




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Clock Modules 

MA1002 LED display digital electronic clock module 

general description 
The MA1002·Series Electronic Clock Modules combine 
a monolithic MOS-LSI integrated clock circuit, 4-digit 
0.5" LED display, power supply and other associated 
discrete components on a single printed circuit board to 
form a complete electronic clock movement. The user 
need add only a transformer and switches to construct a 
pretested digital clock for application in clock-radios, 
alarm or in·strui:nent panel clocks. Timekeeping may be 
from 50 or 60 Hz inputs and 12 and ?4 hour display 
formats may be chosen. Direct (non-multiplexed) LED 
drive eliminates RF interference. Time setting is made 
easy through use of "Fast" and "Slow" scanning co~trols. 

Features include alarm "on" and "PM" indicators, 
blinking colon, "sleep" and "snooze" timers and variable 
brightness control capability. Alarm clock options include 
a transistor oscillator circuit for use with low-cost 
earphone audio transducers. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

features 
• Bright 4-digit 0.5" LED display 

• Complete· - add only transformer and switches 

block diagram 

13-2 

• Alarm clock and clodk-radio vers.ions 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

•· Brightness control capability 

• . "Sleep" and "snooze" timers 

• Alarm "on". and PM indicators 

• Direct drive - no RFI 

• Fast and slow set controls 

• Low cost, extremely compact design 

applications 
• Clock ·radio ti me rs 

• Alarm clocks 

• Desk clocks 

• TV ·stereo timers 

• Instrument panel clocks 



absolute maximum ratings 

Voltage - Pins E6 to ES 
Voltage - Pins E7, E9 to ES 
Voltage - Pins E 1, E3\o E 13 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

21 Vrms 
7.0 Vrms 

+0.3 to -26V 0c 

-20°C to +60°C 
-20°C to +70°C 

300°C 

TA = 25°C; E6 to EB= 16 Vrms; E7, E9 to EB= 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow E6 to EB to vary between 14 and 1 B Vrms; E7, E9 to ES to vary between 4.2 and 6.5 Vrms. 

PARAMETER CONDITIONS 

V00 MOS Supply VOitage Vss = OV 

16 MOS Power Supply Curr_ent 100% Display Brightness 

Display Oft 16 MOS Power Supply Current 

LED Power SUpply Curr.ent 100% Disp!ay Brightness 

V00 Power Failure Indication Voltage 

LEO Segment Display Current 

{20,08) 

Vss = OV 

Short Pin 3 to Pin 4 

IR= om 
R = 50k {Clock·Rad;o) 

R = 00 {Clock-Radio) 

R =. oo (Alarm Clock) 

Alarm and Radio Outputs VoH =Vss-2 

VoH "'"Vss-10 

VoL = Voo+2 

Power Dissipation 100% Display Brightness 

{20:08) Max Input Voltage 

optical characteristics 

PARAMETER CONDITIONS 

Lufnii1ous Intensity Per Segment I"" 11 mA0 c 

Peak Wavelerigth 

Spectral Width Half-Intensity 

Viewing Angle 1 /2 Brightness Point 

Variation Any Two Segments 

functional description 

DISPLAY MODES 

The MA 1002 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1002A, B, E, Fl are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed col.on units are available on special order.) 
24 hour display models (MA1002C, D, G, H) are fur­
nished with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 
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MIN TVP MAX UNITS 

-18 -22 -25 Voe 

23 28 mAoc 

3 5 mAoc 

250 280 mA 

-5 -8 Voe 

11 mA 
0.3 mA 
0.0 mA 
1.5 mA 

0.5 mA 
2.0 mA 

-1 µA 

2.5 w 

MIN TYP MAX UNITS 

100 300 µcd 

660 nM 

40 nM 

±60 degrees 

2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either th.e FAST or SLOW time set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

Note: Additional information concerning device operation may 
be found on the MM5385, MM5386 clock circuit data sheet. 

CONTROL FUNCTIONS 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 
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functional description (con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul­
taneously using the Fast or Slow buttons, as shown in 
Tabie II. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will not recycle past 00. 

Brightness Control: Maximum display current is obtained 
by placing a short circuit between V DD and the Bright­
ness Control input. For clock-radio versions, insertion of 
a 10-50k potentiometer will reduce display brightness to 
a low. level for night viewing, with an open circuit 

turning the display off completely. Alarm clock versions 
reduce display current to approximately 10% if the, 
Brightness Control input is open circuited. 

Control Priorities: In the absence of Display Control 
switch inputs, the display shows time-of-day information. 
If more than one mode is simultaneously selected, the 
priorities are as shown in Table I. 

OUTPUTS 

Sleep (Radio): A positive current source output con­
trolled by the sleep timer. This output can be used to 
switch on an NPN power transistor for controlling a 
radio or other appliance. 

Alarm: A positive current source output controlled 
by the alarm comparator and enable circuit. This output 
may be used to control an alarm oscillator, wake-to­
radio function, or start an appliance at a predetermined 
time. 

Alarm Tone (alarm clock versions only): An oscillator 
output gated by the alarm output. On 12 hour versions, 
the tone is interrupted at a 0.5 second "ON," 0.5 second 
"OFF" rate. The oscillator circuit uses a low cost minia­
ture earphone (not supplied) as both inductance and 
audio transducer. The earphone should have an induc­
tance of 100 mH and a resistance of 500.Q. 

·Note: Certain outputs of the MA1002 module are directly 
connected to MOS device inputs. Normal precautions taken for 
handling of MOS devices should be applied to the handling of 
this module. 

TABLE I. MA1002 DISPLAY MODES 

*SELECTED 
DIGITN0.1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 

DISPLAY MODE 

Time Display 10's,of Hours & AM/PM Hours 10's of Minutes Minutes 

Seconds Display Blanked Minutes 10's--0f Seconds Seconds 

Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 

Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order 
of Sleep (overrides all others), Alarm, Seconds, Time (no other mode selected). 

TAB.LE II. MA1002 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 

Fast Minutes Advance at 60 Hz Rate 

Both Minutes Advance at 60 Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 

Fast Alarm Minutes Advance at 60 Hz Rate 

Both Alarm Resets to 12:00 AM (12·hour format) 

Both Alarm Resets to (0)0:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 

Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 

Both Time Resets to 12:00:00 AM ( 12·hour format) 

Both Time Resets to {0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 

Fast Subtracts Count at 60 Hz 

Both Subtracts Count at 60 Hz 

•when setting time sleep minutes will decrement at rate of time counter, until the 
sleep counter reaches 00 minutes (sleep counter will not recycle). 
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module selection guide 

PART NUMBER 

MA1002A 

MA1002B 

MA1002C 

MA10020 

MA1002E 

MA1002F 

MA1002G 

MA1002H 

applications information 
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(CLOCK/RADIO 
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A 50 24 
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schematic diagram 
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Note 1: Not required for alarm clock assembly part number MA 1002·E, F, G, H. 

Note 2: Not required for clock radio assembly part number MA1002-A1 B, C, D. 

Note 3: Connect for 50 Hz operation MA1002·B, D, F, H. 

Note 4: 12 hours - use "PM,'' "b,'' "c" LED ONLY 
- Zl: MM5385; MA1002·A, 8, E, F 

24 hours - use "a,'' "b," "c," "d,'' "e." "g," LED only 
- use R3 
- Do not use J2 or J3 
- Z1 MM5386; MA1002·C, D, G, H 
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PM 

NOTE 4 
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contact locations 

E7 JJ 

physical dimensions 

0 OB!i + 0.01 "PM" 

0062-11~ 

E9 E4 
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Clock Modules 

MA1003 12 Voe automotive/instrument clock module 

general description 
The MA 1003 12 Voe Automotive/Instrument Clock 
Module combines the MM5377 monolithic .MOS/LSI 
clock circuit, a 4-digit 0.3" green vacuum fluorescent 
display, a 2.097 MHz crystal and supporting components 
to form a complete digital clock for 12 Voe applica· 
tions. The module is fully protected against automotive 
transients and battery reversal conditions with time· 
keeping maintained down to 9 Voe. Automatic display 
brightness control logic blanks the display with ignition 
off, reduces brightness to 33% with park or head lamps 
on and follows the dash lamp dimming control setting. 
The display features leading zero blanking and has a 
blinking colon activity indicator. The bright green 
display color is filterable to various shades in the green, 
blue-green, blue and yellow color range. Time setting is 
accomplished by closing hours-advance and minutes· 
advance switches; these switches are disabled when the 
display is blanked to prevent tampering. Interconnections 
are simplified through use of a 6-pin edge connector. 
Display may be activated with ignition off or park 
(head) lights off by closing display switch, allowing 
minimum power consumption in portable applications. 

features 
• Ideal for automotive applications 

• Operates from 12 Voe supply 

Back View 

13·8 

• Bright 0.3" green display 

• Internal crystal timebase 

• Protected against automotive voltage transients and 
reversals 

• Timekeeping maintained to 9 Voe 
• Automatic display brightness control logic 
• Display color filterable to blue, blue-green, green 

and yellow 

• Complete, just add switches and lens 
• Convenient time setting controls at a 1 Hz rate with 

no roll-over 

• Compact size, built-in connector (optional) 
• Low standby power consumption 
• Lockout of time setting when display is "OFF" 

applications 
• In-dash autoclocks 
• After-market auto/recreational vehicle clocks 

• Aircraft-marine clocks 

• 12 Voe operated instruments 
• Portable/battery powered instruments 

Front View 



absolute maximum ratings 

Voltage-Pins 1, 2, 3, 4 to 6 

Operating Temperature 
Storage Temperature 

-24 Voe to +24 Voe (Continuous) 
40 Vp, Duration 50 ms 

80 Vp, Duration 5 ms 
-200 Vp, Duration 1 ms 

-40°C to +85°C 
-65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics TA= 25°C, VBAT = 14 Voe. display at 10:08 unless otherwise specified. 

PARAMETER CONDITIONS MIN 

Power Supply Voltage Variation Timekeeping Maintained 9 

Power Supply Current Time Memory Maintained 6 

Display Blanked (Pin 1 Open) 1 

33% Brightness (Short Pins 3 and 4) 

100% Brightness (Short Pins 4 and 6) 

Power Consumption Display Blanked (Pin 1 Open) 

33% Brightness (Short Pins 3 and 4) 

100% Brightness (Short Pin& 4 and 6) 

Timing Accuracy TA= 25°C 

TA= -25°C to +65°C 

optical charac.teristics 

PARAMETER 1 CONDITIONS T MIN 

Display Brightness J 100% Brightness I 200 

physical dimensions and connection diagram 
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Clock Modules 

MA1010 LED display digital electronic clock module 

general description 

The MA1010 Series Electro'nic Clock Modules combine 
a· monolithic MOS-LSI integrated. clock circuit, 4-digit 
0.84" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete electronic clock movement. The user 
need add only a transformer and switches to construct 
a pretested digital clock for application in clock-radios, 
alarm or instrument panel clocks. Timekeeping may be 
from 50 or 60 Hz inputs and 12 or 24 hour display 
formats may be chosen. Direct (non-multiplexed) 
LED drive eliminates RF interference. Time setting 
is made easy through use of "Fast" and "Slow" scan­
ning controls. 

Features include alarm "on" and "PM" indicators, 
blinking colon, "sleep" and "snooze" timers and variable 
brightness control capability. Alarm clock options 
include a transistor oscillator circuit for direct drive 
of 8Q loudspeakers. 

features 

• Bright 4-digit 0.84" LED display 

• Complete - add only transformer and switches 

pin connection diagram 
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• Alarm clock and clock-radio versions 

• Alarm output drives 8Q speaker 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" times 

• Alarm "on" and PM indicators 

• Direct drive - no RF I 

• Fast and slow set controls· 

• Low cost, extremely compact design 

applications 

• Clock-radio timers 

• Alarm clocks 

• Desk clo.cks 

• TV -stereo timers 

• Instrument panel clocks 
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absolute maximum ratings 
Voltage - Pins 22 to 10 
Voltage - Pins 3, 4 and 10 
Voltage - Pins 9, 7 and 10 

Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

20 Vrms 
9.D Vrms 

+0.3 to -26Voc 
-20°C to +60°C 
-20°C to +70°C 

300°.C 

TA= 25°C; Pins 22 to 10 = 16 Vrms; Pins 3, 4 to 10 = 7.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 22 to 10 to vary between 14 and 18 Vrrns; Pins 3, 4 to 10 to vary between 5.7 and 
8.7 Vrms. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Voo MOS Supply Voltage Vss = OV -18 -22 -25 Voe 

122 MOS Power Supply Current 100% Display Brightness 14 18 mAoc 

122 MOS Power Supply Current Display Off 3 5 mAoc 
LED Power Supply Current 100% Display Brightness (20:08) 250 280 mA 

Voo Power Failure Indication Voltage Vss = OV -5 -8 Voe 
LED Segment Display Current Short Pin 18 to Pin 20 IR =OSI) 11 mA 

R = 50K (Clock-Radio) Oc3 mA 
R = 00 (Clock-Radio) 0.0 mA 
R = 00 (Alarm Clock) 1.5 mA 

Alarm and Radio Outputs VoH=Vss-2 0.5 mA 

voH "° Vss - 10 2.0 mA 

VoL = Voo + 2 -1 µA 

Alarm Oscillator Output RLOAD = 8~2 370 400 mW 

Power Dissipation 100% Display Brightness 
(20:08) Max Input Voltage 2.85 w 

optical characteristics 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Luminous Intensity Per Segment I= 11 mAoc 200 600 µcd 

Peak Wavelength 660 nM 

Spectral Width Half-Intensity 40 nM 

Viewing Angle 1 /2 Brightness Point ±60 degrees 

Variation - Any Two Segments R = 0, Pins 18 to 20 2:1 
R = 4.3K, Pins 18 to 20 2:1 

functional description 
Display Modes 

The MA 1010 provides four basic selectable display 
modes. These are summarized in Table I. 

Power Failure Indication: .Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW time set control cancels 
this indication. 

Colon: 12 hour display models (MA 1010A, E) are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.) 
24 hour display models (MA1010C, G) are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"cm" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper. left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 

13-12 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

NOTE 

Additional information concerning device operation may 
be found on the MM5385, MM5386 dock circuit data 
sheet. 



functional description (con't) 
Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 

Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the 'OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display /Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of betw.een 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the ·time remaining in the sleep register and 
enables programming the desired sleep time by simul­
taneously using the Fast or Slow buttons, as shown in 
Table II. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button .. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will notrecycle past 00. 

Brightness Control: Maximum display current is 
obtained by placing a short circuit between VDD and 
the Brightness Control input. For clock-radio versions, 
insertion of a· 10k potentiom.eter wifl reduce display 
brightness to a low level for night viewing, with .an open 
circuit turning the display off completely. Alarm clock 
versions reduce display current to approximately 10% if 
the Brightness Control input is open circuited. 

Outputs 

Sleep (Radio): A positive current source output con­
trolled by the sleep timer. This output can be used to 
switch on an NPN power transistor for controlling a 
radio or other appliance. 

Alarm: A positive· current source output controlled by 
the alarm comparator and enable circuit. This output 
may be used to control an alarm oscillator, wake-to­
radio function, or start an appliance at a predetermined 
time. 

Alarm Tone (alarm clock versions only): An oscillator 
output gated by _the alarm output. On 12 hour versions, 
the tone is interrupted at a 0.5 _second "ON," 0.5 second 
"OFF" rate. The oscillator produces a tone of approxi­
mately 2 kHz and is capable of driving loads such as 
loud speakers directly. Load impedance is not critical, 
but should be at least 4 ohms. 

NOTE 

Certain outputs of the MA 1010 module are 
directly connected to MOS device inputs. Normal 
precautions taken for handling of MOS _devices 
should be applied to the handling of this.module. 

TABLE I. MA1010 DISPLAY MODES 

*SELECTED 
DIGIT NO. 1 DIGIT NO. 2 DIGIT N0. 3 DIGll NO. 4 

DISPLAY MODE 

Time Display 1 O's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 10's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Sleep Display Blanked Blanked 10's of Minutes Minutes 

*If more than one display mode input is applied, the diSplay priorities are in the order of Sleep (oVerrides all others), 
Alarm, Seconds, Time (no other mode selected). 

TABLE II MA1010 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION 

DISPLAY MODE INPUT 

*Time Slow Min::;es Advance at 2-Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60. Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12-hour format) 
Both Alarm Resets to (0)0:00 (24-hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour forniat) 
Both Time Resets to (0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Su.btracts Count at 60 Hz 

*When setting time sleep minUtes will decrement at rate· of time counter, until the .sl'eep counter reaches 00 minutes 
(sleep counter will not recycle). 
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:? PART FUNCTION LINE DISPLAY 

NUMBER (CLOCK/RADIO FREQUENCY HOURS 
OR ALARM) 

MA1010A CR 50/60 12 
MA1010C CR 50/60 24 
MA1010E A 50/60 12 
MA1010G A 50/60 24 

Note: For 50 Hz operation, connect pins 16 and 17. 

applications information 
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schematic diagram 

"' l"'lrr. ALARM ON 

'(• 
' I 

Rt1DO!l 

.i.c
1...,'-"-""-'-"--------------! ALARM Off 

'(• 
..i..,,,'._s_Lo_w_,._r --------------!SLOW 'fn 
o-l'~"~"~"'-------------~-~ .... :14 
Ao-'-"-""-"-"-''-"---"-'------------1 ALAAM/$N00l( y, 

.i.C'...,s,_LE-"-°'-"-''-'---<P------------1 SLEEl'/StCOISPLAY 

T" 
,l_sECON0$01$PLAV 

'f21 R212k!! 

lvss 

T" 
A.8AIGHTNESS 

r 
.i..o.,';:.°':o'_.-----+-+--+-+------i !i016111h INPUT 

I" 
II R41M~! ~'? CLEDCONTROL 

.001,,f 

)._o,'-:-•-..... i;;;.4'1-' --+-+--+-....--+-+---~ '" 
r:c ; " 10ll~F 

IP25V 

.. ,~1-----1-·.1_...i. __ ...... __ . ~ .... : ~::::::::::~==~:;:::.:::~~=::: IO~~S. 
COLON{d4 l-<P-----+''-.... '1--_;-9'1-
COLON/•4 f-t-----+,-......... -+-9'1-

1 KllM ,_,,_ ___ -1''-.... '1--..... -9'1-

'3 t--t--t---r--.ii--..::.i-... 
., l-<t-+----+''-.... +--_;-9'1-., t-t--t-----f".~---+--. 
OT l-<f-+----+'-.... '1--.... -9'1- I HRS. 

:~ ~=~=~======~·==~=~==~:~::: 
"l-<t-+----+'-.... +--_;-9'1-

Jl, (ll Li:~·o' .,....,_ _ _.._.,..,...,,,_::.i---. 
151,~ ...-cornrr 

''" R31Dll!Jt51 
"l-<t-----+'-.... +--1~-il .,,_,_ ____ . ____ i--
:: ~=~:::::::~:. ::::::....::::: """ .,,.....,__ ___ ,_,---:E--
~: ~=~========~·~~~====_...::::: .. 
., l-<t-----+-.... +--1~-il 
., r-1-~--.....,.·-.... ,....~"'"" ... 
., r-1-----+'-.... +-~ot--il T' """ 

"''" 'f1D. 
,l Vt, 

!' 

vss vss ... lvoo vss ~: 1-t-----+''-.... 'I--~ c- 1 MIN. 

•11-1------t''-.... +--~-9'!-

A.~OJ6GHlSELECT 
"(16MOTE4 

l 
OUT OUT REF .. .. ,.. II ~ LEt~~=:========:·~== ..... ::=RE=•.:::::C: .. ::==:-~--, 

"1."" J. ., I 

T" 
I 
I 
I 
I 
I 
I 
I 

"' 12.k!J 
NOfE2 

t--1-------+--'~',,",..",..:<2_1-1 ::a .. 121 - \{:::: l 2 
I Rl0~k!!!2l ~1R51 CR6 y 

~"' {R)"] : .. , 
~,,...-1:. .... _'il,_:~~~:~•,..·•-•.,_._"_"_'!-_'.,,,."-~ul-' 

~ 

R9 5\0~!~ (3) 

"' 121 ""' 
L ___ --- ---~'!!..- - -- ---<>..--- ---<>;--- - - ------ ------'- ____ _J 

Note 1: Numbers denote fingers on the P,C. board. 
Note 2: Not required for clock radio assembly. P/N MA1010 - A,C. 
Note 3: Not required for alarm clock assembly. P/N MA1010 · E, G. 
Note 4: For 50 Hz operation, connect pins 16 and 17. 
Note 5: 12 hours - use "PM," "b," "c" LED only, Zl to be MM4391; - use J2, do not use R3; 

MA1010 -A, E. . . . . 
24 hours - use "a," "b.'' "c," "d," "e," "g" LED only, Z1 to be MM4392, 

- Use R3, do not use J2, J3 or CR6; MA1010 -C,G. 
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Clock Modules 

MA1012 LED display digital electronic clock module 

general description 
The MA 1012 Series Electronic Clock Modules combine 
a monolithic MOS-LSI integrated clock circuit, 4-digit 
0.5" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete. electronic clock movement. The 
user need add only a transformer and switches to con­
struct a pretested digital clock for application in clock­
radios, alarm or instrument panel clocks. Timekeep­
ing may be from 50 or 60 Hz inputs and 12 or 24 
hour display formats may be chosen. Direct (non­
multiplexed) LED drive eliminates RF interference. 
Time setting is made easy through use of "Fast" and 
"Slow" scanning controls. 

Features include 1.50 mA radio supply switch, alarm 
output switch, alarm "on"' and "PM" indicators, blink­
ing colon, "sleep" and "snooze" timers and variable 
brightness control capability. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

features 
• Bright 4-digit 0.5" LED display 

• Complete - add only transformer and switches 

connection diagram 
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• 150 mA radio B+ switch 

• Alarm output switch 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" timers 

• Alarm "on" and PM indicators 

• Direct drive - no RFI 

• Fast and slow set controls 

• Low cost, extremely compact design 

applications 
• Clock-radio timers 

• Alarm clocks 

• Desk clocks 

• TV-stereo timers 

• Instrument panel clocks/timers 
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absolute maximum ratings 
Voltage - Pins 15 to 13 
Voltage - Pins 1, 2 to 13 
Voltage - Pins 9 to 13 
Voltage - Pins 8, 10 to 9 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

eleGtrical characteristics 

20 Vrms 
7.0 Vrms 

+0.3 to -26Voc 
30 Voe 

-20°C to +60°C 
-20°C to+ 70°C 

300°C 

TA= 25°C; Pins 15 to 13 = 16 Vrms; Pins 1, 2 to 13 = 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 15 to 13 to vary between 14 and 18 Vrms; Pins 1, 2 to 13 to vary between 4.2 and 
6.5 Vrms. 

'PARAMETER CONDITIONS MIN TYP MAX UNITS 

MOS Supply Voltage Vss = ov -18 -22 Voo 

115 

115 

MOS Power Supply Current 

MOS Power Supply Current 

LED Power Supply Current 

1 00% Display Brightness 14 

-25 

18 

5 

Voe 

mAoc 

mAoc Display Off 3 

100% Display Brightness 
(20:081 250 280 mA 

Voo Vss =OV -5 -8 Power Failure Indication Voltage 

LED Segment Display Current Short Pin 7 to Pin 14 (R =OQI 11 
Voe 
mA 
mA 
mA 

R = 12K 1.2 
R = oo 0.0 

Radio Output 

Alarm Output 

Power Dissipation 

le= 150 mA 0.1 0.3 

0.3 

v 

lc=15mA 0.1 v 
100% Display Brightness 
(20:08) Max Input Voltage 2.3 w 

optical characteristics 

PARAMETER 

Luminous Intensity Per Segment 

Peak Wavelength 
Spectral Width 

CONDITIONS 

I= 11 mAoc 

Half-Intensity 
Viewing Angle 112 Brightness Point 
Variation - Any Two Segments R = 0, Pins 7 to 14 

R = 4.3K, Pins 7 to 14 

functional description 

Display Modes 

The MA 1012 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1012A, B,I are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.I 
24 hour display models (MA1012C, DI are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is given by a dot 
in the upper left hand corner of the display (12 hour 
models only). Indication applies for both time and alarm 
display modes. 

13-18 

MIN TYP MAX UNITS 

100 300 µcd 

660 nM 
40 nM 

±60 degrees 
2:1 
2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW time set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models_ 

Npte: Additional information concerning device operation may 
be found on the MM5385, MM5386 clock circuit data sheet. 

Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mode and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 



functional descriptions {con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPDT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. The alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Afarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or' slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarln 
enable period. 

Sleep Display /Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul­
taneously using the Fast or Slow buttons, as shown in 
Table 11. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display/Snooze button. Resetting 
the time-of-day will decrement the Sleep Timer, which 
will riot recycle past 00. 

Brightness Control: Maximum display current is ob­
tained by placing a short circuit between VDD and the 
Brightness Control input. Insertion of a 10K potentio-

meter will reduce display brightness to a low level for 
night viewing, with an open circuit turning the display 
off completely. (Units with a fixed 12k brightness 
control resistor for use with an external SPST brightness 
control switch are available on special order.) 

Outputs 

Sleep (Radio): An NPN transistor controlled by the 
sleep timer. Both emitter and collector leads are avail­
able for use in switching a radio (o~ other appliance) 
power supply. 

Alarm: An NPN transistor controlled by the alarm 
comparator and enable circuit. Both emitter and col­
lector leads are available for switching an alarm circuit 
(or other circuit). If the emitter is returned to a source 
of 120 Hz ripple, such as a radio negative voltage supply, 
the collector may be coupled to an audio stage to 
produce a 120 Hz <!larm tone. 

NOTE 

Certain outputs of the MA 1012 module are 
directly connected to MOS device inputs. 
Normal precautions taken for handling .of 
MOS devices should be applied to the handling 
of this module. 

TABLE I. MA1012 DISPLAY MODES 

*SELECTED 
DIGIT N0.1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 DISPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 1 O's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Sleep Display Blanked Blanked 1 O's of Minutes Minutes 

*If more than one display mode input is applied, the display priorities are in the order of Sleep (overrides all others I, 
Alarm, Seconds, Time (no other mode selected). 

TABLE II MA1012 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION DISPLAY MODE INPUT 

*Time Slollli Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rate 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12 hour format) 
Both Alarm Resets to ,(0)0:00 (24 hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 10's of Seconds Reset to Zero Without 

a Carry to Minutes 
Both Time Resets to 12:00:00 AM (12-hour format) 
Both Time Resets to (0)0:00:00 (24-hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts .Count at 60 Hz 
Both Subtracts Count at 60 Hz 

*When setting time sleep minutes will decrement at rate of time counter, until the sleep cq\,Jnter reaches 00 minutes 
(sleep counter will not recycle!. 
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LINE DISPLAY 
PART NUMBER FREQUENCY HOURS 

MA1012A 50/60 12 
MA1012C 50/60 24 

Note: For 50 Hz operation connect pins 16 and 17. 

applications information 
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schematic diagram 
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Note 1: For 50 Hz operatiori, connect pins 16 and 17. 

fO 

Note 2: For 12 hour display, use "PM," "b," "c" LED only (10 hour segment) 
Z1 to be MM4391 (MA1012-A) 

Tl 

For 24 hour·display, use "a." "b," "c," "d," "e," and "g," LED only (10 hour segment) 
Use R3, do not use J2 
Z1 to be MM4392 (MA1012-CI 
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Clock Modules 

MA1013 LED display digital electronic clock module 

general description 
The MA 1013 Series Electronic Clock Modules combine 
a mon_olithic MOS-LSI integrated clock circuit, 4-digit 
0, 7" LED display, power supply and other associated 
discrete components on a single printed circuit board 
to form a complete electronic clock movement .. The 
user need add only a transformer and switches to con­
struct a pretested digital clock for application in clock­
radios, alarm or instrument panel clocks, Timekeep­
ing may be from 50 or 60 Hz inputs and 12 or 24 
hour display· formats may be chosen. Direct (non­
multiplexed) LED drive eliminates RF interference. 
Time setting is made easy through use of "Fast" and 
"Slow" scanning controls. 

Features include 150 mA radio supply switch, alarm 
output switch, alarm "on'" and "PM" indicators, blink­
ing colon, "sleep" and "snooze" timers and variable 
brightness control capability. Power failure is indicated 
by flashing the display at a 1 Hz rate. 

The MA 1013 is capable of directly replacing the MA 1012, 
allowing upgrading to 0.7" display. 

features 
• Bright 4-digit 0.7" LED display 

• Complete - add only transformer and switches 

connection diagram 
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• 150 mA radio B+ switch 

• Alarm output switch 

• 12 or 24 hour display format 

• 50 or 60 Hz operation 

• Power failure indication 

• Brightness control capability 

• "Sleep" and "snooze" timers 

• Alarm '.'on" and PM indicators 

• Direct drive - no RF I 

• Fast and slow set controls 

• Low cost, extremely compact design 

• Directly replaces MA 1012 

applications 
• Clock-radio timers 

• Alarm clocks 

• Desk clocks 

• ·TV-stereo timers 

• Instrument panel clocks/timers 
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absolute maximum ratings 
Voltage - Pins 15 to 13 
Voltage - Pins 1, 2 to 13 
Voltage - Pins 9 to 13 
Voltage - Pins 8, 10 to 9 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 

electrical characteristics 

20 Vrms 
7.0 Vrms 

+0.3 to -26Voc 
30 voe 

-20°C to +60°C 
-20°C to+ 70°C 

300°C 

TA = 25°C; Pins 15 to 13 = 16 Vrms; Pins 1, 2 to 13 = 5.0 Vrms, unless otherwise specified. 
Normal operating conditions allow Pins 15 to 13 to vary between 14 and 18 Vrms; Pins 1, 2 to 13 to vary between 4.2 and 
6.5 Vrms. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

MOS Supply Voltage Vss = ov -18 

MOS Power Supply Current· 

MOS Power Supply Current 

LED Power Supply Current 

100% Display Brightness 

Display Off 

-22 

14 

3 

-25 

18 

5 

Voe 

mAoc 

mAoc 
100% Display Brightness 
(20:08) 250 

-5 
11 

1.2 
0.0 

280 

-8 
mA 

Voe 
mA 
mA 
mA 

Voo Vss = ov Power Failure Indication Voltage 

LEO Segment Display Current Short Pin 7 to Pin 14 (R = 0~2) 
R = 12K 
R== 

Radio Output 

Alarm Output 

lc=150mA 

lc=15mA 

0.1 

0.1 

0.3 

0.3 

v 
v 

Power Dissipation 100% Display Brightness 
(20:08) Max Input Voltage 2.3 w 

optical characteristics 

PARAMETER 

Luminous Intensity Per Segment 

Peak Wavelength 
Spectral Width 

CONDITIONS 

I= 11 mAoc 

Half -Intensity 
Viewing Angle 1 /2 Brightness Point 
Variation - Any Two Segments R = 0, Pins 7 to 14 

R = 4.3K, Pins 7 to 14 

functional description 

Display Modes 

The MA1013 provides four basic selectable display 
modes: These are summarized in Table I. 

Colon: 12 hour display models (MA1013A, B) are 
furnished with a colon display which flashes at a 1 Hz 
rate. (Fixed colon units are available on special order.) 
24 hour display models (MA 1013C, 0) are furnished 
with fixed colons. 

Alarm "ON" Indicator: Setting the alarm switch to 
"on" lights a dot in the lower right hand corner of 
the display. 

AM/PM Indicator: PM time indication is g(ven by a dot 
in the upper left hand corner of the display ( 12 hour 
models only). Indication applies for both time and alarm 
display modes. 
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MIN TYP MAX UNITS 

JOO 300 µcd 

660 nM 
40 nM 

±60 degrees 
2:1 
2:1 

Power Failure Indication: Power failure is indicated by 
the entire display flashing at a 1 Hz rate. Contact to 
either the FAST or SLOW ti.me set control cancels 
this indication. 

Zero Blanking: Zeroes appearing in the first digit are 
blanked in both 12 and 24 hour display models. 

Note: Additional information concerning device operation may 
be found on. the MM5385, MM5386 clock circuit data sheet 

Control Functions 

Setting of Time, Alarm Time, Seconds and Sleep Timer 
registers is accomplished by selecting the appropriate 
display mo[le and simultaneously contacting one or both 
of the FAST and SLOW time setting switches. This is 
summarized in Table 11. 



functional descriptions (con't) 
Alarm On/Off Switch: The Alarm On/Off switch is an 
SPOT switch - the "ON" position lights the alarm set 
indicator; the "OFF" position disables the alarm output 
latch and silences the alarm. Th-e alarm output will 
continue for 59 minutes unless cancelled by the Alarm 
On/Off switch or inhibited by the Alarm Display/Snooze 
button. 

Alarm Display/Snooze Button: This momentary switch 
has four functions: displays the alarm time; enables 
setting of alarm time (in conjunction with fast or slow 
set switches); cancels the Sleep (Radio) output; and 
inhibits the alarm output for a period of between 8 and 
9 minutes (Snooze function). The Snooze alarm feature 
may be used repeatedly during the 59 minute alarm 
enable period. 

Sleep Display/Timer Button: A momentary contact 
displays the time remaining in the sleep register and 
enables programming the desired sleep time by simul· 
taneously using the Fast or Slow buttons, as shown in 
Table 11. The Sleep (Radio) output is latched on for the 
interval programmed, which may be up to 59 minutes. 
The Sleep output may be cancelled by momentarily 
contacting the Alarm Display /Snooze button. Resetting 
the time·of-day will decrement the Sleep Timer, which 
will not recycle past 00. 

Brightness Control: Maximum display current is ob' 
tained by placing a short circuit between Voo and the 
Brightness Control input. Insertion of a 10K potentio· 

meter will reduce display brightness to a low level for 
night viewing, with an open circuit turning the display 
off completely. (Units with a fixed 12K brightness 
control resistor for use with an external SPST brightness 
control switch are available on special order.) 

Outputs 

Sleep (Radio)· An NPN transistor controlled by the 
sleep timer. Both emitter and collector leads are avail­
able for use in switching a radio (or other appliance) 
power supply. 

Alarm: An NPN transistor controlled by the alarm 
comparator and enable circuit. Both emitter and col­
lector leads are available for switching an alarm circuit 
(or other circuit). If the emitter is returned to a source 
of 120 Hz ripple, such as a radio negative voltage supply, 
the collector may be coupled to an audio stage to 
produce a 120 Hz alarm tone. 

NOTE 

Certain outputs of the MA 1013 module are 
directly connected to MOS device inputs. 
Normal precautions taken for handling of 
MOS devices should be applied to the handling 
of this module. 

TABLE I. MA1013 DISPLAY MODES 

*SELECTED 
DIGIT NO. 1 DIGIT NO. 2 DIGIT NO. 3 DIGIT N0.4 DI SPLAY MODE 

Time Display 10's of Hours & AM/PM Hours 10's of Minutes Minutes 
Seconds Display Blanked Minutes 1 O's of Seconds Seconds 
Alarm Display 10's of Hours & AM/PM Hours 1 O's of Minutes Minutes 
Sleep Display Blanked Blanked 10's of Minutes Minutes 

"""If more than one displal( mode input is applied, the display priorities are in the order of Sleep (overrides all others), 
Alarm, Seconds, Time (no other mode selected). 

TABLE II. MA 1013 CONTROL FUNCTIONS 

SELECTED CONTROL 
CONTROL FUNCTION DI SPLAY MODE INPUT 

*Time Slow Minutes Advance at 2 Hz Rate 
Fast Minutes Advance at 60 Hz Rate 
Both Minutes Advance at 60 Hz Rote 

Alarm/Snooze Slow Alarm Minutes Advance at 2 Hz Rate 
Fast Alarm Minutes Advance at 60 Hz Rate 
Both Alarm Resets to 12:00 AM (12 hourformat) 
Both Alarm Resets to (0)0:00 (24 hour format) 

Seconds Slow Input to Entire Time Counter is Inhibited (Hold) 
Fast Seconds and 1 O's of Seconds Reset to Zero Without 

a Carry to Minutes 

Both Time Resets to 12:00:00 AM ( 12-hour format) 
Both Time Resets to (0)0:00:00 (24·hour format) 

Sleep Slow Subtracts Count at 2 Hz 
Fast Subtracts Count at 60 Hz 
Both Subtracts Count at 60 Hz 

""When setting time sleep minutes will decrement at rate of time counter, until the sleep counter reaches 00 minutes 
(sleep counter will not recycle). 
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LINE DISPLAY 
PART NUMBER FREQUENCY HOURS 

MA1013A 50/60 12 
MA1013C 50/60 24 

Note: For 50 Hz operation connect pins 16 and 17. 

applications information 

120 (Z20) VAC 
60 (50) Hl 
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schematic diagram 
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NOTE (11 

Note 1: For 50 Hz operation, connect pins 16 and 17. 

" 

•• l.5k 

Note 2: For 12 hour display, use "PM," "b," "c" LED only (10 hour segment) 
Z1 to be MM4391 (MA1013·A) 

...loJ. ... 

-..-r __... 

... ... 

... 
... 

REF: 

CR4-I 

11 

For 24 hour display. use "a," "b," "c," "d," "e," and "g," LED only {1'0 .hour segment) 
Use A3, do not use J2 
Zl to be MM4392 (MA1013-C) 
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CUSTOM MOS AT NATIONAL 

Custom design is creating a product to meet specific 
requirements. At National, we use our broad resources 
to produce a product which minimizes the system cost 
for the function the customer wants. 

We have a choice of several cost-effective. processes to 
meet the system needs. 

• Metal gate P-channel ion implanted 
• Metal gate N-channel ion implanted 

• Metal gate CMOS 

The advantages to developing a custom MOS/LSI inte· 
grated circuit are: 

• Lower system cost 
• Proprietary design:...protected design 
• Fewer components and greater packing density 
• Simpler and cheaper power supplies 

WHEN IS CUSTOM MOS/LSI RIGHT? 

When should a custom MOS/LSI circuit be developed 
for your application? It makes sense to go to a custom 
development when there is sufficient complexity and 
volume, so that the development cost can be justified. 
An. approximate rninimum quantity for this decision is 
about 20,000 units per year. 

There are other reasons to go to ·a custom MOS/LSI 
design. Reduced circuit complexity can mean higher 
reliability because of fewer connections and reduced 
power dissipation. Greater packing density can make 
feasible a hand-held product as compared to a bench top 
product. A good example of this is the pocket calculator. 
National is an expert with this type of product realized 
with MOS/LSI! 

RESOURCES AT NATIONAL 

National has the experience of system cost reduction 
using MOS/LSI. Nati.onal's experience with calculators, 
watches and a vast array of standard semiconductors 
proves it. 

Our design group is prepared to work with the customer 
at all levels to achieve an optimum design. We can help 
with the system partitioning, interface, logic design and, 
finally, we can implement the resultant product into a 
volume production design. ·Extensive design checking 
takes place to minimize development costs and schedules. 
Breadboards are used to check system function and 
interface. Extensive use of proven computer aided design 
(CAD) helps minimize errors in design and topology. 

.Worst·case analysis is used to assure a design which 
meets the custome'r specification for temperature and 
production variations. 
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Custom MOS/LSI 

The design techniques used at National are the latest in 
the industry. High speed, low power dynamic logic is 
used where needed for competitive designs. Metal gate 
P-channel designs operate up to 2 MHz. This' process is 
well suited for low cost random logic designs. Higher 
logic densities and operating speeds approaching 5 MHz 
can be achieved by using our new N-channel metal gate 
process. 

A typical design flow is shown in Figure 1. Customer 
interface can occur in several places as indicated. 

Complementary MOS (CMOS) technology is presently 
being used on many custom products. Structured log.ic, 
ROMs, RAMs, and registers, designed with CMOS 
cannot achieve the density of P-channel MOS. However, 
quiescent power and dissipations are less than 1 µW per 
gate. Operation to 10 MHz can be achieved. One of the 
advantages of CMOS is that power dissipation is a 
function of frequency, with the de (quiescent) state 
consuming the least power. 

QUALITY ASSURANCE 

National's quality assurance department has a com· 
plete and comprehensive quality control program which 
effectively controls component parts and vendors at a 
quality level of functional, workmanship .and dimensfonal 
criteria. The QA program also covers in-process controls 
of assembled devices, final electrical test, marking and 
final shipment of approved product. All procedures are 
documented at specification control and at respective 
quality inspection stations. Weekly and monthly reports 
are ·generated for quick feedback of information for 
corrective action purposes. 

Complete testing is accomplished at sort and final test 
to a test specification generated by design engineering 

·and a group of highly skilled test engineers. This test 
specification is designed to guarantee that the part 
meets or exceeds the customer device requirements 
over the temperature extremes. 

On-line testers include Teradyne J283, J277, J193, 
Macrodata 230-2 LSI tester and Fairchild Sentry 600. 

After fabrication, each wafer is checked for threshold 
voltage, breakdown voltage, oxide rupture and sheet 
resistivity. The wafer then goes into functional test. 
The logic on each die is thoroughly exercised. This 
100% test of each wafer eliminates any functional 
defective die from being packaged. 

After packaging, all devices. are stressed to environ­
mental extremes. The packaged devices are then returned 
for another functional test. Depending on the ·customer's 
requirement, packages· can be tested under a variety of 
environmental conditions and can be subjected to a 
burn-in cycle. Full MIL-STD 883 processing is offered 
on all National custom and standard MOS devices. 
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Ordering Information/Physical Dimensions 

MM 

PACKAGES 

5316 N 

L>ACKAGE 

~---- DEVICE NUMBER 

DEVICE FAMILY 

DUAL-IN-LINE PACKAGES 

PACKAGE 

D Glass/Metal Dual-In-Line Package 

J Low Temperature Glass Dual-In-Line Package 

N Plastic Dual-In-Line Package 

DEVICE NUMBER 

4, 5 or 6-Digit Number Suffix Indicators 

DEVICE FAMILY 

MM- MOS Monolithic 

DS - Interface Monolithic 

CD - Interface Monolithic 

(N) Devices ordered with "N" suffix are supplied in molded dual-in-line package. Molding material is EPOXY B, a highly 
reliable compound suitable for military as well as commercial. temperature range applications. Lead material is Alloy 42 
with a hot solder dipped surface to.allow for ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in either the 14-pin, 16-pin, or 24-pin ceramic dual-in-line package. The 
body of the package is made of ceramic and hermeticity is accomplished through a high temperature sealing of the 
package. Lead material is tin-plated kovar. 

(0) Devices ordered with the "D" suffix are supplied in glass/metal dual-in-line package. The top and bottom of the package 
are gold-plated kovar as are the leads. The side walls are glass, through which the leads .extend forming a hermetic seal. 
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INCHES-.TO MILLIMETERS CONVERSION TABLE 

INCHES MM INCHES MM INCHES MM 

0.001 0.0254 0.010 0.254 0.100 2.54 

0.002 0.0508 0.020 0.508 Q.200 5.08 

0.003 0.0762 0.030 0.762 0.300 7.62 

0.004 0.1016 0.040 1.016 0.400 10.16 

0.005 0.1270 0.050 1.270 0.500 12.70 

0.006 0.'1524 0.060 1.524 0.600 15.24 

0.007 0.'1778 0.070 1.778 0.700 17.78 

0.008 0.2032 0:080 2.032 0:800 :i0.32 

0.009 0.2286 0.090 2.286 0:900 22.86 
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Clock Repetition Rate: The range of clock frequencies 
for which register operation is guaranteed. 

Clock Frequency <Pf: The range of clock frequencies 
which register operation is guaranteed. Maximum clock 
frequencies are dependent upon minimum and maxi· 
mum clock pulse width restrictions, as presented by the 
Guaranteed Operating Curves. 

Clock Delay cfld: cfld is defined to be that minimum 
amount of time that must expire after c/>1 has undergone 
a V c/lL to V c/lH transition and the start of a c/>2 V c/lH to 
VcflL transition. The same spacings apply, when c/>2 
preceeds c/>1. 

Clock Phase Delay c/ld, efld: The time between the VcflH 
levels of </>IN and </>OUT· c/ld is the time between the 
trailing edge of </>IN and the leading edge of .</>OUT· 
¢ct is the time between the trailing edge of </>OUT and 
the leading edge of </>IN· 

Clock Pulse Risetime, trc/l: The time delay between the 
10% and 90% voltage points on the clock pulse as it 
traverses between its logic VcflL and logic Vc/lH levels. 

Clock Pulse Falltime, tfc/l: The tim~ delay between the 
10% to 90% voltage points on the clock pulse as it 
traverses between its logic V c/lH and logic V c/lL levels. 

Clock Pulse Width, c/lpw: The duration of time that the 
clock pulse is greater than 1.5V. 

Clock Input Levels: The voltage levels (logic V c/lL or 
VcflHl which the clock driver must assume to insure 
proper device operation. 

Clock Control Setup Time, tcs: The time prior to the 
clock low-to-high transition at which the clock control 
must be at its desired logic level. 

Clock Control Hold Time, tch: The time after the high­
to-low transition for which the clock· control must be 
held at its desired logic level. 

Data Setup Time, fds: The time prior to the clock high· 
to-low transition at which the data input level must be 
present to guarantee being clocked into the register by 
that clock pulse. 

Data Pulse Width, fdw: The time during which the data 
pulse is in its V IH or V 1 L state. 

Data Hold Time, fdh: The time after the clock high­
to-low transition which the data input level must be held 
to guarantee being clocked into the register by that 
clock pulse. 

Data Input Voltage Levels: The voltage levels (logic VtL 
or V1Hl which the data input terminal must assume to 
insure proper logic inputs. 

Data Output Voltage Levels: The output voltage levels . 
(logiC VOL or VQH) which the output will assume under 
normal operating conditions. 

Data Input Capacitance: The capacitance between the 
data input terminal and ground reference measured at 
1 MHz. 
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Definition of Terms 

Output Resistance to Grol!nd: The resistance between 
the output terminal and ground with the output in the 
logic VQH state . 

Partial Bit Times T1N. TouT: The time between leading 
edges of clocks, measured at the VcflH levels. T1N is the 
time between the leading edge of c/ltN and the leading 
edge of </>OUT· TQUT is the time between the leading 
edge of <POUT and the leading edge of c/>1 N. 

Output Sink Current: The current which flows into the 
output terminal of the register when the output is a 
logical low level. Conventional current flow is assumed. 

Output Source Current: The current which flows out of 
the output terminal of the register when the output is a 
logical high level. Conventional current flow is assumed. 

Output Voltage Levels: The logical low level, VOL· is 
the more negative level. This is the state in which the. 
output is capable of sinking current. The logical high 
level, VoH. is the more positive level. This is the state 
in which the output is capable of sourcing current. 

VGG Current Drain: The average current flow out of 
the VGG terminal of the package with the output open 
circuited. 

Power Supply Voltage, VGG' The negative power 
supply potential required for proper device operation; 
referenced to V55. 

Power Supply Return, Vss: The Vss terminal is the 
reference point for the device. It must always be the 
most positive potential applied to the device. 

Vss Current Drain: The average current flow into the 
Vss terminal of the package. It is equal to the sum of 
the IGG and too currents. 

Power Supply Voltage, VDD: The negative power 
supply potential required for proper device operation, 
referenced to V SS· 

Clock Input Voltage Levels, Vc/lHVcflL' The voltage 
levels (logic "1" or "0") which the clock driver must 
assume to insure proper device operation. 

Data Output Voltage Levels, VoH. VoL: The output 
voltage levels (logic "1" or "0") which the output will 
assume with a specified load connected between output 
and Vss line. 

Data Input Voltage Levels, V1HV1L: The voltage levels 
(logic "1" or "0") which the data input terminal must 
assume to insure proper logic inputs. 

Control Release Time, tcr: The maximum time that a 
load command signal can be changed prior to the V </>L to 
VcflH transition of the output clock, c/lQUT. without 
affecting the data during bit time tn. 

Control Initiate Window: The time in which a load 
command signal must be applied to affect bit time tn. 
This time extends from the start of tcr to the start 
of tcs· 

Control Hold Time: The time that the load command 
signal must remain stable during tn bit time. See control 
timing diagram. 




