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MA1026 Digital LED Alarm Clock/Thermometer Module

General Description

The MAI028 is a complete electronic digital clock/
thermometer module featuring a 4-digit LED display.
A transformer, setting switchas, and temperature sensor
are required to produce a low-cost, full featured move-
ment for use in thermometer, alarm clock, clock radio,
instrument panel clock and appliance timer applications.
Advanced packaging technigues allow minimum overall
size and high volume production of finished products.

‘i)(ey features include temperature display in both % or
F, multiple S-minute snocze, “one-finger ™ sleep setting,
easy to use fast and slow setting controls, seconds dis-
play. PM, alarmn ON, colon and degree indicators and
tirne-set fockout. Included are components for on-board
radio switching and speaker drive of an 800 Hz {(nomin-
al} alarm-lone output gated at a2 2 Hz rate. Maximum
flaxibility is provided by user-programmable 12 or
24-hour display, 50 or 60 Hz input and fixed or flash-
ing colon indicator. in addition, the display brightness
level can be varied with a potentiometer for continuous
control, or an SPSY switch for bright/dim modes.

Applications

Clock radio timers
Alarm clocks

Dask clocks

TV /stereo timers
Instrument panel clocks
Thermometers {C or °F)
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Functional Features

®
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0.7 — 4-digit LED display available with or Without
lens in red or clear surface color

“One-finger” 59-minute sleep counter setting

Multiple 9-minute snooze counter

24-hour alarm with ON-OFF control

PM, colon, degree and alarm “On™ LED indicators
Entire display'ﬂashes to indicate power loss

Simple fast/stow setting controls )

Time-set lockout feature eliminates accidental time-
setting without inhibiting alarm or sleep setting

& display modes (temperature, time, seconds, alarm,
sleep and lamp test)

User selectable "C/°F, 12/24-hour, 50/60 Hz and
fixed/flashing colon functions

Leading zero blanking

g Complete system requires the addition of trans-

former, setting switches and sensor

Direct-drive LED display - no RF!

Bright/dim or continuous display brightness control
capability

800 Hz (nominal} alarm-tone output, gated at a
2 Hz rate

include buffering for alarm clock (8{1 speaker drive}
or clack radio {power switch} applications

24-hour output signal for optional calendar circuit

& Separate inputs for all setting and display modes
& Back-up osciflator option for continuous timekeeping

during a power failure

Display Outline
MAT0ZE6
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Ordering Information

MAT026XX
TT— SURFACE COLOR
R = Red
W = Clear

SURFACE TYPE
L = Plastic Lens Cover
With Diffuser
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Absolute Maximum Ratings

Vollage at All Pins Except
1,3 and 32
Voltage 2t Pins t and 32
Voitage at Pin 3
Operating Temperature Range {Note 2}
Storage Temperature Range
Terminal Temperature (Soldering, 5 seconds)

Vgg— 0.3V to Vgg ¢+ 12V
Vgs -~ 3V to Vgg + 6V
Vgg~ 17V to Wgg + 17V
¢°C o 70°C

~-20°C to +85°C

230°C

Electrical Characteristics Ta =25°C, vac = 10.5 Vrms, Vgg = OV, VgD = 3.0V, unless otherwise specified.

PARAMETER CONDITIONS MIN Tve MAX UNITS
vac MOS Supply Voltage Fully Operational Temp/Clock 9.0 10.5% 12.0 Vrms
Power Fail Detect (Mote 1} 3 6 Vrms
tac  MOS Suppty Current 10 15 mAAYG
Viep LEO Supply Voltage 2.5 3.0 - 35 Vrms x 2
ILep LED Supply Current Lamp Test (AN 30 Segments ON) 300 MAAVG
Pin 4 Open {(Max Brightness)
VgaTt MOS Supply Voltage Vac =0V, Vigp = OV, Timekeeping 7.5 9.0 120 Voc
Maintained
iBATT MOS Supply Current VBATT =8,0 VDC 50 10,0 mADC
Control ingut Signal Levels{Pins 10-22}
Logical Low Level Voltage Vss Vgs + 0.5 v
Logical High Leve! Voltage Voo - 3V Voo v
tnput Current Internal Resistance 10 Vpp, ViN * VSS -10 HA
Temp Sensor Input Vottage (Pin 7} 10 mV/'C (10k Input Resistance to Vgg) 2.33 Note 3 3.63 v
Temp Sensor {nput Current 1A’ C 233 Note 3 363 HA
Atarm/Steep Qutput Current
ALM/SLP ON, Sink Current VoL = Vgg + 2V 5 mA
ALM/SLP OFF, Source Current YoM = Voo - 0.25Vv -40 LA
24-Hour Qutput Current
AM. ON/Sink Current VoL = Vsg + 2V 400 uA
PM, OF F/Source Current VoM = Vpp 0.25v -100 77
Temperature Display Range ~40 23] °C
-40 193 °F
Thermometer Resolution 1 “Cor °F
Thermometer Accuracy Ta = 25 C (Notes 2 and 31 *0.5 2 °C
Ta Over Qperating Range {Notes 2 and 3} +1 i4 °F
Alarm Quiput Frequency Ta and V a¢ Over Operating Range 800 Hz
Radio Supply input Current (Pin 27) 200 mA
Speaker Output Curcent Ry = 8142, 50% Duty Cycle 150 mA peak

Note 1: The power fail detect voltage is 0.25 volts or more above the voltage at which tirnekeeping data will be lost,

Nate Z2: Does not include temperature sensor,

Nota 3: The sensor input current must remain between 233 uA and 363 uA at a 1 gAF°C slope for proper temperature display, Similaely, the
s2ns0r input voitage must remain between 2.33V and 3.63V at a 10 mV/°C slope for proper temperature dispiay.




Optical Characteristics
Ta=25°C, Vac = 10.5 Vrms, Vgg = OV, V{ gp = 3.0 Vims (MA1026), unless otherwise specified.

PARAMETER CONDITIONS M Ve MAX UPTS
Segment Light Intensity LR-Type Display 140 280 ued
{indicators Included} LW-Type Display 175 350 ‘ ped
Peak Wavelength 660 nm
Spectral Width, Half-intensity 40 nm
Viewing Angle Angle from Normal Axis &0 degrees
intensity Maiching Pin 4 Open and at Vg5 £33 %
{Bright/Dim)

Typical Performance Characteristics
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Conditions:

1. Lamp test {ali segments driven)

2. Dislay dim (pin 6) open —
maximum brightness
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Conditions:

i. Lamp test {all segments driven}

2. Display dim {pin 6} open —
maximum brightness
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2. Display dim {pin 6] open —
maximum brightness

Vigp ~ MAXIMUM ALLOWABLE LED

IGATT - MOS BATTERY CURRENT tmApg)

SUPPLY VOLTAGE (Vrma)

§8

40

38

8

8

]

Typical MOS Battery Current
vs MOS Battery Voltage

a/
»~
P

|1

/ gavy

— E
/! [T

comass (BATY
; § & .51
3, i i i i 3, 3, 4

812348667689 101112
YgATT - MOS BATTERY VOLTAGE {vpgl

Conditions:
1. Ve =0V
2.V gp =0V
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1.68Vrms < Ve < 8.0 Vems

2. Display dim {pin 6} open —~
maxirmum brightness

3. Lamp test {all segments driven)
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Functional Description

The various display modes and their priorities are
fisted in Table |. The functions of the seiting controfs
in combination with the selected display mode are
summarized in Table 11,

INPUTS

Display Mode Select Inputs {Pins 17, 18, 19 and 20k
In the absence of these inputs {i.e., pin open), time-
of-day {hours:minutes) information is displayed. The
four inputs {DISPLAY SECONDS, DISPLAY ALARM,
DISPLAY SLEEP, DISPLAY TEMPERATURE} have
internal pull-up resistors to Vpp. Connection of any
combination of these inpuis to Vgg resuits in l-of
@ display modes whose priorities and functions are
tisted in Table . For example, seconds may be displayed
by connecting pin 17 to Vgg: howewer, connecting
pins 17 and 18 to Vgg results in the alarm time being
displayed. Note that DISPLAY SLEEP {pin 19} and
DISPLAY ALARM {pin 18} have equal priorities and
when connected to Vg, all display drivers are turned
on, providing a lamp test display mode.

Time Setting inputs {(Pins 14, 15): FAST SET (pin 14}
and SLOW SET {pin 15} inputs may be applied either
singularly or in combination to obtain the controi
functions listed in Table il Internal pull-up resistors
to Vpp are provided as well as switch debounce cir-
cuitry on each input. Application of either or both
inputs is made by conneciing the appropriate pin to
Vgs. Note that the control functions are dependent
on the selected display mode. For example, a time
reset to 12:00:00 AM may be made by selecting either
time or seconds display mode and connecting pins 14,

display maode, the contents of the sleep counter would
be displaved and reset to :59 minutes.

Time Set Alicw fnput {Pin 16): This input enables fast
or slow setting of time when the selected display mode
is time or seconds. An internal pull-up resistor is pro-
vided on the input. To set time, connect pin 16 to Vgg
in combination with pin 14 and/or pin 15 {provided
time or seconds is the selected display mode). When
the selected display mode is alarm or sleep, TIME SET
ALLOW does not inhibit setting of either the alarm or
steep counters {i.e., pin 16 may be left open to set alarm
or sleep time).

80/60 Hz Select Input {Pin 12): A programmable
prescale counter divides the Vagc input line frequency
by either 50 or 60 to obtain a 1 pps time base. To
program the counter to divide by 60, simply leave pin
12 unconnected {a pull-up resistor to Vpp is provided).
50 H2z operation is obtained by connecting pin 12 to

Vsgs.

Colon Control Input (Pin 11}: This input selects between
a flashing or non-flashing colon. If left open or con-
nacted to Vpp, the colon witl flash at a 1 Hz rate.
Connection to VYgg will produce a non-flashing (always
ON} colon. An internal pullup resistor to Vpp is
provided on the input.

12/24-Hour Select lnput {Pin 13): This input selects
between 12 and 24-hour display formats. If left open or
connected to Vpn, the 12-hour format is selected. The
PM indicator (in the upper left corner of the display}
is then used to distinguish between AM and PM times.
This indication annlias far hath tima and alarm dienlav




Functional Description continuea

selected. The PM indication i3 aot active in this mode.
An nternal pull-up resistor to VY is provided on the
input.

Snooze input (Pin 22): Momentarily connacting pin 22
to Vgg disables the sleep output, twning off Q2 and
the associated radio power supply. if the alarm has
sounded just prior to this, the zlarm output is alse
disabled and the sleep counter iz reset to B minutes.
Both outouts will be dicabled for 8 1o & minutes
{depending upon the contents of the seconds counter}
after which the alarm will again be sounded. The snooze
feature may be used repestediy during the 58 minutes
in which the alarm latch remasins set. & pull-up resistor
o Von is provided on the input.

Alarme OFF fnput {Pin 21} Connscting nin 21 0 Vgg
disables the alarm and sieep outputs, thereby silencing
alarm and/or radio. Momentary connection te Vgg also
readies the alarm latch for the next slarm time, in
which caze the alarm and/or radio will sound again at
the next alarm setting. If it is desived to silence the
alarm for a day or more, the ALARM OFF input shouid
remain at VYgg. This input is returned to VD by an
internal resistor. An glarm ON indicator in the lower
right corner of the display is proviged to indicate the
alarm is enablad.

Display Dim Input {(Pis 4): When left open, maximum
gote drive to the display owtput drivers ensures mas
o {100%} display brightness. Connecting pin 4
10 Vgg reduces LED supply current by approximately
78%, resuiting in 25% display brightness. &4 10k poten-
tiometer may be used in place of 3 switch to select any
relative brighiness feve! hetween 258% and 100%.

Temperature Sensor input {Pin Fh: This mnput is active
when the selected display mode is temperature. Although
the MOS input is a voltage comparator input, a 10k $1%
resistor is provided on the input to Vgg allowing the
module to accept efther voltage or gurrent mode temp-
erature sensors. {f a voltage source is used, the input
voltage must remain between 2,33V (~40°C) and 363V
{+90°Ch. If 2 current source is used as the temperature
sensor {e.g., LM334} the input current must remain
between 233 pA (-40°C) and 363 pA (+80°C). Voltage
sensitivity is 10 mV/ C and current sengitivity is 1 uASC.
Sensor wire fength will not affect thermometer accuracy
if the current source sensor is used, Sansor input levels
outside the limits mentioned result in maxirmum levels
only being displayed.

°CI°F Select Input (Fin 101: This input selects between
o o N . .
C or F display format in the temperature mode, if
left open or connacted to Vg, the sensor temperature
will be displayed in degrees Fahrenheit. 1Y connected 1o
Vgg, degrees Centigrade will be the selected mode. An
internal resistance is provided on the input 10 V.

Hold fnput {Pin 311 This input is used o momen-
tarily hold time from advancing when connected to
Vgg. This input can also be used to feed in an external
50 or 60 Hz timebase signal when the user requires
entirely DC operation. This may come from the 60 Hz

asutput of an MME369 when guartz crystal accuracy is
required, for example. See Applications information
section of data shes¢ {Instrument Pansl Thermometer
Agpplication].

Stendby Oscillater Input {Pin B): By connecting a
§ M potentiometer between pin 26 and Vpp, and
adjusting it correctly, timekesping can be maintained
during power failure, provided 3 9V battery is used
to power the MOS cireuit {pin 2), Correct timing is
obtained by tritaming the input frequency {pin 26)
o 20 Hz. Although the LED display will remain off
during power Tailure, the correct time is held by the
time eounters and counling continues, When line power
resumes, the display rewuns 20 normal brightness,
displaving the corvect time without flashing.

QUTPUTS

Sleen/Radie Supply Quiputs {(Pins 24, 27 and 28):
The sleep output (pin 24} can be used to wrn off a
radio after a dasired time interval of up o 59 minutes,
The time interval is chosen by selecting the sleep display
mode (Table {} and setting the desired fime interval
{Vable 11}, Pin Z4 sinks current, turning on 02, and thus
the radic {or other apoliance]l it enzbled. When the
deep counter, which decrements, reaches 00 minutes,
the sleep output drive is removed, disabling the radio.
This tuen-off may 2iso be manually controlled by a
mormentary Vag connection to the snoore input {pin
22}, When the comtents of the sleep counter reaches
00 minutes, displaving sleep sutomatically resets the
contents of the sisep counter to 59 minutes. This
enabies the sleep cutput, causing radio wrnon. If a
sleep time other than 858 minutes is desired, 2 manual
set must be performed. Since most users desite the
longest possible steep time, this feature minimizes pre-
badtime setting operations. Npte that 00 minutes on
the sleep counter wifl never be displaved as displaying
steep sutomaticaily resets it 1o 159 minutes.

Alarma/Speaker Outputs (Pins 25, 29 and 30): When
coincidence occurs between the alarm counter and the
real time counter fthours and minutes only) a fatch is
set in the alarm circuit which enables the alarm tone 1o
appezr at the alarm output {pin 25). This output drives
the base of Of, which in tum can drive an 8l to 16 2
spraker {pins 79 and 30). The alarm fatch remazins set
for 59 minuies, during which the slarm will sound if not
irhibited by sither the SNOQZE (pin 22) or ALARM
GFF {pin Z1} inputs. The alarm tone is generated by an
internal alarm oscillator whose frequency is determined
by the R4/C3I time constant on the module (approxi-
mately 8500 Hz}. The 800 Hz tone is gated by 2 2 Hz
square wave signal before being enabled at the ALARM
QUTPUY. The alarm signal is further modulated by the
120 Hr fullwave rectified LED supply used to drive the
speaker directly.

24-Hour Output [(Phe 23): This output is driven by the
real time couater chain and produces 3 50% duty cycle
square wave output which is Vpyp (OFF) during PM
time and Vgg (ON} during AM dme. This output is
provided to the user for date recording purposes and
may drive a separate optional calendar circuit which
records the dav. date and/or month.




Functional Description continued

TABLE I, MA1026 DISPLAY MODES

SELECTED DISPLAY MODES® DIGIT NO. 4 DIGITNC. 3 DIGIT NO. 2 DIGET NO. §
Time Display Time Timne Time Time
16's Hours, PM ind. Hours 10's Minutes Minutes, Alarm ON Ind.
Seconds Display Blanked Tire Time Time
) Minutes 10%s Seconds Seconds
Alarm Display Alarm Alarm Alarm Alzrm
10°s Hours, PM Ind. Haurs 10's Minutes Ainutes, Alarm ON Ind.
Steep Display Blanked ) Blanked Steep Sleep
. 10s Minutes Minutes
Temp. Display 100 Temp. 10's Temp. 1's Temp. “Cor°F
Alarm and Sleep Lamp Test Lamp Test’ Lamp Test Lamp Test

*if mare than one display mode input is applied, the display priorities are in the order of temperature, alarm or sieep, saconds, then
time. Alarm and sleep have squal priority over seconds; however, when both alarm and steep are applied, all outputs are ON, providing
a lamp test. This display muodde has priority above all others,

TABLE 11, MA1026 CONTROL SETTING FUNCTIONS

SELECTED DISPLAY MODE

CONTROL INPUT

CONTROL FUNCTION

Time and Seconds Display

Time Set Atlow and Slow Set

Minutes advance at a2 2 He rate

Alarm Display

Steep Display”

Sleep Display and Alarm Display

Simultaneousty

Time Set Allow 2nd Fast Set
Simuttaneously

Time Set Altow and Fast and

Stow Set Sunultaneously

Blow Set

Fast Set

Fast and Stow Set
Simultaneously

Stow Set

Fast Set

Fast and Stow Set
Simultaneously

Alt Qutputs are Driven 1o Provide a Lamp Test.

and Seconds Counter is reset to :00,

Minutes advance at 3 60 Hz rate.
Seconds Counter not affected.

Hours, Minutes, and Seconds are
reset to: 12:00:00 AM {12-Hour
Mode) 0:00:00 (24-Hour Mode).
Alarm Minutes Counter advances
at a 2 Hz rate,

Alarm Minutes Counter atdvances

at a 60 Hz rate.

Alaem Minutes and Hours Counters
are reset 1o: 12:00 AM {12-Hour
Model 0:00 (24-Hour Mode).

Steep Counter is decremented at
a2 Mz rate.

Sleep Counter is decremented at
a 10 Hz rate.

Sleep Counter is reset to 59
minutes.

“When contents of sleep counter are zero and sleep is the selected dispiay mode, the sleep counter is sat to 58 minutes,
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Applications Information

L334 TEMPERATLUIRE SENSOR

CALIBRATION PROCEDURE

The LM334 is a 3-terminal adjustable cuerent source
with 2 temperature coefficient of 1 uA/°C. Below is a
pin configuration of the LM334. Refer 1o National
Semiconductor Linear Databook for detailed information
on the device.

T0 Vgg

1
y*

v - TO MOOULE
SENSOR INPUT

A 10 kO (0.1%] low temperature coefficient resistor is
provided in parallel with the sensor input on the
MA1026 module. This network converts the 1 ;zA/° C
sensitivity of the LM334 to a 10 mV/°C sensitivity at
the integrated circuit input. Temperature calibration is
accomplished by matching the current output of the
LM334 1o the current supplied by an adjustable voltage
source. A resultant voltage difference, as indicated by a
DV, is a measure of sensor mismatch. Proper selection
of a series {coarse adjust) and paraliel {fine adjust) low
temperature coefficient resistor will provide a typical
accuracy of +0.3°C.

During calibration insure that the reference voliage is
adjusted to accurately represent ambient temperature,
and a fan is blowing air over the LM334. The calibration
procedure is as follows:

1. Insert the LM334 into the test circuit.

Potentiometer Calibration Ciecuit

DY Peoe

FIGURE 1

2. Insert a 237 8, 1% < 500 ppm metal film resistor

{R2) into the circuit as shown in the Calibration
Test Circuit.

3. Ingure SW1 is in the shorted position and SW2 is in
the open position.

4. Rotate SW1T until the DVM indicates the least neg
ative voltage.

5. Hotate SW2 to the position indicating the least de-
viation from OV. The sensor eeror is now 0.1 °C/mV,
plus any error cagsed by the reference voltage setiing.

6. Determine the value of resistance indicated by SW1
and mount an equivalent value resistor R1 on the
sensor board.

7. Determine the value of resistance indicated by SW2
and mount an equivalent value resistor R3 on the
sensor board. -

8. Mount the 237 £} resistor (A2 used in step 2) in
paraliel 10 B3 on the sensor board.

The sensor is now calibrated and ready for assembiy
with the MAT026 module.

tn the event a calibration fixture is not convenient, an
alternative calibration procadure is shown in Figure 1.

Requiring only a variable VREE voitage source, a
230 £ variable resistor and 3 10 k§2 {0.1%) resistor,
configurz the circuit as illustrated below. Adjust VREF
as determined in the formulz to represent ambient
tempearature. Adjust the 230 €1 variable resistor until
the DWVYM indicates a null {0V). The sensor and the
adjusted 230 £ variable resistor are now ready for
assembly with the MA1026 module as shown in Figure 2.

Electrical Connection Using Potentiometer

o, TO MODULE
" SENSOR INPUT

FIGURE 2




Applications Information (Continued)

Temparsture Senszor Calibration Cirouit
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in @ 1.0°C temperature offset error.
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Applications Information (continueq)

Alarm Clock/Thermaometer

5 70

Vop TEMP SENSOR
BISPLAY 3 10.5¢
== O ce i : Vac
T el
AST
S B & SET
sLow 115 VAC
=0 O——Yser HOL® 50/60 Hz
g/ 16 | Time SET Vigp
Ot aLLOW
! “‘““L"'M '7 I seconDs
DISPLAY Viep

- 18
ALARM
G $ DISPLAY

SNOBZE  niAt026

12/24-HOUR
SELECY

COLON
CONTROL

%2 { 50780 He
O seLer
ALARM OFF

°ClI'F
SELECT

Vgs

1 DISPLAY
DI gpgR+ SPKR—

*BRIGHTNESS
CONTROL 36 29

* Variable resistor or switch may be used.




Applications information continuea)

Positive Supply Clock Radio/ Thermomater
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tal LED Alarm Clock/Thermometer Module
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Handling and Packaging Guidelines

MA1026 clock modules are manufactured using a CMOS
integrated circuit. As shown in the Schematic Diagram
and Applications Information, many of the CMOS inputs
are directly accessible at the edge connector of the
modules, thersfore these modules must be handled in the
same manner as any CMOS device during transport,
storage, IQC and production assembiy. Alsg, it is recom-
mended, in accordance with acceptable engineering prac-
tice, that the module user provide adequate protection
against static discharge in the design of his finished prod-
uct. Since each module user may utilize uniqus packaging
and design techniques for this end preduct, some general
guidelines are offered. it is good practice 1o connect the
“lever” of control switches to Vg instead of to the CMOS
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inputs. Also, since the energy in static discharges exhibits
awide frequency spectrum, a resistor and RF type ceramic
disc capacitor low pass filter network may be usedto help
protect the directly accessible CMOS inputs. It is good
practice to place this RC network in close proximity to the
module edge contact to obtain maximum protection. A
typical RQ filter is shown below.

Goog practice dictates that metal buttons or metallized
buttons not be used as they provide a path for static
discharge leading closer to the internal circuitry. A typical
application would use a plastic button with plastic pusher
rod to the switch contacts iocated within the case.

y ALARM, SET, ETC.
| MODULE EDGE CONTACY

Wss OR Voo
WARNING: Clock modules are suitable for hand scldering only. Wave or dip soldering methods should not be used.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

1. Life suppori devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and whose failure to
perform, when properly used in accordance with in-
structions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. Acritical component is any component of aiifa support
device or systern whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system,or to affect its safety or effectiveness.




