "00 chlp" clocl<' O~Mrator.

3:l/4 Digit DVM

...__._---~ ...__...]
/J' ,{··S-3SIJO

,_w._.__,._-·-----~·..·~-·"--·,~----·-_.__....._.~_"' __ ,__~" "~__,._'_"...___._~._.~._._~..~. ••_ •• •__••••~_ .......w, •__~~_~_

~EATUFlES

iii ~lir'l9)1(l AaIT'p lr.t~griHIC)["'
III "hre~l moosure;nent ranlJes 09.9, 1999, ~9'2'9

III Dua! polorlty .
.I r~eud!ng Rl~NI ~!P to 70 rnl.1~SlJmmentt; per ~;Hc,ona

III OVMf.1rtgl:J lMic(I,tion, 2 rilest s]gnlficlitlt diJIlG flash
iii Sepal"ate u"err:ftn~e OUtptl1 available on 1999

<lnd 2999 rarnges.
u \Jllderr;:)n9~1 output
iI operl!ll\!\~ vQlta{je 13V 10 nv.
II power cQn',;umptloll 30rn\'" lYPi~:al.

ill 7 IiEgm(int 0" BCD output
I Con1rolloble {lisplu~ bri{jhtn8as,
II L.oad co8i:)lc lreele" di6;:Jlay.
II ~1old iMld nOla; measurement

61---c'--r---r-"ill
'r--I+---H-j
,,1'''-1

~

J :lr-'-'r-'T~

T---t7 rr+-J
1 j"---''''-i---J--.. --t-._.
L._.. .1._ ..._......1-._

..10 .. 12 ·1·1 -16 .. 18 ..20

TEMPER~TURE 'c
NOI1MAUZf.D OUTPUT CURRENT 'IS

TEMPERATURE

11(..<3 VaHs
SuPPLY GUR,RI?NT vs SUPPLY VOLTAGE

"f0+I T-.I=T.-~]
2 r ~+rJ-

-+-..·tL_...t-_L·..~-t .._·
D6L._ .._J__._L,.L__L~....

o 25 50 75

16r----l--·T-·T··..T ..-l
~
~J-.f·-TI _.-}--

IrA" 2S:C / I
~ ., --r+-++--L-_1

~ ~'-I---'- ...---

'Liz1~J,10 .. 12 ·14 .. 16 .. IB -20

V(K; Volls

NOf~MAlIZEfJOUYPUT CURAEI'JT
1;~. SUPPLY VOLTAGE

VOJT V(lIU'

OUTPUT CUflREN\ vs, OUTPU'" VOLTAGE

TYPiCAl CHAAAC'n:RI$TIC CU,~VE;'

26[-"- -'4--T-~'-i24 ._... -_.. -~~.Ot~~\:· ~ .. -
< lomMEN'
r:.~=·· ~S 2: =.. ~~~ ---~.~ 2

~ \ g
() \ HI .;:
l- 12 ~__ ~ ~_ --a,~_. _. ~_ __ II.

~ '!50m
w ,-

:; __ .~ ~ _ - ~.. - 1 ~
i 0 8r-~- ,--- -~- -"'- _.- ~

I· . r- c)

•fi·t;;"T:::::tLTIPLEXt_·:
~j_~...l_.l L._..
o "2 -4 /) -8 -'10 ~12

S>-1H
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Hg,2INPUT AND ~~SET ;)\J1·t:lUT

""jri:' HOT TO S,::"'I.~

~';:;";,,,,' ,---_r"-i',----f""r-',
~;M" .------\ r-----"-----l J-----

l.,.._.._ ---~

-"'----1 f--------l J------
,L..__.~ L..,_

'r--L '----1_ _~_.J J

"~BI:T

Otlt<'lil

FlgA lJND~R·FV\NGE. ANO OVEn'RANGE O\J"PUT

l';:,.r
';;W";l"

Q"'~

t2~ MLILTIPI..t:.;.;
1...~-'LO::-."I"S_"'f-' 1 ",J -...; r--~ 1l'~ -,---+I

--Ie/--- --"')~!-'>-.

'j r----1r---l , f---'l r---'1 ,--
,..I U I--Ir----- U J

--'-101---

': J---~;:----'--t----,---------

~g.S, RESET OUTPUT W!TH RE::SVECT YO HOl-D gNAfJl.E INPUf

F1E~H:T

OU'fpu-r

,1(lJ.D
EN~,I~L(;

INt'I)T

FI~_l II!lJ~lWL[X INFIIT AIm OlJtPll"

Fig,3 INPUT ANII ~cSeT OUTPUt TIMING
DIAGRAM Sl10WING CLAMP OUT~UT

.,:,.'"''''
!.'_r

~~~"'l_flJ-U--l-rl
~"""~--L IO::'iif' I , ,__J

r---'
______] L , _

r-- 1
~___________ L "

'-l'-";f::::;'~~~~'~:;;':-1:~'::'~--
'\f.~~ '" ~
{.'l!TI'.'T 1 \

- r''-- r-~'",,--
~~~::f~ m~ ~ --- , l'-"..........~...., ,:......."
~o., '-1~J-----l~---

,,,_.> Jl J Louuu·!
.~- ~-- -_..

:--.-1L JL__
~vJ""'" ~~\-dl-"

'',IT( '.n" 10 ~~,~u }COV~'~I~: t.1,G:::~ ~;:~IC,~lS

TIMIN(p OlAORAMS

_____. .,__~. w_.~. ' ·_,·_·__

CI,AM~'OUTPUT
"l1eclflmpovtl;u'l !://J()!o W;,IGgic"l' aftc~r3 CClLrnto,do-e:f: j)eriCCl:i
f~)lIowing lhr:,> input from HI6 VHi cDmpara\or. This OlJtPlJ'! is U:,;ed
10 switch off the VI~; cClmpurEllCir Il'ius J'f,Il;lu{)ing the Men3:ge input
C:UrrtH\I ~y II fl).(;ior 01 i'lDP , l);O 'lO. Fig.2 l:l'lDV"~ Input W<lv..;:turmfl

ViHho~ltJf€ oklM1P I/IJtput and Fig.SshoVo's wavGformswitl,U3t\
cf clamp (JU·lput arid li(:'llnD r()r CIMfP outPUt

OeD ENAIILf
la-gie '0' "'- BCD
logic; 'r ""- of 'jE!9m~mf

SCD OUTPuts
Thl18CD QUlpLlts appe~r'::ln ~hl~ 7 ~llJgrnent (lUI!,ut linsr; (l.09k (1)
is tt-Je I!!,Ctil·(j r.lSvedi: E, F, 0 are blmlkcd to I{jg-Ie '(}
A"·-·2'l
Ei:::: 21

C" 2'
D"., 2'

l.OAO E:KAllLE
logiC '0'" f'.IOrltl"/ Operation
LQ[lic ','= j:mGl~ rJ]spJay

HOLD SNAIH.E
I-{)glc '0' '" Halt~ meElSUrwm,ll,t cyole ~n reset eta10
LDgic'1' "'. Norma) OP01'l.•Uo<r

RESET OUTPUi
LogiC '1' r~~GIHs I'Qmp g€!flNmor

NEGATIVE StGN OUTPfJT
Displayed or· SE'[lI"lHHH G outpul or: f:!9S1 ;md 1090 fenger.. IMllb
ItM on 289ft f(Jr'~18,

OPERATION

A ',inear ;;tabls r'dmp IS g",I1{'n;t~d <=n.:J c,")rr1parsd t:J;!,9/"O vo!!,'; .,:md
the itWUl ,/cltaffo In tWQ co-rnp;mllor.~ Tr:-'3 time betweon if).9
G'1anging of Ihe Coropar1ilor outputs IS prr.lfj;:lr1iono.l [0 the
(I°ngnitujE> 01 the il1PL,1 voitatw. and th~ 5e.qUhlnCiOo 01 :i-1l,i/l;))jl1g
giVOt; l!"ll) pci.1rity

'OVERFtANG€ OUTiiUT
'[Mis output go~.<; II) loO'C '1' ~5 W)(,f1 fcls".n Overfo1,.,]I!' count h".',1
htlt;m deteCted It rdurfls a~; logic '0' !1.1 tile end o1lhe n·IL~/!.ElUr{l~
'lll?nl crele

a opemtes al200(l on me 1893 '<1ngo
a 0pOfn:ea at 3000 on tht, 2999 l'i1ng~

;:;llN fl.1NCTIOt<i::l

SCALE t.ENGi.., $ifLEt;r

MEASUflEMENi CYClE
Tho rneiJ1HJr{'rnellt cjDle Ii~sl~, 128 M~ll\lpklX clocl.; pe'IOds. Data Iii.
tfl!llsf~J'J"ed to the dJSl:lliity ,.torr,. from clocks 113 If) 120 nl~1

r:C1uniet'n ar'~ re~",t !i"om 12'l to 123,

UJ'ltJERr~ANGf. OUTPUT
-PUt LJnderrilng6 (wtput IS a PUIfJ.~ frotTl clo(;k 106 to 112 If thl;
re-:1f.ling 10;; Ip.~s th",p <!~'){I

c----------f-------- -----------j-------------------JI X-I X~ Se"I. I

[~j-:-~L:_:~i~~~ =--j~~~~~~J
OVERHANGING

---------1------

1
-------------T-------1

I" Ovemmge

!_~~~~~: C:~~t..__. _.__>.__.~~~.~,:._~_~,~-~~~~-
999 J.Y,;(X XXX I ()

lX;':X 'IXXX First 0LJ~~ 3¥J;;~1-1~
I
--;~;-l---~ii-l--~~-----------r--T-J

j 2X:XX 1XXXIFirst·rwo I

1 L __:":::: L_3.':~'.!?i~'~::~_I ~__

1
r,:";,--rOx;;-I-----Xj(-X---------_r-----il-~

I IXXX 1XXX I a
I ?,Xl..)( '2XXX j ()

[
I 3X>(X 3X;()(1 First Tw() j 'I

.,~~,.._,__J__., ~"__ __~_._._: Di9i!:~'~.Jw._.~._~_~

g...1fJ
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~~---~.,._._-_ ..

NOT£;
; Thlf, gives a ffi..'l.dI1'l9 rala o{ lYlJicallj \2 pl';.!r ;:.e;;.)nd

On the 2998 rG:f1~e, tloEJ rtIfll(lm..Jr!' MUlllp:m: CIClCK fl'i:;qlJ()I1~Y muM be lnse.lnari 1h~' Counter cloc).: freqwar:cy olvlcled by 64.
On the 1999 rElllge, the rnaJo;fmum MUltlpl8X creek rr~quency flU!!:! bo lr:;~:; than t\~'3 COlinlto,r cloc\l, frcqlJemt,/ divided 0'/42
0" the> 9SEI tims~ the rnaximLlm MUltiplex c1QCk: Jnlq\.lency must be less than !fie CClur:ter clccK frequar-cy dhJidNl by 21
2 I" 7 se.gmtmt mode, outputs an: 8t1ii.'I'giSfir:! WhIm Multiplex Input 1(; ~t: Logic '-1',
Th(l dk;p!e,~ bd\li~n<::o is tl'lereft>r'G ccnlrO\1ll'd by 'the input WJfk..S!),<l\;\'1' 1,,'1110
3. O(jlplJt.~le\li('.-<i ()Qnnccted to If",;

4, OIJlput dellicC' t:onnectetf \0 Vor SG{jllll'nt erlGr\~i$~d
5. Output dllVICE connectod to ':"~ digit $f'.;lectcd.
G OutoLJi dey icc cOl11,eclcd to ''1m
7. Ou\put d~'Vic\J cOl'1nuc\cd to 'hI Fi{i!\et condillOil
Il Vnl ;., only ;\N,!l~d to tho output dJlvUfG, ttlU:l its abs\."l\ule value I:; not critical

-- . --- -_..--.--.,--- --,---_.
,."W,." ,N?U' ---,------. -"--~-----,

\

l)..:1l

AY.5.350~ 0.'1'.1.1. -fSD ~99 COMMON CATHOllE LEO DISP~AV

-r--------- .
>I,ie.O\.' r--c::J-:<:.~~=]_JIT:'--=~'--T--r=:~::;QI.:,~ ""l"o,,)

_____",.._,..__\., _.(, : i \ . ...__L-.•

~ ' '- :11 IJ~ '",,---J <_ ...~. ,- ~ I '0--~-'L-;"/ ,'-'. ~ g

..:,"".::,11.'::,"",0'1 \I~.-._., ~'~""-. ;:::::',':,::""
r
---j" . >ll :Lr- . ' =1""'",/ • ' "~'b-~$\'IIJ •

.J... ,. CO"""")I, L.J ! h '1--·T [:E::F \c:L ,_''''0'

'0' t=w" r-==P l\ . I
j .. .J.~_J 1-h-·-·J--LJ II -L'·----..~J_--J ..

O,CCIe'''''' . ._J--'jGl:ic.,'':lV)

1

1
j

i
I
I

·E.)(ct'led\n~; ':neS~l nllng:, C'oL)d C~~~1se
pormart9>'\t darrl3.g", f\.lrct\onal OpOr1.ltitITl cf
lhle do.vice ~,,( tt1eso coMltj\)f>s Is not
impIiCd~-ofle"IHlrlgrang~s .11't:! rspec,(f\l)d
below

, -20V fa -eO 3"
··'65° C to ,q5G~ C

,i)°G 10 1.70"(:

Maxta'rtum f:\aU"Q9·

Volta.ge on any pm with resp.FCj tD v~~. pir
r::toraHO Itll1'lp{nature rung,;
,IlMlhl£n: oper<lling !emD~(';lture range

'Siandarcl Conditions rur,less otherwli;l~ notHd)

V,-,,'OV
V(,,: ~ ~lti ,r2V
Vo::::~ VI.,i/:? (Note 8)
f0mperatuf'19 (T,d;::: O~G ti) +;ro"c

Chardcteristlc MIn -1~~::-'- H-Ma;-~I'-lfuI;--[-~'"--~tJl~;;;;:;~---'-~- __
Clock Input -,~ -~ ..~ --- ~ J . - - ---~ --~~~~----.".......~ _ ...

Fr.?qullilcy 700 . Krlz. I
~~;:~~~~d;:;;1 time ~ - I' i ~~ A, 1"0" '0 anN" '''~"
t~~:~ :~: 1~:~1 +:'63

11; I 0 r

M'JWplmt: IOl';,ll

Fr~quency 05 1 $ iO KHz (SC/lI\'He 1)

LOQfC '0' Ie"'!'!' +Q,3 -1 ' V

LClfJrl) 'lleve: -'..: -.17 I V I
Canlrol !nj.'iLJts

Logit; '0' \Gv!1i I ·"0.3 11 '~1 V
L(}<'lIC '1' ley('\ .... _ 17 V

LO.." k. og.(;,ilIOO"''') I '.- /1 1 ! "'. I V,,", 10." "'25'CSQ~mMni,Olll!lrrlln~, I I
Ul"lderrange. Ou!nlJ!!!I

LOWIC '0' ' $0 kf! VOUl .c•• C,:3V iNQtf 3}l.O~I\¢'1' ~- 2 I kn I '10~,,';'V;;,..j.1V(N(~t~4,1\)IQ\~ S~t&cl OutPU1!l 1

LQg" '0' - 1 l' k{l \ VDu -'V llJ"te 5)
Lo.o;e"l' _ 1~ ).;1'/I V(.)I.~ V(l "03\f(NOtiOl6)CIMl:P illtld Flo~e! Outputs

Logll~'O' 20 k.D VO\l -02V('lJt.1tu3J
LogiC'" - Ii k.n I Vt, 'V. I 1 '¥(Nt;1e 7)

,$.::-~:I ,. . ._--.-~_J,. .:.__ _=-___ _~:.j..:~~: r~r" 15'1 ."lvU"9 o",pvt
'~TYPJE;al·/;:JIL'8:>i](eat+25°Carpjllom!llajVQiu1gel::l. - ._~ ~_<.

"i

Ii!
k!
ri
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FJashmg LO\l[e
ihe '"ISO d;glt 1In';Mf~;'; WMI, (tie COUll' is abQVe '20,OGO Mid me

b in scale 1t::r1g~j, 2\~,999 (U:'''~,L1'~Oj J1 laRding zero
is not disabled 111 (pis modo, 1.111 digits except MSD [HO
OUl ano tMB MSD lIash~~:~ ,ndiCI!tmg (In {)V(·li f <1nge

situr1\jOli In the h.lgh'<!5t 1'>"'5~lble mn~le rrlis featuf~ prevC':lnh,
Clirrer.t (jratn through lhi'J !W~ir'l1\:);lis I(] tlf'l oV~lrllow uy,.;i(ion

, .. "---- 0,;;;;;:..

";P' ~;()'JnCi~

!)O,Wtl f"!.:mglng

~:ot;::r~:;,':(~'i~~. ~~~~~::r:'~~,,: :1;1:~~j:~~~~' range
in Ihle> "·,ode. 1M I";OUtiwr 'J "l'Ia.f1oir'9.l?otween cO<HlI
:W,DOO. '111 dutorarlg'] c;;Q.,r",lm;I·I! C[~Gl}rs, At ~~O,OOO or Abu\ie lhe
~)Ourl'~el lIr:lllng",s e)</~pl In th~i re$lStaf1C,~ l'IHI(Je W'\l:m ttle
c"un:8' dO'.'inrangcs (jnpel'ding the ~;ta.te of IhG Llml1 1
:lnfl L: -nIl 2. ~ontr<)i ·'~I~rH;j:2. \h!! 1·,-n£11h could lw 20,000,
?9.(1:':Jc ~j~ [reo (,In

. I-'-'JI---j

,,:~~~:;o-C-_L}l1>.l. ,.

iI I-TI,'"'" rt> ]
~ I ,I J: ~..--------\ll ". ~"';~ i

~j.~: ...:~I .l_j
I..., ~'I'!,Rr,TOR

--1'-'-:: ) N'" '-'.,~ IDIG! ~'Ll,C' "
t"'" o Jl>'U"" .v

I
lG' ' CU",MI~T

i'll A '''-re''I''I'~'"1 $. ~ ,9~~~(fi: r~!f~!;iL~'l;r;

1II

I i . "G'~""l ,"',"",,'
l -- .. ~ 0!01'" D:,jf!~"" ,., g~~:·~g:i::~

III ,7=lr .."
, l' \ l.b\f~lJ+_1f-L.", .,.,
ll.------..-.-.J..-.~_._-_.- ..,_.~--

FIg.1 DIAGRAM ~;HOWING OI$PLAY CONfllEGilON
ANO CONTROL INPtJT Tlj MJALOG SECnON.

-----_._--~~,-_._---_._--

AUlonlngirl9
Tr'fJ ,:~llorHnW'1 up-down COl,nter '5 <Klge trlg9sred by a lr'l,l~"'"r

puiS!; (inIC:lrnal or external) ~f\ cOr'!l.mcllon wl1M tl'te {Jesc<:I,Hcd
crmtrol lo(~il; Tilt' a~I~:;mmg8 (;Ol,mtO( if, d8codad Into Gns of r,he
livl~ t')u:.~,t1: s;gnnl::; illlough t>Llffem R' thru R5, Runge Fll !lcls '"
R6 whm' tilt' DP 2 (~()lItr[)1 ,,:gnol 15 zel"i,)

TrU/"llilsr L(JGI~ ~nd Tlf11in~

BCD ant<l ,rl the decRdo ~Qut1ter IS tr"J16fi:ti'CO I... ihe stomg&
(Goislers by rne:.'),ns of ,m <lei:,.:! Comparator Irlou~. BCD (Jat;:< can
lll;[) be IransrerrEi'd to the 'atches IHider tn~l control (it lhe
Transftlr Input signai
rne Tro.rlsf~r !.'-\gnal at i~s acti ......J (nigh) BIE;I€ CilUS(~S a contm!.IGUS
transfer $nd display mado:>' il ~an be pLd~ed 'I) lr~m$f0r 00
ccrITln1and Ttle Tr<l.'wfer siqI1;)1 it' It& SI:IIVP. $t~,t(1. C1ls~J tri9gel'~ tht:J
al.lw~rll.n91~ up-down counter whane 1unnlo{l 1$ dl~tr."'rmin(;d by its
cDntrol ,ogle the Internal tr3flsf8j PJIG,(- :5 ~\JDrnsed~l(J b·t nil
exlernaJ siS/nat ap~1li8d at the Tr~nsjer InpLJt rh(, Tlan;;f" r SlQI"(1'
in its ac1ivf) glatr; ,iliso tI!!lflk~; tt':l~ Dec,rrdl P~'lnl OdDlil

ScM osc. L,oglc and Tlmln9
Tna dIgit ~(JIBcl counter ::lnri d{)GGdel I;; IlC!~;e-tr>ggcm(! hom
eittler a l'lignl~1 applled"t the S';i:i.n OSC. Ir\l)utor trQIn tho (,Ltj)lJ\
01 lhe tntc.,rnal S(:~f'l osclllHtor Th~ irfJqu<~'1('Y Q1 th(~ Int('((lal
O(;CIII,HOr IS conm~'I~d bv tIr· RC rletwcrK tied <1.t Uns mput Tr;1'
digit seJl)c\ cOlmlN i5 :;e·t t·;) the MSD PO!;lt::)[l by' ':1 reSl;l( s-i9 nClI
Ea(~h of !hos flVf) digit select fill:?: outputs 15 ~t'(]ui;:nli:'lily ~;c\lvated

(low) who" the cDrr.aspOf;(ling d'9;\ Is ';;cI0Ct(l(i Tile InlelTlil!
~ynchroflilJ1'lI;Jn logiC If, rriCQrpOTilted t'J cn~ ..He Ihal botf' 'he
~f,jI'(Om $1~~lm!Hlt and BCD d"ttJ. iron' tne sfJlc,;ted latch are vHlieJ
prior to Im:lbilng the corroq)(lnding Digit S~:kld Outpul

SamplelA.eaj~jOSC.
Ar, input puhe on thiS pin ill~tivaw~, en Internal orH~·snO\ WhiCh
re:!).!':l16 the BCD decado CC"llmte<' :Hl\j forces th(l Ijlgil lloloct
COlmtGr tD Ii'le MSO poslti\.'n This rf)!;l(~t oulse al(;0 syr'chr,)rll;r~~~i

tt18 rna:,:;tcr C8cillator frequ>;irlcy 10 contrnllh'" [oglC outpultl ':'.'1!1

BCD courll:~lrs, An AC nel'liorl, 'lied to thit; Input CilU50" Ir',~

in~;'frnal Os(~III,9.tor to furv;tioJ'1 81 II'!!) freQUH~GY S(lll~cted.

Li~ildlng lllr{j Blmlklnu i~nc~ DEll':lmal Pomt Cc)mrol

At 1M slarto18llcl"1 M$D to LSD SC,I(1 ~yctl'1, a blsn~;lng olleaiJ lrl !J
taros of;ctJr~llJnjil \he deci'7Jal pPlrlt ac1lv(f slatB IS clo:;I(';;~"\, N,,!
nl.lmb'Err flJllJ:lINing u dl~cir;W point I~; di$player:L Leading ;",ro
blankil1 ll dOiflS 'lOt affect the SCD outputs H'1d the 10' and '100

digits in tt,c: display ThiS te",iur,~ l'dlows tl'~ chip tc o'JrJlI~ as~: 3:'.'.
r;MM L.ei3.dl(1Q tmo IS Inhlbi~E,d W"'l,;nc·ver lhf' j',lJ\O

BlanK Di~lBbiE' 'IS I ed to ar. (iowl 16',11,1

FUl1Cli0l16J {)ascrlpti<>rI

op~rflUon
(Rf1jer to FH~~, 1 ami '2 and the nIOf;!t Ola9ram) An Inpul on \h~
Sl1mple!Re!>(~taGe Input triD9,WJ tl"l& irl"lemal resei i~igmil whkt
In turn resels the intemnl BCD syncl1l'onou's CQ\.mtfCfS.

~,ynchronlzes dIe rnasm- Glocl, mln tl'10 Gonlro) "rid
51rnuitaneOLIsly 8ct'vf1leS 1he '(1' MLllliptG:X output liTO ';rst
"ll"S!13r "loe1-\" following the Ir-3i1il'·9 ",rlge 01 th,? lnlernal reset, the
's,"'Irnple Conlrol' signal 15 ,3ctiV~1I(l(J slgn,11 OP(m,s lhl
$WHCP in dH::' am:"ll.og B81~tior" w IntegmtlJ tM LJn\mowT1 IlImJt
,/oIW9f'J. Aller 10,000 IntW'nal Cli)ci<,b, lhr:! "St,nDto Control" siqJ~,"1
IS dei>ctl.,r13tt:d dnd eit~ler H'1i SW1 or Hal SW2 actival&:;
depending wnon the cornp.1r1ilDr IOl,jlC Jevl?,1 nlis In turn SWitc.r18f;
,!'tr.' integrator to th,:! OPPo.9ile ppial"liY SO\Jrce Cornpar'ed to tl'l()
unlo:.nOwn lnpul vola,];;. lho int8gr<l1or cap~"'.itCif dist;tlilr~l':ld

Ufllil th~ oulput 'lQilage reaC)1r:l"l ,rie cornpu(;l.lorthmstlOlo V;!li.lf;!

nill> \I~tril'lb:fJ tilllS I' pr,:JplHtional lo tI)G Im\l/;own voltag,e, r'i"lt~

CClmpafi1\(~[ 'nput voltage Ch",nfll: at Ihis tim" shWs the int..:Jrnil,l
~o'.lnter and ''1tefll.1i1y prOdl)cfr:, Ci transrw 10 ston:! ino
,nE'MlJr~d coun\. Toe ~!()(r-;rl0 r~9;st(;r" aro (0 the BCD
rnl,i1tip!8X(.r which 11 ('_Qn~~QII"d t,y 3 iiieloct cO\JnN:r
Accnrdinn it> th(.j 'l;uI1Iplcr.ir;q ~iJqu~nC!:J. seven SE!<lIT;!:Hll

'i,fc:rmntior. 3nrj Bcn d;:itil .u", made av,:iliable -ill IPc SE',ven
SEi(jm{JrJl u!'1lj ACD Output 1)1"" NotE' thalthe /lutOl,t'lro s,gn,o',115

dOfj<::tl'lG.!iU dl.;ri.'lg AlsO, the r;;mrect polaritl
~IQn!11 ~;ign O~ltpl.Il is l:litt'.Br of In? r0f",ri,1fW,:J

5wllchei1 <IW Ci;i:v"ltt:ld.

PIN CONFIOURIITION
,10 LEAD DUAl. IN LINt::

F'IRElIMiNARY INiFORMI-!<nONAY-3-:11,50

IIG~f;fmtll, AUTO 6v>N; OI~J.iJL[

___L_ -'':.::-/':'':::'-_-, '~";;","~ '" L ;:~~:[j~~~S_;-~

[,~.-" I [::i,m-J [--+--, ~'"AJ l11tL5i__ _~'. rjl~ J 'Il"'frii,- J~~I f}.-1I l~rG~'I'~TL_ T- -.:c- - L~~ '" .. DlifX,.IC"'D'lI'HI

C]__I C~==-l C_' -J 1 '1'.__ ,,_.1:---< - . '''1
cit~,N--'" c--

t
------:~:'~,} .= "J~,:, :::: ::' )g5~

r.~;,,(- \~~6~~~ Q"'DT -- '5 r -- "j,.. nf\ 1 ~___ 5. -

AurCO.!£R
v

<E-" t co~m'" ~-- ~ "'lJl?\~Flm"""l--
,.ci;W'l~ -- " i" -- --- J 'I
'""''''' >-.ci~i~"--- t._-_. __ . ._ r I.J_J_._J._

,I; 'L - """""C""" ]

::~sr;f~ I - ------J;.;r&[~f~l,l
'We ;:=L.__J L. •__ -- --. -- -----±-J=~:-E-J.LT,[_J___ <-_ ""ce""",,.

:: ~ """ "'"'J.. """,..-} '--1 ' -~ ~;,~;"
.........,.. r;,:d'frHI ..._"_~_ po'"..'

:: ~ __ . "\':i:,~_ -.,-.------, J
1>~CI~~Al P:;;',T :"T

4% Digit Mll.lilll-MelEl'1' I Co!mter

OLOCK DIAGRAM

DESCllIPTION

FEATUI1E5

Tile AY~~1·3t;50GOf1t:;!n" ali Iha logic for;] 4~~. digit DMM {±2S,99:~

maximum reuding) [n(~orporatlng d.cJOI r8Yl'Ip In'LlJgration
OUlet;,.nClinp f<:iJtut':ls Qftl'1ll: "s!t~te~of~lh8-·art" DMM Chipirrclw;:le
B (a!1g~ autorafl9ing, tlu1o?em, alJlO poli~r[ty, direct 1-aagmeni
LED (lr1ve, n,~d rn~Jlliple)(ed eCD'OLltpUr,;" An on~chlp oSGiHaltl(
Cl)rHro!~ thEl ~;.:lmpling r,Me, digJt seIeG! rnl.llliplexing anrj i-3CD
countirg.

Fabnt;:B.~nd In Gl's 'ldvD.nC~3d t'~~channel Ion Implant process to
enabie opE1J'(~tkm fram iii 8ingls powGr supply ('.-4.5V to"'1 i'll, th.,
A'{~3~:355r) typically drawS" only 12mA wren operating al ·'5V.

IFl?

• 4~~. dlOil dl5play (:l 2G,999 r'rlax r06dingi
II G fi:ln!~O al.llortlngill~l

• ALlI'OWfO, ~luto polsrit)'
JJ [)irect LED 7 segment drive
• L(,;!dIr';O l.erQ blank:n,lfoven3l1ge D!inkillg
• MljHip:~xed DCl) \lIJiput
iI Sing!!;; pow"3r :;illfJpiy

• On c1ip cloc:k
• 20,000.29,999 or Jr0(1fl.!I'; ~ounler mocl~j



TIMING OIAQFJAMS

I

8-25

'El".coeding t\1ese ri\til\gs could calli,!:'
rermf1rfent (jarnag!J f:unctlonol operation 0'
this de'lice <It these r,;orlditiom ,s l1<l!
implieti-.qlBw:ing r;}t1lleS are sped/led

below

PIn Numberll
Group A :0 15, 16, 17, 25. ~6, 38

Group 1 ~.. 3. :5. 6, 7, A, 9, :23, :2R ~-g

13rol,lp'2 So.:!. '-10, '\1. '\2:, 13. ,\4. 32, 33, 34, 3S, ~6

Group 4'" 1f3. 29. 20. 21, 22. 24, 27, 30, 31

--_._- P~;;;;IO~;-- ---f --~ -.- ;;;--J' ~~r;: l- Unll1i \ C·mdI1\on$.--".-..---- ..- ..-~. .__.. . -.- - -, ·- ..·.."1"·....~- -.......------.----
ClocKS H1DU'! voltage \0\' lIe - () ~ V

CloekCl tnput \/l';)lt"'91) flinn'\
PI", No 4.:10 Vo.)Wl0 Vt'D V
Pin N') 3? Vvn+10 VtlO V

Master ....-1k ~-'eQ DC -'00 ~ Hz From GoG to TIl"C
r,oun CJ~ Freo I DC III kHt From O"'G to WOC
Sample :'(1(, F~e~ I DC lOD Hz Frorn O~ C to 70~ C

complIr)lto f lnpUllJolle9~ HI I 30 26 VOl:. V 1\1 VDl: 5V

Con1paf<l to, Input voltage LO Vss 20! j'1 I V At VDI 5V

Group A I 'Input L()g.iC Leval HI 'ItH) ~1 0 I VtlD I V Input Re$lstanr;;a::: 11XHW

rnpllt Logic Le",el La Vss _. j VB," ·0.7 \ v

GrQ~p'lE~3 I \Output ...0.91.:, LQveJ HI I Vr.m ··'1.2 Vw . V \ At 40~JA (V
OD

t: 5V)
Outpul Logic Level l.O VSfi Vcr; "1J,5 V At 2.0rw\

Group 11 !
Output logiC U;ve! HI I \1m -1,0 Vt~O \" V Al40"1~. (V

DO
---' 5V)

Output L.oglc Liwel LO 1 Vss Vr:,f, "'0,1 V At 'OOtJA

Group 1 II
OutpUt LOgl~: Le...e1 HI • VOD -'1.2 ~ VUD V VDO.::J SV

Output LogIC LElllel LO V:3S ! Vr.:' ·;.\.2 \ V Vr.r;. 0: 5V@ 1mA

~o, REFl, REF1, J i

Sa.mplu ContrQI. Au'o",'-. ! I . I_i CUt. Ett~ml " l
Outpwt AISi;1 T1J'1la - 50! IJs V

o
o .... 5V

Output F2rl Time - 50 us
Sup,ly Cu"un' l L l' 1",A @ V", ,. 4V, Ves " OV.Input Fr8'1 '" 300 KHz

~--~-----_._._-~ .._-- ----- ~- -- --~~

i~~IilCTR!CA~CHARACT~A1ST,cs

tIiISi(h'rUJm RnUl1g:ll'"
va

l1a
geon any plro wl\h r~Sp\1m toVs.; , +201.0 -O.:N

Stofage.romperl1.1Um •. "." , _., •• , .• _5f''''Cto15Q~G
Opl~~atlC1gTemp-er~I'IUrl;l ,....... Oi,C 10 ~7{i°C

standard COI~dlll(me {un:es5 otl1erwiga noted)

Op6ratin~ Tefnperi:l(ure [l'.A) ~'-25~C:

Vs" '0 G.QV
Vo'~ ~ ...4,Sv to ·+-11\!

!

I

I

i
I

I

I
__~ . .JFISJ.3 SCAN CLOCK INPUT AND MULl"IP.L.E):!NG DIGIT ~tELECrOU1"Pll,"

Ffg,12 TIMING DfAGRAM OF CONTROL. SIGNAl.- FOR ONI!: SAMPLE C'fCI.E

,~__ rc------.-.-----ONE: SAMI'LE C~'CLI' ~~---'~'-------II1 ....-........,
L........ . ..._. ....-..! L~

.I"L-.__.. .. ._. .-fl..... _
I I . ,., .., ...__._.•,__"._._ , .
IDTIIIlmBJIll!IillIlITIllIDIT:~ '" e,l< ur 100< KH' "'''']UIIlJIDill[lIJ1lTIill
I: .. '~--~;-r'''''._'

I JLmTfTTTUITI' .. m'IJILf- ..J...I...l...l..U..L.l .-------.--
I I woc< +
1 I 'NTERtI.;~l'~::rL -=:rl~"- ON~ IN'1'ERHAI. (,u,;, f':.J<"'~~

o l--;-t"~~--dl;;"'"'' I ;:;~;-"-"T77;;'-"-'-'-'---'-I ! DISPLA'!' 'OIS~l.AY' DISPL.A~, .w.----... GOUNl e01.IN' I;;,-,UN1" J"""""--I ---I."" SAMPLE "f!'---

o llii--!i _'",oe -:I=·=-:;~:·,-"---·-r-"·--
, 1 I !'IOTE:2- - ......"".......

" i l --'-"" ......_,_._.....:r ~
:~I:-_•._rl~lNo::"-L __._---_.-
o __I_I ..__L......- ._•._.•__.. _
, I I ._. _
c L __.. __....S--
, _. -_..- - - - -,--- _--_.-._.--_.•..._--_.--

NOT\;;4 I

" -------'

:t2fULrUl..JL..flJ-lr-Lr1..JU1..n
; L...-f"-LI"L.....s-L_I-L.-fI_r
; I -L._.......r----------LS·----·

! ~ t-'1I~-·-"'~O}l,1U.,r----·-" r---------------, r-·o L_.....J L __...

. --.--.-..----", r .....·----··----.,
(1 _"""',....__ L.....

:t~=:~-:=~==,-"~~=.~ .-:~_.- -J.=---.~~'I L, .
J N(l~~ ~Oq"(;'l>;" 01 rf'lllllpl.Kin9 "'9!~ i,~I",cr l!~IPUIIS ~~Ilt Itl' ....11>' ..' 10' -'1C~ '"' 10' to j}CClJrl1mll~<\lQ (1,19 IiIpe dl5Dlay

1\ D~h'~ H;j; l!l!..,~n~ t.r<~, \"~ CnnlP~Tt~<lr !Rl'O' nf.'E:C'l" INN.l1 ~"\"lIb D<a .... n'\ ¢nl,n4';l ~I).j PD fU)I"a :>!'i,'Ui<::! bl;l jlllowed ~llh~ IroF'J(

21 ril~ .:;omptH<!wrr.I,;:l'1';O l~tlilt~trl'll'ii)'J byllwEXTi;'1NN.(;if;ClJlr at 111151nfnl. n'~C(l\;rtt 'n the ~r;untN'S pl'eINr!lonallo th,
\fl~"1 fl~~'\l!jng"rJ\\8;:l::

:J; 'rno wOiVl!:(".''ll 01 l\tFI !I~,c1 ~EF2' w~tild::":' rJ"'-~lYld H lNi c:01npnr,,br 1(,~~1 's In ill" cFP~JjI(<l '."(,1"
~) POI9'1:~ W:JU!d b~ rr..yCrl;O~ II lh~ rom()~'~lnr lr'ljJL') ,:; 'M"r,;i:'l;l

:;1 Ci~'J

INPUT
S/,I.lP'.E

1'IE;~':'iW\

I1!:FSI'J?

"'l01'<';;

INi'I'Fl"'lIl,.
, 2CV;

EXTEGN,I.l,
MM;;TEj'

(l~;C, ~1.i(

e:XTE.W~M,

5,AMPlL

Dll11T
SEI-Eer 'Q'

OIGiT
~~LeC'T ~O'

C'IUiT
SEL-Eel' '19'

SCAN O.'iC
IHPUl

Oli311'
SEl..ECT10'

0'1311
.s~~!:'CT 1~"

!NTERNAI
-!:>CAN O_K

AUTO ZSF1()

CO\~P~,HATCR

LWF.LOF.Hcr

lNl'€.Rl',,'I·,L
'1ECE1 ~l(i~M,

9--24.IA_illIIIII---.-·--··--·------·



9·26

I

~-:rr

OSClI..LA'fOr.
(JUTPUT

---_._---------''''-~

alT iD
L56

CONfiGURATION
LEAD DUAL IN LlNl-:-

T\.lp- II," ....

""';~;,~~:(~~: ~r-"'1rr, ~;::;'::"f~'"'"'<'Y "'"",,
'.),Gln f'\'\ 13'.17, c. ( ~.1 ~ T..;\,-,p~rM,;rocon-\r)~r:~,a:;o"
2'lrp'lle,,~, ~ ~ :;" J Nl'lll!lJv'Jr~f~r~nl:~
.<Clnp,ll Bll.\ f, 19 :J p(j~ltilhl ~lorrrn~t'

~\I~pwl 011~? 10 H.~I;>P ~')\I"JII(\ll\lC'

~"'I~I),~1 on r. fJ 17 Qotill~lor o~1r'Jl

?~\nput 8\17 [0 ~6 P ~u,,~l '~pul
Z~ln;:llJIBJI fJ 10 1~ ~IJQOO ItlpJt

2'1.''''''.''9'' "g ?,,,',1,1I00' ,'<'",
:,::lnJI;tBI110 _ ,~. 1:32 3h~I1I.~P~\

Gee nex~ page IN Ciet~lIlf> 01 ~w i=urv.:\I()ns

Btl 1
"'56

§)-~-F

--------------<----~-l

)l,V_"<-505~1 II

~---._- .._-~"-, - ------------------

INVrERi

'loRe.r
OuTPUT
_REF
Tf..MP S'fAS

8LOC~ 'OIAGMM

DESCRIPTION

ThC AY~5"5053 is a 10 bi\ D/A oonWJrteremployltig :heslocha:,ltic
co-nvots!Dh t~crlfljQur, roqujrm,g 1)0 pracJsjor. CC;nPQnenI5 otbG'r

ItHtn ill voita.!:m reference,
The }nplif t.8n bn tItM;'i" serwi e;- pnraIJrJ) with 'BInary or 2';:'

conplement r.odin9

III 10 Bit re.$iolution
., n Bit accl.lrac-y (linearity!_
JiI ra(!tUe-l or ~;;,tl"ial InpJf.
II1l Sirnple- C'xteomal cir(',uitry.
~l el:-rary or 2-S complMtlrrnl C')(Jll1g

~I Qu1Put invi,v("fon
Sf ,-J'l....'CMO$ Ci)mp~lible II1Vli~~,

ji; Monotonic \jtilpJ~

n ~.9 ms ,~et\FtI9 time for 10 !;.;I(S with 2nd crdff fJltcJ.
lJ 1,23 m:Jo 3cttll~~rll'ln-le lor 8 M'" v/l\h 2nd or(~;:;'x flltor,

feATURfr.

10 Bit [lilA Converter

A

pi ;;;-IB
el----Ic

6-

NOTE

LogiC "0";:: [r)W Segment"ON'
Logk "1":' Hlgn Segment "OfF"

r-----s.;;;J;----TCO~:;;i;;;,~.:;;.d;".-'I-----""""00---<1
j Ll'tngth ~_._,~._-_.~_., :~ero MSO on

t==~D~~-=-_-+ ~~ -i=~~ __"~~~-t::- o':~~~j
'--- ~~:~: <----~-+--;-- ----;~i-L--YES~gVER--1
'.----..--- --..-:--;----i-----J----~-··-_+-2~~':"j~-iFREE ,1UN I j 1 I
__ ..~;;;~E_;~~~:j_~_L~ ~:c_J. ~~_"" 1

Flg,5 ~iCALl; LENQTH SEL.eCT AND oV~mFLOWCONornON 'f'AOkE

DECIMIIL 1-SEGMENT BCD

ABC 0 E F G 2" 2< 2' 2'

OOOD00010000

1<1,0011111000

200100100100

1100001101100

<100110n DOlfJ

501001001010

<10100000 0110

7000'11 11'0

800000000001

90000101l 100 1

MSU kSO

~~~i'~~1~
t~t~'=tt tttl
POSITION Of:' DECIM/\L POINT

ON DISPLAY

Flg.S

':lg.7 Se\IGrl seglV'lenlaf1dl3CD outpul truth tlilble,

r"lg.q I nu I n ',~aL.t: t'UH !JECll\llAL. '~(:l"'n Ar,U AVIVHA/II'tJie t-uNcrlUNS

f--·--~---";UI1~tlci"t.'..~-·_·_~ --;~~~-_. ----;:~r.-;;o:-3----f---F:;:;~;:;;~·'---l
I Auto (AC1J'. OGY.j (Vto~lh1r.l.1l11ce) (CLllfeMft}

r
""'0· -~~-~~:1-~~--=:'~2..3-l)~-- ~j>:(-_~J:"~2~ OPj=L::~.~j---1----- ------- -.-- ---- L -'-_==L ~_. jRt A, • , l)

J~;J 8 C j fj

I 1~3 C E B J c

l_ ji I , ~ i J D

NOTift:::.
1) 'd~nrdos dlegaJ .'Ihlie£,

2) FlANGE 1 (R 1) OIJtOU! := r1'j WI)O(I DP, "" 1, R.....NGE 1 OUTPUT acts as HANGE 6 OLJTPUT whet" QP('l ::: 0

:3} WhElrl dl,dm[;ll Oo-I,"I! A I!: "ON", 110 lllil(lltlhQ o:::Cl1rs

4) DECIMAL DOIN'r "OSrrlOf'! 15 l,h1)Wn In j:lg5 !::'ci:,;w.
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MULTIPLIF.R OPERATION
The 1.. 'y'·5~5053 may bJ; I)!:C0' as a Oiglllil_,Ana:00lTlultiphflr t..y
replacing Ihe positIve rafnmn{;Qwilh thl::" An~log rmllHpller lnpiJI
vol1agtm in (he rango Ot{] ...4,5 V{]1ts may be u~;ed, '(he acr;url'.cy if>
o~ tM order of O.1D;'~ and the s,,,ttIiI)Q tirnil i~> &8 f'J~ norrna

l

oparalion

se-da\lrlt1ut
o~cltlatlQnOutDul

F\fI!!\Og OutP~Jl:

St l'obelrlpUI

:;.~1:~

16
17
18

15

I'

13

FUNCTIONS

OPERATION
Tt';I~binary wore ccniainf,ld In the 10PlJl "egi~ter is Gcnlrar,)d wllh
UjO outpul of a cor,tinuall~ly cycling coun\er iM Olltput 01 the
,XlrTiparalDT is hiQ~' whenfwef the binary Input is greu':or Ulan tile
coul1ter, this msul~s in (;In cutput wav6forrn which :,as a mean
"'B~U!)eqlral tothl~ desIred aniJlog ()lltpuL This oulplJt is pllssed
through [J low pUB'S tilte' tCl rt'cDv«r ttie DC laval
Thocourltll'lg 8Gquenco of t'n(} blnarycoilntortilH· tle-c~ cnosen to
Qplimlse the conversion charat;~eristicsand ttl<! Irt:quency of thE'
output noise to slrnplliy the filtering,

...'1.5" REFERENCE SUPPILY"
~--_._----_._--_._._._---------"------_._--~~--'_ .._-----

,.. .IV. "-·-_·_~O'F.~Jf-;:'~ ;~-r::'-lr
REFERENCE _·_··<>·C:::)-~· - LI....\26--c:::::::r---- _. -

f,:.'~K= "AWl --
.1

1
" -, ~_,_~fJ

1pel-'0"+ J5CO '
_-1 2.2"

OV _. .-.1 ,-.-.-._.._--

ND'M Furlct!or\

VL': PD"illvepower~jupP\'i''''5V
GodeSelocllnpul Lr..:\}ic '0' gives BlflElry ~odlng, Log,le'1' g1V8:> 2':3 compll:1menl

cQdinD. g:;ee t(lbl(~ 1l.

Bil:S 1.10 Inp\Jt ~~al"allcl (lata inpu1S. 13\\ 115 MSB
SIlIH Input Cine\( lmlUt f()rt;(Hi~1 made. Dllt~d~ Ghiit<;'l(j in Qn ttl"O' to '1' IOglL

lronsition. In tho rJJ,'m1l01 mode thi~1jripwt rrlU~t baii11cglc '1'

Po.rnllel Load 111Put InU'le parullf:\ mo:1l3-0':J.la IS loMed Iflltl!h6 (Jet" regi.i!.erwnP-JI thl~,
input is ~It logic T 'rhls input Shoi.lld be alloglc '0 In parallel

rnodfj opI;Hoci(m.
". i()I1IC'1' on trill} l,'Iput lC'Cldsserral data Inl'.l thedalii r",(jistQr ™
dflla ill h1t"rll:o whL'1l the \n~Hlt rl,Hurn~ to logiC '0' nl\!;' I"put
~,houlcj be at 10gIC'0' Inp(l(al1ol mo·juoueriJtion

SI~l"Ialdut8 lnj)ut 8iI 11;r:;t

TTL. comoatlble o:;ci!lalo.:lroulpul f"Sjl'UL

A.n~l,og ou1Plll II~ WW fJ<lSS filler, TI'lltl output IS~l/iltGr.hasti(:puis!}
wavefDrm 118'1lng oj meall amplihlcie eqwll to tllf.l 1'8q,J\~cd DC
tulplJt lmel.

le I Posl\lveRoferenlJe ! t"4 5V' omlrml rfl'l' 0nceof'10It:>g'3

I
20 NHg:JtIVG Refewn:;:i I C,/ re1erenc;e r;/)r..tlEdCd to OV vlaa 500 or,i'!l ".l~l<:\bte reslstanCI~

llsed to ad) usllM NrO" at MIt scale ~o L€lro

2' I Temperatur~ CQIl1Ch'rlS,:j!IOn ~rnl1 pin IS COilrieCll d to VG(l VHl ,) 121< ohnJ se'" rl)fjl$tJ)~ '0 l:1i;hlE1 ... ra !
I

th( ::tal€ld tempc>ri1luHI stnbllltv The \em~ eralIJ18 ~l",bdlty ~an 0 ~ I
'f])prQvrd by e. fU,J'"r 01 J by \l::;;II,g aXl 1BK n rl"Sl3wr n r;Graliel JI l.ltha Or~GC'd9~;<9f(!1tnerrM,tor rnlfJad of th(' 1~\K n resistor.

I221°'" Ilh:itClrF'requoill:;yCOnUOI Tn lsptl1 18 COflllect~d to Vd Vji], nSUK n.\J~rlabICH.lSl~toru"od 10
adJ(Jst tr\l' oSCllialor frcol:cnoyto '110' !equlre':ivJI( "

I 2.:' ,[1"I<,rt Input I r'l.l ...gIC 1 on ttl IS ,npJJt I~\ert$ tile output

L~ \~.~ ~ ..L~_~~~:~~~~~!..2~--"------~~---.-

'E:xceedlllg lhoso ratings {',Quid calJt;C
permanent dcrnaglOl. I:unctlorml oper.1tion 01
(his devicB ::I.t those cOflditicns is flot
impIIBd-~op,mllj..,g ranges RH/ Spocltlod
below

60

O,S

----.~-_ .._-_._._..__..__ ...
UMlta Corn:lltlons
--'. ---'_...~--_ .._---
KHz
%N

%rC
Voll R" ::.-6.SI' to '1,,(:

t Sill;': 0=> 1.omA
Vall Rr. ·.cl).8KtoVGc,

I
I ~cur~-:e '='100j:J,o.

Voits
Volts
u~ I V;r. '"-' VC(' -5V

I
,:,;" I
B'I:'
l S~
LSB I Aile; trimming at 0 r,

FSl)

I
PPM/Jj:~EI<t.ILK11'l9 reference <tnd

j)l+c~ .jrtrt

I 20 l'lA 1140n'~1J'

- l 100 ~IA Ma:. Ell ;,;:f.'SD---'.._------ --------------

Clock Freqvot1cy "-,, 800KHz
R, {fe-mp comp)"" 12K 0 f:NQ
RL (Jir,~Hrity) ,.." :2'70 n nom
Fro (0$0', freqllenc'y)'~ tllK 11 nom

. ",20 to .,.. 0.3 VOlt5
. OOG to +70"e

.-G5~C\o+'!bO"C

V,,,; -, .1·5V :!: a.s\'
I;I~I() ,~, -'12V ± 0.5V
P~lsit:vH ;,e/mence ~ ,'-4.5',1
l\Iel'1(llhl~ re!flrenc6 ." OV

TABLE 1 INPUT CODING

--~~~~-~F 2'~;'~P~~EN1:----f='ANAI~OG OU~~~T_
0<)00000000 100DOOOOOO D
1]~(JCDOO001 10000IJOOll1 ,"LS8
0111111111 I 11111'11111 ~hVrf.lf"-LS8

1lJOOOOOOOCl 0000000000 ~v 181

~~~~~~ j 6~~~~~~~~~ t\~;.~~:L~;:

SETTLIN(; TIME AND BANDWIDnl DIA CONV~A1'ER

<---~;;:;;;;;;-·--·l--'-O--"T."--6--·-t-·-·~·-·
------·-·---·-·-/};T-;:;-t~--;;;;--·~t-l··-;;;-

emo,Typ, Oid~' I O'der O'd'" Orc1,,, order.+ Ord,r

;;;~r1imeC~~~j~---- --;,;-T-;;-·-~· O,:i~-' '0:;'-- --;;;
Sotmt1g tim" to l: y, t.SBmSsc l45 I 6.6 I 7.71-1", 0.6 I 0.32
Bandwidfh Hl.-~O.l% 1.35 14.8 I :.

~O."W~ I 13 1'16
-1% 112 61P.,
'-' 'ldB 1:?.5 135 65 J 5~17 I 400 I 178<1

StEIrll:kilrd Conditione (Dnl,ess otherwIse '10ted)

Maximum R.tlngs"

Vott~lgGon nny pin Wlttl respoct to \i~c pl!'1
Ambient operating ternpr;rfa~ur6 lang~

S~or~\ge IOnlperatlJfe r.anOf;,

-~~:'.ct'rl'"<----·--j---:'-·l TYP~-~.--:~:....._,.._-_............-__.------ ----- - ._-
crOCk Fr-\KIl.lehCl' 100 800 1000
Voltn\je SlabiHty ~ S i -"
"temp. S1~bility '- 0.2 I -
Output Logic '0 _ I -.. 0.4

Ou'trutLogic't' I! Vcr' - I -", I
'n!"tHI I I I
l.~~ic '0' Le"el ,_ l 1 ~O>8
,oglo'1'l,¥,1 I V,,_,.51 I
L.eal(<lga Current . 1(\
Ci!pacitatlce ,_ -] 10

Shlf' Clock F,oqu,moy I 10 - 'OO'J

~ff~~;'~~~~j Llnoant)' I -- 10
lInearlty 1

T'm. ~,areture CO-0'rhcler.t I
SUr.Jpiy current
Riltei2nCfl Currenl .. -_______ -L. _

HTypical valueS arra In +25°C 2nd nominal 'Ioltagos.

_'lf~1!iWIitlIl~1!I11~-~;':>""'----'----
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b/A CONVERTOR TYPICAl. TEMPERA't'UAE ST~£lll•.If'(

:SERIAL, (lArA TAlANSMlT-rS.R FOR AV~S"SU!i3 Dill CON\lf:FlTClB

S'r[IOBE' "...J--~'M-~·--""-"~-~-L_

8TART'--LJ--

G'OCK'1JVU'U1Jl..n.n.n.J1.nnnJ1.

StoHl/.!. 1~l.JTPU' _....r"-,,·_·1....JL._,,__"_"J--~

C:t:::'-::l IMH'[v> ·~I~<Il-"-.-..-.-_-----'---"--,··,----(lCLoCf~

~ ~<p I .f,

'5V ~ t'~ dkf -- 0 - .':'.- r -~,'
STAH', ....~-8t741'r ",;j :~O~() A0(p~;L,

,,'[__._~.5 t ':'91 _JJt'?... STROO'

:=-I'---JC-===--='=--=~JPAA/\LLH·S:::.... 7,jt!'1J D ~_.."-_- I'OD
DATA .~-_.~ ,~ .9 ._~~- ,~_._, .
INPU'" :;--=:::- t 56:~ , SEHIAl

:=.::::::- ' Q1.L...."c~-r~·_·---~----~ m;T,-'u-r
~ 470p~

n ~s~~

~---------~--~"._-------

If,SB

10 BIT fJ/A CONVERTOR FIAS'f ORDER FILTER

CIA CONVERTOR LINEARITY

4iK

~~~~~~:: --l-=-----:~E] AV,,,~,

: fIT I

l~~",s::.!=_~h."~.•:.:~'Ol~ +__
"" :~J",mUCNCY

·'2V <lI--."__,_.__• __"_~

j Hi'-~i'.c,-::Jr=,>t~~. "+s"" f:-r,"'I'''''"'\)4,7V.j l .:lenr- r-", +
I ~I ' I r: ' .

I ]' ",;.-.,~" (" -:7),':::"" ,"""
w< 1 lINEtl.f'l1r--B j ;:,1 ~_ ~~,,"---·-t·.J·J-r-- --- &~-__ L.

'" ~-~L_--_J._. __:ld"'"''''''''
'5" ------ .. . ,_.......__...

AF,e;:~~~Cf. "---~----'-"-"I

l,SfI

,,1..-.. _.-....--.- -----_.1.. _
,i:~::I~~o'2'~-~~~\1,~oo-c,+_f-+---t

I ~~
o !. SCAU~ ',SCAl.f ..., :,ct.....r: SCALE:

10 BIT D/A COW/ERrOR PARAI.LE'tL INPUT SI:COND OROl:R F~L·rf.:A 0 to '~10V OU1'PUT

9·3(!



FEATUR~S

I,

!'legawfe p()wur~upply \ 12V).

CslaAvr.llab1e OutDIJt

Load ~np\JI

T'<;;JnBmlllnmH

(;1001\ InDUl

EverdOdd parJ1Y Input
lli108itConlrr;llr.r.ul

P~llsDGhilln OutPUl

,s:;rIa1Q\;tPll!

1;:.

10
11

fUNGTIONS

... Fqn No. Nf.iOhe Furtct!a(l

1 V(~ f'afil!IIIO PowDrSl,pply (,1'5Vj

2 UP/DOWN CCir,(ralsdlrEct/oll (Ji(:Cun\lng, ,tltloglc'1' rorUP

3 COl!,"erll1fJUt ClOCK Input f()F UP.'[)OI;W..: GOIH1tet Control 10(11(: Inhibits tM
clock Clltring UP/DOWN tr"n~;.I1i(H1, dwil'lg loadir;.;} ()t HltJ tnm~

'liHw' ;ind whml !ha cl)un.ter has rC.'1~110dall 'O'30r;:1i '1'"

4 1:;,Hcad",Enar)I'l'Olltr,Llt ?hlg output ~C){~~" \0 la(jlC '1' at tho t.lnd oi dflta. tnn~mi~slon ki
::.ne dOr,!K cycle. \I 01Jn be cor.rr"ct:;::Q to Ule lre.m;!D11 If1plil 01' <l

'ji!Gond AY·S-5C54, ~n.~bling a serll~,'t ()Il;,~nVllrttll::; I~i be inlerrr::

gnt<3d SQI)U(lrltial,)' ',lSI nO on\y onr,lin"J

Sen;;.1 a,.lla CiWfJui il<J,p trans-millO" 8 or 10 bits plU:O D'l1LY MSB
first,

r~ pUlse to logi(~'1' on thlBlnput lORa::) da\<III1W tnil lransrnilll:lr I!
d;J!!J IS being lmn.v:litt(>o Hw comll\8nd i'l !Horet! l1niii the /fans
'llim:rof'l is cCiTipk''l(;.

T;W:l;)UlPU! IjOr:tl1() IDglC '1' when valid dmu n,,:; beGn loa:k'd into
Ih.~ l[~ri$mittl), Jt ;,,11um::; 'u '09':;: 'U when tho t'2!!1S-,~',issjf)nhilS
!;.~)al1 [';olTlolel130 '

A puis~ 1" logiC "1 on triis ;np~jt C(lLi$C5 transml:,Sion 10 com
"IYrCe The {.;ul:;;~ mt,st last at le3$! (;:1£: but no mXfc) thaTl a C,I(iC(

P€lf1QtlS

A oham <:if 8 or j 1 pll!SlJ~ 1$ oulp .... t em trlis 1.1,,,, (!urino 0;1ta

ti03n:;missicn.lt .'.\1(.Jid be Lb"&d U,I;iock dil13 in'" !'n; t!!Cf>'lliN

Clock fNU·,f.) data ti".:'l.n~mlttt~t1MHz max

LOgiC"I' gl','L;>-', ~)l{,,)r' parity

LogiC '1' 91'16S(\ bitOil\G. tranSH1i;;5ian

Conr1'Jct iOP(lti1lioi II1tJ:.iiS 01 ,C\Y-:'-5L\5:~

9·33

I
l

1'H~2 I Plra/lt.1IDfltaOJjp!/\~
:?-'\ (oirQ-l.r,d

_.~~~-l__~~ ~ ~ ~__. _

AID CONVeRTOR RESPONSE TIME •

1 SiMPLE Type 'ST OADER ,o'L""R I
I-·.·--;;--;;.~.-~~;;;--"--·T.i·-··~:;-.. ·_·_.r_·_···...._~_.· ..·_-I_'·__··6···.·.._··-'j
r-;;;;tirn;·~~~;----_·_··_·+I -_·~~5~;~~~--_·····-t-·,·_;;~-----1---~,~.;;::-~-

I Clock Irequsm:l' iOr-Hi? I '10'<Hz 1 16akH2

__~eitlj~~~n:~~_~~:~~,_._l_~~~~:~r:- .~L_._ ..:~~=- __.__.~_~_~~~~~:.~_." _
2 VAJ1If\BLE CLOCK Fl1EOUENCY iYpE.

II tM cmmter clOI;!, freqw;lncy 1& arnlnged to oe prOpOl'tirln(l1 to 11m jllforrmc!:l
t)-Jtween the input ·~Oflilb(l and th., i~cfllaj conl/en,X outpUI, thH r(~.~p<;JngO ~poe<l

{;;1.' bo cr.mslt1er;,bly improl/e(l.ln this case Ihe eystt')m bl,lc:on'\ljs a lin8ar Ot;G aM a
End CHd~H fllt8f c~rl be W:fiO willwLJ! d~nger of oscillatlon.

l-~~.·.OF BI,TS ··.-.·__··~··,·..···.. _..-I-,.-.,;;-.--T·_···;~·'----I
l-··~~!:~~·~::::;;~~--_w~--·--·T"---o ~~:;~:~:-~-i-~-··~~~~osc _.-
I SMiling timeto lllr~SB ,~.5r'rJse{;! ~;'I'TISeC
_~!:=:':~~~_L~~~~~~~."_..._,.~__~~,i~._~~. __•.__,.__~~~ "_1

"-----~~-_.--------

rFJANSMIT

C"'SCA(}~

ENA61.f

DATA AVAll..ABll:';

P'N CONFIQURATI!)N
2,' LEAD OlJAl,..IN LINE

Tl1~' "m\~

l,~:~~,;~ :~;!~:,r·-·,~~g ~~':~::, O"M
CllS~I':lj r,:f"'bluinpul 4 ;:1 gan.? ,Mpld

,s1JIIllI0"!PUI S <to b Elil:J mJtO~1

lO~~ Il'lpu l 6 '(I,b Sir 4 OUIPlil
~~!1:11'\'I3i'<I~I{I Q!Jlp(,j i 'S.O 8116 Q~tIHII

l'mr.~1111 In(liJI' 6 It b Sil e outp~~
~!JI~I' OnJ!; ',)u:put !I 16 Fi Bil? Output

C';;':~ Inp'jj C 10 1~ r'J 611 e Qul!=-I..!
EV£>I1

/
OdCf'a"tYlnpul d 11 14 Pailg"~ip,,1

;).flO Bit CCIFJ()/ Ir,plJI ct~__._~:p BU 10 (I,.sa) ~;lllp~.!

BLOCK OlAGIMM

f'lJLse CH/Ur,;
OUTPUT

SIIOB>;5 ......---~~~$ECh:;:"~.?';~' -i'-
EVl"NiODD l;'--;~-----_._,
"AA,Ty .'"---.- -~I:IIifu

SEn:"'I. ~-·-~t--1 DATA lRAI'.JSMITT"R ::OI\lTRDl

~~~~~::~ ~_~_ + j" "t.-........~. 1.0"'C
OU'rp,.,I'r

:------'---1=-+: j[_'.
MSB ..--_.~--t-r'-<'''''''-'-'-'-'--l-J

L . ."..._--J

· ,
IlruH~__.., ~~'5-5.~~~ J
10 Bit l~/D Convertel' CO'11rol

III 10 Bil Re~OllJtton

" :200 rnr. settJlng trnlf; lo:~ I;l LSB

" InWgmr .serfaf dat,. lransrnilt(l!" 8/10 9its '.'.'ith p::lrlt)l
Jr DJraiJi:) O(ltpul$

It ll'UMOS f.:cmpEltibJe inpu:s lin(l (l1I'P,i!,'i

DESCRIPTION

Thfr A"("S~5054 1$ d<;EIQned 10 Work in (,;cnJunct;ofl with 1M
AYw!3·i:iOS3 to form.a 'I) Bit.Al') COnYar!f1r II Cons!!:Ifs 01 f11(} bll
LJp/down cOl.JnWr, controllog;c and L\ ~erlar dMa ttansrrilt£r.

9-:l2
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ChilrElcterllllic Mill iyp"· Max Unl!!> C.::anciHic)ll1l

Clock and CIOI~k IllP,utl1
U}~,ic'f)'le'JfJl - Volt$
Logic""eIJQI ljiT·"'1.5 ~_ Volts
FreqLil?riGjI DC MHz
Capacil:1.llce pF
L€l8.ka~O _. p.A VPi<=Vq:;-WV
LogIc rnput;;
Logic '0' i-Gv{il -" -\.(),e VmU,
Logic"i'lellei Yo;:;"·'1.5 -- Ycc+-O.3 Volts
CUp':H::ita.nce 10 pF
Lea;';3C~(~ HI f,iA v;~,"'Vcc-1(I'v

OUIJ.,ul
LoOic 'f.1' '0'181 +0,4 VoltS 10 1 ,~ 1,6rni\
Loglc':'I;:;\Id V,;(~"1 Voll:; 101;''''1001.A

PQw~r 240 mV"

~~Typicill Vi:ihwS ar~ at f-25~C lInd nomiMi '10116908.

Standard Cond!~h:m8 (Linl~:ls8 otherwisE! 1101B;71}

I

~-3£i

____•• ,••,__IIIIIiiIIIIIImICfld\·__nlllllB5HIIIHIIIIIIIIIl£lU~

5iM'PU! !{} 5!T !>-./O CONVi.':~TEA

j~---- C ----~l' r--Jiji.,-E'Ri"'" ~ --------1 '-------. ----f-" "'.1''''''
\

101< P1 1 Lf~)- ._~. --u.l..l 1'N!'~-,lV ..------.-,___ ! 1 'ilJ.U..L 1.. • I,,,.,, [,-, --.._, J II
-{ \>-----1 r-L f'-__, ·!.!:,}--Lj rL_.. I

•. I 13'1. --c_~, ". IIJ LS~ O~rSH
"lor P\ ~~:: '_'" c" ....."'~"'~.,.iUr: .. _- ..-

-, - ...-------- - \"11UJJlJl-~~1

--- ..- r A<'-"'''wt I I
ccoc' I ," I _ I'

l r--~,~~-~~ ,lOlpT,l, 2'~tlr"'--L-.~C~-~1L::l1l~ ;:,
___.. I 1-_..__ _.. ""iH.. --

cv_,--------' ~ A._ ~ -._-__-__
-----,-----·\~V_

..------1

'ExceodJllg 1hes-e retlllDS coulc CIH!se
p'Jrrnanont darlia:~j~ F~I"ctiona1 0lJerolion of
til;::: dEl\lic:l~ at the~'~ condition Is nol implJed-,
opeiating rang€s Me sPi;.ldfied below,

"20 to 1,0.3 Voll-s
O'C lo+7{)"C

SE;lIA~

OUTFu r

'~~,:;~;" \ r--\ jr--\ r
- J, "--'S'-, '------.--1i

"'mo·"----11=------.. ,'" ..-----..--~l...::-
ih.'lS ~OOi\~

tMMI.'H

f-l.'L5~ CHAIN

TIMING D!AGFtAMS

VoHag-e, on un)' pin win"-I n~f;peCI to V,;, ~Iln

Ambhmt 0plmlt,ng Tc:mper~ILih11-ang8

W1f.lJclmum RaUngB~

VI;';; , +5 ~T:O.5V

Vm3 "·12 .rO.5\!
Oporatlng ll'ln'1pi;;,)'aUIW (T,,) O"c to ""loce

n..~4

E;L:;;:c,rRIC~~I., CH;';~AC;EA!:$T!C$



Sequential Boolean Analyzer

~'
!, r:m== SBA ~ PRELIMINARY INFORMATION

PIN FUNCTIONS

RESET Input

GO Input

HALTED Output

INPUTS/OUTPUTS

I/O control

When taken to a logiC '0', this Input will reset the program to the ::itert I'QsUlof1.

When raKen to a logic '0', thiS Input will hO"lliH1e progmm ai the end oi the program cycle ;md will activa1e Ine
HALTeD output When tilken to a logic '1', 1hB program wiJl cycl8 contirluo:Jsly

A logic '1' on this outout indicates thaI tM progr~l"fl nas slopped cycling

There are 30 input/outPllTS on .he circuit ;vhlcr C2f1 oe masK programmed as Inputs. outputs, or
mputs/outputs

When this output IS at logiC '0', llle CirCUit will oUtput mformatlon When 11 is at logic '1'. It will read Input d"lla

FEATURES

• 1023 words of prog ram
III 30 programmable inputs. outputs, or multiplexed

Input/outputs
II i6 element stack and 120 element ReadlWrite memory
II AND, OR, XOR, COMPARE, INVERT basic logic functions
II Serial processing of inputs and stored information

provides very easy programming II' Boolear logic
II Versatile clOCK generation scheme
II TTL compatible inputs and outputs
II Sirnulator and software program compiling facilities

available

DESCRIPTION

The SBA is a microprogrammabJe Sequential Boolean Analyzer
which forms the basic controlling element for many systems
requiring timing and control functions, The SBA is fabricated in
GI's low voltage Ion Implant N~channelprocess resulting in high
speed operation and low power dissipation

APPLICATIONS

The SBA IS suitable for a very wide spectrum of applicationssuch
as'

TELECOMS: Simple PAX contrOltera, Relay CircuIt control,
Answering machine controllers, Line seeker/monitor

INDUSTRIAL: Complex sequential timers, Small machine
controllers, SpeCial purpose digItal clocks, Alarm monitor.

CONSUMER: Gaming macnlnes White goods timers,
Combina.tion locks, Pinball machine/one arm bandit.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Top V
~

'''I'' '0 GO

RESEl ~ 39 '/0 Control
HAl.-TED:I 3\1 Cloe~

~~\; 4 31 ClOCK
~12V 5 3~ ClOCK
lIO I 6 35 1/030
110 Z 7 3d 110 ~g

1103 a 33 /028
110< 9 32 rIO 21
I/O b 10 $1 1/0 ~6

,/0 a 11 JO 1,1025

1/01 12 29 IIO~4

110 B. 13 2" 11023 I
IIO!;! 1<1 27 1i022

I/O '0 It> 26 1/021

"0'1 16 ""0>0 J110 \~ 17 ~4 1,10 '9
1i0 13 18 ~3 I/O 18
11014 19 22 1,'0 l'
11015:1:0 21 ,/016

MICROPROCESSORS: As a slave processor for BCD/bmary
conversion Binary/BCD conversIon, Alarm condllion
rnonltor/interrupt generator, Peripheral controller.

1f1 general the SBA IS besl suited to applications wnere a control
response is requirod in milliseconds rether than microseconds.

ELECTRiCAL CHARACTERISTICS

Maximum Ratings-

voltage on any pill With respect to vss
Storage Temperature ROInge .
operating Ambient Temperature Range,

Standard Conditions (unless otherwise noted)

Vss: OV
Vcc:: +12V ± 10%
Vila <: -r5V t: 15%

Characterlstlc

. -0.3V to ""15V
. 55°C to ~15CoC

DOC to -70°C

'Exceeding these ratings could cause
permanent damage. Furctlonal operation of
this device at those conditions is not implied
- operating ranges are specified below.

Cj,:37

NOTES:
1, Clock frequency cOntrolled bY external R/G networK

2 The ttming of inDuts depends on !ne Clock frequency and me program length Refer 10 the detailed descriPtions
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Fig, 1 BLOCK DIAGRAM

PART I General Information

•I
D.E+F.G

Result
D,E

{D,E+F.G).(H.I ...J.Kl

Operation
(a) evaluate D.E
(b) push into the stack
(c) evaluate F.G
IdlOR
(e) pusn Into tne stacK
{I} evaluate f-l.1 + J.K as Jrl (aHd)
(91 AND
(h) push into stack

only allows tor30 addresses, bullhe number of srored statas
is increased to 120 by having typically 4 pages of 30 each
Two instructions control a 'pagEl counter'. One steps the
counter and so changes thEl page, and the other s:ets it beck
to the first or 'home page'. Thus an infinite number of pages
IS theoretIcally possible, the SBA stepping through them in
sequence as required ...... ith the option to return tothe stert at
any time

4 A logic Unit which can perform all th£l pOSSible logiC
~unctions of two vanables, namely AND, OR. EXCLUSiVE
OR and COMPARE. and also negate (invert). The trut!"
tables of the functions are shown in Fig. 2. Ahy logiC system
car be described by a set of Boolean eouations written With
these operators

The logIc unit always has two Inputs and produces one
output and there are two types ot action,

(a) One II'Iput comes from an inpUI latch or stored state: the
second input comes from the lop of the atack, and the
result is placed on tM top of the stack..

(b) One input comes from the top of the stack; the second
Input comes Irom the next location bf the stack: and the
result IS left on the too of the stack..

The exaCl operation of the vanous Boolean equation
evaluation codes is defined in the next section

5. The stack IS alwa.ys involved In logical evalua1Jons. as the
top of the staCK IS al ......ays one of the operands to the logiC
unlt The stack is just a pile of Boolean values and can be
imagined as a vertical shift register In whJch data is always
put into or takel'1 from the top. When data is added to the
stack, ,t is said to be 'pushed' onto the stach. The new data
becomes the lOp 0/ the stack and all the previous data is
pusheo ClDwn the stack by one place. If the opposl'te is per
~ormed, the data in the stack is moved up by one place and
the stack is said to be ·popped', The top of the stack wlll be
lost and the data preViously just below the top ...... ill become
the new top of the stack

The data stack In trJe SBA IS normally used as workspace or
eccumulator and the top of the s1ack IS used in most of the
Instructions together. sometimes, with HIe next locatio"
down. f-lowever, the stack can also be used 10 store
temporary Boolean variables and helps greatly in the
evaluation of Boolean equations containing brackets, For
example a function such as:

A, (B.C, • (D.E- F,G),IH.I • J.K»
would be evaluated 11'1 the follOWing way:

AND OR EXCLUSIVE. OR COMPARE

A B RESULT A B RESULT A B RESULT A B RESULT

0 0 0 0 0 0 0 0 0 0 0 1

0 1 0 0 1 1 0 1 1 0 1 0

1 0 0 1 0 , 1 0 1 1 0 0

1 1 , 1 1 1 1 0 1 1 I

Output true only if Output true if OlJtpUt true when Output true when
both Jnputs true. either input true. inputs differ inputs compare

E. SYSTEM DESCRIPTION

The Sequential Boolean Analyzer consists of the fOllOWing major
components (refer to Fig. 1)'

1. A Program Memory whi-eh holds the set of Boolean
eQuations defining the system operations. In the single chip
version of the SBA thIs is contained in an on~chlp mask pro
grammable ROM. There wIll be another version In which the
prOgram memory Is off the chip and it can then be ROM
RAM or PROM as requlrea. The Boolear equations ......hrcn
deHne the logical relationships be~ween the SBA inputs,
stored states, and outputs are atored In the memory as 8 bit
words in an encoded form. An exact definition of the code is
given in the next section

2. A set of up to 30 input butlers Which are latched at tne start
of the evaluation of Boolean equations, This IS done so the
input values are-consistent during lhewhole period 01 time i1
takes to evaluate all the Boolean equations once

3. A number of pages of30 stored~statefllpflops which can tle
grouped to emulate counters and shift registers, or used
singly a!! 'flags' to remember the state 01 the machine. or In
logiC equation reduction. The SBA addressing structure
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Fig, 2 LOGIC FUNCTIONS

D. SEQUENTIAL LOGIC

Although some problems ora combinational in nature. the vast
majority of practical prOblems are !!squentlal
A sequential system Is one In which the response to a given set of
Input conditions is dependent on the previous history 01 the
system. An example might be a digital clock Where normally the
second~ digits are incremented oxcept when they are at 59 when
they are reset to 00. In other words the next response of the
counter depends on It.s current vallJe and there may be different
responses depending on different current values.

All sequential systems can be descnbed by a Combinational
network in which some of the results of the Boolean equations
are stored in a memory. It is this memory that remembers the
history or 'state' of the sequential syslem.

Thus tne stored state memory of me SBA nas It!! mam use In

remembering the 'state' of the system tieing Implemented. Each
time the SBA evaluates the complete set of Boolean equaHons
describing a sequential System, It uses the stored states as partof
the equatlons. As the evaluation proceeds, the stored states may
be changed if the Boolean equations demand it

A simple example IS shown by a Vending Machine wher€lthere
are two major states -1. not enough money to buy anything,

2 enough money, so supply the goods,
In lhis example some of the stored slates would be used to keep
count 01 the money that has been fed into the macrline. The
Boolean equalions controliing the dispensing of the goods
would all COntain a term involVing the stored state trlat could
never be logically true if there were not enough money to buY the
goodS. As soon as goods were bought and supplied the stored
states holding the 'amount' of money would be altered to reflect
that the goods had been supplied thus switching the system back
to state 1.

C. COMBINATIONAL LOGIC

If the SBA is used to emulate comOlnatlonal logic, then the
800lean equation which defines the logical function will only
contain Input terms and output terms. For example'

A = B.C.-D+E,F, IX + -X.GI
L '" ,.. - E.F. (X .. ~X.G)

wnere . SIgnifies logical AND
... signifies logical OR
- signifies negate (-D read not D)
A and L are outputs
all other letters are Inputs.

The number of progrem steps required to I'lvaluate thE,> aboVe
800lean equations can be reduced by using astored state to save
the value of E.F. (X" -X.G) atter it has been evalualed the first
time This partial result can then be used in the second equations.
Now we have.

a. stored state = E.F. (X .. -X.Gl
b. A =: B.C... stored state
c. L ~ T ... stored state

ThiS example serves to illustrate how the equations cal'
sometimes be optimized by trading off stored state memory
against program memory.

Tne SBA functions as follows:
1. The new inputs are read in from the system being controll~

ed end are letched into the Input latches
2 The SBA now reads the Boolean equations out of the

memory and, using the logic unil and the stack, It processes
the input data and stored states one Boolean term at a time
to produce results whIch are either 'remembered' as stored
states or placed !n the output buffer.

3. The Boolean equations are taken from the memory term by
term and when all the equations have been evaluated the
results are transferred from the output buffers to the out.
puts ana thus to the system being controlled. The progm.rt1
address counter Is then reset and the cycle begins agaJn.

'-'--"--"-'. I • -' ~_

A. INTRODUCTION

The Sequential Boolean Analyzer (SBA) IS a vary simple single
olt processor which can directly evaluate a set of Boolean
equation6.

The use of Boolean Equations as a 'programmlng language' has a
number of uniqLJe advantages.

1. It is concise
2. It Is stenderized worldwide
3. engineers already use it and und6fstand if
4. universities teach it now and have done so for many years.
5 it serves the dual purpose of both program and

documentation
6. it has stood the lest 01 time.

The equations defIne the logiC that controls the system to which
the SBA inputs and outputs are connected

Inputs~ Outputs
frOm SBA to control

System the system

In addition to Boolean Jogic. most systems require thai sorne
events have to be 'remembered', this being the reason for the use
of flip flops in TTL type logic implementations. In the SBA a
number of internal storage elements are provided for such
purposes

A memory is used to hOld an encoded versIon of the Boolean
equationa thaI define the desired function of the SBA and there is
a one to one correspondence between the data In this memory
and the Boqlean Eauetions as written by an engineer.

B. PRINCIPLE OF OPERATION

A block diagram of the SBA showIng the program memory,
inputs, logic unit, stack, stored states and outputs Is shown in
Fig. 1.
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I PAOGFlAM MEMOR'"

0
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I
E)(TEf<lNAl.- SYSTeM

el;lr>;G CONTROL.LEtJ --
Fig. 3 DATA PATHS

An a bit word is used for oach InsUucUon code,S bits provide an
address for the Inputs, outputs or stored states and, II two of the
22 ayailllble addresses are reserved 10r addressless Instructions,
Ihe remaining 3 bits at the code enables a total ot 24 Instructions
to be madE! ayalleble,
The a bit oinary word Is conveniently represanted by 3 octal
(redix 8) digits ranging from 0 to 377 (00 000 000 to 11111111
binary). The least significant 3 binary digits a~e treated as the
Instruction, and the 5 most significant bits as the address.
Addresses 1 to 36 (octal) represent the 30 addresses required
throughout the SBA (1-20 In decimal), Addresses Oand 37 (ail D's
and aU ,'s in binary) are reserved for Instructions as shown in Flg.4

Functional DescriptIon 01 Code

•I

~

Restart eyeluatlon of equations

Invert too of stack

Change Page
BaCK to Home Page

Pusn logic 0 onto stack

Push logiC 1 onto slack

Push and copy top 01 stack

Pop the stack

Perform the function
on the top two locations
of the stack, Stcre result
on too of slack

Perform the funCtIon on the
top two locations of the srack.
push result Into stack leaYlng
logic 1 on top

Memory Memory
C_ Code

In OCTAL MNEMONIC Functlonal De.crlptlon 01 Code In OCTAL MNEMONIC

01 }
000 RESTART

to 0 ANDIN This mpl.Jt specified by the 001 INVERT
36 address is ANDed with the top of 002 PAGE

01 }
the stack.

to 1 NANDIN The logical Inye~se 01 the Input
003 HOME

36 specified by the address is 004 PUSH 0

01 }
ANDed wIth the top of the stack. 005 PUSH 1

to 2 ANDSS The stored state specified by the 006 PUSH C

36 address· is ANDed with the top 007 POP

01 }
of the stack,

to 3 NANDSS The logical inverse of the stored
370

ANO }
371 OR

36 slate specified by the address' 372 EXOR
Is ANDed with the top of 373 caMP

01 }
the slack

to 4 ASPI The stored state speCIfied by the 374 PANO }
36 address' Is ANDed with the top 375 POR

of the stack, then a 1 is pushed 376 PEXOR

01 j onto stack 377 PCOMP

te 6 NASPI The Inverse of the stored state

36 specified by the address' IS
ANDed with the top 01 the slack

01 }
then a 1 is pushed onto slack,

to 5 STORE The value on top of tne slack
36 is Slored in the etored state

specified by the address' and a

01 j logical 1 reft on the stack

to 7 OUTPUT The value on top of the stack is
36 stored In the output buffer

specified by the address and a 1
left on the stack.

I
·The address of a stored state defInes 1 ot 30 on the currently enabled pege

Fig. 4 BOOLEAN EQUATION CODES

J. BOOLEAN EQUATIONS IN THE PROGRAM
MEMORY

In order to make the be!;t usa 01 the space available for memory.
the codes representing Ihe Boolean operations shol.Jld be as
elllcient as possIble, It hag b9(ln determined that about 20
Instructions would provide a good compromize between IhB
number and efficiency 01 the Instructions. Given also that about
30 inpuis and outputs were suItable for the requirements of the
typa of system lik~ly to be controlled by an SBA, the following

schel"e is used.

H. SBA RESPONSE TIME

It Is implicit In the description oftha operation that the spsed of
response of the SBA to an external eystem being controlled la
determined by the length of time it takes to evaluate the complete
set of Boolean equations once. This Is because the Inputs and
outputs are only latched once par program cycle of tha SSA's
operation.

The SBA Is designed In such a way that all Its logical operations
and dala transfers take the same lime to execute (In fact, one of
the SSA's Internal clock cycles) and so the response Ume of the
output of the SBA to new Inputs 1rom the system being controlled
by the SSA Is directly proportional to the rJumber of Boolean
operations reqUired to define the control function, This response
time will typically be of the order 01 a few mllHseconds,

I. DATA PATHS

The data paths availaole in the SBA are iIIustrsted in Fig, 3, The
focal point as far as dB~a is concerned is the top of the stack since
all data transfer go to orcome 1rom Ihetop Of the stack, Thestack
)s loadad from an Input orstored state, The logic unitcan perform
any logical function on it and fhe result can then be stored on any
output buffer or a stored state.

Note that it is nol possible for Boolean equations to use terms
involYlng data on the output buffers, 11 such afacility Is absoll.Jte-ly
necessary, then a copy of the output bufferstate must be made In
a stored state ao that the data path to the top of the atack Is made
available, The outputs of the SBA can be connected back to
inputs eIther directly or Yla some piece of circuitry. A direct
connection forms a stored state that can be accessed from
outside the SSA. ThiS can also be a limited source of extresfored
states. External logic can be connected between outputs and
Inputs or even keys and sWllches< This laUer possibility Is useful
In, say, scannIng a matrix switch or selecting a code SWitch, and
reduces external circuitry

Howeyer, in general, the outputs olthe SSA are connected 10 tha
parts of the external system that controls its actions and the
inputs o! the SBA are connected to parts of the system that
monitor its current state,

G. CONTROL LOGIC

As well as the major functional blocks described above, tne SBA
contains some simple control logic which operates transparently
to the user, At the end of a complete program cycle, I.e. at the
Restart instruction, Ihe following actions are performed:

(a) the contents Of Ine output buffers are relatched into tne
outputs

(b) the top of the stack is set to a logic 1
(c) the page counter Is set to the home page
(d) new inputs ere latched
(e) tne program address counter Is set to ooint at the first term

of the first Boolean equation,

Once the SBA has started a program cycle, the program address
counter 1s simply Incremented every SSA clock cycle, the
Inslruclion read out end acted upon,

Operation Result
(I) evaluate B,C
(]) OR B,O+(D,E+F G),(H,I+J,Kl
(k) AND tne staCK with A Final result.

Naturally thIs Is not tne only way tne stack can be used, the
varIation being limited only by the lmaglnation,

6, A set of up to 30 output ouffers which have their new values
slored In them as the Boolean equations are evaluated,
When all the equations are complete, at the end of a
program cycle, the date on the output buffers is relalched
into the output drivers connected to the system being con
trolled, In this way the external outputs of the SSA are up
dated once per cycle and remain unchanged until the end of
the next complete evaluation of the Boolean equations.

F. INPUT/OUTPUT

It has been noted that there can be up to 30 inputs and up to 30
outputs available in an SSA, However, because of the physical
limitation of an actual device, if there are more than a totsl of 30
inputs and outpute then inputs and outputs are mUltiplexed onto
the same pins, So the device will be available with 30 pins mask
programmable to be inputs, outputs or multiplexed
input/outputs

"'0 1>-41
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Cetegory (c) - InpuVoutput operations. (See Figs. 7 and 8):
These Instructions have two pi:!rts, the command and Ihe
address. The command defineethe di:!ta patn (input-stack, storad
statevstack, 9tlick~stored etate or steCk-output) and tM logleal
operation to be performed, If eny, Tne address defines which of
tne 30 piece9 of data Is to be menlpulated

STORE and OUTPUT lake the logic value from the lOp of the
stack and tre'nsfer It to the epproprlte stored state or output
buffer, the top of the stack being replaced by a logical 1 ready
for the nexl evaluation

ANDIN takes the\lalue of the addressed input end AN Os Itwllh
the top 01 the steck.

NANOIN takes thalogical InVer$a of the addressed lI"Iputs and
ANDs It with the top of the slack.

ANDS$ takes the value otthe addressed stored state and ANDs
it with the top or the stack.

NANDSS taKes the logical lI"Iverse of the addressed stored
state and ANDs it with the top of the stack.

In the above four operations, Ihe stack Is nel!her pusned nor
popped

ASP1 lJ;lkfls the value of tne addressed stored state, ANDs It
with the tOD of the staCk, and pushes 1 onto the stack.

NASP1 takes the logical ,Inverse oltne addressed stored state,
AND9 It with the top of the stack, and pushes 1 onto the steck

Category (d) - control:
PAGE. There are typically 4 pages of stored states In lh~ SBA,
and the Instructions reading and writIng 10 and tram thestored
states only provide an address within the currently enabled
page. The PAGE instruCllon steps the page counter and
enables the next page.

HOME. If it is reqUired toenablea page of slored s(atesthathas
been paS!ied, the HOME instruction causes the page Counterto
go back to enable the home page.

As an example. if the pege counter Is currertlly enabling page 3
and it is required to update a stored state on page 4, the PAGE
Instruction would be used. If now a stored state on page 2 is
required, a HOME Instruction will SWitch back to pege 1 and a
PAGE Instruction will step to page 2

RESTART. ThiS cooe is always the last code jn Ine program
memory (nole that its value is conveniently etl zeros) and when
seen by the control logic the follOWing (s periormed;
1 the contents of the output buffers are re(atcheo to the

outputs,
2. a new sat of lI"Ipuls are latched
3. the top of the slack Is set to logica.l ,
4 the page counter iii resel to the home page
5. the program address counter is resat to restart tne

evaluiuion 01 Boolean equations.

I
.J

~

~
~---tI B}or~ I

I BeL l

Fig. 7 OUTPUT OPERATIONS

OUTPUT A;

Fig. 6 INPUT OPERTIONS

NANDIN A;

NANDSS A;

ANDIN A;

ANDSS A:

ANDSS-A; ~
PUSH 1 C

Before

NANDSS~A: ~
PUSH 1 C.

Before

sTOAEA; ~ r=-~

~~
ihe value of B on Ina top of the 9tectl Is stored in stored
state of address A and repleced by a logical 1.

,~

After

E¥=i
,h~

AtB
I c I

I BL 1

B

C

fB;r~re

A

B-3
I B9~

INVERT F:~or~
PUSH 0

FBe:re~
PUSH 1 ~~re j ~
PUSH .. COpy h~~~ kA~er~
pop

TOP OFSTACK =A function B. where function '" ANO. OR.
EXCI.USIVE OR, COMPARE:

In the case 01 AND PUSH, OR PUSH, EXCI.USIVE OR~
PUSH, COMPARE-PUSH.

I Fig. 5 STACK MANIPULATION

Fig. 6 LOGICAL OPERATIONS

I

Category (b) - logical operations (See Fig. 6):
There are two types here, e logical1unction (AND, OR, EXOA.
COMP) and the function followed by PUSH:

1. AND, OR EXOR, COMPo The top two elements of tne slack
are propped into the iogic un/i, the logical function Is per~

formed On them. and the result pushed back onto the stack.
2. AND-PUSH, etc. The top twovaluEison the steck are popped

into the logic unIt, the appropriate function is performed on
them, the result Is pl,.lshed onto the stack, and this Is follow~
ed by a logical 1. This form of logical operation is used when
the result is to be saved in the stack for subsequent pro
cessing. The 1 is put onto the stack to make It ready for
further evaluatIons

Category (a) - stack manipulation (See Fig. 5):
1. Invert top of stack. The Boolaan value Is lakan from Ine top

of the slack end replaced by its Joglcallnverse; a 1 becomes
a 0, and a 0 becomes a 1. The stack Is neither pushed or
popped.

2. Push 0 onto stack. All aata V;JlIU9S on the stack ere pushed
down One place and a logic 0 entered on lop of the stack

3. Push 1 onto 9lack. All items In the steck are pushed daWn
one plaCe and a logic 1 put on the lop.

4. Push and Copy top 01 stack. Data is moveo down the stack
and the previous top of stack (now the next position down)
is copied to the top,

5. Pop Ihe stack. All data values are moved up the stack one
place. The old lop of stack is lost.

Delc:rtpllon 01' Codes.
I

The codes used for deflnlng the Boolean equatlon!111111 into 10ur
categorles:

(El) single operand instructloMs which aff&ct the stack
(b) logical operations teking inputs from the stack and storing

the l'eSufl on the slack

(e) data transfer instructions for Inputs, atored states, and
outputs

(d) program control Instructions.

9-4'



program ((ncludlng RESTART) plus 8 (for the end of cycle
sequence), If the cycle Is stoppad by removing GO, the time can
be up to 1 clock cycle lese. Thus the maxImum possible cycle
time ]s:

Clock period x (1023" 6) ':: 1.28tl25ms at 800KHz
= 10.29ms at 100KHz

11'1 general we na\,le'

no, 01 instructions .. 6 = program cycle time In ms
clock frequency In KHz

~II I
, I

'iO CONTROl.

GO I - I
I I -q-

rlALTEOourpuT I! ~if----l

'N",UT STROBED I I II
I I f f-----l '--

Fig. 10

.."

B. DEVICE TIMING

The clock ca'" be generated internallYWltn the help otan external
fVC network connected to the three 'clock' plna, or an external
clock can be epplled to the clock input.
we SSA will perlorm the instructIOns in the ROM, one per clock
cycle, until the RESTART Instruction Is reached, At this Dolnt a
8paclaf sequence Is performed that is shown in FIg, 10.
The possible variations are due to $eparate or multiplexed
Inputs/outputs and the lise of HALTED and GO.

Input Timing
Inputs are strobed into the device once per program cycle. as C. BASiC PROGRAMMING

5h~t~~ :~/jg, 10, whether they are eXclusive Inputs or TnelntarnaloperatlonoftheSBAisofnoconcerntotheuser,lhe

r'nu p e dfwice simply being thought 01 as 11 variable array of logic. )t can
Output Timing be treated as abstract logic or as tM loglc 1amily most familiar to
II a pin IS dedicated to the outpul function, then th~ logic le\,let the engineer, although apeed and response lime must be
r6mains constant throughout the program and is updated at lh~ considered separately as It is somewhat unique in the SBA
end of each cycle as shown in Fig, 10. The logic representIng the function to be performed by Ine SBA
In a multlplaxed I/O the output data's present for two ClOCK IS described by a sel of Boolean Equations. These cl1n be of Bny
cycleS atthe end of each program cycle. the I/O Control pro\,liding length and are composed of the fOLlr logical functions, AND, OR
a strobe so the data cal' be stored il' an elliternal device (on the eXCLUSIve OR and COMPARE, together with invert or negate
negative edge). and as many levels of brackets as sre reClUIrsd, Rules and
Modes of Operallon restrrctlons ere minimal.

1, If Ihe SSA Is required to cycle continuously the GO Input will Stored Slates - Basic Siorage
no true In this case there will be one clOCk cycle between I/O The Stored States C'an be used 10 STOre the state olsome Input or
control disappearing and the SPA strobing the inputs. This Is the logical combinations from one program cycle to the next. For
more commOfl mode 01 operation. example, jf It were required to produce an output whenever an
2, II GO is not present after the I/O conlrol goes high, Ine input changed slate, the value ot the input must be stored ar:d
HALTED outpul will appaar and tha SBA wlll stop. When GO compared with the new Input In the next cycle, The equations
becomes true, HALTED will be remo\,lad and the SBA wlll might be:
conl/nua by latchi,'lg a flew set of inputs, Although this mode can output = Input· atore; (Where ~ represents exclUSive OR)
be useful it 13 usually better to put the control into the program slore = mpul:

llsell and run continuously, Thus, when the Input is cltrerenl from the stored \,Ialue, I,e, the
Cycle Times state of the Input Jast time, the output is produced,

Since all Instructions ha\,le been arranged to take tne same tima, It should be noted here that because 011he sequential nature 01
the total time taken to' a complete program cycle is the time for 1 the SBA the equaUonsare perlormed one at a time, So the 'store'
clOck cyc'e mult,plied by the lo'a' number of Instructions In 'he equation must ceme alter the 'outpu" equation otherwiSe 'he •
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Multlple.ed Input/Output

For complete separation of inpuls and outputs the
MULTIPLEXED facility must be used although external logic
must ba used tor demultlplexlng,

(b) As well as reading the value of the output directly, the
output can be modified by making use 011he open drain
construction of the output driver, The \,Islue of tha output
can be modified by an externally connected acti\,le PUUR
down device and the result read into the input SOmething
like a manual overrIde would be a simple use of this facility
while more complex logic functions csn also be easily
performed,

Oulpul Drive Capability

The Oulput drivers have an Impedance of 100 Ohms and are
nominally rated at a sink current of 7mA. Thus eaCh output can
drive 4 TTL loads plus a 10 KOhm pull-uo resistOr to +SV.

The nominal current rating is determlnea by tha total allowable
power diSSipation in the output circuits, which Is a maximum 01
1S0mW. The 7mA rating has been determined assuming all 30
outputs are being used. If less than the maximum are in use, the
current rating for each can be lncreasad up to the maXimum
rating of 20mA, keeping within the 150mWpower restriction. Fig.
9 gIves a guIde to the current capacity for dlHerflnt numbers ot
outputs in USe.

L

f

o

~ '3,
w "

~ l' _~ R_

I: -------- _
:l---------,-~~-,_·.:~~~~-.~~,~,-.~=~" 22 d, d, ds 26 2' de" 30

~l ! 7 8 9 '0 Jj BEA OF OUTPUTS1 :) :; 4 5 6 Nl.'M

.,

FIg. 9

"

A. INPUT/OUTPUTS

The addressing capabilIty of the SBA allows lor30 inputs and 30
outputs. There are 30 pins available as Input/Outputs and sa if
more than 30 total inputs snd outputs are used they must be
multiplexed.

There IS a mask, programmable option on aach of the 30 pins to
allow them to be Inputs, outputs or multiplexed ,npuVoutputs,
Regardless of the option, the internal addressing of the pins
remains the same and so, for example, If an application requres
only one input and the board layout requIres it to be the last pin
the program must use address 30.

Input

When programmed as an INPUT,nothing will be able to be output
from the pin eYen if the program loads something in the
respective output buffer,

Oulpul

When programmed as an OUTPUT, the mput data path is still
connected and lhe value on the pin will be letched with all the
other Inputs at the appropriate time. This fact c.m bs utilized as
fofJows;

(e) It Is sometimes required that the ...allle of an output 1$ used
In the processJng during the following C}/Cle and would
normally have 10 be copied into a Stored State. Feeding an
output back as en input in thJsway avoidsthisprohlem and
can also be used asa lirnltedsupplyofaxtra storedetates, if
spare pins are available, that can also be read outside the
Chip.

"

PART n Using the SBA
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on the stack. In a bInary counter each bit changes when all bits of
lower significance are true, and we have, for a 4 bit counter as an
example.

stak = A ~COUNT;

:otak '" B*(COUNT,A};
stak;> C*(COUNT.A.B).
stack'" O"(COUNT.A.B.C):
D = save:
C;:: save:
B = save;
~ = save;

If the counter IS to slep each program cycle (for a switch scanner
or a counter using the cycle for its timing, for example), COUNT
can be wmoved and the first equation changed to stak =-A;

The binary case IS very regular and an alternative approach,
which is more economical ror large (over 4 bitS} counters, uses
temporery stores to build up the change oonditlons

progressively·

T1 = COUNT.A
A'" A·COUNT
12=T1.B
8'" B"'Tl
T1 ::' T2,C
C = C*i2
i2=T1.D
0" 0*T1
etc.

Note thaI tr.is time stacking nas been aVOided since the cnang e

condition is built up progres~ivelY. It can also De seen that only
two temporary stores are required,

HIe technique IS furtnel' i1l\lstrated by conSidering the folloWing

'random' sequence:

StatE) DCBA
1 0000
2 0111
3 1110
4 0001
5 1011
6 0011
7 0100
8 1001
9 0000;

examining each bit we see th,lt:

A changes after stares 1. 2. 3, 6, 7, 8
B changes after stetes 1, 3,4, 6
C changes after states 1, 3, 6, 7
o changes after states 2. 3. 4, 5. 7, 8

As!>umlng tfle non·valid states cannot occur, and uSing standard
reduction teChniques, the change conditions reduce to:

CA = ~A + 6 ~O ... -B.D
CB = -C.-D ... C.D
CC '" -A ... 8.~C.~D
CD =C TO'" A-8

Now incluomg STEP, and reducing stilliurtner for theSBA uSing
exclusive OR{·) and compare (#), we have '(nally

stak = A .. STEP,(~A'" (B·O)),
stak::' B ... STEP.(C#O),
stak =C .. STEP. (-A ... B.-C -0).
stak" D" STEP (C ... 0 T A,-B):
0= save.
C:= save:
B '" save,
A = save;

And, for completeness. the carry output IS given by A.-8~C.D,

reducing to

COUT "'-B.D;
which should go at the beginning, before the states are updated.

The straightforwa~o stormg, temporarilY or otherwlso, ot input
data or logical combinetlons has beefl dIscussed and needs no

furtha- comment.
However, it is often reqUired tnat a piece at data bo latched into a
store, and in hardware solutions devices such as S-R, J-K and D
type latches are available tor this function ihe stored slates m
the S8A together with a bIt (If logic can be made to act as latches,
the Iype being limIted only by the imagination. A few examples

are as follows'
(a) Simple S-R latch that is set by the variable 'set' and reset by

'resot': a = set'" a.-rQset
(b) In (a) the 'set' will override ifboth inputs appear together. If

reset' Is to override Q :: (set T Q).-reset
(c) Clocked latches have greater variety. a Simple D type

being: Q =data.clock T -clock,Q
(d) A clocked set - resel:

a = (sel.clock) T Q.-(reset.clock)
(e) Clocked set, asynchronous reset, set overnde.

a '" (set.c1ock) ... Q.~reset
(f) Clocked set, asynchronous overriding reset:

a = ((set.clock) ... Qkreset
(g) Full J-K latches

a :: J.clock.~a .. Q.-(K.c1ock)

It is usually best to design Ihe latch to fit the particuler
reqUlrement since, in general. tha more leatures "equired the
more InsttlJctlons are needed, If a latcn is required to change on a
partIcular edge of a clock. another store Is required and we have,

tor example:

clock = inclock.-storaclock.
storeclock = Inclock;

to detect the 0·1 transition. Eithor or both edges can be detectea
in this way It can be noted here that once an input clock has been
monitored for a transItion then anything in the whole 01 that
progratr' cycle can be clocked by the same edge.

Tnere are several ways In which counters can be programmed,
but a good general ourpose methOd is described here.

The counter will have an input to tell It when to count and let thIs

be called COUNT.
Consider each bit of the counter in turn, from the least to most
significant bits, and determine the conditions that require that bit
to change. This condition, ANDed w\th COUNT, can be made to
change tne bit using the exclusive OR Instruction, So for tne Rth
bit, if the change condition is C~ we have'

R" R·ICOUNT.CR);
Care must, of course, be taken 10 ensure that bits are not used
after they have been uodated. They can be stored convenl~ntly

Counters and Sequence Generators

Lr:dches

while all other operators and theANO wlthamultlpleterm £III cost
an extra instruction
A good rule is to use as tew OR, EXOR and COMP operators as
possible (also AND and INVERT outside brackets) The
difference In the number 01 Instructions taken by two versions of
the same equations is approximately the difference In the
numbers of Ihese 'bad' operators (shown underlined)

Examples:
(e) -A.-B ± -c.-o ~ ~E-F Instead of (A :;: 8).(C ± D).(E :t F)

saves 3 (2 versus 5)
(b) +A.-B.-C.-O) instead of A ~ B .t C :t: 0 saves 2

D. PROGRAMMING EXAMPLES

Combinational Logic
Little needs to be said here since any boolean equations is vaUd
and cafl 'Include AND, OR, EXOA, COMPARE afld INVERT
operators and as many variables end bracket:! as are required.

For greatest economy of Instructions tne equation should be
minimized as far as possible, using EXOR and CaMP it
appropriate, and in general sums of mlnterms ere mostefficlant.

If reqUired, even further reductions can be made by considering
the Instruction sel.lnverslon of single terms cosls nothing, while
inversIons of multiple terms costs one lnstructlon. The AND
operator wIth a single term is implicit WIth the reading functron,

next value. After the first equatIon, A has been upda1ed and so in
the nex! equation the wrong value will be read. (Note that a
hardware solution would updale all bits in parallel.) In thle ca$e
the stack can be utilized to advantage by storing Ihe I1BW values
as they are calculated and only when ell bit:s e.re completed ara
the stored states updated from the stack. The example WOUld
actually be written:

sta\{ =A "ste.p:
stak =B*(step.A);
stak:: C*(step.AB);
C :: save.
B = save;
A =save,

Equatlons:3 and 4 can be combIned but, If written like this tor
clarity, they will, in fact. be combined by the compiler.

The Pages ot Stored States
The order ofequationsandthevariabfes within theequations can
also be important (as far as economy of Instructions are
concerned} when the diNerent pages of Stored States are used.
Equations using variables trom more than one page can, in
extreme circumstances, use more page chenge instructions than
actual processing!

For thIs reason, those bits commonly used together (e.g.
counters) should be grouped on aslngle page. Itlsbetterto leave
a page partly unused irl orderto dothis Thus fourlS bit counters
would certainly be better put one counter per page with the odd
associated bits (Uke resets) kept on their respective pages, rather
than squeezing onto two pages and having to put resets etc., on a
different page.

If possible. processing shOUld be performed in the orOer of
pages. Thus page 1 processing would be done first, then page 2
and so on to evoid unnecessary page changes. It is easiest 10
write the program first and then aliocate the stores 10 pagesto gal
the flow right. Data transfarring irom one page to another can
often be stacked first all demonstrated in the following.

8its on page 1 labelled lA, 16, 1C to be moved to page 2, bits
lebelled 2A, 2B, 2C, and \1 written'

2A "" 1A;
28", lB,
2C = lC;

will use 11 instructions while;
stak = 1A:

stak:: 1B;
stak = 1C,
2C = save;
2B := save;
2A = save;

uses only 9. If the pages were 1 and 4, the number of instructions
would be 17 and 11, if mOVing page 3 to page 2 we would have 14
against 10. Obsessive page instruction saving is, however, nol
usuelly required and Is only important when using the ROM to lIs
maXimum capacity. It is generally best to write the equatlonll
initially lJsing the simple basic rules and to resort tD more clever
reduction techniques If the ROM \s tilled.
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store WOUIQ COntain 1l1e same value as the tnput of the current
program cycle.

The Stored States can also be considereo in groups for sloring
numbers, machine stetes, etc., and also for counters and
sequence generators, Again the eq\,lations can either be
generated purely logically from a truth table of the required
seCluence or by considering an appropriate hardwre solution.

Stored Stale - Temporary Storage
Stored StEl:leS 00 not necessarily have 10 be used as stores from
one cycle to the next. It is often convenient to use these as
temporary stores withIn a progrem cycle. A typIcal example is
when a calculated value isto be used In several equations. Rather
than calculate the value each time, It can be calculated once and
stored and then read directly from the store as required. Such
'temporary stores' may be updated as many times as required In a
program cycle and It \s often convenient to reserve a couple of
stored statea on each pageforthis purpose. An example mlghtbe
the Stored State 'temp' being used as a reset for astoreand then
later as an enable for an output.

temp'" resel logIC:
store A :: (store A loglc).-temp;
store B '" {store B loglc}.-temp:
etc., then later in the program
temp:: enable logic;
output A = (output A loglc).temp;
output B '" (output B logio).temp:
etc.

If the SeA compiler Is used, the name for the temporary store
must be the same (as 'temp' above) to define the same bit and It
can be seen that there might be confusion in knowing the
function of the store in a particular part of Ihe program. The
prOblem can be solved by knowIng thatSBACOMP only takes the
first 4 characters of the name. So as long as Ihese remain
constant, the. same bit ot storage will be used and the nama can
be extended to indicate the current use of that particularstore, 111
the above example the names could have been 'tempresel' and
'tempenable'.

Order ot Equations
The most Importe.nt rule In SBA programming has already been
mentioned and that Is the orderoftheequations. While the timing
as seen external10 the device is clearly defined, it must always be
remembered that the equations withIn a program cycle are
performed in sequence and care must be taken to ensure that
stores are updated at the right time.

The first example illustrates the overall construction of a program
and is demonstrated by considering the store defining the
currant state of the machine. The state will be output to the
system being controlled and. the inputs read baok from the
system These, together with the present state, wW define the
next state to be output to the system. When the state number Is
used in 'la SBA equations, the position of that equation 111
reletion to the equations updating the state will obViously define
which slate is being referred to. The state number before
updating will refer to the state outPlJt to the system last tlma and
will therelore be assochHed with the current inpuis since these
are 8 direct result of that state. The state number aher updating
will refer to thEl next state and will be used In determining the
outputs

Another Important tIme to watch HIe updating of stores is wnen
using s'uch things as counters, A 3 bit binary coul1terstepped by
'step' might be written:

A'" A·step;
B = B· (step,A);
C = C*(stepAB);

where the Jeest significant bit changes whenever 'step' is true and
Ihe SUbsequent bits only when all prevIous bit::; are true AND
'step' is true. It can be seen that the equations cannot be written
as shown because Ihe values on the n'ght hand side refer to the
present value 01 the counter and those on tho lett hand side 1he
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iii 4Ilddrl~ssin\1 mOclet;: Irnrr,,~dlat1J, dJraCl, mdlrec'" ml!'ltl,;,;)
III Cond!tionlll tmlnl;hing on ~>t.ah.l~ \'lord and "16 ~!:<1erna!

clmdJtlot1!,
JI Unlimited mterrup1 nesting and pnoilty re;:Gi\Jllo~

lit 16~b\12's complement ariHmmtic & loglc
A .statu£: word: carry, oYQrllol'l, oIIJr'1, zaro
ill Dfrecl rr.crnolY <J.CC~SS (DMA) f()1' high :S~18~'d data iTal1~fcr

III e4k me~nlory 1I:iln11 singlE/! Mld,ess
iii TTL CCtl'lpntibl~/slmpl,(~bus -$trlloluro
Il! 600no evell: time ~';,3 MHz 2~ph~jse clocK

t
I~lolv__ 'Oi'!·2

lOA·3



:Isl~,152 ~ rS:*!JI:! fBI ~ )'1.:2!rn!lM:rSI !Js?,:r~ ;TS~! iSllrsz\l~ lT311il'31 )f.lrj153': iS4:TSI ~Tt2 ,I

~I r_.Jr'I...-/\_FLJ\J\J\J\.I\I\..J\_f\J;

ft' '\,J\..J\..J\J\.J'\.J\.J\J\.J\J\J\'-I

ltGtli[l' ~:~\'0' ~r;g~~I,'~U~JRECiIO~

'-It'E )--

EJSI' ~KijN~~fl:~~~~lmf~?@.AS1D~£~~'S~~-:
, 1---1'1-4

E!lCI ~===:=~~=~-=:=:~=.::~:1a~~~~~,~---VAllO I~PUT
HRt(H,HOlrr 1S'

DO-Dlo ~~~~l~==~2§!=X:X===I~i.~::~~
,,!:"_~_!> ,t-..J!' fI',~:)
1j1;'fPUf 'Iif'\)f OUTIlUT Pe-~I 1'0

~l\OGr.AIII O:;\JIHEIl BEXT lij:Hnucno~ \"~iCli [)l5?U,Cf.I!.(\'I"

" ""',,,:.r:2DiK"E._,!i\TI:Jm::J)JE:::@,:Y'f[:::0X:]E:J?.a::'~

~1P.ANCH ON EHf;.IRNAL CONOITlON IN~HRlI(:TION

r--- '" ,,,,t·_--'
I~~ ~"!~Ll I_,!~L~ ~_.!~~,_! ~.2?.'-I !-~~.1 r":'~~-I ~T~-l j..~r2J-l ~_:E--l ~}E--i l..~~-j !•.!~1,~~

, '''f-1 I''-1-' n C\ Ii n n
,_;!) I¢I q3c'L.-t: L .....J l J: L__ L._.~ }-__..1 l.,

,,'-"I i irU .-1-._\ rl ': -.1-"l r\lJJ\ r
\+~ti!~""'-~~I- 1-----. 1 -+-- ,-- : ~ ------

\ll'~ (_:~ ~.. t~1 !: :
I I I I I 1

~ : I, : ~ ~
-; l~c fi t I --1 r'- ft.l~ :

""g~', Jit--'-:I=~:>''''~ -,--:j--- I : , f
I ..,,,,\1.'0

1
-''''It!lF~- el"'~fo"'-i~""-!l2

1,0'''' :=--%~~~;=~~=-~~==-~~:=--:==xt=j(--,-:::_-_::
I(--~"" ",.,--~Jk.--"~~ _.__,_..~,~ 4-_.,.1

JUS sus sus 1I11'IJi
~~\(,I~~'; ,10M O'Jrp\!l CHl~(llI\G FROM ItlSit,ijC11,'\
F._O~j ~:A'~ 10 \'AliO OI:,P\1l llOJt 1'0 OR !JAn
011WUT M(Jll( fLOAl MOO~ OH:RiJIU

DIAGRAM

TI:l;)!CAL lNSTAUGTION SEQUENCe

'Excc:;eding th05~ ratIng" could onus,"
pOrmant.!nt d"mfllJp. 1':') These devi~e,'.i

FUnctional opElr"tjon at Irl~;'$':~ conditions i~

nOl (n1pli'::fJ .., ~'W)"i'.tjrlg :::ondlllon$ dru
,~p~cl'IDdbe!c",

o
10

tel
t!3?

t N ;

EUiW"rFU CAl. CHARACr~RIS'rICS

Mll=<!I11IUm l~f.ltlngs·

VrrJ, Vv" ONI) and all other inPlJVoutplJt vcJtagt·s
with ~eH.-e>ct to VB~ "·O.3V (0 T1EWV

Stor<Jgt. TG'll1pOt!l.IUre , "S5°C to +1:;0'; (;
Operating -rompers.ture-, ,D"C t.<:l +'70~C

Staillda:lrd l:-;i)ndIUon~: (un/r.I!'S: nthel'wit,e noten}
V~f""'1'12V:,::5%,70mA(typ) 11 OrnA(lTJa:<,' V~U-- '-3V±'I0'1b, 02rrA(tyP) , 2mA(rliiiX ,j
V(:c-'-~6VJ5%. 12mA(lYP) . 25rnMmax,) Oporating Tf;I,r:1per<lt,m, (7 tJ",'ooG to '~70° C-- --..-.- ---------.- -I---r---- '[-:T" ·----I·-··r·----·· ._-_._- -- - ..-.
-~·D;C;tA~~~~~J~:~I~S-- ._~M:"" ·-r.:'~--·~!~:.f--'~~~ _I ~nlls" L~ .~:~~~~-~_._----

Clock ll'i'luts I
H,gh Vu,' 104 J V) V I'

low V I} I 1)(1 V!

lOfllC Ir.PlJtt, I I I
Low Vu {) V I
High (AH Lines EX,COpt BGHDY) V tI I 2 -1 I I V
Hir;h (8l.lR Data. ~.eal1y lll'ltl \

See N;;.t,~ 1) VI.-Ir. 3,G V(\

I.OSlle Outputs
High VO" I 24 V" I V "~ iUC'J~
low (OQHI Bul,t lInC$ CO-015) V)I I ~ Cl G 1/ I III 1 6r-IA

L~(Bu5~n~/l~~, t '
aCI,8C2,BDHl) Vtl) ~,n, V I'J 'lO'IA

'--~rl~~1-;~~~iiR'S-f1CS- .--- -V"~-t- ---- .. - .::....'..--:."_j_.!_.LIc..:.'~2: _

C/O(;/( Pl;I~~ Inpuls, 1/>1 en 1'2 1 I I
P/"'/Y1W/</1,1 f</J2, t,~~2 1'20 1 -- I ns ,

Stt.ew (.,111, 11-'2 dtJlay) 112,121 0 I ns (

CIa..", PfHiOd ICY 0,3 2.0 Uf, I
RI$fl p" Fall Tlrrl13,!, Ir, j1 I 15 '1$

M'e,'.Iter SYNC:
DE:lliy frO!1~ (j; tms j 3D ,",9

00-(1,15 EiLf:!. Signal:. I I I
Output dq.l<l}' frO,1i $'1

(float to Dl.lfPll<) t~o '20 11';), 1 TTL l.o',d 1$, 2;; of
Output (j",/ay Irornlb2

(OutPl.j! to float)
'npi.Jl SEltup time before ';'1
Input rWk! time sfter rj,"

SLl-S Control Slgnal3
SC1,8G:l,BDJA

Output d~:"y from ¢1

"I I:: i I
- I 121) I" I

OU8A/{OltP\lfdolCiYT((J(l,,~1 tf)~~- \ 150 I I '"
rei OUlpul delay from tpl t ro - ~OO ns
lei 01J1~(!WILlth l,\v ~ 300 flEl
EeCA O(Jtput de lilY fwm BEXT

mpui t OF - - Irn 1<';_..!.~.::"t:~"'-".'or~..'~l.E~_. _._~:' .._._~_.~ ...~:._..I ,:~_.._.J_. _
CAPAClTt~NCE r fA 1'20"C V p- 112v. V,r~~5v
J,1 ,,2 Cr",.f rnp', C'P,Ci{"", ['" C']" .- I /0 I !O I of I V," 3V rM',·2 120n&
ItlpUi CapilcltJ lf1ce:
00*015 GIN - \ $ 7. pi=
All (~thGr - 5 D pF

__::;;~:;;:;;"":;;,~-",,, ~__ -=--J_~Lc,__~L _
•"TypIC,11 v:aIUN: :HjJ at +2&' C and t1Ornln~' 'Ioltages
NOTE'
'I, The 8LJsDato ReaDY(BDRDY) Iioois sumpled(Jur/llg tim'8perfOtJ'rSI ElftN 8 BAH orADAR lMicon1ml sl(jtlaL BDADY mu~',t

go low tequcWrlg a wl~i'\ Wlle 50 Ii!; ~e;\Ht3 the end or TS1 ilnu re/lw'n low lor 50 n:, 'f]i/)jn-:um, DOIiDY may flO Ilig:'
aSYblclir,)rlously.ln resp;:lmEl t(J BOf, D'( IIle C~IU will ext;:,nd but; cyr;I05 by adding ;::Il;fdih~nel mlorocyclr:,<; ,-IP to a ma..'drl'lUr~

ot 40 p::I;C duratJon



____.~~_.._~:~ ..,,~~.__,,~~.~:_ __..._~~~~._,~._~~~~ FLlI:~n__._._._~_•..__._~_, ..__._._..__._._~

IlUS CONTROl. SIGNAI.S ~i
'1

I

'fwo W~;:.rds

Puls~ to pen' prn

One's Complement
T,','Q't,;. Camplemerlt

1QA"7

iNS'TR;'.H~:Tlf.!N !~!:tT SUMMJ~R'!

~::,,::l----~;:;::·-~-l~!:::;;:;·-··T-·-'-·~;~::·~:,---~--_····"

~ f.i:f--~;;;-"'+'~;--"'-"_.-'---l;~(~' b1:r.IM;1

i
,$~~~~"--~--~.-._."~-,---_._-----

!! ~~$'~ SUS I SUBtract '~H B 1i.:£ O!, -I CMP CoMPElre 10 8 a 11 I Resllil notS<lveo
&: 13:E oX:! AND logical AND 10 8 a 11~ ~ .._"pX~ ..._.JJ~"!::~~.~R._. __._._._..._I~ B-~i.!..'-"-----"-"--,-,.."".------.
$'£ 0 MVO ~ MoVoln 110 a 8 11
L. -::.-~~~~ .._- ~~~~~!~,~,_., ....,__.., -:'~.J..: ,!.... ~~--t"--_·_· ......--·~_·_----_·~·~

,)I,f)Of~ ADD GI:,nter)tH of Reglsters 1 B Aod on'" eyelFJ
~ :u 1 sueR I SUBI'.:I,~1 c;orltent~ r;' Heglslers 6 I If R13QI ,Ler 6 or 7 I1XC(lP'·'''"I CMPR CoMbr~ H~gl9tors bf ~ublr 6 J .tlesuli Ill)! ~n'h..d
'a'~ ANDR 10glC,;al p.ND Rcgl~ tor" 6
<lJ a:: XOFlR CXCIU3 II:; OR Rl"glstOI ~ I 6

0: I ~~- -11-~~~":~~~~--"-~---1-~--'-~'--"
I

CLAfl CLea.R Rogl~t(Jr I 6 \ XORq \'j!th rtselfr: 1SrTR reSTFIf.qlstN 6 I
i: I JH Jump \() oddrO!>g Irl Aegl5wr 7' I PC~-(RRRI
-g... It~C~1 INCrcr,"Bnt RBgl~ter (}

i I '* DECh I OECr:ment R,DQlstor I G
.E '~1l COMR COMplement Ronist~.. 6
:ii £ NECiP NEGa!,~ r-lefllster
1; l.!l ArleR ,ADd Carey Billo R.glste, I
g) I ~ GSWD \ Get Stll/US WorD
~ Vi NOP I No OP.,:r;ulon 6

~ ~~~~D I ~~:~~~i~t~~~r~~:D I ~
c j PULR PU,LlIrOm, ~tf1Ck. to f{f'2c,i:'iter I '1' i PUL.R;o;;MVI Gil Ai)
,- P~~11R PuSH P.agi!lt~r to :>tBck 9' P13HI'-l°4/1V.O ("0/ R6

-_._~- .__.._------------ --_._--_. ----_.._----~-- ..._--~~~
~ll_ ShrH L1.Jgrcal l,.13ft e

.::: RLC RotAte LE:ft thru C'J(ft G O!1e or two ptH,illon

]

F': SLL.C Sh~ft Loglcall,.ofl tllru Carry 6 l$hift oapGlblliiy. A-dd
~ SI.J~ ShIft Loglcai Rigl,t 6 two (;y(~!es tor 2~D05nlon
1i! SAR Shift r\ritt'm6Hc Ai-gnt i-j shift
.~ RRC Rotatf.: Rlgtit lhru Curry 6
Ii BARe Shift ArlthlTlchc R,ght H1r~1 Carr,' 6

SWAP SVlAP a~blt byte5 I B l~pOS'tton""SWAP twice
~'" --.~-- --~_._-~-~--.~-~._"- ~----- _...._~~-~_._~"-----

HI~l HaLT "1-~ SDeD Sci [)"),Jblo Byte Data l 4 MllM prC!(,ede f;.d~rnalle1cHmce
1i ,2 EIS Ennbr81nlerrLJpt Syst l1 tn 4 }tr.:J dOllble byte data
i ~ DIS DI~abl8- ,nterrupt System 4
,~ ;:: lei I Termln"t;:l Clmont InterTlipi 4 Not Interrupuole
.. £ ClRC CLsa.H uarry tv te-ro 4

- SE1C 1SET C\!rrl to one 4-- -_--..------~-~~---- _._-~-.~ -"""'" --~--~.~--"~._...
Cl.~ l jE; ~~~~ E'nabls, mtemlpt ~~
E U I JD Jump, l)!sabl~ Interrupt lU
,,;: 2 JSR JlJIl'IP, Save. Return 1~ Return AacHeSB
~ I JSRE. JurnJ: Save Return & En£lble 12 1- iSoavGd m ~'l4 5 or 6

. JSRD Jump, 83ve Aoturn a Disable Interrupt 12 J
~-,------ _._--"--_._--- ._-_.............---- "--_.~---_....."._----_._--.-
B uncond(1lomi.l Brandl 7' Displacernenl in PC+1
BC, BlGE Br,lnch on Carry, 0 ..·1 1 pC· ..PC±Oi~placfjrr.E:llt

~ I BNC, (~LL,T BrMch on No Carty, C'~O 7 Add 2 cycles If tr~st condition
o nov Br,lnch on OVerflow, OV::1 1 is true.
g BNOV I Branr:h on t'olo OV~(flow, OV"'QE apt. Branch on Pl.us, So~o
2 BMl Branch on Mlnug., 8-::.:1
-£ ~~~~E;Q: Branch on Z~~ro or EQual I 'r Z,-""

~ BNEQ 8rant.:h If Not ZEro or No~ EOual 7 Z'''O
co BVr Brandl It l:..oss Than 7 SVOV"'= j
~ BGE Branch II Gr~aterthan ,or Equal 7 SVOV"'Q
B E3I..FZ 9rancl" if LllS-:~ th~n or Equal 1 ZV(S~roV)==l

~ BGT Brand'! If Grl:later Than 7 ZV(SIIOV)""'O
5 BU£C Brand, If SigTi :;6 Carry ? CVS"'-l
l) BESC 8r?.I"iCh If SlCln := CMry I 7 C\fS"'Ll

BEXl Branch if EX111rnal condition is Tru8 7 4 L.sS of Im,lrucllOI1 ~ml decoded \0 sek"j(;t
1 of 16 o;<IBrnal condiUon$.

-.~._,_.._--,~-~- -----,._._--~-_._-----,-_ ..---~,._-- ---"--'"'.'-'~~_.--""""

'I MICROCYCLE'" ? CLOCK CYClI;S

'l~lll1't~lIZ~f'OI-l~Hi\.lr,/lC(

I"""""",'C'

J

T""",lS£(lvWCI'

I
1
T
I t~t;:rJr£Ir.tO\iENCi

~jr~\lS I'IOQ'J(sr
HQIJlff~Cf

r
i

ND AC'non. Oo--D15 =hlgllimllMal1co
lnlorrupt Ad':!re:.ls to Bus, D(J.[lI5 -' Input
Address Dala to Address Aegi!.lter. DO·rJ1b" high impedfl.rlCf!
Oola to Bus, DO~D15:=: Inpllt
Btli> lo Add,"S$ Reglsii';i,
Dala Write, Strobe
O'lia Write
IN1'errlJpt AcKflowled~jf)

NACT
lAB
ADAR
DTB
BAR
DWS
DW
INTAK

L--. .:r

~
~!;'-'

SlA
W1i, " ,I

_._) .

.~-.,~- B)U~~;~~r;,;] ._,~",,""""-"'\
Wr.R) -~. -:/;~lT J"-,-'pi,"2"',Cl.,{}.",] ,

"'[~:~;~"I ,.,-,:O-;:;:"c;;'"
~orm,,,n',,·, -'r--

.:m;:""r--'~-:~:::J;:;~"J

I

'I Ed"'\~'t;,~:! ~;~),
~!:.:...:...-,-- o~~o•• oI "'''\;,~". :l

I r:;""''''"':J
I ~~7-

r--;;;~ufl·1 .~,,~!~~c,
i ,,,,c'~h",E':':::.., '~~",,"""'" ::~ii(f:::::5"',r';;;,,,O""::..:::::I~ "..~

:""~':'E~":-·'
~c]

~I=:
CUIl';I''il,RC I
lOIf~..':~..

D
o
1
1
o
D
1
1

:1mllPLl~:mD STAH: FLOW IOIP.rGl;Rj~M

10k·S

~~:

~fi:
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I

91IO--Ao>dy
Ttl'IB READY bit Indicates HIE! openl,lionil\stiLtu$of lhe perlpflf1ra

t

Wt18n it 16 a logic '0' tl'lEJ pfliipherel 1:3 acti,v~ while a logic 1
in~jlcatlJn Ihl\t ,Me periph8ra,l is Idle and requiring service The
AFi' Input going low indici~tO& 10 the Re3,j~ bit tho Elnd ~lf u
periptleral <:lOti'/it)' 3ml tM~ebY causei3 the Rt~C!.dy bit to be 50':1;, II"I
1hil' condition, 11 the PIE bit i:~ 5et, an mt~)Frupt reqllest resulte. \/ia
the INTRa' Olltput Reading or '1'.'r'ilifl9 \,) the Peripheral Dato
lines cause,s the resottln,v 01 \hl1i Rl,~)dY bit te~~mabl1l'lg Irlc

periph<9ralllctlvl ty,

Bit 2--Dala WI~th 5.'eet IDWS!.):
llHl n3w~mal;llir\O01 the p.;:rriphli;lal by E1utommi(i handsl'\akecen lle
chN,fln to ~,~:cw with 6 or 'le,~b'lrs wide daM; OWSL belng?r'l '0'
in\1Ic8te~ <lj\ 8.blt wide datA 'fiord wt",iio .1 ',' Indicates a siX'iiJC"

ojt Wld~ d!'lt<:l word.

Bit 1~-e:rror Summary
TrItt! E:Rf101'l. STAl'US or tt~e peripheral I" llldlm,\tecl by this bl~ of
th(1 Control 4e~~IB'ter. bmng Ii iogic '0· shtJWS on error c(JI'ditl(lf!
Ttli5 will cm151) iHllnlCrnJpl rcouest on the I~41'~O' Olllpul;f fill: i9

S(,t tOB '1'

Control Rel'1illJter;
Tm~ COfltrol Registe~ cun b(~ v'/rllhJrl anLl (/2tld undo

r progri:m

.;:on[f'(il TI1'" 1twctlon 01 I;:le l)iOrlii-dulil bib Me

81t 7-P2Irtl'y Statuti; for P~il'iph(!tlJl ~:mta 0,.1:
The par'l\Y 01 l1H~ iow orl~ef byto of :he Pet1pl'mral Data bus IS
Indi~)flICd bytrlif'. Control blt,;:~ ICi9ic '(I' InOlcatNll;ovEm pari I)! woil':\

3 '1' indicalGS odd.

Sit 6__Parl'ty StaluB iQr P'Gtl~hcH'al Dj~ta ij..15:
Sirnilar 10 btl 'I', but Indlcate~ th", parity ()f 1M high order ovt8.11

Pilriphenl Colet,

em 5~l'lm'i!!' Clock EnaL)!s' (TeE.)
1.flP- CICCI<' \0 the 16~bit tl11'le[ is c,.-:Jntrolleo ".1,3. iCE. thE'! dock 13

r;Wtllled by soUing TCE to? ;OglC '1'. The fHml :;an only recl'ue::;t
lln mwrn.lpt v,l~;>]r. it'3 clock Is enablad hy TGE

f-j11 4-~Tlmi3'r Interrupt Eralble- (TIE}<
For trw tirliN to Ctlll~e an ~ntl.lrrupt r~quor;t on tl'le INTRO' l>Ulpi,lt
TIE rnuBt br- s~1 \Q a logic '1 a '0' dir.abl!:s tr,a timer ir\l'~rrIJp,:

logiC
131\ 3m.-,Perl(J,hefal Intei';,upi Enable {PIG):
f'lE: 111'J~1. be' Bet to a logic '1' to enatlle Ifjter{~ll~1 req~lf)<1t;;on ttH'J
INiRO' olJi~ut 3S a reGul\ Of peripheml AttentIon Req~18$t or

Error Slblu,> l;~tvjltjons,

IN"H'.RNAL CONTROl. SIGI~ALS

o~ ll\<1 cOI)"11'01 "i:1gister pulling it to a logiC '(I', c2u~ingan intBrrupt
r8CjI.:u:,;t W t:~, made via the 1NTP,O· output i"I the peripllenil
il~hmup1 {~nBr.I(! bit of the contwl r"gh~t(jr ia :H~l., II the interrupt is
,:!i&abled the '~I~udy hit Of tM C()filrol rCl!j~;t~,r' efm be used

'polling' Ij~lt1dGtLQkO 'QLJ\in~ls.

EnJII~R" (Inplllj
I!RHOR: Th6 error' status 01 Ihl3 porlpl1eml if) InaiCa(od by tt-,I~,
'1wul. being JOW 1!".dicatlr1~1 !In unor condition, e,g tapt'I low

~cut~ (1npu\)
Power CI..e:'lJL 'nitlal1zes r13g\1WH8

IOB18BU PERIPI~ERAL SIG!'lAi.S

tHUS
P-t1l)~PO'j5 (Input/Outputl
PeriptHlwl Dati\ 0.,15 Commlmia,lon oi mllt1 to and 'lrorn the
perlpherlll de... lcG IS Yia this 16 bit highv1lay E,\ch QU1~ut CRn ~inK
l,flrnA lor fL(lIJutput valh'lQe of O.5V. In ttv; high slilt',,~actloutpUI
can S-OUICl::l HJO~JA: These lines CH' be uSr:."Jd a~, wil<; ORc-d Inp\Jts
by 'pullil1Q 110wrl tno Ilne to il logiC '0' I;illl;lng the 100jJA

extflrnriJly,

Porlph~ral Conl'ol 51\10>10:
1-111 (Output)
FNlphcl'al Ennble' Tril$ outputls::1 ~,.II1ction Of the q~~I.ldYbitof Ihe
~or,tr.::Ji reg!st-er Wh'Jll it is at a I09ic '0' no lH:tlon is r~Q\med try
the peripherill, u1' 'rlolcate:;; {'mil po;rlphcral o.c~,vit)' has been

req~I(lSled by' tile' CP1S00

AR~ llnl:·utj
At~el'1tion RCQI.:GSI rIll!; Inplit 'r"m the penprliJrnl dlJl!lCO lS
1'lOrmatl'l h'lgh al a logtc'j' and's takefl low to a logiC '(1' by lhe
poripMf(j\ \0 reauest altl:tntion l'rils od[jtl nigg(jrs tho RBady bit

10a1G60/GP111i06 SiGNAl.S

peto Bus:
[,0-D7 (InfHlt/OutpullHign Imp-EHj£Hlce/
IJAT:\ 0-7: The bldlrootional datB l,nos D0-[Yf 8fB u.se(l to
~n-l.ngrnlt data ano addnl"S lnformatir.m b",tw()e,r. trw S<lrif)S '1600
MlcroproC(l9S<:H[; Gild tho IOB1680. TM~{, oorrespond \0 the
IOW~lf B.bit:l.l ot the Sc~ies 1(100 Mi,~mproCe$sor's dato bur, T"o$c
dt,b IInes-havo tri6l-nle capability. b~lnq In 1M hi9h rrnpcdance
staM Elxcapt wtlen lrElflsfarring da~;> 0" stalcl3 ifltOl'lml\it/n 1rom
th€llOB16HO \lndel' control l~f ttle con!!o! bus slqnal l

; BOIR. BC
1

and Be:!,

181,,1# control Sl~nals
IBD~fl, Bel, BC2 pnputs)
!3usc DIRectiOn, ell!) Control' arid it: Bus control gigr.c!~; Irol\,the
CFlt>OO WhIch define ttle state of Ofl'W bl.JS op~ir<.ltil;)ns TMse
signilis am oacod\}(j tntcrnelll' by HIB IOB16M 10 control ltfl

opl,;:r!!tlon

Tel" (lftput)
H,m,lnatc- CUrfOflt IntarflJpt A plilse output by lriC 0'1600 11\

response to 1h8 Tel ,nstrw:::tiot1 to 1r;dic'lte the Md 01 ih& Cul·rent

Inierrupt sen'·leo rOlitim\

IN-TRO~ (Output)
INTj~rruptRt;Que81' TnlS output lS pUlied lowto" i()gi<: '0' by trk:
\0[31680 to reau!;:l.'1 aft Interrupt irom the sErries 1600 Mic;:rc
f)r-:h,:"ssor. This- is :HI open drain DLi~Ptlt cflpabl(~01 sm',;:ing 1.6mA
wlf~ an output 'VoltB.~l-O O,5V 8ecatLSe of U'I\! ,-,pl'.lfl d~;:dn f(lBtur/~
ttH:' INTAC~' 'JI.ltPLH of sBveral IOS'16B09 Ciii;l IH' wired ORed

togl)rhO r

C;("j" (Input)
C~ocK l' ThlB clocl-; defir.~s when lhB bus conu'o! %,liJtlals E1DIR
aC'1 and EJC2 art'! ,,~!id and 15 m-.ed jp ttw :cm 1080 \0 $trobGU1~,ir
d('!codo sl~~nals Ii j~; ~Iso ~1I,ed to 'ncr.;'~n1c:nl the ii'l1sr,

Ce.... {Input)
Chip Enc\)le· Till~ I~~W trueaadre5~ InPIJI en>:i.blf:;s 1M 1C)[J"t 680 for

dilta. nil/ld end write operEllions,

IMSfCi/PiiSKO (lnpuilOutputl
!lllarrupt MaSK lI), Int9Hupl MaSK Out Tne-se t','iO signals ere
ul'50d 10 JOrffi the InhmLlpt pnQr,ty eais}' Ch81f1llnd pr'J'lent a lower
priority device fronl requesting an j,'lterrupi while a higher device
i~ being fi.orv~c-ild "he IMSKl input of the IOF31f:i$O which Is to

havo llighSSI pr[{)rltv must be conl'1~ct8d to GND

PIN CONFIGUIlAllON
40 LE.4D DUAL IN UNE

7<~t 'I,.'W

TC"c:r;-;-~-v--;D'1:- 1,~TI'10'

'MSK() t::l :( 3[; P IM~K'

[X) r:j ~, ," ;.r gel

~~~ ; ~~ ~ ~~:~
OJC G If; P(;:';'
';'4[j 1 ,4 bf.RI1O,,'

~~g ~u i~ ~~ ~:D
C.Xl.t~ 1\ JO "r<,;

P(;l"l''> 12 t1 1 AJ\"

',;,; '~. :~ :: G~;;::
PC~ -. ::' ~o ~J ~D'3

I'l,:l r w ~ii I;. ~D~2
P04 ~ l' 24 5,PP11
rr::~C;i> af~iJOlO

:~.~ t~?"_.,_"~ ~~~ .ACTIVE

l.OiN LEVEL

·_, '-.. • M

OCl~'

for tilmng periphervi activilics Ttle:ilt fGlgIsters .8.r~ 1rl1111l11:-',ed
Hflf,,iF power clear by the- CP16C,O flro9r~m writing tr-:(.i' requirod
intfHrLlot Yector addressF.~ Inl0 thB appropriate rogtS'lfm~. TI1e.
int(;m:pt vectors may lliso btl aI1l;:'rerj at ~ny lima by program,

----_._-----_._--_..-------
BLOC~; DIAr.RAM

Input/Output Bulle II'

H:ATIJR""
IlIl Sillf~\O tG··Bit Pan or DUell £H.:m POI'ts lew

Bidlrol;:llo!1o.l Iriput/Otl1plJI
III Pa.rity Chock l.ogic on 8<l1h Ports
IIil Thl'fJe U.lvels 01 Priority Inlerruf)t LogJ{,.
Bt 'REl~1 Tfrr'lO' Pmsetable 1EI·8ill'jmE;lt
u Ca~8bHIW to ManHoI' Ff~Hlphor<.Jr EI"rar StatlJ~

If Thre€! In1errupt Vector!') fer Error, lIO IJnd Timer
II Autcrn~tic \-iandsh1lke ~.ijgic (H'id SI9nu;~

• Control Fl\'j:~listar

ti TTL CrmtpaliblC

--~~~~~------J
_."_.,,~._,_, ••,_.__w~_

---'--'-'.~---_.-.,----.._-,-~--,--~" .._----_._--_.-.,._~-_._--~._- ..._._-,_._.--'.--'-'_."~--'-'-----"_._-_.~ ..,--

llF.SCRIPTION
TrH~ IOB1680 IS th byle ori8msd progmmrnflbfe Input/output
oulfer whicl, providoa cornprchens ive int~~rtacing faclliti1Ss far the
CP1600 rnlcroprooeasor ,../I1:-t <l rnillimun1 o! addltJemal
Ci)mpOnenlS fl'lS circuit IS f,:tbrlc<l.ted in General Inatrument NT
Ctlannol !on Impla.rlt GIMH n proCt~s:;, ItH;urlng high
porformfln(:o wllh pro'.'cJn IslidblJity and proCluctJOir hi:'!olory

Tnfj IOB'I1'.r80 ahablos \:'Iffir::U'l(l[ mrorfacwg be1weofl t'l peripheml
and th<e CPl600 by 1hiJ USi7 (It six tlTblt rcrgisters and a 16-bll
prag'(J;rnl,wole limnf. TWD ot the B:~bl( f.I'Jgisia[:; qre i1 bufrer stora
blltween trlf,! CP1GOO .and HI;) bidinii~;tionflII/O HMS to perlptl~raj,

lotChlr~g q,nv data sent to !hum from The CD 1600, Three other Bw
bit tG91EtlerS hold H1S Intemupr Vector Al1dross,es assoolated w11t1
UO, Erl'(ir S\:;..t\!~ and the Timet The Control flEffifstergovern.~Hie
operllHo-n <!nd Chs.I'Bcter'i.stlc-!J of the JOBHi80 and provides a
convenieol mear"J!1 tCt the CP1i300 LO rJ'Hmitor I/O stntiJ,~

lnJOrmtklri The 18T blt tim,:! gNes the IO~11680 a real time
capability \"i'~II(~h is suitable f'lr con/lrmlng $yslern security and

!
1\
!

I
i

lOA·a

~I)A~9

_._-_._-_._.._-_...._._..._..._.



,Branch ,r 1',iW0f fllghl blh I'r1\'8 odd pa1l1\!
gq~nch ,f h)\I'el' elf.tllt bit;; ~al'e ('vorl parl1y
Brancl) il ll19her (l ght bll~; haJe udd parity
Grconr;h if lilotjm P.',ght bits h"IJi? eVI;l'l panty

~~:~E~l(;~t:i~~:'!'~Df ih~Cei;Go-c';Gi~,-~;;;:;;;",,,';\- :,ii,,;;":-A\"';;';:;:
€Jeamplfll';
!.'IVl CTRIJ\3 q:F(?tch Con n;l Flfloi:;tQr

Rl.e R;,,::
Be
eNC
BOV
BNOV

p~rlly L.oglc
rr\8 ~>t)IiP'h!;31 ~Ill(lrf"ce IS cr;wf;!ar:tIY mondorod a'ld lhe oant\,ol
t1i~" U-J .11",1\ :1' IS c1'leck';d 1)(lp!::mH'i9 (In ;~lt) p.!lI'Jy 01 tt-:t'~(l tw:"
wtJrrjs, "ihG arid 7 f.)f :h~ cDI1I;el rG~/I~t[1t 'liD updated The5c blh~

bl~ C,OlWWlIC'1t1y acces,;arJ t)y \~IC GF'(i(Ii! ~,)r U2'-C It' t)l',mCfl

1l1~"" \1

Iii) 611 j _ ErrorSummar1 Thl'1lS a haro wlr.:d l'l~HJt Indicatl"lg !h.r:
SIRllil; o-l:rHl pmiptli!ral 'lnd is un:.mecw~i by ina power VI'

r£t,{'lIIJ\:I:(.
dil> Bit :' , ')ata Wld1h S'[)lccl Hils bit i" rB:)EI to ,I lDSic 'ft,

Bol'3ctln£j (~e dalil width ,)j lile :nlerf<t·;e:O bo B~bits
('''/1 Bit :1, ~ !-'Enpl1ewl lnterr\lp~ En 'I:! e

Bit J _ 'rimer interrupt EnatH'i
Both Dll~ ::3 <lnd 4 are ,·,~.'1Cl! 10 a '0' at Vl~lel' 'On, dIS;jbl:ti~i
inlf'irllpi.~ hon, )\lC P;JTlP~lt~m\, ]pd tlw :m;:l(

!V) Bit:i ~ TIIllI;r Clock Ellab'I~, Dllri!ll] P')\'II,Br 111:1 1111;; billS- rC:5e;:u
a 1001iC 'I} diilnb!lng Lhr" countHI (:Iocl~

(vllr3:1 G" P,'1l'I1y D8ta fHS
Bit " - FJc~lity Data 0-'(
Bc;Jh Ifl,'",2 bite will b~~ at :ll()~h: '0' i,n,Wfln;'1 .,V8lrl pa'ltYll~ tI!~~
d .. l>l reul~lor 01\$ nre illl oe1; I(l :, -, TIl!;' :l"l;I.l!W~\l no ir.pl;'<;
ft(II'l'\ Uw pe:-nph,Hill: if ,h'.!, IS net roO, UI<,:;l7 b,ts will wtlle W"

"Ia[l.l d':rJDndinq I,Jpon IIH~ 'im8 OH .:;ond:~j;)n of ;r.8 d,Ii',
rEI9"d8J:i :tnd tll," p(\!ipnZ1ri;! ,tipul:1

h~hmupt 1..oqlC

If H n.ml~J','r 0' iOB1D~Gs ,v_c oilmq .I.l~~d n',HI tMy "arl [;.'"
cliline('.l~{,\ ,;: f! dal!oy ch<lll' ',':u,g tho; SI9n~~It. -Mm(l iMSKO and
TOI to cel,'(' ,hei, prlOrl1Y lI,n 'IWHrIJpl rew-h.,st i!i 111:'!de by P'..-
1081680 pu:Hno dnwn, io a 11I\jc 'I)', !hv I~FliQ" oUtpul Tt1i~

~;;I~~l~~/I~~!:J',~'~n~~lt~~al;;)13e~:{~'I~~ii :~"~~ 1~':);A~[\~i~~j~'rr~IJlt~~:
S~jrl~s 1G01 M'(:ro~,rOC';l>.~,,"Jr (~ontrJI t)lI~'- f:flcr, 10 EI ,6BO deo,o'!'!J
tnl~' Sigl"l\ll ",(""eel sets <In adShHII...dqe tl(p HOll ir \hr: intorlQc0 r)~
1)1t~ ,r.t,'rrlJl)lHlg del/lct, cat,fW;9 :ir(J IM81(O Q'jtPIJ\ 'Of th1!~ Ij~\I'C~
to go lo a '~. fl1i:; propog318S to ft,: lOWS; prk1,Hy d~vj,:€sca\i$:";g
1I1lJir IM8v<1 'll~UPI 10- go 1['; () 'j', \fiU'~ al'!'.r.b:\,q th£O'" 'nttl''tlfit

capability
'Ntlen i)'i lAB I" v<!;id or lhG [;dri[rOI bw; only Ill£' h;gM8St ptlonr':,
il1ll'Hrl1prll,!1 de"lce n'usl slru:;'.<, i~3 In;!Jrru!='l 'vector A~dr'2(;~;OiOJ
trli~ D;llil prJS Thut> tht, iMSKllnpul of a dov.cl) conlrOlf, it$ IAf.l
':l'CfJdll TIll' 1/l,r-i5i>JnS[ i8 vf\'yr;rnbicd on the-[081660wlllcn helt>
iIi,; IMSJ(j ii'plit <ll a lC9i(~ '0' "nO its ';j(:kt10Wl",1~1fl illp Ilcp sd

fnr;; nl;:'ptl'il' edge of tl'., "; ~il $1']11 01 i,'L'jrfl Sef,l::~ '15;::0
Mlem!)rqc,~'.',"0J rB5e\s th-e i1itCl'rlJpl logiC Of tho':' 'llghesl pnofit):
deVice wrl0i:\1J int(!rllij::l.logiG flKS O(J,)fi Sf':l!,'! 1111 !nlerrupl requesl

[jIlt') acknc-,'il",;(jged by ill' INTr,K
!t.JSK'/II\rISKO dal5Y ctwli' has ~ proPiJgZ:tIN' crelay wnlCt1

;1 ":I,-lX\r<IU!Tl o' eiqnt 1;J~tGjCS I(i b~ dal~y C[l:N'111d jr~

rhe IMSgl to Ill'" Il.qr:,,~t pri(lrlly ;:lsYICQ t~liOllld N,

Cll l'1neli180

Control Lr.lgic
1"t18 Cp,C:;Q Cor\lrol t\.s :;1~"lI),I~$ BeIR, Be1, Be;.: "re ()e"v(led tc
pl,1'Iolrr' triB in!(!rNII cOiltrGf1t..ncti0l'13 r''KilJiITd

i-an Ot:l1a Reg!Site~'2
flleSe 1'....0 a-bit mglstels RT(l 111(; tl\jiIB(~trll'''1 b(~l#aeli ttlL-CPj600

Jl1d Hw pEl('1Jhernl irltmi<lce rhS!ie reiJislers when <tddrc:sMHl,
ilCC,(!\Jt 0!1la ftOrn l~lO :'::;(-'1600 ~!<ll:l bus (JJJnng q MOI'I[J (.It'l (MVOl
ills 1rl1<;,[I-on I'" thG pe:~pl\Cralllne5 on lhH I081GBO
OUl'lnf;~ it CP1COCI MtJ ,0 In (MV!) II"I-'itnJI;I'orl, ttw 03.1.(;\ pl'~$enl 01\
Hl010El16BO pcripl'li.)(ai i'l1es .S 11'<lr1sll!l"e.d l(: ,th(, GP'l~DO datil
but" Ii 1I1e t,lglMAfS hflVl1l'c>I ll(!en f,GI 10.1 I' prior t>:, lho ~';JYC )11
i09ttucliOrl, Irw 0[;1" r<;iad l'Iil l M me 1'.'[;'(1 OR 01 Ihe O,~IPfwnl'
rial" J~,1 tl);,\ cm',liii:wd ,n !t'H} re.-gl:;lers
TflC:;"I~ two r,lgis181'5 t'om consecLllVe \'lor:} aC)Clre:l!,eS q. ~ lUll!

rJ • ~( Th 'llqh Ol'dnr tl'fle i'i held in r"~ll!}ter N • ?

1CH:;i~ I~lnl!lr~ COlfl,tlH-Trmer
Thl1', 1f;·bit (lOW;" catlnler can be "et L11",tler pl'ogt:,rn conlft)II·:'
QIV(' ;jl,y count i€'hf.)tt, up to S·1K. Sin[,e/Jlli:,'IH~ilr, :'1r!l fw,lilabl", Ii)
~'-,HH>lo" rW,lu b~twMrl thl" CP1/lDIJ ancilhO iOB1!'iHO IIw court",
ll1u::( (lC set I""two,s-bil t~.."tel~. Ihesn byll!!> twvlt1g worrimc!drassf.lS
I'J ') w,d N \' oJ. V,ll\ (,lOCh. 10: the :imllr h; tlw Bf;'ios 11500
MIC'tJprl')[;(l5~mr Sy(!W1'I) cloc/I diyid';Jd ny B 'i'l'!f1 ClOCK in;I\.,II" 111&
COU,,!o'H Is nn,m!ej vm-nn We '1ImstclclJ;:k iJl1ilbi(;" bit\~lftt"8e(mlrOI

~~~i:~~;;;~~: ;~ ~~~ ~uo: ~1; 'IL~;~[~;l;~ ~5:r~I';~~~\l\~~~':~~~/~,i\~ r~:: ~~:,~:~;:~:,~,'t;~ ~~:~;,
~;~~~:~)~~;~~gl'il~~~'~;;l[':;'~~:~I(~~;~~~i~:~;~:\:;,::,~~~)1~~:~1~:~:'1::~);,1~';~~~:
en<rrh ' 0;1$ ollhe (;(i\!lol :,lglswl' aI's -'}:)l:'! :;'(\t to "I '1' l'hr,Clocl;
Ii:' FIt< Ilfnct '$ stili l1:lab!r.!d aHer this V,INnll-'1 rc;qu6'st tHIS beef'
\t:S(:t. "nd remolns :;.;;, ':l\'l:f1 £Iller it h,,-~_; IK~i1 5N\'ic(l6, ~:;','J~\lr19
th!l\ \~W S8Nlce rt:IlItmiS' ~j'l' not cj::;aole- it by rCSlJltlnf:l \l~e TGt b 1
(of the ,::,:lIl:rc,lI'Cqi,;tu- Afl'lr rp.qlJfls1miIM' Ililerruptt[l'lIB[OffJ trliJ
cou,~L':Jr be£lir1§ lroln a count Of ()~K,;II\'Jn9 tile lOSH;':,') L' ~?i\\
rlmCl CI;,d t:aplloililY
jlK,tnCI.," 1"1':> {hl< Ic;WZl"l pnCll'!lyor tno I081H~Ddal::-Y (;ll~ll!l rhe
pellr:.h<HSI !J1toll"Hl1mar'l ~l,U; 1;\U hjg~C£<1 vflOrily
WhEill ttie 11l11N I" s«,,1 Lirld::Jr pTo9r(lm :;,;:I1[rOI :nE' 'end of COIJIlI'
I:)g;,:: ,5 Fe';,!;)! ~;IC!"wnJ~n)' ~,t;~'i\'Oll;\I'i ,Jn$<HV,C8l1 rwrrupl
r~que;<l::; frQlt'. the t1t:18( T'1e 8.cKnc.'.;r'IJ]tJ tlil) fI,)1J ",~,d tl18

r;l,r,~rol r(';GISlfJr are J'''1ilec[i'd
:t I~; n~[ p~sSilll~1 W re-aG t110 'curiEl')!' ~t(l;o 1)1 \hu I,rr,u 3S II ',S

~i~~~~~~~ r~:;1 ~~~~I,~,\n;,~~~ ~~1 ~t~61 <~~r~~~'I~~X~~~ ~~~il~~1 ~Itq~~;~,,~ rii

1 Lo..~d tWO byl!:$ 01 CC'!lnlHr
'mabie' and 'H,\~'r c()I!nt Q:1f\t',!-:J tlit$ O'

'-';I(~('k.

I1J~Eli11merrupt 'o/f;lcll,t ACldrt:SS Registers.
Th" :.Jt,;rt a(~ort'"s 0\ \l'(i :rltt;it'rupl sefvi::fJ 'ol.Htne':i lor tti" errt.)
tllilt'.IS, o8rlpht:-rf:11 MrC h'I,N am Mid iI" t;"1Use three r",giSti.lll; Th~
ll.bd intorrupl V,lClt> A,:Jd~IiI~,ses are wrillol'l intn 11105(' reaistel-s
(;u~m:;l SY~lm"; ,\";i\~nliliitIO!'l Wh()f; all inl8rT1Jpl r.:queul
(INTFIO'), gl;lllcrflled hon' tho IOB1fi~(I is aCknowledge:l by an
INTAK l{Qrl' the CP1(;iJO, thO SUbS€qlJOnL lAB ~1911:J1 on the
cl'nlrol iW" C/1I1~ll~' nit: cOlltcn~s /)1 1110 ::,pprDl-ln;}:" inl,-Hrupt
vec:lvf 8(!d'fjs$ rElqi~IB' to bf!' <;Hooed onlG UW IOW£l( 8-bil~ of tho'
CP1€OO dala bils T'h;.'; dalB If; used a'.:-lni1 illOql'a1TJ r;ounti;lr Sial"

adl~1 cs;~ of lJH{ irJtllfrup\ ser.... ice rO~I(ir;<:..
The word ilddrNeE!!! (Jr tMs-~! I'cgisl$(:; ,,(<:1 N - 5, 1'1 ·6@m; r,1 t 1
Tfll~ r.:~;ri'esporl,j8 \0 HIS Deripneral, ~Irr',,( 1;11<1 error I'f)~pt'\(:tiv<Jly

PCl\f\l'N Claar Stalu~ 01 Circuit
th:Sf;\ logic tlels tht) initial slilla-of Irw '8nb ~,pol1 llpplicaliM of
F'o~'I~,r Clot! ~ 1n IJI \5 ,~()nd I\,(,n :h~ '.;Hr,f~~. 01 H"\l Qn (;hip r,~?i:;ter~,

are
la) ;:ll:ia n~g\:;t;;:,~.

rllri~f.' HW '1 so lhat !h,;' P::t1fI110rflllnwl/i)UlP\l1
intcrfuoJ ttris alJQw~ !tw penrrlen, linGS ~o
bi,' \l"eo any seflinq ,W ptOi;1;dUi\;

(b) Yhl'\llr.. "
rhl~ is $111 Wits r'lqxlrnwn COLIn! lenljirl of tio1K, ali hils sot \0;:;

i'Jqil; "
(0) fni~.arup' Vecior Al;idre-ss Reglstwl

rlle~cJ re91sLet6 ha'Je all Illei, blt~ r''i9H:o 1.1 '0' by IInpow81'on

re:,I:;1 11~U'c

GQrllrQI F1IHIIll;ler
Ii)Bit 0 ~ qeady I~IS blll~' 5>3t [0 a [oglc 1 ,n~jlcatlr\l\1la1 no

:I(:II~'I!Y I.';. tI:qlJlr,":1 by the: ljelipr,pral

I
i

i

I

I

~Jr.li(l CKl" IIC:: clfllwtl 10 SC<lI(l

·Ex(,~)'.;:::.Jlr\g tr'f:tl!1 rat\n[l~J em)ld CUU%
p8fmanent darn1(~lt Fur1CU(lnuJ oporllti~m 01'
thiS dB\lier: at lhe3'J eCll1(fifi(ml:: Is fl0\
'lTIpIIOd""-OPGT<l~lng ranges aft: SPCi(:lfiet:j
bOlow

Reg'~lllr Addre$!l DB5crfp11DI"l

t<l ClJnlro! F1eglsk,r
N " 1 D;;l.tr.l R(!!Jlgt0r Low Ordf'l' !I-oit~

N 1 :~ 0"t8 R(lgls~el' High Ord~r a-bits
N < J Timer L~\y Ord~' a-bitt:
N I ,I Tirnel' Hillh Orden 8-hil~

N ,~ (; Periphi<'i'e,1 Interrupt Addr€'s$ Vector
N • -€i Timer 1n!~I'I'LJpt ,tl.ddre!;:J Vector
N I /' Error Inli,:mJpt Addn:m Yf'ctN

"O.JVto -''is\{
"!.lEo> C',O t~,'50' C
"O~Clo~"!Ci'C

Mm(lrYJl"HI~ Railngs"
VQO iHHJ VI~C r.imi all 01h{:,r Iflt"Jlioulput '{DI'fl.ges
',vilhnJ&p''J!cttoGND ...
S'loraq() T,e'np(~ra{(.• re
Op?rOlllnn "TemPNatUl'e .. ,

Standard CcmdlUorw (unless oth-en."'j,;:e notod)

Iill vOllagp,\ q~r(lf'2nC(ld to Oi'lO
Vem +,~~V ;,5%
Vee .,..5V" 5%
Opcr:IUnrl rt?llIplOIratVJ(] (T AI ". (j~ C H;> 'l'7{;" G

Chsracterlutlc ~11mbQ' MI~ T'Ip·~ M:\~ UnIt t:ondUlon

DC CH;'tRACn:RI!JTIC:~l

C!ee,,", l!ll~lJ\' HIHn '1:M 2~ V[;D V

U,W VII(' a i;" v
LogiC hputs: High \/ito 2.4 'Ie':.; V

LoYi V:, a ,{]~ V

Ll)llir,; OutpUIS Higil V(;h ;'./1 Vee v fllh .:: 1ooJJ/I

low Vi. V 11)1 '" ~,6rnA

AC CHAI~ACT12HISTICS

Clock lni=lU\:;

CK1' Oock period tpn 0,4 ,",ll}JS

c;iock wiQlh td 7D 115

HlijO & F,;tll IIIYiNI 1.,:r,lcf !O nS

CM)JlCITANCE (T,\ -=- 25'C,

Von':' -·12V.
Vee -' ,::'Vl

InPul CGPacltance 00.07 C" 6 12 pF 'OV
All oilier!, S- iO rF " all

OutPUl G~,~B{;llar;ce: (.':;c\I( e 1 ~l pF

"TYPiC"! l'a!;.;eG arc at "':t5~C and lI,mlltla, vnltage.s"

TIMING rJlAGRAM

I fSi, ITS!, iTS', I 'rs1 j L r", L TSO, L r"" I TSt ,rs2 J "S3 jr---,-----1 1------1 '--~I r---l r~----: r----l ,---1 t---, f------
t..---------'''---''- l~" --"--"'-'~'",-"-il'<1·-----Lr--- -----~ r--..~·------·\_J-·-------

l,,_, -_.••J ~1",~Jl>j i'~'-- 1(;(

I '-.- --1--J.-----...------..---
-----+-- ..._---_._----.----

-----i luc r-u--'--

CIRCUll' DESCRiPTION
This (11fCIIIt If, l,i0.f,;i.gned to pr(rl'.j,,~ air ttl", r:!'11j bufterilig Elnd
;;;i)f1trol func\ilH15 Tequ\,~d wIHJ:\ inl~I'!aCil1~l Itw ~rie~ 1IY.JD
Mk:mpro(;e%or Sy,']jem to a ~,imple p~l(iphe'al d(~vice Data i:l
lrUmifl'Jrrcd to lInd frol'!) lh(~ pefl!='hf:lral Qr Hi bicfircctlonalllne:5,
[J,1ch 01 wtilctl r;[1n be r,Qr1aldEluJd TO biJ anlflpul or oUlput The
Iran$lor of infmfilalion ..... ith the (::P16001$ O-{;I;umplistled vlaan a~

bll hltlhwa,y, tl-,,:; 16~bill; being 1l'tm;ilNmd <'15 rwo fHlit bytes" the

I
'''glotel il.rldre~s"s are aSSlgnelJ n-'H3W) rr e lOfy II)(.atlon~ 36
'ollows (N IS WI arbltrdry stElrtln'1lld 1'('<>3)

lap--~o

m~JlmillfiHgHll!lllIIllllB!I"IInI~~I!IIIlI£ll(;l~I_"-"""--~- -
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'r!'MING OIAGAMA FOR MI/II~1STRIJCTlON

(lJA1A FfIQM IOIS1EaO TO CP16<OO)

j'--' ~]

~:>,<J
~

/'

'It;;--_.,_ .._j
SS;J'I:'IM1·N

["r:T 8ti l+.;;:fl. .sTART
;'OrNl':I'~~

,===f::'-J·
!_-_.,,_._---

[;;;;g:~~~;:;]
r- -<--:t~-'''J- "C"

. I '.' ""
/
' "J'/"'.' /

I i --~::-
","OWN·", I ['"'' .." l

t
l I rr;~;;;:~t'~5I .-.1

rd-[ LH:8UPT j- --+-~--r-
I .....".e:" ~~~ 'IES ---;;AJnf .,
1 <~M'-:'~~~7-{.I~-bIJ

I ,,/
I ,,,,e",,,.1 [~'~J

"'''''''' , 1'----:1'_.--l., "'Vf;;)iiUH~

Si;T~

I '''0' " Jl>F.!'..rI'HER",L

! L __~~~~...

I [--_':il-J-I n"
L __~~r' .

-~::'~:::1~'o:===~=~~~::~==~"--=-~~·.-1inl1;"')."
UJ,,~u_. 'I

",,;:,:;:,--~~ J .--=:.~~~~~~~:-~-C~~:
'''"I:::;;~ ·_'-\,.., .-lr-L__.: I

I~m~ .._..-_._-~,~ Jr"lT"':..._._".+....,~ ..~-~"-\ l~fY';-"A"
Il. I \.."..1' (I

~~:.~~[~~X~~W~~,~l~:~ ~~~:~rc0(J

rile ~O(;ib9ij ~~.v lil) Bilput O;;.""lcl;.
1'-110 powel' clear Sl::11US of lhe JOB1;;fJ) fo)' InpUT !!;the:;arnaasfor
otJlpW11Ul"liCh If; dt;.':Hlrlbad ul'ld~y tlYcl ~ticUon 'the lOE1G80ilS an

Ol.11PulOevicfl
A now chan for a. (:l!pical Input (lp~nltior, 1;1"0 1M r;,~rr~spond;ng

w~11j111orm diagram !~ slto"'''' \~l thlj right
l"hernain program B'Eltling ,Ill tlH7Inrmt<;)Jltlr3tio!l w(:010 pre-batJly
(10 ilhwUilt"l thil\ fOII(;wing sequ,1I1f:e

1 rE!~t the A~';:rJy l)it of Itl!, ConJrol flOgi"ler +'0 ''In&LJre trHlt

the pariphel:ol1 rJotiylCl' is lf18ctive. Atl~r POW(Jf 'Gle-,U this will
0& Its <:or.di~j{)n, I.e, set to T

;1. If UJndililln (~) 1$ true a CPI600 rfjlimW('{ ICCi?"ion Will DO
set to C-Ql1taill thO Ilumber 01 inplJ~ OPiln-liioM': requIred
An::Ither n"WllOrl locatfol7 wi," t:i'3 it&t t{1 th~~ input bul',;:.r
5ttl(t ad!Jr&"~" Thl~ )5 :;!l0\'1/' .IJ$ 'SET CH,f:l..rl I'll, Sf:'1"

BlJFF5H SlART "'.DDnESS'
~. The Reedy b:t ni ltro CClntr'.'~ ni9gl$1,[1( etl/:.uld mJ\\I bB mset

to a 'J' br pn:;9ram lhi~ l~alJaoB t111~ Poriphoral
E!'l!\ble/Hew:\y' output to SCI lq a '"1', wqlw~\in(1 an
o-p(mWon hem tllil pf!nphl~l\~' d{!\,ICB Orr '(ri(' \\'~wefQr,n

dl<igrnm, thiS is point A.
4. TIll; PI~r)phiJI'I'l! JnhHnJpl E'nilbJc I:Ilt, PJE, of InB Control

Ar,;gjst~r Is ::aw set to a 'r Itf pr'::l(:jram. Tn;; llliows th~

IOB1680 f,) (,~q(JtJ(;t internlpts fH11'11 th~: CP'1600 vIa the
IlrrRQ' output (s>3e poirH S), Enabling ttw PIE bit etterthe

R,;l[l,dy 8it t~nSlJi()r, that Inili~illY '10 faille intor(UlJf~ U<J
g~l"lar<ited

5, Afl,\:Jr th(~ h{.lildy bit /IllS b€'er w~; by program.. lSiab{wf.!",
h::!rdwam on tne IOB1l5(lO I\HH'.!tUlfI th':J AUcntlon Reques[
1M/lit ,~ '1'!Q '0' edge QI1 this input ceU$8S the Ready Mto
bn -set to 1.1 'j' unG the Perif.,t:erai Enablelr\"3dy' outpull"
go to a '0'. The Change 1;~ f;tate of the Olltout SlOPS Ihe
penptl81rei opEltollorl. As tJ()1111h~ prE bit ({nd R~,gdy bit 01
(h"j Control Register lUI;! ~.(;t M ifltQrupt T;'-QLle.s! WIll bE'
gtmer!lWd 'J'Ji'l the JNTRO· f)ut/Hi! ir M hlflh'H NkHily
dl~vi~l:~ ow inlerrupt!ng.
Wlle11 'his IntOlrupt is <J-t:t:sp1"d by Iho: CPH>OO Ihe
ackn(l',;Ifi':<drlf) signal, I,'-H Al(, will reset tM IN.lRQ· OUtput
to Itt: inl1cth'estall';!. Tt\~ :)~lb~ieq>1ellt IA 3: "lgl:U! will CEilJse
ltle jntem;pt 'IoclQr Addr(;M <3SS'ocif.\p,ri with the
pC5ripncrul 10 be strobed OMo Hw data bli;;\ ThlE ;:~ddrEl';s

wJ!) be 1JS"ld <lli. the start acdr~s$ tor \he p~ripheral's

;ntNrupt 5(o~vice routine,

A typical 'C.,;;,rvice rOlJtlr1fl1{)r nH:' l)eripi1er<il1 could be:;

7. '·r.lt.:t 'II1H,i) of N.lhe numtM cd InpUIOpC:iflltlons requIred
(n) !f 111r, :lNO all tho rcqllJred il'f..'ut operHt:ons h~lvl3 b(~Qn

COrnpil:tBd. A(!set tl1e I~IE bit of the Control Registor to
a '0' to disullin the Intw(upl cL~pat>Bi\y \}f the 1061680
and E.XIT,

(b) If riot rouro Inc:rement tilt: bu((<:rac/(Jra:::S,'?,rlO cM;crement
N,

B, Move dAtil ffOJ1l fnp- IOEli880 and CP11300 :c,y a MVl
1t'1t1ructlon. Thi$ res.Ns tho Ready bit to 11'0' ;:ind sel~; thfJ
P0ripMml Ennble/Rolldy' output to a l' "e~ol'labling Ihe'
peripherfll, The tlandJ.;~mke from th~ peripheral in
rfJsporHi.a 10 (h 5 action 15 to rowr,.,- thFJ Att'?r1ticr RcqIJe$!
input high to a'1' This liming, however, IS nol ~o{}crl1lc<)!
!IS the InplJt edge triggera Ih" RJ)ady bll

9. Ttla Interrupt is lerrnilMll~d by a Tel IM:truc!lon wl~icr

resels thB aCknowil~dg': iiip Hop in th~l !Of}16AO il1ter1ac~:

ThiU" 1I;'816BO alii afl OulpUl DevicH

ThG POWGic/oar r('set (Dli(,; O( th~ rOB~6BO se,ts tn(~ f:[l,,<-'{;',i hil ')1
the (~ontrol l'logisbp It, a '1' C:-lUsing thc p~ 'pr,,~r;11
Enabl~!/Read~'~oufpUl to go 10 a.'o', il Gon:NiCr th;:!l ,0(;' 1/«:; Po r

Irol'll Ihe p[)ripl"'I,~f<:1 Tilts POW~'I clear rC~)t~' .~I~'-IJ
tho 1081600'8 ability 10 rfOqUt~sl al" '.on t/:t'

stntus <:,/ tile peripherG-l ~)y (tnettlng tli<J I
ErlilbJe bil (If 11":0 C(I,llro' RGglsler tlJ ,:\ '0'

A flow Clum rOf II Cl'"pr\."!! IJll1pul 0PiH8.{i()P I~; Bhown to ti:.:;, rlg~n,
lb~J W8'il/fOlm dmgralli I~GrI'CSf)()fl(jirrg tc. thIs OI~r;;](i(J(1 I~ al$-:')
":itll)wn It) i110 nghl. '#1',

fhl:, rIlllln pr0'Jr1'ln~ I;;"ilnl;] dp :ne (J1J(1.~),ll (Jp0ratlQfl W()I.I!IJ '.J;; ~Ji(l(I~HW
througl1 the following -lequ(mce of r)p~nntjCllf-. I

I, rll{J i';k!'il.dy bit L'; 1:'1f" CO/nrc! AL'/jl;;>wr \')(;uld IY,; tG~t\'a ,0

,H'ISLl(e that Ih8 PCriphNSI W2S mQ\'I;:)d IIi~lcti ...& Th!'; wouh! I
l)t, .~a IPltiaJ1y ilite: .?(Jw~r Cloi~r,

2. If '~(Jhdition (.1) trbo:'v'J IS.n'~,;lt, 1I"i!;.,rjjo. ,y. iQC.~110r1 CH,\I=I O~. ttH
CP1600 wou!d tl8 :;(H [(Ilhe tHJmi)(:)i' or Ocl!Pur O}:-;HliilQfJ"
~e':llllmd ThiS Is.,>h;')wn as 'SU CHAFI n
Sl:intl dklla from Cr';60U 1';'-I()B,mW ,.(51r'9 MVO I~,wucl __._ ,
nH; opel'alion rr':;fl~, HJe Ht~.9dy blf to " '0' C"U/;ffrg rh~
flf.orfplleraJ Enable/Ready' OlllpU! 11') go tu i.l '"I', fl:"qlJ$'r,tlfl!j
fin cperatio,'" by the rJNipheuti dC''Iii~B n,ls is sl'own ilLl~ ir
tlw ....ave/arm dlagrflm I

ii. Tho P-eriphfJml IntfliTllpt (;rHlllJe {FIE) tll! at til~! ComrCJI ,
H>~gister IS I'll"'\',! ;;f;j{' to a '1' by pnJtj(i;lrnl11er ttw '!Aflr)\',;,-<;;.

10.81680 (I) n:qUr,';;l inierrupul fto'rl the CP1600 jh~' J "

IN r9Q' output. i=n<1!Jlln~1he. PIE bJl H1Jers&'~{'11n9Ir~ d3M I )
to [118 P<l~jp!HI(£,:1 ~n$llre:; that f',(l 'fais'3' Itl'l;irr'iJpl:; arlo' '.1
QB"Ora~ ~ 1

5 f\._~'te. thu d..1'1 na::; t,..'en ~Hm! b. lh.(, Iw-riphe"al (3~ a(,l[j~.e,tll&.;;,
1013'680 h,wware "'''''ilO'' 'hc >tatus "'1110 At",nl'oo J
R,qu.,II"pul A 'j' I() '0' 'dge"n ;11" inpI,',.,s 'ho PoMy -, .1
b" to a '1' ,,,0 IhO """ph"ra' tr."ble'ReMy· "O;pl:! 'I' a '0', I
stoPtJil1g lhe r_"

f1ri
Plw.,a.1 activily TJ-m p. IE bit:l..fld Ih(' /;IJady I I ..1.'

bit bolh Mlog 'ello c '1' C"'''''"n ""emuot """""ob, ,
ginera'M vi" Ih" "'H80' O"'pllt 'f no o,ghar I

b~:~~:;~,,;~ec~::;:;"P,::c:p::':::, '~,~rr:~"tI:~ sta,,, ,r,,, i I
~~~I:l:lu~~ll~~~I~~~~~e'I~:I,~~;~J~~ ~;;~~~~~~~~ i~~~i~:~~;~~ Ih~:Sl~~;' I
Trot? ~ubt>equellt JAB Bignal C'W9.;-s the Irlteftl.lpt V':ctDr ! r
Adcir;;o$$ tor Ule' P"'tjPhr~ri11 de\'i~tl ~c M strobed lhf'; I I
o,H;, Dl.l9 and then !Jsnd ii!! the ~(ar! ;;ridrtilss _ I

n:;IJ1me r '
One" ent:ofE1cl, the aerVic.e rOUlil1e 'll1ght go throw:;/, rl;-J
tOlilW<,ing seqU':mcf-' I

7, DH(m1ment n,.IM I1llmbfl-r or CLJlpuf: OPQrations rcQJI/!<f.: l.
(bUffer length). r

1J Tf!St the resulting l'HflJ8 'I f:lQW CHArrr P"OR DATA OUTPUT
(f.O If ills zero the ourPlJl ()pl:JratkHi,~ are compleJed, fi!:;sot

Ihe PIE b,t to di.'~~lbIEi the l.llorn,p1 C<lf.lob(li~y ,)l Ihi;!
ICB1680 unr1 EXJT

(b) If n Is not ~ero DIJtputth,~ npXI m~j<l IO th& !OB168tl rhis
1 f,~e1s R-flBdy ~(I fi '0' and P0nph~ri'll Inif"fJ'upt
F.:f1ableiRcac:y· to a l' re-enablif1q the porinh,jr81
llctivr(yaull1rnati(;!l!ly.

Th;., Pl}riPheml ack'J()wlf~d';Hl$ this (J~'8ratlon by retUrtlinrJ

tho }\'t!e
n

lii')n:
r
:'U)QW!S. t "'p,1 10" '·1', 'h< liming "frr", "[I"" /.1'..

i, '''' 100 "il,c,1 a, I" II edIJ. '"ggG" Ihe ROadYbH"!lhc; .
':~Otitrall'l;!C)ister by a 1-0 tlullsilion.

9. T')(llfl~ern~Pt is l~mnlrlajod byTGJ In3Irt:ctwt1 Whll;lll"t~i>ltl$ ,
th(~ J::i(llowledge lIIp Ilop Ir"\ thf: IO[)H380 rnl(,lrl::li;8 1.:191(;

TIMING DI)~G~A.\t FOFt NlVO INSTRUCTlO,!\1
(Datl~ from CP1600 to ]081680)

1oJA-1~

-----·"··-..·~'"".._ ..·-.....·-_fi;lMIIlJlllllllillllllS!l!lO;,JIII.....



"-;;:.IU0 n;'glstClr rhlrlng tM manual modi! OVNflow c.r undmfloW of
tiE! r€gls18r ':J, I:lrevr,tw:~d ])y irl1<8fna, r,.\rcuHry ~i!!<1 Table 4 lor

r:e'rinltlon
SD: DJ~G1[)OQ ';;''I'ld :;Ignal. I, is lJ":;i)(llP c:DrlJl.li",ClIon wlH' manual
'1'.l.l'JI 1~1l8 to 10m' dlfffirent l"nt]!ll)<l1 mc:je DLJtput~ Sl~e Tahlo 5

MO', Di\C16QO m8nWl1 mod" ijUl:pl.ll. II oS(;lll"t",,;) i:lfo!md ';;:Hl:'

whene-ver M\ 15 k1V{ ~H1(j SD I~ \lIHtl Set) Tahir:::;

"",1)1, Mt:l2: MOI~,~ niHlnes They ;"-!.lf1I.lSQO tel ml1\1;t',:I)lil~r.tatusot

,(I,J mode 1'G,i'gi~,tel St:8 Ta.blo g

Vo: Vnlvt:l OUlP~it It \'3 ~'i 10 bit IYJI:,fJ ',\'ldU' 111Qdl.ll;ilt;ld

wav"fr.n'm, :?

B~': Sei pOint, rggls!Cr Ol.ltpUl, 11 I:;.. a 1(J bit PllIS8 I!Jil~lh rno(jlJi<ll~c'

wnv.aform. ::iN, Fig, 2

CC: DAC16i)() (:(HmtBr cior;k Il1r,;·lt

SWlrSW6: T11t,y ,)r~ ~!~I~d by CI~U !'i~~ s","ltch wmd, SW2, (!:tDil I;;
~llso ufJod IfI rtNflr:>lng ~ho cJirestion of l:o,)unww '1'1 V"h.'tl r€'~15tr;r

(Jurll1g m<lIli)<J1 mod;;:

\,01-1.03: P"na! I(;fnp dnvor ouwlk~

~Fl.l]lld only l~jCSIIOn,;

piN FlJNCTIONS
'IO~.'10: 10 bit blc.!irccllono.l data b\lO' Dat£1 can t-f.\ IQaded
';~ynchIClnour,~!! or ~l.f,YIH;hr(lnCiUl'IY Q,,![j FIre read Onto 1hc 1/0

bUS wfltiOut ",uoblng

MI: M,mual jr;nu\ IiIVJ II ior(m~, tllf;' ch.o 'nl(l ;;; r(,3r',u<) mOdE' of

op~1a,1I(ln

CS~: Ch~P selr.lci line, Il i~.low ,wtive for GychronOU5{1;;lla !ransier',

hign f};:;.tivEi 10r "OyChl'~)n(1t)sc;ata lran:;h'

IS: l(lput ,!!rrOi)e line Jl loads 'O(1€~ oj trl(l tour intel'l1al f"'!J~stcrs

d~fin{;d by FP.1<'j, wtH~" CS' Is low 11 tl'lfJ chlo IS In ltH; Illiltllml
/fiod e 'h.[i t;.'IL 'Ille abdl!;' ':0 load 0(1(; of HH} four 'eglnton,:I1,lmely

tho V<:I.i'/I~ r6gi~I1.Elr, I!J, lI11CDf1(,ition"lly Intill)it~'O iild.erHIL'dl! of H'w

CS' sl'!nr-l
FA1~3; ~uJ\cll()n ~l.I':!£Jl;1 I~roes, it Is \Isod t') "pe.O::ify <1118 (If th~ fou:
n:9\St~la and wtlolhor an input 0' IJlltriut h,h'lctIOf' m \(1 be
pertorrrrE',1:j S(:(;I filOIB ~l 1(11' di2fir,lllo{J

CM1-ri: GOii'lfOl r-IIOl1!:l II\leS ,f>... Qulse on ;lriG of ttl(~se Ili\(~S WI[I

alter trw Dil M3. M;,. 01' '."5 In tl;e modt: JcglstN. $(10 'faJ)Ie- 3

\JP1, urn, A01: LJp COtlntlllg, down CO',wtlng arid r~",'e{.~lng lin{~s.

TheY 3re \Jsfjd to r;Onlrt':l tl'e dlrec:nl,r, r:) counting ~tJl'lal;y 111 me

ll)A.<15

·-.. ·..----.... -v:i;~..R"nl";, .._..· - ..-- ....~--~~--- -~·-~1~~;;q~S;"tO·~:;-~· -~-----(~o)l

m • Qr

_....._. ......I;~.:..~:.~~~:~ .. _." .-- -ASS1JMiNC'T(Jnli~~)\:~~~·R'91"::~~."'p ..':.:...... _...._~~~ 1
" 0 I JL__ ,_.__, __IL,__.:

iLSB) 7~B •· 1 f.o _-1\117/" ·• · ,1 I

l
I ...- •.•_..- ...., ,...._ ....-

" 1 1 '1 I 1 1 1 I 1 I _,,_,-.1 l.__.... ,i i
~I-•.-' G1'2,lI5 ••-~I--"··· 512tJ;; -----1 II

o 0 " (J 1 11 1 1 1 _ ......f-..·_·__·_·_·..·..····'l....._J--- \__ ..~ . 1._~,=""'=-.::~.'":~
Ff'il' 2 PULSE W!DTH MODUlATf,'O OUTPUT 1JJt\';I'EFORMS

F19, 1 RE,GISTEf1S DAYA eASE::

MOOr: REGISTEfl

PIN CONFIGUR~,T1')N

I.fAD DUAL IN I,II'JE

,,-,~ ,

Tho::: f'rs~ hire bits of Mbde Register (/~J may !:'e U$GO to ;Store tllfJ
rr1Cd(i 0' control. Manu,,,llnt€:lrrlJ~ti3 1.'1 bit 1, Bils M2, MJ,!'I.4 8'Id
Ms em btl r~1ad or icmried Vii~ the I/O b\,IS 0" Sat by inpIJt9 lmm
!hrefj switch l'nplJtl3 CM1, CM2, Of eM::!, The r.on<HHon of theft13
bJts rS lmc;odcd afl:;l t11.1tj)Llt on Hgl'1t drivers MB1 tJror:i MEl2 nil')
MOO0 F:o,gister mllY be J!)iJd to l(1j4Jrri1 11:,.:0 opC'ratQr of ccmputM
dewrm:ned conaitlon.s Or' InfOrm 1'!'l2' campuhw of opefaro~
.f:H)tior'i.~,

SWI'TCH/LAMP DRIVER REGHSriEl!i

·rn8 $WllchlL,lilmp D!i'Jt~r ReHlstl;ir conlil\riS jhro:e lighi dr1'iP,r~
whlr.h ~1:J(1 be LJsed for pHne] alurrn ligt1t;-,. It also stores SIX ill/illch
inputs

ADOI1'lONAI. ALARM FEATURE

Light dnver Mo O!~lputs u 2 cps slgr'lai Which CQn flash il. lign( to
Cittra(;! im oporator's aU13nli()fJ

, ....;,;;;~~:;;l .... _..·~- ... L.,.

I riilll- I!)AC1,600 I
1uUiiiI1ll1 _ _ _ _._ _ J

AI,IALOC\ O<JTPUTS

The IIllIl.Hl ill the flnalog ;:l ..I,lm/ls SP Ginc.1 va ar~l Oetcrrnrn.;iU
r€ldpect~"'oly by 1110 tlJn-bH tWmbM5 loaded in n'J~ Sot Point
Rc~~lste( and the V.;ll'lc Register, An OUiput is apul~l1lr<)tn will'l a
peflo(l of apPriJ);imalely 1KHJ.l1 MHv'lQ24) ';','~)CiSEl highllow ~a\io

Is Hwen::i£ly fciiL!ed to the 1C"b,t l/alwHforeq in ttl~l rBgh;,t~f. ($(Je
Fig 2)

TnliJ 1'11911/1<,:)\,; mtkl is LJnaf(.>:cled by \emr:erature aM SllDplY
vel'iationg and is lhl; b~,SlS0 1\il~ 10..blt DlA EJ[;l/racy. The length
01 ;110 high or k)w porllCifls 1)1 ftW l:IUIM viill ncver be in l:ilrfOr hy
more Iht1r' Zi Ir<!.climl of an LSS

If me cnlp Qt,tP\.r\ {$P or VOl IS p8,;\DeD lnrOtl!jh a low pas-~ fillBr
thi;> result lilll be ~lpproximmely equal to thl! desired 3fliliCtl
',!ollage Hnwsvcr, 11 wi)1 no:rt be .accur£ile t{:CEl'.;se- , while th(~

OUtput r~lf() is aCCliratf), the cl,ip'S output vOltage levels ~re rl(~t,

and would !h~reby dei1rad(~ Ihl:) aCC,JI'flc'j ot IhOf:JigMI ThecI1i;:,e
rJU1pwl'Jhould bEl uS8d T:) diil/(: a gO()(j SW!tcl1 Which, in
conjunl'rl'lon with< a VOltAgG rtilcrenc,:, and ti!'l~~Ting wi!! "JeW Hn
arlillog v011a~o navlng ,O-bit ~lCCUI'~ICY,

Dual Digital to Analog CMverller
D~SCRIP~ION

T(w DP~C'160(J Digital \0 Ar,a'I(j[~ C[~nvert01 M!> boen d(Wlgncl:i, to
{lol'Ve .<Ie [l ~":Jw~rfu), jlAt eo;onf,mic int/;,.·r1iJfX' tc 8 proCl;HlS conlrol
IO~>p The DAC1600 pro-vk18~ two iD·blt Pilisa WICllh Modul:.aed
OLitput~, l1nd an arr.ljl 01 SWi'IGI'1 input$! MilO light driver QutillJts
E3(;tlntioll y 1hc D/",C1600 '~~:I1(ain.s four ff.:11:Hers whlc!, Cil() b/l
loaueo 1')( 'I:!;ld throufJh a '·,i),·bit 1/0 cti;lta Pl)I"t HI]. , ShOVi:> the
data 1');]$8 int(1rm~tlon Ir1 tlle~>e ~e91i:lteri.l.

OIAGRAM

VALVE ~EGiISTEI~ (ManU;.:1 Mo(~e)

In addllion \0 beh'l~1 a rC9i51,~,', tt1~ V.al\ll~ RoglGt~r (13) 1$ als() O!'l

UP/OOWN COUn\Cr Bysp-ttlr;g MI {Man\Jlillnt(1rrupt) t05 "l"afld
(1ithN UPorDN to c <'1", lhe.3 foglolerwiU b~,<;IEN;,ed upordowrl,
This rti\(;wB en ODfirator to fM\r)ually adju!;t 111~ B register valuG
Thb del>lgn dl10WS bumple-ss bfllanc,,/css trb.n5fer.s betwasl1

coropl.I{(:r I'Hid manual control. In Ordar to pr\"Nio~ bolh a precls'1
ricg(ee Of malilHiI (.Ontrol and an ability to sl'8w the B regls1w
ihmugh a BU.ostClntlal chanorio, a VarilIbl"" sleWing taje has boel\
IncorpOI"clttJtl it) Ihe chip

~ IQA·14~Im..._,._.__.. ~.._..... .
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T~bIQ 6 MODE F1E:C.IST£A STATIJ~I

-:l-'-'~J-3 ---~:l-2-:-;';S 1=
'--~-'fl:-~-Tr ~ --
_..l ~ 0 .-!'.._ !.-- --...:!...-.

"fllblc 3 MOOE c\)WotrRQL

Ih\CA/IJEGA !lueM Is controlh:d oy an mtern81 variable
lIe'lUency c1oel,. The l~locking r,-It~s are flB tallOWS

16Hz for 2 Sec.
04H2 lOf.2 Sec

1¥.8H:r. thtll"::ufter tlntll UP'1 or Or,l\ 6.fO drHl~'tly.atfm

.\"1 CS'" remains low for longEIf" Ullm 10 ~.9f:Jv' (,onnal

op~ra'tiIJn (~E!r UP IDN) will reSWil(',

~~]t-f;~{~~~r:~I~~-L!~--
·-i--rt..i' 1 0 I) I 0

:LL~J..J ..~...l~J--~ ..-,--~-
"::L ~,/"-"'"-"-'~"-"""
"Ie"A< . ~.L~I._1.__.__. .".

! M51~C

~I20 MAX

'Table SMANUAL MODI:' OOl~UT----1·-----..···--·--·
~D .~:~~-L.:::
o ·1 1

~.._l ' .

MI.,
o
1

1

10(l.,,~1

Tar,le 4 MANUA~ MO~I;: flJl~CTI()N CCNjl~OL

~S~I-U~P;'E:H~' -N;pOP;~.~=
1JI 00\1 NO(.lp

, I 1 0 'lOIn<' 8'
1 1 0, 1 1 Dccl B'

, \ 1 ), I 0 I 0 D,,,' 'S"

I 1 I ' I 0 \ I ,,,r'b'
1 I' 1 ; 1 I i (l \mkll~'iTIll,ato

1 1 I 1 1 1 In :IEllcnnlr.~to

I O' X X )( N" :)p

o I 0 lX X >:1 A. ,"pet;:Ifl~d by f:A1~~
o 1 " ) :>: Ny 0\1----.L ~~__, -- .~-_..........--~-~-----

"rebl'll' ~, REc.mWER AND fJUNe'nON $EtI~i~T

:iJ{r.~I·_.~~p.~!."-(~~ ll'..~:=~~I~:~:==(i..t-; ~) tOll'~ 'A' ,

o \ I' I Loa; 'S' I '.1· .. 0
o '1 D l.(j-ilCf'C' \

o I 1 '..c'" '0' I'

I) t,\la~1 /,,'

1 I t; 1:1 iMd·B'

_~t..G __~;:;~~_J_-.--- ..-...~---,

FJ{l, ,3 TIMING Ol~,'GFlAM

LoAn A,S,C,[J

,milr---.----..•·.·.-.--..•..·--·..--·--.....

'10 A;ovl-lf~H.I'PEr' ri;t',~:lr,.E:,

1:11'."'0 A,E,C,O

''', Y:.~::====.===X==
Olil'P.UT -J--_.--'--~'---'--~

':;~.',~ {'" ";,'---1'----·---·-

.-F:~::~:I~):~i~;~,~~ "iJi;~;,~~.-
.,., •. 4V lCI 12V

.." OAV

, .... ' .. , 2,5 !rIA @ dV MIn
-, :WOpA@().4VMm

10,tJA@9VMln
.. , ,1mll,@ 1.2V Max

, ,. _1,6 mA 0,45V "",'ax
.. dOD jJA @ 2,7V Min

.. 1QO pf Max Load

$oun:-l;.
;::ilnk ".
Source
Slnt.
Sln~;

Source
Cap,

lCl~!ev' fHtJAL {,;t~Af!.':H:rrERIST!CS

Shnndrlrd C:Ol1dlU(lnilF (,Jnl€:::J$ otherwise: noted)
lA" O~G to 75"C
'Ino ,; .; 1:~:V J" 5%
Vee;;:. ~5V j 5%

~i~~~_I~~~ct;~i~=_~=:-==I_ ~~_~l=_ ~M-~;-f~u;it~~f~~~~~~':==~==-~-=~--~
VJl I Input \'0\,' Volta)F.I -O!l '065 V I' -,
VI,. Input Hlgh voltailo ~.::' V(~G V "

'II'~ [rout Gur'lln1 , 10 IJA VII~ • OV to "j15\1

IL<l11 Outout Lk~ CUI( II - iQ J~A 1 (;S~"':2 ....J'J ~(j j1~10, _ 4 Ov

11.(11. OUiput Ut{j CUll 10 IJA 1

1

CS'" - 2 N Vee r; 25 V, 10 11~'IO) 04V
CI~~ Input C<.W,Hl 8 pF 1 IMHz

C()iJT OUlL1IJt c..>IPi)C 10 I of j ~ IMHz @ v'r.IUl OOV

I
I I Tri-~tat" Mooe

VGI- Output Low voltage -". OA5 V '10:.. ., H, mJ'l.

Vo." I Ch"p", H,[;,·, \/ol'"g. '.'{ v:.x' I V 1;)1'1 ,- 2-nO,uN C,- -' 100pF:
Icc t

l SIJP~lly ClJrl09!11 L- 5 rnA j

_.~L_,__,0~~J~~__.."__._.~._._" ~.._,~ .~"~~",-, ...., ~~_"L~,.~:,~~:_. ,,"~~"~.._,~._",-
.. Applies t{j TTL ~~ompat:tjl~ iI1P,HS aM outputs $Qe Tatite 1 for othof Inpllts and outp\jt~

i;!IIbl(! 1: THE FOI.LOWlNQ TABLE Om:INES fN're:RNt,l.
PULl. UP r;UBI1r:;Nf i;;OV(.lCf-S

-37;;1- f~-I-o;;r~~'JP- --c;;r;p-R~~~~-

-FA1"2 < -.-;;;-- r-'~;~ N" -T:L-- .'m-:@-;Y
L01 I OIJt - LO,ldTIj06 F,

l D2 Oui - Load 7)',,(;' A

MI I In None Comp r iP(;o \I
MO

r
) CuI ~ LOM Type A

eM'1 , In ) f\!on(; Camp Type 1
CM2 lrt Nono Comp Type I

CWl I In Nono Comp Type'

MS1 ,1 Ol;l , ILOl~d "f)lp£' A

Mr~2, r Ollt I -- LQadrYi)(~ A
SW3 fRD'l" In To "fN TTL of: 1rna (q'i .iV

SW2 I Ir. Te, "oil I 1"'iL j.'.:1m<l (~i,AV
'1'o~3V lTL ;o;'1ma(q;I.iV

Lend Typo B.

Loat:l Typ.€, A

0',111 I I"
VO Out

SP , Out

llP1 I 1.'1 ! 11S{)I1Cl IIGomp Type I

SINS Irl i NQn(j Camp '''001
ON1 \ rn NClnE! CtJflJp lypO 1

SW6 /' In Nr.lru;. /CQmp 'T/P~ 1
SW4 111 Nf.IM Camp T¥PC3 1

tE):, O~lf iLoad TYfH) A
SD In 1'0 t5V TTL .: 1n'O (Ql 4\r

CC I It' SWlt7S RC to ComrTlol1

IS ! Ifl To '+5'1 I ln, 1.:('lma@AVCSd In To +SV ri l.....;1rne, ({dAV
101, ··10 In/Ouf Tn State ~- I Load TYj;>J C

--.. ..-_.-.. _ ...._ .._ ..o_..._._.__._L__....__.
CJ)IIlPAT~.i!I~ITY

CQmp. Typo' HIgh
low.

LOADING

L,o.(ld l'YPll A

UiniJ 'Typ,:; C

LOJcl Typo l:~



MlIIJ('IIlOll

~E;'(ceedln~l ths,D,;! rc.!,lflr,]IS could C:,£lW;;i;>.
perrnananl d3:1'<3.9n. FUllct\');lal operaliO'l'1 M
111i8 d0vlc;, at t1\es.! (:tJ.r:,:Huon~; is nOI
implieIJ·-o.:Jilr,;ltinr;l riH\ge3 "re spac1/i€d
b~low,

,.-O.3Vll)·lBV
, ~55"C\(I~1pD<IC

,.O~Ctl:>'''70uC

iat.Ecnuc,14.!- CHAFIACTER!STIC~::

M8Jltlr.1WTl r-latlrj9a'~

VDD and ;.Ill (IthtH inpuyovtput v{)\1ag€~~

Witl1l'e~,plOctWQt'ID,•
$lora~e lerl'lpemr,urn
Operolll,g TernoF.lt'ahHIl. ,."

Standtlrd i;':Orldlthlnli {unleSS oth-OlvJlse noted)

1"\11 VI)1t[\ge~ l'ef~lr~I(1[;/~I:1 to GND
Voo" +t2V :,l' 5%
Opel\'illrl~1 Tempt'lr<ilOHI (T.,i '" O~C t(;r ,·i5~G

¢C:;sl;;;;;i~7i~~ ...------:;p;;;;;~;T",i;T TYIi;"pu;;-rU1illT--- -~~~;dl~-"~- -..--~._~

--~~;;;-~,;;~:~t3;;~;-~:;;;~ ';'11 '1;-"1~··1-~-~-·- ;ffi+-~;Al"~;- ,~ ~;5;5V'~- -.- __ ..0 ---

F'r.Mer S~IPPI) Clln'eIlI 1c,1) I ~M l' mA 1 All dlgJ1Ili Inpllllii ;". 5 ~:;"I

:;:~~~ ~~b~IVV~:~~=o ~I\~ i 2°2
5

- ~:~ ~ I
Ar,<llog Input VO!'I1l)i?I I VA ! I) [\ !J 0 I}

C"'Ullfff....1on f~e21'it ltlCe I AO~l II .. I ~;:OO n VA' O\} t~ 6\1
Glhl1\Ml h'aki:l{;lfJ (tl::ct'1 C'lannel) lei. -- 5 rIA1v" ~ Vou'- BV
VlJ11 L\i"Bkage lpi i - 10 hA Vop M 1/0llT "" HI,;
SOIJlCr;l to Ortl(1 ('lp,'j{"ltanc~ C&tl I - -- :5 pI" f 1 MHz
;\fwlo,~ Input GM CA I -~ 0 p. 1-= ; M~ l.

r\flhlOg output eee l Co ! - :'-0 I pJ: f - 1 ~~tl7.
Ol'Hlal Irl[)ut Cap GD ,- -- .5 pF f - 1 M.h.

.~lr;~::~~IP~e~k~:~:~ . _~1_1 =J_~...L~Jg ~~:;. n;~~ :~ __".._. _.__

r

-·-·"'--- ,- "--- ,._-, .-----. '-
PIN CONFIGIJNA'rl<IN 'l
~~ lEAD DUAl. It-.i! I.lNE

Culp"

I

18 Ch,uml~1 Analog MruliipieJ[er

F~A1URF!i

DE$CflIP'tiION

n. CO'1r'1I.lJ;:\:1 1 or lfJ D.nelog jn[Jllt~ teo DntJIQI1 OtJl~ILJ\ ~1r1
If Addrets IFJtch O(l~chlp

u 0 \0 fj \!011 inDllt rango
II Shlllle ~"12V supply
.. Amilo9 e'lJtpui COr'1troJlfHl I:.'Y e!llp !.;(lloct !dgnOlI

Ti,l;! MUXW)(!:5 ~'J birlG.ry fjcdre:l;;sq 1U dlfmnf,31 .Hlalor,1 rrlWtl~

p(cx:er fab!'(i;:.:Hi'tj dl G~ln8nil fn5trumenl'~ t1dvoncec N.cr.an~lel

11)[1 Impl.;irl~ proc;;15s, Feattirir-i~1 on,chip .ad-:1l"es!i. latohes Ui1d
88p,uat(, ndc.lreBS Strob8 8rlr:l ,;hlP nolecl $irJr1al:J, The MUX1f;JO
oWmn~$ from a ('jinglE: -12 Vr,l~ su~)ply,

BLOCK DIAGRAM

I·--+-,·,--} MIALOG Ol,)'TPUlL.-,.• ""'" ,,.J

\lDD

GiN!)

--~--~ - ---~--- --------- .-------~-_._~.-------_. ~----

I'::~:::;:I::~:~~:::------- '-::~=::-r:::IA-----'----'1

I "" I
I \..- _...-.- - f-- --- ",
II C'O ill·, i II -~~- ' I

.
".O."'''.:J:'~'?{i4?.di"@~~.~'); -:: I vl'..\----r..~L.L I I

I
","'"' /r--1--, I ;;W:::1~'" I'" Igf"OSf.~__~. 1 '-~_. "____ ..,..,..,....-... ;Cl

'-'''''~.I..'.''''"'-'r,,,,,,::;j '-] r--- Ii 1t1~1' \.lUi /./111 ----"- i

CTffllf!Cre~--'" -;,;/ ,;;1' :%((/. -r I. li.iZ;,:z:g;{Z:.'-·'b-····__...-·........" I \ I I
, ..",eOJ' •••- ---'---'---' -.><.---rJ.~, \ I

j)\l1~'JT _,__• '_"_"__"_~_"~' ."".:_~:~".__ )!'j~:~r I::;:eil 1

ro ~\l9'llo INTO ma'r LOII.O I I 1 1- ~,... 'Iou' I
OF1M~I.r:'l~!)pf I. I 1

I I jeTOTAl I ,!

I
I •.."'J.......r"~ ~ IT I~l I
I .- "co I

"1 'r (~ v J GN!) I I

J
1_' ..._, "-" ~---- - - _.J

L.. .._" ._ _ .._". --_..... .I

~;
\
~I

jOi\~1e 1OA-1!1



C,\All FILE

./.

.. CF~Gl)(t \~Mlt:} FILE

St.-O J CARD

; MC1600 ",<ier~.,. CC1"OOC~",I~;'.",p'·'I"rMOd"l"
1 12 M",noryorIIO ..""n".lleMOd"'"
3 ~;OlaoOTTy...~~,,~rd5 ,

.htariace MOQ"~l:fief~oer,pun~:ll

10,ll.-21

The OAi601 fl.Elader/Puncl'l C.;ml,) AS;Jf;lrnblY h~ <16' callie tllat 11,l~

a 34-pln 3M conrlOctor to int'9rla(~~ with Ih'9 1/01600 TTY~

f:jNHl)tUh~r'~PUT1[;l1lnlorfo..;;e ~A<Jdule on one 1Jr~,d, Th\l oUler l;4'"JCJ
is split ift~o I~jio $Oc1ions: br;tll oro 19rmlnalod 111 25 M pln dala
COnI16ctf)rB, one for COnl'\~lctJOtl to ~tlO readl~r ':.M trle ottl()r h.n
connectl"n {() the punCh,

Also avaJiBole IS 9A at .L5V i1 tlw .'Iy,,{em uses only ()no 8K A,A,M
Matrlor~ Mod~~!e, Speclnt power supply c(mfiguratlofw are
~.\(tllihlble lJpO!1 request,

TI1e CA1602 (;;1:11600 MOdul€ G,<;.ble ASMmbi'l' is f} 6' cabll3 tnal
hlUllJ S4-,pln ~.~II conilector to Interface with th8 GP1600 General
Purpose InWln~c Module 01) orw end. 'rrJe other end's
tJnterminatad

fhe CA1f;iClO "rr'f'JEIA Cal~1e A~!.flmbIY 18 a ~5' r.:able tMt haG a 10"
pin $M '~'H'trlf:lCtor' to intetlacoWith the I/01600·rTY-EIA!R,,"ader~

F'U!1dh Inrul'faoe MOdulI:'! Olll~~£\ end The othlC'r ~nd 16 split into
two 1H3Ctll')nS: (me is left untem'linated fOF CO/'ltlr,:ction to a rT{·
the other 111 h,nnlna!E'd In a 26~pin {'JEltll connec\or for CoMi3Cli,::,r'1
to an EIA 08'ilca,

1;.A.ij·600-~iSO(i--P~ii1~U
Clld601 IEX1!E;OO PSl1S111
c:~~102 ,",,_ W~'II_!~~.O

The CF1600 Card File is ,joslgne,d to Muse \Jp tel ~3 cards 01 the
GIMINl family, Thr.tMCISOO Micr(lCOmputerModLJle, lhl;! CC1600
COITlrol Conso/oJ Mo(Jule, ami the 1/01600 T1'Y~EINReador

PunCi',Ir:tcrfac.:e Modujo each Ilalle orlH assigned DOsilkll1, Th(:j 10
remaining posltiMtll: a.rc available- fo( m(lmOry modulei~, gerwal
purpose Inpl~t-ol~lput cards, or s;peCia,i inter/ilea cardt,

The printed circultbl1(:kplane parallel5lh~powarrluppl,l ra.llsand
the lj,ila, addrot!l a.nd cl:lntrol bLJsMI lor all 13 cl!rd~, Them lire
SGp'lr/lte volt.ag~ an~1 'l'ollaoe sense !Jnes on the P,C, backplane
f()r tho "'12V, -1~V u1d ~5V 9uppll8'~, Tho bu~ tlysl'3rn c~a.n be
t";"iUil(].~u iu afjOllH~" Card We .by wiii:.wra;:;plr;g vi ~olde;lng ;:
ribbl)tl cabl$ to OM o~ tIm mar conrlll(:fore:
The EX,800 EXHmdel' Card cun b() used with My ntl1erc~rd of the
G1CHlOCl famHy,
The WW16CIO Wlrawrsp Card contaJrlf) 12£; 16-pln ~:::~ckl3ts for
Prclotyping speCial inlerfaG€ cards Power and grmmd planes
are ~)rovideJl:l:.

Tho PS1000/PS1601 Power Supply 1'1'01,'1006 all lba power
I1()ces;Jary tD run the GIMINI MjCrOG02T1put~lr Sl'slem. Tho u~ar

has:?A of +12Vand ::A 01 -12V a... allllt'!o1or oxlra memori,s:s and
Intelfacas

CAt.O'1 RE"OER PUI;I;H CJ\B~. ASS.MB~V

III 6.IL Cabie for CO:1I111ctlng 'IIDi600 In~~rfac'fJ Module with
high Gpeed roild~r·punch.

CM602 GP1il(JO MODULE CAB~I' ASSEMB~Y
I 6~f!. cable for connf.J~ting GP16QO !nterlac;:~ Macula ".. ith

j;mtt:"rria116'iice,

OESI::RIPTION

WW1C"O WmEWRAP CARD
• 126 16"pln r,.osltions
III PO'NI)r omJ ground pl,ines pravid£d
II 10 Test pt1lniS on ~j~)e 1)1 card

FS1~l.A'l/PS1i130' POWSR SUI·PLIES
III PrO,.jdfl9 BI! reqUfrad voltages. for the GIMINI Mh~rOC~lInpIJ1~r

Sy,,!em.
iIII PS1600 ('1 t5V, 60Hz): ~5V at 12A. +1tV at 2)\; ~12 V at 2A

clloat".lilily,
III PSH;01 (200i250V, 50Hz): ·~5 Ell HA; +12 al2A; -1:~V

at 2~'\ capability
ill W;, lint! an{l IO/1a regUlation
!i A~rrI(Jjs$(lnsing C'lpi:ibility.

CA1~'" HYIEIA CA~I.EASSEM~~V

1II 6-1i. r.albh;; lor (:on,,.,,tllng 1l0iSOO lntl3rlscl;l MOtJL11~ t,;, iT'" or
El!\ comt:'iitible o!.'wlGa.

fEATURES

('F1600 CARD mo•
IjjI 1J"pDSlti0I1
~I p.e. ba,,:kPlant; With '..... lrewri:tQ Cli,pability
If RBC1·,-mour~tabla

• csrds fire keyeej 10 (-.ol'1neMars
I 10B' i1igh x 19.0" Wid I} x 12.0'/ {jeop

oX161JjJ ~r.Tf.NOER CARD
~ For ~1(Je with nil GlM1NI curds
Il Tv.o 70~Plil connsclorl3

(~IMINI ACCEl$sorlell

t
1

I

1
_-- ------------------.. -'--'--1

I.)MINI MICRO(;OMPU1I:R I

I .~.'.. I
I :::~}[~ ~~"~, ,·,.w>;.",,"'u,.. ~i.~lk I

I

l
····--·_-···-.-_."''''-''--..--'BLOCK DIAGRAM

EE~:~l

f"I~=i~f<-'~::;:~~l~ "
c .....~ i"".1 {-I'1 I"c~ J~""II,1::c\~, - '::~', r..·· ;::::~ I'" ::,,:;': "'""'"''' I, ",,",

.t;j -cttr~]~~W"'i'l"l.
I
Ll.~....r.t._.."...lr f.... L=.::.~J L.,."tlRlH*.J Jj,-"j::-'J•.~_.t_,_,_,

I [·,:~-ci~~~J· [~Jtl·[5'~J

L _ __.__.._ _ ..

I

G~M1N8 J
-'---_.,~--_.~•._---_._~ .._.,-

Tc ~irnplJfy 1T1lr.:roprOcl"i!l;:;or harc:waro ;1ml 1l9flwaro d~vt!l()p~
ff1f~ntF ilPF.!~Kl the PI'oduct dC:lign oyckJ, Mel fi~Jpport protiuct
pro!Qtyping, it mi(:rocompuri~td"i\l(dopml~nts~rstemend Its ij.!>so~
cia(t:rd r.cmp-onan1s ",ret1, rrwo::. Th~ $eriM 11500 fltrnlry1ille thesB
reqlllrernnnts war Ihe GIM1Nl MicrccompUiP.r--e. v~rs6.U1e, gSI'
,.~ral purposfl, $tEti'ld nlor'w c<mlpU!Of SY9liJnl Ill,1i1t witt"! IhH Sflrlll::;
i6QO SemlC:;'lnductor Compoflents

'fMG'M'Nlli~,'Ii1.esd lotll.lly mc..diJhardeslgo llJlCl,vln/J th~systslTH
QGs!gnar mt;o~lrnlJfJ1 cOflfigufabllity, 'rh~ sysMl'n provide.:; dimt:rt
addrE:lS9lng Ie (15K words, unlimited PMA chfionels, Md a mult[
lin&!fliultf-Iev~~j r(f;stGd Intenupt GYl>tol"{l with 11.111 prIorIty rasi)I~I~
110t\ an(.J .<.;olf~ldr.m1ityln9 addr<,l;mes./\/I conlrol 'Elnd timing slgnrlls
as well RS d<ll<:l and address !JU~;ES Jrufully bW'feFod and aVilllelblG
tor US£! in ll)(partdlflg memory or d~signJ'lg ~pE~;jallz.lod I/O
Intar1scfJe

The 08SIC; MrtlWilffJ InclUdes fl oard c.\!.ge, fnmt panel, and four
prInted circu!~ boe.rd!3' the MC15(}{) Mfcro(;Ompulsr MOdule, 'Ihl~

HM 1602 fJK..:16 RAM MemoryModllrEl, th~1 CC100iJC,ontml C(lrl •

aOrE) and Conirt)1 Console MOdull:l, and fila 1/01600 TTY
EIA/f-iigh SpeEd Readaf Punch Intet/aco IV,Odulo. Up to \j

cddltionj~t elm!:'; of .~ny type can bo ,1dded a:i roqulrOd. WIth tho
lldditior1 1)1 ,J Try and a I,lgl, spoeo raJdQrllllmoh. thEl QIMJr-J1
b~r;:orn9.9 a t'lJ~;t bodwr custom,!)r dOl!litlnllC fnh)dar.es-Rnd relatee'
himJWal'l'J as well liS a (ull I:'fogrwn pr~pJ1riltitm facilIty. ~t~
msld"nt On~UI\'2'Debug Progrurrt allows t(I~Jtlng ofhardw£ln~l'l!II:!
twftwam djrl!l'c~ry or) the sY~llerl"l In tCijl time Emd also fotall:r
alimll'Jate~~ Ih", ann,;:Jylng bf.li;"!euap procedlJrE!. TI,C O,1~l.,inH
Software Package pl·ovldes lhe- neCElilSary pr"orom preparstli;i!\
a.lds, 8UC!1 6$ the As~wmbler, Supnl' }\S!(lrllb.'t1r, Taxi Editor, thH
FioJ(Jtallnl~/Linl(jng LoudGr and the ObJec'! MOI~Ur(-) Linker.

All 01 tha C£HlJ !ovel modules o111le GUMINI M!l ~vallabla on lln
OEM b!isls f(lr lurt"'er system ill!egmllon,

FI:ArlJAI:iS

., aUllt aml.fnd the Genera., ine.tnilneni'$ CP'160o MaS r<.j
Chi;llln"i) Mlcroprocf:l'3Sor,

II Cornp'el~ microcomputer !iysfern tl) !HlSbiEl rapi,j program
d~'/eJor)mF.'nt,

.. Sspar<l[(:? I)aia, '~cldf'f;'.s~1 f:!l1d Ccmtrol Bm:{';1,

M Up to aSK m';lrTIo'Y ~pfl{;~)

.I!l. Unlimited Dt,,fA channel!:;
fIl- I'Jested irlt~rrupi system wIth full pritmt~ll'ilsoltJtl ..m.
9. Inc!u('1c:1 . MC1600 MiCfOCOmpU!.er Mr,;C!lJI&

RM '!Ei02 8i< f;:AM M€lmory Mcdure
liO'lGQO T1'I HIgh Speed R,J,:Jder Punch

[nt'9lf~ca Module
CG16QO Conlrol Console (Op~rator's Front

Pall,,'l) <ind Control Console MOdule
CFl13QC Card flit>
CAl BOO nY/EIA CriOi6' p,e8~ITlboly
CA HID1 Re,:dEJr/Pur:ch C?bICl A~.sembly
A full set oj Sr;.n'N(;Ife" neees9"ly Ir.) preparl~ and
debu9 progrom3

"IG·,Bil Mlcroc(~mputer S}fsfem

DESCAIPTWN

!t 10J\..20
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complement di9ital to ;t·10 v(~\t analog outpu',S, EacH' of 1he four
tllmlo9 OJJtputs i$ controlled by Il. corrmipondlng Analog Data
Register (ADI=l:) whIch Ms So uniq~le bus t',(jdtS~lS, A stabillz~d
Mel log output algnalls gonernted in a maxirnJJ'mof3.uaafter 3l2~
bi1 digItal q~JantJty Is pli.'lced 11' the corrosp01'ldiilg ADR The lour
analog outpuls are InIU"II'1 gel to zero VoltI:': when a cOIl'!wle
mMter cleM Is iSSLI/!ld and <1,tiOl \lnder program control Hl!;nmJtar
Th:e DAW'XI Digilal to Analog Module il) contaIned 011 .a
9,1:;;"'>:9.25" PC board whioh H1e,ttil,';l with a (Jut'll 70 pill connecter

CIEf,CRIPTIClfj
The I~X16()O ,I\.,.lxlilary MQdulB HI- the U'lird cam <>t a !Set of tl1l'(I~t 01
Ihe S~}jie$ l60r) mod\.IIG6 (hl!;l lorrn [I; complete 16-blL
miorocornpU1ar '"ho first two 31'0 tho- MCio!)O M\crocomp~ltor
Module ,';If'\d tIle eK)(16 RAM Memol)' ModlM The AX1600
Auxiliary M,JdLJ!e contain:i all otber COrnl)l.lI,S1~ functions oUla!'
!han proCG$~~ltlg and memory: !lpecillcally, It ['HI:; :wrlaII/O, a "[6~
olt output port. a i6-bil input port, 1K>:16 ()f PROM, inlernJpt
circ;l,Jitry, atl-d llutomatlc start'IJp oircultry. It is cof'\t.a.lned or! 1I
0. 9,75";0:);1.28" PC board which mates w~th a cillal 70 pin

connecto~

---'-"---A:(ii~OiI-----J
D/l.1001~ ... PRELIMINARY INIFORI~MI~TION

_._,------~~~!~_ ..__ ... _-

AX16011: J~m:iliai'Y Modlule
FEATURES
IIIi c(,mpaI1Jon 10 MC'1600 and RM1602

IGI 1t<.~16 PROM
IlII UAJH I/O
IS Interrupt Capability
1II 16-Bit OutpuL LntGt'
1111 ,6 ..BI'j Input Por!
ill AUlomatic Start"up ClrolJitr~'

Ii HS,~232 or 20 MA TTY UlOP
II Sali'l'c!able I3AUD r.l.ates 11010 S6GO BAUD

SC1600: GIMINI Single Card Microcomputer Module
FEATIJRES 1--·------·----·-"--"---..-------·-·- •

,1IMINI SINGLE CARD MICI~OCOMPU1ER

• ~~:r~~'~1 ~~::;,:';'~~;,,~~~I prlOri'y m,errup' ,true",r. Md oM!'. I '
• iGK words of R.t\lvI

II 4K words of P140M socKets I
II ('leal TIme Clock ., I;rystal contrallea wlth <1 Stf3P

Mlectable lreql.lilncles

: ~~~;,e~~~:~ :;~e~~~'Wit" '"11 n.nd,h,ke oon'rel 1'l1es ,u,
u Two UART~I~S282 compatible [,arial I/O Channols with strtlp

$:'llectable bilUd rate
iii Up to 32 biglti;lI Outpul LJnI"~, Witt·' interruPt l:apability 1 Under Q,)""eloprnen\

(1081680)
IlJ; Up 10 32: Digital ~nDul Line:;. win" Interrupt capability

(lOB1(,80)
I~ Up to 5 Prograrnmabl(-J 16~blt j'il'rwrs
IIlI I=lesidont Opemting SJ'stemll in PROM
!! HOM !~f.ls!ct~n! Utillty C:unctiom Including MUL DIV.

:SORT Floating Pm, Op~~ra.tionr., Code ConvenllOr1S, €lIe
lUI H(lsid~!l't [)riv(lfs tor ol! 1/0 FWlGtions, and Floppy Dis(~
III lntegrai PO'~'ier Supply with power"down dEiteG~i()n outout

.nnd power·up mltl'l.1ization OU~PlJt

DESCRIPTIO'.
rh~~ DA1600 Is a rnultll::l1anne! digital to anDlQg dElta. output
mo~hllll which Inwrface-s dlrect:y to Gl's G!MINI MIcra'
com~.!Jlers The OAl600 pro'l'lde;, four :;:eparMG 12~bH 2'$

01\,161JI0: Digital to Analog Module
FEM"URES
III 4 DIA's cn Or,c: C{.!.l'd
• 1:1~Bit Re::;olutlon
m ".10 Volt OutDlit:;:

oJgftal (;DnVerSlon !s- complete the EIlI~ CDnWl;c!On bit in1~leCCR
be~of11es a "1" This bit l11ay be sampled under program r:~lntroi

or if iltf.J CCH Interrupt Enubll~ bit is set, M inlenupt Is gel]Brated
when end ot Q,mverSlon l:,ccurs. Ii flitCH 11 start convert signal is
qQnCraHKI iln end of conversion doesn't occur, lhe CCR Error bit
I~~ set instf;!ad of the End Conversion bit Th)s bit may arrta be
somp-Ied ~mdor prograll1cMtroJ or if ttl& CCf, Interrupt Ena.ble bit
is set, on jl1lerrupl is gemJ(ated when th'Jerror bi! becorr.csa "1"

-_._.__.__._...._--_...__ ..._----_..j
MIHlOll

-_._--~~,_.,_._..~..•_.._,,_._.._•..,-,_.__._---.

ANAl.OG TO DIGITAL MODULE

BLOCK DI,~GRAM ~-"--"-1=-;" ,'''''c c;J;ii;"- ~'''~';~:J-l
.,woe --, GO~;~ci~~ICH -;:.. ~l~VDC -- ...L~

GOD -- -1'-, ---..,-:.r;;:;l'oeun I","
,-.._" ~ ~~~ - -WG'C _

Anlillog Ie:' Digitlll Module

FEATURES

[[-J we,",""" c.AMf.'8"O'Di~~~t··--·.·].;A~:,:",I _.~~PLlflE;:: i....... AMF'llflJ:JI

I ;>---- "':>--,..- ND _. 3 ,ITAll:: I
: t.AUl I ,/""'" CO~ilf:A;I;R (ium..l':

~ ~beL'5

~r~ -T- -----
I M~::;C.O k-t"..-_·"J "':',"0' }..-_.."_,,,,_.__.__._J ll~

L:~~J' I~ce.~o,:-----..~T-::c:~":!'2-.-L~c\e:_.

CHA.Nl'.hfJEI.!i'cr
DWI' AMi' , ,. DAY", f3~;!

I.OWINM L'" .....__._.._.. J=

DESCRIP'TlOfj

'Tne AD1600 '5 a n1lJltjcMni1~11 analog da.t-tl acquisltlD,'l rr\OdlJle
which ir!teri'il,Cl,,;:: dIrectly to Ger\0ral InMwmont GIMINi
microt.omplJter,~, The AD1600 providl'J,~16chan!ll'ils of -'-10 Volt
,~J1oJog to 1Z··blt 2's complemem digital dala with E\ ~tandar(J

GOllversion rate of 25KHz, Co!'werslon rates 01 35~~H~, 50KHz. and
1QOKHi: ~re-I1V<II'3blc,

Tho ADi80n ;$ controlled via lhi't.l<"J operritlOnz.l r€Jgl~ters wIllen
<H'8 IJ~ied ((,0 selEtC! ., specific analog input cl'lannel, s.tart dal'l
conversion, de~€HmH1il WJ1GI1 cOIWer,f,iotl is complete ami Input
itle re&ultant digital data The5l~ registers Mfl deared Inilially
""rifln a console master clear Is ISSllcd and set under program
control.

The AD1600 JcOpomttlC1 by lirsl8ettlnl' an .analog input chunn"ll
f)dclro$$ (Q-17) irl the Channel S(lleot Ragl.-:wr (GSR). ,~n6Iog t1,1

.jjflHnl cOJWmr,ion is slarted by MWtlg li1e StutConvers]on bit In
the Con'lElrrsion Contl'ol RcgJstEir 1CCRl WhIm the .[lnalo~l 10

'2~blt ,tl,rllliog 10 Digit!.,1 Convc'rsWi1
"t 'iO \lO~t irpulil.
25KHz StancJal'd ThJ'ougrlPUI Raffo:, Option 35 KHz.
50KH,t, 100KHz,

Ii 1(3 ChllllMI lnput
iii! PHlgS dlre;:t!y into GlMINI Systom
H Oparatl;!s froni -5V DC saurCI3.
III Progrurn c()(ltrotlt:od
ell lr;temlpll~apabi11ty.

.. Interfaces direclly with MCHiOO MOClUI,!

111A~22

,-'i,
10M' :'d
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1"he module will id:;cq-lt cual·1t\~lln(l pack£lge. compol1l1nlS
mountf.:o ill s~gndard wiro wrap sOGkrots. l.acalions for 14. 16, 2;~,

24 tJ-\n scc\c'ebJ are GVAlJabh:.
rhe GPt600 General Purpos~, I/O ModulO- is a 9:15" )( 9.:25"
printed ~ircul'l card. ll\;- opomting terr;liflr3ture rangf' is O~G to
55~G.

Ic---·-------·--·----· ..·--·~·_ ..·--·lI GENERAL PURPOSE IN1'ERFACE MODULW;

! ..""",,.J I

BLOCK DIAGRAM

10A-2o

DESCRIPTION
lhe GP1600 General Purpose Interface Modulj,l1as two SO[lWi'lIE
atldre~.,>ab\e PNtS: one \G··bit (nout !Jad and Olie 16~bjt output
port Eaerl pOri has an as~ocl8tol:~d 4-bil stattl~, regj"tor thnt ;~,

O\ddressable via program control. ProviSion Is rflddt;l <:t;J tbi1t tr.r
p~ripheral dtvice call bo operated 0['1 an lnli2rrupt or pCl,\\,",g
ba5;S, Addre~s decoding far tile module is provided on tM card
althOugh $pe~\tlc pDrt a:;.sigrom\ll1tsmedotmml:,ed by bac:k iJI3.I10
ssiectioll it l~ therefore P0ssiblc to iJ$V up to el!?ht GPH:;OO in d

~liYen ~ystenl

Connccllon t.J;a given peripheral device is eecorr.pli~hod bf a fl8.1
ri,bon cable Oual34 pin CDnnt~<;tors are mounled at tile top end
o! 1h~ modulE SpacB has b(!-<JII prov\doo \0 ai::commOdDk Wlro
wrap sQeketssotl',at specific Interfa.ce clrcui1rf may be incorpoT·
a'.ed on \h~ m-Cl(!u(e. ContrrJ\ C1.nd data signals have Ol:Of1 bto!JOht
out to wIre wrap pins to tacllitate IJroiotype dr;vBloprnont.

FEATURES

III 116-t1it /l.dr~rE:5s;:jble Inpul Port

iii 116-blt ArjdfeSsablQ OU'Il)ut Flort

iP 2. Addrcss<1t1le StalLIS ReglSl!'JrS

P Interlace:> dlroo1Jy wI1h MCi€DO Moduli::
.. Space: prov'djJd for sockets lor i/O Control U~glc

tI Fulf Intern);)1 capl2'bl1l\y.

General Purpose interface Module

r=1..-----..--- -.--~.--_ ..---- -- )I.!!.I- GP1600

1- ~~~~~~L CONS~;;:;;----- -----1

1~ ""MI", MIC"ocmn>'UYH, ~ I
l:, ~
~l f:U ,i Wi iillilmJ !il[;l~i Il'JDH'J Gi:iiii ffiElIii f

I
~OCIOIiJ Ciil:1iG;:
~' Ii'

_!_~E:e=-==~=:~~~\,.Y,~_:~
the ,>cfatch pad memory vmich If', <:I(:CIj~:;;ihle VIa lW:lt panel
se!e:;tirJ/l Consequently. whenever tho.) CP16CO is If', lhe HJ\,L)
mods, t111; Control Con sol!! has direct a(;C5SS to all updated
CP1BOO in lormatron

Tne control HOMt; 0.150 CQr1tUIf"l ail th!?l frl'nlWfJr<!nl::!C:l~SSC.ry hJr,he
d8v8Iapme-r"J~ of micro ..proces:JDr basad systems An On~Une

Cebug ~m:ram Is includBd ~o thJt soitwartl breakpoin\s and
I'r.omory sl~arch routin?,;; may be <1;<:8cuted The sys18rn monitor
a,I)c,ws lhc user Ie maintBifl ':;(In\l~r~'aliolHII(;~ntrol Yi'a, t(~IOlYP9

Int['f(olCtloJi The Reloc<llir.9 l.oad';lT can be Used to Input ~juta

from ortrwr a TTY or Higl'; Speed Relider. While the Men'iOry
Dump ptDgr~1!'\ allDws lny blo(,:),; ell rnommy to be PUtiCJ1f.'d onto
paper tape-

TOll COf'Jlroi CClnso(e MOdUt'~ IS pa.ckaged on;; 9.75-" x 9.25" p.e
bOllrd, which mates wilh a Quai "fO-pin con:lec\or It als!) inte;~

faces wijh 1We 34-pin I;arlneclors for c(/nncetlon to the cJntrol
cOr'lsole. Its oDerallng iemp<H<:rivte j~ 0" C toS5"C, It roquires '!-5V
'0% at 1.01\r------·--------lI CONTROL CONSOLE MODULE

I I' ~ •

i

I

I I .. ,'..i I
I i
L __.. .... _.. _ .._.__ ... _ ._..._....._. .. __J

~--·····-·_···_·-··---i

CC"1600 I
,•.-.-.-...-.-----.-.--...--_.•__...-J

DESCRIPTION

F"ATURES

III 16~bft OatNAf;'dress DisPIElY
III Hi-bit Swlh;h Fl~glster

II Easy to ui:le C:Jntml Panfjl:
O(spl;;ly/Modify all 8 internal regislers
Ois?lay/MOdif'f tho CPU S\1\tUS Word.
Display/ModIll' "II 651< M(:l'Ilory SPi,1C~.

Sil"lgl~ Instrud':JfI operation.
Pro;Jmrn Counter Inhibit COIpallllily

til ROM based Opora.1I11g Syswrn
COr'lVCf13at\ollill MO!lltar

On~LlneDebL'i! P"ogram/SoflwafCl Br£Jakpoints
R~loc<ltlng Loci1er {Eliminates BOVIsirap!
jl.o1ernolY Dump Procrarn
Gener3( Utitities/lnpU[MOUtPUi Drmm

1i Slandard H)' "'j[)~&" raok mmlI1taO!E! Control Pi'tnei

BLOCK DIAGRAM

Control Console and Control Console Module

TJl8 CC1f)OO Control Console and Control CI:mfllJh~ MOdUle- is
dltliqned to rn:ro'idr. a convenient rnethod of cantl'Ol1lng €wr.1
monitoring lhe GIMINI Syste.m. flll;< CC1600 consj;;la 01 a fro lit
panel and a printerJ cirl;ulr rnodLJI6t~\ataroCOnnt,lctf;dwith two 84
pln ilexlble t<.lblsiil Tho mojule c[Jlltoin:l ttJe Ct,ntrol 10[:710 t:!
h"H1ClIe alllrOnt pan~1 commands as well ~s the rE.>QU1fl:1d internmt
logic b interl<:i;(,with thr~ Microenmp~~erModulu.

TM Control Con::;ole Module consists of sf>: control ROMs.
SCrJTCrl pad mf.llt'~')f'/ (:256x16),a Il}.al1Switch AefJ;~,ter, a 16~bit

Dis~lay Register. and 1'16 conttoIID~ill~ to ~Ij)fvice ~rlY frDnt panel
req~lest.

Ail func\icmal Dpo'ati')f1s for the COlltrol Console m-e: performe:)
by the I;!xGcl.Jllon (if program stored irl the control ROMs, Pres$~
jn~ any gction !lWI'tch I.m lh~ COrltro! Consol~ reS'.Jl!s In ail
interrupt request. to thEe. CP1&m. A!i:!S(thfs interrupt is. tl,Cknowl.
edged, the CC1tiOO supPlies the starting address. of tM Control
Console s~rvica rC'.lt!ne which pertorms1t!!2l reqLJlftld tlJncll[J!1, In
additio;;. tho pmQ/llln automatkally stor~.~all CP'lfi(]O f~glst6r In

1()A-'l.t.

,:

_Ilflr......-....,...~.__~
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MICROCOMPUTER MODUL.E
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BLOCK DIAGRAM:

10A-27

PESCFIIPTION
The MC10aO Microcomputer Modulo J~ a complste 16-olt parallel
processing uni.t. It contain$: thD hardware- nQce~sory 10 ifl\erface
with memory ano \/0 'rhis i$ thE' mi3.in rnodl.Jie Ir: tnt!' GIMINI

System, Counter un the Memory Stac;':, reSOlve$ Interrupt priority ar.d
The Micro~ornputerMmlule is designed uround meCP150D, olC- vectors \1) the dt:lvice's In~en upt $$NicB ilddlfSS The direct
bit rn1croproc,l3sor on a Chip The MC16(lD contains~ 1a·blt WidE' memory e.t.:ce$S capability allows an 81rornate SOLlfce to access
BidIrectional Bus Driver, Address FtegiRter and Driver", Bus Con- i":lemory or 110 while lempurarily suspending processor opera~

trOJ f}E!cooer~[)river, Crystal O.,;cillalor, Glock Driver, an E:o:.ternal lion. At th~ compJetic>['1 of a OM,a. operii\(on, normal prllgralfl
Brunch Mil1tlploxe.r, A R!laITir;le Crock IrJurrupi <l11d a Power FiJil execution cor.'limJOs III normal f~'5hion.

Interrupt. The MlcrOCOll1put£lr ModUlO IS a A.75":< 8.25" P.G.board, wtlich •
Two line, mulIl-lc.vl!l1 tnterrup. t capiloility and Direct Memory m".t8<: with a d.U.<ll70 pin connector Its oPflTating t~nI,per.aturl'
AGce~-s are prOVided on \llis moduli::. In resporl~e to an interrupt, range j~ O°C 10 [,~c C. \t r€c:ulf~s "5V±5~-o n~ .[jA. "'12~r±5% at 1A I i

the mic:rocomputer ClLltrjma\;cally sa'l(~$ Inc current Program and -1?V±5% 8!.<\ rna

~--.---------,-----.-.-.-.---- ..--------------.~---------------------1

III comp~':;\8 ffllcrOCOmplltor module With $}'stem clock5,
mernDry intorfar::p., nnd fUlly buffoffld Address, Data, and

Conlrol Bus(!s
III eUlltwlth Gonffr'.1i fnstrumem's CP1600 MaS NwCharmel

mlcroprocusaor
III rwo Pna!ie CPU C\l'CJo.
• Dir'~~t ilr1(J Regl~'Wr ACHlrOs:::mg up to 65K memory space

• MemOly SlMk pOinter
• ywo Progmmmable Inl&rruPi LlnRslMultl~Leveland$C:lf

lcenlltylng

• DMA Ct-,anMI Clipab,llty
.16 EX1Brnai Sens(~ Condltior.s for Conditlomli Bfanr;~ling

• G!Jneralizsd lnitlalll<ltion Logic
iii R~!I\lT;rol3 Clock lnh!frupt

• power Fall Interrupt

FEArUI:IES

Microcomputer Module

r
--------------------------
T'Ty-EIA/READER-PUNCH I~JrERFAc;E MODULE

I

I
I I

I Il . J

F~ArURES

III TolelypL7 ~,synr;hranous TI'i)Mmlt\~r-r-loC(JIVG!t and Control
(VAAI"f)

II High Spe-ed Reaclor/PuneJi CDntroller
II EIA (HSq?32Cllnterface
:I Illte.rrr~cea directly with MOlSOD MicrOC()!'I'puh~r Module
III ·J'T.... Oompatible to if0 Periph(lrals

~1 ~_~60(~_=J

l'TY-E:IA/Reader-I'unl:h Interface Module

OESCRIPTION
Tho 1/01600 TrY-E.!AfRead-~r'"Punct) Inte:rfac6 MOdule hanr1If.1~.
fUll dupley. cornfYIunic8I1ion between a TclP,o\ype, High Sp~.ed

t1:ellder/Pur.c\, combination or al'W RS~232C cC>lTlpa1lbie deviGC
anc;l the MC1GDQ Microcomputer Module, The 1/01600 i'1.~odliJe

has <:orr.plet~) interrupt C:I~PflbH1tj' with four separate ChSMel/.i'
two for Ihe receiver ~ectlon,High Speed Re5der anel TTY R01:d
!i-rIKcyboard; Ond two f(lr the Hansmll1er s~ction, HiOh Sp~GCl

f'un<:h and TTV Punch/PrlntHr Th%e fOur In-terrllpt channels
aperute Independ(ln11y with !he recl:.1lv13' BBctlons taking prlorlty
over the Va'lsmfttl;!t' sl;'Clior.s on simultaneous Interrupts Th8
High Speed Header/Punch has t'i hiOher priority lhan the TTY.
Electrfc~lly, the 1101600 ModUli) h:lS oil 20m/\ c:urre:'1Ioop1orTrV
opf)I'ation and n Tn' reader CGrltrolllne which allows the micro
processor to control the Tol~type reader during on-line opere.

lion, The Hf{Jh SpeecJ Reacler!Pullc~l interiace conHols a higtl The liD Module IS!! ~3.75":< 9.25" P.C. bo,t.rd, .....hlch mates with a
speed Re;:lder;Pllnc~l combln,,1101l capubieofroadinfl paper tapi! dual 70 pin connechr It aleO InltlflaC8S with a 10 pfn c.onr\E1ctor
at30Q characters per second and plJnchinfj tape at £0 chal"ac1en, fCiI tt:c TTY and i.1 34 pi.., cO!inf.<.:tor ILlr the hi;lh aD~ed
per second The 1I()1600 mcduJe <lIsa provide" the addrtion~1 r~~ader/punGh Its operatlng lomplilratura 1:3 oec to- 55"'c, Ii
capablJlty of H1tedacing WIth OilY AS~232C compa\'itlle terminal '''Jquirl~S "'5V;;SSJ.at .s~,\, ""2Vt5% ~t ,2A dnd -12V!5% <lot ,2A
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DESCRIP'fION

2K)(16 RAM Memory Module

FfA-rURI:S

• 2048-"1B~bJt words per module
;I StotlC memory, r'rO CIO(',;'{$ requlrad

• SinglE' 'l-!5 Volt Supply
il Byte or Word CapAbility
• Metlule r.lecoQcling for G5K memory expansion
;I 750 ns flaad/Write Cycle rime
!II Open C()lIaetor TTL Outpul-30 Loads
1'1 Suffered TTL lnpl.Jls--..1 Load

The RM1600 Memory Card i~ a standard 2Kx'6 rMmory rnc·~~ujr~

for use In the GiMINI Microcomputer System. This (lle-mOrY card
contain~ a~tdres(:l and dtJa buHers, madfwrits circuits. low or
high bytow::Jrd ,!jofe-clIon logic, and 1;; Imp!amented with Goncral
lnslttlment's RA-3-4256E11024 bit static R.antlom Acce!>s M8r.'lO
ry There are thirty~lwo 22 pifl 256x4 static flAM's packaged on s.
9.75" x 9.25" x .062/1 prlnhro circuit board. Wl11ch males with :3

dual 10 pil'i connncior.ItBOptlratlng temperature isOQC to SS"C
It reqlJire5 "SV :t5% ,at2.0A Iyplcal.

Thn Addrens DUS Inputs Iro'Tl lne GIMINI to !tIe momorycaw a.re
butfefed 10 pro",idEllho l1.ecessary address. mputs to the RAM's.
The sixteen data outputs from lh~ RAM .. roe buf'tored onlCI U",(j
Data bus of the GfMINI f:~)'stem

!f more tMn one 2K memory card IS 1.J6£:lO ir. the GIMINI Sys!ern,
provi~lonL;<lre provided fQr proper::;electloll of 2K increments, up
1065K (32 moduii':!s) ffiGrl10ry space

~
;-.-----~----------,

2Kx16 MEMORY CARD I

I
I
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MeMORY MODU~E
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The PM1MO PROM Memory MOdule 19 39.7-5";1<9,25" P.C, board,
which mates with a dual 70 pin conm:otor. Its operating
lempli'reture range is O~ to 55" C, A bOllrd fUlly loaded wHh <III Hi
PROMs will require +5.:t5% al .SA and ~12:t5% at .SA.

" r--.-----~7'-
PROM

ARRAY~1_~~~_
r

,lADRG' -r-->/
: IM;oR[;:~s
~ i nUFf"'EF, ,

I'IAO'lS' --...~.

II ProvIdes $n~~kcts "or up to slldr;ol" PROMs ('109"6><'6)
.. Static Mammy w no clocks roElcJUlrod
.;[I Field pragnunrnabla
II Ettlsable "'Ith shorl wave U!fnJ,vlofet lI(mt
III 1,.$ max, <ICCEOlSS time
III Buffemd TTL inpllts • 1 IQ30
B Open collector Tn. output ~ 30 loads
• Module d{!cnding lor 65K mj~rnory expansIon

--------_.._-----

FEATURES

B~OCK DIAGRAM

DeSCRIPTION
Tt"IE) PM1500 PROM Melnory MOClLI!(1 Is & sl,'mdon:! 40Sfjx16
memory rnodul~~ for usc In tl1~ GIMrNI Microcomputer System,

ti IS uooful during tM Initial produot design pht>.sr.before1meling
the program fr.;r Q production quantity oj JOWEIr cos! masked
ROMa, SliCh as General Inslrument's 16K AO-3.S316A(2Kx8).

Thl-s mem<Hy ,nqdUIl; hasSiXKen 30ckets for4~..blt static read~

only memofie:l. Each rDW ot Il rt'll'/S will provIde 512 16-bitwords
til memory. Each row contain" :2 PROMs,
Th,s Addre~g bus Inpu1sltom tha GIMINt 10 llle memory Card ara
buffo-red to provide the necessary add(tlss Jnputs to tho- PROM3.
The sixteen (latu outputs lrom the PROMs am bufiercd onlO thll'
Dala bus of tho GIMINI SYstem. t="or memorlss larger than 4K»16,
decod!ng 011 th(~ module lillo-..vtl addr£lssilig for il lo~al of 65K
memory,

,r" :spedal m~m(.H'y delay circuit 1$ also provldf:d on the board ilnd
!:,,; IIBsd to insure that thE- CPll300 microprocessor walts until
;jtable d~tu is aVAilable from !hQ PROMs

PROM Memory Module
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DESCRIPTION

Tha RM 1602 Mf1rrmr}1 Card Is fI st"ndard eKX16 rn!lll\,jTY module
10r \Jse In the GIMINi Microcomputer system This memory card
contains .address and data buffers, read/write CircIJit~, ~efresh
logM. addre5.~ muitiploxer, low or high byte word SfliGctlon logl"
There arc thlrly-Iwo 1&-pin 4K)(1 dynamiC HAM'g packaged on a
S,15"x:9,V;"x,oez printed cIrcuit beard, which mate$ with a dual
7() pin conMctor, ItS operating tll'mper3turu is 0'" C to 55'" C. It
reqtllrOs ...5V "'~5~,o at 2.A. ... 12\1 ·.~5% at .SA, typlc<l1 and -12V
~5%at O.O'2A typictll. The IIddre2sbusinputshomlhoGIMINJ 10
1fTi' memory cord !1rB bulfored and multiplexijd II) provide the
n~essary ,eCl':!fCl5S inputs tD Ihe- RAM's nle SiX16en data outpuls
It{lm tho RAM are.. clJHerM onttl the Dfll ... bus of the GIMINI

System

FEtlTIJRES

0192 ~ 1&·olt WOH1S per modulO
I:lYNlmll;; memOry with Rofresh lo'~ic: (fl,olr~~~1

dlJrinl:l flo~e.ctiorl state of CP 1BOO).
• Byte Qr WDrd Cnpabi1ily
• Mooultl dflCOding lor t,5K lnElJ1l0ry s;(pansiQn

II 400rlS Read til)~~

• 500ns eycl!) tim-B
• OP,'lP collectOf TTL outpu\.s ~ 3(1lCHld!,

• auffer£ld n'L Inputs -- 1 toad

SKx16 RAM Memory Module

-,.......--.----~~:e~- _J
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't'IMING DIAGRAMS

IlK.16 RAil! MEMI)AY MODULE

I
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FEATURES

The AM1SDl Memory Cord is a standard 6Kx16 memory modulff
tor use tn the GIMIN\ Micmcompute-r System. This m~m()ry card
(:antalm, ~lddra!lS and data bulf~i(S, re3d/write circuits. low or
high bylCe \flord ~,electjon logic. and Is implemented with GGfleral
instrument's RI),,~3~4402 4096 bit static Random Access Memory.
ThMe ~He thirty-two 22 p.lrl 4Kx1 stalle H,t\M's packaged 011 5
9,75" x 8-25"); .062 pr!t)\cd clrcultbollrd, which mates witha dual
10 plll CQnnector, tts O~8r3tin{.l temperatura IsO°C t.o 55Ci C It
req~llres +;5V t.S% at a.5A typlcol, +12V :1:5% at O,5A typical and
-12V ~:S%atO.1A typical, The AddreslS buslnpu~s from IheGIMINI
10 the mHnl)ry card are tlufff:lr,,(j to provold£l the necessrry ad
dress inputs to tM RAM's The i)ixtloan datil oulputs frmn the
~AM J.r~ buf1ert::d onhll~le Data bus of the GlMiNI Sys1~m

If more than Olle BK memcHy card l~ used 11"1 the GIMINI System,
provisio...s ere provid~d for IJrope~salflc\ion of8K increme:1!l" up
to 6SK (8 mOdules) mcuHory SI).;iC!;l.

DESCIl;PT!OI~

• 8'19~! "~. 18o·bit words per lllo~1lJte.

Illi Stallc_ rn~HnOry, no clocl<s requlrfld.
IllI B~'le 6r Word Caotrollity.
II Module decoding lor 6SK memory expflfl.os-ion
III 400 ns Flead Tim<;l.
• 500 ns Cyde Time,
01 OPlln Collector TIL Outpl,ts-30 i.oads
10 Bu11eornrt TTL Inpms-l Lood

8Kx16 RAM Memory Module

1r,,t.·30
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SERiES 1~HJI]I ON~LlNE sOFTWARE PACKAGE
The Sel'lslJ.1600 On-LIne SortyJar~ package ,s written In
a~sonlbly fanguagQ and runs 01"1 tM CIMiNi Mlcroco-mpute:r
System, All pl'Ograms a.rc designed 10 be dlr1}c;tly InpuVo!.,ltpUI
cornpetiblo with thc~ S18XSFTCros\":, SoltWLua Pack8ge 60 that
I;lither mei:ln9 01 program prl1P<lmlion can be used
lr'1terchan~Jeab!y.

S16AL ASSEMBLER
Son1B faaturas as S16XAL
$1GTXE TEXi ~DITOA
Muiliple Irno buHering
Symbol search
Ch~lr;;lc~el, line slri:1g IHjlling
S1SRLI.. RElOCATING/l.INKING LOAO{~R
Global ~ind 8)dtHna~ symbol r~sohltion

Full re'ocali~fI capflbill\y
Loads and link;:; ;'"flLlltiplt'l O\~leCI <Y\odulo9
Me-mory (.,,;~p

r.160GS DIA<lNOSTICS
Memory diagno.s.tic
Instruclion t8~t

I/O Controll!-}· Elxerciser
S'50ML OBJECT MODULE LINKER
Same leatures as S16LNK
SlSSAL SUPER ASSEMBLER
High level prDcedi.ll'e or!e;rWD InstructIOns phJ$
':ill featUi'uS 0' $i6AL

SERIES '600 SUBROUTINE I.lBRARY
Tne Sene!) 1600 Mkroprocessor SYfltern IS s'lpported by Il.n
~xten$ive and i;lfowing Iibr;'I,f'Y of useful 5ubrCLllinEls designed
to ro!:!lieve the US5'r of many tim13 consuming .software chor>:!$,
All of Subr01.IHne LlbrafY pmglElm$ are wriUMln S-ories 1600
Ass<'Jmbly Lfmguago making thom bolt\. fast and em;cient nay
are compatible wilh both the ~\Nie:31600Symbolic CrOs:>
AS!lcmblEir (S16XAL) end thO SerlGs 1600 On~Linc: Ass.ernblar
(S16ALj. In llddlt:on, ailltbri?ry program'!> am dueigned to be
dirsc11y compatible- with hardware elttensions to lhe Serl€s
,GOI) product laml1y!lo l't',llt i(1craa,seo perfonnance can ba
actliev~d Without saflWal'9 compllCallonlt

$165MR BINARY MATH ROUTUI1~S

Slg!~6d MulllD\ylDlvlde
Square ROOl
Ooul:llo Precls\l:'n MUltlplylOlVido
Doubla Pr(lcision Square Root

S16DDR COO. CONVEIISION ROUTINES
B\nery 10 BCD-~BCD to Binary
8ln$:ry to ASCII-ASCl1 to 8'IMry
13ir1ary to HEX-HEX. to Binary
I?-"II"H¥ 10 OCTAL--OCTAL i(J Binary
Fixed \0 Floating,·-Floatlng to FIxed

816100 INPUT/OUTPUT DRIVERS
lTY Input/Ompul
H.S. Paper Ta.pe Reader/p\mch Input/Output
Byte Tabfo F'ack--Byte Tabl(J UnpaCk

S16FPR FLOATING POINT FIOUTINE6
Floflting Add/Subtract
Flof.ltlng Multiply/Divide
I/O Corw~rslon

5160MR DECiMAL MATH ROIJmlE6
DeClmtH Ad,iiSubtracl
Decimal MuWply/DlV'lde
Decimal Squara Root
Decimal Compare

i0A,,::;;

S16,XSFT CROSS SOF'YWAREPACI(AGE
The S£lrre,<; 1600 Cross Software p<lC:"'~ge Is coo(:lcl In low love'
Fortrar tV and 1,5 :.peci1ically dasi9fl€D to 0pAfatr21 if) <l 1i5~blt
minlconlP'JtEJr enl,']rcnrTlanl. The CrosS Software package has
bfren installed on many p()pult)r mlnicompLiterWSttllllS sucr. as
DGC NOVA <lnd OF..C PD""11 Thocmss.soHw,!r~ paek"ge haf>
also been installed :In many popular tlml>-sharlng como;luter
f.ysl(lms.

S1BXAL CROSS AS$EMBLER
SymboliC reprassnta\\on of all instrlJCllOIlG
UNJr d8flned ~dx GI1~lnl.ctG~symbolS
O(~t2.1, decimal. h~~~:dccimal and ASClllite(als
~i(pr(.ls:;IM ev.aluation
Ext~rtelve :!~t'lmbly direc'lvea
A~lf.o\ute, f~AlocatGbleor Aeloclltfibl8/LInKllble assmnbly
Full :progrQrn and sortfld syrnbolll~ting
E:mlrlsiV9 error dolectlon
S16XRF CONCOROANCE GENERATOR
M$(-;mbly syrnbol cross (OfElfe-nce map
S1SLNK OBJroCT MODULE LINKER
Re.eolves globalls'>:tarnal symbol linkages
FleWcatos and margas object m~dlli-'M
PrccHICOS relocatable/absolute load module
Produce$ load mO<:!l:l03 map

S1aSIM SIMULATOR
Full $erielli ieOO InJJ.tfucticn set slmtlJatiGI'
FlJII 65K word me.li;ory .$lmulali(l(l
I/O Mel Interrupt simulation
M(lmorv aM/or Register breakpoints
M~ln-'ory 3nd/or R€glst(rr trdces
Simulated program ~X'B(;utiOI"l time acct!mulatlon
prO~lram execution tima:.and stack size limiia
lmipocHon and rrmdiflcalio-n of memory anii reglstllrs
SylTlbOlio memory addressing
Sl'BPT BINARY PAPER TAPE GroNERATOR
S1.ATG ROM PATTERN TAPE GroN.RATOA

S1SSXAL SUPER A'SSEMBLEJ:l
High 16'/01 Drocedurl~ oriented Inst'uctlons PlUS all
fe~ltlJra:.."'l of S"lI3.XAL

GIMINI RESIDENT FIRMWARE
Th~ resident flrmwlue in thO QIMIN! MI-::rocornpU!GI'System
ctl;!stes an sffielenl, '€'flSoy to use, protOlyplng tool lor the
d$.vl?>lopment of mlr-roprocessor bas(lo producW Th~ firmware
performs all front panel 1unction!;l sS we-II as creatlng a lermlnal

driv~n operliting M\'ironrnant. Fea~uteS Include 1M folloWing

S15111TA MONITOR
CCnversatlonal system control
TlY communications
SlGODP ON·UNE OroBUG PROGRAM
EIght program breaKpoints
Registor/Memory dfaploy anti rnoatfy
Memory searc~i arlO InltielizR
SJng!e stc:p/ExeClJflJ commarIds
MGdify Branctl and ~llJmp (jestlnatlons
Module f1elooalion ()rl~ln$

S1.LDR RELOCATING LOADER
Full relocatton capability
TTY or rl.!:;, PapoY Tapel Rooder Input

S1GMDP MEMORY [tUMP PROGRAM
Punch~s In S1aLOA forma.t
TTY .cr H.S. Paper TBpe Punch output
GiSMralill)d Code Conversions
lTV Input/output driver
H.$. Pnpsr Tape ReaqerJPuncr. driY€lf
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F~Il.TIJnES

• CrollS Soln'la.re Ptl,ckafl~ Including A~,B'9mbler/Simu!BfOr

pruG~am<l

• OJi~L1ne Software Package (Qf Program Preparation on
Mlcn:'Gompule.r,

CI Resj"~Of\1 FirmwarE! !O ROMS on Control Console Maoula tr'1

GtMlNI Mlcrocomput~r allows ctlnversatlonal debugging 01
pr'O~lrams.

• Subroutine Llbrl'lry: Math p61ckagelJ, Code ConverJ:,ion
roulmes, SIring OpefIlUH:J. lHe.

!lESCRI~TION

Software ;$ 1\.lndl,lmonle,1 ~o mElkrng overy microp,oce.sscr come
alive and tile Ser',es '1600 is no exception, The antlre proouct
family !ssupported by Iln 8xtenSI't'a software 5y-stem dEls~gnad to
m3ke ptcgram developm&nt fast and e/flclent Most Imp.:.ttant,
Ille SOltW£l.fl3' l)tnJct\Jre Ie dSl'ignEid to' grow with tho hmdwarf: to
Insuri3 alNlg term produot contJnuity,

Thn Series 1600 CrOeS SoUwQre PilGkagecot'talns a versatile ~et

01 program preparation tovl~ Ir.cluding compatlblo As
5embler/Slmulator pr·ogrr.ms opl'1rallng at lwo dlt1ewnt compu¥
tar system levels-large machine or time share, or popular
minicomputer systems, E~(:t1 accepts Saries 1600 assembly lan~

guage- statements as input and produet.t relocM"blc, Ilnkable
object code;is output. In addltkm, the full microprocessor e:1"1~

vlronment, including IjO operEltl~H1S, is slm\Jlat.ed on the Mst
machine so that comp!et(~ program debuggIng and t'l:l~tlng can
be portorrn.3d bs:forc committing to hardware The combiMtion
Dl the!af.! f(!~~tures aJor,g wilh the21blllty to use" trllnlcomputerM, (l,

hOsl ~rOCOs$or (Olsvit!3 In th",. lowest co~t,easiost to use, Cr05s
Software ~ackaoe in thA Industry

The GJMINI MicrocomputC:!r Sye10m !$ISD serves ae a program
preparation and haf"(jwafe dsbug facility Wlltl the aid of Its resi~

dent firmware and thiJ OrH.imi Softw~re Package, Tho residant
flrmw... re cOhSist~ of a be$ic: operating system containing a
Monitor, '\he O~wUMOebu(1 ProgHlm, the Relocating Loader, lh"
Memory Dump P~ogiam, and a nurnbef of oth(H basic utility
routines. Tim firmware also -supports Ihe systom I/O with generft

allzed rolJtlMs for Input/output trom a TTY, high speed paper
tope readtlr/punch, or any HS232 compatible device.

The On·Lir;t~ Software Pac~age includl1s the Symbo~\c As
semblor, the Text Editor and !he Relo('e.tlng/UnKlrlg Loader. the
Object Module Linker and UIO Supsr A'.)$srnbler_ The Object
Moduh~ Linkur provides 1he same 1eaturstl (is S16LNK ailawlng
gClner;itlon of reloclHable or <!bsol~lt{l load lTIQdulE<S on·Une. The
SlJpm Assembler allows programll to be cod~d using hIgh !ovel
procedure (lrJenled statement!> willie providing all the flexibIlity
of ba!1.llG a:;s~l'nbly IOl1guago.

1OA¥32

Software

1!i'.I ~~oo J
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DO A8C FOR I '" INIT ~, ..t'~X. INCR
IF (TBL jl\ .EO QTYl GO TO I3ETQUT
CONT

00 ){YZ WHilE CTY en, tiM
LET K ~ I< AND, MASK
lET QTY '- K . INCR
COIJT

EX. ABC

EX> XY2

00
The DO .,Kt~'m(ml is used to perf'Jrrn j(J{;.prng :ind iterlJlll1C
cperollor1s by ci?,using a SI:iCUEince 01 sralf)(r)enIS t,etWQcn I!'(>
DO st~tefTI'''Inl and <I corresponding caNT (GONTlnL,e)
slatement :0 be 8X€clJtecl rep9<1lcdlV SUl:n a !i1al€im~n\
!;cquenCEi rs known (is a DO 10tiP DO loops may h~ nllsled i.e
contai[' n\heT 00 loor,s up 10 a depth of fOll' I~wels Wt1~ln nO
'oops arc nested. rnnw 100p5 termrnate t)CICHI outer I(lOPS. DO
'00P5 may rie conu'olted b~ FOE or WHJL~ Ci~nditj.Jns.

'f
Th~ IF slatem:,,11C \l:\li3d to perform jests on single qU3lnlties and
make compenmm6 Lli;,t....~et' two qU81lt1l:le:>. The quanlllje~ may
be CO(ISlants, "afiai)l'i!!), assembly 1),(,?ressior,!1 a/iC BrJb~,cripted
varial"Jles An If" stal,emcl1t may be of ttlr.:!£l lyp0i35 .nithm£:tic,
60r'ld,tic1nal or r~lo.tIOr1al The drithnetlc IF is us.-:d 10 lesl <l

quantitY for negal!V'9 ;:el'o nnd pos(hvesnd dlrecl1y transfe" to l'I
CQr,responding d8sllnatron The condlt.lon;;tl IF Is usad to test a
QI.lImlHY lrJr posl1ive. neQ<tlj....e, tero tUld non-zero and the
wlstional IF ill d1CC: to comparB two ~lLj3ntillef;. fhe COlldil~Ortar
end relational IF st~tBl1'\.mtll rna)' ;:,xeclJ1e fj GOTO o;\alemenl If
jr

utl
. They may also cause a rHE~I~ELSE (THEN, i! true and

~LSf:, \f lalse) SE!que.nce 01 lrtslruCtions to be C)(()clJtf:!d. ™
lHEN~ELSE capabitlly is a feature nol found irt FORTRAN or
BASIC and is :sitl111a~ 10 the IF·THEN.. ELSE facHitles 1[1 mom
powertlll languages suci' as Al.(~aL, COBOL and mIl

EX. iF ANSWR ,ZERO GO TO NEXT
IF QUANT EO LlMIT THEN
CAI.L SORrl/l)
END

~x; IF A .EO. 2 THEN
LET 8"5
ELSE
LET 8 0 6
END

1

Th\: General tnstrllmr:ml Super ASSQrrlbly LanguagfJ enables the
CP1600 dser to implcm(111t pragrams ul a proccdumllellelll,!ling
FORTRI\N·likl,~ s!<!tt!fIlsnts r8tiler than at the nMc!lltle I",val 0\
t,onVE.>ntfona l l)s,,:ornbly 13nguagri's SUPN .A.sSP.ffihly Languago
rnc~uCles LE'T. IF, Cl\Lt, bO, GOTa. and GO@ hl!lh lsvol
oper<ltions as well;;lS alilhe In$!ruction rnnemonicl' and as>$embl~

dlfl"cl..Lves of b.9src CPJ6(JO afisembly language, SU!:'Hr 'l\Sgerllbly
L:lf'{IIJage provides botl, [he novrce t'lnd th<: ~xperlcnced

prOOHVTHTlfJr wilt·, trw convenience rm<1 eWc(em;y 01 procedur"'l
lovel progmmming while retaining lhe fhmbi!li',' and eCOnomy of
oaslc assembly language. Many <:lopllcatlons cart be completely
c(\(lcd using the rit:;t11~Vrl11 operiH!o·ns, but whe[1 required, basic
asse .....,oly stil.temol~ts cOIn b9 inlenni):e-:l tree!y WHtl I'tigfl le...(~1
statemer,!~ TI'Ie CP1600 SupP.r Af,sembly Language 1$ based flr1
(he popular illgn :CYRI programming lang'Jage:::., FORTRAN Bnd
8A$IC

Tne Supel' Assemb:er Program c()nvert~SGurceprogf.!lmS wriHon
II' GP1600 S\j~er At:isE',mbly l.anquCl!~e into bir,al'y r:lachrn~ code
Ti:J:s conver&ion prDcEi.'lS IS $c(:on-,plished by making two pas~as

though a source:: program rhe Super 1\9semDler Progf:'lm also
prc-duC("s a Iistrng (,I the as~emblt{j progran1: the fullll1struclion
expa:lsiOn mil' machine ,16senll:Jly langua9J;> lor er:cf'l higrllevel
slMc:71ent may be printed on the listing, if the expallded listing
dr1lio!' \5 s",le~~tod by me. ,lser

DESCRIPTION

The lET 'Statement i~ 1.L~ed ta p~rforrn da\E\ transfers, ;lr;lhrnelic
cCrrliputatlons and !Q~Jlcal (lpel'iltions involving con:;lanls,
Wiri.ll.bie5 ant:] ~\!bscriptl3d vaM.bras Addition subtraction,
multiplir;atlon, divi[)IOfI, negetion and logicill NOT, AND.
exC1USIV(l OB and mc!lI[)IVEt OR operations may be pt;.'rlorrrred
ulling !he L.El SISl,CIn€1.ls
EX. LET X '- N01. Y A~lD. 1-. b

W
~--~~~--~J

Gil SAL11S00

---------~-----~--~-~----

AbsolljlE! and RelQcelabJti [(lad modulI! o~nolJt

Absolute ar;l~ Relocat<:lOIe \irikL'ibl(! obj'-!Gt
1l10d\lle output

IJ Pro9l'ilm I[stmg

iii r:)(Wf1srve error diagnostics

CALL
nw CAL.l s1atement i$ :Jsed to \rar.!I~,~r prOQrarl1 cormol to <I
subroutine Arguments, La. pllraml?l~r6. to be p8ssed 10 tho
SUbroutine, follow tho subroutine name encloi)ed In p:-lrcnthosls
alHl slIparated by commi;lil

EX. CALL SQRl'!I,J)

LET

HIGfl LEVEL STATEMENTS

OOTO
Th£l GOTO stat\9menr 1'8 used IO transfer prog-rarn control
ur.cortdillonally to a Spl)CiI16<l destmation,
Ex 80TO SCAN

GO@
Tno GOrrY s.tat'8menL 1.'> us~d to trarls~er program crlnlro1

unconditionally lndirectl'llhro~lgllil sJ:oecif!(;!d storage designlltor
to 8 Ql;:stinati-on Thr; destination 1$ defined by the curren'!
conl0nts of tno storage de::;ignalor
Ex, GO(a) TABl.E ~il

FEATUFIES

III Hl!lh !O\'\JI op€lratlOt'1-3 l.ET, GOTO, 'l10(ql,
CALL, lr-, If~THEt.J, IF.1HF.:N~EL,Sr.., DO. OOwFOR,
DO-WHILE

III Array ::ubsc:rfplillg

III Lfll!ral repre:lenratloillr\ DiMrv, Oclal, DecimaL
Hexi1(jeClnlli\ and cr,llracter '101,11101'1

II Symbolic repres811tation of e11J CPi6DO IflSHucliiJ(l;;

/I DHe;;:fl ...·6s for

Control\m(.l registet utilization of ~lIgn !evE'l operations
Canlrolllriq sloraqG alloc.ltlon
lnilirliizlnq'storao'e
Sp~cflymg chM~'c!iJr ~trm9::;
OeCl<Uing H. program entry pooH
Df':cl<lring glonell ,find Gxternal S)'lnOOiS

Dfclarlng 8. progr~m entry point
SpecifYlflg assembly output forrn
COn!roHiMg col1t1j1roMI assi~rr;blicr>

Super Assembly Language
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8 l.EAD DUAL IN LINE
LP1030 CLOCK GENl:RATOR

rc"V,J ...

'" c:j:;-CT-;~ ,,_, C","'
'·",.i~g npul """I , I' ",>,O('Il"-ll

SYi\<;~'~"'Jj~ ';\PU' d~l '3 -1 f';r".~k OU1f~1
~O'N,,,pu'LJ"'fl"

1<18-3

.--~.

40 LEAD DUAL-IN l.INE
l~i'(3000 PROGRAM MEMORY

':~~Vr." c:. 1 ,~~ r>';"/>~~,,;a~~A'

(; ~ 19 :l ~,.r1~hf1," ll'J~ n
, 1li F:.lt;P~",~1 B,,~ "~I

• J'( i>t"p~~t~~fl(j~",l

Dr,l(lS<I~4 ~ 1~ P~"~h"r~! ()('~ A5
~"t!l e\!ll ~ & .)~ P~riJ'I'I6'I'i Ilu~ Ill'
D~tn [;u:; e . 1 ~'P~t'Lpl'ten~ (ju~ Ai

~~;~ ~~:;§: ~~ :::~:~; ~~: .~~
'~o! l)i!!d Q 10 J' :l f'·~,lllh.ra' I>.JJ E:'

I'=:::~:e;~ ;; ~ :1 ::;:~~:~~~~
"'-'jtlle~~€.lJ"~ d IJ n ] 1":rl~~el~iau~\J5

''"'''''"'''j'' '.' "..,,.,,,,,,,,'"A:!<l,~,"e~,4 . 1~ ~ F'1"ipMrh1a<,o,I,,"

'l.1"r,!~ I><J~ ~ l~ :';, F'~"p.h~Mt!J~ BK
t(d",,~:,.B~,~ ( 1/ :.~ V~"

CIL'C. - I! n :JVWl
CO'>' I, ~~ J eftA
CIQ lO ?-1 .;) coz

4C LEAD DUtIl. IN LINE
l.P1010 INPUT/OUTPUT 8UF=FER

r~ilY;"'"

'co ~-;;-",--;o~ """",,",",.,,p"ra Bu., \ ~ n l ;'~(pM'"' B\J~ 1\2

D~"j e~s ~' 3 ~., r~rir.h~'~J f!~$,>,3

nw, 6<':1 ~ ~ ~: PQri[lho,ai fljl~ A.

Im~r;u.4 C 5 'jH ~ "drlph~r~l!ilu~M
tm~E~,;S.1 D ]~ P;lr;~halilllu ..lj\~
rn,I.,2u! e (j 1 'J,.! I'C"p,,~ruI8u.A1

C,I~"cJ~; 1 6 'jj f'...-lOI"fIIS".J·,t

pow~;7$::::: ~;~ ~~ ~ ~;~:;;:::::~
"MH"("~~'ij' a\2 c' b ~'etlpr,~r"B~r,O~
t...:~,~~a"w;2 t::j IJ .":If'~I,ph~!~fa!l~8~
,I,<idl,~~aL>;IJ ~ 14 n "'trIpt,a'~felP~Be

Mcrt!'~61J1l4 IS 16 .r p~r'prm<al"'IIIErI

Md'O-t~BW:~ r. 16 25 N'ip"",.tO":I;',li

Ild'J,n~g;;"~ . ,~ ~~ 5 ~~~ ~

~~;~ ~~ =~~~
1\ ~alr 01 adj<ll;onladdreSs€lS la5ell~cl!)d by PAD 4, PA1) 3 and P't,D:2 if'
Ihcrange-<I810 61.. .e.g. 011 solBcls permhNi!1 addrB~Se.s 54 ano 55

40 LEAD DUAL IN LINE
lP1000 MEMOFIY INTERFACE

.,.o~ Vi ....

'" I;;-V-;;;-b ""fj~I~Bu.l C ~ ~9 b V~~
C<I~~l:14Ji2 J J.) h Mo,""~r~1I r'
O"i!UU~~ 4 ~1 GAtlrj,,'uE;IIK'

~:~~~:: ~ ~ g:~;::;~~:::

'1 ~;,:::.~:: ~ : ~: J :::;::::::; j'
P""'M~"1'I01;!!\ d 10 'Jl '.M~~~H,14

.

M'N~l' OIJ~ 1 ~ " :l:1 J AQd'~M 1:1,1 ~
I\ddli!~~ llU,1 ~ ";' ,1 . A~I<1r&~~ 1111 2

l
I',~dr~~! !lUi J C ,; ~~ :l $.d,jrM~ Illt I
J'.~r)mn 0\1; ~- If ~I CI~Cl

,>,d,lrtM D~~ 5 :: 15 ~,1 iiM
Ad(1,11.\' ll~, 0 [,:,fj <5 .~ '~~n,r;ry r:n~"'"

PMI J. ': 11 ;Ll ::l I~IC .~~~r!

p-"u!> :" Il 2J GilA
~-"'H, I~ n (:01

C10:<0 ;'1 CI),o,

.,_._--~--_.------_ .._.---....~~-_.

IOrIYt,- R~uirerYiel"lt9

CLOCK
Asingle pM~e high le'lelcloc!\ is required by iM system and ttll::>
would normally be pr()','\d~dby the LP1030 Clock Generator The
cloc~, frequuney used cen b>J selected belween 5110 ,ma 800KHz
Wit/\ i.H1 800KHz ClOCK the rnachir,e- pro'lides a 5uSac machine
cycle 1inw,

RESEI
Thio is a\;lock synchronlzL9d nlg!lle','el signal, normCllly proVided
by Il1e LPi030 C'ocl< Gcnora!ar,
POWER
Vn "0 Vol! supply

V'.I 0 Voil (GND) supply

V", ~12"Voll supply

PIN CONFIGURATIONS

40 LEAD DUAL IN LINE
LP8000 LOGIC PROCESSOR

Tq. y,~ ...'" tf-;-~~ "",
/,••", :::: t ; '" _I~ ;;,~

IICI I)'.<;d r ~ :n co:
f'\)1 U...d • ~ 1.. t:;n"

D~IU G~' I • (\ .1!, ' ::::0
D~1a noJ~ J r' J '~Net U~d

0'''''''' ~ , " J "',,",,'

g::: :::: I~ ;', ~;i:::: ~::O~l~ U~., J " ~Q Nc,II)H(l'
08!~I:M' If ,Q t<~\I;h'ld

P~l~ 1111' '1~ 1& i'iDT UJ~d

f'e"Q~.r!1 l!lta I • I~ ~l "'~dro•• a~~, 6
F'~,,~herBi ll,j', ,.~ ,6 A'd'QH SUI 5
f'eIJp~\I1~I D,lt I C 10 1~, ~c:d'~~~ flu~ ~

f'.p1ph~'B) (!v~ I r. Ii' ,.; MdPO~1 Elil' J
P'''IP~,",,~l Elu. I '- IB ,J ,"~d(l;~ Ill,s",
Plollpnt".t Ilw_ I I~ I? f.~~r~~s Il,,~ 1
I'tlll~"etallluJ I L _N__~ f'~,,~r,",~IILJt'

CIO
indiCr.tE'l.$ direction of dnle flow 011 data trw;

CDA
Indicate,; If data bus IS carrYing data or ildrJress inform!'llioll.

caz
Used 10se)f)ct the Q c()ur,{er (Jt Z register ~or memrJry adc.ltes~,itlg,

GRA
Used to COnlf("j! lhe Intornal addres9 slack

PerlpMf81 Signals

PEB 1-6
l'his \5 a bidirectional e~bit latched input/output p<>rl with un
open dtain OUlput conOgurallorl. In the case of 1M LPS(tQO chip
thea~bltPOrti50rganised such thot only bils 5~a dre-bidlrectioflal
blls 1~4 !:Ire only aVililable as Input:! For all other ch;pt> In lhe
lam)Jy the peripheral rnMrft\C€S are B~bit aH bidirectional

FUNCTiONS

protQnSiO'r Sigom11il

DAB i~6

8idirecHor:a1 8~le4ld precha.rged dal;.>. blJ5, used If'! conjunction
With addregs b1J~ 10 lrnplemenl14~btt ocJcreS5- w(lrd

ADB 1-6
Pusl' pUll 6·laad addre:>s ous, This <Hilt word SpeOiJI8S the
memory 'mcldulo' address lind tflea-tlil detll bl.:3 speC!froB the 1 oi
256 'lntnl module address'

PrOCl'lGsor Control Slanals
a)~oeontrOI$all actiVities occurring in the Serre-50 SaGO system, U
hew 48~8 bil working rfl!~ifltp.,s<:Ild ~ln B-bit InpLJl/olJfPut interface
to which c-)(1ernal DOrillher<i!!J may be attached dire~ily

PROGRAM MEMORY PM (Part number LP eOOO)
Tile progmm memory PM coniains" 1K x 8 bit memory W)llCh
~ito,es the user's pl'09r8fn 'rhi~ chip also 1I1cludas trw prograr1l
~:0(Jnl(lr which pOln1$ to Ih!:! curront !lddres$, It is arrarlgGd til the
tor of a four Word h;ordware sWcf;: which is conlro!l€d by the Lp
lor s\,1broutlne or,:osling Two dire-cOy Mdrs$sable 8 oil 110 IIHQt.
laces am includGd, .so tria! .'l minImum si'!,itp.m cClnslsting 01 on'il
LP and one PM has 24 I/O Ifj"'ds. Exlr<1 PMs can blJ connectsd to
ths m",in Sys1E'f1"1 bl.'S, up to a maXI!';lurn 0116K words. Ench PM
Olnd I/O ;nwrface cw, be eddmsr)ed by ~he L.P, the rnOdul~
addre.ssp.s berng orograrnme-d a! lhe Hlrne tim~ as tha Cllslomer's
program

MEMORY INTERFACE CHIP - MIC (Pa't numbe, LP 1000)
nl{!" memory mterla:<:echlp consinls of ':In 11bit prograrn counter
at1he top Of lour .v<ml nardw.'lfl'.i 5t&1~!( The addrt.!/is (;Utput are.
TTL compallh(E! and C'naole any ~'xtorl1lll 2K~8 bfi memory to b~
r.ddre~st?"d Other circUits allow lhQ MIC to interlace directJv to
tl1c 3eriiis 8000 SyStEr:'1 withOut arlY el\ttlFrI<ll CornpoMnts it Is
1nlr'l1d",d for US£l when brfH.ldboardlny systt'.lms or When ~sing
non-i)~<lnd3rd memory. e.g. diode matrix, core, ",tc,

The rnernOl'Y area can os extended by vsing tlBVeral
MIC/c;(terlluJ memory CQrnbinatlons. Th0 addre~~es .are
Sfdet;tetj by Tlllrdwlring pina to V13G or Vee,

It~PlITIOUTPUT SUFfER - lOB (part number LP 1010)
T~](} inpUUOLJtPl.lt bufler cons lets or two addressable 8 bit I/O
lnfQrlacllS. The addresses are seieCled by nardwlrll1g PWf, 10 Vgl:J
0'· Vee

CLOCK GENERA.TOR - CG (Pari Numb'" LI'1030j
Tho SImes 8000 Ihred;; only an 800KHz Ch1Ck, a poweH:i/l~rosel
signal 10 clear and synehronlr.e the systeIT1 and two power
supplies Vlrtua.liy all exj&rnal eOmpllnlJnls may beellrJ1ir.3i0d by
uSing Hie clock generr.itQr (CG) "tnt: frr;;·quency of tM bUilt In
osciUa!or is det~rmineo Dy an [lxtefrml reSistor or can till
opUona.JlyovBHiddel1 I~y an Inpu1 Jrorn an extemal o!;cillawr. A
dah1 synchronizing signal :/J:;~ is IJrovldsd to tid as an
oscilloscope trigger al~d as a ()ala V~Jld Signal lor ext.mil
hardware

IMPl.EMENTATION FOR DEVELOPMENT
SYSTF.MS

L~J- LP8000 U'6000 LPiOiOU'
LP1030 LP1000

---"---_._---,-~._._--

D~SCRIPlION

The LP8000 (.oglc PrOCEl;sor Unit ilSf,l!f Is i:l CLJ>Tlplete8-bil ~>1ngIG
chIP MOS-LSI M1croprcceS[;('J it has iI modorn C01l1pu~el
arctlitoctum wilh forty eight 9iJncraJ purpose Internal regi~\ters
This, Co(;pJ~d Wlth.a binary a"c decimal capabllr!y arilhmet(c
lInir oflcws B '18rsaille and sophislic,l1ed Imp!~mentatlof1 or a
rr.icrocornputc,rsystom. The E·bit Deta highway Iss~pplemen!~d
by Iii 6-oil Addre~~ bus to give a , 4-b:1 addres.'i capability which
permits acces~ to ~i',384 ','.'orcs In cornbif'1il.tmn o~ progrl.lm
memory. data memory o~periprlf:lrlllde'"ice$ TheaddrGssspace
eonSll',ts. 01 64 "11l~d~!e5" which cs,n be eittler 256 words ot
men"or~· or one 8~bit nidrractiOnal I/O port

LOGIC PROCESSOR - LP (Part (lumber LPBOOO)
The logic prooos$or (LP) IS th!;l h-aart of the Senes aooo system , II
performs all of the arithmetic and loglcallun-cTlorls reoo)md alld

n,a Serfe5 BOno logic Processor System (g designed to perfonn
anjl digital hll1r;Hor1 using lar tower paCKages than a TTL or
CMOS Implement8t!On Typl-callya 100 paCkage system can be
recJucM to a rhreG chip 50lutiMI of LP8{)OO P'ocesoSor, LPGDDO
Program Memory and lP10,~C~Clook Genera:or (,wo 4{)I~ad Dlr:>
p!lJ~ ane (j ieaq Dlf=;) the c::>nsoq(,.(!nt savir'l9$ in development
,1nd prad~lcHon -costs nnd increased reiiabWty oive the <1::-.cr
marlY of tha ad'lflntages c( aC(Js!I'"Jrnlzed LSlsolutlon bul wWlOut
the restriction that it musr bs E, tllgh volume pl'.:Jclw:t

The System r9 filbnca1ed Wiln G9n~ral InstnJmen:s P'channel
Nitride Process whlcn ha.s a prOl;en reliability and production
history. M 'nf~mber's of the Series soao (amily including l1~ad

Only MeITiOrim" Ge~erai Purpo~F.I InPUI Output and MemQry
interacF.i parts are-tully CortlP;;lible wilT, e~ch other.

FEATURI:S

• ? Chip MlillmLln1 SY:::lem (plus clook)
• .48 Accessible ,'3 Bit In~erf'lal RefJ i*,tCfS
• 413 Bas.ic InslruC1ions
II Binary and Dec)mal Arlthm~tlC Capability
• Direct find Indirect Input DlJtpul Cap<loilay
II ~,utofnallr:subroutine nesting on memory rJ~~IC~S
iI r;amily 01 development d~vlce5

8-BII Microprocessor Syslem

r"·::::;·::~~~~:cc-=~I
I~~~; I_L:J~-=-----::LIfl_L I

~i,:~:J\lli ~""--, r-:.:.ll r"::~::, ,-ll

I
...-:F-JJ l '-'. I'C",,,,,,j) 8..'"'---1 I 'U"" ~I'. -i_ I -.---- I -."-:) '" 'w.,---' [_.__;;:].__J .- I
-, ..._.- -'=_ riC;:] '==-~...._-- !l"i,,_,."..-I J[[""'.'.] L_""'m] J"', ----.-- ..:mr mr' T!JrJI[' ill'Jill-fTlmr'-'----- -mf'lIl1---"lllrllr'
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'~.•I:.;:.'.tr=tn::,~~~~oad A'~~:=,~~,~;.IO' ==~I~:~ll::.'e '",,:U:~~::::,:':;~~:,-;~~ ,)
.. ] SAR S~oro ACCI~mJ\~IlO( 1(1 R€[Jlstor I 1 conl~nts of the- accunlulat<jf wilh one of tM
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PHl't!.!!ypa Sy,[ilt~'"

To tllmpllty hBrdware and ~a(t""sriE1 development Md help zp'~lJd

the U$~Jrs pr(l(.hJI~t desi.gn cycle tim,), <l complo1o hardware pro
tal~fP'; deVelOpfT1ent syslom i:o a~i'lHable to support the S~lri~,

fjl}~O ~a.mily Th.sGIC SQOGMIG(C1t:c'mputerS"lsttinl pro~,ldeB~ lest
bed lor U$l;if designed Intodncf!3 and rl~Jated hardware as well a~
i'l program preparation faciIlt'{ with Te-.>Ident, orHint} hardware.
i)nd sor\ware debug aIds The u~ll'm,; program can be lested and
Il'lodiflod undor Tea.l tirneopertiting COnditions, To mllkl3 progr6m
deveJopmEint trmt and efficient, peripheral lllterlMns .and Iheir
wf<lted ilD/tW1Jr(; Including TIY high .-spl](ld re::td€f, hlgtl speed
plJr.cl~ Cln{i :u:lrial Ilne prlotor Bl'e include!1 t~n the prototypg
:>ysiem, 11"1 i':Iddllion, all of the L:a(d liNe] mpdu(es Of this system,
runglng from comp1ets mlcrOCUrnplJt"rs 10 memory 01' flO mod·
ulos, ltrB ,aYailable on an OEM htlsis for further sy~;iem

InlegratlO!l,

Software
For plJroproillmm de\loi!!opl'l1ent to cne.ek lhe flow of lnSiruc1ions,
a cornpl~tc sSHimb-!e( and simulator written In j;ORTRAN IV )s
.'l\'allable for Dperatlon On minicomplltcr systems or orr Internol
or external limO! shar;; ntllwork9

Manual
A manLlal des~riblng complete Mrdw.are e6p~ctf' 01 SerIes 8000.
and aetaH8 of the ptogram prepa,illion softwaru lu ayailablc 1rol7l
<1jl Generallnstrumen1 M!crDelec:tronicsSal€ls OffIC(;s, AganciEos,
and Diafril}utors
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OPERATiON

rhc Symbolic Cross Assemb!er converts :;ymbolK1 "Duree
programs inte rnnchir18 code tormal In a two pa&s prOcess.
lJurin.g the first pass through 1tl~ SOUfce 'ile, all u:,;'er speclii(~d •

:,~:::~I:na~c~~~r:~ ~~~es/~(~~~~~~~e 1~;~r~~i~i~~elh~ge~;~;O~.~I~: I :
through lne I;OlJrce fiJe. SYn'lbDllc Irltltructiofl <,HlGmonlcs are
tranSlilled, symbol r~ferencp.s ri;'lsQl;ted, Mror$ diaUnoS8o, <!

machine cod!' lile genorated, and ar. optiDnal program listing
produced

The machine code fife produced by the Cross Ass.emoler IS ar'
absolute loed module Ihllt can bE: punched on paper tape tor
subs~qlJen~ IO<loing in a GIC80DO rnlcrocompuwr syS!€ni by the
resld~Jnt loader 80tn standaro and modified tlflxadecima l codes
can be generated

i5i..OPMcNT FAMiLY

A production system may cons,st Dt villy a l.ogiC p·ocesSCr.
\..p6000. aild ROM, LPOOOO, (plus Cfco.k C3it:!:r'\offl~ur, l..P1030)
H()Vlo~'er, the practical development farflily which cornpl"mants
"ttle \..P8000 afJows the usar to 1mplemr::nt hill, t'Jardware and
$oft.....ar.a in II real Url'le replaeame-nl mode for his fll1al l1'Iask
prograi"l'lmod product. LP'IOOO ,HIO LP101() parts, pillS PROM, cun
dlf$CUyrepfaC8theLP6nOO AOM,lndfil'ad th€l'development fOl.mily
may well bf! IJ~d B.91M ttJrnpls,e solution lor shMt wn n\\Jlti

Vii~lety ..wslsms

DEVEl.OPMI!NT SUPPORT

Clrc:ul1s
I.P 8<}[,tO systems use only a small nUl'I1ber ollnteornled ClrCIJlts
for cost eff!(H:tive implemt:lf1tBtion For de;tclOpnlGnt and pre~

prodllcHol1 lP fOOD (M~mory Illte~QC(! Circuit) and lP 1Ct'IO
(Inpl.H-OiJtptlt Buffer)ctlf1 be uSl2d wllh PROM, EAROM Of RAM
\0 1"f.lpJ1ac<i {he tlnal mask-programmod ROM ($'ee dlagram) orne
llysteJn uelnQ PROM or EAROM behaYM id~H1tlcallywitnttts fln!~l

masJ;-programmed ROM \ler.~ion Whr;lll the prDgr.:"Im hl3$ hac!""
proVl2d, the l.P1000, lP1010, and P~OM/EAAOM eal"' all be
rctphl;C!"id by LP IlO(}(J 10 give tht~ final Jow~CO$t ~ystt:m using
p~rh6pSB5 few as Iwo4D Il>ad Dlf'>$ (1.P~tOOO ->-lP 6000), aTld oM
elead DIP (Lf' 1030). SI1'lsll produclion ~uns, or ayatarns neodlng
{!xtC'nsl\lc RAM memory Cfin remain wHrl l.-P 1000 and LF' 1010-,

INTRODUCTION

Tnc Symbn:fc CrD$,s ASSlilrtJblsr 'S r:flpable 01 converllng
prograr"s wrlUen in 51HIes BODO syrnboilc il:,:s!;:rtlbly language
in~o a tape fortnat 3uitRble (Of loadin9 into the pro!otyping
system The program runs on a GenGral IMlfllment G"'-.1INI
prololYf.")ing ~ysler.' with flK of 16 bit RAM mOlTlory v.!;(ng either a
\i;»aIYPe or readem)l.mch f(J( inputlcll1ipul Qperattom<. Tl1e
wmbl,lic ".ssembly Jan~wsg(t used by lh~;; crO!l's-!l!;sembl(~ris ~ln

e>tten~kJrt of 1hl1 orJ£!lnal sp.edftcation and closely resembles the
langu6!1e format of lhe $ane.~ 160a A%}<;1mbl~r

Series 8000 Cross A.ssembler - Program Specification

FEATURES

The SymboliC CrosG Assembler pmvil~i?s tnfl folloWing I'MjQf
'eaturas'
• Symbolic languaga represonlation of 1lillnS,ILJetionsnnd dal;c
• Up to 250 user de/ined names :or varlable~/r8gh,t~lrs,

• Binary, och!tf. decirllal, hex and char.,cler r.spro:1!lenl<1tions
for Iit£ir;,IB

=Arithm~tic evalu.:illon oj opcr';)!",d "l:-q:)r~S6!on3,

• !\starnbly dlreCllve6 !Dr
-Con'lrolling rr1omory alioCalion
·-·D~'f1ning Character ~lrlngs

~- Specifying input/output option:>
- Eslabll5hing ard controlling c.ondltiOnal Jsseftlb1JElS

II Program II$tings M whlCb Bl'fl optional
III ComprElhenSlVe error del~ction ana dfagnosllCt>

f

CHIP
ENAFJi..t

ADGAt':,sS
S(L.tCT

'0 INPUT O(Jr~u'r PINS

{iJp~" Dral" Gor,r'9ur811~n
TTL C.,ml'illibl~ with (;lull
wvml'te.s,utol'S)

LP1010 INPUT/OUTPUT BUFFER

11 torr MEMO;;Y ADDf\l;U.

I-~:=-'l
I CONTnOL I

L_.J

"1:::0. _

1,1,;,.__

ADDREI.'S ~--
SElEC: .._-~-

O/_ll

Vcr ~ _

lP100a MEMORY INTERFACE CHIP

INTeRNAL BLOCK DIA(lR~,M OF lPBOoa~c:'-'--~~-----l

r-'[==:-==-,fr~~;~'~--,it--=t]i -~ I
r'iiSTHU";:'.5Nl [ " ",':< ]L["">C""AQ' &) I..' an I ILP"Glsr~ TEMI \.lRAAY <;>lOl1E j ~t;T-DriIV~Fl~ ~'?VTLAT~~~ I

-~ l-=~t~ ~,=--~{~-::='~~;~G~~Ni~"
o'o_~ D' -[ ------'1 \ "'"'0'''';'''',;" IGOA MICf;OFPO(,:flMl r- --_ \

GOl -- CC)NTflOI.1l0M I ~ORJ(Ii\'C nEG!STF.J1 \ .

Cp"-___ 8:.:1=-==21 I_~~ 2:-= -~~::TI-il:":~'~;~RS'O"
r-------, M~iTHl~l'1IC I OGle I REG r I'-'-~--~-l I 1IIH A'"1S J.JMj- INIl" 1_ -----~--I I I

"-- "'0"'"'''0"'''0'1 I'..J '- .:- __ 111
11l-f'-1 L T _·-__, __ iF /- -',- --1/
'
/'t---,- J,. 'I -""-.. II'O~~;" ';G, R~ ',. _',. _ ,I I

b__• I 'NTERNA< 're
,. I I-- -- .OJ /. -;- --I' IIJ

L.J L I - .-.. -1}Jl'r 'l I 1-'->-'L,2 3'I1Trr '-- '-:;- ------6
Vr.c v<\" n'I;.SE- L-.... ~ J

Ve, CLOCK

AD!;

"OR _.__._[

e',:,:K=- r-'''-lCI)A~~•._

c.;QZ k___ cor-.'m(Jl I
c DEr.;OD€HRA_.__~._

CHW _~ r __
'"n,,- r-r

:Vw Mf:MORY
EI~~,fll_E'

L _
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USER MEMORY MODUlES
rhe toHiI mel'l'10rjr ;nea of 16K 1$ ~il\llded into 8 pages of 2K and
G~ch. page is furthQr sub-divided In10 Bmodule;: of 256 words,
ThO! bottom thHJ~ pages, 0, 1 i:\n'C! 2. ~m available (0 1he user and
eM) noM 1st of up to 3, pl1l9~in SUllie RAM or UV Erasable PROM
c;ards or any (lomblnation of thl: h,oJo. To prevef1t !l.ccide1"'.taJ
C<lrruptlol'\(''Jf1hGAAM modulescllt(Jj'lg d~vfjt(Jpml)nt.p.2.(;h card Is
prol/ided With s MemoryFrel:.tEl switch whicrl Elffocll'1ely r..or1l,'erts
!harn to voJetile 11.0M mernof"/ One ZK ~ 8 RAM module i!>
l)t)rmally suoplind will'. the basic kit

useR 1/0 MOOULES
The top 16 mOdules In memory afC allocatea 'or user as usar 1/0
ports. Each portis 6 bit9 Wide a~ld occupies oMmodule address
l'M micfOCOmpul!'l! module hli9 lWO 1013's, on€[ 01 which is used
by the t.PMOO microcomputer ,:':h\P but the other 15 ~vj\ilab!e to
ttla UB.~r. II th~ user requires additional I/O pons, ihen Ger.eral
flurpOM 1/0 Modules c;s.n be eoded R.S neCN.fl3ry

Each Gliinetal plJ(,pose 1/0 ModuirH supports two, duel Sbl1 lOS's
I",livlfig the user feur. li'1dlvidual!y i~ddressa.bl(j tl tlii i/O ports, loe
32 hl.dlreotior,(~l lines PUIJ-dOINrl resl$lora 1l1wd on Ihe card
mek." th~ tlO llt\~s 1ft cornplltlblo (Me load). In addition up
to Bignl16 p1n Oil paclr:age$ can tEl aijdGd to th!j cards tor user
dflslgMd CIr>~LlilJY. .0.111/0 Ilnss ellwr the macl1lllf'J vi<l soc:ketc Ol'l

thO l'oElr panel,

1ce·:~

st(IP E1C.&cuilon at Specified t~ddre$B

E);ecutICln 01 thl'l lJSer prcgrarr con be s'toppt'(l by operating
t,f.ASH:R RESET to roturn control of lJ'}e mal';hi!1C to the Sysl-O!f1
~..,1onltol' Program How.)Vel· as I~ iB l'lQt r-1()$!:Iibfa to deliwJ exactlY
wl1er<& execution CBasetl using1his methc'Jd, a '8rllal(point' 1El.<;ilily
h,?.s tlt=,en pl'ovidad. This allows 1ho U5Elr 11) fJXecute hiS progriH'fI
IJP to Aspeciflad pointMd than j)utornat~Qallyf;wltCll into Monitor
mode whero ihe1t,l11 ran~IB otmor,iloriflt/:md ediHng facilitlcsc.af<
\)ll uMd

ope.Il,,"nONAl fACilITIES

L.oad i1u~d Dump T8~8
Load al,r;1 dl,Jmp rOLltlne~ allOw user program tapes10 bel'flad B\'d
(j.utTlpsd Item a standard taI81Ype, tlillfltype compnt'l'oie V.Q.U..
hi.9h spr.ed reader, hIgh ST.'ead punch or 5eriallineprintcr- f\Nl.dy
and felu\t lamps. on tho fron1 panel Indicate me ste!US oj tne
J7l3cl,iI1Er durIng tMSG ap..m\~lon!!l. In dUl'IP mcde. the Whole or
only Cl:lr~<lln specIfied arl~~Sof user rnenwry can bt.l Dunclled out

E-.an;!na Mt1'r'ilory, I/O Modules and CPU Rcgletere

The usaI' area 01 mel110ry iUP to BK "B). all user liD module", and
all 48 1111&fT\a! CPU r~JQlsters carl OF.! eX€Jmlnad from the lront
panel. A14 bIt address rogl6ter and an Bbit data registerar~1 used
to .$et and dispie.y addre:O\8 anc', datil inrorma(ion respcc:lively. To
allpw sequen1iIlI locallonr. to be rapidly examined, a spEl(:iJI
Incmrr,ent key has al$o betln orovldee

St$rt Execution at Specified Addri!lB&
Normally, QXE:CU\lon of Ihe u~er prograrn st~rt5 hl)m line t:ero.
Howev8r In certain c!fGUmstances thl~ rnay not bo:, convenient
and so II start hom addfe~ faGllity has been lf1corpoflltud This
allowS. 11",(j lIsef to startell:oculio:l of his prograrT' at any spec/lied
addret::s ,n It nl1d is controlled by a special kE~y an Itte fronl pan~11

Siore Ii-. Memory, 1/0 Modules and CPU Registers
Da\a can also OG written Into user memory, ll$~,r I/O moduies and
CPU rilg1sters via \ha 6!lnJll addressum\ d'1ta f0gisteru., Agein. rr',e
au10 incremont +acility is availablB 10 rapidly store data fn

sequential locationS.

,pefiAnNG mODES
machIne can cp-aratn In either SYSTEM or USER mode. In
rEM mode, ihe PROM rt'sldal1t Sy~I(Jll1 MOnll.()f j:lrogralfl

. cO!1trols Flll th~) OPfH<lliOMl1eahlres of t"e me"l,lns an.o !;jrO\ildeli
a wIele r"IOQe .of rnoniLl)ring and editIng -facilities ,•.,'hiel, OB.n be
t,lsF)d 1,,:1 rapidly deveto~l U!l9r progrM16, In USf:.R mDoe, lhl3
machlno Is undorthe e:<cluslve control or 1M user program I1M
can tnerd~rebe ussd fl~ atostbed for user defined \ntert6c;es and
re\\l!ed hardware a5 we.ll os t€l6ting tM progfElI" i18elf,

j
1

I..
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~r I
l------ . J
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FeATURES

Illl Bullt iimund the Genera) Instrumem I.,PBOOO Microproa~$f:or

III Complete microcompuwl' syGtem 10 CNlblo rapid OrofjU:m
development

U Up to 113.K >l 8 or memory tip:\cp
III PROM resioent syslenl rnon1!o(
l1li Load tlnd dulT'lp loutinl~S for Toletype, R.~ader. Punch, \f,D.U

611d Lf,1e Printer
II Examine/Storro ail 48 Iflll~rr,.:!r CPu reni~1i;lrs, lIser memOry

loctltloM ,:illd USer lie) porlS
II AUlo jl~crl3rl1et1t for exerrilning "lno :;torrng in sequentj~)

to(;otiotltl.

II 'Breakpulnt' facilily for I1alti!"l~ QX€lclJtlop ()f user Program
al ~pGcified <Iod'ress ..

• 'S1art fro:ll f\dd!oss' facility tor stnnmQ e;l.C'ClJllOn of U~A1jr
progm1l1 AI Jr.., specified address

II Up to uK >i B 01 !,.ISf)r RAM or PROM 1Tll'.mory
U Up to IS {I·blt user 110 ports
• 8~bft dat", and 14-bil eddrp'!ss displays
• Int~rnal ;:lOwer supplies

8-Bil Microcomputer System

[![
, -----------_._.~-,

&1 GIC8000 I
---_, ~_.. - I

DESCRIPTION

Tne GICBOVO Microc:omputer SYst<"lm IS II c\"'O'[pleteCl~ljlOll(lpmGnt

sy.stelll desIgned to supporl thE> GenerallnstnJment SoriesSOOO
family, (t providQs u test bed fOr IJSQr d~signed liliertaces and
related l"lard'Nat~ as weH 01$ Ii prQgrarn pr~p.;..r31iorl facliity wim
rosldent, cn~line hardware anC: S,,:oftWRft:J de~bug aid~ it Ol:Sl)
A.lIows thG USBf program to be i~51Od and modified under mal iirne
operating conditions. To lnakD program dev91o~Hnf.mt f,Jst end
e-fficierzt, peripheral intarlacC!s lind th€li~ relatw sort\Yme
includlrlO Try. high spllfJd reader. high sp~~d punch nnd si!r1al
linG prin~er arlJ inc.ltJdD~t II'! 3dditlon ail the cards of the SY~'(['n',
ranging Iwmcamplefe mic:ro!':Qmpl,Jter$ t.::' n1smory or 110
modules are Rvailable 0(1 en OEM bi,l$ls f{)r furlher :>ystelT1
intogra\\on

Tho GiCOOOD i$ of modular desig n, tl1G baDIe .... i.; TOware con.9(sting
of e stoat cabinet 12 POS'ltlon card file. Iron! panel conlro!
console, pDwer supply al'!d S plug·ln cards;

MCaOoo r..-IICFIOCOMPUT[:R MODULE (INCLUDING
USER lOB)

088000 SYS"rEM MONITOR MODULE
IOerKlO nV/J9DRMPGH MOOUL[~

RMBOOO 2i< " B UsER RAM MOOUlE
CCBOOO FRONT PANEL DRIVE::f.1 MODULE

11"1 additkm, t~le followIng rWJduleB .'lre also 8\'ailable

GP8000 GI:;NERAL PURPOSE 1/0 MODULE
fEX800Q EXTENDE::R CARD
PMBOOO ZK '( 8 USER PROM MODUL~

10B~:3
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(PC), and I/O Registers A, B, C and 0 (RA, AB, AC and RDJ The
general registers ara addressed a5 F9to F31 and are used fordala
and control Inlormation under command of the instructions.

The LogIC Unlt contains one temporary working register or
accumulator (W Register) end gatIng to perform Goolaar
funcliona between dale held;n the working register and anyfile
register,

The ConUol ROM contains me operational program for UTe rest
of the logle within the controller Sequencing of a micro
instructions Is controlled via the Program Counter (PC) which
aulomaticE.lly Increments to execute in-line programs, Program
control operations can be performed tly Bit Test and Skip
Instrucllons. Jump instructions. or loadrng computed addresses
into the PC. In addition, an on-ehip pushdown stack Is employed
wJ!h the return address register serving as the top element ot the
slack. This permitseesy to Use subroutIne nesting. Applicatlen of
the "',SV power sl,lpply inllializes the ROM microprografTI to
address 777a.

RTCC~ (Input)

CLOCK (output)

RAO~7, RBO~7, ACa--7, ADQ-.7
(InpuVoulpuf)

MCLR~ (input)

Signal Function

~ Oscillator input. Thl5 signa! cen be d,iven by an external osclJJator If a precise frequency of
operation is required or an external RIC network can ':Ie used to set the frequency of operation
of!11e Internal clOCk generator. The maximum oscillafor Irequency is 1MHz

Real Time Clock Counter. Used by the microprogram to keep track of elapsed lime between
events. Themaximum RTCC· frequency IS 25iJKHz This register can be loaded and read by the

program.

user programmable input/output lines. TheSe lines can tie Inputs and/or outputs and are under
direct control of the program.

Master Clear. Usea to initialize the internal ROM program to address 7779, Snould be held low
at least 20 )J9 past the time when the oowflr supply is valid,

A Signal derll/ed from 1he internal OSCillator. used tly eXternel Oel/lCeS to synchronize
__________L-.:.'h_'_mselves to pIC timIng,

PC9. Tenth Dit of PC lor h,iture use, Future ROM space of S12~1023Can be addressed with tnis blIse1.

C (Carry): Stores the carry oul on arithmetic operations, and acts as a bit link on rotate eperatlons ThiS Olt IS set
hign on an SUBWF instruction if the addition a", the one's complement 01 W. and a 1 rosults in a carry

DC (DIgit Carry): Stores the carry ou! ollow orderdigilon arithmetic operation. This bit is set high on aSUBWF instruclio,'
iflhe addltfon 01 f, tM one's comprement of W. and a 1 results in a carry from the low order digit

Z (Zero); Set if the result of the arithmetic operations IS zero,

F4 File Select Aeglster (FSR). Low order 5 bits only are used, The FSR]s used In generating elfectlve lile reQlster
addresses under program control When accessed as a directly addrossed tHe. the upper 3 bits reed as a logic "1".

F5 I/O Register A (RA)
F6 I/O Register B {ASJ
F7 1/0 Register C (RC)
Fe I/O RegIster D (AD)

FI~1 h"~~n

FO Not a physlcelly implGmented register. FO calls tor the contents of the F~le Selecl Register (lOW order 5 bits) to
be used 10 setect a lile register. FO Ie thus u;.eful as an Indirect address pointer. For example, W"'FO - W will
add the contents of the file register pointed to by the FSR (F4) to Wand place the result in W

F, I Real Time Clock Counter Register. This register can be loaded and reae by the microprogram. Clock keeps
counting up aftor :z:ero is reached.

F2 Program Counter (PC) ihe Pc Js automatically incremented and can be written into; e.Q., MOVWF F2 If
cannot be read, however.

F3 Status Word RegIster. Tha bile in this r&gl5ler can be set or cleared on),. tly the Bit Set and BIt Clear Instructions; they
cannot be altered by other commands operating on F3.

(4) (1) (1) (1) (1)

I 1 [ peg [Z]?~J :F3

PIN FUNCTIONS

10C·3

REGISTER FILE ARRANGeMENT

ARCHITECTURAL OESCRIPTION

The firmware architecture of the PIC1650 microcomputer is
based on a register file (lOncept with very simple, low level,
commands designed to emphasize bit, byte, and reglstertranster
operatJOr1s The primary purpose of the PIC is to perform logIcal
processing, basic code conversions, formatting, and 10 generate
fundamental timing and COntrol sJgnals Jar I/O devices. The
instruction set elsa supports computing functions as well as
these control and interface functions.

Internally, the PlC1650 is composed 01 three funcHonal elements
oonnected together by a single bidirectional bus: the Register
FHe composed of 32 addressable B~bit registers, 21n Arithmetic
Lagle Unit, and a Control ROM composed of 512 program words
each 12 bits in width.

The Register File is diVided Into two functional groups:
operational registers and general reglslers. The operational
registers are addressed as Fa to F8 (thefirsl9 olthetotal 0132 file
ragisters) and include, among otMrs, the Aea

'
Time Clock:

Counfer RegIster, the Status Register. the Program Counte~

-IFlao·~

1180,1

------...

IT
~~v"" , 39 V<:~" ,

r" ,
':0 REG 4. ~ ~ 36 Osr

3"~ elk OJ!
A4 'I

~4 07

I 33 06

" " ~ : /,."A7 10

:~§;; 30 03

I- , r.'" 1 2~ DO '
64 15 26 C7 '
B5 15 ,5 C6
65 ]7

'" lOS J'0",0087 III 23 :JC4
. OIlt:O c { CO 19 ~2 C;l

CI 20 21 _ cz

-,PIN CONFIGURAnON
40 U:AD DUAL IN LINE

tOD YI~w

PRELIMINARY INFORMATION

~TR=~I'''~£(;ODE
~l,,-r,)S"'lE(i;r;;:

VI;':.

R,X'

W PIC1650 ]

Programmable Intelligent Computer
FEATURES
I User Programmable
• Intelligent Controllar for Stand-A/one ApplIcations
II 32 8~Bit Registers
I 512 x '2~8H ROM for Program
• Arl1hmetic Logic Unit
• 4 Sets of B User Defined TTL~compatiDle InpI/I/Output lines.
• Real Time Clock Counter
• Self oontained OsciIJator
• Access to RAM Rogisters inherent in Instruction.
OESCRIPTiON

The PIC1650 MOS/LSI circuit array Is a byte OrJented program
mable controfler designed to satiSfy the requirements 10r a row~
cost, stand~alone B~bit mlcro·computer, The array Is a complete
chIp conuolled wifl1 an internal cU5tomer~de'inedROM program
speolfylng the o\l~rafl functional charactenstics and operational
waveforms on each of tP1e gen~rar ~urpose input/output I:nes
The ar~ay can be programmed to scan keYboards, drive
multiPlexed displeys, conlror I/ending machines, Control traffic
ilghts, control printers ~nd to Control autOmatic gasoline pumps.
SJnce it Contains ROM, RAM, 110 as well as the central
processing unIt On one device, ,the PIC1650 Is truly acompJete8~
bit micro~computer on one chiP.

The FICH350 is tabricatedwith N~Channel Ion Imp)a,.,! technol~
ogy reSUlting In 8 high performBnce product with prcven
reliability and Production history. Only a single .1.5 volt power
supply is required tor operation, and an on~chlp oscillator pro.
vi des fhe operating clock with only an external RIC network to
establish the frequency. Inputs and outputs are TTLcomp.atible.
The P1C1650 Is SUPPlied in a 40--pin dual.ln~line package.

The PIC prOduct family (PIC1650 end air extensions) 15 support.
ed by an extenslvesof!wareand hardwar&Pacl<age. Thesoftwara
package includes Cro-ss Assembler/Simulator prQgrams
designed to run on the large machine. on time share and
minicomputer syStem levels. The hardware package includes a
prototype TIL Emulator BO!ird with Which the USer can vorify. in

·AI;If>'$ ..eWl(lV~1 J
his acluel system, the program m either RAM or PROM before
com miMing Itto rnasktooling.Foradded IlexlbUlty, tne board cen
be interfaced into the GIMINI developmental system for con
versational capability via a terminar with the PIC TTL Emula10r'a
RAM memory. The PIC program is stored in RAM on Ihe PIC
Emulator board es memory as part 0' the CP160D micro.
processor address Space. ThUS, on~line chenges in (;Qducan be
implemented WithOut tne inconvenience of reburning PROMs

r"""'~,~

L
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"The 9th bit of the program counllir;n the P1C1650 ;szerofora CALL and aMOVWFF2. Therefore, Subroutines mustbe focated in
page O. However, subroutines can be called frampage 0 or page 1since the RAR Is 9 bits wide. (page 0: 0~255, Page 1: 256~511).

·"Ir X ::: 0, the address is jn page 0; I( X::: 1. the aCldf'eSS Is In page 1, ThePIC assambJertakeg care ofessigning1he carrectop codes,
c·s

-
OTHER INSTRUCTiON MNEMONICS REGONIZED BY THE PIC16sn ASSEMBLER-- \ --EqLJlvalent

fn"Notlo
n

(octaf) Nam. syn'a. oporationCs) StaluS

~0100 000 00011 (2003) Cloar Carry CLRC SCF3, 0 -

010
1

000 Dool1 (2403) 5.' Car~' SETC SSF3,0 -

0100 001 00011 120'3) CI.or Digit Corry CLRDC SCF3,1 -

I 0101001 00011 (2"'3) Sot DIgit Carry sETDC SSF3,1 -

I
0100 010 00011 (2103) Clear lem CLRZ BCF3, 2 -

0101 010 0001 f (2503) Set Z.m SETZ 8SF3,2 -

: 011100000011 13403) Skip on Carry \ SKPC 8TFSS3,0 -

011000000011 130031 Sk'lP on No Carry SKPNC BTFSC3,o -

:1
~ 011

1001
ODOlf 13""31 SkIp an Dlgl,carry SKPDC BTFSS3,1 -

i 011000100011 (30431 Skip an No DIQIt carry SKPNDC STFSC3,1 -

J 0111 01000011 (35031 SkiP on Zsro SKPZ BTFSS3,2 -

i 0110010
00011

(.3103) Skip on No Zoco SKPNZ STFSC3,2 -

'I, 0010001 ttl f f 1'(40) Tesl File TSTF f MOVF I, 1 Z

,~ 001000 011 1If 11000) Mo,e File fo W MOVFW I MOVF 1,0 Z

1
0010011 "' 11 (1140) N.gat. Flio NEGF, I,d COMF I, 1
001010 d I I f 1 I (1200) INCF f, d Z

, 011000 0 00011 130031 Ado corry to FII. ADDCF I, d STFSC 3,0

001010 d If f I' (1200) INCF f, d Z

~, 011000 °00011 (3003) Sub,,"ct Carry from FII. sUBCF I,d BTFSC 3,0~ OoDOll d 11 f If (0300) DECF t, d Zi 0110001 00011 13043) Add Digl1 COCry to F,le ADDDCF f.d STFSG 3,1
, oo101od If' f1 (1200) INCF I,d Z

~ 011000100011 130431 Subtract Digl1 Carry from File SUSDcF I,d STFSC 3,1t 000011 d 1Iff 1 103001 DECF I,d Z

~ 101' kkkkkk.. 15.001 Sranch S K GO TO K -

t 011000000011 (30031 Sranch on Carry SC K BTFSC 3,0

~ 101' kkkkkkkk (5'001 GO TO K -

! 0111 00000011 (3403) Sranch on No c"ry SNC K BTFSS 3,0

" 101' kkkkkkkk (5'001 GO TO K -

:1.. 011000100011 (30431 Sranch on Digit Carry SDC K STFSG 3,1

I 101' kkkkkkkk (5Xoo) I GO TO K -

~" 0111 00100011 (3'431 Branch on No DigIt Carry BNDC K BTFSS 3,1

, 10" kkkkkkkk 15xoOl GO TO K -

i 011001000011 (3103) 8ranch on Zero SZ K BTFSC 3,2

~ lQ1X kkkkkkkk (5 Xool GO TO K -I 011101000011 (3503) Branch on Nc Zoro sNZ K STFSS 3,2

, 101' ",",.'.k"', (5xoo) GO TO K -

t, If x - 0, aad,..Si:lin pag. 0, J I --

,1 If l(:O 1, address is in page 1

~
'

}

);t. ;~:c;t

Operation Status

o-w, RAR-PC
i< -W, FiAR - PC
PC - AAR, K- Pc
k -PC
k-w
kVW-~W l
kflW,-W Z
kI;!W-·W Z

s.peolfles where the result of the operation performed by the
instru-ction is to be placed, /f "d" is zero, the re6ult!s placed lnthe
PIC W register, if "d" is one, tM result is returned to ihe fila
ragister specified in the instruC1lon, 11the "d" operand Is omitted,
the f reg'lsler is assumed as the destination, "f" and "d" may be
numbers, characters, or symbols as described In tho PIC
Assembler and PIC Simulator Instructions. "C" represents the
Garry bit, "Z' represents the zero bit, and "DC" repre$ents the
digit carry bit

(4) (8)

(6) (1) (5)

(4) (3) (5)

I OP CODE I I (LITERAL) ~ J

[ <:ll'CODE1;;-~B-'-~~C _f~(~I~~#) _ ]

r--OP-C-OO-E- [d] -I(FlLEU
for d 0, f-~W

d' 1, r-'f

Ins.lrueli'on (Oelal) Name Syntax Operaflon Sialus

000000 0 00000 (0000) No Operation Nap
000000 {fill (0040) MOlieWto1- MOVWF W~!

000001 0 ifill (01001 Clear W CLRW O-W l.
000001 1 tim 101401 Clear f CLR' , 0-.1 l
000010 a trHf (0200) Subtract W 'rom I SUBWF: f, a t ·W,··a C,DC.z
000011 d I ~ f1I (0,'001 Decrement' DECF I.d 1·1 .....0 l,
000100 d fff" (0400) InclUSive OR IN and f IORWF I, d WVf-oa l
000101 d mlf (05ooj AND Wand r ANDWF I, d Wl\f-d l
000110 d Ilfff (0600) Ex.clusive OR Wand f XORWF I, d W'Vf-d Z
000111 d 1Ifff (0700) Add Wand f AOOWF I a W4f-a C,DC..?
001000 d ffm (WOO) Move I MOVF I, d f-a l
001001 d tffff (1100) Complem~nt f COMF f, d I-a Z
001010 d fflff (1200) Increment f INCF f, d r~ l-·a Z
001011 d /lflt 11300) Decrement f Skip If Zero DECFSZ I a , - 1,-,11 sklo II Zero
001100 d ftfff (1400) ROlate RighI r RRF I 0 1(nJ-d(n·l), I(O}-C, C-d(7) C
00110' d rtlff (1500) Rotate lett / RLF I.d f(I"l)-'o(n+ll,I(7}-'C C~d(Ol C
001110 d "ffl (16001 Swap nalves f SWAPF , d flO-3)O'::"f(4-lj-d
OOn'l1 d fftft 11700) Il"lcrement f, SklO ,f Zero JNCFSZ I 0 ,-, -d skIp It .-:'ero

Instruction (Odal) ""m. SyntaJ( Operation Stalus

0100 obb ftm (2000) Bi1 Clear f scr , b O-f(b)

0101 bbb flfff (2400) Sit Set f BSF f, b 1-f(b)
01 10 Dbb ffflf (3000) Bil Test I. Skip 11 Clear BTFSC f, b Bil Test feb) skip If clear
0111 bbb /tiff '34001 Bit last f, Skip If Set BTFSS I, b Bit Test f(b) skip If sel

Instruction (octal) Name Syntax

1000 kkkkkkkk (4000) Return ~ET

1000 kkkkkkkk (4000) Rl3'turn and place Uteral If1 W RETLW
100' kk!<kkkkk (4400) Call Subroutine· CALL
10h kkkkkkkk ISXoo)"· Go To address GOTO
1100 kkkkkkkk (60001 Move LIteral to W MOVLW
1101 kkkkkkkk (6'001 )nclllsille Oli Literal and W IORLW
1110 kkkkkkkk (7000) AND Literal and W ANDLW
1111 kkkkkkkk (1400) El(clusll'€ OR l.Ileral and W XORLW

LITERAL AND CONTROL
OPERATIONS

BIT LEVEL FILE REGISTER
OPERATIONS

GENERAL FILE REGISTER
OPERATIONS

iiioOjUUCUOi'J :set summary
For a.n oscIllator frequency of 1MHz, Ihe instruction execullon
time Is 4 I-Lsec, excopt if a condilional test is lrtle or If the PC
register is changed as a resull of an instruction, In these two
caSes. the instruction execution time is e tl.sec

In tho follo .....ing PIC instruction descrlpttons uk" represents an
eight bit constant or literal value, "f" represents B; tUe reglsler
designator ana "d" represents a destination designator. The fire
reg I!;ter designator sp(Jcifies which one offhe 32 PIC fife registers
IS to be utilized by the instruction. The destination designator



Sample Programs

In the following program slep:>..dddd means litarala, In decimal form, otherwIse the)' are In octal form.

I OBJECTIVE: To disPlay tha 1iIe polnled to by F31 via 1/0 post A (FS). A:fI15ume ,;W In F31 and .100 In F20.

Hence, the following program will dis~iay .100 via F5.

Digit IS displayed 111 either I/O Aeg\s1er 5, 6. 7, or 8_ F20 contains

the BCD numbers

rl. OBJECTIVE; BCD to 7-segmenl Code conve
rsiofl

eInb
-Dc

DellCrtptlonProgram SllllPS

n OBJECTIVE: To compare F31 to a constant, if equal GOTO OK, It not equal GOTO NO

mOBJECTIVE: To clear flies F5 to F31

Description

•I

~
'I

1c.e~7

Move the computed addreSS mto the pC

o lr seven segment (abcdefg)

1 In seYen segment (abcdetg)

2 If' seven $egm~l'\\ {et3coefg)

~ In seven segment (abcdefg)

4 10 S~Yen segment (abcdefgj
5 in seven segment (abcdefg)

6 In seven segment (abcdefgj

7 In St3vsn seament (abcoelg)

a In seven segment (abcdefQ)

9 rr GENen segment (abcdeig)

Starting adorsss of table
Add 8CD numJ:lcr a~ offsel to Tablestart

OntaIn converted code
Move tne 7-segrnent code to tne file pointed to by the file select register

2
6'1 11 1110'

8'01 1 0000

6" '0' , 0 1
8'1 11100 l'

B'o' 10011'
B'l 01 1 011

8'0011 11 l'

B'1 1 1 0000'

B',1 t 111'
6'1 110011'

TBLSTR
20, W

CONVRT

5

MOVWF

RETLW

RETLW

AETLW

RET\...W
AETLW

RETLW

RET\...W
AETLW

FlETLW

RETLW

p'ogram Btap&

MOVLW
ADDWF

CAl.L
MOVWF

CONVAT

T6LSTR

Move the conten1s of F31 to the working register W. After execution W contains .20,

Move the contents of W to FSR (F4). At~er execution F4 c;onlalns .20

Move l:1e contents of the file poInted to by FSR, that is. the conlents 01 F20, to W. Thus W contains. ,100
after executIon,
Move tho contents at W to F5, Hence.100 Is In f5 now.

Mova tlie contents 01 F~1 to the workIng register W

~c1usive Oring, bit by bit, Ihecontents of Wand lhe lItara! CONSTANT. If the are equal, all zero bfls
will re!iult in Wend tM second bit In tlie slatus register (F3) will be set
If tlie second bit in F3 IS onG, skip the next step,

They are not equal.

They are equal.

Description

Descrlpllon

Move the literal 4 to tlie working register W.

Move llie literal 4 from W to lha FSR {F4}, These two steps Initialize the pointer F4 to 4.

Increment Ihe contents of FSR by one. ThIs 18 the same as saylllg tllat (lie pointer points to 'lext file.

Clear the conlents of tlie file pr;,inted to by FSR

To sense the end 01 the We, which is F31, move the literal .255 to working regl9ter W. The Illeral .255/s used
since tlie top three bits of F4 are read as one,

Compare bit by bit the contents 01 FSR snd W. If they are e::Jual, the second bit In tne !itatus ragister (F3)
willlJe set.

If they ate not equal, 90 b~ck to 1lie slep laballed LPI. otherwIse stop

MOVLW 4

XORWF 4, W

BTFSS 3,2
GOTO LPI

END

MOVWF 5

MOVF 31, W

MOW/r:4
MOVF O. W

Program Steps

MOVWF 4

LPI INCF 4,5

CLAF O,F

MOVl.W.255

Program St"'~8

BTFSS 3,2

GOTO NO

DOTO OK

MOVF ,31, W

XORLWCONST

'OC-6
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et the port and lhe pin can be conneclea directly 10 tl; TTL gate
input When Inputting data thru an 110 Port, the port latch must
first be St;It 10 a logIc "1" level under program controL Th's turns
011 a~, a'lowing the TTL o:Jen colJector device to Qrive the- pad.
puJJed up bY Q,. which can source about 100J.lA.

10c~g

READ I G?L o£VICE OUTP'UT I
/INTERNAl. IOPEN-COLLECTO'l)

SiGNAL) -- -- -

I 110 STRUCTURE j

'ft'le equivalent clrcltit tor an 1/0 port bit Is sh(')wn bGJOW as- l!
would interlace with either the Input of aTTL d~lcs (CPU chip i~
outputting) or t~e output of an open collector TTL device (CPU
ct'llP IS inputting). Each I/O port bit can be indlviCluallY tim a
multiplexed lJetween input and otJtpuf fUnctions undarsoltw3re
control. WhP.n !>UfputtinQ thru a PIC t/O Port, the data IS latched

MCLR'

1/0 Interfacing

Is
£
i
t

t
w.

I
~

l
~

i§
~
,1

i
~

i
a
~

I
}

A!:AQ FROM
ItO

WRITE I tTO 1/0-1
WRiTE"OI!'O

, Jr- •
PIN SIGNAL

VALID

'SI'II( (typ.)
2.5mA
4.2mA
5.8mA

IO.OmA
14,1mA

V1f-j '" 2.4'1 min

VIL :.-: 0.8'1 max.
(IL ::: 1S).JA max.
G, ,. 5 I:lF max.
VOH '" 2.4'1 mm. @ 100}JA

VOL .= DAV max. @ 1.8 rnA

Jo~ '" '" SIJA max,
Co "<0 10pFm&)(

1 MHZ

250 t(C

VOUT
0,4'1
O,7V
OAV

O.7V
1.0'1

Electrical Characteristics
Oporatlng Parameters

VCG VOl/age'" +5 !lolls ::.5%

V)lX Voltage'" +4.75'1 ro ""10,01/

'cc Current ~ SO rna tyoical; 75 rna max
Temperature '" O~ C 10+50" C

.storage Temperature Range' -55 0 C 10 "'150° C

D.C. Parameters

Input Logic "1"

!npul Logic '0"

Input Leakage

InpLit Capacitanc:e

Output LogiC "1"

OutPUI logiC "0"

Output Leakage

Output capaCitance

A C, Paramerers

CSC Frequency

RICC' Frequency

LED DIrect Drive

V)()«(Iri"es the gate 01 ',I)e OlJfpu' buffer. allowing adjustment of
LED drive capability;

V"
5V

5V
10V

10V
10V

~'NPUT ,

slo,fl~sTAa'E~

"~,

1Oe·s
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( "m""R • ~ ~~. .~ON.'~'''-' I

~

W
'"eh'

:~I l TOGIM,NI

l
iS 1,0 C D r--~ DATA "US

~ \ ;~~~I;~S
- I \ 700ClO-70i77)

:l I AL~OWS PI::
'=- ' MEMORV 1:)
c: 8 SF WRITTE~

rr
:;-r-:::- INTO OR \

~ READ FADM I
l~ GIMi:-J

~--~'

1::>C-11

RETL:RN AOD"lESS
R!::GISTER (RARI

l
~--o.D~~;'s~U~~~_

~t 9

8 ~ PRO~RA71~.,
ccu~;~~ \~~j f'
;r-Y'-. 'I

MCL"-.:J~~'~RAM."
DA~~~i7~R~~xllS "

[
(GIMINI ADO~~il5E PROM.~1 ~2 120<JO-n.

CLOCK

BLOCK DIAGRAM

R,;.xT

DESCRIPTION

rne PIC Emulat.or is a hardware too! usefUl In the prolotYPlng
$!ate of a product It consists of a 180 IC wlrewrap card
conhllnlng a TiL emulatlon 01 the PIC chip, 3 cabe terminatIng
In a 4O.pln male plug Which would plug into the PI C's 40 w

pln
socket on the and procuct's bresdopard, an Interface card to the
GlM1NI Microcomputer and 2 oables betw~en the wlrewrap ca.rd
and the mterlace. card. The interface card permits the PIC's ROM
prog.am to be Interrogated Of the PROM/RAM swl~ch on tha PIC
Emulator'S wlrewrap card Is in the PROM poslllon} or to be
Interrogated and modified (if the PROM/RAM switch Is irl the
RAM position) 'Jla the GIMINI'a 1ront penel orvle the GIMINlln
conlunction with a terminal de'Jlce, Thus, with a GIMINI and a
terminal. on~line changes in the PIC'S. program can be Imple
mented ImmedIately In nn interaCtive mode between the userand
the GIMINI Microcomputer. The interface oard also contaIns
5121116 of RAM to store the data presentoneaehofthe 41/0 ports
corresponding to the last eJ\eGul!on of each of thc512 instruction
stepS of the P1C1650, This I/O history feature \5 quite useful lrl

program debugging.

TTL PIC Emulator
FEATURES

• Provides hardware emulation of tne P1C1e50
I PIC program oan be in RAM or PROM
• Int~rIBr:e wIth GIMINI ofovide6 interactive dSl;lLJgging of the

PIC'S pros ram.
II 110 Oala tor all 512 instruct.ion steps stored irl RAM,

a PIC Hardware~

I
!

I

!
i
~

i
j
j

"l80·7

-11

RBO·?

RAO-7

RBO-7

RCO-7

RDO-7

Vxx

Vee

GND

RCO·1
u

~
o

osc --7i PIC1664
RTCC*~

MeL.R"

CLOCK

SPARE

INST"UCTIOt~

DECODE
&

CONTROL

PIN CONFIGURATION
64 LEAD DUAL IN LINE

o.EG1STEFI
FILE

IFf; to F311

paM DATA 12

MCLA" ROM
ADDR

FEATURES

• prC1650 computer Wltt-r ROM removed
• Useful lor engineering protolyping and field trial

der.sonstrations

III PIC1650's ROM address & data lines brought out to pins
• PIC 1650's ROM can be replaced by eXtarnal RAM or PROM
.III PJC1650 can be single stepped or stOPp=!d viti the hail pin.

DESCRIPTION

™ PtC1664 MQS/lSI cirCUit array is exactly tne same as
PIC1650 except for the fact that Ihe ROM is removed and that the
ADM address and dala lines are brought out, resulting in e601 pin
package The additio" of B halt Pi'" has alSo been made to the 64
pin package ThIs pin gives the user the abi'jty to stop as well as
slrIgle·step the Ch.ip. The P1C1664 is d.esigMd as a useful tool for
engineering orototyplng and field trail demonstration

l!I1 PIC1664 ~ PRELIMINARY INFORMATION

Vee

ARITHMETIC ! * * ILOGIC t J
UNIT I ) AETUAN ADDAES~

REG)STE~ IRAA)

Programmable Intelligent Computer Development Circuit

AfJ(";'"

I BLOCK DIAGRAM

100-10
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10C~13

-I

SINGLE·
STEP

,-OGIC

HeT

HLT ACK

32

PlC1664

I ± \ =1===t=:f==I=' 6~~~'1 & PLUG

1I010SC I+5
RTCC' MCLR' GND

BLOCK DIAGRAM

DESCRIPTION
The PIC Field Demo Card is Llsed \0 demonstrate a PtC 1650's
capablilty In the field before commilling to masked ROM, The
card contains a PIC1664, 2 PROMs {512:<8 organization wIth 1,us
or lesS acCtlSS time} to hold th9 user'f:i program, !lnd logiC to alia.....
a single.step or free-run mode The card terminates in a 4O-oln

plug to simulate the P1Ci650'S pInout

PIC Field Demo Card

m==PIC Hardwar~ PRELIMINARY INFORMATION

I
_ .-1

CONTROL
PICHi50
PICBUG

"1
.I

-I
I

f--I
TTY I }TO IIUAAT TTY

INTERFACE~ l

L~
i \

QIRECT,ON ~
B

DIRECTION

CONTROL
IRIW. CSI

HLTACK

ADDRESS

9

DATA

12.1f,

t
12

T "5

~~-:tlSINGLE.l~ STEP
CONTROL

~~ HLT COMMAND

LlSER'S
110

BLOCK DIAGRAM

I
I PC16B.

~I

DESCRIPTION

The MOS PIC Emulator Is useful far debugging a PIC
applications program. The card contains 512"12 of RAM, a
PIC'l650 containing PlC8UG (see pa.ge 10C-19), a. TTY interface
and a PIC1664 A reset button is provided, which halts the
PIC1'664 and places P1CBUG in the comm"nd mOde

MOS PIC Emulator

100-12

I!II PIC Hardware ] PRELIMINARY INFORMATION
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BINARY MACHINECODE

Tt1e PIC assembler produces binary macl1ine code punched on
paper tape formatted for loading by the CP16DO resident loader.

I

~

Hexadecimal
sX'nh'" ~ s =: optional - or - ... assumbed

X' :: leading characters ' " trailing cnaracter
h :: 0-9, A-F; 0 to !='FF

Binary
sS'bbbbbbbbbbbb' s " oot)onal .. or -. ~ assumed

S' ~ leading characters, "trailing
character
b=O 1;Ot01 l 111111111 i

Character

s"C" or 'C' - s:: optional + or -, T assumed
"or" ::; laading and trailing characters
C " any ASCII characte"

EXPRESSIONS

Anthmetic oparalors + and - may be used 10 form operand
expressions ccntainlng up to six elements AI"' expression
element may be a user defined symbol, the asserncly location
counter (l) or a literaL Expression elemenls are separa.ted by .. or
- and an expression 15 terminated by a comma, carriage return or
a semicolon (;1 Expressions are eIJaJuated from left 10 rlgl1t witl1
no parenthetical groupings allowed

This format permits ihe program to be loadea into suitable
CP1600 microcompular memory locations for execution by a PiC
emulator. The paper tapes are formattG'd into one or more
variable length binary records. Each record contains a fourframe
header and up to ~32 data frames followod by acheck sum frame.
The first frame In each racord contafns a 001 except lor the last
record which contains a 377. The secoM frame contaJns tl1e PIC
assembly base address, the third frame contain$ 000 and founh
frame contains tile numbarofdata frames follOWing in the record
The last data frame is followed by record checksum frame which
IS used to IJerify the data when the tape Is read. Each PIC
instruction is punched in a three frame sequence whicl1 contains
001, the least significant eight bits and the most significant four
bits. Address adjustments resulting from impedded ORG or RES
assembly directiIJes result in a three frame sequence containIng a
000, the addresS edjustment and 000,

IClC·15

Set thG' assembly location counter of the value of expression
PrograrTl assembly starts at zero by defeuit.

ASSign the valuE'.! 01111e operand to the symooL The operanCl may be a
symbol, a literal or the assembly location counter symbol (!). If I is specilieo
i1 may be followed by ~ 0(- and a literal. Note that only one level of forward
symbol reference is allowed.

Zero a olock of storage whose length Is speCified by the expression. If a
Jabel is specified it Is assigned a value equallo the address oftl1e fjrst word
In the block

,axpr 1 Generate a data word for each operand expres!ilon The contents of aacl1
word :s set (lqual to Il1e value 01 the respecti'JE'.! expressicn. 11 a label is
specified It is assigned a value aqual to tl1e address Of the first
word generated.

End of the program, tne assemply IS terminated on the preVIOus statement.

Advance the listing to the top of tna next page.

Use the specified six character name In the listing page neading.

expr ,[ expr..

axp

operand
operand

expresSion

name

ASSEMBLY DIRECTIVES

ORG

SYMBOLS

A symbol IS a user defined character sl(lng whlcn <tppers. in an
operand and is used to represent tl1e value assigned to the
symbol by the assembler. A symbol is gi'Jen a 'Jalue by dIrect
assignment via en assembly directive or by appearing in the tabel
field of a statement. Instruction rabels are given the value of the
assembly location counter associated wit" the Instruction. The
assembler recognizes thE'.! exclamation mark (I) as a special
symbol for the currant value of the program counter

LITERALS
L1!!lrals are cheracter strings whicl1ser~eas sources of data. I.e.,
cannol be changed and are Interpreted by lhe assembler as
constants Literals may be expressed as octal, decimal,
hexadecimal. binary and cnaracter and may be preceded by a
pIUS (+) or minus (--) to signify Sign. Plus is assumed unless a
minus Is present.

Octo'
soooo - s:: optional + or -. ~ assumed

o :: 0·7; 0 to 7777

Decimal

s.dddd· s '" optional + or -, .. assumed
" leading character

d::O·S;Oto" 2047

PROGRAM LISTING

The PIC assembler produc;es a listing oltl1e assembled program
containing tha follOWing fielde: LIne number; addrees; contents;
label; optlrtor, operand(s) and comment. The address field
contains three octal digIts (eight bils), the contents field containe
four octal digits (twelve bits) and the labe!, operator, operand(s)
and comment fields are columnized to enhance program
readability. Each pag0 of lIsting contains sIxty lines and begins
WIth e one line heading. At the end of the program listlng 1111 user
delined symbols and the number of diagnostlc.s issued are
summarized.

Symbol EOU
Symbol

(Lab") ZERO

(Labe,) DATA

END
PAGE

TITLE

;

I

I
i
I
i
j

OPERATOR

An operator follows the label field In a statement. A statement
operator COntains up to SIX Characters and may be an InstructiOn
mnemonic or an aSSembly directivG. Instruction mnemonics are
symbolic character strings Which represent tha various PJC
micro instructions. Assembly dir<:)ctives are symbolic character
strings Used to represent certain actions performed by the
aSsembler. If a statement does not conta.in a Il!Ibe/ the oparator
must be preceded by et feast one blank spaca. If tl1e operator is
the last 11eld in a statement, it may be followed by a carriage
return, otherwise It Is followed by the comment tield,

LABEL

SOURCE PROGRAM FORMAT

A PIC source program is composed of a sequence of statements
...... Ith eech statement Contained on a single line terminated by a
carriage "eturn character A statemenl may Contain up to four
fields Identified from left to right as follows.

LABEL OPERATOA OPERANO COMMENT

Tne label and comment are optional, whila thaopera10r isalways
reqUired. The presence and nature of the operand depends upon
Individual operators. Statements should 110t eXCeed
apprOXimately 50 Ch<lt8cters so that assembled programS can be
printed On a teletype or similar terminel

OPERAND

An operand follows !Ile statement operator separated by at least
o"e bl"Jnk. space. Operands may be blank space. OperandS may
be symbols. II'teral5 or expressions. When multiple operands are
used, they are separated by Commas. rf an operand is the last fIeld
II"' a statement It is followed by a caniagfl retum, otherWise it Is
followed by tlla comment rleld

A laoel IS a user defined character string, used to symbohcally
reference s speCific location within a program. If a statement
oontalns a label, the label must begin in the first character
position in the statement. Labels may COntain up to six
characters, the 1irst of wl1lch must be a letter (A·Z), a currency
symbol ($), a question marf< (?) or an ampersand (&). The
remaining five optional Characters may bQ any combination of A.
Z, Q..9, $, ? 0" &.

A program assemDly can oe aborted by aepresslng the teletype
"CRTL" key whlie simultaneOUSly striking the "e" key. This
causes the assembly to be c<lncelledand control to be returned 10
Il1e resident monitor.

COMMENT

The comment 1'ield IS ootional It"! all statements and must be
preceded by a sGmicoJon(;) The contents of the comment field
are orinted on the program listing but have no eflecl on the
assembled program. Entire lines may serve as comments if the
first no,1·blank character is a ser1'1/colon. Blank linGS may be used
to Separate stB:temeni lines 'n order to enhance program
readability

DESCRIPTION

The PIC assembler converts syml:lolic source programs for Ina
PJC1650 into suitable code. ProgrD.ms for the PIC may be coded
symbolically using mathoCls and techniques common to
assembly level coding for Convenlional stored program
computers, The PIC assembler produces a binary papar tapa
outout which may be loaded and executed by the PIC TTL.
Emulator Dr used to directly maSK program Ol"l PIC chip.

The PIC assemole r 'S available In two versions allowing
execution on a wide varlely of COmputers. One version, coded il"'
FORTRAN IV is intended for use on popUlar min).computerand
Jarger computer systems and time sl1aring systems Tl1e other
version, coded in CP16QO assembly language executes on e
GfMINt mIcrocomputer with at least 6K words of 1li-bit RAM
storage

FEATURES

• Symbol.lc representallon of ail instructIOns
• User defined six character symbols
• OClal, decimal. hexadecimal and ASCI) literals
• I:xpression evaluatrol'1.
• Extensive assembly directives
• Full program and sorted symbol listing.
• Extensive efror detection

PIC Assembler

USING PICAL ON GIMINI

A terminal and a I1Jgh speed reader/puncl1 are reqUired to use
PICAL on the GIMfNI microcomputer system. The PIC
Assembler is firs! loaded via the loader command "LH" To
execute, command 'F is typed In. PICAL Identlfles the version in
use, (ndicates assembly pass 1and requesls source Input deVice
identifications by printing "SAC DEV? (H/L)'" The vser response
wltl1 ('L" (Jow speed tape reader. i.e., teletype) or "H" (high speed
tape reader), Note that all vse' responses are terminated by a
carnage retum. Tl1e user is then requested to select tl1e 7 level
tape oplJon by tne message ''7 level? (YIN)'" If the source tape
contains valid 7 level ASCII characters, the response is "Y";
otherwise 1l1e response is "N". Next, the assembler requests the
user to select a pass 1 liSllng option by printing "listing? (YIN}."
A pass 1 program listing i5 complete except for forward symbol
references and undefined symbol diagnostics.

Assembly pass 2 beginS when "Pass 2? (YIN)" is printed at the
end of pass 1, The "LISTING? (YIN)" Is printed to <lllowthe user
to select a pass 2 Iis1lng. Next, the device upon which the object
rnodule is to be puncnad is requested by "08J DEV? (H/UN)'"
being printed. If the high speed tepe punch is to be used, "HI< is
enrered; if low speed lape punch IS to be used, "L" is entered. If no
object module Is to be generated, "N" is entered. If apass21isting
and object output on the lOW .speea punch are selected, "DEV
CNFLCTlJ" is printed and the pass 2 options again requestea
beceuse the listing and object code cannot be mixed on the
teletype during the same aSsembly pass. If object output is fa be
punched on tl1e low speed reader, the user must manually enable
the leletype punch beforeenlenng the "L" response. Sinca pass 2
starts when the object optio!' is entered, the Source tape must be
repositioned on the appropriate reader before the Option is
entered. At the end of pass 2, pass 2 maybe rerun by entering "Y"
In response to the message "Pass 2? (YIN): If"N";s entered, pass
1 is reintlated.

1()C~lA



DIAGNOSTiCS

The PIC Assembler Issues 'h~ followIng diagnostic messages when Ihe indicated error conditions are delec::!ad:
SYNTAX SYntax error

LABEL label f1legal or missing

OP UNREC Oparator unrecognll.ed

UNDF SYM Undefined symbol referencad

DBl DEF DOUble or mulU·deftned symbol

MDEF SYM Double or multi-defined symbol re10renced
FilE REG File Register designator illegal

BrT NUM BJt Number designator illagal
OPRN VAL Operand value Illegal
LITERAL literal illegal

DEST D~stlnation Wegal

PHASE: Phase error. I.e.. symbol nas different definition in pass 2 ~han In pa5s 1
?SYNTAX Questionable syntax

?lABEl Questionable use at label

ACRIDEST Questionable address or destlnation

?USE QuesMnable use of Olrective
'vlEM LIM PIC ROM limit 6Kceeded

TFi'UNCATN Statement field too long, truncared

II
I~

10C·17

DB - DiSPlay the currently speciflea program breakpOints. Illhe
program was breakpointed, Ihat breakpoint is preceded by "@".
)! a console Interrupt (eNTRL./C) caused a breakpoint
"@ C=address" is displayed. If Ihere are nQ breakpoints set,
"NONE!I" is displayed,

OIl,j - Display the instructions from memory locatIons I to I
inclUSIVe in symbolic format. See note 1.

CMi,J - DIsplay the contents of memory from location I to J
inclUSIve in dump format, See note 1.

OR - Display the contents of the W register. the AAR (Return
Address Register Stack) and the 32 tife registers. See note 1.

DT - Display the accumulateo program execullon time In
microseconds.

Ee - Execute starling at memory address a. !t a IS not specIfied,
execution starts at the current PC (Ftle Reg. 2) address. Whan
prog ram execution slart'i. the execution tima counter is l.eroed.
See rlole :3

Fn -Insoectlcnange the contents 01 File Register n «()-'.:3.2), See
nota .2

la - Inspecllchange the InstructJon at memory address a in
symbolic format. See "lote 2.

Lda - Loed memory trom deVice d (H=nlgh speed, L=low speed)
starting at address a.

Me - Inspect/change tna contents of memory address a. Sea
nola 2.

Pdl,1 - Punch the conte nUl of memory on aevice d (H=hlgn
speed. L=low speed) frorT" address i to J inclusive

Rn -Set the Interrupt repetitJon (ate to n PIC machlnesycles and
acl1vate the real time clock counter.

R - Deactivate intl<lHUptS,

R? - DISPlay the current interrupt repatitlon rate

Sa - Step the pro..Jram starting at memory aaaress a. If a IS not
specified, stepping starts at the current PC (~lle Reg 2)
address.

Ta - Trace program executions startlflg at memory address. (f a
15 not specified, tracing starts at the current PC (File Aeg 2)
address. As each Instruction Is l;lKecutedj the contents of the PC
(program counter) is indicated QY the display "@aaaa" where
uaa is the current address, See note 3.

W - Inspect/chenge the contents of the W register

X- EXit to the GIMINI resident monitor.

ZM - Zero memory.

ZR - Zero registers, (W. RAR. and File Registers}.

ZS - Zero AAR Stack

ZT - Zero the accumulated execution lime
NOTES
1. Striking console "ey "C" while oepresslng the ·'CTRL" key
causes lhe console output to ba terminated on GIMINI Systems
On time sharing systems the "Break" kay is used

2. Entenng "I" opens HIe next location or register. '.~" opens the
preVious location or register.

3. Slrlklng console Reg. "C" while dep(~sing the "CTRL" key on
GIMINI Systems causes program execution to be suspended and
Interaction wilh the o.lser resumed The dispJay "r C@aaaa'·
Indicates which instruction, Le., aaaa Is its address. was aQout to
be executed. CTRLlC acts just like a breaKPoint On timesharing
systems the "Break" key is used

COMMANDS
The followmg commands may be entered o~ the console
keyboard whenever a command prompt is displayed Numeric
quantities in commands, indicate by n, a, i, j in the descriptions
may be entered in octal ordecimal formel. Decimal quantities are
preceded by a period, I.e., ".15" is decimal 15 which ;'15".is octal
15. Quantities displayed by PICSIM are always in octal If a
command is unrecognized or conlains an arror, a "1" is dIsplay·
ed followed by anoltlercommand prompt. AJI commands mustbe
entered as Indicated 'ollowed by a carriage return

? - Display Command Summary

8n, A- Set program breakpoint n (O~7} at memory address a (Q...7
777).

8n - Remove program breakpomt 1'1 (O R 7)

8 - Aemove all program breakpoints.

en - Continue program execution from the current breakpoint
If optionol n is specified, n Subsequent program breakpolnts that
may be encountered will be Ignored, This 1eature is useful when a
program )oop is to be brea.kpointed alter n executions. If the
current program was not breakpointed. the message 'NO
ACTIVE BRK PNT" is issued and the cQmmand is rejected.

DESCRIPTION
The PtC simulator (PICSIM) IS a program which Simulates the
PIC1650. Programs assembled by the PIC symbolic assembler or
programs entered manua.lly may be quickly and easily debt)gged
and verified using PICSIM
The PIC gimUlalor IS available In tv.'oversions allowing execution
on a wide varIety of computers. One version coded in FORTRAN
IV is intended for u:;le on popUlar minicomputer and largor time
snarlng sygtems. The other version executes on a GIMINI
microcomputer.
PICSIM exeCUtes on a GIMINI microcomputer witn at least 6K
words 01 RAM memory and a teleptypa or eqUIvalent console.
PICSIM is supplied as a relocatable (oad module which is loaded
and e)(ect)ted using the G1MINI resident monitor. The user
communicates interactively with PICSIM using a set of
commands which are used to contro Ithesimulation environment
and prQgram execution.

PIC SimUlator
FEATURES
I SImulation of all PIC instructions.
I AccesS to all PIC operational registers.
I Execute. Trace and Step Modes.
I Console·- Interrupt and oJp to eight program breakpoInts
• Real time clock simulation
• Input/Output simUlation.
• E)(ecution time accumulation.
• Symbolic inslructio~ mode,
I NumerIc quantities expressed In octal or decimal.

[!I PICSIM J

USING PICSIM ON GIMINI
A terminal and a high speea reader/puncn are reqUired to use
PiCSIM on the GIMINI microcomputer system The PIC simu·
lalor program ta.pe is first loaded via the high speed reader by tho
loader commalld "LH" To execute, command "E" Is typed in
PICSIM Identifies the version in use and print~ out "Command
summary? (Y/N)'" The user respOnses with "N", if the printout 01
thOse commands are not required Next PICSIM will request the
next command to be executed by printing "Command?'"To load
the Objecl tape, "LH" Is entered PICSIM will again request
another commana The user can then enter any of the commands
described below.

physical tape segment is read (indicated by text ending with a
form feed cnaracler). When the next source tape segment IS
mounted in the appropriate reader, the GtMINI STARTiSTOP
switCh IS depressed, continuing the assembly proceSs. Finally,
"LST?(Y/NJ" Is prInted allowlng !ne USer ro sel&ct a pass 1
program listing it desired.

Af the end of pass 1 "PASS 2?{Y/NI" Is printed allOWing the user
to elect to rerun pass 1orproeeed to pass2. Prlorto running pass
2 the SO\Jrce tape must be repositioned at the beginning. Jfln the
segmented tape mode, Physical tape segments must be read tn
the same order as In pass 1 After the pass 2 listIng option 1'8

selected, "DEV?{H/L/N)" IS printed allowing tile user to select
Object tape output on tl1e hIgh speed punch, low speed puncn or
specify no object output. If a pass 2 listing and object output on
the Jow speed Punch have been 5elected. "DEVCNFLCT" is
printed and the options Il"re requested again.

If object output is on the low Speed punch "PUNCH ON" IS
printed to remind the uSer to manually enable the tCJetypepunch

PICAt. Wails until Ihe U$er en tars a carflagereturn to indicalethal
the punch has bean enabled, At the end of oass 2, "PASS
2?(YIN)" is printed, allowIng the user to rerun pass 2 or return to
pass 1.

USING PICAL

The PIC Assembler (pI CAL) requires a GIMINI microcomputer
wIth 8192 words of RAM and a ASR33 teletype terminal or
equivalent for execution. A high speed paper tape readerlpr,mch
may be used lor avaJJabfe. PICAL is loaded Inlo the GIMINI by
mounting the load module tape In elther U1e lOw speed or nigh
speea tape reader and ent~ring "LL" (load vIa low speed reader)
or "LH" (Ioaa via high speed raader) whenal the monitor"$"taveJ
NOle that alt user inputs must be termlnat-&d by a carrhlge return.
When the lOad is completed, a loader summary Is printed and the
monitor returns to tne "$" level. Execuhon of PlCAL IS started by
entering "EO" when at the "$" level.

Upon initial SIBrt~UP, prOAL identifies the version In use,
indicates assembly pass , and requests source Input device
identIfication by printing "SCR?(H/L)". The user must respolla
wilh "L" (Jaw speed reader) or "H" (high speed reader). rt Ille
source tape contains valid 1 level ASC11 data, I.e., was· punched
on a parity generating devfCf;l, a "7" Ie entered immedIately
fallowing the device Indicator. If only a carriage return Is entered
In response to the "SAC?" request, control 15 returned to the
resident monitor. Next, the U$er may setect a separated tape

mOde by resPOndIng to ·'SEP TAPES?{Y/N)" with "Y". )f this
mooe is selected, PICAL will pau$e (GIMINI halts) aftar eoch

10C-16



iNPUT/OUTPUT

PICSrM provides for simulation of both i"Put ana output
opersllons through PIC tlla regillters 5, 6, 7, 8 (IDA, lOB, 10C.
100). Whenever an instruction sample file registers 5, 6. 7 orS,
the fOllOwIng display is output on tha console "@aaaa, T=n
USEC, EN TEl=! 'OREG DATA'" and program eXecullon is
suspended. In the display, "@aaaa" indicates the memory
address of the instructIon, "T"'n USEC" indicates the
accumulated execution time and "1" Is A,B,C or O. Program
execution resumes after the user enters approprIate data.
Whenever' an instruction places data In file registers 5,6,70r8, the
following display is output on the console: "@aaaa, T=n USEC.
IOREGf=dddd" and program execution continues. In the display.
"@aaaa" indicates the memory address of the instruction, "T=
USEC" Indicates Ihe accumulated execution tIme, 'r isA, 6, Cor
D and "dddd" 's the current contents of the raglster.

II
•

007n
00000

00741
00002

121
111
554
111

313
121
555
222

PICBUG contains the debug commands listed below (underlined
Items are typed by the user), the TTY servIce routines and the
ability to terminale a rangthy display listing, and Issue another
command prompt, by the user depressing Control C.

PRELIMINARY INFORMATION

303
777
556
000

12571 00741
00000 00001

'04
727
200
400

01106
12525

100
421
17'2
f72

17776
05252

Dlsplsy contents 01 all PIC registers and W register

Loao memory contents of PIC mstructlon memory from the teletype
reader, beginning al address a, If a is notspecif)ed, loading begins at tne orIgin spet:itled on the lape.

Punch memQry conlents of PIC Instruction memory on Ihe teletyoe punch, oeginnlng at address 1
and ending at address h

Display contents of Instruction addresses 1 to h Inclusive

;Motlfying reg16ters sequentially IS not oermitted - each regIster
must be querled separately.

.Inspect/modify all PIC registers, W register IS R40e.

Trace (step) program one Instruction at a lime. Displays Ihecontenlsof the Wreglslereach lime, use
Ihe breakpOint command to get to the deSired slarting address

Sel and execute program to oreakpomt at address a. The breaKpOint IS automatically removed upon
execution rhe program continues from the last breaKooint upon setting a new breakpomt. If the
previous breakooint is not specified, the program is executed trom 7770

Sel breakpOint 0 at address 100 and execute orogram from adoress 777~ to address 100e

Execute program from Instruction addresll" e, By default, a ::. 777e.

,Mod'ify address

,MOdify sddresses sequentially

Inspect address 200

172
123
515
161

Inspect addresses sequentially. Nole that "I" causes Ihe next adaress to ce displa.yed, that "." causes
the preVious address to be displayed and (CR) termlnales activit)'

17777
05252

Example.
SB'OO(CA):

9. STICR):

5. SOA1,hICA):
Example:
SOA'02,2'3(CA)
200 17036
210 12525
S

6. SORICR):
Example:
SOA(CR)

W 131 141
7 000 777
17 000 121
27 000 131
37 101
S

7, SEa(CA):
E><ampIe:
sEO(CR)

6. SBn,aICA):

4. SP,',h(CR):

PICBUG COMMANDS

1, S""(CA):
E><ample.
SA.OOICA)
200 = 07142:(CRJ
S
sA'OO(CA)
200= 07142:1
201 '" 10712:~

200 =: 07142:(CR}
SA200rCA)
200".07 142:0(CR)
SA200ICA)
200 = 07142:01
201 = 10712:0-
200 "OrCA)
S
SRn(CA):
Example:
SR'O(CA)
20::' 367:377
.S

3. SLarCR):

PIC Debug
DESCRIPTION
PICBUG Is a debug program contained In a PIC1650, which will
enable the user to debug hl6 PIC application program contained
[1"1512:0:12 of RAM on the MOS PIC Emulator Card,

[!] PICBUG I
ERROR CONDITIONS

P/CSIM detects several error conditions While sImulating the
execution of PIC programs. The following error messages are
Isaued as a result Of the Indicated errOr conditions. Afterthe errQr
message Is displaYed program execution is SUspended and a
command oromot is Issued.

@aaaa, More than two revoJs of CALL instruv.
STK OVERFl.OWP lions '"'ave been eXElCuted.

@aaaa, More Ihan two levels of RET Instruc.
STK UNDERFLOWII tions have been executed

@aaas, Tt"Ie program '"las aU13mpted to read
INVALID READ OF the contents of PC (File register 2),
PCIf I.e., the progralT' counter

BTFSS t,d
RETLW i
CALL j
GOTOx
GOTOO i
GOT011
MOVl..WI
IORLWi
ANDLW I

XORLW I

COMF t,d
INCF
OECFSZ
RRF r,d
RLF t,d
SWAPF f,d
INCFSZ f,d
BCF t.d
BSF f,d
8TFSC f,d

SYMBOLIC INSTRUCTIONS

The foliowlng symbolIc instruction.OJ may be entered into memory
trom the console:

NOP
MOVWF f
CLRW
CLRF 1
SUBWF I,d
OECF I,d
IOAWFI,d
ANOWF I,d
XOAWF I,d
AODWF t,d
MOVF r,d

where f'" file register 0~37 (0-,31)
d " destination: 0 or W; 1 or F
i '" literal 0-377 (0-256)

x::: fiteral 0-777 (0-.S11J

10C-18
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flg,1b POWER DOWN GATING

~~~:!;:'~~i--'~"~_~ \.....,. TO 'PDL__'''-.J' ,,0 "" '51

____-_~~ rro PIN 91

dUTlllg \ll\~FilW pu\~e would pr-tr,"enl 1hat addrn35 (c.nd z,11 others)
from Mvinti acc~~s to the m~imary <taction 0'1 ttle de"ico Tnn
c,-,,\orne.l g6tli~g in rlq. 1b diS.\ILoWs~ from falling dl,Jrlng awrl1e

opara110n.
BaHery baci::up for vtln can be accomplIshed all shOwtlln Fig, ~!.
The germanium power tr-an::>l!ltor (2N~612) is \,Jsed here ~s 11
power dIode i=Ot a. card with 10 FlAw;~·42ti6'!J, VllIl would draw a
m@xlmUmClJrren10f500 mA. The~~Na612wO'oJld htlve El mllximl1f!)
CQ(lsctor $l1lmlterv(Jlta.Qedrop of .25v dc -11\500 mA b<l.se cLlrrlillll.
During norma: operatiDrl, if VccvariEld from 4.7510 5,25 ,,",olta, V;;o
would vary from 4,5 to 5.00 yoH:i, whIch Is withIn tilt! operating
5p{li;'.:ifieallon.ln the power dowr, molJu, VI:ll;wDuldbe 5LlPp1iedb'l
the 5v standby battery, ,.he battsry voltge. CD!.lld fail froIT' 5,. 10
4.5v (whIch would bl1 f~orn 4.26'1 to 3.7fN 10r'l,)I) 'oe.:;auS£: Qi 1ha

sjllcO]1 diad';} and stili KEll:JD th"" memory aliv'l.

Once lhl) r"ernory is powere;j :jown $0 that 1he totBl l:'Upp~y
current is reduced by a facior 01 .2 (Blnce Vt~· ::c 0 ono Is "lot
drewlng ~ni CLH'retll), ~(ln can be re~Uc(la In hull by pltl.Clng ""':1
>,oll!:: on V~,; -- pin 1 Thi~ baCKpbiflS!!!l- the ::iubSlrate whlc:h
I'edl,:cesthe Cl,lrrent drawn infJach flip·flop lrl ~lH~ I"t'lnor~-'Qurirlg
thl!; memory hold state, ,.hG --$ volt:;; on V'i~ cat"! only be. usHd to
retllin1he Intormation In (rle m~m(,lry alia ll1u~1 ~erelnD\'E-O(V,.."'''
0) b'Jtore writing Into or reading trom the memory

ThlJ~, using the power do.....n roods and placing ·"5 vo\\s on the
Gub!;lrate, lotal power dls~ipat€dwould DlO roduced 75%, from {l

mllximl,.Jrn of ~OOmW (5VX 100 rnA) to 125 rn'N \5\1 X 25 lTI,A,)

The RA.3.o-,256 ana RA~'3-42.5SAprIng aut, to sepaiate pinS, tne
circuit SuNltrale, the l"l1ernory pl;;lnD supp;y (V[,rJ) ;and ttll) pe~
rlpheral circuit's power 'Supply (Ihd. fheSQ three c:onnect\on~,
plu;' the power Oown input. allow extrern£lty fleltible contml of
trw rnemN)' durIng stamiby and(or r"GdlJced vol1age and power

dissipation operlltiOn.
In II ,G;latic memory me memOT'/ cell i~ € fUr> 'nap anq, ~n order \0
retain information, one 51dc of the flip 110p muel be on contlnu·
OLJSly ,.hu31he !:.\alk, melllOry r)l)WCC dissipation 10 illgher than
tor 11 o)'l'larllc rnerrtDry and lechl'llque9. ~or rlldLH.:lng 1.hi5 di:t.:t.ipa
lion Wht';fl ~hG dcvlclJ is In 111-0 standby condition become aH(ac~

live for the syslem iJs~r

The powor down pin (P"5 pI!' 15\ l'3()lales: the m€(fll'f)' from \h~
address decodt:HB, so thai Incorrect data cannot be ..... ritten into
Ihl;?Frlamnr1 wl\en Vn~ i'Sl1ct wlthln Its specified limit!!. ~ven If VUl.l
is n'J£;.inlallled by a battery, jf Vcr fall& 11'\ -a manner such that the
A!W c\rcullry con~\d-ets itself to b~ lit a wrl(s mode {or a sho(t
InlEH'.'f.!1 of1ime, thenfaLsedatawili be wrlt1elllntothe ml3rnory, To
prevent 1hls from happening, P5 Is driven low bye signal (?vwer

Down !n) ttlat !lensas Ve\7 i~ going be-Jow its allowable rt'tf'\ge: thj~
\s ,j<:"ua,.lly dono by monitoring the pJwer supply's AD input
voltage. Fig. 1 shoWS the timing requIred before v~c fells, to
ptesB.f'le e memory with a tJaHery b!!o(:kl.iP Of"l Vrl~l

To prevent mlswriling a ~ata word, the fall of the Po signal must
not Irj\elsec\ the R/lV puIS/.;. Otht'r\\'ise, the write op",ration may
lIot be complete at tl given addresEJ wtlll-n I5b !aIl5. TIle fall Of ~15

Flg.i. POWER OOWN TIMING

", --0 ~~\1- -' -------"·CG~u..R~E·-: Si,;I;~~"' . 2N:!l,>12 --J--'-
:- '~:;'~'.An,", I "'T Y"

: +5Y-'~~ L;~.'"1/~';~~~~6~~1
L. __" -1 'V 'R"._:J

-=- T--

t::=-o:=~

Flg.2- UATTEFPI' STf.\NDBY SCHEMATIC

Vt_. -- --"rc:.:~,- ..:--;. I

l , +. -,-'

l~==_~~f~~~:.::,--? ,

POW~R DOWN OP'Ef'AT\ON

22 LEAD DUAL IN LINE

AA·3~ti256B

PIN CONFIQURATIONS
24 LEAD DUAL IN uNE

! Pi;"'-3·~256/AA~3·.:1251}A

rClr:t Vlli..

V:'3:;~~trJ101~~4na~o.'"
Olll~ Ir.,!~ ~ '3 !JIll" DUI .j

ffi· j ~,~ O~!1 ,n ~

iW 4 21 Vr.:\;l~5Y1

::1' :: ~: 5 :~

At T "1''''43 a 11 11.1
qfW t; Ie ''lot; I'S~I

GND 1~ '0 fip
Daln Ir,:1 1. 1<1 ();llfll:1J

!J~ta QUI;: cL~:__,~o<lta0\11 ~

RA-3-42"iS,i; 1
RA·3·42S6A J
RA·3·42E;6E1

----,_._----"'._~.--_._-_..

WI 2se x 4 (')tg,c;nlzatlon

u Singlo El Volt Supply
u r (I,I) TTL CDmpEitabi\ity
iii Static OperAtion- no clor,ks reqlJirea
!iii 5001'16 AI:co~ Tirne: RA<3-'\266
q 650ns Access Time: flh,~3·~·256.1\, r~A~:3·425~jB

l'j, 3epl.\r90~El D::\\3. Input ur.d OulpUt Unc~
iii Low Pow~r

fa lhme cHIle Qutputs--undr.r cOnitOl Of Cnlp Select .signals
II Power Dc,vn S!a~e: RA-3~~25G, R,",~3·4266A

• Zenet" l:;Or{jtect~d Inputs

1024 Bit Static Random A.ccess Memories
FEATURES

DESCRII'TIClN
Tho GenolO~ lns\f\\m,mt RA·3·4'25c. nA··3.425F3A and
f1A-3~425eB ,7J/l1024 bit, high-spsed stalk random access rnem·
ori<?s organi1~1 as 256 4·blt w,Jrd::). Low Y::l11,18t' N-cllann(i~ IQI"I

implant tc(;I'II10Io;~y results in twa ITL comp<Jtibllity from it

single 5 >'tllI f\.lPply. B:lC sta\lc opera-tlot';. These deVices are
8ximtnely uSilflll In srnall read~writ(.'l memory system~; for term!·
nals, p()(if>her.<l,ls, microccn1p\Jt'3rs a:ld ewide ';arlety c.f ponacip
equipmon1.
The HA·3,~256 and RA<I-~'256A ':QI"; also l.ltih:te a Dacle blliS
9ubslratc (~nd split supply fo. applicalionr; wtJere a low stw1dby
pow~r drillfl ':> required. Th~se del,licl,}". may be f:: .... ih::h.Jd 10
thit f'JDWer down staW under ~;ystem oontrol witl1 no danger Of
memory ',lorage errors.
The FIA·3-·425'6Ef5 22-pin pack~lge, which ha~ a 0.4" Width, per
rnits tight packing dcnsll',' Otl printing clrcult I;arcts

___._--.:.__w ~~HZ:,)G RA:~~f).e.. RA.3-,j?:E~!3_

P1H::kage ?~~pin 24-pm 22~pltl

No of ChIp SdF.lct Inputs 2 2 1-
Po~ver Down C~pabltlty l'es YAfJ j No

::=-=~:_u .~~:~J_::~~-~::~_

lnp VI(>~.

II SIl~\f~'&Ir;~·~~,-O~la 01,1\.3;'; ,CaIJJ Out ~
Dala Ip~ ~ ~1 C~lii In 2 ..

l ·,,::j\l rf
oa!1l11\4,0 14 CS

I
~:________ --, ~:;;, 1

OCK OIAGRAM -::. -".-.,'_.- ~--'---, ---- -~-, _. .-

~
' ~~E£~~[~l·~~··~";-~·;;:"T~"'"' .------

(- _" 'u,. _ ""'Or ..
1 r ."f~ ""to""

~ ,,::-r-LL j I]U~CO(l~ j l' ~~ oO~r <01,"" I ""A '''''I'"'>'
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0"

T/I ", \/"$, TEMPEHAiUnF..

TYPICAl.l[Jp va, Vi',
(tor rhl!'Mory hold during pow<lr down)

',ER~f{113=~~=
if "'fli

:::j=1=rO-jl'-±T
"0 -+ 't++· -+.
o "FF . -.' +.j~ .--~H-t=ttr1W,.~
tt iJ:E-8±3o ._,l..._.,_1_,- .,..L.,j

TYPICAl OUTPUT SOURCE CURRENT
VS, OUTPUT VOLTAGE

,,~,. ("'OV~l

T,m- (Typical) VS. CAPACI1'WE LOADING

"r,. /"j()~!SI

~-'f';::;.,;-'tW,'-1-1-,-\.,

"I-'~""'~ ~\ ,,";.....4,.,-

"L-'- '(" -j~'
,- T ~ ..,l..... + . ,-l

'~I:±:.L-±::±~l~ol.mt¥tlfLL+J " - ~ _.1. ;----7"

TVP'IC~ALOUTPUT SINK: CURREN""
liS. OUTPUT VOLTAGE

TYPICAL POWEI~ SUPF'LY CIJr:t.RENr
vs, TEMPERATURE

TYPICAL CHAIIACTI'.RISTIC CLI'WI,S

r+lli'i-f'"'-'[iE-"r--- - -,..-± I
r- . -.-I~'~'

,,,w;,,,·,w,",·, ""''''p±. ~~tlt~r ..
.. "f-+- _ _ __l...l..LLJ._

\""''":~I

,~£rl±tJJ

--~- C;;~.iIIon;---
-''--'-'-._--

Vlr,""'OVlofl.25V
V'.i'il'=4.DV
V'llfr""O,4V

IOI.""1.6mA
k,,,"'100pr\
l'o"iMHr

See rJrmng Diag~am5

'Exceodlng [tIes\) raUngs could cause
permanent do-mafic.. FuncUonM operalion ot
theso -d':J\liCe~l at thof)se Cond'itlons Is not
Itnpflod-tJperatlr,Q ranges <Ire :;pecifiad
below

C(;

e:,..,.ECTfHCAL CHARACTERISTiCS

Maximum Ratings"
Vec, VC,1O and Input voltanas {Wittl raspect to GND} ,. ,-,O,$V to '!"8.DV
Slomg€lTernperature ,., •.. "'" "" -65~Gto ~15D~C
Opare.1ing Tetnpefllfllf61 . ". > •• (I~C 10 ..-10"C

S~andard Cond!tlons (unless otherwise Ilcned)

'V",,,,' ~5V ::t5% (VI'C IS the ponpheral Cll'cwt:y supply for the r~A-::H256!42S6A
and tho power supply lor AA~3..42S6B.)

Voo '" T5V ±10iQ (VbD)S the rnnmory c31) silpply fOr the R,A-3~425fj/425GA.J
V~""I"'''·. GND
Operating: Temperature (r,l) :.~ 00 c: to ,t-7D~C

Output L<lil1c!lng' One TTL Load, Cp',)'r,';,1 ;" ;OO~JF

=:-== Char••t~l~~=_ [.. SYT;~~~~.~f~n~__
DC CHARACTERISTICS I
Inplitloadc\Jrrent(allrr:puts) II'I! - _ I 10 pA
OUfPIJtleakagec1JrrsJII 1'l'H ,,- I 10 llA

~~~~~:~~t~~~lment IV~I' = I ~ ~~ I "¢
Input hIgh \loltag{,' VIII 2 " f'- II
Output fow voltage VI.'l 0.40 V
OUfPllt t)igh Io'ol\ago \,();< 2.,': V
Input capacl1anci> (all Inputs) GIl< 5 ! pF
QUtPLlt c:ap8citancnl:lll I

oLitputa) ~"'()\!I 10 pF pl MH2
TOINPfJWer SUPll!y Current I!--~, & In 60 lOa rnA AA<J~426S, RA-3.4256A
POWIH SllpplyCurrant In 30 I 50 tnA RA·3-4256, RA~3.425BA
PowerSupplyCurrQnt lor> 30 $0 mA RA.S.4:i5B,RA.3,,4256A
PowelSUpp)yCurrent let 60 100 tnA RA ..3-425GO

~~~- 1-- ---.L..

1

__

flCCES.S Tim£!. RA·;j·42:;;6 I I",c, I - _. 500 ns
CyCle Time RA·3~J2fe r lh I E SOD - I 0'

Accoss Time RA-3...1256A ""~"II -- -. 650 ns
Cycfa lime ~IA·3-4,?SM i~hLl 650 ~,_

Access Tlm\~ RA..3~4:256B I T,\(, -_ I - I G50 ns

_-=:~~~~~_~ __L':'~L~-==-~ --=-1 .__+-_" +- _
POWER DOWN DC CHARACT~R'STICS IRA·3-4ZS6 & AA.3.4256A ONLY);

~~%~~~~I~~~~a;~rnmtl!l~~>~3.761:J~ ~~ J¢ 0~~g4V
SUb$trfll~PowerSupply \/g -:5 - a V -5V InPowerDown Mod6only
SutlS!rate '-'!ow~r Sup~;} .M' J

___c_u~~_. . , I~~ _ 20 ~:~ ~ ..__

hTyplcal values are at ....25"C and nominsllo'o!lllgcS1-""".."" --------.-,,;~-~;"'---------.-

~ffri~HJ

I ~

DMA
ourr~f~

.-.-------- .. ------. ,l~J~ J
i~/ I_._. ....:~~ ..._ WRITE CYCLE _

~------,--,---_.
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ChIp $<elect
Tr.G Chip Select controls the operation ':Jf tl"lB memory. When tno
Chip Select input Is high the Input address buffers, deCoders,
:oensing circuits. and oUlput stoges ~re held In the "Qff" !itatc and
powllr Is supplied only to tho memory elements Wher the Chip
Select inpl1t Is pUIII~d low, the memory is enabled The ChiP
Select negative goll1g edge clo~Ks the TTL. !ogiClcvol addresses>
~llW, and data, input into "0" lype llip l10ps fII"ld ei,able& !ho
output stage

Outu output
Wl'lile Chip Solect is high, ttle output Is tllgh Jmpedl:mCf: tD alrow
"Wire---or" CoMccllat1s. When Ct1lp $eloc1 gaM Jow, thE,! output
data will be pmsontcd within the Spocltrbd access tIme, and wilt
(\3-1ialn untll Chip Seleel goes hign agnln. The OIJ\PlJt data sl~lnal

i~iapeclfied to drivl:' any TTL Serif):._ Wlth {)Oo,~ noise "'l'lmllnlty at a
fan-out of1. Output data is invorted with rSllpAct to tM input data.

READ, me FlIW 'I1~LiI shoula be !DW prior to- Chrp Select When
Chip Select g(A~S loW. RJW is lalched Ifllo a register,

g't I "'I _ cs r,-;-J
RJ ~2 IL~,:OO

x Ace,", 0!~M rt- 1." I --
OlD X ~'61 cs-~\-¥-G

i ! 7400 i i
I

","'::Ie- 0.>0 I "" , i
C,,>_ ;~~~ l£s (rot)

- '426 G ·{;lIplll"tl~olca(I"\()I(J~Ir'T'\II;l.IUGrrccl'"
,sENSE I,INE J. SENS~ ~INE 8 1i,'~en!ld,h\ltr1BI oWlp'-Jl~ DI<Ji(JrlC [lL,n;IJ\

Flg:l MEMOR'I CELL Flg.2 TYPJCt,L CHIP SElI,CT ORIVER Flg.3 OUTPUT TEST LOAD

Th¢ 4(\95 static bits of memory are organized In -an 1Hray of 84
rows byl)4 columns The rnemory cells Ilre\oaded or rnt~~uO-got~d
bysimvjtanaously decoding th.a X f\ddro5S Ao throUGh A8 for lhe
rows (5e~ Siock Diagram) and theY address Ae through A 11 for
1he cOlumns Each column contEl)ns a presons~ amplHler, lhe
{)Ulpl.lts of which (lre "OR,·ed" and connected to lhtl output nt.
bullor- !:~ach blt or memory cetr fs astandard flipflOp consIsting of
Rj, R2. 020 and 040 with twoac:cessdDvioes ()10alld 1:l3D (see
Figure i) The loarJ (Uii"i"tors Rj and Rl: ,;:ro 60 megohms typical
and ConMcttothc VbDsupply Q1Dand o:m are used lr.1 c:onne~~t

tf1e cell to th'3 ::;al1£lC lilles whc()~I'...er 1h~ X e.Cc~:ss line ill high In
the read mode the cell pulls one of the sGns~ lines JO'l/l from iis
normally hIgh siale. Tho seleGted presEmse circuit dotects tM
dlfferen~ialvoltaga on the s{~rHJG llnes andarnpllllasit. Inthewrit!3
mode one sense line isforcod low byihe pr€lsense circlJitand the
select~~cl Cell I'lSsurnos the st:a~~ ot Um SOr'lse Iinos

OPERAT'ON

eatWry OperatIon/Power Failure Data A4Jh<nllon
The mEltnory c:ells (bet~luse they are- cross couplGCI high
Impedance static colls\ will retaIn data (ioWn to Vl)!J" 4V.

iQ~ Vi/!\0\-

l
---O-~Vsxl,W}.1 n :JONa

M:? 21 A~

Il,jIJ ~ 2;'1 .1'.1

1\,11 _ -1 t~ JAG

N.C.( , "'~~:::!lDtteln 6 '7 Chip SOl

6iTtiiOZ'TI 1 lP; ]NC
AO a ,s JM

1\1 ~ 11, J,~<

A?g ,0 1:J. 1'.3

V~F(trNICL~ __~_, 12 R!W

PIN CONFIGUflATION
22 LEA[) DUAL IN L.INE

._-----,

-----~:~~~-~__... __J
4096 Bit Static Random t~ccess M.3mory

The GanerallnstnJfllsnt RA-3-4200 is a 40*' I'll slatlc Random
Accoss Memory ideally SUIWd lor memrJry system a~mllcalions
whew thGre IS an l1d'iantage B1 uHliz{ng a static memory Without
sacrificing the high speeds that cl;rrentdyn~micmemories olfer.
The RA~3¥4200 Is fA.bric:at?d in GI'(> advanceo G!ANT 11 N¥Chai1~

nellon Implflnt process anrJ te~turt!s a tully static rrmmory cell to
olirn(nate the need tor any refresh or charge~pulT1pcircuitry and
l'TL compntibllity exceptior d+12Volt Chip S~:lectwhichclYl1am~
IcaJly l'ICI)C%es the memor)'

Yhu RA-3~42,()O IS a (:;fmc: n)pJaCel"l1em in pm ccmnactlOn and
operalior1 IOi' the EM&M/SEMI 4200.

FEATURES

OESCPtIPTION

• 4096><1 OI"gani2i3.tion
• Static Memory-no refre:>h requirod
B TTL Comp.Hibh3' Inputs (e:<cept CS)
• TTL COnlpaHblr;: Output
• Wire~Or'abt~ Output-under control of a 'GI'ip Select' iriput
• Hign Spood: 215flS acce~s lime, 400ns cyclE; Ume
II Low Power: typically 450rnW Opllisting, 35mW standby
• Pin and Voltage CompCiHble- wlth Popular 22 pin 4K

Dynamic RAMs

r-:0CK DIAGRAM

,------'"'l·SV'1

Input CIrcuits ..~ R/W S:DIQCI, Data II' and Add,elll"piJ~

Tt1e lopr.lt signaJ 1$ latched by Chip se,lec..-t and can change afWr
tM Sp09c:lfied hold lime The inpl1ta can DO drlverl from standard
TTL. oven collector outputs wilh pullMup r.;tSlstonl Tho Input does
'1ot Pllt any DC loading on the TTL driller,

ReadlWrlte MDde Select

To WRnE, the nrw Input should be high rmor 10 ChIp Sal-ect To

11-6
11-7
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WRlfeC'lCU:

CYCLE ,IME ("SEG)

OPEJ·:ATtN(,. Ico AS J..FUHCTION OF C¥Ctl! TIIrl£

OPERATING ~DO AS A FUNCTION OF CYCLE TIME

READ C'fCLf

TYPICAL CHARACTERISTIC CURVE

11-~

"r 1=·t=r-ffff;r=-~J~~CJ]:J-fll
j _lc$~ < rr.".,lj , ?15W, I I --t.,~ \, ~. --.--,.._ .. T"-·..·..-----·.J. ' ,. '__,___ 1..1--- -,-__JCONP!,,,;r.J- - ,

..; ,,,,,·c'"'····~N." T - c"",,,,,:JJm,, .+,

' -~.- -, -., _l-j-l-__..-_L. ''"' 'u H'
r

I ,w·,~"",~,NS ,,,~" ..-; ._- U
• _.::_; . - --, ..1. ~f\---- ..,:~;::;\" r-"

I T- -j" ~-~_.,-- -- t.LTl:':ilrJ.o,rEOA'r,\

[

__.-i.-,_. --.1--' AI.1, <:'I<N~,n,: t\,<:AOdllllH'., _._L_..+-+-t~-I

,,--1-.... ~.. - - --~.}.\-.~

:ffi~,=~
2 :1 4 & !

-~----""---- ----'''-----._----_..-.----------_._._~

I lIMING DIAGRAMS \

I -'~"" ----~ . .......,.---: Y- I,. I "'''".....! "","·e' ," 1'\.-'" 00''''''''..:::. ~,~___ - 0"=1"..=-
~"" :~ ~~~gf. ~:==x-- ~~..£---:=~' 1

.,.~J _",:::~.:;;- -- __ -=::-.::==- -= I-::::::.' .. "'"-~ .., '-,:::::'''' , .:: .;:::, ..:.:: ,::.::==:x=~ ~.'" "I--'_"_""""'__'_'~Ii'",., I - '-''., ~i).:. '"~.., •.-",-
.:~ -::-;;:::---"-1-";:-----:=_ ':.- -,:-.-"",~-j -;;'---K'W

:.'~:,~:~:t...:~·,,,,=i,,,=- :;,- ..:.o---~-:::':~::'::~

TI,\~ (I'l~i.::e c"ntlllnr: I:"":'ullrl to proll;ll;l lM "'PU~ eaarn$1
(lllrnng" ,'jUf." lo high :.l.tIllI; v~l\~gl)S oreleolr,,:; ! I~.j~, "cw<i~l,!r. ~ il
lI,dvlWO ~~I\'lO!ll",1 pr(~CQ.~ltll}i"3 be la\:'tm Ie' ~vo:~ "p~\ic.ollon \')1
any \<o:lll!jl!! hiph-"Ir !han mll,drfl~11n l~IQd 'r'oll~~ \0 m~ hlt,!h
Im~d:ln~~ c.lrcl/d

tlQTE~: PermlJMnt de~ic:o dilllill!}ll ml:l}i O<:C~l' oJ AB$OU.JTE
""A~lMUM AAriNGS ,H'i: nteMr.d Fur,c~on~1 OpBra\'On
~liQlJld bG' r~~lrjoled to tli':GOMMENO!::O tlPERt, 'rING CONDI.
TlONS. !:ilpoP-l..m 10 higher l[1lln Ji;;;.oml11lJr.occt or mOl\TnUrn
~oll1l.ll'i'~ for (lHhlr,d~d pIJIl)d, 01 Iitrlc <,ould lln~CI c!lWi,~
rljli\ll:i:.l'!

NOTE 2: f<l2.5'Can;!1II'ml D,;!(% 13_5m WI"r;

DC ElF-CTRICAL 'CHARACTERISTICS

y'" Min 'YO \" Unit C,

o 10 100 ,A V"

- 00
vo",,,, -- .~~L

',," 2. \/",---
I,,, -- - oA

-- 3. 50 mA !",d"

C"400""',-.--;,---'"
"M" 5'C

I"", .- mA ,"+
70' I,., '.5 15 mA ,"+

b "-3 m'. .."
1" 50 100 "A

TAMr;~+25~C IUfl< -.- 2 mA V{"<"4'ilo15V
V,·,,:=-dV

".~~ V,.;<. ""-5V:r:l0%
T",;'''70'C 1"", 16 e ~,A 'I" "0'1

.'ol ""n TyO "'ox Un"
1m 215" 1m,

,."" - 1m,
- 10 &.1

,Tim, --
,wHim .- '15

15 -"
'm -

Tim",,,, --.-

CA~1.a.CITAHCE(Oyer Full Teml';;)ri1tuw Allngi1f:l1d Worst CStie Volt<lge Conditions)

~~---------Cha;;~i;;;;;;t;;;--------l-s;;;;,---r--i.i"'li'i'-T"-M~;-r-U~i'-r-C-';;'W;~'---

~~~~~i~Ei~+J!~11~~

RECOMMEI'IOEO OPERA'TING CONPIT10r"$ T",,," '= O°C 1010"G

""..m.... 1m Min Nom

12.0

5,0
-5
-

V"y" V""
o --

AB$OU;fE MAXiMUM RATli'4'QS (See NOt~~ 1) (Rcf~renced 10 GND)

RnUng SYm Voio. ; "nil
V"" ·5 to +15 Vd.

Supply V<)ltag'05 t .510" 7 i VdC

V" 1.51D··' tV",
tv" Vo ' V

V"

Po '""
L"," ,,+1

810109 -. 1-.

~

L" 11-1'
.--.__ I<:lo -~.-._~-- •.--



·:L"__~~~~~4402 __~_j
-~~--~'--'-------'~'~---'-'---'-------"--'~---'-~-'~---_._----

4096 Bit Static Randclm Access Memory

fEATURES

'I ~I09f.iX" Or!Jm1lz2otIorl
III ,static Mem<)tY-110 l'afrElJ,lh requlrod
Q TTL Compalib\a Inputs (excBpt CS)
iii l1iHorential Oulput-\wo GomoletTIoritary Data OUtput signals

are provided.
II Wi((J·Or'abJJ.!! Outpl,lfNmder CI)nlrcl of 0 'eilip Select' Input
il'I H\~t) SpOO<I: ~mol'S 6ccess tlmiil, 350m:~ cYCle tirf!Ei.
;1 to'.'1 Power typically "-OOmW

IlESCRIPTIl)N

1-M G"meraillistrumont RA-3-':4(12 is!j 4,096 bIt static RanClom
Access Memory id~any aulted for memory system- s.ppl!catlom~

wt\l~re there i::; an advantage in uiilizing a statio memory without
r,fJ;crlflclno ttw nIgh :!lp{leds that cumHltdynamlc mGmoris& offer
The RA·:H402 is fabrlcatGo In GI's advanC€.<d GIANT Ii N-ohaf'l"
Ilel Jon Implant prMess and 16f1tUt~:sa fully static memory cell to
eliminate lhe (l€od for any refresh or charga"purnp circuitry anel
TTL compalibility iilx-ce:::>t for a "'1~Volt ChlpSel~ot Which d~!nan"l~

ically i.\~cessG's the l'nemor,
The AA-3 y 4402 l5 a dir(':ct replSctllTlent In ein connection and
op~ra.tlcn fot thO EM&M!SEMI 4402.

a~OCK DIAGRAM

14~1a

--~_._-_ ..._-,._-----_._---.__.
PIN CONFIGURTION
22 t.EAO DUAL. IN UNE:

TOp '/'('W

r-""lV~x(·W)O." ~2 ,IN'b

AfJ~ i 21 AB

I\'\O:J ~D A1

Ail 4 I~ AuN.C~' 16 v" ,.,2"
'Llllltllnq e Ii C.'l(~&il

t5i"i'a6rtq 7 HiID.a!~ Oll1
AO.~" 15, M
J',1[" 1-1; IV<

M. -110 13 M

~jC~, 12 15ft\'

l

OPERATION

The 4096 static bit$ or m~mory are crgal111:ed Ifl iHi array ot H4
roWS by 64 columil6 The m,:morycells <lrEl Ir)uded or \nterrogOlteo
by 6imul1aneouslY decoolng tho X l1ddres:; 1100 through AS for tho
roWS (see Block Diagranl) and 1ho y addre5s A~ 'Ihrougll An for
the colurnl1$. EaCh colwnn {lontaim a prns~nse amplifier, the
outplJts ot which are "ORked'· <Ir.d oonne(.t(~d 10 Itle output ~tage
Each bit or tlIr~rn"ry cor,1! is 8Bt,lIid'8(d flip ItOI' consisting 01 R1, R2
Q2D, find Q,m withtw)acceS$dt~\{I('~s01D ~llO CI30 (sel~ Figure
1). The 10<10 re~\:Jlonl R'I and R2 ar~ 60 megohms. typical and
connHct \l') trw voo SUpply Q 1D ~lnd Q3D r~re used to conMct the
cel! to the :;OtlB0linos wh~ne\le' the X aGce&s!intJ Is high. In th",
read InOde tha ,:ell will f,UII om~ of the sense linGS low fron1 ItG
normally high sMte TM !;BI~cled pfeSer1~~J:circuit will detp.-t.t ItW
d·lfferontl.aJ vOltage on the sense lines an<.( arnpllfy It, In th~) write
mor;lu on\) \:;ense lit'", ts fr~rt$d low by IhC' j'.'rescnse circuit and the
selocted call ii~'.lUrTIe(i thll stut~ 01 tM ~F.:r:t',t, \(0(1$

'"' I

1 .f--L~~1'.'"C.",; .~<".£i'~r-.1-· --.;.;;:.;:..,- J..,-\ r Q~Cl

1

0m X
,J \., '''0 I

O,iO _J I--r-
S£fj$)~.II'F.I\ -;..' SENSf, UN£:"

Flg.1 MEMORV CELL

Chip Sel~~l

The-chip select COI'ilrols Hle operatlon of ltlo memory Whap the
chip self3v l 15 loW the 1I1put ado'·e:-;$ bufters, decl)ders, ZB:lsir.g
ci(ciJitsaorJ output stages -are held ill the '·off" stf,tte find pow'er IS
suppl160 (In(y to the memory alemellh, When the Chip Select
goe::! high the rn€lJ11ory I~ enabled The Chip Selp.(;t pUlS8 clack::.
1he TIL logic 16'1el o.ddresiiles, "f!(iW, and oBla I'lP\.It into ·JO" type
flip flops and enables the output stage

Pall]- OUlpul
OnG of the two olnptl15wil1 source curreflt (DO for oatn (Irl~llnally

Input at V W , 61':) lor data originallY inpul as Vll) Willl II'\} (~L1tpUI

load I1S sl'lown in Figt:tf) 2. the voli,age at the output sourcing
ct/rr(;nl (1/0111 wlll appro.aCh a villuo bDlweel1 O.35V find 2V Pi'P·
lG"ilUy lV) above gr,·wnd. P1C vOIIf;t!Jeat thEfothl'.H output (VpL) wiil
t>1~ tioloVl 100 mV A diffNelilial nmphfiN is v~;~cl to deteot t11",
pQIJrity oj Ihe signal. A diNerentl.ai ,}ulpIJi 01 25mV {V~)I'1 \ or more
is considerod a vtl,lh1 output

66:Tr -' '''''--n''·'' DCr-SO "F ·,1 PF -1
<170 4711

Qtllr -l- -;:.~. "-=i -:::: Or';\l

Fig.2 OUTPUt LOAD

BanfJr)' Operallon/Powtlr Failure Data Retenllon
The- memory el~lls (bacl:lu~e ,h",y are cro:;!; coupled hign impp-d.
anG8 staflc cell~) ;vill retain dala dDwfl ID \Jl'JI' ,- ,1V At VI)!'"'" t..V
the typjCill power dissipated i~i 1I.1\'IIb11

InpL.l1 Circulls - R/W Select, Detain and Addresa Input
Ttll: ,nput <lignaI Is iatched by Cilip Sel-ecl and Cflr· cthll1H1: af\er
CI),p Selnel Is t\igh The inputs ,':811 be. drillsn 'from i>talidard TTL
(Jpf.lr. collector oUlput*> with ptJl:~up resistors. Tho input clOBS 110\
~".JI (':ny DC loading 011 the TTL driver

Af'..d/Wrlle Mcdl" S",lect
r(J WRlTft, the 'R/'N Iflout f,lhO,IJd !:IJ,'! H:(lH ptlO( to Chip Selecl
To I~EAD, the ~N'" Input Should be ":...()W prior tv Ohip Select
Wilen Ch Ip Select IS high, R/W is 'a~oMd Into a mgister

D'lIIa In
[)urin9 ~1 WRITE cycl'3 the Datil In (either HIGH Of uTii) sMuld
bEl stable priorto ChIp S{ji6C\' W~,en ChiD Sale(;t I~ high, Data In is
],t1ched into a regi&ter

Afj"ire£ls
,l\,ddre3gf)~ shOUld b,~ sLClble pTior to Chip Seleot Wilen Chj~

Select is rllGH eU addreS!)8S am late.ned Into an Addn!$s

Fleglsler

'Hi
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1
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I
DP

V5. V
DO

AT VARiABle Vsx 100 VS, ¥op AT VARIAL~LETEMPERA1·UR~~

~-~._-_._.._..",~--_.-,"-,------_.-.,--------,

11.1':'.

~~".",._- ---

I l
"'~-E;i"---=".~- j",J~";;;;"""--~7-

.

.<" ~~';V", •.mX= -~::. .__.~.-
___ ,':. ,,' "N'''__ _ 0 _.~C";·'~~' __='::::.A--.

1"""',5f-=-=1F r .""!,,":" -,,;;;,'" --~
'",- -l~;;-=-""'-_I~'~: I ~~"~_~-~::'r'" ' J"-
._ ",,,7' ....._ 'u' ,..~ "-"~-'""
CVf ~r:;;\~:'2,,:..<,\, -r~... ",,,,,,,v;,.,,"''''''''L L ... !""'~.--- .. f r-- ' <,w. _

n",,~" C~"""\"·""·"
_~ ",,~v.'''·_-~

TYPICAL CHARACTERISTIC CURVES

'j

I
:j
~

!
l
,I

'r,,'~ dp,ICC ~mKI'l" eilCWI"''; to prOle;;.l 11'10 "Iflo1s ~i1:1!.i"OIl
d;lm"go dUO 10 {] igt, ~ 11>11c-vo:t:,'1 ~, or electric flald.; ""we'l.;.rrIlh
ildvl~~<! :r'lil norma! ')I'ec?_'JIIOn~be lilken [0 Bvoh:l i1rlpll(;lItion 01
tilW '1U(lagfo higtl~' In'ln 'll~~ir;)l.!rT' 13:~d "Gillig'.'!> 10 this tll(lh
lmp"dlln~(l <:rrcul!
Notll 1: PermO'l"orll dovlce d~f1'IilQ~l IflJ.V oceur II' ,\850lU1E;
MAXIMUlJ i='lATING5 are 1)~i;cedl1d ~\Jt1clion.al O:llfmtlqn
~hollid to 10~lr;Cj~d jQ RECOMMEND O?ERATJN(;l CO'~Oi.
il(ll\l5. r:l:~'Q~Uro to h!ghcr tll(trt Ic.comh\llrlded ~r hl/l),IIl1\JtTl
w;;!Ia'](;1$ fo; iO}(hll'l~e,1 pario!l:; oi \'r.'I.9 ·:vulcl <rlr~(:t dt'ilJce
ro)li~b'!rI}'

NQtj!o 01: "t "25'0 ilmbiMI'. OI,r,'ln '3,tifll "'F'C

RECONlMENOED OpERATING CONOrnl"N~~ 1',\ -, O"C to f'7(1°C

Paro".'" Sym M'n Nem Max Unll

SUpplyV(,lIfigO~ ~:' -4,5 12 .~~::

Log'C,"""· V", 3- 0.2' V

v" U U.I

V,·" V"" V'w'-1 V",,+2V
V" Q -- V

DC E\..ECTR1CA.L CHARACTEAISncS (F'ull

Iym Min II<

I V" .-
V~ ".

iV"o 12Vl

Gb,p Se'oc' High '"pu\ (;orr."" v',o:,:;:a~,," 25", 'ee _. mA
k,_ 3 m,

allvr'-"lnD-xVI'.DO,OO ":. UrrS61BCi6a ~:~,:i~~:C ._. 5 ~~
lef'fmnahil1 as ShOwn In FigUffi ;~J (

iSolcclod 1,,,.. "" mA
"'0

25< 1"", 5 1.8 mi

V,." ,V,V"qv,V,_,"QV .2C'~ I",., - 1.0 5." lOA

I VBX ""-3 I." -. "' 'oS rnA
"' I,,'.c V"' - ,)

2 V

I V" "OV, VO"" 2V I., +10 -·1l1 "A i

AC EI.EctRICAL CHARACTEf!l$TICS (FUll Op~rallng Voltege ami T~lilperiJ,u(ij Range Unll3~S Oll"H·_-rnolseNoted)

Iym "ryp Max \),

ro , -- ~

-,,, ~

_. ~

~

-. - 10 50
.- 10 50

Sell Time 10 •.

'0
_. .- 200

3'0 _.
D'laRoc".", 10 15 .-

CAPACliANCf, (Ovet Full Temp~.raturGAtl:ngc anI) WOr,'~l Cal>e V;:J1fr~\Jfl Gondltiomi

f
~-=,-.=~."~~='.~--~~~~~·~!~~===·:~~,--l..~·='=~~-=I.~<~=~~!~=~~=r~~-~!~=~==r~'~'~~~=~~jC:~~U-"~=-~InputC"'~Hwlt!lnCe(exc(,l'ptCt1IP8elacli ' I.,J . l
[3~~~~~~~~~~'~iv~i~~~ijl--~~~~j~==~~~~L=1==E=~~=f:~1.~j

.....,,~ ......u, I;; "'A"'IMUM RATING'S (See !\lot'" \! {.l:'!S!~~er:ced t~ CNDj

f=~o;~ol~e,-.
0110

9 ~:----.~~=-~~-_;;}~~t~;~··f.~~
~. . V'x. I ,,0.5 10+; ~ Vdc

tJ.t;~~.t.£.~putv..~ag__,-.e;.~~~...('-.'@?~.~~;I~') .....:!.!:-1J..2.·-1_ \GX-~06~-:..·\:'d~.
ChlPSnlectlnpotVol13ge. I Vn Vsxiot1S Vdc

~ ~~~~~§~~on·-=~~=~=-~==-==§-P~-~-~_1.6 ~\iOie2} .~YE
~_~?E:::~~mb.!:'~: ~~~l£~~~~~~~~_':- ~T""a.. ~.2_:0.+70 . _~E.

l_,!~~~~~~~~~r,gr: __~ T:~:_,.=~~.~._:~_,

~~
U~

, ~H2""""_!lUI e_nlllll!l~J'-I_Il_ ..- ---"'--



ELECTRICALLY ALTERABLE
READ ONLY MEMORIES
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512 Bit Electrically Alterable Read Only Memories

~IJ!

'E~ccedlng lnese rating.';. c()J;,~ld cause
perm~Mlit damage. rUrLct/(}l1al opl:lration o!
1hk~ (,it;lvlce a1 these conditions is 110t
Irnplied-~lperating range':! are l'lpeci1icd

boloW.

, .. ~35V to +O.3V
.~fiSqC to +150qC

.....300d C

Wr.~H "Ql.O' ~r~(l "",~n' '",,,r ,I~'~

r I \ I I

---' I I t--"'t~"""""-'-~-~

I+-'.. -~-"'--Jo-l I I 1

~ : j'-----j i r'
w~~......... L-l--._.

! I I

r2WJ%l--L.JL~ri--.1-
Ii: I<O_••~~.__,,~,,·_.···__~ 1
: 1 ; ± " "

Cl0G" I I ,'''~' - L I__-y--_ II i. .J I ----r----.-
\ I I I IX----'-·----,y--~· ...X~f-·--r-·---

'0" - __~ ~=-:I-::j·!bt----:==t--- i=--=
'oo".~ : "'~r( ,,.,,,,,, I '£]2Jj I

I. 'M.__.;..I ~._~ ~, I I",," _,_.~ , ;-,--:~··-".c. __~-lL \ :
I I I I I I ,I I I

""---: ~--~ '" _._...; !"'---
I I I I

~:,~"~~,~~a"~,~:.),,,..lf \'I~"I ",,,,,,,,11, "'a I~~' \M "'<-til' IC' ,::~, 1"1 " I"""', ~ ",,,,il.l,.j. \'I,-I'I\,'"!·,.~"_"o •."""C("':.t.~,, no R'.'·1

r------.---I TIMING DIAGRAM

I

",axfm~lm Ratings t

'All inputs and ourpLlts (witn respect to vss J
storage t~mperature' , .. " .. ",., -
Soldering temperalUfI,l ,jl leads (10 eiSConcls), .•

sumdSfd Candilions' (unleSs othe.r'wise noted)

£:i,.ECTAIC,M.. CH,.R.ACTERISTlCS

. V.5~ = ,bV:$%

~~~i ;: G2~~: 5%
operating TernpenallJr~ eTA)"" 0"0 to ~.,OC w ' ~-~-~------~---~

OiJlpUt Load ::- 100pr. 1 TTL load ER20!iiO EFt2f)51 ~

~-=~6r .._. - .~ ".r' 1- -'In··r'T;P::~~~.. -~nl" --
C,O OIiARAOTEmSTICS I ,,_
Input Logic "1" V

1H
V9s -1.5 - Vss +O.3 V-ss-1.5 - V::;s+O,3 Volts

Input LOllic "0" VIL ·-10.0 - +0.8 ,,'0.0 - -+0.3 Volts

OulputLogic "1" VOti VS~ti_1.5~ - - V!,f, -1..5 -". - Valls
C'.IPut LogIC "0" {lOl "" 1.5mA VOL _ - ~(),8 - ~~. to.8 Volts

Power Supply currMt
ReHd IGG -~ ~7 0 -8,5 - +-~ -13.8 mA
WntQ l<1G - ~60 -7.5 - -- ~10,3 m,,'
Erarie 100 - -40 ~5.5 - -" -10.:~ mA

--;cCHARACTERISTICS • _._- - -- -' --

Acces$ Time t aOJc ~~ !l 0 10.0 - \ 3.0 ~tsec
CIO..O' Width I,.. 15 - 20.0 2.0 20.0 ",eo
Wrl!f. Time t,~ 100 I -- 200 -SO 200 mse:::
Erase Tir'Tle !" 100 I 200 SO 200 msc:,c
Aodre6s~Clock 'lime Icc 100 l 1DO I -- nsec
Wnte/Era$e~Address Time ttl> 1 _. ".--, Iisec

I\dd(eSS~Wri1.e/EraseTlmll 1,1It 50 \ -. I SI) - nsec
CI(lCk P.;Jrlod tc 10,0 -!"- 35 - "~ lisen

Da1a Setup Tim.; '1:\(1. GO 1 ---. 50 -t· nscco .. tP. Hold TlI'ne l~h 50 50··- nEiec

Number 01 read accese;esl I
word between r51resh NFlA 10"~' iO

I
; - .-

NumbG~ cf times word may L
~~~~~_. ~ __ _ I I 10_"_ _-__....:- 10~ _

"T)'pic,;l1 valueo are al ~25<>C nnd nominal I(OIIBgflS.

j

~
-~~::k

~'.' c ~' ~; f~'::
cn- ~ ~6"C"

D4" 15 • [;'

"';~' "Y" '-"'h
VC'; (G~~~ ~ ~~5~;

m" "~hMDe 9 ~) Al

G'~" ""Dl0 1\ 1~ +' Clock
\)1'-1' :7 l-PV~~I.t.YI

rr1 1~ ,!,b 015

OtJ ~_.__.:"pb1.'i

PIN CONFIGURATION
28 LEAD DUAl IN LINE

BLOCK DIAGRAM

W r"R2050 ER2051 -~-'J
--------_.__....-_.------

FEATURES
II ,":12),16 OrganIzatIon
D o~BJj Addressing
.. TTL CompatiblE!
II Chip S~)tect

lU Word Ailerable
lU 10 Year UnpowarM Data Stol"ugo
II lOj.lS Al:cess Time (EA2050)
11 3J~g J'Cces5 Time (ER2051)
II Write/Erase Time 100m~/word IEFl2050),

50ms/'#.-ord (l:A2051)
• -+5, -28V Supplies
II No Vc)itage SWitching Roquired
NOTE. Use ER2051 fOr ill! new del,>igl~t.,

DESCRIPTION
The ER?050 and EA2051 are fuJly decoded 32 x 16 electrwallY
erasable .<!nd reprogrart'lmab!B ROMs, Writo, eraG6, and reaQ
voltages are switcMd Irlternalry ..iafl2~bit code applied to C1 and
C2.
Data is stNed bynpplym!) n13\latj"ewntmg j)u/5es ~haI88JCctJve\y

tunnel ctJarge Imo thaoxiOe·nltride Interfac'OIal tho gate In.sulator
or thO ij12 MNOS mBmory transistor!;. When the writlngvoltege Is
removed the charge f.rappofJd at the interface Is manifested .Hl a
neQativo shllt in the threshold Y0!lage 01 the selected m6rnory
tran~lstors

Two TTL l:ompatibla c.ontroi pins swl\cn voltages in~ornal)'r' for
write. read and erase contml.

OPERATION
Dale is stored In a twa Irafl:,I$to( memory ceiL AHer ~he cell Is
preconditioned by 3n <sraj>e signal (which I¢werslhe IhrestlQldof
both transistors). daM: i9 writt(llil lnto one 01 the transis.'lors
lowering :t$ threshold. A sensing flip flop i3 used 1r'1 reM the
memory cell and pres~nls a logic high or low 10 tlTe (',ut!,Jut
dl"!pcndin~ on which trnMr:Hl;lr iG "WI'itl'en".

It Is important to note rwo lhings: first, that an erase IS required
bQfore e write 10 precond'll\on the cell, Bnd second, that aHer an
eraso, bodl tfaT1S'~tors.will il....9 the !!came thrP.!ihold Ybltage and
vtllid data will not be prestnt at the outpuL

PIN FUNCTIONS

r----T----·------------·-·--------------l,,;.-11., 5-Hil word A,jrJrc~~

lh"D\5 O~;l;j Input ,wd ol,ti}ul pms
CS Ch'li ,S~ll,,(;l Chip f,~.le,~led !It logic "1'. When. "hip ~Dlr.c:,~\ {I[ Icgle "0", Oll'ipU!(i. fm) opM (;In;dl~, 'e;1:d, 'o'U'a, '.Ind "r~~oJ

<ire disabled Powor 's reo'Jc€d
<;1 c;r MOOli CClnlro\ Inputs

C1 C2
1 1 J-lol(1 ~~ode~: CUlptJt dais from ~rol'lo,jt> fQiH'J OImalion sfon"a ~I o~lpu! pln~. (f'or Ihe. ER20S0 Qnly. 1 hl~ codt- I

' !s ",,€lAc! Iliodn" ior the f:R2051J
j () 1 [r(l~ Mooe: sll;JrM d\l~" 15 H.(l~oa al ildd(~l;6,~d locatiO!'>

I
1 I) f{Bo.d ,',I,c(l., ~;OL1fI;1Sse,j [jIHJ Hmlj H..fiel' clock ,11lI::W: OutpOt d<l1(1 re:I:iJll.ltl ot ():.Jlp:,t P'l1~ until ne:,l read OrJilralion I
CO 0 Write MOGi:': Input oata vmt!o<Jl &1 "dor~3SQd IOGll',lOr Clod. not r'3qlNlld

NOTE C,lre mU~1 N' Oli('rCI~eo 10 enSUfl) IrlOt CS I.. hlll'd Jt logl!; ~()" dUrJll5j ~OWlll up or r;>O'o'ler Cown (0 pralec! !Ill
~.dd([>!~IJ~ /rcm 5~.uri()ut ""nl" or er<l$O lr'1pu1s

ClK I Clock Input. PIJI~!:\Q IO~lc Pl." for rUi1d opsmllor\ Th(l r.:o~~ trlily b>? w].lal't\IV'J<;·rrn<\yf.rmply oe t:"Jlsedwh(mc,".t~ i.~t" 1m I
r(!itd. Whmllh~ dock i~ !upellllvc the ERH!SOl>hou!o !.lBft;[l:II\lained In lner,l"ntlt:y mode l'I'J1.<.:n cat" l"nOI bSI119 rO':\lJ,J3

I I
I1'Jliry cIDI:1I plJlss <iiI! c~ns\'\\111;J a read "pl'IrC\\l()fl. ~h'-W the clock Is flOl rep~'l!live dr.1fl wIfI remni;, veild for 2(1101>0
£t,1~Qnds, Hie OL"tpul5 WlllthcJ1 OOCOtl1Q cDI~n <;Ifeult lIfl!iI flnolher C\Q6 1)1;1:;8 m r~~lliverl The dock allOljl(II'Hlt 1>1:

rC:Wjll1i~t1 lor thr: L':t\2051 J
L ~; LJr~:~g~;:;:::,:~_~~~~~__. ._._~_,. . . .c •

1'2-3
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V
V

V

V
V
V
V \ AtfJ ,•.r/'''6,8K returnud tD VliLI

V RUMU:,"o.8K returned to Vm,

·E:.xceedinu Ihes<J ratil'lg~ could cause
permammt oarrlagB. FWnc:tional Clperat~on of
thi/9 de~k~~ ilt tht!sc c;r.lnditltm~ 1$ not
irnplled'-operating ~<H1g(;!S tjre spc::;1ted
below

V~s+32

V~~+O.3

V~rtO.3

V~~-22

V5....-9.0
V:>.s70.3

V,,---10.0
V".--O,13

__ . V>~..j..0.3

VS~T28

V;;~-'I.!i

....,.,-Hi
Vim

VOl)

V:;r-Ui
V~\-~13.0

V~5,-1.0

Vor,

. to,a to ..3QV
. +CI.3V to -30V
. -;'~5V to -35V

.~25°Cto..j..70~C

·65~G to +150~C

l-300"C
aO°C/WaH
.500mW

T
ln,- W.hr"'p~=-'- Condmo;'~==
_ _ ~1 I.A I at V".--15V, ," othe'.'"'

grcundM TfI. -i 25"C
_ _ ~1 I pA at Vw::l30V, all other pins

I grounoed, 1 .•.'::~+25· G

-- - I -20 IIJA at VJ',-~27V, illl otner pitH;
grolJndect, T("'--l25~C.

-9 ~12 rnA at'Jll.-mlall\Jslo
V'j",;= ..24V,T/I·'''+2SQ C

V{Hl

VWP

"\l,t

VlHl

VII.'
You,
VN.'

V\llolJ>
VII.~

SllindoD:j'd CondlUon5 (unless othelwl~enoted}

NOTE:: This dflle I!!;h~1 am)uml8 mtllJltlViJ IQgle,

V;lll p(~wer supply clJr:en\ tiM!

V"0'" +12V±5%
V"o"" -12Y~1.:5%
Operutiflg Temperatllr~ n,,,) ~ ~ZS~C to -t'iO~C

Mtut.lnU.lnl Ra¥.lng,"

--;;;;;;;:;-;.;;-;-- i Symbol

OC CHARACTERISTICS
Illput leaka!Y' CUI rent {all I

loputa \i')(copt row Inputs) h~

Row IIiput leakag~ current Ill.

InplJt load current (t1\llnputs
e>.:cept row jnputs) I ij'o

12~5

Supply voltago (VDll ) ri;)lativB 10 Vf~'

Input voltage (excej:!t row input) relatl.p. to V5~

RoW Input voltago relatIVe tt) VIS

Opt')rating -ambient tempeT;~ture
Storage telTIWrnluro
$Oldering \(imperature of leads (10 soconds)
1nermai resistancl) chip to ambient
power dissIpation

rPl/d!1lnput high yoltege.
cj.Jl!lbl inpU1Iow'J(j[tage
R'9ad Cyel& __,, _
001umfl addtet>s €In::! chip select

Input high voltuge ~__~.

Column address Md ct,lp select
Input low vOl1E1gc

Ro..... inpul high voitagEl
Row inpullow vo!tc.ge
Data output high vClllage
O.lIa output low voltage
ErOloo Cycltt
Row inpl.lt high Om!'le voltage
Write C~c:le

Col. add" CS, and wrile
input high vollage JV-" r 11,:-' l;.

C~.add.,~,andwrite I '
input low 'foltage Vll.J VPD __ V~--g.O V

RoW Il"IpUI high writo 'foltaga VII!" V,~-1.5 - V~~+O,3 V
Row i,npl..'1IOW writ" voltage V"., V~-2~ I :. IL-22 V tIIlIIIII
g::::~ ~;~h,~W:~' ~::: "'~.;;;;5~l:::~2~ ~ -~

.......-.-:::r;;;;'l~ values ere at ......25'9 C and f'1omlnal voltag~s; , -l.-_~ . . ,1

'(i' elECTRICAI_ CHARACTERISTICS

,1

1

i
I
J
·1
,j

~1
~,
{i
:'{

J~

l
'I
I
I
£

i
1

11.6
R1

J RU
'5 b A.4

TODVI~ ...

-----;:--r-'~.41 1:'.... j(l 110.-.' 2~ l1nla Ira 3
~2 Wrile

;'1 Clo~~ '2 (q..\)
"0 CloCk 1(t;b1}
IS! Fl$

.~~ ~ :~ ;~ g~~

I
"-------··-··-------l

PIN CONFIGURATION
24 LEAD DUAL IN LINE

I

new,",,,,,,, ~..... \te

"""' " , It.!r=..~-- ~~;:.:' i'

S"'"'Driv~r ....0

i D~i~b. II"JO~I

I~Jp~~,::,l--- OU!J:lUt

L...,- ..,. J ~""

~..o.".•.p".~1.-:;:s..o,

-~--J

ER11!)!5 I
-----.------- ...1

BlOCK DIAGRAM

1024 Bit Electrically Alterable Read Only Memory

DESCRIPTION

FEATURES

lit 256 x4 Org.anilatron
III 5~8;t Binary Column Addms$
• One of8 L.ine Row Addro£lss
III Electrically f:rasable by Flow
III Elcctrir;alty Heprogr<lmmtlble
III 10 msJ4~Bit Word Write Time
I' 2 ~~5 ACCl,St Tl:ne
Ilt Minimum Datu Relentlon: 200XlOi

Read Accesses/Word btilwean AOfro:;h
lIl' Chip Se!~~ct lnplJt

" Urapowered NorwolatHft Data SToregG-'-10 YI~ar:~

Tne EFWiG5 18 tl 256·word by 4h t/11, fil(jctricaily erosablfl and
repmgtonirtlElble FlOM that [akc!! f.ldllo.ntngt> of the unique pro
ptHties of Pvr::hanneJ MNOS t{ichnOlogy. Data is wriUen into the
device by tunneling a chargE! Into the lJ)tloa-nilride intarrace at
lhe gota In:.:,uliltor 01 MNO$ memory tranSl$tQrs, This Is Mcom.
pl!5ned by .'l.pplying a ·24 V . 10 rna row input PUls~ The resulting
charge trapPp.(l in the .gate insulator C;(IllSE;~ a chan-gs if'1 thfl
threshold lIo[tn9~ of the m13molY tran91stot,s that 1$ gensed
during 5ubs-equent readout. Data is I1Iraeed: by applying IJ "'SOV,
iOOms p'JJIlOlo tho row lliputs There Bre 6 blocks of 32 worcts':4
bits, each block being separately alterablo



"Typical VRIIJ(lS are 031-"250 C a.nd nomina' \lQI1a.gefl.

12·6

~Ili
"~'\. i•.. l¥i'~.'~i

~"'.'
•...•.•.~.. '~','..:.';1
i

,It
·1)ol;~,""

C.ndit"',

FIg.2 REAQ CYCI.E

I:::-_O
(

0",,", v'~-rm~--------~~~':\~-
,,,,j,~!j/' \-, "" - ~. .,., .! '\i\\:-); ,;:\ .

~1"","I\~6'tu 'JIHt~ I \OU --- "~-=:':'~A~~~~--
/A,·.",l >lll./Ii' .1_ ~:::::-----=::::::::; __., ~--:.::=.:.:::~~~---
• V'"'~:t'_.. i -- ----.--~~ r'

V'"(>~~: -'::>1 '~Il"'1 '{\L~ !----.-,- 'tlt ···---....I~--
r~:~~'lr:; v,~~_ I H -------!--------." ::~-+-1'''f.-j", .....::::.:::..:::==-.i....- _

Vll~ I 'M~ "

o.'tl".'O~l VOIH---l-.--- \" ~-----------.
IO,t,CllItl>\lll \ ~\ \,''''--t=~.~~---------_.~-

Flg.1 ERASE AND WRITE CYC1.E

~rlJ<:t~_1 !...~,_"__~_lVtll~"" -----.-.-I...---.---~ .Wrilo"O" .-,--_._-\

'''.'r-+---+'Wl~J."",. ' ~.,," I I ~\\\ ,. it!'
VIL;1 I j ~ ~~----,lJ.--,.---t--.-.--y1-'"
\flll:] ~+--+"_._I. '\ ,. . . ..;: "A__, ,

'''"~...'''~ I I ~.!!\\'1 "~.\\~~\\'-r-"I . ,\\~\\\~I
1At.·... 'O',l ~' . -\),\\~~\~L. ~~

Vll.l I I 1 r----1tl9 " ~-4108 - I I
,. v"" -r-·.."A--i ~I-j.'-i~· ~\\ -+,-<' _.....,...". "fill i

I I \I.\St+_J·~·'''- "[-'-'''·.1 I\Illill..j
::~: I I I '~I"-IP11 I 1

1011""1'- 1
: f""""1'_"'~ 'I i: I

'''''''~' v",.j/ 1'- ".. '+ _--l---rt;j'-...._-,....-._-::Jt;.'_j.--4
(fl, .... ,".J I I I I! ,,;, I I; l\~ I I

\Ill,( I I I t::l10r-~ ' I o;;l1OH I

,,,.,.0.. '''' I-r--i ~\~%l ~~-;j.
It'll> Ir'JAi'1 Vll5 I I t. 1 11'----- / ij;' '!f!/ .' i

~~-:: ~I '111l:;~,£r:::=;= ;:~:,'O'. ---~--·-l~~--""--··"--· ~rlt'''~ ----I

T11l1INC. DIAGI'IAMS

________________. ...._.. . J

pI IpI
pf V'Joe=V., Volts
pf fc~1 MHz
pf All ottler n111~ grour.deo ('v'S\j
pf
pf

"'}lii

".,,5 I f.1loAl,""8.tIK 10 V"LJ, Cloo,'D=20p!
~,

.'

.,

.' I 11'.oAt,""G.8K to Vun Cl..<1AP-0=2Qpf
"s
~·s Foso nnd l.nll timos ~~100 nrc;
1J(i Able arid fall times ::;:;100 n8

"'.'.'

Units. I CMdlliall'l1l

ITiS

.'\5 m'.,
"s
.,
}IS

~s

42
7
7
7
7
7
1

I).~

20

~ l( m(

Max

32 37
5
3
3
2
4
5

35
~

~

0.7
M
Q3

O~

M

M

M
M
05

20(}x 10"

100

~

5 I 10

M

~

M

M
U

,i~=Pyp·· ,

t:)1.1

bLl
t"-l'

ttl'

~J~

t[~1,.

[PI

til!

till

to.
to\
l,,~

11);1

tOt'

N",

t,
~l

11..':>,

t6<

tpo

tm

~ t

t"I',

c.
C,
C,
~'c</,
ell

c.

SYfnboiCharoemr{!I11c

ftC CHARAC'rERISTIC$
Rced Crct(l
Access time
Cycle tll11~:

iJJr pulse width
cPl pu!slJwiiJtl1
Column c,ddr~!l$ cn-ange tc rDW

inpllt risG dl:lluy
'/'1 fall to row input de-PEl delay
f~ow Inpu1 Tlse to tb, rise d~:Ja'l

I,~' rlso (0 dota output delay
Row inpt1t fall to 1/>1 rise delay
¢OJ fall to </'1 rise delay
Row input faillo column

addratS and/or ~ change
delay

JP1, CT'ITp-ii-Tea, a.nd colvmn
add~e6s OV8rlAp

LfJ) and rovl" input overlap
Row Inpu1 PUISf) rise tima
Numbercl reM accesseNworcJ

subscqu-ent to da1a betng
written

'Erase Cycle
Row input. erase pulse wldlh
Write Cycle
IP. pulse wldln
Row input write pulse Wid~h

WI fall to row Input write
pulse rise delay

Column address change t;) row
IIlPut vHil~ pulse rj~l~ delay

Data inpul Gtlar.ge;o row input
wrltf,) pUlse rise datal

Row input writo ouls.e fall to
1"1 ris.edelllY

~I and wnle Input Qverlap
Number (If timtl$ wQrd may

be rewritten
Cap~J;1tance

Row illp\j\ capal;llance
Column il~1cjross capacitance
Write inp!..'t clip.!!cI1anCe
!,til capacil'inc.'f.)'
rbJ capacltance
Data in/Out capacitance
chTP""sek3Gf capacitance

ElEC'f'R1ICJ\Jo. CHARACTERISTICS
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IXJllc~l VIO~'!
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00 \

03
4

:leo 'I
0:1: 1 <l'D)
00/.....1.r

1 C,

, ~al>t:JO

? 'iM
'-' "so';
,. VGG

[Jollom'IIIJoI

(
/;0"-..,

J 1 0\
o~ s, \
\0' Ij ?~O/'

" 0
0
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1
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PiN CONFIGURATION
Standard pecjltage SpecIal order p\!!cknge
B LGAD TO~99 B LEAD TO·S

I

ER1400

The ER14,JO (;> a 5eri<:1 inpm/output 1<100 bIt elflcHlcally eras~t)le

Ilnd repragmrnrnabte ROM. tH[j.':lnizt',(j 100 won::.i$ Of 1,4 bItE.
each Datil a.'ld address Me COlnm'Jnir;ated in sorif. 1101"j"":"1 '-'ill il

ol1e-pit'l bidiwciionai ott:j

Adomssing I!:> by two consecutive t'ne-oj·wn codes

Modt> seler:%n IS by a;) bit r;Or::e applied !OJ C1, 02 .1nd G3

Dam fS sInr;:,d by 'nten""l (legallY\? I'mtino p'Jlse" ftu:Il "elf:'C,ivc:ly
tunnel charge Into the oxi::le-qi!ride'nteI'fF";f) of the Qilte ir15U,atof
of the 1400 r\'lNOS merncry lr,ms,stors W\'''e-n thi' wrilj~,q '/0110"](:
is rfJrno\r'Jd lhe charqc tmppecl Oil the inter/aco i!:: matllfesle(j as a
nl?gat.ivf' ::;r,ift In the lhr02:shold vOltage of 111(, sl;leclco f~em(}rv

lronsl:,;1,ots

FEArURES

DESCRIPTION

II ,00 V.iCI'd x l1J Oil orr;dfll;;;,ltlcn
OJ Word .:J1l~r5bie

g '0 year~ unDowered data ~toragf.'

III Wr:te/EriI3(l time lOOms/worel
III Sing!Q-35 volt supply
• No voita(jf! Swilching n~C!U1rlKI

II MOS compatible sigrHll le,,.8IS

1400 Bit Electrically AIIE~'rable Read Only Memory

12-9

[
~-_..------------v '

'<l8ITS DATtl IH,G,IS1"::"l ~-/l

r '-==-_~L~- --- "',J;

1

"'1 ~ 1 [''''}-'~ 1 ,~".Jl'FEFl "7

~ "A'f~~~~' II J7K'I, DATA ~LO"'"

o - ~ IC(1Xl.1

o READ "_. ,
" --'"._._- MOnE' -·_-c

IlgI I . ~__-'!!O!.!-'-__~__. D'CO:}'~~-.---- c,
L /I I I~ .!~- LQ(J,(.: ::'--'~""C3
i ~ '----'17'-------1'--

,--_._-------_.
I BLOCK DIAGRAM

I

F1iil,4 1024 WQfm X 4 BIT MEMORY

Ile 6

j~f r+~ .~.[.,,] I ' "'~1-Ii,)'; - t( !~

• l.fl< ,~-k ,,1I~1;~ ~"'" I J_'~f !
"'" (>1-..--..w ~'M~ "--- 6:~". I t''''''ktir[,

------+ (+=1
i" -V~ ''''''l.-- l.Gt '----. !."., , G:{::>

" !'AAS".i~CIJI'" V.O!<I 0- -·--f-'-'---~-.-T~I O~JQ eiNO 1'"'"1 I ._ _ ''"~'-i.~.--J no,",
Y • t Hl~~r j ,~,!j1 I-\) I~, -li,1

~
--t=:="-=------ :::~ ,~ -1 ". u,,, l i "" W'

~>:;~ ~f I ,~./W~ 4 ~lK -Ii"" ti. n

I
. H~-l !""~' ,,~1+-.. . -- '1:'"~~_ i'.l.~~

W""O----··---.>---f--If-~··l-.b 1-'1_i-0j I ,
J.~ - -~ MOO :'.~ 3JI':I>' lOY.

" :::~ or---------L_f...

1

_ L =---- ..J '".. L~:~ ----.J
I'IIVnC.rttUIJ MWOIlIVfp.r:"IC~~ I

l:ll'

Flg_. SLI(lOE.STED ROW. ERASE AND 'HAirE CIRCUITS I
----------------------------------..---- --------- .J

_1lIIiIIIIIrIIII1 . ~ __



·,2-10

Flg.2 READ

Flg,4 ERASE

¢ n-r1..fLf1JLJ1,)l,Jl..Sl.J"Lr?
c' - ...-LJ-r------r';---~-----~?

I ' I I
c~ __;._~..l..-.-i- . --/1-------·--·0

I I I
t f 1 1

C3 _.-t-+-T~-~----I~------- a
1 I 1-- OK TO CHANGE MDDE; 1
I I

_."; : 1 CLOCK C1'CLE 8EaUIAED

12·11

!i l_Sl.JLfUlJl,.flnSlSlT :

~ ~---:--~-:~-;-~~-~:~_~~.----~; ~ I
. " <_. <. .. J

OiAuF:;.AMS

¢ -"LJLf'LrLJl..rl,JUW1J'L.r
0\ --L fl_,__• ------l·

¢ -LfUl.J1rlI1,,)Ul.-r"l.Jl..r ~
(;'1 -----~--_.~--Jf-----<----O

\

c, --"l < ~,,~---<-.<----.I.':

C:f~_, ~""__~...-,t,(,._.'_._' S·~

A -< [_ _====;-,,:::=--=,-"--::r-:
1*-_'" -_·--....-211 CLOCK PERIODS .M .,~~..I,

Flg.1 ACCeVr ADDRESS'"

Fig,S ACC"PT DATA'

*OutPlIt dala changes on IhC1 po:;lti"e-golng
clock Odgfl Oata and ad~((J$5 1i'J~,ut$ are
shifted 011 tile r1egatlve~golng clock' edge.

"" ._--------,.-'J---. .__~

c> -f--<-----il----.-----!
DATA---!;-------;I----·· r
lmfr) \ ~------...---.'f---.-. r

-,-~to'l 1"1-'-- lvw \p\'> ~--IJOi, r--.'-
" J'
i*"_.~--- 14 CLOCK PEP,roos -_.._~

Fig,. SHIFT Of.TA OUT' Ii n_JLJlJl_ll.n
f
flJ"LflJu- :

C' ,'j--------'-- 0
\

c,' ---l .._.----1I---<__I :

C3 -- r--~-....-=---- IB :=-~===~ ~
, -UULnJl...Jl,.;iuU--vLI:

c' <L- r---.-----F :
c,-L -,'1--- -1-:

0":: I=t=; -:;:.==~----l:-------------1,1-
-. • 2'5jJs ma); 2:,,1~ ms;x -< _.-

~---~ 14 CLOCK ~EA.JOD~4~' _

'f;:'((;elJdlng ths!Oe r~tlngG cO~J!d cause
pfJmHlI\l3nl damage, Func1ional o,cert;tior\ of
this davir;:e at these conjiliol'1S it not
irnpiled-opcralln{J l'ongf3s aro ~per;ified

I)fJlow.

92 2~ B-
o 0 0

., -20V to ·O.3V
c'10V

·nt><lClo-150~C

6,7,£1 C1. 02. C3

ELECTRICAL CHARACTERISTICS

Ma"lmUM Ratings·
All rnpuls ,HHj alJtputs
I,,'licept V"o) with Yesp.acllo Vs;
1/(;0 with resptlc:tto VJ~ . __ .
~~t()rag81e[f1per.:JtUle (No Data Retention) .,
Storage tfJrrlpl?r;3ture (with Data Retenlianl

Operating. .. -25~1.0~75~C

Unpowered '65~C10 ~BO~C

Soitandard Condillons (unleSs othefw~se noteel)
V,,-~ 0"" GND
VOG "" -35V'!: B%
Operating TempllT3lure (T;,):= Q.(>C 10 +70"C

~ Ch"'_.•""',;:-.•' ----~=<ry~,be' Min T';2r-M';;--i~Y~;---=--=
DC CIlARACTERlSTICS
lrtput 10\.111: "1' VIr. Vw'15,O - v~~~e. Voris
Input 10gIC''O' VIH VI,;-10 V 1,,0 3 Volts
OlJtP~J\ IO\)lC "1" VOL Vo;.~ 120 ypJls
(1 rns9, 100 f)f load)

Output logiC "0" VOM V~s-to -l V,'~O l V0Hs
PClWer - 300 rn~V

AC CHARACTERISTICS
GluCk Freq\.ll!ncy 1<)) 11.2 140 lea KHz
WotQ hmo tw 16,0 2J 0 J40 rn!,
E,as'~ te 16,f! 2 J 0 24 D Ilr!>
Rise, 1;:111 lima tr. If 10 IJt,

Propagation ll';)lay tpw '" l!O 0 p~

Unpowemd l1on~\{olatlle d;'l.ta: Sr(JFI~go T$ 10 - - Years
Number tlf ert:l:sa!write cy-ch~3- Nw -- 10~

Number of lead BCCeSS(lS betw6en wrlll3s NRA 1G~ - -
<~---- '----- ---- ~----,--

·'Typlcal ,,~lup.s are at +250 C and nominal \rOltng~~~

~~
Standby • e-ontent~; of Address and Datil RegIster
rl)malns unchanQod. Oulput buffer is left floating.
Accopt Address· Drola presented Dt the 110 pin Isshift",d
Inlo the Acdr~5 HfJglster wittl €l\cl'r ~~tock plJloo
R~ad M The addrl;lS3 word is read ftOITl memory Into 'me
d6la regi5tf;r.
Shift Da1a Out M lh~ 'Output driver is enan1ad and rha
contonts of the Datf.l Register are s/IHted out one tJ/(

wilt! sser clock: p'Jllle
EH)S~ - The wo~d slowd at [he Il.ddl'E"Jl'se:d locatIo!" IS
IHtl!lt!:O to a1l7.tlro3.

Acctlpt Dato. • The duta regmter P.CCl;ilpls 9~f1al dato
pl'e!l€lfitad at the ilO pin, The Addr-eS$ Rc-glster
remaIns unChiUl\1e-d
Writs M The word C(;nlalrled in tho O~t:3. Register 1~

.. wriUon into Ihe locaUon daslglia1ed by the Address

i I I <, Regi,''''
1 J ~O 1 NotU~~ .. <,• .-J

[~ PI0;~~t-' =-~,:~1~--=~=-- ~'~._~ .. Fun<:llon -------.....J

1

1 l Data In the, 1~.CCt!pt Ao(jrtls!; a~d Accept 0<:t8 rnoaas, this Pin ~s an input
Pin lor aodms"l And rtat.fl re!:pectivl~ly In tile Shift Da.ta Owt rnode thl~

pJn In ~.I'l O(Jlput pIn de"ig,"Ied to drive MDS J/"I Standby. Rea-d, Eras8
and Wr;te, this pin 15 h;;1t 110atirlg

;> j VH Used fOT lUstll1g PlUPI)Sl)S only Mus! b~ JEift lJnconn~ctM
I for norm~1 op~rallon.

'I VI~~ Chip S"lbSlrDt£+, Norr.w1IY conMded to ground

, V(iu 00 SUpply, Normally ccmnected to -:l5 voit supply

Glock ~~~~~~~)d~v1~~er:l';~t~n~~~edtor oJI opertUiOl"9. ~f.ly be Ie/lilt logIc

Mode (:ontrol pins- The]r aperatwn 1$ (l~ lolluws.



• !1
~~...~.

1,·,lJ•.
~.

:~

pA

rnA

mA
V
V

Years

~jpI
pf
pf
pf

PI__-

10

2.5

1?

~:i.OO

18

8.5

Vl'D Vl'!,-4A
Nol ApplicBl)le
Not Applicablo~

~_"_'_VU'____~~

~
~l9Bd Mode

_.~-~-,--~-

MI. Typ M"
~,~._-----

V",·2\I V~~~19 V~"~18

4,75 5.0 5.25
Vw l0.5 V~:;"10 V~s~9,5

V",;-20 V~~,~19 Vss~18 V

V~<;·OA V~.~ V~,~·O.3 V

Not Applicablo V
V~~~1,5 Vs~ V~+O.3 V

Nol AppJlcal:!le V
V."..(l,S V;;~ VK~+O,J V
Vf.~·25 Vs~·19 Vss-18 V

V,,-1.' V~h \h:~+O.3 V
V~s'25 v,s-19 V'_'i-1(i V

V$~-l,5 V5.~ \/,t:;+O.3 V

'0

-2.0

~Excl2ledrng these ratlnf}6 could Gnlll.S
permanent damage, funr.:tionai operation uf
lhls d(l'Jlce at thelle conditions Is not
Impliea.-operaling ranges are ~peGI'fll:!d

below

OuloutsOpOr1 (SeeFlgure6)

CL""WQpF
TypIcal write conujtlona

OUtput3 open (Se~ Figum 5)
One Serie~7400 TTL It».id with
R~=2t<n, VC(o.=V~.

tSeciTl Notesl

. -;-O.3V to -30V
, .onCto+70oG
-e5~C to +150°0

'·300"C

Dal:1Qlltput low curnir.l-iTL load
Data Outptlthl~lh ...ortago~ MOS
Data. output low ','ollage -~ MOS
LlrJpowerM nonvolCilll£l d~lta storage

IOIi

·Strobe only on Efl2401

STATIC ELECTRICAL CHARACTERISTICS, 'rA == O"C to ·70.:lC i(t-JO l.£X'rEf4NAL, L,OADS EXCEPT M I,J01ED)-- ----------- t-------'Symbol Pa.rametet Condlllon!1i Min Tj'p Mo!IlI UnU I
A.II Mrls &It V5~ Unless Noted- ------------- ------- ------- ---~-

br-. Jflpu1IeakageclJrre,ltl~xcBplpln~1 2 I

4,5,~) 7 8,and241atVs.~¥i5V ! l,!J1-VDti';Vs~·20 _~ - -- ·:;:0 IlA
11'1 (jl, leakegecutr~ntal I,h,¥29V I·Vrlll.'O'V"v29 ST=W-'OVt~ ..25 _ ·200 ~A I
10 Olltputleakl1ge current atV~,·15V ChIp d~sEdeclecj - "100 pA.
Inn E:l8se '3llbs1rale leakagecurrcnt al

V~s-2BV

VDDsupply currenl- read modo at
V&S~1SV

VtID supply currcnt-wn10 modest
V,;s-28V

Dilll:l.output hIgh current -iTL load

Maximum Ro"n~'3'"

All inputs or Olilpuls ;~Iatl...e to V~~

operating Elmbi(;nt ~9mperature
Storage temperature , , . . '
soldilrlng tf:lITIpera.lu.re of leads (to SEJCOI'OS)

EL~CTRICAL CHARACTERIS'YlGS

CIIPACITANCE AT V" c_ V", ALL OTIDER PINS GROUNOEIl (V,,), 1=1 MHz

r---- -----------------]---_.---Syml:Jol PammetEir Min "yp Max

C1 Addres.s and chip select Input capacitahce - 5 .,'
GIl Write oontrollflpllt capacltaflce - 1{l 20

'C"l Strobe input capscitance _.. 10 15
C<b, q" Input Capacitance -- 40 50
C1,[. Erase substrate c.apacitanc8 -- GOO 700
Gu Dais mpuVoutput c~lpacltanc(j - 6 10

"Strobe onlyon ER2401. ---,~-~-- ~--_.----

PIN CONFIGURATION
2.1 LEAD DUAL IN LINE;:

Stored d2ta may b'3: !\CcC3$ed a minlmllm of 2 x 'O"limcs wl{MotJI
refresh and Is nQr'I-v{)laWe in the Impower€Jd stl:lte in excess 01 teJ'l
ycers. Data I~ erased by applying a V:=s-2fJV P(:lsG to IhEt IHi.Ul!1
5ubstrale of the device Dnta can bt:' BrBsed and rowrHtElh up to a
maximum of 10~ lln\es All output!; an; at logir; high whEm tho
de'iice is In the eras(ld :Hale

-~~~~~-----~~401:~-!
-.-__. ._. i

DESCRIPTION

____. ----- . ...l

'''O-~~ID---'

~o
C:~;, G3;1 Dj

*Onll"Jn ERP'!,Gl

FEATURES

BLOCK DIAGRAM

"50· ..

"fhe ER240, and ERNOM are fUlly d~(;od""d 1024 ;>; 4~bll

electrlr;al:y erasable and rlJPtogramrnilble ROMs utilizing
sacond~g~~rwratioJ'lMNOS Apitaxial prr)(~cssing lc::chnology.

Dal<i II> sior~d by .'lpplylng 11Hgati\'t>wntIn9 P,IIS,,:J tlial sf~lectlvely
tunnel charll~ ir.lo th~ oxJrJe"J'litri,~8 interfaC13 atth.e ga1e.lIlsulator
~f the 40% MNOS memor)" lransl~itors. Wn..,n the 'Nriting \toltage
I$remo','ed, thE'! chllrg,,'trapp()d at the inlertac\llS manlksted AS a
nl.'gnli'lEl 5t'>Hl ir> the thresh(.>~,l VUI1a9(; of thf' ~etectec! memory
transi~10r;,.

'iJ(O~"<-

','lJDO---~---

u 1024 x4 Orgafllzallon
u iO~Bit Binary Addre-r.;sirLjj
II 2 Chip$elsct Ihputs
III Eleclri.:;ally ReprograITIftiable
II; .2 !.Ie; At;c:e:ss Time (EA2401 A), 2A pr,; (EA2.4D1)
III 20 m:;/4~bjt Word WriW Tlm<1
1M 1t~) ms Sirn\,Jltuneous Er:lsure of All Data
1M Minlmw'rl Data AetentiDIl~M2x 10;1 Rend Acce~,se:;/WC'fd

Between Refresh
Jl Thre{J~StateOutpUts (Strobea on ER240'j l
!!I Unpov.'ered, Nonvolatile OB!.fI.'5torago<"-10 '(ear:. at '~10c C
Q ContrOl. Address and Data Inputs TTL CompatIble
NOTE' the ER2401A for all new dosigns

4096 Bit Electrically Alterable Read Only Memories

..•~,.~.-------~ .._------._------_._,-_._.,-.---""""'.--~---.----~--._-- ...
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C!\ip :il!laci

le::>l CS;l)

Cllip Sr-IlICl

les] CSZI

12-15

Slr.....t:r.d
OIH~ OlllllOJI

(0\ ~'Dt;1

f\dl,lre~~

IAtj ~10 I\t'll

Rf.AD CYCLE CHARACTERISTICS FOR STROBED OPERATION (ER2401 only) TA • C'C 1(1 +70'C -----""1
f----.-.,..-.. P'ar,:ul1~te, • L__M._'''__T_Y_P.__M_'_"-t__unlb 'II Symool ($oe Figure 1 U'l'Ough 4) -4 --!

- 850 200(j ns ,1i Pul$ewldth (rise ana fllll1lmes:<:;5Q .~.3) (SSfJ Note 1) 400 r

o

".' I'
Addresll andl;hlp select chang6 tOi/li nS07delay 0,75

I1JIFil.lltos1rDberlsl~del2Y 600 500~: I
~;~~~ ,~i~~S~~~~~~~~~~a~~~~'~~~:~I~;JelaY(See"Olelj 1 and2} 3-00 "-'_'_Js~robe risetostrobedfloalt,;d output on doselflcl delay 2.x 10

1
'

N~mborofread acce~se.s/word b~tweer, refretlh

Ptklre~,

(A
O

-~A9)

I <,

I

I 0,,,0",,,,
!Dl~~D4:

L .. .

'-: ON T .. O"C to "'70"'C (8T"'" VOD tor ER2401):.;.~CAO CYClE, CHARACTERISTICS .OR NO/I.STROBED OPERATI -'-'~------'--.--r-U-It~
n" -"-- tMI" Typ Max·," •r-- I PBraano!ll~r I

; I Symbo ' ~~~~Sh 4_'---..---- ..-P:------.:::---2.o-i-.~-,--
-r;:-- ~~~::: ::~:~ i~~~i.~'~~DD 'or ER2401 1 . 8~O = 2t~!~:

T.~ PI,JIS€wldlh(riseflndfalltime:s~50f1$)(SeeNole1) 400 _. _. 03
I¢, . Addrossandchlpselcct(;hanQeloq,1 ri~~e.delay • tl 0 _ _ p.t

'ilL].q Fa'.llO.ddr."andr:hIP,el'C1Ch.ngeclel.Y . .. - 7""J "' Jtrl! I;: F.H to data output lialld del<lY (SAe ~~O\O:i 1and2f .:::. _. 300 f\S
tr" 1> Ri'ielo11a-atedoutp\'j,delay 2)<; 101 ' _. _ ~_
~;.'" NIl)mberOfrt'adtiCce.sseS!WO(dDe\Wli"eJ"!~. .~ .....:- ~.~__ __,_------------

I

U~;;:-I

p::-1
n5 I
115

::::t{zzzT!llZllZZlZlllii5'iZlllZlllllllllllLlllZ J
---._-------------~----..._- -~--- ----- _._- ~--

rt,".-~,.~;;;;=---....- ==::--=r: :~--=:;;:;; ::"
t"t.. Ve,d'.lI".,V"".II!,,,o I om -. '.0 m,

__l. .• Wri,,'.ra··~ ._--l~_O__--==..__~_." _ /AS

~'hC"OlrO' V'l'H.-.7----_.~ j(_.. '_
'wi "Wl I I~_-_---'-_,-_~
eJJ"~ \fEE"'-i---"__~.:ti ~--'--'-~l(~-----""'-l.~:~ . _
7~~~F:~llle Vff.l I -Y"~l_,-----~~r_-. I(

;:::~.$IAn-;'As) :,IH.±Lz7f!77777Zl7irE~f~77~lZL
COI... SelnniC"t ':;:S2) ~,'.LU-LLLLL.i.J. liLLLLLLU..LLLl.t.v",'-I_, . _

V¢L !

NOTES: 1. Due to 1M- dynflrl1ic nalllr6 of the cir~ull (j"(j11f'Wr"tlme In $XCI'J5$ of 40 IIsee. may rl'Jsu!l In a floated olltput cc:nditJon.
COl1s'ilquenlly datoS must b£' resampled with a 40 ,uStH;. tima period fOllowing the fall o'f rP1 to ensure ils validity

2. S8'.reruJ r,ccondS "HIY be mqUlrl':ld !ollowJng 0 progldmmlnfj operation ~or ti1a CircUit 10 becor"H~ oper8.blEl in tho read m:;>d(l. If
data Is 10 be vNifled immediately following prQgrammill9, a 1crward current of +1 tnA :.!:: 10% may be fOrced Into nw eri)se
$llO:ltra!e Junction (PIn 4. VI:"!, lor a period not to OXC€BO 10 rniJJisecorlds, to Cluic,llly di69ipatt' charge trapped at internal circulinode~;.

:t Maximum power dfsSIPilli"" Occurs dllflng programITlmg When programming Inlllll-::hJp syslems whElm U18 apphCeHion or
programming voltages lEi roqulr~ld lor several miMu!~~, forced elr Ctlol:ng Is recornmlj....,dEld 10 reduce O!l.ckage lempr:!litUfe.
Power Is nol reduced when chip Is d&$cIacled
4, All tyPlctll values r.lT/3 at -1'~5DG and nominal volrag.es.
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lm2401/ER24G1J.'t OPERATION

----_.---""-----._-~_._--------

PIN FUNCTIONS

ChlP SQ!ed {CS1, CS:2} h"'d"18 output tOflTlif"lals
BothmustbGinthehigh5~at(ltQer,ab101 ~ ,
or writ!:! datil iMo the d~VI;:;P,.

Data Input/Output (?t.-~4) data lormln$ls. Data are ll,nter~!d
01 thfOl,lgh D4 ar<::~ bIdirectional, clQ and reao oul dUfH1G!1he
on Ihe6BHHmln<lll~during 11):" wnte::: terminals ;)(Ii) in .a 1Io;:i,tlrlg
read c;.ycl!~ WhE-i1 dsself;ct':!d, the

condition

write Control (W) \ be In tM lew stute in ord~r to
"118 wrile (:ontro~ terrn.ln~1 mus '
write dat" lllto lM- devlc£:

~1(robe (ST) ER24?",1 ()ni~I~ICd for d!11ayecl data clQckmH. If"l
A stl'Obo Input I" pro - , I desired the Htrobl: wrrntnal
:applieaticiflS VI,here tr:IS~f~~~ \t~'~~U9hotl; t~B ~.'Itirf;) r'eBn cyle
-should.t:u malnt~l,nOt lip-vel -and Mt nL~compai\bl(l.
fhl3 $1 Input Is n 9 1- ,

PhEl5t' Ont! (¢1) , I to1QO/-lspulsc&mumbeapphed
Quring the wrile llp~raW:ln, ~;l~~tl ~le memory tre.r,sistor tilrestlold
to the ¢r terminal 10 I~~\.Y:;, state. ThIs if, required ior voltage
vo!!ge to lts ~a61 nE;g"'l·:~l .... tlon clrcu/lry. Tho ql1 input lr. ilI9t'
bOotstrapping I~\. th~ row~~ib~; ,
level ar,d not T I L-cornp .

NOTE. All conuol, addre!;!;j and data Inpuis '1r!? rTL-compa,tlble
witr pull~uP re~a~torS

-"--8--7

Fig.:! T'iPiCA.L @1 WIOTH IN NANOSeCONDS
liS. POWER SUPPLY VOt.,rAGES

'OD2 - WRITE CUARENT IN ITI'"

Fig.! T~~~~"ii\:J.:'~G~~~~~~~AS~iDNDS

-----_.~-----------...--_.
---~·---·----·-r--

("!-'T'\Ji'--'-r-I-l=r=:~-' ~d;;NG I ~ ::~--m-~I-J- I;g:tl
-.:· ~~€~~~NGg 19 '-~+'Z:... RANG' I I ,,°0 - tTL

.~ '8 2.·C _ _ --H"S 10 C .•_ _1._. I f 19 I , __ _ _1_

~ '.. -+.--+-- --~'::::""MAX I ~"I,.+- . -- -- '- ~~~
'::~ ._ I I I_ __~ ~:~fT ,J- 1.L;~_ l.;--;;--;~-'" ._~~_ ,) L''''T
>0 300 1\00 Sl,Q G(-{) JOO 800 ;.00 1 t _ TIM!:: IN MICRO~ECON[lS

to:r TIME jN NANOSt:;CONDS I 1\

OS I Fln.4 rvPICAL ACCESS TIME IN MiCROSECONDS jFI .3 TYPICAL DATA SETUP TIME IN NANOSECQN I • OWER SUPPLY VOLTAGES
o VS. FOWER SUPF, Y VOLTAGES _. --+ .__~ ._. ._._

I

I
I 'DOl - "'"DCUMONT 'N n" I

LFl•• TYPICAL READ CURRENT IN IR'LLIAMPS JFlO.S TYFICAL WRITE CURRENT ,,.,, MILLIAMPS • V$. POWER SUPPLY VOI.TAGE:
\is. POWER SIJPPtY Vo,~rAGeS (Chip 9p./eCt2d or delle-re~e1)

(Fa- deselected, ID1>2 .=: 1)1 Graph In!;':!) _ _
- ---------~~----------~ -_........- ---_..



of
of

o

'"

~JlOVto ~{J3V

. "~40"Cto"-7fj'C
"·.65~CtO-150"G

",." .""300"C

C,
Co

tJ!flldmum Ratlngs*

. doulput!l (with ra$;:1l~ct:().v5;S) ,.
J\lliilputs an ,re(wlt\'1 da.ta rtl!enllon) , "
StorAge tornpe~at~~u witnoutdnta telentlon)
SlOm~otelnpelal <. f ("'ads (10$BCOnd$~
50ldorlng tClTlperntun. 0 Y

C dfHons (lJnless ottlerwlse noted)sr,andard on

-eLECTRICAl. CUAR,'CTEAISTICS

os'1)\ 0 n, I
to?' 25~ 200 ~~

I :,1: 90°

1

, - ~~~ n~ 11 JRL 2\< \0 V';f.s· CL '" 100pf

~~~:~~" 1CWQOO

!Cf i3SC 100GOO l}t'CE pulse Witlth',eRR3344~O, tCf, 9S0

" t 15501':r~tf lOO ns IRead c'~cle time t C~1 0 _ ICE rise, (;Ill time r

W,it.IE"" Mod. Ch'~""'lIo, '0" a ~: __

Address 1.Indcontro1 to CI:3. 1'0o,,~ 2050 f,','..![Vb'yE.,"m!>:,::,'mtJ:,~,V"O"I/s,ponC,E ~I$eMare,; .,,1) cont,ol hold Um. ~ • "'" ""
cg tall '0 W~ fall d,/ay '0" -50 _ ns

~ 'is< '0 CE ,~~ ae/.y '0'" ~ _ '"
Dal• • tab/, '0 WE bl 10 b 100ODo 'I ns

Wf. rl!)e 10 Ena of Data S(a e t,~, 1~;g [ID,OooO1~',c£ pU'oo w"'h ~=;1~~" "
:t~l~~:eWld1h _'g_ _41~.a__~_ . ;'0_ ~: __ .~_~ ~_~~
Erase tima ______.

.__._-_..~~_.~-, :;~~'and nonanrlJ ~ol(ages,
'"TYPlcal \/aiUes are ,H _

No portlcular "fde, of P[)WSr SUPPly Sequellcing 011 or off J$

required lor the ER3400. CJrcuils ltre proviOBdf<: force thF.lCl<"1vll"..e
inlo the mild M'1od~dUring pc..../~rtIJJn on. Erasing andwritng a~~
inhibited 1+ VDD or V(:;o EIre not at Ilrapqr operaling lilVvl$.

For the cR34D1, V~G lTIust bo turned On 8frer Vr::c if] st8ble aM
r(:lil'lOVI!;10 Dotor£> Ve;:;, is lumed otf.

IISII 1:1113400 ER3411l1 J
~"-~._-~._----~---,_._-
-------~---~--~'----_._.,--_.__.----------------~----,.:; ..

4096 Bit High Speed Electricafty AJlerable Read Only Mt!010rles

DESCRIl>iION

The EA:1~-OO I;u,d EFl340' are word atterablo ROMs Intended for
use til> ,'m,j~rno~t(y rnernOtles. Each operates wJlh One (lOCk,

C'HiP'ENA"§[E rCEJ, which 61.so ~£JfV'es tor Chip sEllection. AIJ
DtMr pi!i~ Dr each dovice ¢un bo parBIle1ed with othlJf ~"OM.s
Any onB 01 fot,~ pos~ib[a 'OPQraUng mode;;: C£l11 be .selecletJ by
,S.Hti"9 the propar bimlty G!J,je on thf,l Co-C1 cOnlrol IiM$ .l11d
pulsion Iha c9vico wit'l ce:- The tUtU modas are React Write,
Word EfIIS", !inti Block cr<\se The Ei=J34lJOi3401 wilJ sen»!:! he
con/reI lin~~ and ctnmgE.: fil0Clea Only when t;!ulsed by cr, When
in 111(~ Read mOd{o, data lJ rgad diJrlng eacr, cg-purse, WrillllQ or
era~jrl[l ot a wOrd ronj/IiU&S fwas long l3.S the device Is in Ihs
Write or Eraso mOde. Ea.cf/ wrlto Of ""raso word Cycle flHJSt toe
end~~:':~~&ad~!:$rat!{Jn
A. WAITE ENABLE (WE; Inout PUrSe Indicates 10 the
ER3400/:')401 Ihot the d3ta on the Do~D3 0.11;1 fnpuVoutput IJIl(lS
i,; valid InPut data, ThIs dma is ,rUm MOted fnternally tor uee
durIng the write Oporation,

• 1024){ 4 OrganlzalI0T;, FUlly OecOtl€d
IlII Singl(1 Word or Block e'AcirJclllJy ErasabitiJ
• TTL Compatible with f.letl:!l1ol PIJ!!~ups
• Three St.a1A Output
• l!A3400: 650ns Access Tirne
• F:A,1'IOl: SSGn:;: AccC'-% Tim!)
.. '.8 us Cycle Tlrne
• !O m$ WOrd or Oloer. Era::;e 'TIme
• 1!'f1:j \"lrite Time
• 22 Pin OlP

• f:l~Olflnnel Metal Gato f,~NOS TectlnoloQY
.. 0(' C to 70" C Oper~tion
.. '~5, -12, ·30\1 Power Slfpplle~
• 105 Er<15e~Write Cyc/as per Word
III 2 > 10

11
Read CyclE'$ per Y.iord

III 10 Year UnPOWered N')m'olalile D,11a Storage __ 10 Year,!;

PIN FUNCTIONS

A;;;--~Iwn~~·~-----~~__._~,~ .-,
DO~03 J Data Input and output Pi!)s

CE ! Chip Enable. Chrp S€l)8C!I~l! when & i~ pufSCld 10 logic "0".
CO' C1 MOCl(l Contror JrlpUIS

J
QQ 2.l

o 1 Brock Erase Mode Ii'Irase 0pOrn!lon performed Oil arr W(lrdl>

I 1 1 Word E"se MOdo' Sfomo d.!" ;s "ra'ed " 'ddm"., loco lion

I 0 0 Read Mode IlddHlSSV!1 dal~ reaa after le.10lng e~lge of CE puJs~
! a WritA Mode, Jf)put {i~1a W(f[!ot) al llddres~or.1 JOC.'I'H!on.

WE Wril, E"ab/. 'opu, d.i, r.,," 'Nil., 'iiE ,. ~JI'.d to logic "0".
V

es
S:mStliltA Supply. Normally a.t ~'5 VOlts.

V
ClI

[QfOlJnd Jnput
Vot;! /=lower Supply Inpui. Normally at '-12 volt....

--"-~~----~'::~~~~lJ':.."::~~~':3~~~~' ._. ."__



flg.1: lOG ...e. VGG-VSS POWER: SUPPl-Y VOLiAGE
IN RF.P.O MODE AND NOT SELECTEe

'1'VPICAL CI-lARA(:TEmSTIC CURVES

- -----------------_.- -------

I

flg.1: READ MODE TIMING

Flg_2: WRITE AND EliAS" MODE TIMIII"

--~ ---_.__._.-...__._---

-------

----,,~-----

.llllf....~==~-=-----------~·-



• e:;.:ce~d!l'lg thesf.) fiulnqs (;Qu/d cause
pcrman8nt dam;.lgf.1. Functional operation (If
In is deviC~1 al thesf, r.ondillans j.~ not
ImpllfJd-opertttinq rang(!s ar(' sOj.)cifIDd
belQv,

. ~CI.3V 10 <\0'1
O~C lo+70°C

·8~oG to .... 15,:?C
-300~ c

V,~~'l>J V",~2a V,,-27 I Not Applh:.aole Not ApPlicable V
V·,·1,5 V" V~,+0.3 Vw 1.5 V.I. V~,",-+D.3 V 15 V \/ ..,,0'1 V
V•.A9 VS,.4.4! V~;;-29 V,~-4.4 ',:.- 'Not Ap~'iicabfO'\' \ \)

V," V':'.-0.8 V·~.. Vw f·0.3 v\,~{).e VII V",...O,3 I V
l',jot Ap~llctlble V,,-29 V~,·2e V,,-21 V~;'i.-2S V~~·1g V,,·18 1 V

v..~ I Not App:;cable Vw ·'.£; v" V~I...o.31 V
Not Applicable V<,~29 Vs,··26 V~..·27 '1..,-25 Vyi-19 Vw 18 V

DOll', Care IV~:-1.5 V,._ V~::~0,~3 V,<~1.S V,,-, v,:.:+:O;'3Uv_

001't C:ire I VIllI - V,.4.4 VI", - \':...,--1.4 V
o'.m'l Gare J V,,\Yl.5 V'i Vs,+O.3 Not Appile!!!}le V

_.._~o_n'tGare_.~~J._\_}llI_' _-=~~L.~_~~~~, V,J

v, '

VII

All Inputs or l'Ju1f,Uls 'el<ltlvil to V"
OpNnling ambient temperatura
Stol'ego ternperaturp.
SOldering len'l?eraturt) oj If!ildS f10 M1C'Jn<Hi)

M8Klmum Ratings"

ELECTRICAL. CHARACTERiSTICS

~ECOMIIIENIJEDOPERATINC CONDITIONS" TA ' DoC 10 ·70'C

F
y:=-r'~:':&ler--- -~'n 'E;·~~~-M--,-,--_T--M-in'-w--'-~-t-:-;-'"-de--M--"--"-M-,-n--R·'''"-T-·y":--O-··--M-ax--' un,,:.]

V:'1l SuPply Voltage -~~;;------~~ V~o-"O.3 '/'.:;-28 V:.,.-25 v~ ...-27 Vw·20 Vh1~1H V,~-18
V" $ubslHlIe supply

I
IJO!1<lr;'I! 4]5 e..o 5.2.5 4,75 5.0 5.25- 4,7b 5.0 5.25

MQrnorv VQ\tane \/,' V~s-29 V,,\~2S V.ly·27 V,,~~10,ij V,;,-'iO 'h,,·9.5
R8fp.mnce vo!ta~e- V~, V~.. V" V"' Vi.,,-20 V;;,~19 V,,·18
Era~p' subs'rat~j InpClI

high
Erasli s\lb~jratt! mpu!

low
Wri!I:)conllollnput
Wrjt~ control inp~il

fbI input high YOll~g:?

11, if!put low vollage
Strobe inpu! hl~1h

v<,ltage.
St~olJe input low voltage
A.ddn,ss and CS input

hlgh
Addrl}Sr. and CS InPlJt

iii'll

Dala input high vo!~aga

Dala inpullow vollage

. J
Stored dati} may be acceseed u minimum of 2- 1011 1lme.s without
refrest, and is non·volaWe In theunpowered5tate Inelc:cess oft~~
Y?ll~, Data Is Drased uy applying a Vsr2SV pUlse to lh-tl eras~
6ub~tnlt'9 of triO' dt~\Ilt:e, Data can be erasod and re....rltlen up 10 ~
mfl~lm~111 of 10~ times, All outpUlS ar€ at logic hll}h when the
devIce IS In the erased slate-

"'-'-~----~~-----~'-----"-

8192 Bit Electrically Alterable Read Only Memories

fEATURES

'" 2048 x 4 Organizetlon
iIJ 11~Bit Sinary Addref>sil'O
• Chip Se!(!ct Input
III Elor.tricillly Aepftlgramm,Oible
II 2,8 lIS Acc~s:;l TJme (f2:Rt!OOO)
It 1J>5 .ilS Accoss Time (ER2i30fi)
III 20 msl4~bit Word Writp. rim€'
d 10'.0 ms Simultanc;oua ErllSlIre Of All Dt:'lla

d ~~~~~~:11'lA~~~:,5~otenlion-'2 x 10'\ Re"'d Accaases/Word

~ TnrE!c.·Stato OulplJ1S

• Unpowereo, NorwoJatlle Data Storage--10 Yflurs at "'70')C
II Co-nlrol, At;fdrass and Data Itwuts rn, Compatible,

The. ~A2BOD ElM Er:12B05 are fully decoded 2048 " 4~blt
alec..nC8/I.Y ~ra.sl.lbl'9 and roprogrammable ROMs utillzmg
r>eCDr1d~generHwnM~OS 8~Jtaxial processing tnchnology,

Data IS SI{)!ed~Y. epplymg negative writing pu[sea that selectIvely
tunnl3'J chargo In ,0 fl1a oXid~H,itrl(je In terlac€ ill the gate In!Oulatof
.or !ne 8192 MNOS memory tl".lrJsistors. When (he Writing vclUtge
Isrem.Qved, .the charge trapped altho Intertnc(>lsmanlle;te~.!II;' a

~~:~:;~~~r~~!f1ln the Ifnesholn voltage of '!"Ie selected mern;r1

DESCRIPTION

}iA

mA
mA
rnA
mA
V

-200
12
13
25
27

V$S-6.6 V
V

Y<iS -1 V
Years

8.5
11
18
S'!4

10

V~,-1.5

M;~~-~-~"-;;-'-'~;~I~~;:;!

-""---1-'---1
- -- -20 I ,A

·200 i.J.A

-10,0 II.A

OUlouts open (SS8 Figure 5)

One-Series7400 TTL loadwHh
As'" 1Kn, Vcc=Vss
tSeeTTlNotes}

·----;:~~~-t:---·E--c;;~clltl;;-·---
All Pins :tV,,-,' Unles~ Not<!d

Input leall,sgecur:er.t (exceplplns 1,2,
4,5,6,7.8,and24)atV,~"'5V . .p1=V:l"=V i ,··:W .~_

Ip\leakagecurre:nl at V,:,~29V VI>IJ""-V,-~·29, ST"'If;I""'V.s~25

Ol~tpul teak.;l:Qs Clormn~ atV'.\-15V Chip deselected
Erase substrate le-aknge CIHr!lnl at

V,,-28v
VOD $t;pply c\menl ~}' EA2eOO
read mode at Vss-19V ER2B05 Output$ opel'l (See FIgure 6)
Voo SlJpply current "j ER2800
Vss ., -28V ER2805
D;:ta outout hig/) voltage -l'TL load

STATIC ~lECTRICAlCHARACTERISTICS, Tl', ::: O°C to +70"C (NO E:XTERNAL LOADS E)(C:;:"'T!l.S ~JOTED)

12·23

I
l ~':"

V"
T

CAI'ACIl'ANCE AT V" c V", ALlOl'HEA PIN!l GROUNDED (V,,). f~l MHz

[
-"·1'-'---------"'-----------"]r---"'--T---j9ymbol Paramf;lter Mt" Typ Mll. --t.. Unit

C' Addr€'ss and chtp select ,IIlPut capl1cit"nce .- 5 lU' pI
C". Write con\rol iflpul capacitanco __ 10 2() pI
C" SHobe input capacitance- -- 10 15 pi
Cfi" (/;" Input Capacitanctl - 40 50 pf
Gil Eruse substrata capacitance - 600 700 pi
Gil O<lla InpuVoutPlJt capacitance - 5 lO pf

---_.. ------~-------------~._-"~ -----~-~ ._-_.-

BLOCK DIAGRAM



".);,t{!UU\pu\

10\ -~ ()o\l

~I

AUUIC'ii

ICSl

Chip ~1~CI

:::H--t-·--\.-.,.--------------d-----··
~::~,·t--_·- ~il;-:-r:--~=:~=- ~_=;:;U;=~----------

~::'j[zlfj71IlJ.ll7.lJ.Jl;j';,,:~~f!llll17l1rllllI!1ZI7!1
'I1)H ...-j·--"-------------------·,·--,·"·--~--------··-
v,. I
:""177/77/.771IIT1jT77T,:;;;rc;:;;?77P77T777777777777;
'Dl _~..LLLI.LI_LLLLLLLi..L.Z.~ LLj.__~LLLLL.LL.LLL.i..£-i..

.....~,_ ~. II; ,,- V~L-10 '~/()"C

--,---

D~", "!put

ID1 -'>D4'

A1(Ir09~ IA{r·'Al0)
sll'::l/or
Ollp S~le~( (CSj

Wdt~ c..'I"HoJ

(WI

Er...""
S,jb-'.Inlll:

IV lf)

NOTES 1. Due m Ihf:! (1}'m,mlc nature 01 the circuit a"~lNOT"t1me 1(1 ;::)(GCS~ of 40 loser.: rr,ay resull In ~ floilted outpu'! COi\(.lltion
C0mequently data rnUlit he l't:s<l.mp(ed wi\tI tl 40 l'3(lC, ~I!ne pt~r\i)d fQ\\oWII\9 Ihe iall of t1> to ~n~\Jm it~. villidi\)'

2. SelierElI ~ec:onl)s may be HH1U1i'!ld followh~9 a pro,;lrarnrnlng ~~pHallon for fheclfCLJlt 1'0 MCOme oporable In the re,'1d m(JcIG. II
dc\ta is 10 be \{'i!rllio'ld imnH'l'diatol}' following programming, a for.vard currenl of h1 rnA =1::10% m~y be forced if"Jlo the er"lv8
substrall!! jllnction (P'f) 10,. Vf.r}, fW,1 period nOI 10 ~l\c~fld'O mill\suwnd::>, If' quick~,>, di~sipl>1.,cl-larQe IrapPtlo at inl€ll·nl.l\ circuit
Ilodo:l

3. MflXin1Um powor diSSIpation oc;curs dunng programming, When progri)mmmg rllullichlp e-Y1;lerrs 'l'mare the flrpllcation of
progwrr·mlng VOhl.lge5 i~, mqUirf'd lor s9v~ral milluics. j(;'lce'.1 air cnoling Is reC{)Ill(11e-noed 10 Tod:.lce pac\c.i:1.ge temperitlUl'e.
POWer is not redLlCfJd when ctlip is deselec;ted

4. AI/lypical valufls ar~ tTl 1'25°C al1d r"lommal vDilagl.1S

I
=-~,,·~~ --=~==- P..~"",,;-=~~=--=----~ -T:,: -M~;·-

" Vn ertiSEIOuISe\"JldtY. l100 -.' 1000
t.l VU',lit;('llrl")e,IJ;~.rl'Jllhme 0,0'1 ,~ 1.0

1~--._-,--IA_'r_",~'-(\~::~-----"--__._" '0__-.:._.~ .'._

\ Celltrol

!

S·,'''''"''
IVCf;;l

M"I(o~J{A(l'-)Al(}\

~'I"ior
C'Ilr- \S<;\lJ~\ \CS}



1~-27

Voo '" Vss -19V

V" "~.5 ~: : ~~~~ ::~~o~ I'~'~
r'--- " r t
, . I I <
: -1! I ?
, I I R- I h
I ER2800/. '.'~~\r-tl-lJf -I ER280CJ i 1_-1!---J: '" 7400

III I C', I SERIES
I 'h I '0 I 'm
L_--1..J 1__ , ._

GND

TT~ INTERFACE

PIN FUNCTIONS

~~I~ ~:I~~~~;~~~\ltlstate to lmflr.lll.' thG da!~1 outout terllllne.ls Of

write data 11110 tho device
Data Inj)ut/Outpul (01--04)
()1 through D4 are bidirectional dats tarrni,..als. O:lta are e,n\:r(~~
01'1 th€lss lermin;lls curing the wril.e CyCID fl~d rOR~1 o~lt dUr l"8 Ih._
ro~d cycle. Wh,,::n deselected, tt1~so tC::frllmi'!!:~ at;> In <I. Iloahnfl

COIKiition

~~~f)W~i~;~~~t[;~l~ terminal musl be In Ihe :ow 'Slate \n order to

wntc data Into 1,",0 deylCe

~,tr'(~~r~~~r:ilPut IS pltwldea I('H [1olnye(j QOila d0Ckout In
appiicl1tlO,.,S wMm lhis le<l\liW' \5 not c;je!l{rt;ld, the strob~~errnlnal
should be -1lilinluincd at VOO IT\fou.gh'Jut tile ~'ntlre r~L\d l~yle

Th6 ST inpLi\ j~ ililJh·lelltJ1 ana fllJt lTL-compf.\lt:\le

~~~IS~g~~:~~\~))OptHBllon.nlllit:pie 100/.1$ pulses must be ap~rled
10 \he ¢1 termim~1 to rulh' snif! thEl -'T16(llrJr1' t(af~s'stor ll":resn~ld
vollgo \e 115 rl"\1.'::;l negrltive stat',; nH~ 15 n~qul1'ed for vcllbgc
boo'tstr,lPPlng in the row-seleclion c,rcuLlry TI,(: ¢ IlnDut I:;; tl'gh
le.vel ::I,d nm TTL·c.ompatible

t~O-IE All c:ontrol. address ant) (I;1t8. mputs 8re TfL·cornpe:\iblP.

wjt~ (lIlli-Up resistors

ER2aoo tVPICAL OPERATING CHARA.CTERISTICS, TA '" +26'oC }md +70°0. R--S '"" 2K Ohms, Vas:= OV

1llIi ,~_-----------



READ ONLY MEMORIES



._~
'Jr",'
~~~.

"Exceeding these rAtings coul-d cause
perRlaMn1 damag.::, Functional ?P9ruCI,)r'l 01
lM50 devices at the-se conditions. IS, not
ImpJie(I-OpertltJr'r9 ronges are ~;peclfk--d

bf::OW.

·25

700 ~.~-

nS€C

::~
IOOO~

I

~~:;;
, / I

mJll'uTS

r-ACCES:3rIMr--""j

~I ~O.8 I
INPU1'S ~.._-..+-.
C'~llPENfBlE I

- Vee·1.!i
I I

I
I

~-=~~-

TIMltl';-DIAG;A-;--·--------I;ICA'~_;~ARA~~E~;;,:ICcuRve--------l
I

Mulml.lm ii1!litlngs~

VGI &. V(",(; (wllh respod to 'leG). '." . =~g~ ~~ ~:;~
CltJck~ logic Inpula(wOfh rpspm~t l/JV",) -55<IC to ,,150

D
C

Stora.g
e

Temporatu(e. --SS"C to 'r1;~5"C (AO-6-102~1I4/B)
Operal1ng T~mperatLJre O'C to .70"C (RO•.7-'I024/4/8j

ELECTRICAL CI-IAI1:IICTERISnCS

Standard Condiilone, (unless otherwis.e noted)

1024 Bit Static Read Only MemorIes

1l[L- RO=;~~2-';;::;--R~/e ]
GU 110.7-1024/4 1'10-7-1024/8

-----------.~------

-~---------~--~-------._------~---.
--.~~_._-

OESCRIPTION

FEATl!RES

StatjC c~eratIQn, Nt' ClOCk t'eqlJ;red,
Access time typloalfy 1 ),ISeC

Three-Stalfl output for wirG-Q AND Capi1bifity.
Ch,p enable CO'ltrQL

Input, Output direCfly intorface wJlh DTUTTL
Cnoice or Ope~tin9 Temperature Rang~s
110-7: O¢C to <-70 "'C
RO-6: -S5~C to "-12S"C

BLOCK DIAGRAMS
'-~---'-----~-_ ...

Tile RO·,t;-102414, AO~7-'024/4, RO-6·1024/S and AO-7~W2418
ale 1024 bit slafio Read Only Mtlmorles bolongllig to a standard
fa.mily of OTlI'rTL comp$l.tlbli;' clrcuJls which are COM\ructed
Llsil'J:1 low lhr~shold silicon nitride P8S~lvElterJ P""Cha.nr.r~1
enhancElment mode ([sId eliect transl!:ltors

The RD·tl-l02414 l!l pacflagM In F 16 feed certLmlc Dual In
litle,The AO-7-102414 is the p!astio vr::rslon Df this de\llce Ti'r~
memory organization is 2SS"'4 bit words,

The AO~S.10241Q Is packaged In a24 lead ceramic Dual In
Lltle,TM RO-7~10~4/8 Is the pi:J.t:l(lc Yllf3JOn of thIs dl:1vjc~, ThE
memory org<mization Is 128::<:8 bit words



1Hi

1500

,"00

n$EC

--2QV 10 +0,-3'/
-20V 10 +O.3V

-55"1(:i ....150~C
O¢ M +7f)~C

ACCESS TIME "S, TEMI)ERATUAE

ELEC'fR'CAL CHAflACTERISTiCS

Ma:drnutrl RaUn!~!l*

(With fO'.lp'6Cl ~o Vee).
6~~~kV:~ogiC [r-.puts (wlttl re3pecrto Vee)
S!OfBge Temper€lture .
Operatlng Ternp~~ature

• • Ctlndltlol'l:il (llnlcs$ (:;'itl~rwisa n~)ted)St!lnuaru

-----,---------_.
---------- TVPICA~ CHARACTERISTIC CURVE

I"'·'~""·"
r- ACCESS TlME~

-"', I:;~.TS .. ,,\8 ~.8 t--
CHIP ENA6FE V l' I

CC' " I
- I I

---"'\. :
' ~

1OUTP"UrS ~r-,__
131, ."Be IVCC-l.a

I---_._.__.

PIN CONFICURATION
24 lEi\D OUAl IN LINE

~--~--_._---------'----_"-....------

....__._--'~-----------------,-----._._-----._-- ...
2048 Bit Slatic Read Only Memory

SLOCK DIAGRAM

F£ATlJRes

II Statlc OpElraUon, No ctQC~, required.
• Accfls..q tlms typically 1.:2 u!l.GC,
• Thfiile-sta!e output f()r Wired AND or.pabllity
• Chip enab)u comrot,
• Input Output di''ecliy fllterface With D"tUTTI.

DESCRIPTION

Tna AO"f-1302 is .Q 2048 bit tt.JUy ~tatic Read Only Memory
bOlonglflQ to a standard family of DTUTTL compatible circuits
W/'llch 3ra conSUtlc(Gd using [ow lhreshold siHcon nftride
pesaivat~d P~charlnol onhailcemont mo(la field a/lect
trllnslstor~.The AO~5~131)2 16 packaged in U24 lead Dual lnUl'le
The mtlmolY organlzaticn is 2.56:':8 bit l"iords.



•I

"Exceedifll) t~iI,~S{l ra\lngs could C;!I1I50
pP.ifnlSnal1t damage. Function.al opernlion of
tl1(150 de\'lce,s at th~).sc ,~ondltions is not
Irtlplied-optHatirlg r(lngaa are specified

be-low.

ACCiESS TIME "'5, TEMPEllArUnE

nSEC

--------_.------_.._-----

-rOA V 10J "" '\.6 rnA
1/ l()il"'~ 100 JIA

1.5'" "'
Measured at 2S"C

1,5'" "s Mt>t1$ureCl at ?5Q C

----,._-----'-,
----------------~ I

TYPICAL CHARACTERISTIC CURVE I

13-'7

r- ACCESS TIME---\
~ _i +0.8 --f.1 _

,"PU1S ~ - I
C'r(I~e~,:l,aLe--r-

-I Vo;c·U 1
I

--~\
~04

TIMING DIAGRAM

----~~~-----~-------..--------

-'20V to +O,3V
-2.CN to +O.3V
_ 5-5C>C to ... ·!50"'0
-.5f:j"C to -t125"'C (AO~fr204B/4/a)

OQ C to ..7D~ C (RO~"-204f;1/41el

Standard Condltlona (unless otharwlse noted)

Vn & Villi (Wilh respa:e:t to V•.d -
c:lcck. &. logIc inputS (witt' (Ilspect to Ved
Storage TempE.H"lture,
Op.arattng 'fempercHllre,

f.LECTIlIC,~1. CHARA';TERlSTICS

MUJf,lmum Rating,·

RO'SI1-2048/8

24 LEAD DUAL IN LINE:
RO-617·2048/8

r~;;~ONF;~;"----'---'-~

24 LE:AD DUAL IN LINE I
RO~6{j'··204a/4 I

"'r'~~.~.' v.,
M! 2 ~ N,C,
A',:; 2'l N.C 1

N.C, 4 iii"'"
Ell 5 ::1) Ah

N,es 111M
8:: 1 HI Ai'

I-4.C a 11 A9
e3 r: 9 1(1 vGG

";.0. 10 1~ N,C

U4 1'1 H C/'lip En!\t1I~

"'t;r;; 12 1-3 AI!

Bl.oeK DIAGRAM

FEA1'URES

DESCRIPTION

RO·{1I7·2049/4

2048 Bil Static Read ()nly Memories

• $18tlC operation. No cloc.k required
• Accoss lime typically 1.2 usee,
II ·n1r/i.l~~~1ate Qutput for wlre<:! AND (;,Ulcloillty
• efll!' enable con1ro;
• Input. Output drrecily ir'J!ar)llce wIth DTL/iLL.
• Chol<:e of ()p~rallng Tempr~rature Nang~s

R.O-'?; G~C 10 -70"C
RO-IS: -55~ to oj'125°C

The RO~6~204a/4, RO-7-2:048/4, A()~&-204S18 aM ~iOv7~20~Bi8

are 20t'.!l bit hIlly ~talic Re..d Only Memorial) belonging to 11
standa.rd fa.mlly of OTL/TTL compa1ibl!1 clrGuits whIch are
constr:iCt~d using low ihrashald sllicon mtride passi\lul-ed p~

cha.nnel enhancement mOde field Elffecl ranslstors nle RO-Ei~

2046/4 is packagBd in a 24 lend cera["l,l~ IJualln Une The I~O·7.
2048/~ i~ the plastic ,vemion of this dElvlc;a. The msrt,ory
orgal'm:atlon Is 512><4 bit words
ThfJ RO-6-2043/8 Is pa(;~agEd ip a 24 leCid c(lramlc Dua! In Line.
Thl:! Rl,.J-7~2048/819 the p!nsl[(,;: 'tt,lr$IQl1 oftill::; device ThO memory
Cf!lanization Is 256':8 bit words

13-Fi



..- - _.•- !bd

'~

i;:::1MH~

-----'_.~-

OLltPIJ16~ _

~()~;::' 100pA
10l;:: 1,6rrA

nS

ns
pF

"'pF t"" lMHz

rnA

INHIBIT RF.SPO~5E 1'I1'E_
(AODRI:SS INPUTS sTAeL=!~Ic..... _

450
200
10

0.45
'0

-~; \ -;;;;;;-1-'--C~~d~n~ -~==
~- . ··-·~i-·----~"--

V
0.05 V
10 f-A

lyp"

25

2,2

2.'2.

-O.3V tt1 -e.iJV
-65~C \o+-150~C

oDe to -I-10"C

VIII

V"
I"

A separate pUblicatiOn "AO~3~::561J Cugto-m Coding
in:orrnallon," available frorn GJ $~'e~ OWees, de!lcribes tl1e
PlJl1ched card and truth table format 10; custom progr!:'.mming of
the RO~:H25EO mi,lmOty.

PIN CONFIGURATION

18 LEAD DUAl. IN LIN!:.

OUiPUT
I"<HlfHT

FEA"URf-S

DESCRIP"r10N

2560 Bit Static Read Only Memory

The Genera.i lns"umer,t RO~3~2560isa 2.56Dbll steHle RElad-On;y
M(lm~ry Qr9nnl;z.~,d B.l> 512 'I,>,e bIt Viords fJr\d fS 'dea\ly suited 10(
rtlMy I:wncr'R] purpose Jrr(Jmoty <lpplicatiorw Fllbricatl1d in GJ's
advimcM GIANT n N-chB.nnei Jor:~lrnplant proCe5$ to en~bl0

Clperatlon ~r(>Jn a single "'5 Volt pow~rGupply. the AO"3·256D\l<;n
stor.e a lull 51.? words 01 5 bitS ellch,

Th13 RO-.s.-2SEiO j~ one of .. family of 512 ..."or<;l Read-Onl\'
~,!ier:10r;S8offered by Generslln"lnJIMnl; IwO ot~c>rG are tile FO
~'4096, w)lh .a 512"'8 tremory Qrganization. and ths ~W"3~5120,

with a 5'1'I:!>l.l0 memory organizat\cr,.

R 512:~5 Orgm'lizlltic,>n---ldeal for many genem!
purpose (\Ppliciltlons.

• Slngle"5 V:Jlt Supply.
11 TTL CClmp~tlbJe-rdj inputs and OUtputs.
• Static Operalion-no cloclcs I'1Oq~llred.

• 450ns M{l~lmUrn Acceg:; Tim!:!
II 175mW Maximum Power
III Threo·St,lteOutpuffi-uncwr th~ contrO) of a\1'OiJtoLl! Inhibit'

Input to siO'pJif)1 momory l3'>:pCl:1sion.
.. Totally I\qtcmMod c\'lstQrr. Pro£lrnmmw·g.
II Zeller Prott'lGted Inputs
II GlfH"lS PaS<)i~atlon PrQte~llon

r--------------------'-------·_--------------------
I BLOCK DIAGRAM



1~H\

"E)/"O(!:Bdlng theBe ratings coutd cenme perma
nont damage to this clevie£!. Flinctlo.rl~l) ~pet

allon ~,i the!Je conditions 1$ not lrT1plled
operating conditions are spl;l,::ified below

-O.3V to -+8.0V
"'6S"Cto+1S0"C

o"'e toV;O~C

Standurd Conditions {unless othetwlse noted)

Vu ' """1'El VOlt~:t 5%
Op~ratlllg T ~rnp'H!lture (T A) .~ O"C \0 +(O~ C
Output LOading: One TIL Io<.ld. Co tutti' ",. 50 pF

ELECTRICAL CHARACTeRISTICS

f'italiI!mum R~t1l1g$'

Vel' and Input vC,!:tages (with respect to GNO)
S\orag-e Tempor'<lture
Oper"tlng TeiTIparature (iA),

OUTPUT
INHIBIT

OUTPUT
BUFFEH~

Pilli CONFIGURATION
22 LEAD DUAL IN LINE

M~MQRY

MATRIX
512x8

vee G-NDt 1__

ADDRESS
DEcODE

INPUT
BUFFERS

M,

A1 r
,,>
A3 r
A4 r
A; r
AO)-'

"')
... 7-.

DESCRIPTION

FE,nURES

BLOCK DIAGRAM

4096 Bitt SIalic Read Only Memory

A separate publlcatioll, 'RO·3-409a Custom Coding
Information.' availabls from GI Sales Offices, desr,r1bs:J ihB
punr:hgcJ c6l'd Lind Iruth (able (jl'lt? formal for custar·"!
progTnmm!nq of thtl RO·3~409(i memory

III 512)(80rganl:tation
II Single "~l Vol~ supply
II TTL/OTt Cornpatlbltt
• Slatlc Oplirf1tiOl1--no clocks required
• !:OOml. Ma>:,lmum Access Time
• 150 mW T~plcal Power
• "rrl-Sfa1e Ol.llputs-undef conrol 01 'Outpu~ Intllolt' signal
III Totally Aulomatsd Custom Programming
• Zens( Proll'lcl'.3d Inputs
1M Gra3s P£l~$ivation Protecllon

The Gen~;al !nstturnem AO-3-409B j~ a 4096 bil staiic R~\!.d·

Only-Momory. II Is organized ~s 512 .,ight bit I'lords and requires
9 bils of a-ddrElSslng, An 'OUIPLJt Inhibit' f~Jncljon is provided to
simpflfy the. cOI\nection 01 seo'.:.ral ROMs to;; common bus. The
ROn$··4096 is conslrLIcted Ol'! it $inglL:l mOnolithic chip lJtilizing
10w~voltag~~ N··chaflnel Jon Implant technology,

-_.__.._ .....__.__._-_.]
RO-3-4tl96

~----_._-~_..-== --------.~---_ ..."""""------_.__._--._--~--_._----------



lou:= '1 DOpA
101,"'; 1,6mA

V
V

"'

V
V
"A

"ExG(leding tl1~rf:e ratlrgs Gould caUSfl
~nranent damage. Function,,! opora,t\on of
1his devlc,~ 8.'1 \he:;(\> cond\i.\om' \$, not
fmplled_OpAr8:tlng r~n!l8s are r.pec.llIod

pelew,

0,65
10

DA'
10

30 45

--TYIl-;~ --;;;;;"--r--·Unll6 ]_._--=~ COI~~~~r. ~==
-- -- I

\

--o.3V tn +13.0\1

··6S"e to+150"C
O"C to 'HO"C

V llr 2.2
VIC

I"

\1.;'1\ 2..'2.

Yo'
lUi

EU.iCTA;IC CHARACT~A1$TIC$

M&:t::lmut11 Ralings~

V,'~ and inpul \folti:1g'!H~ (with feopf.m1 to GI'lD)
stiJraga Ttlmp()ratur~

O\Jclwting Ter;"lp8to.lllrl'~Cf...)

Standlud CondlUc)n6 (lln1855 Oth6t\'Vis9 noted)

V,;r = +5 VoltsJ.::5% "... 0 C
\~J',\Pflf'i,l.t\,lreY' ~.'I .~ I) li to +70 _ "J 1':0 F'
owtpUl Loading, Orle TfL LOa,cr, CI. ,llT,\~ :j P ,

-"-c;;~;~~c-_·- '~~g--M;--"-- ---
~~~;T~

A<td\·~&s.Output Inhlbl1lnpuis
Logic"1"
l,.oglc"t}"
Leaka9j~

Oata Oulpl,Jlla
Logic"1"
Lngic "0"
l,.Mkag~

'Powar $uppl-y Culte.n1

"'

PiN CONflGUBATION
24 LEAD DUAL IN UNE

l._

A4

A'
M

A7

BLOCK DIAGRAM

The GOner!>1 :r\?Humel'\t RO·;;v5120 Is a 512.0 bit statIc r-l.ead~

CinJy~Memory It IS organized Q~ 512 len bit w':lrds and re"llllrf.'6 9
bits ot <I(:ldms~ing. '~f1 'Output lnnibit' lunl>Unl"l is provided to
simplify lhe 1;0f:noctlon 01 salientl ROMs to tl common bus The
RO~~r5120 I:; r;onstructed on a single monO'ith~c chip utilizing
low->JollaHe N-cnl,lnnel Ion Implant toc::hnology

A sepRratn publicatIon, "RO-~~5120 Cu~tom Ceding
Inforn'lslicm," a.vailable from GI Sales Offices, describ<ls the
punr,hed caro. and truth l<lbH1 d.HilI fOfmot for c'J$tOITl
programming ot the AO~3~5120memory.

OESCRIP1'ION

512'::'100rgilltizatioil
SingJo ,,5 Volt Supply
TTL/OTL Compatible
Static OpttratloJl-nO ClOCKS required
$OOns MaxImum ACC(1$9 Tjme
'lo(lmW fypical Power
Tt1reo~Stute Outputs-undar control of 'Output
Inhibit' signal
T01aUy Automated CIJator(f Progm,nuflfng
Zener ProtE'cted Inp\,IIS
aJar",! Passlvalll~(i ProttlCtion

----_.."._._.~._----------_."'_ ...._-------..__._-,-,--,--~~-

fEATURES

5120 Bit Static Read Only Memory

Vee GND

? ~

r
---------'----..............,-------.

I
04 I'INPUT ADDRESS MEMOFY OIJ1'PUi

.. BufFERS DECODE ~~~'~~>\ BUr-FEAS 00

I '" ,

\

Mr- L. I--.J )010

---._"-oUIf'ur J
l__~~ . ~_'''HI"'T __. _



VI~'~ VCI;-fiV
T,\'''-r2S''C

v
V

$Exceocfing the~e ratin'fi::l could erHI"''''
perrnaflunt dL~magCl Functlmwl operetlo11 l11
this devict1 fit H1E$O coMitlon!! is n<"t
iml,ljed·,-opfH!.111lg rangEIS are specifie(;t
below

'-20V to t'O,3V
-65°C to +'150°0

O~C to-HODe

V~,: """ 75 VDlts ~-.5%

If<i(J '0; -\2 Voltn :t5~/o

Opemtlng Te.nlpar~llIrE! (T.. ) ". o'C tOT/ODe
Oufputl.03dlng~ R, ,~. 6.8K to VG(l, Cl TOTAL·'" ilJOpf.

Standard Contlltton$ (unless otht"HV'\/lse noted)

NOTE
Acce.ss Time Is deflned as til"; (min.) + to;b'l~ (min,) + btl (max.)

V(W, clock arlo inpUI voltages (WrU11ellpnct to Vc<l
Stor~1ge Tampfl'..~tu fe
Oporatiflg i~lJnpnl·(\ture (T1\),

-'--~~~--1~~~J '"r~'~...~-unlO',_I-----;;-;;';-' -==
DC CHARACTERISTICS
ClOt/( Inpll~'I)

LogiC '" I V(jl,l V{.--1:J - - V
logiC "0' Vd'i ~- I - 'Of.! V
Loakage I~,:b -- I - 10 J,lA Vh"" Ve, 9V

T.I. 725~C

Address, Chip $()lect tnpuls I I
Logic "1" I IJw Vt;('~·1.5 V
Logic "0" VII .... O,1i V
Leakage !u \ t.O J,U\

Ouadrant Enabhllnpuh2 I
Loglo''''!'' V"jll V<:(·-1.S
Loglc"O" Vm .·o.B
Data Outputs

t~g:~::6:: 0::: V,_,-'5 IV"~4~~ ~ g~~~;I~~g~g
PDWtl
,~ 275 ~ mW

-ACCHAiiACTERlSTICS -------+------+-.:.:.:~I 100- --"-"--[._--------..
Clo(;k 11lPuhl
CyClo rlmo t~c 2
,pl Pulf,oWldth r¢o1P\'< 000 -- ns t[/)'Pw~tQ~l,.!;:A{]Ons

WI PUI.;:e Sapalahon ti/l1Pr, 12()O ns
¢t Load Tlnw t,p;;lcl aDO r-IS
"1 Lag Tlma t¢2lg 400 nS
Risl) ar,{l Fall r,m(Jf\ tr"h 50 nS
Capacltonc:e c¢ to pr

lnflute
Set Up Time tl"~ 200 nS
Hold lIme h':1 200 oS

~r_~{_~_~_~_f~_-~_D:': .-J.__~_;:_--,-._-__Jlh_i~;;:~:~ _

PIIII CONFIGURATION
24 LEAD DUA,L IN LINE

---------------------l

_______~~~~~:~9_2 J

III 2048..:4 Orga.niutlM
Itt· 1.2IJ$ Typical A~~cess Ttfl'le
III "TLJI~rn. Comp2t\blllty~·lnput~ ana !:iocks TrLlOTL

compatible without axwrnal interfacing f~Cr"l1pOnon!s.

III Progmmrnable Chip Selsct"--SimprUk'ls dl':l:slgn of large
lllernory systems.

& Totally Automated Mask GenO"t'stiol\-"R0-S-B1B2/CLlS\OJTI
Coding Illformation", d6~CrfbjtlG' puntl''IIHl card and truth
table data specification, jz available from 01 SorflS Offices
Zeno~ Protected Inputs
Glsl.l$ f'OJSSlv3tlon protection

.~-_.__._-_..._------"._-----------_._._.._--_._--.._------

alOCK DIAGRAM

8192 Bit Bead Only Memory

DESCRIPTION

Th(l G€lller~1 tnsTrurrlBnt RO~5-8192 is an 8192-bitdyn£lrl1lcRIJild
Onty Memory. It Is otganiz:ed a~ 2040 four bit words and reQuire6
11 bil$ of addrosslng. Additiollf.l! features such a~ prog-rammablo
cnip seJect Br.e ~)rovid6d tor gf~t~rsYBternfla;..:ilJlIlly The RO~5

6192 is c{)/'I~tructed on fl singlEI monolithlo el)jp utilizIng MlliS
P,chMlllel el'lhan:;oment mode tra.n~istQrl,· TMe RO~5'BI9Z i~

avail<tbl~ (Ire-programmed as <14 bit 1'21ndom number generator.
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n0-3~g318A/9316B

Pl~,1 CONFIGURATION

24 LEAD DLJAL. IN LINE

RO·3-{J~1£NB3'16B

a'l 204B~a OrgMllzalloil--'08al for nlltfOproce:;SDr

memory r;yt,tenlS
II Single·5 VoH SUpply
iii TTl. COITIPstib:e--1.lIl l npU\l; .md ouwuts
til Btat:c OparatiOn--r',o clm::lis, r~qtJ(r(,a ."
II! <\50n~ Maxln1Um ,<\(;C"SI> Til'oie RO.3~831f:iB/9~1~B
1M /3S(',f1S Mi:lxirn\JIl1 AC(:es~; Time RO<1-8316A19-JloA
II n\rl.e~SIAQ(I Qutputs-undBr the ~~)rnrol 01 thrij~

mas".progr,,,,~rnaL)le Chip $e,lact I[,puls to slmpi;tr

mOlm~ry eXpe;t1$lori

iI "(o1l.i1ly Aulotr:~!ed eustOn1 ProgrflT.lffimQ

IH Zener Prol!-'t~9d fnplJts
II.! Gl8M P9qSI~8t10[1 i~rot~ction

DIAGRAM

DESCRIPTION

il1<> General InstrUment RO~3·B3'6,A/8316B ,md RO-3·
9S1

Y

SA/9316B are 16,364 stalic Rl;-ad Only MemOrl0$ (..ITg:1r1lzed aG
2046 ei9hi bi! words and are ida~l_lIy suiled for mlcroprQc;eSs~T

m.;!il1ol)' applicaflOns. Fabricated lil Gl's ,HJ'JanMd GIANT n N;
chanJ"Je~ lon~lmpll:!ntprocess toenableop0rl'ltlon from a single -;:J

Volt pow(;r SIJpply\ the FIO-3-a.3,16N831GB and RO~3·
0316A/93HlB otter ~M bast eumt;dflE!IIOn ~)f high jJ'3tfnrrnan(';~
large bit storage, ,'uld simple interlacing 01 an}' MOS Read~On,~

M~mor'losav.ail>.lble t(lday.
TM RO-3-831BAJSS'16B are cmeet r~placenlfjnls In pin

connedion and optlrailon for 1M !ntcl 8316A and 2316A

The AO~3~931!jN9~~1BBPin oonfiguration i~ IdenIIG!\! tel thal of

HH;l If\t~t 27013 etC EPROM
Je.. separate rvblh::atlon, '11=10-3··8316/9315 Ctlstorn Codint;l
In1ormal1on," available from GJ S"'l\~S Offices, tlescrfbeslhq
pLJncl".cd card and truHI tabw kmnat for custom programrnmg

F~A"URES

16384 Bit Static Rer~d Only Memories

'0<0

l,Z f-::...··,.-_.·t+···_~-W

'U:p,lPfRi\rORE (OC)

ACCESS j'iMI:! 'it!, TEMPEiI'lATURE

INTERFACe CIRCUIT-TTL/OTL

~~-r--T--

; ',: ~ '/", "'=:t~~' --
~ T
~

~

"~

i;;WnOM PIT P',Al·T1fRNS

G.)rH~rallnSlrumelltmaltas US~1 at proven comput.erwchnlquEl:5f.o
Imwfc:le fS5t and accurate gani;'filflon of custom oil pattl'ms. All
fleOf:SSilry matedal , including the d.rlt<.'i pattern mBsk, t£l5t !.lAlta IJ lid
cha.ck lists {for (;USlamor 'J€rlflcatiOn), ao C{)fI'IpUfervgElneraled
:md cross~ctlecko{j. For the luJI dotal/!;! on d~\ta specWCatio
request the booklet "AO·tHI192JCuEitam COdIng InfOl'rnatl()r~'
flc,m any GI Salas Of'!lcu.

r:tOWIER DISStJf1"AT10N va, TEMPrm~\TUAIE

cto'c~ ,,,Y:=:··::·::::::==i.· -"" .....-_.......

TYPICAL CHARACTERISTIC CURVES

CS1 CS2 CS3 CS4
-~--,-------~._, ..-_._~--"

X X X X 16 codes
DC X X X 8CQdes
DC D~ X X 4~dcs

DC DC DC X 2 codes
DC DC DC DC 1oo~

The FW~5-·8192 Is proYirkd with four programmable bll.s. of chip
select. Constructing )ll.rgofllTlemory &ystams with mom tha.n ono
8K ROM sirnply requlrt;!$ wlr£HlJorkJng the ROM o-utpllis 2trld
aS$ignll~g dl!fatent chip Baleen cooe\, to ~-$ch ~0M chip {when ..
Chlp Is lIot selected, Its ()UlptltJl:i am at a logic "O"-..tha output
d&vb'!' 'Is ofI) In add·It'ICln, ces-cadlng ROMs with thll 50me chip
sel£Jct code provldo!i ilddltlon~1 bits por word.

ThE! tour chip select bitt -are pormani~ntly programmed inlo the
ROM at tl\a sam!'; tJme as 'the custom data pnttom, 31 different
Chip so!(\ct codes are possible~16 unique codes Ilnd 16
additional with "don': Cdr~" 'Jori~tlon3 (In 1ha followln~~ l( ;:-00r1):

LQg'rt:.: ' 1" <'. ""5V DC or ~he more pOSHlve vDltage
Logic "0" =OV DC or tKfI l1lom nelj!lliv,,, voltage

I--.--------·-.-----'~--_·

I TIMING DIAGRAM

13"16



CHIP SEU,CT "rABll:
A complete system of 16K wards 01 ROI",I (Bblt9/WClid) is easily
oblamed without erw external address c!fJcociing by making -else
01 progremmable ctllp select re:atIJr8~ and by wiring Itlt', oulpU:f;
01f:igl'"lt dir(ohml RO<~~8:3'6'~as stlDwn 11'1 the tJ[lUm below

~---_.._._~._----_~_---_._._--------_._._-'

I TIMING DIAGRAMS

TYPICAL. SYSTIl:M APPLICATION

11111"" 100pA
10' -" 1.6mA

1
----

n'
pF r,,-IMI-Iz

r;s

"'P':._-- ~.:- , _

•EKceedlng HII:'~1a ratil1g~ eould calIse
pOnn"'ment da'nll.9El. Funclional operarrOn of
~hes~ dev!cef; iii th(lse condiliorlS is not
~~fol:.d-.operallng rJng{ls are sp(!c!fleej

-O.JV to +a.QV
--65Q C lo+1SO°C

O'eto FQOC

VI, '-, ',5 Volts ':!:f.%
Opei\:llirig 'rompflrfllure (T.11 "" O~G 10 +loGe
()ulpUl Lo&oir.g: One ilL load, C, 1l1~1 -c'iODpF".

standard Condltions (urlle~~s otherWi$E) nl)ted)

V" and lnput\'oit<igO:> (WIth- reSrJfJc\ to DND)
Storage Temperature •
Operoa!ing- T\~mp()raturc (T A)_

13,18

l:.LECTHJCAl CHARACTER1STICS

MaKtmOI11 Rating!'

AO~3~631641s.316AIJl'ld IFIO~3-831eBlia1Eia

---';;;;;;'~;';---'--;:"'IM;-I-TYP"-n=u I .---;-----
__~__._______ _ mil); nb Condition:;

DC CHARACTERISTICS -" _._-! ---..--- ---------
Address CI11p Select, J
Lalch Inputs j

Logic '1' VI! 2 a I.. I V
LogIc 0" VI _ 08 I' v
Leakag< III - '10 . I~A.

~f;;~~;.'P"" J~,::' 24 I . J-;J ~
LeOJka~jF. lilt ~- 10 ),iA

r~Wer$lJ~prYCurrent ~ so 85 ,,'A Outputs open

J
(RD-H316M316Aj

_
___-___ .. _- ,__8_5 •• 95 .__"..'A__L.-0UIPuts open
___ ~__ ......-J,.__ {~0-3..aJ1a819316aj

-----_~._--

-----------------
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l--~_\-_1_4_--I_VCC+->:i= ->

0.5

\'C'H (VQL'rS 1

RO<l~eJ16Ma316B, AO~3~931e.A!931£if.l

Fi~,6 OUTPUT SOURCE CURRI:iNT VS. OUTPUT VOLTAGE.

Z4~'3f~~~7~·rmrj

!lT· fJ'j
J T- :_-=~±3:W
o~' \- - ~~1"b

_1 _.-L -
I 2 :3 4

"'Ol tVOLYSJ

nO-3.8~~16A/a'J16a. f\O~3~$316Ar'9316a

Flg.S OUTPUT SINK CURRENT VS. OUTPUT VOLTAGE:

Vee (VOlT~1 Vet lVOt.:f5'

flO.:::~S316A/83'J6A R04"8316-B/tl31~B
~lgA POWER SUPPLY Ct)RRENT VS, SUP!='L.Y VOLTAGE

-,-~._~---------,.._-"._---------_._-_..•__.--"._------.--

TYPICAL CHARACTERIS"nC CURVES

"'a.. (VOLTS)

I-'lO-3~6316fJl51:i156

rO,\PERIl.TU!'l~ j"el

ArO·3-83168/0316F.l

I !T, ;~;;

f-~._-
~-,--

1--
7

"e. i/
.v'

i-- .... _-

"'"

"
-ii.

rEM;JEp.,1l".JRi,: \'C)

RO·3-e:n (1.1\/93', 6A
F!g.1 ACCi:SS TIME Vs.. TEJAPERATURl:

If,MPI:.I1ATUF:E ("C)
~lO~3.8~UMJ9316A 'er,lPf.Ii':rtUflf (0")

Flg,3- POWEFI SUPPLY cUAr~ENi va, TF.MPIEAATURE RO,,3·S~16Bj9316B

Vr:5h ('JOLTS)

F10~3~631SAl931(IA

~19,2 ACCESS TIME YS. OUTPUT VOLTAGE

TY{:JICAl CH,fl..RACTERiST'C CURVES

13-2,~
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r------------------------ ----------l
I, PIN CONFIGURATIOt-l

I 24 Lr:AD DUAL IN UNE

I I

l J

----~-~~~--J

~-~--,----------- - ..~--_._---------~-,.-
--~-----------------

II 4{){l6'>14 Organ(;;i?lllOn
iii Singla"'S Vol\ SUpply
IQ rTLlDTL GompBtlble
II Stallc ODer.atioj1~~110 clocks reqUired
I Addr8'5'::,;/Chfp SelElct Lalch Input·--maybe u!lecl \0 gete if' !"II)'",

,\odr9$:11 or Chip Select, Inputs
III 1 :~s Meximum ,\(;CF,lS9 rime
III 2150 mW TYpical PoWer
11 "nr~~State O\Jlptlts-lltlder control of 3 programmable

11 ~~~II~f~~l~~~~~~ CusiOm Programming
• Z~Mr Protectec lilDuts
.. Glass P8~~ivatiOf"l Proll!:o!ion

16384 Bit Sialic Read Only Memory

PII.! CONFIGURATION

241. LE,:I,D DUAL IN LINE

AO-3-B3160

2~ lEAD QUAL ,"~ LlHE
BOM3·9:316C

DESCRIPTiON

fEATIJAES

16384 Bit Slatic Read Only Memories

Il!I :W~H"8: ()rg.anlzation--'d~al for rf'ICropacc.ssor
memory sy~\te~ns,

III SinglO "15 VOl1 Suoply

IilI TTI~ C:>ltipatible-allinputs <inc OlJ1rl,Jts
II Static ODer:atiQn~no clock~ (f;quir(Jd.
II 350Jl$ Ms)(imum Access Time
III Three-Singe Outpufs--under tile control 01 !tHeo

masJ.:-prowamrnable Chip Sel(J(;! ;nplHi'. \0 !Simplify
merr~or~( !~xpansior,

• TOlally Aulcrnaled CUsl0m Programming.
U Zener Pn')tecterj Inputs
II Glass P'dSsivatiojl Protecilon

-------------_.. ~.._~---~-- --~~----~ ._--_ ....._---._----

The G!.HwraJ rnS!rument RO~3·8316C/9316C are 16,384 statio
Refl:d Oltl~' Memories urganlzed as 204$ eight bit words and arE;
!{1Brilly slJltr:d ior mlcroprQc",sBE:lf memory oPP\\cat\oll'S
Fobricatea jll GI'1il odvnncj~O GIANT tr. N'0ban1H;!1 100Hmp!ant
process toenablo ~lparation rrom [J: sJngle"5 Volt power5upply,
thl;} RO<~"fJ316C/9316C ol!r;Jr the berlt comblnati(),l of high
perlorm<lIl,;~, larg~1 bll stcr.age, en,J slrnp:e ;rl1(;rf.a.cing of any
MOB Resd-O~Jy Me-morles 1)......D.jlabl~ tod~y.

TtI'9 RO~3'B316C i~l a dilec: mplscwnEmt in pin c:onnec/fonlH1(!
Dpfnatioll for the lnlel a.31&A tind 231f1A.

nw RO-,3-93'1f.lC p,nconfiguratJon Ir, Identical to that ofthelntfJf
2708 OK EPROM

A !Iepar$lte pUblication, "RO·;HI316/93"{j ClIs1nfn COdinfJ
InfrJrmetion" a.....a\lable trom Gi Sales OIUces, d(!$cnbl~., the
punched v."lrd a.nd truth (able formal for custom programmlng

BWCK DfAGRAM

----~------~---------~-------~-----~-----_.,--------...
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75

___oj
2,1 22

25 50
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J
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TOO

25 50

TEMPERATURE, "C

600

800,

900

~
...-0 200

TEM,OERATUI~E, 'C

70

80

,ClOO

;;;0

(j) 800
I~

'"8 600
w

"'<0

~ 400

g 500 !

1-- t± ----~-
o -- -- L_

1.5 1.6 1.7 1.8 1.9 2_0

VOH VOLTS

TYPICAL CHARACTERISTIC CURVES

·c:.:c~edll"!g thCtW ra1iILg5 cQula CiHl~(l

parrmment damage FllmJlonal operati(l~ (If
this device 31 lhes'O Conditions is flOI
ImpIIQd--op t1rl1 ting rI'lngl18 ,He speclflod
below.

WlTIoi l4TCti II~PUT UTILIZED

-O.3\{ 10 "·S.OV
-ti5P C to +1.50"'(:

O"C lO+/O"G

OAT"
OU'i'<>iHS ------ ---------------,-----'

~'·LfCl
'.';F'UiS

WITH L.ATCH JNPU1" HELD AT +5V

TII,lINO DIAGRAMS

~LECTRIC',L CHARACTERISTICS

V,\_ and input VOltllg~$ tWltr. l'iO'spect (0 GND)
Storaclc Tomnerature
Oper;tlng TEll11pal'atun~(T.~).

v:·, 1"5 volts ± 5%
Op"mtln,q Temperature ('r~)~, ace to "·"O"C
OutPI~l i~oading' One 1'l'L load, Ck 1ott!l-= 50 I)F



1$--27

";'01

-";'02
--;>03

04
05

-?'06
07
08

OUTPuf
8UFFERS

MEMORY
MATRIX

4096 X 6

---~---------~--·-l

r PIN CONFIGURATICINI 24 LEAD DUAL IN LINE I

ADDRE,5S
DECODE

ADDRESS
INPul

8Ur-',i:'CRS

AO >_.._.
A I >--
A2 >

fJ,:~ >-
fJ,q >-
AS>

Ab >--- 'lA7 >--

,~; ~~.~.--=;-H-IP--}' I~C-'H-'P--~~ I..-.--~_. -J-'
G52>- SELECT 0ELEcr _

. ~ 8IJ~·~~~<, DECODE

L==: ._==_. _

BLOCK DIAGRAM

DESCRIPTION

Tho General Inslrum~nt AO-3~9~32A is a 32,'1'68 bit statlc Rene
Only Memory organi:zed ati 4096 eigh1 bil words ann is ideally
si.iit~d for microprocessor mem:.'lry opplicatlOJ1S, FabrJcated tn
GI's adwlnced GIANT IT ~J··chi1nrlel lon-Implant process to
enable operatic.n from !:I single "'5 Volt powel' supply, the RO-3·
93321\ offers the best combination 01 hlgl1 o€lrforrrtance.largebit
storage, and simple interfacing,

FEATURES
1IiI 4D96:'B organizu1icll-id{lal fer microprocessor

memory sy.stltrnti,
1'1 Slngl""5 Volt S~lpply

• 'rTL CDmpatil'1t:~-ali Inputs Atla outputs
IilI SIalic Op~ratlol'\,~rwclocks requIred

Ii l3S0nS Mnxlmum Access Time
II ThrEla~State Output5~-ur,derthe centro I of t.....o

rnal'!l.-progfammablo Chip Select if1putl<- 10 sJmpllfy
memory expansion.
Totally A~ltom<lted Custom Pr(lgramming
Zener Protccte·d Inputs,
GIMS PssslvaUon PrQ1ecHOfl

32768 Bit Static Read Only Memory

h_.=~=R~.~3~332: ~J PRELIMINARY INFORMATiON
-----------------------~--------,_•.----._-~ .._-------

I

PIN CONFIGUtlATION
2.1 LEAD DUAL IN LINE

20480 Bit Static Read Only Memory

---~---------------

-~--~-------~-_._---~-_._-"'~---~-----_._-_---.._---

BlOCK DIAGRAM

FEATlIAES

• 20<18;0:10 Organiz£ltlon--I(J~ai for microp((Jcessor
m~rnor/ systerns

• Single"'5 Volt SuPply
• TTL/OTL ()jmpatible
II SIalic OperaHot)-no o::h:,cks,
• 500ns MaxlmuOi Acc;e9~ Time
• 25GriJW TYPical Power
• Three~StHrs OutpUIG--lInder c(mtfol of Output Innlbn

DESCRIPTION

The General 1r'lStr'ument RO'3~20460 is (j 20,';80 bJ stalic MGi\d
Onl~ Memory idt'tllfy sujil}d for mjC({;prQCeS~Dr inemory
appl!catlons. Fabricsted itl GI's arJ'l<wcr;)o GI"\Ni:IT N~ch,t'lne)
10n~IITI~i1anl proce~IS to enable opG'raNon ffQri'i ;1 singlo +5 Volt
power supPly, .the ~10~3~20~BO offsnl high D~rf{ll".'1"lMce:,Ian:!!) tJit
storage, and Slnwie Jr.terlo.cing, ~

13-26-DiIlIlt.lII ._ ..
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MINIMUM TIME
REQUIRED BY

EX"'!"ERNAl
CIRCUITRY

STROBE WIDTH

Since the selected codinfj ot each key is dellned during tna
manl,ltacture of the chIp, the coding cen be changed to fit any
particular application of the keyboard, Up to 264 codes of up 10 a
bits (plUS one perlty bit) can be programmed into the AY·5~2376
ROM covering most popular codes such as ASCII, EBCDIO,
Selectric, etc., as well as many specialized codes. The ASCII

code is available as·astandard pattern.

SPECIAL PATTERNS

input from thl) 1,-stagl) ring counter. When thIs occurs, the
comparator generates a signal to the clock control and to the
Strob8 Output (vie. the delay network). The clock control etops
the clocks to the ring counters and the Data Outputs (B1~B9)
stabWze with thfi selected 9-bit code, Indicated by a 'valld' signal
on the Strobe Output. The 0e.1a Outputs remaIn stable unl!l the

key is released,
As ~n added ieature two Inputs are provided lor externai polarity
control of the DataOulputs. Parity Invert (pIne) provides polarity
oontrol of the Parity OUlput (pin 7) while the Data and Strobe
Invert Input (pin 20) provides tor polarity control of Data Outputs
81 thru B5 (pins a thru 15) and the Strobe Oulput (pin 16).

SWITCH SWITCH
CLOSURE RelEASE

MINIMUM SWITCH ClDSURn8BC~~~~~ \ t STROBE WIDTH

SWITCH --1 STROBE SWITCH 1
~~twl ~~, ~

L--:r-5~S
DATA VALID

MINIMUM SWITCH CLOSURE ~SW!TCH BOUNCE ~ 188 X 11f\.,. STROBE DE:LAY ~

MAxtUM \ DETERMINED BY
EXPECTED t EXTERNAL RC

DEn:RMINED
BY FREQUENCY
OF OPERATION
(EXTERNAL RCI

STFWBE
OUTPUT

Y KEYBOARD
MATRIX OU'rpUT

TIMING DIAGRAM

TheAY-5-2376 contains (see Block Diagram), a2376~bltROM, 6
stage and 1,-stage ring counters, an '1-blt COmpfirator, an os
clllfitor clrcult, an externally controllable delay network lor ellm
inat'tng tM effect of contact bounce, find nUDTUMOS

cDmpatible output drivers.
The ROM portlon ofthe chip Is a 264 by 9 bit memory arranged
into tore8 8B-word by 9-blt group!!. The approprIate levels on the
Shi1tand Control Inputs selects one olthe three B8-word groups;
the sa-indivIdual word locations are addressed by the two ring
counters. Thus, the ROM addreSS Is formed by combining the
Shill and Control Inputs with the two ring counters.

The external outputs of the a-stage ring countor and the external
inputs to the "-bit comparator are wIred to the keyboard to form
an X~Y matrix with the B8~keyboardswitches a5 the crosspoints,
In the standby cond1t1on, when no key Is depres&ed, the two ring
counters are cfocked and sequentially address the ROM; the
absence of a Strobe Output indicates toat the Data Outputs are

'not valid' at tois time.
When a key Is depressed, asingle path is [;ompleted between one
output of the 8~S!a.ge ring counter (XC thru X7) and one input 01
the ,'~bit comparator (YO-Y10). Alter a. number of clock cycles, a
condition wlll occur where a level on the selected path to the
comparator matches a level on the corresponding comparator

OPERATION

40 FrecwrncyConlrolA
39 XO

38 X1

37 X2

36 X3
35 X4 Key~c,'d Matrl~

M :<:5 Outputs

:n X6

3l X',

31 YO
30 Yl

29 Y2

28 ya
27 Y4

~5 Y5
26 YB KeybQardMalm

24 Y7 IllpU:S

23 ~V8

22 '1'9
21 '1'10

PIN CONFIGURATION
40 LEAD DUAL IN LINE

Vee
Frequency Comrol6
FlequsncyCo.1lralC 3

Shiftlnpul

COl'llrolll'lput

P.'l(ilyln'llrllnpu\
Parity Output 7

OSISOulpul88 9

0~I.'lOutpuI87 9

0.'llaOutpulB6 10

DaiaOuiputB5 11

DalaO\II;:lutB4 12

DaiaOulpul63 13
O~ta Output 82 H

D31aOutpulS1 ,~

$trcb"Oulpul,,,,
'",

$lrobeCC!lUOllnput

Dat~ II. Strobe IflVerlll'lOUI

L _

JAY·5·2376

BLOCK DIAGRAM

r ".tttt:i-;J;J:;n-;;f;f-------"TrT.,.--,-,.~
v",,~

,,,--,'+4
"'--'-,...

I
I
I

--~_._----------

14-2

II ~9~:~~~:rated circuit required for complete ~eyboard

al ~r~~~~~5 directly compatible with ITL/DTL or MOS logic

• External control pro.... ided for output pOlarity Selection
III Externa! control provided for selection of odd or even 'parity
:II Two key roll~over operation. .

• N-key lockout.
" Programmable coding with a single mask change
II Sell¥contained oscillator circuit. .

iI ;;':~t~:I~oCn~:~tO~(~~n~:laynetwork provided to eliminate the

• Sta!lc c~arg.e protectiol1 'on all input and output terminals
• Entire CIrcuit ,t:7rotected by a layer of glass passivation.

Keyboard Encoder
FEATURES

DESCRIPTION

The Gene~ar Irtstrurnent AY-5M2376 is a 2376 Bit Read OnlY
~ernorywIth all the logic necessary to encode single pole singl~
hrow keyboard closures into a usable 9-bil code D t d

strobe outputs are directly compatible wIth TTLlDTl ~raMa~S
logic arrays without the Ulie of any special interface components

;~:2A~~5~2376Iefabricated with MlliS technology and contain~
monollt-~i~a;~:~ enhancement mode tran&istors on a single
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TYPICAL POWER CONSUMPTION
(mW) V5. TEMP (C'l

"f-.,-j-lcl--++-i

OSCILLATOR FREOUEIICY VS. C2

"Y" INPUT STAGE FROM KEYBOARD

" 1'/, Ip*tOOW<

1//,

t;,~t-'e-I--
,

/
. gUt-

'I::::: ::--- i,
I,

, .

/I
11 ~6aOKO"'m~

~~'A ,·25'C
Nominal Vo[ta~es

, b I

<, 7' H, I

,

STHOBE DELAY V$. C1

3~ 2& 20 \5 10

liGi vo~r5

~ 10

i8 ,
~

00<,00:1.000;.0 01501 o:l3

CAPACITANC£If'l'1

TYPICAL OUTPUT ON RESiSTANCE
(RooN.) VS. GATE BIAS VOLTAGE (VGs)

qJ ""'
iN~r~~

~~VCC tvcc

I STATIC CHARGE \
PROTeCTION OEVICE

OUTPUT ORIVER
'GG

~ 1·~
I TO KEyeOAAD

eou,~;~~ >----i T, ......, , _ J
STATIC CHARGE;:

I'ROTECTIQN oeVICE;:

'ee

L- ~ "x_"_O_U_T_P_UT_ST_A_G_E_T_O_"_E_Y8_0_A_R_O _

TYPICAL CHARACTERISTIC CURVES

See Tuning Diagram

Y Input GoIng
PositIve
Note 1
Note 2
VIS= Vee
Vrs ""Vee-1.3V
VI,"'''' Vee -2.0V
VrN = Vee -5V
V1N=V(;(~-10V

VIN ='Vcc
Vl",~Vcc-1,3V

Vls=Vce-2.0V
Vl~ =: Vee -10V
at OV

VC;tn=Vcc
V0 I11=Vcc-1.3V
Vour= Vee -'2.0V
VOIJ1=Vec-5V
VO~'T"" Vte -10V
VOI;l=VtC
Vot..T=Vcc -1.3V
VOUT =< Vee -2.0V
VOUl "" Vee -SV
VOU1::: Vet-10V

CondHlons

VI=+5V
VI= OV

V\=-5V to +5V

See Block diagram
'ootnale' for typical
R· C values

n
n

KHz

60
30

100

400
600
1500
3000

80
65
60
40
20

+{t6
Vee+O,3

.9 1.4

50 160
54' 130
50 120
.20 80
2 20
30 60
27 85
.25 60
10 40
3 10

50

m

36
16

o
150
300
700
1500
30
27
25
10
1

Vec-3 Ver2

30
26
24
10

15
13
12
5

10

15
8

60
140
250
500
15
13
12
5

1X107

Vee -5

Veo
Vcc1,5

v"
V"

Iw

Zee
Zoo

UnselectedY InputCum;nt

Selected Y Input Current

Hysteresis

Input Capacitance

Switch Characterlsllcs
Minimum Swilch Closure
Contact Crosure
Aesistance

y Input (Yo-Y'o)
Trip Level

Logic "0" Output Current

Data. Parity Invert Inpul
Current

X Output (X~RX1}
Logic "1" Output Current

Characteristics Svm Min Typ" Max Units

ShiH & Control Input
Currsnt

Data Input
(Shil!, Control. Parity
invert, dala &strobe Invert).

Logic "0" Level
Logic "1" Level

Clock Frequency

I

300

Strobe Delay

__

__~_~~__';__~e-Y:-i~-lP-in-1-9 __) "'-~---l__0_::_c'-_V_'<_~-_'_1 '_<;0-;9

5

3 -,-_V_O~~_~0~~_2__-,--__0__L_s_e_e_N_o_te_, ~__

Quiescent Voltags {Pin 19) ·-3 -8 V With G80Kn to Vss

Dala Output (B 1-B\I)
Logic "D" IOL::> 1.6ma
Logic "1" Vee1 Imr100j.la

Power
In: mA Vee = +5V
leG mA VGG= -1ZV

"Typlcal values at -+25°C and nommal voltages.

NOTE 1. Hysteresis is defined as the amount of return required 10 unlatch an input.
2. Guaranteed number 01 X& Y loads whfch may be applied to an X output = eleven.

MaKlmum Ratings
VGI and Vou (with respect to Vce) .. > • -20V fo +0,3V
Logic input voltages (with respect to Vee) . -2QV to +0.3V
Storage Temperature, . -65°C to +150 0 e
Operating Temperature R.ange . acre to +70~C

Standard Conditions (unless otherwise noted)

~~;~~: ~~2V~~~;±01~OV~~~~~, VOl = GND ( ~~~r~tfnUgb~~~~~~i~r~eITA) = o~c to HQOC

ELECTRICAL CHARACTERISTICS

14-d.



rop VI,~""

S",.."".i~:::::r:: ,::
apt,'on 4 '3" Xl

Opl;t}n 5 36 x,
DnlaOulpUt(l9 5 ~ X.
Data Output 88' ;;.l x~

OaiaOulpuIB7 8 33 X.

Dala OUlp1J1 6fi 9 32 X~

Data Output 85 10' 3; ~DQlaYNode [nOlJt

DalaOulpulB4 '1 30 v~r::

DaIs OutpUI B3 '2 ;I.e Shllllr.pu\

DalaQulput B2 '3 ~e Conlrollnpul

Do\~ 0IJIO!U1 B1 14 Z7 vOG
\'w 1~ 2~ y~

Da\aR~&dt \6 2S Va

y~ 17 24 Y,

Y I 18 ~3 Vs
y~ 19 2.~ V.

y> 20 21 V.

PIN CONFIGURATION
40 LEAD DUAL IN LINE

]

BLOCK DIAGRAM

DESCRIPTION
The General Instrument AY·S-3600 is a KeyooarCl Encoder
containing a 3600 bit Read Only Memory and all the logiC
necessary to encode single pole single throw keyboard closures
into a usable 10 bIt code Data. Any Key Down and Data Rea~y

outputs are directly compatible with TTLlDTL or MOS logiC
arrays without the need for any special interface components
The AY·5-3600 Is fabncBted wlthMWS technology and con.tains
5000 P channel enhancement mode transistors on a Single
monolithic chip

Keyboard Encoder
FEATURES

• One Integrated cirCUIt required for complete KeYDoard assembly,
• N key rollover or lock out oper;;l.tion
• Quad mode optlration
• Lock ouVroliover selection under external control (oPtion)
• Self.-eantained or slave oscillator cIrcuit
II 10 output data bits available.
II Outputs directly compatible With TTw'DTL or MaS logIC arrays.
• output data buffer register included
• Output enable proVided (option).
• EX'ternal data complement control provided (option).
• Pulse or level dale ready output signal provided (option).
• "Any Key Down" output provided (optiDn).
• EX\ernally controlled delay network proVided to elimInate the

effect of contact bounce.
• programmable ceding With a single mask change. ,
• Static charge protection on a\llnput and output terminals,
• Entire circuit protected by a layer ot glass passivation,

_._----
~ AY·S-3600

L:.L--

PARITY
OUTPUT
IPIN7)

MODE SELECTION

5 C'" ~
S C'" 5
S C "'- C
5 c:: C

N :> NORMAL MODE
5 ~ SHIFT MODE
C .. CONTROL MODE
D ., OUTPUT LOGIC "1:'. (SEE DATA B, _ B8)
LOGIC "''': .,.5V
LOGIC "0" '" GND

PARITY INVERT TRUTH TABLE

, ,
o 1
, 0
o 0

PARITY CODE
INVERT INPUT ASSIGNMENT

IPIN 8) CHART

DATA (B'-B8) INVERT TRUTH TABeE

B1 82 B3 84 B5 86 87 B8 PARITY
BIT

~ ~ 7 I Xo I t
, [t 1'" 5 • • • 9

.... V-I - - - - - - ... - .... - --lI---Io- NORMAe

........ - - - - - - - -11- - ---..... SHIFT

D- - - - -- - .. - - - -~ CONTROL

(CODE REPRESENTATIVE OF KEY DEPRESSION AT
LOCATION Xo - YEI AND PROPER MODE SELECTION)

STANDARD CODE ASSIGNMENT CHART

Illustrated uSIng a Logic "0" on tho Data and Strobe Invert Input (Pin 20) end the Parity Invert Input (Pin 6).

NOTE 1: This code IS;;l.n 8 bit ASCII code (B1 M B6). Output B9 IS InCluded as an OCld parity bit operating on outputs 81
M

B?

____STROBE INVERT TRUTH TABLE

DATA AND STROBE STROBE
INVERT INPUT I';NT;ERNAL OUTPUT

(PIN 20) STROBE IPIN 161
, , 0 -
o 0 0
1 0 1
o 1 1

DATA AND STROBE CODE DATA
INVERT INPUT ASSIGNMENT OUTPUTS

__c.;(P.::INcc, :::20c..)__-+-----'C::H_"~.::.R-"T-~-c:IB:.:.l~-B-8)-

o 1 1
1 0 1
o 0 0

'EXAMPI.E

TRUTH TABI.ES

r-------- ~ .•

,...



(Sea Note 1)
With Internal Switched Resistor

1m =1,6mA
lOll:::: 1.0mA
1011"" 2.2m A

V =-Vec
V=--Ver:-SlSeeNote2l

See liming Diagram

Y Input GOing Positive (See Note 2)
(See Note 1)
Vrl~ = Vee:
VlH =Vee-1.3V
VI,:<- ~ Vtc-:-2.0V
Vl:-1 <:' Ve:r:."'5V
Vn. = Vec;-·10V
V1N=V ce
V!,:<~VcL-l,3V

VIN = Vec-2,OV
Vr .... 0;; Vee-5V
Vr"" = Vec~10V

at OV (All Inputs)

VOl,j(= Vcr. (See Note 2)
VOI.'T=Vc("""1.3V
Vou-r::.< Ver.-2.0V
V~t.:T::; Ve:c-5V
VOUI'''' Vee-l0V
VO!JI'''' Vee
VOlJ'r=V,c-1.3V
VotrrC= Vcc-2.0V
Your -= Ver:.~·5V

Vou'!""" Vee-10V

n
n

Vcc-2
14
--9

Vcc2
14
100
90
80
60
30
50
45
40
30
15
10

300

5000 
1500

120

400
2500
3500
6000
10000

50
35
30
15
5

-fO,8
VedO.3

Vcc-3
0,9
-5

170
1300
1600
3800
6000

15
11
10
5

0,5

95

Vcc-3
0,9
3628
25
12
1
18
14
13
6

05

3

3500
600

Ma. I Units ConditionsMIn Typ"

50 100 I KH, See Block diagram footnote·10
for typical R-C values

"'

40
600
900
1500
3000

5
6
5
2

75

Vcc-5
0,5
18
14
13
S

V"
Vcr1,5

1,\1

I\'~,

CI~

.p
1500
200

Zu
Zoo 1 X 10'

Sym

v" I V,,-4V.n 0,5
-3

- I - I 04 ~

t '1 ~;_;_=;_.L-__--8_,1J'=2 mVA Vee =.J-SV
5 12 -,m~A'-L!.V"o,,~-~-:::'=-2V~ _

*"Typical values are at +25QC and nominal Voltages,

Strobe Delay
Trip Leyel (Pin 31)
Hysteresis .
QuiescentVolfage (Pm31)

Data Outpul (131-810),
Any Key Oown Output,
Data Ready

LogIC "0
Logic "1"

Input Capacitance

X~Y Precharge
Characteristics

l!nSGlectEld Y Input Current

Y Input (Yo·Yg)
Trip Leyel
Hysterasls
Selected Y Input Current

14·9

Logic "0" Output Current

CharllClerlsllcs

Clock Frequency

Switch CharaelerlsUcs
Minimum Switch Closure
Contact Closure

Re-sistance

NOTE _ of return requIred 10 l,lnlatc:h an input.
I.Hysteresis IS defined as the a~ount durIng each scanned clock cycte
2. Precharge of X outputs and Y lfIputs occurs

Power
Icc
loG

External Clock Width

Data & Clock Input
(Shift, Control.

Complemant Control,
LockouVRollover,

Chip Enable
& Exlernal Clock)

Logic "0" LS\'el
LOgic "1" Levsl
Shift & Contro/lnput

Current

X OutpUI (XO·XB)

Logic "1" Output Current

ELECTRICAL CHARACTERISTICS

·Exceeding these rating:. could cause
permanent damage. Functional Operation of
this device at Ihess COnditions is not
implied-operating ranges are specifiad
below.

NOTE 1: Card and Truth Table format available upon request.

SUbstantial sa~Jngs 1M both lhe coding charge ana turn~around
time jf punched cards were used. Upon receipt of the punched
cards or the Truth TablG, General Instrument will prepare a
c:omputer-generated Trulh Table which will be returned to the
USer for verifioation.

Chip Enable (CE)

-requl'res one package In to COntrol the data bits (B1-B10) and,
if required, the Data Ready and Any Key Output.
Any Key OUlput (AKO)

-requires one package pin to Indicate a key depression.
Output Dala BII 10 (BfO)

-reqUires One package pin when ten elata bits are requireCl to
enc:ode each key,

Select the pIn cptions desIred:
External Ciock +4 of the following functions

DR
Inlernal OscfJ.Iator"t 2 of the fallowing functions
LOIRO, CC, CE, AKO, Bla

-20V to +0.3V
-20v 10 "to,3V

-5S"C to +150Q C
OQC to +70QC

PIN1 PIN. PIN 3 PIN 4 PIN5
External Clock LOIRO CC CE AKOExternal Clock LOIRO CC CE BIOExternal Clock LOIRO CC AKO BIOExternal Clock LOIRO CE AKO BIOExfernal Clock CC CE AKO BIO

LOIRO Cc
LOIRo CE
LOIRO AKO
LOIAO BIOInternel Oscillator

CC CE
CC AKO
CC BIO
CE AKO
CE 810

AKO 810

The custom codIng information tor General Instrument's AY.S
3600 Keyboard EncOder ROM should be trans.milled to General
Instrument in the form of 80 column punched cards.. Each ROM
pattern requires 92 cards (1 title card, 1 clrcurtoption card and 90
ADM pattern cards). (See Note 1)

11 it is not PossIble to Supply punt;hed cards, then the Truth Table
should be completed (See Note 1), However, there would be a

PIN OPTIONS

.....,.0;» I VM t,.;uDINQ INFORMA""ON

Pins 6~O of Ihe AY·5~3600are permaJlllntly assigned. The fLlne
IJons assigned to plns1·5 depend on which funcllonal options are
seleefed from the 'ollowlng:

EJI'temal Clock

-requires One package pin to lnput an external clock SOurce,
Internal OselllBlor

-requires three package pins interconnected with an external
RC narwork to develop the t;lock required,
LOCkout/Rollo\ler (LO/RO)

'-requires one package pin to externallYselecl N~Key Lockoutor
N-Key Rollover. La;: +5V, RO ~ GND.
CompI&menf Control (CC)

-requires one package pin to E1xternallycontrol the !oglc stale of
the datB. bits (81 p B10) and, If required, tha Data Ready output.

The follOWing chart lIs(s th& pin asslgnmenls according 10 the tuncUons eelected abOVe;

ELECTRICAL CHARACTERISTICS

Vt>o and VGO (with respect to Vec)
Logrc Input voltages (with respect to Vee)
Storage Temperature
Operating Temperatur-e Range.

Maximum Ratings'"

StandfJrd CondltJol18 (unless otherwise noted)

Vee = 4-5 Volts :to.S Volt:.
Vor;;:::: -12 Vorts ±1.0 Volts, VDD = GND
(Vcr: c: Substrate Voltage)
Operating Temperature (T....)= O"G to +70QC
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NORMAL

II N~Key Rollover Only.
1lII True Outputs Only.

It Pulse Data Ready SrgnaL Shift/Control Pin.
• Jnternal Resistor to Veo on
II Plastic PaCkage,

N ~ NORMAL MOOE
S ~ SHIFT MODE

C ~ CONTROL MOCE

s;: ~~~~TC~O~:!~O'~I" (SEE DATA 81~BIO)
LOGIC ~I~ ~ Vcc} TRUE OUTPUTS
LOGIC "0" ~ Voo

Xo
81 82 83 84 85 86 61 Be 89 BIOi

N S C sc r--- 10
J t ! It ••••
I ! I I

i--:--~- -1- .. - - - - - "'-If -II- ----III

I I I __ --I!I! SHIFT'--:--1-"- - - - ---.---'--1- .. -------------. SOH CONTROL

I SOH SHIFT CONTROLi-.- - - - - - ~~E~~~O~;--
Lbcg,~~O~E~~~~~;:J~V~R~~~ MODE SELf:CTIQN)

MODE SELECTION

SeN

s C s
sec
g C SC

Yg

OPTIONS PROVIDED WITH STANDARD ENCODER
• Device Marking: AY..5·3600
• Internal Oscillatoron ~ln Nos.1, 2, 3,

• Any Key Output on PIn( NO: \) During Key Depression.
Any Key Output True LO~lC

• Output Data Bit 610 on Pin No.5.

DARD ENCODERFl9.2 CONFIGURATION & CODE OF STAN

EXAMpLE

pressed at the end of the selected delay time, the code tor the
depressed key is transferred to the output data buffer, thB data
ready signal appears, avnl:l is stored in Ihe enCoded key memory
and the scan aequence l:!;l resumed. If a match occurs at another
key location, the sequence Is repeated thus encoding the next
key. If the match OCcurs tor an already enCOded key, the match is
not recognized. The code of the last key encoded remains In the
output data buffer.

N KEY LOCKOUT

- When a match occurs, the delay network is enabled. If the key
is still depressed at the end of the selecled delay time, the Code
for tho depressed key is tranSferred to the output data bUffer, the
data ready signa! appears and the ramaining keys are locked oul
by halting the scan sequence. The scan sequence Is resumed
upon key release. The output data buffer stores the code of thB
last key encoded.

Sf),ECIAl PATTERNS

- Since the selected coding of each key and alilhe oPtrons are
defined during the manufacture of the Chip, the Coding and
optIons can be Changed to fit any particuJar application of the
keyboard. Up to 350 codes of up to 10 bits can be programmed
into the AY·5·J600 80M Covering most popular codes SUch as
ASCII, EBCDIC, Selectric, etc., as well as many specialized
codes. The ASCII code in conjunction with internal oscillator, 10
data outputs and any key down output, is available as a standard
pattern (See Figure 2).

Flg.1

MINIMUM SWITCH CI..I)SURE. SWITCH BOUNCE + {90X-rJ + STAOBE DELAY + STROBE WIDTH

.A).UM I OETERMt.ED BY I
EXPECTED '¥ EXTERNAL C 't'

O£TERMINEO MINIMUM TIME
BY FREaUENCY REQUIRED 8Y
OF OPERATION EXTERNAL
(EXTERNAL R'C) CIRCUfTRY

DATA READy
STROBE

TIMINGDIAGAAM ~----~ ~l

cI~hTuC~E -lR~~k~CJiE Ir--------- MINIMUM SWITCH CLOSURE

I --iF90 CLOCK CYCLES

t-- SWITCH --J STROBE1
BOUNCE I DELAy

CLOS~~~ I FOUR I I
: --: c~~OLCts ;-- : I

-------}--------7j r=--1-- --!LEVEl..j 1
i : I (II --IIPULSE n KEY

I I ( I I ROLLOVER

I I I I I IDATA I I I I --,

OUTPUT f I,:i : I :1,1,1, ' ,,1ANV K
"V I II rRESETS AT FfRST Xo Yol
' I ,I LAFTER FIRST Xl VI Jou~~rr~-.l-- _

I I

i R~S~~~ ~g~to~~~-i I-- RESUME SCAN FOR

n KEY LOCKOUT

The AY·5-3600 ContaIns (sea Block Dreg-ram), a 3800 bit ROM, 9~
stage and 10~stege ring counters, a 10 bit comparator. timing
circuitry, a Bo bit memory !O store the location ot encoded keys
for n key rOllover operation, an externally controllable delay
networkJor eliminating the effect of contact bounce, an output
data buffer, and TTUOTLJMOS compatible output drivers.

The ROM POrtion of the chip Is a 360 by 10 bit memory arrangeo
Into four gD-word by10·bit groups. The appropriate levels on the
Shift and ControJ Inputs selects one of the four gO-word groups;
the 9O~indlvidual Word locations are addressed by the two ring
counters, Thl.ls, the ROM address is formed by combining the
Shift and Control Inputs with the two ring counters.

Theexlernal outputs or the 9~slage ring counter and the extemal
inputs 10 the 10~bJtcomparator are wired to the Keyboard 10 form
an X-V matrix with the90-keyboard switches as the crosspolnts.
In the standby condition, When no key is depressed, the two ring
counters are clocked and ssquentiallYaddress the ROM, thereby
scannIng the key switches for I<ey closures.

When a key is depressed, a single path Is completed between one
output of the 9-stage ring Counter (XO thru XB) and one input of
the 10~bit comparator (YO~Y9)'After a number of cfock. cycles, a
condition will OCcur where a level on the selected path to the
comparator matches a level on the corresponding comparator
input from the 10·81ag8 ring counter,
N KEY ROLLOVER

- When a match occurs, and the key has not been encoded, the
switch bounce delay network is enabled. If the key Is stiil de~

L_
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Summery of Important Features
11II Ability to deHvercomplete keyboard assemblies Within days

without sacrificing the features offered In tne AY-&-3600

Keyboard encoder.
II Ability to buy ofHhe-shelf devices (distributor, elc.)
• Ability to verify the speCific pattern formst using a PROM/

EPROM prior to a 'custom' encoder commItment.

speci1ic yat sImple binary coded output. iwo formats are
desoribed; the fIrst for application with a64 key 4mode kayboard
and the second for a 90 key 4 mooe keyboard.
The 64 key 4 mode application as Illustrated In Fig. B utillzE:ld
keyboard encoder addresses XO YO thru X6 Y3. A unique
combinatIon of one Input (Y) and one output IX) Is assignad to
each ~ey, for a total coverage of 64 keys. Binary coded outputs
B2~69 hava been arranged to provide the necessary 6~blt address
inputs to the PROMfEPROM, with 82 and 83 representing the
variable mode identification and 64-89 each specific key

closure.
When a key is depressed a path is oomplated between ona X line
arid one Y line thus addres5ing that specific X~Y ROM coordinate
In the AYM5-36DO-PRO. The 8MbIt bInary codeforthatX-Y location
(ref. Truth Tablapage14~15)19 transferred into a one character8~
bit output latch (82~69) thus providIng the appropriate 8~bit
address to the 256)(8 PROM/EPROM,
Expansion to a90 key 4 mode operation (see Fig. 9) is identlcalto
the 64 key 4 mode except: the 90 kay 4 mode version utillzes the
full complement of addresses XO YO thru XB Y9 (90 keys). The B~
bit binary code (62·89) prevIously produced to address- the
256)(8 PROM/EPROM is now expanded to a 9~blt binary coda
(81~69) for addreas\ng to a 512)(8 PROM/EPROM. With
expansion to a 90 key 4 mode applicatIon outputs 61-63 now
serve as the variable mode identification.
The interface to a PROM/EPROM enables the custom
programming of the required output data in the PROM/EPROM
to directly coincide to the specific address inputs from the AY-5~
3600~PRO. Any PROM whether it be bipolar. ultraviolet erasable
or electrically alterable, may ba employad to pro\llde a wide
variety of "otf.the.shelf" keyboard a, Once the keyboard
assembly has gone beyond the prototyping stage, and assuming
the quantity/cost permlt, the PROM/EPROM deta can be
converted to the standEird AY-5~3600 data format (ret, AY~5~3600
Custom Coding Information sheet) and produced in production
quantities. ThIs eliminates the PROM/EPROM expense whlla
assuring the abSence of undefined coding changes,

TechnIcs' De8crlptlon
The AY~5~3600-PRO 19 a bInary coded MOS-LSI device
programmed 10 furnish 3&l unique 9-bit codes (90 keys )< 4
modes )< 9 bits), Option selections Include such popular
functions 95 Internal OscUla tor, Lockout/Rollover and an Any
Key Down output. For further, more explicit devIce
characterlsUcs rafer to the preceding pages. The Internal
oscillator Is a self contained (on~chipl circuit option which
eliminates the need lor any exlernal clock aource, For appliea•
tlon5 necessltallng an edernal clock, sourca the internal
oscillator Input pins may be ut\ltzed to function intheslave mode
of operation. Lockout or. Rollover is selectable via an Input pin.
thus allowing the versatility tequi~d on various keyboard
appllcationa. The Any Key Down output performs the function of
a gating signal by acknowledging both a key depression and
release, making \t a convanient aignal ror use In a repeal

application.

For ease 01 translation, aach key iL!i assigned an X~Y coordinate
and, In turn, each X~Y coordinate has been identified with a.

The PROM (Programmable Read Only Memory) permits the
programming of the requIred output code in the factory or tha
field withIn mlnules, thus making it extremely suitable for small
quantity, tast turnaround keyboard roqulrements. The EPROM
(Erasable Programmable Read Only Memory) Is Ideally suited for
prototyplng, where patterns are quite variable, allowing the
EPROM to ba erased and reprogrammed repeatedly. Similar
advantages are realized In the 1ield where pattern changes are
necessary in order to respond to redeflned requirements or to
subtle system peculiarities not prevIously encountered.

ihe AY"'§~3600~PROis pre~programmed during manUfacture to
provide 5pElcl1ic yet sImple binary coded outputs thUS ellowlng
the purcha5e of off~the~sheI1 devices- (distributors, etc,), To
enhance the devico 1lexlblllty, the binary outputs have been
organized to provide direct Interface with a PROM/EPFlOM.

Keyboard Encoder and PROM/EPROM APplication

m::==AY·S-3600·PRO 1

,+-\ ~".'g~~" To l---~S~~~:~!suP,,~'(-

,
0

0

'-- ""-
'-~ - ~ -=:1

0

I .I. 1 I I T

50

NO~INAL SUPPLY VotAG!

~
vee' +5V
vGG • -12V

""- VOl. (lNO

0 ;--.... i--. I--..r-.-
0

1F1EOUEItCY UOI~1

Flg.5 OSCILLATOR FFlI:QUENCY vs. C~

10 20 30 40 50 60 70

TEMPERATURE ·e
Flg.7 TYPICAL POWER CONSUMPTION ImW)

Flg.3

TO
INTERNAL.

GATING
~~I-.IP

TO )(EYeOA~O

CO'JNTER
V

OG
V INPUT >----1 -1 T

? ~oo ""'1~~T~g,PROTECTION
DEV!CE

'"qr1 "X" OUTPUT STAGE TO KEYBOARD

,f I OUT'U'

lNPUTlSJ..--II I T ...... STATIC
.........CHARGE

PROTECTION
Vee Vee Vee DEViCE

OUTPUT DRIVER

~~~~~~r~~~~1.rlver capable of driving one TTL load with flO

~~~~b~:~f driv'lng two TTL loads using an external 6.8'1'\0 resi5~

0

0
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• Any Key Output on PIn No.5.
Any Key Output True (LogIc 1) During Key Depression

II Pulse Data Reedy SIgnal
!ill PlastIc Packa.ge
• Imernal Ref-islar to Von on Shift/ConUol PIn

III Device Marklng~ AY.Sw3800-PRO
II Internal Oscillator on Pin Nos. 1, 2, .3
• LOCkout/Rollover on Pin No.4

Intorna.1 Rasistor to Voo on Lockout/Rollover Pin
• True Outputs Only

OPTIONS

XY NOHMAL SHIFT CON'TROt SHFT/CT-R XY NORMAL SHIFT CONTROL SHFT/CTR

a 000030000 001000000 0; 0000000 011000000 45 00::1101101 001101101 010101101 011101101
1 000000001 001000001 010000001 011000001 46 000101110 001101110 Q~0101110 011101110, 0001)00010 001000010 010000010 011000010 4' 000101111 0011011 I 1 0101011\\ 011101111
3 000000011 001000011 010000011 011000011 46 000110000 001110000 010110000 011110000
4 000000100 001000100 010!lOO100 011000100 49 0001100Cl 001110:101 0:0110001 011110001
5 OOOC00101 001000101 010000101 01 \000101 50 OC0110010 001110010 0'0110010 011110010
6 000000110 00rOOOl10 0'10000110 OllOOO1~O 51 OODllDOl1 001110::111 010110011 011110011
7 000000111 001000111 010000111 011000111 52 OCOll0100 001110100 0,0110100 011110100
B O(JOO01000 001001000 010JOTOOO 011001OCO 53 000110101 :::01110101 010110101 011110101
9 ('100001001 001001001 010001001 0~1001001 54 000110110 001110\10 010110110 011110110

" 000001 GtO 001001010 010'301010 0:1001010 55 000110111 001110111 010110111 011110111
11 000001011 001001011 010001011 0',1001011 56 000111000 001111000 010111000 011111000
12 000001100 001001100 010001100 011001100 67 00011100l 001 111001 010111007 011111001
13 000001101 001001101 0'0001101 011001101 58 000111010 001111010 010111010 011111010
14 000001110 OQ1001110 010001110 011001110 " 0001110rt ootll1011 01011101 I

g~~;i;~66 I'5 000001111 0010011 '.' 010001111 011001111 ,.0 000111 laD 001111100 Cl0111100
16 000010000 OC1010000 010010000 011010000 61 t)JOllI1Jl 001111101 0101T 1'01

g~~i~ii~6 I17 000:110001 001010001 010010001 01101000i " 000111110 001111110 Cl01,1110
16 000010010 001010010 010010010 011010010 63 000111111 0011n111 010111' 11 Oil III I 11 I
1B 000-:110011 001010011 010010011 011010011 64 100000000 101000000- 110000000 111000000
20 000010100 001010100 Oj0010100 011010100 65 100000001 101000001 '10000001 111OCOOD1

" 000010101 001010101 0'0010101 011010101 66 100000010 101000010 ·10000010 111000010
22 000010110 001010110 010010110 011010110 67 100000011 101000011 110000011 111000011
2J 00C010ll1 001010" 1 0100l01ll D1 101011 1 58 100000100 101000100 110000100 111000100

" 00C011000 001011000 010011000 01101 \000 69 100000101

I

101000101 110000101 111000101
25 00C011001 OOlO11001 010011001 011011001 7D 1000001'0 101000110 11000011 0 111000110
26 000011010 00'011010 010011010 011011010 " 100000111 101000111 110000111 11'000111

" {/00011011 031011011 OlOOllOl1 01lQ11011 " 100001000 101001000 110001000 111001000
2B 000011100 001011100 010011100 011011100 73 '00001001 101001001 110001001 111001001
29 00001110' 001 Ol'l 101 010011/01 01101110' 74 ~OOOO1010 101001010 , I 000101 0 111001010
30 000011110 001011110 0100tl1l0 011011 I 10 7S \00001011 101001011 110001011

I

111001011
JI 00001111 t ()JtOlI111 01001 I t Ii 01101;111 76 100001100 101001100 110001100 111001100
32 000100000 001100000 010100000 011100000 77 100001101 101001101 110001101 111001101
33 000100001 001100001 010100001 01! 100001 7B 100001110 101001110 110001110 111001110

" 000100010 COl100010 010100010 011100010 7. 100001111 101001111 110001111 111001111
35 000100011 001100011 010100011 01 \100011 BO 1000lmOO 1010'0000 110010000 1110;0000
3£ 000100100 0011 OO~ 00 010100100 011100100 B1 \00010001 101010001 110010001 111010001
37 000100101 001100101 OiOl00101 01\100101 B' 100010010 101010010 110010010 111010010
3S 000100110 001100110 010100110 011100110 B3 100010011 101010011 1100t0011 111010011
39 000100111 001100111 010100111 01110C111 64 100010100 101010100 110010100 171010100
40 0001010CO 001101000 010101000 011101000 85 100010101 101010101 110010101 111010101., (J00101001 001101001 010101001 011101001 B6 1000fCll0 IOtO;01 TO 110013110 111070110

" 000101010 001101010 01010101[) 011101010 87 100010111 101010' 11 110010'11 111010111
43 000101011 001101D11 010101011 011101011 B. 100011000 101011000 1100lfOOO 111071000
4' 000101100 001101100 010101100 0\1101100 B9 100011001 101011001 11001'001 111011001

\

I'Ig.g 90 KEY. MODE KEYBOARD APPLICATION

Flg.S 641<EY 4 MODE KEYBOARD APPLICATION.

I
I
I
I
I
I
I
) QI~1 1

--t- ~g6~E~i~
MODE IDENT. iLLUSTRATED USiNG

NORMAL MODE DNL Y, FOR REMAININ<:.i
MDJES REFER TO TRUTH TABLE

~R2
NORMAL

y
R) ! 84 B, S B,, B, e,

a a a I a a ; 0 0 0 a 0 0a 1 a 0 a I a a a a c
§i!.4 BLOCK DIAGRAM

a 2 a 1
0 0 0 a a 0 1 aa 3 a 0 a 0 a a D 1 1a , a a a 0 0 a 1 a 0

X
NORMAL

B, B, 83 i B4 B, B, B, B, B,
0 a 0 a o I 0 a 0a a a f£..~DIAG'1,.l,M1 0 a o I a a a 0 aa 2 a a 0

~ ,~ a 0 10 3 a a a 0 a 1a , a a a I a a 0 1 a

J

i
I
I
I
I
I
I
I,

1 0 0 I 0 1---- .~-

t 6 OF 9 Bit

MODE IDENT, ILLUSTRATED U~~~FlESS
NOAMAL MODE ONLY, FOR REMAINING

MODtS REFE':R TO TRUTH TABLE
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Fig"

count ConlrOI
.... 6.. -12
~7,., .~

Counter Rel;el
Operate. . . . . . +5V
Reset. ..... OV

Blanldn; Input
Unblank , . +5V
alank... . OV

output Enable
Enable. .. +5V
Disable"" .. • OV

.. All dat" outputs high (+5V)
., All da'a OIJtPUtll open~circulted

The lo\\owing lable summarlVJs the
RO-224QS input control states and
corresponding drive 1e"8Is:

OPERATING NOTES

Timing diagrams (3) t:ltougn (6) sMW tim:ng relationships jar
the Counter Reset. BI:mKi!".g Input. and Output Enable. ihe
'.open'. condi1i~n in (6) implies that both the pull-Up and pun~
down devices In each data output push~pun butler Bretun1.ed off.

All timinG relaUonshlps shown In diagram (1) apply to any other
output or combl:lation ot character<a as we\l.
Aalevant input conditIons assumed out not shown in timing

diagram (1) are as followS:

Count Control, +5V
Counter Reset. +5V
BlanKing InpUt. -I-5'V
OIJtPUt Enable, "'5V
Had the Count Conlrol input been at -t2V, tr.ecounter sequence
would helve been SIX positions Instead of seven and the Counter
OJtput .....ould helve been high during the sixth position.

New character addresseS are shown colncldlng wit!'l the rising
edgeof the Counter Output waveform In diagram \1,). This condi

w

lIon was seloc-ted ~o demon!;trato use at the CountAr Output to
advance an tlxternal input regis1er to a new character address.
Character addresses can be changed at an)' othet time as well.
Timing diagram (2) depicts output response to a cllaracler aop
dress change when, fa,: example, thl3 counter is sta:ionary in one

of the fi"e oharaclcr cohJmn posit'lons,

Timing diagram ") shoWS the ;ime relationships be~ween char
acter add~ess. dala ou\pU~, ccunter cloCk and COL.nter OlJtpu

t

during typical operation ot an RO~5~2Z40S character generator.
An outpu\ sequence from the!RO_5_2240S-0011\s shOwn to help
clarify operation, This soaGuence can be seen from the top rows

(OUT ,) of the characters "1" and "N".

,..---"1"_--, r----"N"--'

OLT, 1 0 0 0 1 0 1 1 1 0
1 1 0 1 0 1 1 1 0
1 '\ 0 1 1 0 0 1 1 0
1 1 0 1 1 0 1 0 1 0
110111 01~OO
1~~~1i1101110

OUT~ ~ 0 1 1 1 0 1 1 0

L---- COUNTOF7~

TIMING DIAGRAMS

OPERATING DESCAIPTION
Character selec,ion IS achielJed by pres~,Jnllrtg <l, six-b'lt binary
word el the Character AdOles.s Inputs, column selection is
achIeved by clocking 8:l internal counter tram thO Counter Clock
input. Colurrln intormatlon appears sequentiallY at the seven
Datil Outputs. begInnIng, wIth tM lel.~mostcolumn,
Two additional GolurlH' plJsitions, (lsldo from tile tlvl'! required for
character presentatIOn, !iTe avaIlablE: tor spacing ~etweo(\ adla
cent cl1aractors. TM Count Control input is used to determine
.....hethe

r
on~ or bOth positions will be used. Between characterS.

the Data Outputs STO high (+5V) , the "nO-dot" condition. The
Counter p,cse\ 1n?u~ isavailabte to reset the counter into the last

(sixth or se'/enth) state.
The Coun~er Output :8 provided to synchroni,e other system
components :0 \lIe ROM internal counter An output 2.ppears
cQrf8sponding to the last (si;<;~h orse'lenth) counterstate Md can
be conveniently used to doclo:. M externA.\ Input data register.
The Blanking input a110'.v5 foIl Data Outputs to be driven high
(+5Vj without aHecting any other ROM function. Data Outputs
can also be open-c'lfcuited 10' wire~ORed operaflonby uileof

tM

Output Enabie input
Memor)' operation is slatlc; refresh clocks are not required to
mainlain output inforrTlation, The Couiller Clock input IS used
only to select columns and need not be pulsed continuously.

OUi I
OUT'
0\)1 ~

aUl ~

OUT'
OlJ16
OUT 1

OUTPUT
(MA81E

Al .1 24 ~Vee

A2: 13 pvoo
"'3:J <!1 ::J al~u'k\no \npu\
A4 4 :1 OutPulErlRbla
A'S 'S 20 N.C
A6 6 19 01.l!1

C?vl'tlar Clock 1 lB Ovt 2
G(wflle,fl~llel a 17 OU13

N.C. B 1a OUI4

Go~nt CanlrQI IQ 15 ou!;;
CO~nl&r OuP...t C 11 14 Our 6

v" ,-',-'__::."yOClt?

PIN CONFIGURATION
24 LEI\O DUAL IN-liNE

RO·5~2240S Is can tr t .P~channel enhanc:m~~le~Oo;e ~r~~~~~;~.nollthlc chip utilizing

The memory i.s 8'r'ailabfe with cu t
programmed with ASCII enc d ~ om chataoter coding or pre-
sho.....n on Page:2 of this dataOs~ee~haraCler5 having the fonts

8 FULL TTL/DTL COMPATIBILITY
No external in!erfacing components required

'lll i IJ.S TYP. ACCesS TIME/STATIC OPERATION
The ~utP\Jt date remains 'r'arid a$ long as the Input

• ~~~~~~m~~~o~~~er remain unchanged.

2240 bits of storage organlzea as 64 5X7 dot mat'

II f~~~a~~~L~~uc~~~nby column output. nx

~;~:~di~~~~.qUentiar column selection from a single counj8~

II COUNT CONTROL
~ltows the selection of either one or two column
Intercharacter spacing.

/I COUNTER OUTPUT
~:;~~~:.an "upda~e" signal for external character address

II ~LA~KINGAND OUTPUT ENABLE
1:~~:~n~UII output control without affectIng any othor ROM

II ZENER PROTECTED INPUTS
• GLASS PASSIVATION PROTECTION

FEATURES

OESCRIPTION

14-16

The GMeral Instrument RO-5-2240S . .
Memory organized as e 320 ,IS a 2240 bit Bea.d Only
(64 characters, each havin W5o~dS x 7 bits Cha~acter generator
column character dets is ~O""d olumns of 7 bits). Column by
pllcations. An Internet cou~terla~~ ~~r ~ertical scan display ap

signals allow for the greatest syste~ ~~~~~e7t:~:b~l~t~~I~rho~

Character Generator

:laI=Ei1======R=O=-S='2=24=O=---S--==]--------



NOTES;

1. These parameters apply to 'he character address, COunter cloek. counter res.!. blanking. and 0"'"" 'nabla inpuI,.2. These parameters apply to both the date outputs and Counter OlJtput.

3. The COunter clock must not make a negEl:tive tran$/:ion ..... ilhin the periOd t,,,~, bafore Or after a Positive
counter rGset transition. Tho Counter re~et negative ooge may OCcur any time. •

I I

ed with a char.acter tont
The RO~5-2240S~002 is p~pr~~~;'~'IOS'OO1 below with the
Identical to trJa Jont for ~ ~ , '?' '@' a.nd 'M',
exceptIon of the characle.s 0, , ,

The RO~5~224OS~002lon1 for these characler9 Is shown below

IIII

I"

J J 0 0A,
I 0 I

RO~5~22.40S-00\ A, 0
--~~------

I~L
-~-- , ,2 ,A, A, A, A,

,ow ~

I I0 0 0 0 0 I I
0 0 0 1 1 [I I I I
0 0 I 0 2 I I I III

I1 I I , I I I0 0

0 I 0 0 , [I I I Ii
0 1 0 1 , I I I It
0 1 1 0 6 I I I I
0 J I J 7 I I I I
I 0 0 0 8 I I II I
1 0 0 I 0 I I I I
I 0 1 0 10 I I I I
I C J I " I I • I
I 1 0 0 12 I I II I

1 0 1 " I I II I1

I IJ I 0 14 I II

1 2' 3 4 5

o 0 0 a 0
1 '1 1 1 0
1 1 1 0 1
1 1 0 , ,
, 0 1 1
o 1 '1 1
o 0 0 0 0

OUT,~

OUT2
--

OUT3
---_

OUT4 ---------+-
OUTs ------------+0
OUT6 ------Joo
OUT7 --------+

'Exceeding these ratings could cause
permanent damage. F'uncfional Operation of
this device al Ihese conditions is not
Implied-operating ranges 8re soeclfled
below.

-20V to -tG.3V
-20V 10 +0.3V

-65"C to-+15Q"C
O°C 10 +70ot

ELECTRICAL CHARACTERlsncs

MaXimum RlltirogS-

YGO and VI)/) wilh respect to Vet
Jnput~ with relipect to Vee,
Storage Temperature
Operating TemperatlJre ,

Standard CondJtIons (unlesl) otherwfse noted)

V
ec

:::: +5 Volts ±O,25 Volt$ (Vcr is the SUbstrate vOltage)
V(jG::= -12 Volts ±O,6 Volts
Von == GND

Operating Temperature {TAl::: O"C to +70"C
One TTL load Ie, total = 15 of)

Choractoriatlc
Sym Min Typ" , Ma. Units

Conditions
DC CHARACTERISTICS
Input~ (Note 1)

logic 1 Level
V" Vce-'1,5

VoJt.s
Lagle 0 leYel

V" +0,8 Valls
Leakage

I"
'0 "A V" '" V(':·-6V, T_~ ::=:U5"C

COun1 Control
'""6 Operation

VJCc -12.6 -12.0 -11.4 V~rts
Returnad to VQG for·;.. 6 operallon.

.;. 7 Operation
VIce +4.75 +5.0 +5,25 Vorts

FletlJrned to Vee for + 7 oporation
Leaksge

ILo::C
'0 "" V," = Vq .··. 6V, T,\=250C

OUlputa (Note 2)
Logic 1 Level

VO ll 2.6
Vorts Jrm=WO..,A

Lagle Gle"'el
Vae

0.4 Volts 11lI."" 1.6mA
Powe~

Supply Current

'

GO 20 40 mA Outputs unconnected,
SUpply Current

15~ 20 40 mA f'J\ :::; 200 KHz
AC CHARACTERISTICS

Coullter Clock:
Fre~uency

f" DC 200 KHz
PUlse Wrdlh

~:~:: I 2.0 ,.Pulse Delay
2.0 .' trlOrl'iTtclklOl+t'I<ll)

Rise and Farf Times
t'l<lll,tfl<lkl 100 n, +t<k{G);;::Sp.sec

Co~nrer Reosst
Pulse Width

f" 1.0
psPulse Delay

t,.~ 0.4

"" Note (3)
Capacitance (NOlt 1)

C" 10 pF 1 MHz, T" = "<25"C
Outputs

Address to Output Delay
t" 1.0 1.5 .sClOCk to Oulput Delay
b 1.0 1.5 "'

ClOCk to Counter Output Delay
keD 1.0 1.5 e'fJlanking/Unblal1/(lng Delay
too 1.0 1.• .,Output Enable/bisable Delay
t6~O 1.0 1.5 .sCounter Reset belay
kilO 1.0 1.5 .'Aesel to Counter Output Delay
tnco 1.0 1.5 .sOutput Flise and Fall Time
t"lt 0.3 .'

·'Typical values are at +25"C and nominal voltages,

14,18



"Exceeding tnee.e ratings cOLlld cause pe rma
nent damage to tnis device. ~Llnet\Ontll,itde.:
Mion at these conditIons 1S not Imp
operating conditions arE; 6pecifled below.

.. -0,3"1 to +6.0V
" -65e C to +150 cC

. oge to +70
g
C

OUT~e~ -HiG~~~5-iNC1 .,6S

B, INHIBIT RESPONS" TIME (~DDRESS INPUTS ST~BLE)

UTPUT·DUTPUT INHIBIT ~T LOGIC '0')~, ACCESS TIME (ADDRESS TO 0

Vcc =+5VoItS±5% -oaCto+70aC
Operating Temperature (T",1- C 50pF

TIMING DIAGRAMS

E~ECTRICA~ CHARACTERISTICS

'*Typlcat values are at +25 C

Maxlm"m Retlngs*

Vee and input voltages (with tf)$peet to G~D)
Storage Temperature , . .. . ,.
Operating Tempetfltufa {T"') .

Sl8ndQrd Conditions (unless otherwise noted)

Output Loading: One TIL load, I.TOTIII.=

M.. Unl" Conditions.Sym MIn T~p"Cneracterfstlc

DC CH~R~CT"RISTIC$

V
Addrelt, Output lnhlblt Inputt

- -V.. 2,2
0,65 V

LogIc "1"

- -V"
10 ""

Logic "0"

I" - -Leakage

V 10 11= 100,llA
Dele Outputs

2,2 - -
IOL=1,6mA

YO"
0.45 V

LogIc "1"
Vo, - -

"A
Logic "0"

- 10h.o -leakage

m~ Outputs open
Power Supp\}r Current

25 33Icc

AC CH~RACTERISTICS

- r,~-
f f=1MHz.

Inputs
k 40\)

8 pF
Cycle Time

C, - 5

I
Capacltance

450 n'
Data Outputs

75 250,,~

200 na
Access Time

t. - 150
pF t=1MHz

Inhibit Respon&e Time
8 10CaCapacltal\Cs

and nominal voltages.

01

02
03
04
05

O!JtPUT
BUfFERS

OUTPUT
INHIBIT

N'C'~~2V«.(.t5Vl
N.C. 2 23 N,r;
N,C. 3 n A9

0\ 4 21 AS

02:'i 20 A7

()3 S 'B All
04 T lEI As

05 B 17 "4
N.C. 9 16 AJ

<iNO 10 15 A2
OUT INH 11 14 Al

NC, \2 13 N.C

PIN CONFIGURATION
24 LEAD DUAL IN LINE

MEMORY
MATRiX
512 X 5

~------------

A separate PUblication, "RO-342513 Custom Coding Informa.
lion," a.vailable from Gl Sales Offices, describes the punChed
curd and truth table format for custom programming of the
AO-3-2513 memory

ADDRESS
DECODE

ADDRESS
INPUTaUFeE]

{;

A 1
ROW

ADDRESS A2
A3

{

A4

A5
CHARACTfR A6

ADDREsS A7

Aa
A9

BlOCK DIAGRAM

FEATURES

DESCRIPTION

The Generallnstrumef1t RO~3.2513is a 2560 bit static Read.Only
Memory organized as 512 five bit words and is ideally sUited for
USe as a Character Generator. Fabricated In Gl's advanced
GIANT:rr N-channel lon-Implant process to enable operation
from a single +5 Volt power supply, thE; RO-3~2513 can store, for
high speed raster Scan CRT d1splay:>, a fUll P4 Character.,; in a
standard 5X7 dOl matrix. format

The RO-3-2S13 is avaIlable pte-programmed with ASCII encoded
5)17 Characters (GI part no. RO-3-2513JCGR..()01) a direct ra
placement in pin connection, operation, and Character 10nt tor'
the Signetlcs 2513/CM2140. The RO·3-2513Is a[soavailable pre
programmed wfth lower Case ASCII encoded Sx7 Characters (GI
part no, FW-3-2513JCGR-005), a direct replacement for the
Sfgnetlcs 2513/CM3021.

• 64X8xS Organization - Ideaf fOr systems requiring a row
scan 5X7 dot matrl)c: character generator

• Single +5 Volt Supply

• TTL Compailbie - all inputs and outputs
• Static Operation_ no cloCks required
• 45On5 MaXimum Access Time
• 175mW Max.lmum Power

• Three-$late Outputs - Under the control of an 'Q'Jlput
Inhibit' (nput to simplify memory ex.pansion

• Standard ASCII (RO.3-25'3jCGR~OO')or Totally Automated
Custom Programming Available

• Zener Protected Inputs
!!! Glass Passivatton Protection

Character Generator

l--.-_~----------------_~ . ~ -1
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The RO-3~2513/CGA·OO1is a pre-programmed versIon 01 the R0-3·2513geneswlth ASCII encoding andthecharacter10nt sho
below. A logic "1" represents an inputoroutputvortage nominally equal to Vee (+5V) and a log!c"O" representsa voltage nomlna~ln
equal to GNO (OV). Y

:;I:;~mPle demonstrating the correspondence of devloe outputs and addressing sequence to the 51(7 cot matrix font is shown

RO-3-2513fCGR-OOI
CHARACTER Ag ° ° ° ° I I 1 I
ADDRESS As ° ° I I ° ° I I

As A5 A4
A7 ° I ° I ° I ° I

° ° ° I I I I I I I I
° ° I I I I I I I I I
° I ° I I I I I I I I
° I I I I I I I I I I
I ° ° It I I I I I I I
I ° I I I I I I I I I
I I ° I I I I I I I I
I I 1 I I I I I I I I

ROW
OUTPUTSADDRESS

AJ. M A' 0504 03 C? 01

0 0 0 0 0 0 0

:~0 0 , 0 0 0 0 0,

0 , 0 0 0 0 0 0

0 , ,
0 ,

, 0 0 , 0 0 0 a
, 0 , 0 ,

0 0 a 0 1

I 1 °
I 1 I

I ° I

100

010

CHARACTER
ADDRESS

,H'

001

° 1 I

° ° °

RO-3-2513ICGR-005
Address Bil A9 A8 A7 A5 A5 A4

ASCll Bit 6 5 4 3 2 1

ASCII lower case's'
1 1 0 0 1 1

Character

RO'3-2513/CGR-005 I J\ ° ~
CHARACTER ~g ° ° ° I I I I

,A_D_DR_E_SS~_,,---,--A_8f-_0_0--,__0_1-L1' .,__1_0. , I -,--_,0° °I -L__0....l. -I
c- A6 A5 A4 7, ,_.-

[I I I I
I I It I
I I I Ia I] I I
EJ I (I I
B mill I
IIII I

Th R0-3-25131CGR-0051 w ogrammed version of the RO-3-2513serleswith ASCII enoodlng and the oharaoterfont shown
beJ~w. A loglo "1" represen~:::~n~~tor output voltage nominally equal to vee (>l-SV) and a109IC"0" rapresentsa voltage nominally

~~u:~~~~~~e~~~stratlngthe correspondence of device outputs and addreSSing sequence to the 5>::7 dot maUlx. font is shown

below.

RO-3-2513-005 STANDARD PATTERN CHARACTER FORMAT (Low., C••• ASCII)

OUTPUTS

, ,
0 0 0 0 0,

0 , , , 0, 0 0 0 ,, 0 0 0 0

0 I , , 01

0 0 0 0 ,, 0 0 0 ,
0 , , , 0

AS Az AI o~ 0 0 Oz 0

o 0 0
o 0 ,

o , 0

o , ,
, 0 0

, 0 I

, I 0

, ,

ROW
ADDRESS

CHARACTER
ADDRESS

RO-3-2513/CGR-OOl
Address Bit M A8 A7 A6 A5 A4

ASCH Bil 5 5 4 3 2 1

ASCII upper case "S"
0 1 0 0Character 1 1

RO-3-2513-001 STANDARD PATTERN CHARACTER FORMAT (Uppe, CoM ASCII)



B1
B,
B3

B'
B6

B6

B7

BB
B9

OUTPUT
ENABLE 1

OUTPUT
ENABLE,

o 2~ ~A,IIlPU\
23 PA2111PUt

~~ I:: II~~~:
20 A~ln?ut

19 ~Inpu\

18 'he
11 Coul1\ltrCloek

~
6 coul'l!erRe~~:

15 Forwlln:l/fleverseCOllual

1d O\l\PutEMDle2
\3. Outpu\E.11~bl",1

vccgll\
CarryOu,!,ut :2

B,Oul?U\ 3

6101Jlpui 4
BJOutp\l\ ~

B40ulpU', 6

B~OUtput 1

B"OUlpUI'" a
B,Outpul 9

SeOu\Pu\ 10
e,Ol.llpul 11

Vr;; 12

PIN CONFIGURATION
2' LEAD DUAL IN LINE

Low threshold p-c'nannel enhancement mode mEltal gate tech~
nology Is used for inpuVoutput direct TIL cornpatibBity. All
inputs are zener protected

COLUMN
SELECTION

COUNTER COUNTER CARRY
CLOCK RESET OUTPUT

J

FORWARDfREVERSE CONTROL

INPUTS
A1 A2 A3A4A5 AS

RO-5·5184

BLOCK DIAGRAM

The AO~5~5184 is a 5164 bit Static Read Only Memory organized
as 64 permanent storage 10C6tionsof 51 bits each (9X9 cMracter
matrix.). Six address lines are used lor l'na selection of64 dIfferent
characters. An internal ring counter is provIded for column
scanning; column Information appears sequentially on the 9
outpullines. A Counter Reset Input Is a....ailable 10 initializ.e the
sequentIal scannIng. A carry Output Is providad to synchronize
edemal circuitry to the internal column counter. The For·
ward/Re\lerse Control allows scanning trom left to rlght or from
right to len.
The 9 output lines ha....e tri-state configuration. Two mask pro~
grammable Output enable pins afa pro.... ided for expansion up to
a 5184 X 4 bit system wit'nout eXlernalloglc.

DESCRIPTION

.. Designed to drive Needle Printers.
• Internal counter provides sequential column scanning.
• Forward/Reverse Control lor left to right and right to le1t

printing capability.
II Carry Output availabie for synchronization.
• Three-StBte output configuration.
• Two mask programmable Output Enable pins to a.llow

memory expansion.
• ASe II coded standard part, AO-5-5184-3000.
• Mallk programmable counter lengUl to allow flexibility In

cll8racter organization .

Character Generator

FEATURES

iI
I

I 5 1.7 1.9 2:,1 2,3
vo.. (VOlTSI

ACCESS TIME "'9. OUTPUT VOLTAGE

-. Ttl" +2S~C

\I Vcc "+5V ~

, [\

'f-- -

\.
"- -'--f--
~-

0

0
TA 0 +25"C
Vcc:'+5V

0
1
T

0
1/
,

0
l-- :

I ,
, ,, ,
, ,

30

20

OUTPUT SOURCE CURRENT YIiI. OUTPUT VOLlAGE

,
YOlo (VOlTS)

20 40 60
TE/l1P(RATURE ("cl

41--
TA < +2S"C
Vcc ·+5V I

e

, 1-

, 1/

:

0
,

0
Vee" +5V

I
0

L.-
V :

0
./ ,

V :
, ,

0
, ,

, , ,
: : ,,
, , ,
0

ACCESS TIME VB. TEMPERATURE

'"

20

"

OUTPUT SiNK CURRENT "'9. OUTPUT VOLTAQE

TYPICAL CHARACTERISTIC CURVES

14-2Jl



Flg.S CLOCK TO CARRY DELAY TIME

~~LOG'C1

COUNTER CLOCK ~'--t::::::f)----c:=:= LDGIC 0

DATA DUT1'UTS~ LOGIC 1
(B1 to S9) LOGIC 0

tco tco4

Flg.6 OUTPUT ENABLE TO OUTFUT DELAY TIME

Flg.4 CLOCK TO OUTPUT OELAY TIME

ENA8LE DISABLE ENABLE
CONDITION CONDITION CONOITION

- LOGIC'
COUNTER CLOCK--J

~I LOGICO

CARRY OUTPUT -
+---~ \

LOGIC 1
LOGICO

recp -l-t!~C
FOJ=lWARO

.... lll "COLUMN II I IX J=lEVERSE

DATA OUTPUTS
{BT to 89)

OUTPUT ENABLE
(actual level depends ===>J===::::>,):::--"=~~=:LOGIC 1
upon coding) ~ LOG'C 0

Flg.7 RESET TO OUTPUT DELAY TIME

NEW NEW
ADDRESS ADDRESS

CHARACTER~ LOGiC'
ADDRESS LOGIC 0
jA1 toA6l

LOGiC 1

DA1:,~~~~~TS,__ • LOGiC 0

tao tao

Flg.3 ADDRESS TO OUTFUT DELAY TIME

--------t ' LOGIC 1
COUNTER RESET :::==:=:::tt- .

~,.O_ t ~;;
'""

COLUMN t (FORWARD)
IX (REVERSE)

Flg.5 FORWARD/REVERSE TO OUTFUT DELAY TIME

Fig.1 CLOCt( TO RSSET DELAY TIME

~ LOGlCT
COUNTER CL.OCK .. ~.st= LOGIC 0

E5 LOGIC 1

COUNTER RESET =""b-~-{\~====LOGIC 0

'",

Flg.2 RESET PULSE WIDTH

FORWARDI
REVERSE~ *LOGIC 1IFDRWARO)
CONTROL :::::fI-.-_..-- LOGIC O(REVERSEI

DATA ~ LOGIC 1
OUTPUTS .
(B1 to B91 LOGIC 0

t fro t fro

TIMING DIAGRAMS t ft

=:::£!~c~ ~:::::_ _ LOGICO

COLUMN FORWARD I I II I 1 I II

REVERSE IX IX VIII IX IX IX VIII

Fig,l
Flg.2

Conditions

At a.lcgic '1' level
At a leglc·O' level

Measured e.t VII-:':= Vc("-10V at 25~C
VI,'" = V<:;c, f:::- 1MHz

Measured at VI:-r'"'" Vn--70Vat 20"C
Vn<=Vee, f:= 1MHz

Figs, 3,4,5,8,7, & 8

1TTL, fOpF load

IOL""1,6mA
101<.= 100 pA

T,,=::25"C

T", = 25"C

'Exc:e~din9 these ~atlngs could cause perma
r1~nl damage to this de~lce. FunctlonaJ oper~

aMn at. these c~.ndjtJons )s nol impfied
- operatmg conditions are specified below.

-20V to +O.3V
-55~ C 10 +125"C

O"C lo+70 0 C

Characteristic Min Typ" Max Units

Counter,Clock Inpur
Repetition Rate D.C. 350 200
Purse Width, cfJw 1.2

KHz

Pulse Separation, ¢S 1.2 "5
Rise & Fall Times, tr, tf ",
Logic '0' Level, VII.

1.0 "S
Logic '1' Leve!, V1/I

+0.8 Volts

Inpul Leakage, If'"
Vcc-1.5 Volts

Input Capacitanca, Cll<
10 "A

10 pF

Addre~e Inputs
Logic '0' Level, VI!, ~o.a VOlts
LotJc '1' Level. V[lr Vc~-1,5

Input Leakage, I\~

Volts

Input Capacitance, C iI..
10 "A

10 pF

Reset Input

Counter ClOck to Re~et

Pulse delay, tr."r,. 1 0
Reset pulse width a.O .'",
Dala OUlpula
LogiC '0' Level, vo!. D.4 Volta
Logic '1' Lavel, VOl!
Clock to Olltput delay timE!, teo

Vcc-1,D Volts

Clock to Carry Output
2.5 3.5 "'

dela.y lime tee 1.5 25
Address to Output ",

delay llme, t",o 2.5 a.5
Reset to Output .'

delay tima, tRI'1 2.5 5.0
Forward/Reverse to Output

",
delay lime, trRO 2.5 3.5

Output Enable ",
delay time, tOf,()

I
ISiS "S

Power Ctlnsumptlon, Po 250 _ mW

"TYPical values are at +.,!5°C and nominal voltages.

ELECTRICAL CHARACTERISTICS

Voltage on any pin w:th respect to Vel' .
Temperalure Range. '..,
Operating TemperatL;re .•

Maximum Ratings·

CharGcteristics apply over temperature range unless otherwise stated.

Standard Conclftlons (unless otherwise noted)

V"c "" +5V ±O.5V
VOl = GND
V<;G ::: -12V ±;1V

:.il

;~
:c

_I;~: '_.._26 1 ~ ~ ~~:::--:::-.==~"~.-2~7~=--=--J~_



I
.,I,
iii,,

,...,,

LE 1
LE 2

B2
94
6
8

position, to ;ndicate tnat a character has been fUlly 9ca:nned,
When active ((ogle '1') the Counter Reset Input resets the eounle,
in the f;rst positlon to initialise the scanning

The counting length Is mask programmable, it is pOSSIble 10
program any length between five and nIne.

manen1ly programmed. Into the ROM at the same time as the
custom data pattern,

A systom of4 X 5184:<> 20736 bIt Charactergel'leratar needIng no
e"lternal enable logic is easily obtaIned wiring the outputS of four
different AO~5~51B4 together as shOwn on flg,11.

Fig. 11

II
OUTPUT ENAB
OUTPUT ENAB

r= A2 A1

:1 frr . A4 A3

A6 A6

RO·5-5184 RO':6184/ AO~5·5t64 RD-5oS'84

A C D

I
~B1

II~ ~B3

B6
B7

'.9

COLUMN COUNTER

OUT~UT ENABLE DEcoDeR

Two Output c:nable !fnes are provIded for chip selection, When a
chIp is not selected the outputs are disabled (hIgh impsdllnce).
Output Enabla signals are Internally decoded. by a masl< pro
grammable decoder to minimize logic !ar memary expaMlon,

The output enable code assigned to dIfferent RO-5~5'84 Is per-

Thiscounler operates on the posItive going edges 01 the Counter
Clock.

Each counter cell i5 implemented with a cross coupled flip-flop
so that the COU:lt('!r position is lu[[y static.

Carry Oulpu1 is active (logic "') when the counter is in the last

OUTPUT STAGES

OUTPUT ENABLE. CODING

AO~5~5'84 Output Output DEVICE SELECTION
Enable 1 Enable 2 A a c D

A a 0 selected -

I

- -
B 1 0 - selected - -
C 0 1 - - selected -
D 1 1 - - - selected

~.

Nine TTL compatible Outputs (Bl to s,J) are provided to show the
memory conte1t,

The Tri-stata configuration of outpulstagas allows bus 5tructure
for memory expansion under the control 01 Output Enable
signals,

~~ t~;.I:.~t~~X)cO~ar~~~~h~i~a:tgX) I~~~h~ fJrst (I) ,column as sho\"JO

wardJl=leversecontrol prlritln :rta he log,c value of For
left 15 POSsible (sea fjg.lO), B rn!l.trvely left to right orrighrto

This feature allows fasler r' .
dead lime between lines, ~~~f;~~i~~e:~~~~a~~g lhe fly bacl<
Conlrol has to be constant "1" f rwt:lrd/Reverse
constant "0" for right to teft sct:lnn~~QI,efj 10 right scanning and

c.. -----~..J
----------

r ~--------- .J4 - _

'o<wmV,.ve,,, logic ,.ru,;, Ch'~9'd IIr. :1:= .J
Flg.10 FORWARDIREVERSE PRINTING

1st Ilne .....

3rdline

2nd line

4th rlne

nfh fine

UPI:RATION

CHARACTE:R SELECTION

Sf):: address Inputs are provided f r 11 I
cha.raclers, The address inputs Q ~,eO[IOn o~ the 64 different
LSB). are mary Weighted (AI is the

COLUMN SELECTION

Column selection dspends u on F

which permits the scanning 01 c~aracl;':e~;~~~;':%S~a~i~;tt~~;

I
F/g.9 COLUMN SELECTION

FORWARD

Count CoJu;n COllntl
REVERSE

Reset Charact. Carry CountState ~ Column Column Counl-QUIp. Reset Charact Ca.rry0 1 I
State Column Outp,a 2 II

a 0 1a 3 a 0 IX a1/1 2a 4 IV
a 0 3

VIIJ a
0 s a 0 VII 0
0 6

V 0 0
4 VI 0

0 1
VI 0 a 5 v 0V/I 6 IVa 6 VIII

a a 7 a,
9 0 0 1/1 0

0 1
IX 1 a 6 II 0

0 I 0 9 I2 /I 0 1 1- 0 0 IX a- - 2- - - - VlIl a- -- - - - - -- - -0 6 VII] - - - -
0 9 IX

0 a 6 - -
1 1 1 0 /I 0I 9

(-: 1

a 1 I 1
1 1

I 0 1
1 IX 0I 1

I
a 1 1

IX 0
IX 0

CHARACTER MATiUX

I II /II IV V VI VI! VIII IX

I B,

I B,
I e,

B,

I e,
I e,
,

B,

I B,

I B,
----

-

14-29

..



RO-S-S184-0S0 STANDARD PATTERN CHARACTER FORMAT

OUTPUT ENABLE I 0 ., 0 .,
OUTFUT ENABLE 2 0 0 ., "

DEV!CeSELEcTED i x

SHADE) ., 0SQUARE

BLANK 0 "SQUARE

DESIRED
XOUTPUT

VOLTAGE:

o 0 0 Til•••••••
o 0 1 j ••••••••

~ ••••••••o 1 0

~
N ••••••••a " 1
~.
~

~
~

••••••••N
~

, 00 .
i

, 0 , i ••••••••, ••••••••1 1 0
~

~
111 i ••••••••

COUNTER

A6A5 A4 ~ ~234~67B9 12:3456769 1234567S9 1.23456789 123455769 123456189 ]23456789123456789

ADDRESS A 3

A2
INPUT

":f RO-S-S184-3800 STANDARD PATTERN CHARACTER FORMAT

j

OUTPUT ENAB(e: I 0 +5 0 "5

OUTPUT ENABLE 2 DOtS .. s

oeVICE SELECTEO X

1 D I a
o 1 1 0

o 0 0 1

A> 0

A:2 0

DESIRED
OUTPUT
VOL'Il.,GE

o 0 0

00 ,

C 1 0

o 1 1

1 0 0

INPUT

1 0 1

1 1 0

ADORESS A 3 0

COUNTER
STATE

A6A5A4 -c=:..- 1234~6789 123456789 123456789 123456789 123456189 123456789 123456789123456189
QUrUT

I ••••••••
i ••••••••
I ••••••••

~ ••••••••
~ ••••••••
; ••••••••
~ ••••••••
in•••••••

14<JO



PACKAGE OUTLINES!
SAL.ES CF~FICES



CERAMIC

-----_._----_.---

I
I

22 lEAD DUAL IN LINE

I

16 LEAD DUAL IN LINE

PLASTlC

r----.-~..---..-------~.-.---~ .....-.
FiACKAGi:: (lUTLINES (All dimem}ions in Inches)

16 LEAD DU",t IN LINE

CERAMICPLASTIC

PACKAGE OUTLINES (All dimensions ;n inches)
8 LEAD DUP.,L IN LINE

14 L.eAD DL.JALlf'J LINE

f1LJ-\SfIC CERAMIC
FlASTIC

CERAMIC



CERAMIC

CERAMIC

CERAMIC

PlASTIC

PLAST1C

2F.1 LEA,D DUAL IN LINE

A~·1



CANADA

ONTARIO
Plp(l~Thompson, Ltd,
B3 Cumberland Drive
Mlssis5<1uga, On1ario
Tel' (d15) 274-1269

PENNSYLVANIA
l=osti(lr~McCllnton

2B67 Wa5hington nOc.d
8(ldgeville, P/~ 15017
Tel: (412) 941-4800
'fele:.:: H0647i

r-o';ler-McClinlon
213-1 W. 8tl, Street
Erie. PAI6S05
Tel: (814) 455-91"
Te~o1.: 914462

'<no....Jles Assoc.
1 Faln-','ay Plaza, SUitf; 30
Huntingdon V~lIey, p.c-, HJQOfJ
Tel: (2'15,1 947-fr641
TWX' 510~665~530a

TEXAS
Oe-Iet & Menalaldes
6065 Hillcraft
Houston TX 77035
Tel, \713) 772~0730

TWX 910-86·r~4745

O&h~( & lVle-nelaldes
558 s. C8nlral Expressway
Rictlardson, TX 76080
Tel (214) 23<-6334
TWX: 9'10-887-4745

WASHINGTON
Jas, J. Backer Co,
221 West Galer Street
Seattle, INA 98119
Te; (206) 285·1300
TWX. 910·44':;~1t46

WEST VIRGINIA
Foster-McCI!nton
17 Pembrooke Lane
Huntinqton, W VA 25)05
Tel (3O,:t) 763~5161

MICHIGAN
v.s. .& Assoc,
29551 Gl~en1jeld Road
Suite 219
SouthfjeJo', MI 4B016
Tel. (5i 3} 559-3860
TWX: 810~299-2535

MINNESOTA
Quan1um Sole.9
7'710 Computet Avenue
Minnee.i>:Jti.!l, MN 55435
Tel: (612) 831~85f!~j

TWX: 91(>576-29B8

MISSOllRI
PMA
140 Weldon pm"'V'lay
Marylan(j Heights, MO 153043
T21 (314) ,\69~1220

NEW JERSEY
R,T, Ae[o Assoc:.
705 Cedar Lane
Teaneck, NJ 07666
Tel' (201) 692-0200
"TWX, 710~990-5086

NOFITH CAROl.INA
Component Sales
P,O Bo, 18821
11aleigh, NC 2~t609

Tel: (919) 782-8433
TWX: 5'O-928-1)51~

OHIO
Sear Marl<elJng
3623 Bmcks',IiHe Road
Richfie,!j Or! 44286
Tel (216) 609..3131
TWX 8'1O¥427~9100

OREGON
Jas••J. Backer Co,
2035 S.W 58th Stre01-~' Rm 207
Poriland, OR 972~tl

rei 1503) 297-3776

MARYLAND
Compont-rlt Sales
Hilton Plaz;a Inn -- suns ~~06

126 Heisternrown Rood
Baltimore, MD 21208
Tel: (301) 484~3647

TWX 719-862-0852

MASSACHUSEHS
Gerald Rosen Co.
271 Worc~1ister noad
f:"ramif1ghtirn, MA 01~!01

Tef. (617, 879~5506
TVVX: 71t1~3eO-(J466

PMA
2205 S. Seneca
Wlcl1ita, KS 67202
Tel. (316) ~~64~2662

TWX', 9·tO~741~6851

ARIZONA
EleC~ronic. D~velopmenl 8, Sale~

4414 N 19t1") Avenue-Suite H
Phoenix, AZ 85[;15
Tel (602) 277·:/407

CAI.lFOFlNIA
Varlgon A'Gwc.
~ 37 EUC2tlyplu8 Drive
E! Segundo CA 90245
Tel (213) :,:!2~1120

TWX' 91(i-348~7'\,1'

COLORADO
Eggeman AssoC.
:3585 Owens St;eel
Wheal Ridge, CO 8003:1
Tel' (303) 4~3<.~7a7

CONNECTICUT
Gerald Ros~m Co.
Colonial Square
2420 Mali] Stmet
Stratford. (T 0(3491
Tel (203) 3"r'5~5456

FLORIDA
Hutto j Hawldns &: Peregoy
139 Candac;e Drive
Maitland, FL 32751
TOI: ('105) 831-2474
TWX' 8:0-05:3-0256

HUlto~ HaWkins & Peregoy
2159 S,E 9th St",.t
Pompano Beadl, FL 3,3062
Tel (305) 94:3-1)593
TWX 510-956-9402

IlliNOIS
M€:1com Assoc,
2 Talcott Road
park Ridge, IL 60068
Tel. (312) 696-'490
TWX: 910-253~5941

INDIANA
V,S, & Assoc,
1000 N. Madison Avenue
Greenwood, iN 46142
Tel: (317) 888-2260
TWX, al0-2GO~2231

V,S, & Aosoc,
2122A Miami Street
South Bend, IN 46613
T"': (219) 291-6258
TWX' B'0~9s-2535

IOWA
PMA
1BD1 IE TowBr
Coder Rapid,;, IA 52401
rei'. 1319)382-9177

KANSAS
PMA
9602 Outlook Drive
Ol/erland Park, KS 652013
Tel. (813\ 381,,0004
TWX' 910-""9-647:3

EUROPE
EUROPEAN SALES HEAOQUARTERS'
GENERAL INSTFJUME:NT MICROELECTrl"ONICS LTO

1 '\\~;;';~;,~~;;;' London W1N HO
01 TP.iHX 2327:>

CENf"RAL EUROPE/IN SALES OFFICE:
~~~~RAL INSTI~UMENTDElJ1SCH1.AND Ort\bH

~Jord~(l{btrF,~,~.e ~.1uncrJ.;:n dO
rei (080!(:B..10 31. 5:2805-4

SOUTHeRN EUROPEAN SALES OFFIcE
Via LorenzettI 6 20100 MUana
rei 02/4i);)"101 TeleX' 38A2J

Tel 26579

~i~:h~ ~~:~~:w~~~?C,86:::':~u'Ch ·cha.
7<:1 ~06) 323-1877

TAIWAN:
GENERAL INSHiUMEfH
MICROEl.fCTRONiCS TAIWAN

~;;';O~)a~~g~~);~ i~~,~~r~~~~~~~;~~na Lone ~opnsl,111g

ASIA

HONG KONG;
GENERAL INSTRUMENT HONG KONG LI"D
i100m 70t, St", H'iute, 3 S"'!lSOlll'y i1C'ad, i«()\'~IOO:'
Te): 3·675.528, felex,I)46(J6

JAPAN;
GENERAl." .INSTAUMENT INTERNATIONAL. CORP
HEAD OI·FICE. ~- 1/ Sl1lbn-~lIklde~cho. .

NORTH M~ERICA

UNITED HI'-;ES
GENE~AL lNSrFlUiIIIENT CORP()F!ATION
MlcnOELEcnlONICS
HEADOUARTERS ~.- 600 West ,iCf,p $trcf::\
Hlckill'iilv. New \'Qrh 11802
rei 516~733<H07. TWX: 510.221-11166

~~~)i::;,{lfE~,',)T -- Rive($.',oe Ofi;c/~ Park, SVI~e 103,
hlV8r!;lde !'lQad. WestDn, M.<;;.cs,u;nuSG!ts 021\J~;

Tel 617~8!?:9·8BGO, TWX. 7'O·:~201-a7~i

SOUTUf.AST - 271 Sn,lIlng CjrClfl,

!~;:r~~·~~~~.~~?~6,:;:~~:-r~~g'fJE2_aDi34
~A$T CENrr1Al "'j'lme" Roaa, 80x 346,
dorsh:ill'1 19044
Tei (215) T">lex. ()31407

g;;~;::~i1~;i~(J:'O~~~$t Pra~l BOLI~\lilrj,

Tel. 3·1'2.-33e-9~(,)O, TWX 910,22'1·14'j5

~;~~,::;~~E:~;!;IJ2~;~;i~e5tWI!iiMI1S FI~i1a AOilC
T(,j 6C2-9M-7:173 TWX' ~110~95!j"1983

m~.srf.rIN

SOUTH AMERICA
aRAZiL:
GF;;":ERAL INSTRlIMENT Ie-C Ldtn

~;i "2'~~;~5~~ja "'·9-4, $20 PaulO Cf-:P 01452



UNITEIJ STATES

J~\R'ZON".
MIReo
2005 W, Peona fwe
Phoen!,It, Ai.: 85029
Te!: «.02) 997-6194

CAUI"ORNIA
SEMI CCMP
4029 Westorly Place
N(iWpOr\ Beacr·, CA 92660
Tel: (714) 833·3Q70
INrERMARK
4040 Sorrento V.filley Rd
San Dif.lgo, CA 9212'1
Tel: (714) 279-5200
IN'rERMARK
1M2 Eo Carnt~gle lW8.
Santa ,I\na, CA, 92'105
'rei: (7'14) 540-1:i22
DIPlOMA'r
1116 Elko Dr,
Sunnyvale, CA. 94086
Tel: (408) 734-1900
INTERMARK
1020 Stewart Dr,
S',mllyvale, CA. 94086
T!~I: (406) 738"'1111

S"MICONiJUCTOR CONCEPTS
2(1201 Oxnara St.
Woodland Hill!::, CA 91364
Tel, (213) 884-4560

COLORADO
CENiURY
8155 W, 48th twe
Wheatrldge, CO. 80033
Tal' (303) 424-198.\

CONNECTICUT
ARROW
295 Treadwell St,
HamdeJ', CT. 06514
Ttl: 1203) 248-3801

FLORIOA
DIPLOMA'r
1771 N, Hercules Ave
Clearwa1er, FLA 33515
Tel: 181:') 44:j-45'14
ARROW
IDOl N,W, 82m! St.
Ft Lauderdale, FLA. 33300
Tel: (305) 776-7790

ILl.INOIS
HAll-MARK/CHICAGO
180 Crossen Ave,
Elk Grovl;i Villag€l. ILL 6000'1
Tel: (312) 4:J7-8eOO

INDIANA
FT, WAYNE ELECTRONICS
31306,1S MaUmf)e Ave
FI W.yno, IN 46803
Tol: (219) 423,3422

KANSAS
HAlL-MARK/KANSAS CI'TY
'1'1870 W, 9181 81.
Shawneo Mission, KG 66214
Tel: (913) 868·474;'

I\IIARVl.ANfJ
AAROW
4tl01 Benson f'.ve
Baltimore, MD 21227
Tel, (30"!) 247-5,200
PIONEER
1037 Taft S<.
I~O"kville, MD 20650
1'01' (301) 424-:1300

MASSACH UBETTS
DIPlOMAT
559 t=set Street
CbJcopee Falls, MA, 01020
Tel' (413) 592-9441
DIPLOMAT
l{uniholm Dr,
Holliston, MASS 01746
Tel: (617) 429·~120

CJ\AMER
as WS-III3.Ave
N€Jwton, MASS. 02159
Tel: 16H) 964..\003
GREoNE/SHAW
70 Bridge St,
Newton', MASS O:?1SB
Tel: 1617) 969·8GOO
ARROW
9GD Commerce Way
Wobllrn, MASS 01830
Tel: (617) 933-6130

MICHIGAN
DIPLOMAT
32708 W Eiaht Mile R(1.
Fannin9ton,~M\. 48024
Tel: (313) 477-3200

MINNESOTA
ARROW
9700 Newto nAve, So,
BloDmlngton, MN, 55431
Tel' (612) 388·5522

HALl-MARtI/MINNESOTA
9201 Pe.nn A\'e- So.
Minneapolis. MN, 5542'1
Tel, (612) 884-9056

MISSOURI
HAI.!.-MAAK/ST. LOUIS
13789 Rider Trail
Earttl City, MO, 63045
Tel: (314) 281-5350
DIPLOM,I\T
2.725 Mercantile Dr,
St, LoUis, MO. 63144
Tol: (314\ 645-8550

NEW JERSEY
ARROW
Pleasant Valley Rd.
Moorastown, N,J. 08057
Tel' (609) 235-;900
ARROW
285 Midland Ave.
Saddlobrook, N,J, 07662
Tel' (201) 797-S800
DIPLOMAT
490 S, Rivervie\\' Dr.
Totowa, N,J, 07511
Tel, (201) 78$-1830

NEW MEXICO
CENTURY
121 Elizabel' N,E,
l"ibuquerque NM 87108
Till: (505) 292-2700

NEW YORK
SUMMIT
9in MaInS!.
Buffalo. N,Y. 14202
Tel, (116) 884-3450
ZEUS
500 ExecutivQ Blvd,
Elmsford, N,Y. 1052a
Tol' (914) 592-4120
I,RROW
900 Broad Hollow Rd,
Farrningdale, N,Y. 1'1735
T.1: (.\'16) 694-6800
ARROW
Old Roule 9
Fishkill, N,Y, 12524
Tel: (914) 896-7530

SEMICONDUCTOR CONCEPTS
1'~5 OSl3r Ave.
Hauppauge, N,Y11787
Tel: (516) 273·1234
lllPI_OMAT
303 Crossway Perk Or
Woodbury, N,V.11797
Tel: (516) 921·9373

UNnE!::) STATES

NornH Cf~ROlINA
PIONEiEFI
2:'306 Baltic Ave
Greensboro, N.C. 27406
rei, (9i9) 2i'8·44,Q

OHIO
t~AROW
n;50rJ IM~r(;antile Rd
Chweland. OH 44122
Tel. (216) -16~"·2f)OO

ARnOW
3~ 00 PlalnUeld Rd,
Dayton, OH. 1~5404

Tel (513) 253-9ne

OREGON
UNITED RADIO
123 N,E.. 7th Ave
Portland, OR 97214
Tei: (003) 233·,7"151

PENNSVLVANIA
PIONEER
203 Witmar F"ia
Horsham, PA, 19044
Tei (215) 674-5710
HALL·MARI(!PIIILADELPHIA
458 PIke Rd
rli.:nHngd'on Valle.y, PA. 190D6
Tel [21S} 355-7300

"n,XAS
HALL-MARK/DALL.AS
933~3 FGreet Lane
Di'lllas, TX 75'2:31
(21<1:1 231~6'1i

HALIAilAAK!HOUSTON
ilOOO W,-estgloan
Hau~iton, TX 7706:3
(113) 781-6

'
00

UTAH
CENTURY ELECTRONIC
2150 So 300 West
Salt Li'lke City, UT, 84115
Tel (801) 4frrM6551

DIPlOMAT
2280 So. M,;II11 St
Salt Lake City, UT 84115
Tel (801) 48'6-i'227

WISCOill"IN
ARROW
2926 Soul11 '160th SI
Ne<,', Berlin, WI, 53151
Tel: (414) 782-280'
l'IALl-iVIARKfMllWAUJ{EE,
237 South Curtis
West Allis, vVL 53'214
Tel: (41.1) J7oM 1210

CANADA

ElAITISH COLUMBIA
RAE Inoustrlal Electronics Ltd,
1629 Main Street
Vancouver, B.C.
T,I: (604) 687-2621
TWX, (6'0) 929'3D65

MM'JlTOL~A
Cam Guard SUpply & SerViC(' Lld
i'li'7 Ell1ce Awmue
Winnipeg, Manl\obn
Tel: (204) 786-B4B1
Telex: 07-51622

ONTARIO
OawlIsvlew
Cesco r::leett'DJ',II~s Ltcl,
24 Martin Ross Ayeml0
Down,s\,jew, Ontario
Tol (416) 661-0220
Tei81:' 02-296f;7

O'ltBwa
Casco Electronics Ltd
13iJO Carling Avenue
Oltawa, Ontario
T.t: (613) 729-5'118
T"lex: 053..3584

Rexdale
~'.Jture Electronics Corp
44 Fasken Drke, Unit 24
R&xdale, OntariO
Tel: (4',6) 667.7820

Wlllowd.l.
Electro Sonic lIle,
1'\00 Gordon Baker Roae
WlllowrJale. Qntal'io
nl: (418) 494,1666
Telex: 06-2203(i

QUEBEC
Montr~fll

Gesco ElectroniCS I..td,
40S0 Jean Taton Street We5t
Montreal, Quebel:'
Tel: (514)735-5511
Telex' 05..25590
Fuiure Electronics Corp,
5647 Forrlecr Streot
Montreel, Quebec
Tel. (610) 421-3251
Telex: 05-827789



(WROPI:'

AUSTRIA
Elbalex GmbH
l?rcfteiJ!urler Str. 381
/l.~1235 Wien
Tel 0222/868158
Tale;.:: 0t3i28

BELGIUM
C,P. C.!am Internuti:)nal N.v
102 Gon GraHl{
8rUXt'!lJes 4 •

TtlL O~·~73S.0U)7
Tf;lex.24157

i)ENMARK
A/S N<)(dis~--'Elektronlk
TranSforme(Vl~j ~7
DY.~27:JO Herlf.'V
Tel', B4,30.0D
Te!ex 192\9

FINLAND
Jorma SarkKII')i;'rl Ky,
Kvfkin\orl, P,O Sox. 19,
SF-02100 Tao:ol'
lei 46, 1086

T(flex.:22028

FI~ANCE
PCP
4 Flue 8o.rt!ip,le.n,'{

~~~:-?3~~~,t;~lrg~;,
Telex: 2U4534

GERMANY
Fri1nkfurl/Mllln
8-er(ler f.ilektronlk GmoH
AIr: Tiergarten 14
It": 061114903'11
relax. 04-12549
H~lIbronJl

Elbatex GmbH
t::ai.;cilien51r. 24
Tel: 07131/8900'1,
Tel",: 72B362
Lenrte:
A(uoll
A.I: ··nrcl1lckc KG
3160 Lehrta
PO$tta(;h •280
Tel: 05132153024
Te!e:;;; 922383
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Mnmchen
Electronic 2.000
Vartrieb~-G1TIbH

N0UITlOrk\C!r Str. 7S
8000 Munchen 80,
Tel: 069/434) 6'1
Telex: 02"2.061

GREECE
E.lfon ltd
KonstantinQl..ipOI80S 18-20
Nea Smyrni /JJhf.>ns
rei: (021) 93 48 "12,

Telex. 21/1150

HOLtAND
Curijn Hass191aar
V Ulenhovl~weg 100
P.O. Box 37, Geldermalsen
Ttll, (O) 3.105-3150
Telex: 4025'9

IRl:LANrJ
NiO"ltroqjo Ltd.
Jonn F KenhGdy Hoad
Naa.<; Road, DUblin 12
f'l: (01) 501845,
Telex; 4837

l'i"AlY
Milano
Ade13y S.p.A.
VIa Oomen\c.hino, 12
20100 M(lamo
Tel' 49S505t-2-3~4_5
Telex: 39423
Genova
Adelsy S,pA
P,1:Za deila Vitf(lna 15/25
16121 Genova '
Tel: 01C/S096?4
F-loma
AdelSy S.p.A
P.le Flarllinio 19
00196 Roma
T01' OBI36065~0I36057f,9
Torino
Adelsy S,D.A
C.so Ma:t€ott:. 32/ft,
10121 Torino
Tel: 011/53914

Udlnrl
ArJeby S.p.A
Via Maranconi, "'5/413
331 DO Udine
Tel' 0432/26996

t,';stdenua ell Rel10
I.e,c, S.r,l.
Loca\f~a LipPD
Viil Cr~;c(lttar 38
40012 Calderare Di R~nD
Tel 051026186

NORWAY
J.M, r:e,r~ng A/S
Box. 1f;;-" Bryn, 0:S10 I;
Tel" (02: 1%2,00
TfJlex: "1'3435

SWIW"N
Aigilrs E.lektronik AS
80x 705?:
$-172',07 SundbyborD
Tel 08~9854i'5, ~

TGicx' 10526

SWITZERLAND
EllYPtic AG
Postfach 174, 8036 Z!.iriC~l
TeL 33.05,89
T8ieK~ 56835

TURKEY
~FG Inc
B\.IYL'kd~re cad Hayat
/I.,p ~~8/1

Mecldiyekoy, lstanblll
Tel' 66 (,36i',
Tel8x: 2;?562

UNITED KINGDOM
Kelghloy
S(~n'\ir.orr\p~ Northern Ltd
frlgrow Calle
KOl9hley, IV, YorKS
Tel/' Keighley 65191,
Tolex' 5173J3
Kelso
S~mlr;omD~ Northern Ltd,
E~i$t Bowmont Street
l(elsa, ROxburgJlshiro
Tol: 1(01502366,
T€~lex: 728f2

EUROPE

KEJn1]wor)h
~"':micomps Ucl
:3 Warwick HOeJse, Sta. Rd,
Kenilworth, Warw((;.<shirc
T'el: 092€H5941t
T81ex; 312"12

Munctle~ler

ODS (9al",) Ltd
24 Broughton St
Che~jon Hill, Manchester
Tel. airl 8~1 7471
Telex 66830~

Porlt;;ltlQUm
SDS Components Ltd,
H(lse~ InclLs1rH11 Estate
Portsfr'outh,
Han" PO;) 5JVy
Tel: 0705 65311,
Telex: 86119

SI, Ami;Jns
$ernicomps Ltd,
Wellington ROdd
Lcmdon Colney
St Alrl3ns, Herts
Tel' Bawmans- Green 24522
Telex 21108

Slough
GDS (Sales) Ud,
380 Bath Koao
Slough SL \ 6JE
"re\ 0628(:-6::,.611, T~lex:' 847571

We::lf Orayton
Semiconductor Spe{;ialts,\s Ltc}.
Premi~r \-11J1lSE, FairflElld Road
Views-loy, WOS'i Drayton
Mirjdles.sx,
Yei, Wcst Drayton 46415
Telex: 21958

VUGOSLAVIA
EHyp~ic AG.
Posttach 174,8036 Zun'c'1:
Tel: 33-Ot>,8~1, Telex: 56835

MIDDLE EAST

IRAN
A, Ardcl1al;
136 VOl.ara Avenue, Tenran
Tol: 62'158.1

ISRAEL
Al/:l'~andGr SchneIder Ltd
44 ~)etach T\kv<l ROad
Tat~Avlv

Tel. 320.B0-346,07
Telex: 3~~613

ASIA

HONG KONG
Asteo InterllatiDnal Ltd,
OrientE'll Centre ~"'C 14Ul Floor
67-71 Crlat;1am Road. KOWloon
Tel: 3-6947~'1, Tetllx' 780·74899

INDIA
SDM and A5soC'''tes
A-3/9 Jnnakpur!
New DeW" -, 1eO 058
Tel; 393,349 or 391225

KOREA
Df.lngycliJnG Trading Company
CPO aDX 73({6, SE!DU\
Tel: 194#4B12, Tf)\~TX' ~73J5

PHi!.. IPPII<lES
Astec Phillppines
Makllti StoCk Exchange Bld~l

2nd Floor, ~~OOITI 23.3
Ayala Ave" Maf.;a!l Rlzal 31-17
T.el; 89-99~9i, Telex: 0756355$

SINGAPORE
As~ec SlngapQre. Pte L1d
1704, Golder. Mi}e Towen>
BeeCh Road, Sjngapon~ 7
Tel: 2~920-8261

T olex: 08723489

TAIWAN
Aste!c Taiw<'ln
R'JQm 803, Btl1 Floor
2e2 Lin Shinr Road, Talpr:1
TBI' 522.4800, Tolex: 08523300

AIJSTi~ALIA

New SOlJth Wales
G,f"S, (Ply) Ltd
99 A\cXf'lnder Street
Crows Nest. N,S.W
Tel. 439-2488. TfJ~ex 25486
'Viclorla
Hand D ElectronicB- (Pty) L[(!.
23 8ul'WOOO Road
Burwood, Victoria
TEiJ: 288·B2J2, Telex, 332E8

SOUTH AFRICA

Bramloey
Melliot,,'cs (pty.) Ltd
P,O, Box 89690
8r9.I))\oy 2018
Tef 4()~T! J.e, T0\ax: 8-48.52
OunSw6,t
Pace EiectrmH
Gonpor.ents ,Pty) Lw
P.O Bo~ eOSI1
Ourswrt 1508
Tel 52~7025, Telex, 8-7821
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