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This users' manual for the TNW-2000 Serial Interface
presents the information you need to use the TNW-2000,
accompanied by background material describing the
RS-232 and IEEE-488 data transmission standards.

The sections of the manual cover:

TNW-2000 Rear Panel Components-
Connection of the TNW-2000 to PET or other computer
Connection to peripheral devices
TNW-2000 device strapping options
IEEE bus address
Parity
PET/ASCII conversion
Baud rate
Operation of TNW-2000 with PET
Transmitting data
Listing programs
Receiving data
Overview: RS=232
Overview: IEEE 488 bus
PET character set
ASCII character set
Machng \a.v\ﬁv.tje Toeks® ArHu PET LEEE bus
We welcome your comments on, suggestions for, and criticisms
of our Serial Interface Module and this documentation.

Doug Gage (714) 223-1176
Gary Huckell (714) 583-2652
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OVERVIEW
RS-232¢C

RS=232

EIA (Electronic Industries Association) Standard RS-232-C is
entitled "Interface Between Data Terminal Equipment and Data
Communication Equipment Employing Serial Binary Data
Interchange". The standard itself 1is a 29 page document
whose major sections are titled "Electrical Signal
Characteristices", "Interface Mechanical Characteristics",
"Functional Description of Interchange Circuits", and
"Standard Interfaces for Selected Communication System
Configurations™".

Wnat this translates 1into 1is a convention for data
transmission over short distances and at bit rates of up to
about 20 kbps, which was originally designed to interface
terminals to telephone modems, but which is now used very
widely for the interconnection of computers and peripherals
of all sorts, including terminals, printers, and plotters,
as well as modems.

Background: Serial, Asynchronous

The transfer of digital data 1is often accomplished by
sending the data in what is called serial form: a bit at a
time over a single wire (as opposed to parallel, in which
different bits travel over different wires at the same time)
and wusing one of two general transmission techniques:
synchronous or asynchronous. Synchronous data transmission
requires a clock (usually transmitted on a separate line) to
mark the start of each data bit interval. In addition,
special synchronization data patterns may be used to allow
for the receiver to locate the first bit of the message.
With synchronous transmission, each data bit must follow
contigucusly after the sync word, since one dzta bit is
assumed for each clock period. -

With asynchronous transmission, a c¢clock signal 1s not
transmitted with the data and the characters need not be



contiguous. This is made possible by adding synchronizing

s@art and stop elements to each character as shown in the
figure below.

TP /v Sm?\» [

SN S I R [l I
/1¥ - —

S

STRRT /N OnE B a\x LQIAART awvt SNE D /™
cwaeaster (V\03 \@ 22) CLARRARITE R L@c\ﬁ%cu@
Figure 2-1 A SYNCRY RONGOU S QAT A

The start element is a single logic zero (space) data bit
that 1is added to the front of each character. The stop
element is a logic one (mark) thazt is added to the end of
each character. The stop element is maintained until the
next data character is ready to be transmitted.
(Asynchronous transmission is often refered to as start-stop
transmission). Although there is no wupper 1limit to the
length of the stop element, there is a lower limit that

depends on the data communications equipment
characteristics. Typical loyer*limits are 1.0, 1,42, or 2.0 . .
data bit times. The negativé??oing transition (from 1logic  pesrhve
one to logic zero) of the start element defines the location Volbase
of the data bits in one character. A clock source at the brams e

receiver 1s reset by this transition and is used to locate
e

the center of each data bit, at which time the logic signal
voltage level is sampled.

There are several reasons for using asynchronocus
transmission. The major reason 1is that transmission is
simplified since a clock signal need not be transmitted with
the data. Another advantage of asynchronous transmission is
that the characters need not be contiguous in time, but may
be transmitted as they become available. This feature 1is
valuable when transmitting dzta from manual entry devices
such as keyboard.

Asynchronous transmission over a simple twisted wire pair

can Dbe accomplished at moderately high baud rates: G600
baud or higher depending on the length of the wire, type of
line driver, etc, When operating over the telephone

network, a modem 1is required to convert the data pulses to
tones that can be transmitted througn ths network.

while the RS-222-C specification zpplies to both synchronous
and asynchronous data trainsmission, the TNW-2000 will
suppeort only asynchronous communicastions.



RS=-232-C: Mechanical And Electrical

The RS 232 spec calls for & 25 pin connsctor, with the male
part tied to the Data Terminal Equipment (DTE) and the
female . to the Data Communications Equipment (DCE).
Electrically, a 1logic =zero (SPACE) 1s representad by a
voltage between +5 and +15 V, a logic one (MARK) by =
voltage between -5 and -15 V. Note that the voltage falls

as the logic level rises, and vice versa; this scheme 1is
inverted for M™MIL STD 1&8C. The RS232 tandard also
prescribes electrical impedences, drive capabilities, and

signal wveltaze rate-of-change limits; consult the spec if
you are really interested.

MIL STD 183C And Current Loops: IMPORTAKT - Not all
serial equipment usses the RS 232 interface signal levels.
The two important exceptions are the MIL STD 183C low level
interface and the high level current loop interface. MIL

STD 183C differs from RS 232 in signal polarity: the
veltage levels for MARK and SPACE are reversed, as mentioned
above. If a MIL STD 183C equipment 1s inadvertently

conagscted to a RS 232 interface, no damage will cccur.

The high level interface is a more severe problem. IF A
HIGH LEVEL EQUIPMENT IS CCHNECTED DIRECTLY TO THE
TNW-2C88 SOMETHING WILL BE DE3STROYED!

There are two types of high 1level interfaces. Standard
Teletype aquipment requires 120 Volts, 80 milliamperes sinca
the interface signal must drive a high speed relzy directly.
Later Teletypes, including the very common Model 33, use a
solid state high level interface., This is normally sp=2ced
to work with 120 wvolts, 20 milliamperes, but since it is
solid state and not a2 relay, it will actually work at a much
lower wvoltaze (but with the same current). Many sarizal
equipments nave been designed to bz compatible with the - 20
mill current loop, using a current of 20 milliamps, but at a
voltage of 12 volts or less. The THW —2000 doas NOT

connect directly to the current interface.



RS =232—-C: Interchange Circuits

The signal interchange circuits defined by R3S —=232 C fall

into four groups: ground, data, control, and timing. Since
the timing signals (clocks) apply only ¢to synchronous
communications (which the TNW-2007 does not support) and

ground 1is an uninteresting signal, we will be concerned here
cnly with the data and control lines.

Embedded within a complete RS 232 interface are tLwo separate
bidirectional data channels. The so-called seconfdary
channel is intended (in the context of the spec¢) to serve as
a low speed backward channel or as an auxiliary channel to
convey status information.

Asscociated with =ach of the two data channels are three
control signals, BRequest to Sent (to DCE), Clear to Send
(from DCE), and Received Line Signal Detector (from DCE).
Six additional signals are associated with the interface zs
a whole rather than with sither of the data channels in
particular: Data Set Ready (from LDCE), Data Terminzl Ready
(to DCE), Ring Indicator (from DCE), Signal Quality Detesctor
(from DCE), and Data Signal Rate Selectors for botn DTE and
DCE. These control lines serve several major functions:

0) 1is
(often
s the

et by the DTE to indicate that it is functional
a power-on indicator). Data Set Ready (pin %) i
complementary function performed by tne DCE,.

Cperational Status: Data Terminal Ready (pin 2

Initiation of Data Transfer: Request to Send (pin 4)
is activated by the DTE when it wishes %to transmit data
to the DCE; Clear to Send (pin 5) 1s the signal by
which the DCE indicates that it is capable of recesiving
data from the DTE for transmission (i.e., is generating
a carrier tone and receiving the carrier from the
remcte modem). :

Status Checking: Signal Detect (pin £) is set by the
DCE to indicate that a carrier of sufficient amplitude
is being raceived. Signal Quality Detector (pin 21) is

set by the DCE to indicate that the quality of the
communications line is satisfactory.

Initiation of Link: Ring Indicator (pin 22) is set b
the DCE to indicate that an incoming call is being
initiated (answer mode for the modem).



]

L’ﬂu TMW-2000 doecs nat. uge atl of (e ‘P‘;\"!

The modem orientation of these signal functions 1is <c¢learly
apparent. In the more general case in which the DCE and [DTE
roles are not being filled by a terminal and a mecdem, these
signals <¢an be used for whatever purposes the user may
choose, provided that the interpretation assigned each
signal 1is shared by the two devices.

R5-232-C Connector Pin Assignments - For
completeness only, we present in this subsection a complete
list of the signal to pin assignments prescribed by the
RS-232-C specification (including the equivalent signal
designations of the CCITT, the 1international standards
organization corresponding to the American EIA).

Uost -systems will use a relatively smzll sudset of these

signals. In fact, many peripherzal devices use no control

llngﬁ%gor, if they are used, they <can be Jjumpered rather
1 AL

tha nipulated,

# EIA CCITT FROM NAME

1 AA 101 Protective Ground

2 BA 103 DTE Transmitted Data

3 BB 104 DCE Received Data

4 CA 105 DTE Request to Send

5 CcB 106 DCE Clear to Send

5 ccC 107 DCE Data Set ready

7 AB 102 Signal Ground

3 CF 106 DCE Received Line Signal Detector

9 (Reserved for Data Set Testing)
10 (Reserved for Data Set Testing)
11 Unassigned

12 SCF 122 DCE Sec. Rec'd Line Signel Detector
13 SCB 121 DCE Secondary Clear to Send

14 3BA 118 DTE Secondary Transmitted data

15 DB 114 DCE Transmission Signal Element Timing
16 'SBB 11¢ DCE Secondary Received data

17 DD 115 DCE Receiver Signal Element Timing

12 Unassigned

16 3CA 120 DTE Secondary Requast to Send

20 CD 1032.2 DTE Data terminal Ready

21 CG 110 DCE Signal Quzlity Detector

22 CE 125 DCE Ring Indicsator

22 CH/CI 111/11:2 Data Signal Rate Selector: DTE/DCE
24 DA 113 DTE Transmitter Signal Timing El=ment
25 Unassigned



OVERVIEW :
IEEE BUS

The happiest thing iﬂput the IEEE bus interface is that the
user of the TNW'aneed know virtually nothing about how it
WOorks. Its wuse "with PET, in particular, is almost
completely transparent. Physically you just connect the TNW
module to your computer with a czble (keyed so it can't fit
onto the wrong connector, or upside down). After checking
the IEEE bus "Address" of your module as s2t by DIP switches
on the board, all that's 1left 1is programming. It is
nevertheless recommended that the TMW module user read the
remainder of this sectin in order to become familiar with
wnat is actually happening in his machine.

"IEEE 438" 1is a shorthand designation for "IEEE Standard
433-1975" which is the "IEEE Standard Digital Interface for
Programmable Instrumentation." The IEEE (Institute of
Electrical and Electronic Engineers) developed this standard
(their 488th, and adopted in 1975), so that programmable
instruments made by different manufacturers, but all
following this Standard , could communicate ecasily with one
anotaer. The Standard has also been adopted by ANSI (the
American National Standards Institute) as ANSI MC 1.1-1975.

The actuzl form o¢f the interface was developed by the
fewlett-Packard Company (who <czll it the Hewlett-Packard
Instrument Bus, or HP-IB), and later adopted by the IEEE and

ANST. The instruments for which it was originzlly intended
include such devices as frequency synthesizers,
counter/timers, and the like. The IEEE 488 1interface

suddenly bacame very important to the world of personal

computers when Commodore designed this interface into their
PET.

The IEEE bus allows the transfer of digital data among up to
15 devices connected together by cables whose total length
is less thnan 20 meters, so it is not designed to work over
geographical distances. Data 1is transferrred in parallel
format (8 bits, or one '"byte", at a time), and in an
asynchronous fashion (the speed of each transaction on the
bus is set by the slowest device participating in that
transactiocn), with a total maximum data rate on zny signal
lins of 1 Mbps (million bits per second).

n
4=

The cable that connects devices on the IEEE bus hnas
6

wires: ¢ grounds and 1 signal lines,

These signals are
functionszlly divided into 3 groups: & data _lines
(DIO1-DICE), 3 data byte transfer control lines, and 5 bus

management linss.

The 3 data byte transfer control linss zre used in what 1is
called a "3 wire handsnake'" to ensure tnhat the % data bits
are-properly transferred. These signals are named Not Ready
for Data (NRFD), Data Valid (DAV), and Not Data Accspted



(NDAC). The signals are active low, which means that if any
one or more devices on the bus pulls the signal level low
(sets it), it is low. Otherwise, it is high (released).

Each transfer of data involves a "Talker" or transmitter,
and one or more "Listeners" or receivers. (We'll explain
later how devices get to be Talkers and Listeners).
Essentially the way it works is that the Talker waits until
all Listeners have released NRFD (that 1is, have indicated
that they ARE ready for data), then it puts the data onto
the data lines and sets DAV, to tell the Listensrs that the
data can be sampled. As each Listener detects that DAV is

set, it sets NRFD, then takes data and releases NDAC. When
the final Listener released NDAC, the signal level on tat
line goes high and the Talker knows that all Listener have

received the data. The Talker then releasaes the DAV line to
indicate that data is no longer valid and available on the
line. When 2all the Listeners are ready to recaive the next
byte, the NRFD line will rise again and the Talker <can put
the next byte on the data lines (if it has anotner byte),
and so on.

The dialogue, then, sounds something like this:

Listeners: ™A1l of us are ready for you to give us the
next byte."

Talker: "Here is the next byte for you to copy."

Listensrs: "Now we are not ready for the KEXT byte
becauss we are now working on copying tne current one."

Listeners: "We have all read th2 current byte.”
Talker: "I have now removed the byte from the data
lines.”

1

Listeners: "All of us are ready for you to give us the
naxt byte."

And so on until all the data has been transferred.

-
0O

(02 ¢}

s get to be the Talker or Listenar through the use

bus management lines. One and only one device on ¢t
performs the function of a Controller, who (zalcne) se
releases a signal called Attention (ATN). Some devic
the THNW 432/103 and the TNW u488/232) are not capab
of performing the Controller function. Cthers (like the
PET) assume that they are the Controller, and are 1incapable
of relinquisning control (this 1is why 2 PETs cannot b=e

jo )

~ N C O
[ T ot
O n <

~
D

connected directly together via the IEEE Dbus: they would
both try ©toc bs the Controller, with very bad results).
Finzlly, some devices can gither act as the Controller or
relinquisit contrcl to another device.



When the Controller sets ATN and transmits a data byte,
every device on the bus becomes a temporary Listener, and
interprets the data in a particular way. Every device on
the bus has an "Address," a number between 0 and 39,
assigned to it. If the data byte has a value of between 22
and 62, the device whose address is 32 less than the value
of the byte makes itself a Listener. If the value 1is 3,
all Listeners stop Listening) this is called "Unlisten").
If the value of the byte is between 64 and 94, the device
whose address 1is 64 less than that value becomes a Talker;
95 is the "Untalk" command. Some other values (less than 32
or greater than $5) also have specific meanings when ATN is
set, but it is not important to describe them here.

It is not necessary, although it is wusual, that a device
snould have the same alk address as Listen address. Some
devices , including Soméa NW interface modules, use multiple
addresses for both Talk and Listen, in order to simplify the
distinction between data and command/status informaticn.
The Commodore PET has dedicated ¢the device numbers
(addresses) 0 through 3 for internal peripherals (screen,

tape drives, and keyboard), so these numbers are not
available for addresses for devices to function with the

PET. Other restrictions may apply for wuse with other
computers. ' .

The other 4 bus management signals besides ATN are 3Service
Request, (SRQ), Interface Clear (IFC), Remote Enable (REN),
and End or Identify (EOI). SRQ is used by a device on the
bus to signals to the Controller that it requires sonz:
attention. The Controller then executes what 1is called a
Serial Poll in order to see which device is doing the
requesting. The PET doesn't do anything with SRQ. IFC 1is
use2d to initialize all devices on the bus; PET performs
this function only when it is powered up. REN 1is relevant
only tc instruments that can funcetion either under program
contrel (over the IEEE bus) or through physical controls on
the instrument front panel. Finally, EOI 'is set by a Talker
to indicate that the data byte being transferred is the last
of the sequence. Again, the user of the TNW mocdule with PET
need not be concerned with any of these detalls, they are
included here for information only.
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Start of Heading
Start of Text
End of Text

End of Transmission
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Acknowiedge
Bell

Backspace
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Line Feed
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Carriage Return
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Shift In

Pata Link Escape
— Device Control

Negative Ack. ’

Synchronous Idle

£nd of Trans Block

Cancet

End of Medium

Substitute

Escape

File Separator

Group Separator

Record Separator

Unit Separator

Delete (Rubout)
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(4K /8] PET CHARACTER SET

As mentioned in the text, the PET character set is a sort of
half-ASCII. )

Keyboard Encoding

Two keys on the PET keyboard perform special functions:
holding SHIFT down sets the most significant bit (bit 7) of
any other key pressed to 1; otherwise that bit is 0; the
STOP key <causes a break in a running BASIC program;
shifted, this key (RUN) performs the equivalent of LOAD
followed by RUN. The operating system interprets all other
Keys as character input: GETC$:C=ASC(CS$) yields the
following values:

RVS 18
HOME 19
CRSR down 17
CRSR right 29
DEL 20

All other keys produce their ASCII equivalents: RETURN
yields 13, and the other keys are all the ASCII values from
32 through 95 inclusive.

Screen Encoding

C$=CHR$(C): PRINTCS$ produces the following effects (numbers
not shown have null effect):

13 RETURN (same as ASCII 13)

17 CRSR down

18 RVS (begin reverse field printing

19 HOME '

20 DELETE delete character

29 CRSR right

32-95 same as ASCII

96-127 repeat of ASCII 32-63

141 RETURN

145 CRSR up

146 OFF (end reverse field of characters)

147 CLR (clear screen)

148 INST insert character

157 CRSR left

160-255 PET graphics charcters. Execution of POKE
59468, 14 replaces the graphics characters 193-218 with
lower case a-z.



"High Level" ilachine Language aocoks
for FPET IZEZEZ 488 bus....

FFPC6 IDX with the file number of an open input file,
then JSR FFC6 makes the device a-talker (then
use JSR FFEZ4 to get characters)

FFPC9 1DX with the file number of an open output file,
tnen JSR FFPCY9 makes the device a listener (then
use JSR FFD2 to print characters)

FrCC J53 FPCC issues UNLISTEN and UNTALK commands on

the IZZZ 488 bus, restores I/0 to "from keyboard"®
and "to screen® (clobbers thae accumulater A)

FFDQ, ID5A with a byte, tnen JS3 FFD2 to print the char
to the current output file

FFI4 IS’ FFE4 gets a character from the current input
file, leaves it in A

FZCF JSR FFCF invuts a character from the current input
file (narder to use?)






