




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MM53100, MM53105 programmable TV timers 

general description 
The MM53100 and MM53105 programmable TV timers 
are monolithic CMOS integrated circuits utilizing P and 
N-channel low threshold enhancement devices. These 
circuits contain all the logic to give a 4 or 6-digit, 24-
hour display from a 50 or 60 Hz input, and control the 
"ON" time of the TV. The duration of the viewing 
period is '5, 10, 20 or 30 mins, selected by 2 input 
pins. Manual "ON" and "OFF" inputs are also provided. 
The MM53100 and MM53105 have ultra-low power 
dissipation in the stand-by mode and are ideally suit'ed 
to crystal controlled battery-operated systems. The 
MM53100 is designed for an optimum interface in 
TVs with a positive common reference voltage (e.g., 
+18V). The MM53105 is designed for an optimum 
interface for TVs with a OV reference voltage. Both are 
packaged in a 24-lead dual-in-line epoxy package. 

block diagram 

Dz 

50160 Hz 
SELECT HOLD 

�D�~�~�~�~�~�~� ____________ .... 

SET 
MINUTES 

MULTIPLEXED 
BCD alPs 

features 
• 50 or 60 Hz operation 
• 24-hour display format 

• Programmable TV on time' 

• Selectable view time 
• Ultra-low power dissipation 

• All counters resettable 

• Low voltage operation 
• Elimination of illegal time display at turn-on 

• Daily repeat or non-repeating operating 
• Fool-proof safety features 

• Compatible with MM5840 or MM5841 display circuits' 

applications 
• TV time display 
• Remote TV "ON"/"OFF" switch 

• Computer clock 
• Time data-logging systems 

SET 
HOURS 

MAN "ON" 

MAN"OFF"-' 

STANDBV-. 

t--------. TV "ON" alP 

t--------+ AUTO "ON" alP 

t--------+ VIEW PERIOD alP 

FIGURE 1_ MM53100, MM53105 Block Diagram 
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absolute maximum ratings (MM53100) (VOO common voltage reference) 

Supply Voltage (Voo - VSS) 6V 
Voltage at 50/60 Hz Select and Period VSS - 0.3V to VOO + 0.3V 

Select Inputs 
Current Into or Out of Any Other Input 100 f.lA max 

electrical characteristics (MM53100) T A = 25°C, Voo = 4.5V, VSS = OV unless otherwise specified. 

PARAMETER 

Supply Voltage 

Supply Current 

Input Logic Levels 

50/60 Hz Input, ~igit Select 

Inputs, Oisplay Select, "ON", 

"OFF", Time Setting Control, 

Standby Control 

Logic "1" 

Logic "0" 

50/60 Hz Select, Period Select 

(X, Y) 

Logic "1" 

Logic "0" 

Oisplay Select Input Oelay 

Output Logic Levels 

BCO Outputs 

Logit "1" 

Logic,"O" 

CONOITIONS 

VOO = 4.5V 

(Note 1) 

External Resistor, 15 kn to 

VOO - 12V, CL = 15 pF 

MIN 

2.8 

VOO-0.5 

VOO-0.5 

VSS 

0.5 

VOO-0.8 

TYP 

10 

MAX 

5.0 

25 

VOO 

VSS+0.5 

VOO 

VSS+0.5 

2.0 

VOO-11.2 

UNITS 

V 

f.lA 

V 

V 

V 

V 

f.lS 

V 

V 

Note 1: If input voltages go more negative than VSS, the input current must be limited to a maximum of 100 jJA by the use of external series 
resistors. No resistors are required on the OX, Oy, Oz inputs when interfacing with the MM5840. 

absolute maximum ratings (MM53105) (VSS common voltage reference) 

Supply V91tage (VOO - VSS) 6V 
Voltage at 50/60 Hz Select and Period Select Inputs VSS + 6V 
Voltage at Any Other Pin VSS + 13V 

electrical characteristics (MM53105) TA = 25°C, VOO = 4.5V, VSS = OV unless otherwise specified. 

PARAMETER 

Supply Voltage 

Supply Current 

Input Logic Levels 

50/60 Hz Input, ~igit Select 

Inputs, "ON", "OFF", Oisplay 

Select, Time Setting Controls, 

Standby Control 

Logic "1" 

Logic "0" 

50/60 Hz Select, Period Select 

(X, Y) 

Logic "1" 

Logic "0" 

Oisplay Select Input Oelay 

CONDITIONS 

VOO = 4.5V 

4·15 

MIN TYP 

2.8 

10 

VOO-D·5 

VSS 

VOO-0.5 

VSS 
0.5 

MAX 

5.0 

25 

13 

VSS+0.5 

VOO 

VSS+0.5 

2.0 

UNITS 

V 

pA 

V 

V 

V 

V 

ps 

~ 
~ 
U1 
Co\) ... 
0 
? 
~ 
~ 
U1 
Co\) ... 
0 
U1 



electrical characteristics (Continued) (MM53105) TA = 25°C, VDD = 4.5V, VSS = OV unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Output Logic Levels 

BCD Outputs External Resistor 15 H2 to 12V, 

Logic "1" 

Logic "0" 

TV "ON" Output, Auto 

"ON" Output. View Period 

Output 

CL = 15pF 

Logic "1" 

Logic "0" 

Loaded 2.7 kil to VSS 

Loaded 2.7 kil to VDD 

Note 1: Input voltages to go .:nore positive than VOO. 

functional. description 
A block diagram of the MM53100, MM53105 TV timers 
is shown in Figure 1. A connection diagram is shown in 
Figure 2. Unless otherwise indicated, the following 
discussions are based on Figure 1. Figures 5a and 5b 
illustrate the system configuration for a crystal controlled 
TV display system using both circuits. 

Dual-In-Line Package, Top View 

VDD --!. 

BCD 8.2. 

BCD4..2. 

BCD2 -! 

BCD 1 .2. 

STANDBY...!. 

.. 7 
ENABLE -'-

~~~~~~ ...! 
PE~:~~ ...J. 

AUTO "ON" ..!.!!. 

PERIOD 11 
SELECT x-

PERIOD .E. 
SELECT Y 

u 24 
f-- Ox 

~Dy 

~DZ 
21 
f-- 50/60 Hz SELECT 

20 
--- 50/60 Hz DRIVE 

.!.!.. HOLD 

~ SET HRS 

.!2... SET MINS 

r1!- DISPLAY CONTROL 

~ MAN "OFF" 

~ MAN "ON" 

~VSS L...-______ -' 

FIGURE 2. 

Orde.r Number MM53100N or MM53105N 
See Package 22 

50 or 60 Hz Drive: This input is applied to a Schmitt 
trigger shaping circuit which allows use of a filtered 
sinewave input. A simple RC filter should be used to 
remove possible line voltage transients that could either 
cause the clock to gain time or damage the device. The 
input should swing between VSS and VDD. The shaper 
output drives a counter chain which performs the time­
keeping function. 

Alternatively, in a crystal controlled battery operated 
system, an oscillator and prescaler such as the MM53107 
could be used as a time base. 

4·16 

11.2 V 

0.8 V 

0.5 

1.0 

mA 

mA 

50 or 60 Hz Select Input: This input programs the 
prescale counter to divide by either 50 or 60 to obtain a 
1 pps time base. The counter is programmed for 60 Hz 
operation by connecting this input to VDD. An internal 
1 Mil pull-down resistor is common to this pin; simply 
leaving this input unconnected programs the clock for 
50 Hz operation. 

Time Setting Inputs: Inputs to set hours and set minutes 
as well as hold input, are provided. Internal 1 Mil 
pull-down resistors provide the normal timekeeping 
function. Switching any 1 of these inputs (1 at a time) 
to "1" results in the desired time setting function. Set 
Hours advances hours information at 1 hour/second and 
Set Minutes advances minutes information at 1 minute! 
second, without rollover into the hours counter. Set 
Minutes also resets the seconds counter to O. The hold 
input stops the clock to the minutes counter and resets 
the seconds counter. Activating Set Minutes and Set 
Hours simultaneously resets the displayed counters 
to alia's. 

Display: This input controls the display and time­
setting operation. It has an internal 1 Mil pull-down 
resistor to VSS. When taken to Logic "0" or in open 
circuit condition, the real time is displayed and the Set 
Hours and Set Minutes inputs operate the real time 
counters. When taken to logic "1", the "ON" time is 
displayed and the time-setting inputs operate on the 
"ON" counters. 

Digital Select Inputs (OX, Dy, DZ): These 3 inputs are 
used to determine which digit will be displayed. Table IA 
shows the code for each digit. Seconds will be displayed 
as "00" when the "ON" time is being displayed. 

Enable: This input has an internal resistor to VSS. 
When taken to logic "1", this input disables the pro­
grammed "ON" time for the TV output. 

Period Select Inputs (X, V): These inputs have pull­
down resistors to VSS. They determine the view period, 
i.e., 5, 10, 20 or 30 mins. Table IB shows the Period 
Select Code. 



functional description (Continued) 

Standby Control Input: This input has an internal 
resistor to Vss. Its function is to sense when the line 
generated 12V supply is turned off and to then disable 
the outputs. In the TV, th is input should be connected 
to the 12V supply. 

Manual "ON" Input: This input has an internal resistor 
to VSS. When taken to logic "1", this input turns the 
TV output to the "0" state. It is designed to have 
typically 0.75 second debounce time to prevent mal· 
operation. 

Manual "OFF" Input: This input has an internal resistor 
to VSS. When taken to logic ",", tl1is input turns the 
TV output to the "'" state. It is designed to have 
typically 0.75 second debounce time to prevent mal· 
operation. 

TV :'ON" Output: Figure 3 illustrates the CMOS 
inverter output circuit used. 

In the manual mode of operation, the manual "ON" 
input sets this output to "0", the manual "OFF" input 
resets this output to ",". The manual "ON" input 
inhibits the auto "ON" output. 

In the programmable mode, this output goes to "0" 
when the programmed "ON" time coincides with the 
real time (unless enable = ,). The output will then 
stay at "0" for the selected period of 5, , 0, 20 or 30 
minutes before returning to "'" state. During this 

period, a signal on the manual "ON" input will prevent 
the automatic switch·off. 

Manual "OF F" input will always reset the output to a 
logic "1" state. 

Auto "ON" TV Output: An <Idditional output is pro· 
vided to indicate that the TV is "ON" in the automatic 
mode of operation. This output goes to a logic "0" 
for the duration of the auto "ON" ·time. Manual "ON" 
switches this output back to a logic "'''. 

View Period Indicator: This output normally is a 
logic "'''. When the TV switches on at the programmed 
time, this output transmits a 1 Hz waveform for the 
duration of the selected view period. Hence, it can be 
used to indicate that the TV is switched on for a limited 
period only by means of a flashing on·screen and/or 
off·screen display. The output will permanently return 
to "'" at the end of the viewing period or when a valid 
manual "ON" or "OFF" input signal is received during 
the view period. 

BCD Outputs: Figure 4 illustrates the open drain output 
circuits used, a) MM53100, b) MM53'05. 

With the use of the external respective pull·up and pull· 
down resistors, these outputs are designed to be com· 
patible with the MM5840 and MM584' TV display 
circuits. 

Note. Case (a) for common VDD, case (b) for common 
VSS when used with the MM5840. 

TABLE IA. Digit Select Code 

DIGIT SELECT DIGIT DISPLAYED 

LINES 

Vee 

FIGURE.3. CMOS Output (TV 
"ON", Auto "ON", Indicator} 

Ox 
Oy 

Oz 

DIP 

S1 S10 * Ml Ml0 * 

1 0 0 1 1 0 

1 1 0 0 0 0 

0 0 0 0 1 1 

TABLE lB. Period Select Code 

PERIOD SELECT VIEW PERIOD 

INPUTS PROGRAMMED 

X Y 

0 0 5 mins 

0 1 10 mins 

1 0 20 mins 

1 1 30 mins 

Vee----~~------~~ 

L-.f--< .... --~D/P 

FIGURE 4a. BCD Outputs, MM53100 
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H1 Hl0 

0 1 

1 1 

1 1 

VPDS --H .... ---

~ -r: 
~t-< .... --. DiP 

FIGURE 4b. BCD Outputs, MM53105 

s: 
s: 
U1 
W 
...& o 
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s: 
U1 
W 
...& 

o 
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functional description (Continued). 

2CElL 
BATTERY 

MM5JlOl SO/60H, 
PRE·SCALER 

IBV 

HOLD 

SETM 

SET H 

-MAN "ON" 

MAN "OFF" 

DISPLAY SELECT 

ENA8LE 

SO/60H, 

JV 

50160 Hz 
SELECT 18V 

ISV 

_H .......... -6V 

ROI 

Dy 

DZ 

OSCINH-+ 

CLOCK 

MODE--. 

TV "ON" DiP 

AUTO "ON" DIP 

VIEW PERIOD OIP 

18V 

MMS840 

CHANNEL 
liPS 

r-"Y\7'v----- TV VIDEO OIP CCT (18V) 

GV 

HORIZ 
~~-"""-....JI.,,,,,"_6----18V FROM TV 

I----.---.M,-- HORIZ RETRACE 

6V 
VERT 

~--"""---'M,-- VERT RETRACE 

6V 

FIGURE 5a. Typical System Diagram, MM53100 

HELL 
50'60 Hz BATTERY 
SELECT JV 

Ox 

Dy 

DZ 

DSCINH-+ 

CLDCK 

S/8·DIGIT 
DISPLAY 

MDDE--. 

TV "DN" OIP 

AUTD "ON" OIP 

VIEW PERIDD DIP 

12V 

MMS840 

CHANNEL 
liPS 

r--"W"v----- TV VIDEO DIP CCT 

HORIZ 
t--t-...... -~"""_ ..... ---12V 

t---..... -M.-- HDRIZ RETRACE 

VERT 

t---...... ---.Mr-- VERT RETRACE 

FIGURE 5b. Typical System Diagram, MM53105 
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MM53104 1V game clock generator 

general description 

The MM53104 is a monolithic CMOS clock generator 
designed to generate the 2-phase non-overlapping clocks, 
¢1 and ¢2, for the MM57100 TV game chip. 

All pins are protected against static damages by diode 
clamps to both VCC and ground. 

The MM53104 contains two independent oscillator 
circuits that can either be driven by an external input 
or be used as a Colpitts-type oscillator (e.g., crystal 
oscillator). The first oscillator (X 1, X2) is designed to 

features 

• Directly drives MM57100 

• Two on-chip oscillator circuits 

. operate at 3.58 MHz and the output (X2) is fed internally 
to a divide-by-3 1/2 counter to generate the 1.0227 MHz 
¢1 and ¢2 outputs required by the MM57100. The 
second oscillator (Yl, Y2) is a completely independent 
oscillator and is designed for a 4.5 MHz operation. • Low power consumption 250 mW typ @ 15V 

connection diagram 

Dual-In-Line Packago 

X2 VCC 

GND 

MM53104N 

¢2 

TOP VIEW 

logic diagrams 

Vcc 

f 1M lOOk 

.;-31/2 NON· I'll 
Xl 

COUNTER 
OVERLAPPING Yl 

CIRCUITRY ¢2 

Vcc "::" "::" 

i 1 
X2 Y2 

"::" -
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absolute maximum ratings (Note 1) 

Voltage at Any Pin 
VCC 
Recommended VCC 
Operating Temperature Range 
Storage Temperature Range 
Package Dissipation 
Lead Temperature (Soldering, 10 seconds) 

-o.3V to VCC +0.3V 
-o.3V to 16V 

15V ±5% 
O°C to +70°C 

-65°C to +150°C 
500mW 

300°C 

dc electrical characteristics 14.25V ~ VCC ~ 15.75V 

PARAMETER . CONDITIONS 

ICC Quiescent Current Xl = Yl = VCC 
Operating Current Yl = GND 

VOH Output High Level, c/>1 or c/>2 VCC = 15V 

VOL Output Low Level, c/>1 or c/>2 VCC=15V 

IOH Output Source Current, c/>1 or c/>2 VCC = 15V, Vo = 13.5V 

IOL Output Sink Current, c/>1 or c/>2 VCC = 15V, Vo = 1.5V 

MIN TYP 

15 

14.95 

-7.0 

11.0 

ac electrical characteristics VCC = 15V, CL = 15 pF, all limits apply across te!f1perature. 

PARAMETER CONDITIONS MIN TYP 

TR Rise Time of c/>1 or c/>2 15 

TF Fall Time of c/>1 or c/>2 15 

TPW,c/> 1 + Positive Pulse Width of c/>1 410 455 

TPW,c/>l- Negative Pulse Width of c/>1 470 520 

TPW,c/>2+ Positive Pulse Width of c/>2 510 570 

TPW,c/>2- Negative Pulse Width of. c/>2 380 410 

TW,c/>2- Effective Negative Pulse Width 405 440 

of c/>2 

TdLl c/>1 Overlapping c/>2 Time -13 

TdL2 c/>2 Overlapping c/>1 Time -2 

Vall c/>1 Cross-Overc/>2 Voltage VCe-1.0 VCC 

VOL2 c/>2 Cross-Over c/>1 Voltage VCC-2.0 VCe-O.B 

MAX UNITS 

600 J1.A 
mA 

V 

0.05 V 

mA 

mA 

MAX UNITS 

30 ns 

30 ns 

510 ns 

570 ns 

600 ns 

470 ns 

ns 

5 ns 

10 ns 

V 

V 

Note 1: "Absolute Maximum Ratings" are those values beyond which t'he safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
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timing diagram 

X1 

X2 

~1 ..J 
~2 1 ... _---' 

ac test circuit 

~
T2-

5V--. . 

OV 

- T1-

T1 = 145 ns 
T2 = 135 ns 
tr = tf = 20 ns 

2k • 1 

CL = 15 pF including scope probe and all stray capacitances. 

Note: When the MM53104 is used with the MM57100 
and LM1889, the 4.5 MHz oscillator in the MM53104 
is not needed and thus pin 3 should be grounded. 

switching time waveforms 

PULSE 
GENERATOR 

~1 Vee -----,,1 

'---_ ....... 
L 

MM53104N 

O.5V ~'IIF Tpw~1--'1 t-o,----TPW,~2-
1--------TPW:¢2+ I',' TW,~2-------~ 

~ GND 

Note: tr = tf = 20 ns Tpw,~1+---------I 
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MM55104, MM55106, MM55114, MM55116 PLL frequency synthesizer 
general description 
The MM55104 and MM55106 devices. contain phase 
locked loop circuits useful for frequency synthesizer 
applications in C.B. transceivers. The devices operate 
off a single power supply and contain an oscillator, 
a 210 or 211 divider chain, a binary input programmable 
divider, and phase detector circuitry. The devices may 
be used in double I.F. or single I.F. systems. The 
MM55104, MM55114, MM55106 and MM55116, use a 
10.24 MHz or 5.12 MHz quartz crystal to determine the 
reference frequency. The MM55106 and MM55116 have 
an output pin which provides a 5.12 MHz signal, which 
may be tripled for use as a reference oscillator frequency 
in two crystal systems. Also, the MM55106 provides an 
additional input to the programmable divider which 
allows 29 - 1 division of thf:l input frequency (FIN). 
The inputs to the programmable divider are standard 
binary signals. Selection ofa channel is accomplished by 
mechanical switches or by external electronic program­
ming of the programmable divider. 

The <lNCO output provides a high level voltage (sources 
current) when the VCO frequency is lower than the lock 

block diagrams 

OSC OUT 

FREQ SelECT 
",". 'OkHz 
"0"05 kHz 

5 
¢VCO OUTPUT 

6 

MM55104, MM55114 

pin descriptions ' 

PO-P8 

FIN 

oselN 

ose OUT 

Programmable divider inputs 

Frequency' input from veo (mixed 
down) 

Oscillator amplifier input terminal 

Oscillator amplifier output terminal 

LD Lock detector 

I/lVeO Output of phase detector for control 
of the veo 

FS Frequency division select 10 kHz or 
5 kHz - "1" is 10 kHz: "0" is 5 kHz 

5.12 MHz OUT ose Frequency divided by 2 output 

LOCK 
1 OETECTOR 

"'''Io,lock.d 
"0"10' unlocked 

frequency, and qNCO provides a low level voltage (sinks 
current) when the VCO frequency is higher than the 
lock frequency. The qNCO output goes to a high impe­
dance (TRI·STATE@) condition under lock conditions, 
and the lock detector output LD goes to a high state 
under lock conditions. 

features 
• Single power supply 

• Low power CMOS technology 

• Binary input channel select code 

• 5 kHz or 10kHz output from oscillator divide 

• 5.12 MHz output (MM55106 and MM55116 only) 

• On·chip oscillator 
• Pull·down resistors on programmable divider in'puts 

• Low voltage operation-5V (MM55104, MM55106) 

• High voltage operation-8V (MM55114, MM55116) 

OSC 
IN 

FREQ SelECT 
5.12 MHZ ",". 10 kHz 

OUT "0" -5 kHz 
6 

¢VCO OUTPUT 
7 

MM55106, MM55116 

truth table 
Truth table for binary inputs to programmable divider. 

N P8 P7 P6 

1 0 0 0 
2 0 0 0 

511 1 1 1 

FOUT = FIN/N 

1 = High voltage level, VOH 

0= Low voltage level, VOL 

X = Don't care 

P5 P4 P3 P2 

0 0 0 0 
0 0 0 O. 

1 1 1 1 

LOCK 
8 DETECTOR 

"1"Io,lock.d 
"0" 1o, unlock~d 

P1 PO 

0 X 
1 0 

1 1 
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I 

absolute maximum ratings 
Voltage at Any Pin VCC'+ 0,3V to Gnd- 0.3V 
Operating Temperature Range -30°C to +75°C 
Storage Temperature Range -40°C to +125°C 

elec'trical characteristics TA = 25°C 

PARAMETER 

Supply Voltage (VCC) 

MM55104, MM55106 

MM55114, MM55116 

CONDITIONS 

VCC Max 
MM55104, MM55106 
MM55114, MM55116 

Lead Temperature (Soldering, 10 seconds) 

MIN 

4.5 

7.0 

TYP 

5.0 

8.0 

MAX 

5.5 

10.0 

I Supply Current (Icel Freq @ Osc In = 10 MHz, 

I @ FIN = 2.5 MHz, All Other 

1/0 Pins Open, (Note 1) 

MM55104, MM55106 

MM55114, MM55116 

Logical "1" Input Voltage (VIN(1)) 

PO-P8, FS, FIN 

Logical "0" Input Voltage (VIN(O)) 

PO-P8, FS, FIN 

Logical "1" Output Voltage 

5.12 MHz Out, LD 

qNCO 

Osc Out 

Logical "0" Output Voltage 

qNCO, 5.12 M Hz Out, LD 

Osc Out 

Logical "1" Input Current 

FS (Pull-Up) 

MM55104, MM55106} PO-P8 
MM55114, MM55116 (Pull·Down) 

Logical "0" Input Current 

PO-P8 (Pull-Down) 

MM55104, MM55106 } 
MM55114, MM55116 FS (Pull·Up) 

Toggle Frequency @ FIN 

Oscillator Frequency @ Osc In 

TRI-STATE Leakage @qNCO 

VCC = 5V 

VCC = 8V 

10 = 0.5 rnA} 
10 = O.4mA 

10 = 0.25mA 

10 =-0.5mA } 
10 = -0.25mA 

VCC == 5V 

VCC == 8V 

VCC == 5V 

VCC == 8V 

connection diagrams (Dual-In-Line Packages, Top View) 

y y _p .!4 Is 1617 ~18 
Vee FIN osc OSC FS "veo LO P7 

IN OUT 

Order Number MM55104N or MM55114N 
See Package 19 
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(VCC-O.4V) 

(VCC-0.5V) 

5 

10 

-10 

-30 

3 

10.24 

3 

8 

20 

40 

-35 

-120 

GNO PO PI P2 PJ P4 PS P6 P7 

.118 117 116 115 114 113 112 111 110 

V!~ F!~ o!~ O!~ 5\: FIs6 .Xo LI: J: 
IN OUT MHl 

OUT 

10 

16 

0.4 

0.5 

1.0 

50 

100 

1.0 

-100 

-300 

1.0 

Order Number MM55106N or MM55116N 
See Package 20 

UNITS 

V 

V 

mA 

mA 

V 

V 

V 

V 

/lA 

/lA 

/lA 

/lA 

/lA 

/lA 

MHz 

MHz 

/lA 

~ 
~ 
U1 
U1 .... 
o 
~ 
~ 
~ 
U1 
U1 .... 
o 
en 

s: 
~ 
U1 
U1 .... .... 
en 



typical applications 

INTRODUCTION TO FREQUENCY SYNTHESIS 

The components of a frequency synthesizer are shown 
in Figure 1. The voltage controlled oscillator produces 
the desired output frequencies spaced fv Hz apart 
according to the relation: 

The referen'ce .frequency. fro must be equal to or less 
than the (channel) spacing between the frequencies 
bei ng synthesi zed. 

CHANNEL SELECT CODE 

(OUTPUT) Iv.-.... -----f VCO 

FIGURE 1. Basic Frequency Synthesizer. 

Although simple in concept, the circuit of Figure 1 has 
certain difficulties. In CB. we are synthesizing the 
following frequencies: 

Ch 1 
CIl 2 

Gil 23 

26.965 
26.975 

27.225 

Although the channel spacing is 10 kHz. a reference 
frequency of 5 kHz would be necessary due to the odd 
5 kHz in the assigned channel. This in itself poses no 

Iv 

. FIGURE 2(a). Frequency Prescaling 

26.965 

problem; however, present technology limits the counting 
speed of programmable dividers to something less than 
5 MHz, ruling out the approach shown in Figure 1. 

Two solutions to this problem are shown in Figure 2. 

Frequency prescaling shown in Figure 2(a) reduces the 
VCO frequency by M (a fixed number) to a frequency 
that can be divided by the programmable counter. The 
reference frequency fr must also be reduced by M. In the 
case of CB, if M :; 10, fv = 26.965 MHz, the input to the 
programmable divider will be 2.6965 MHz, and the 
5 kHz reference frequency will be reduced to 500 Hz . 

. This poses problems in speed of response of the phase 
locked loop. 

The second technique mixes the output frequency of 
the VCO with a stable fixed frequency to obtain a 
related reference frequency. 

This technique has the advantage of allowing a 10 kHz/ 
reference frequency in the loop instead of 5 kHz. 

Further complexity arises when one considers that the 
synthesizer must also generate a local oscillator signal as 
well as a transmitter input signal for the radio (Figure 3). 
A system which provides these frequencies, as well as 
the proper offset to allow the programmable divider to 
ope'rate within its limits is shown in the typical applica­
tions diagrams (Figure 4). The ,only departure from the 
ideal situation shown in Figure 3 is that the first IF 
frequency of 10.7 MHz must be changed to 10.695 MHz 
(a change of 5 kHz). 

FIGURE 2(b). Frequency Offset 

FIGURE 3. Signals Needed to Transmit and Receive Ch 1 
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typical applications (con 't) 

BUFFER 

1180665MHI 

FIGURE 4(a). MM55104 or MM55114 3·Crystal Application 

91 <:N < 120 
N 'IS0 FOR CH SO 

TO TRANSMITTER 
26.96S-21.22SMHz 

FIGURE 4(b). MM55106 or MM55116 2-Crystal. 23·Channel Application 
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MM5840 TV channel number (16 channels) and time display circuit 

general description 
The MM5840 TV Channel Number and Time Display 
Chip is a monolithic metal gate CMOS integrated circuit 
which generates a display of channel numbers (up to' 
16 channels) and time readouts on the television screen. 

By external connection, it has the option of displaying 
the channel number only whil'e switching channels with 
a period controlled by the external RC time constant of 
a timeout monostable. 

This chip includes all the logic required to provide two 
modes of operation, namely channel number, or channel 
number and time display. 

In addition, it can have a five (hour tens, hour units, 
colon, minute tens, and minute units) or eight digit . 
(hour tens, hour units, colon, minute tens, minute units, 
colon, second tens, and second units) display, depending 
on the digit select input logic level. 

By employing the video gating input together with the 
video output, a symmetrical blanked rectangular frame 
around the display may be generated on the TV screen. 

This chip serves as a display generator with BCD channel 
inputs, as provided from the clock chips MM5318, 
MM53100 or MM53105. The position of the display 
on the TV screen can be controlled by adjusting external 
RC time constants. 

functional description 
The channel number and time readout circuit operates 
with a 2 to 4.5 MHz input clock. Counters are incorpor­
ated in the chip, operated by the input clock to keep 
track of the time slots of the display. 

The position of the display is controlled by adjusting the 
external RC time constants of the horizontal and vertical 
monostable multivibrators. 

A 7:segment decoder is used to decode either channel 
'inputs or time which is stored temporarily in the channel 
number buffers or 4-bit latches, respectively, depending 
on the time slot of the display. Each digit of time is 
stored in a 4-bit latch while it is being decoded and 
displayed, and the next digit enters the latch while the 
horizontal sweep is between digits. 

A time slot decoder is employed to decode the appro­
priate time slot and the digit to be displayed. It 
generates a video output signal that modulates the SWE:ep 
of the television tube for the display on the screen. 

features 
• 12 or 24-hour' operation (controlled by clock chip) 

• 5 or 8-digit display 

• Channel number leading zero blanking 

• Single power supply 
• Channel number only or channel number and time 

display 

• Video gating output for generating a symmetrical 
blanked rectangular frame around the display 

• Oscillatorinhibit output 
• Channel number display only while switching channels 

• 4-bit binary plus one code, for channel numbers 

functions 
II 8-digit mode is selected by a logic "1" at digit select 

input 

• Channel number and time mode is selected by a logic 
"1" at mode input 

• Permanent channel number display is selected by a 
logic "1" at timeout monostable input 

connectio'n diagram Dual-J n-Line Package 
CHANNEL UNITS 

(BINARY+I) 
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absolute maximum ratings 

Supply Voltage (VDD - VSS) -O.3V to +15V 
Voltage at Any Pin VSS - O.3V to VDD + O.3V 
Operating Temperature O°C to +70°C 
Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics Voo = 12V, VSS = OV, unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

Power Supply .voltage 

VDD VSS = 0 11 12 14 V 

Power Supply Current 800 pA 

Input Voltage Levels 

Time, Oscillator, ~igit 

Select, an~ Mode Inputs 

Logical Low VSS-0.3 VSS VSS+0.9 V 

Logical High VOO-0.5 VOO VOO+0.3 V 

Channel Inputs 

Logical Low VSS-0.3 VOO-5 VOO-4.5 V 

Logical High VOO-0.5 VOO VOO+0.3 V 

Horizontal and Vertical Inputs 

Logical Low VSS-0.3 VOO-5 VOO-4.5 V 

Logical High VOO-0.5 VOO VOO+0.3 V 

Input Frequency Interfacing with MM53100, MM53105 2 4.5 MHz 

Oscillator Interfacing with MM5318 2 4.5 MHz 

Horizontal Pulse Width = 14 ps 15.75 kHz 

Vertical Pulse Width = 1 ms 60 Hz 

Output Voltage Levels 

Video Gating, Osc. Inhibit 

Oigit Address and Video Outputs 

Logical Low VSS-0.3 VSS VSS+0.9 V 

Logical High VOO-0.5 VOO VOO+0.3 V 

One-Shot Output Pulse Ouration 

Horizontal 15 50 ps 

Vertical 1.5 13 ms 

Output Orive 

Video Output 

Logical Low VSS + lV '1-11 mA 

Logical High VOO -lV 1 mA 

Video Gating and Osc. 

Inhibit Outputs 

Logical Low Output Forced Up to VOO - 4.5V 1-21 mA 

Logical High VOO -lV 0.2 mA 

External RC 

CVERTICAL 0.1 pF 

CHORIZONTAL 0.001 pF 

RVERTICAL 50 kn 

RHORIZONTAL 100 kn 

CTIMEOUT 5 pF 

RTIMEOUT 1 Mn 

Propagation Delay 

Video Gating and Osc. From Input Clock to Oscillator 2 clock 

Inhibit Outputs Inhibit or Video Gating Outputs pulses 

Input Leakage 1 pA 

Input Capacitance 5 pF 
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block diagram 

truth table 

timing diagram 

HORIZONTAL 
PULSE 

CODES 

OX 

DY 

DZ 

VERTICAL 
PULSE 

TIMEOUT 
MONOSTABLE 

(EXTERNAL RC 
CHANNEL OR TO VOD) TIME 

VIDED 
GATING 
OUTPUT 

OSC VIDEO OUT 
INH 

OUTPUT 

Digit Address (OX, DY, DZI Codes 

DURING DIGITS 

RESET 1 . 2 3 4 5 6 7 8 

1 0 0 1 1 0 0 1 1 

1 1 0 0 0 0 1 1 1 

1 1 1 1 0 0 0 0 1 

With Video Gating, Output Gated with Video Output 

"""1-----------1&·7m.------------i1 
VERTICAL! jr-----------------.;.-.---f ~ r­
RETRACE U U 

VERTICAL --, j="ADJUSTABLE 
TIMEOUT ~ L 

HORIZ. 
RETRACE 

HORIZ. TIME 
OUT 

U '-U--
\f--------- 63.5~.----------I\ 

...... __ =+_~ ADJUSTABLE 

,3 
12:'-13:57 
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typical applications 

Horizontal and Vertical One-Shot Circuit 

PORTION ON CHIP r------------., 
/ +---~._----~~------~----+_ __ --~~V+ 

J+ 

i' INPUT 0 UTPUT 
CONFIGURATION } CONFIGURATION 

FOR CHANNEL FOR OSC INHIBIT. 
INPUTS ANO VIDEO OUTPUT. 

CONTROL INPUTS DIGIT SELECT 

I 

I 

RETRACE 
INPUT 

RETRACE U INPUT 

~--~~----~------~~~V-L _______________ ~ 

TV Channel and Time Display Interfacing MM5j18 

0.01 

r +12V 
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10-.... _-113 
MM5B40 

1 
22 

BI:::~~~~ >-------t:: 
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12V 

TIMEOUT MONOSTABLE 
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NC 27 

NC 28 

NC 

OIGIT SELECT +12V FOR 8 DIGIT 
GNO FOR 5 OIGIT >-----..... 

MOOE CONTROL +12V:NODRFC::~~!~:ENLOOT~~~ >-_________ --' 
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o 
~ typical applications (Continued) 
11) 

~ 
~ 

3V 

JUl 

TV Channel and Time Display Interfacing MM53100 
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I 60 Hz 

20 
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20M 
MM53107 ...1... 
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MANUAL TV "OFF" 
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21 
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VDU 

MM53IDO' 

13 

VSS 
IV 

VDD 

mil 

~ mlz 

3 ml4 

2 mil 

24 

23 

22 

15 

18 

19 

18 

17 

21 

20 

Ox 

Dy 

DZ 

6.Sk 

VIDEO 
OUTPUT 

llfiIlov 

12V 

":" 

TV"ON" 
OUTPUT 

AUTO "ON" 
OUTPUT 

VIEW PERIOO 
PULSE OUTPUT 

t-:::":::':'--+-""""4~J,I"""~~--<12V 
HORIZ. 

Uk 

":" 

VERT. 

I---~~"'ot-....., HORIZONTAL 
I'OSITION 

t--4-,y.,7Ir .... A~J. 

t----........ M--. VERTICAL 
I'OSITIDN 

1--4-~'Iv-""" ADJ. 

+12V 

Note. For interfacing with MM53105. refer to MM53105 specifications. 
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MM5841 TV channel number and time readout circuit 

general description 
The M M5841 TV Channel Number and Time Readout 
Circuit is a monolithic metal gate CMOS integrated 
circuit, which generates a display of channel number 
and time readouts on the television screen. 

This chip includes all the logic required to provide two 
modes of operation, namely channel number, or channel 
number and time displays. 

In addition, it can have a five (hour tens, hour units, 
colon, minute tens, and minute units) or eight digit 
(hour tens, hour units, colon, minute tens, minute units, 
colon, second tens, and second units) display, depending 
on the digit select input logic level. 

This chip serves as a display generator between the 
BCD channel inputs, the clock chip (MM5318) and the 
television set. The position of the display on the TV 
screen can be controlled by adjusting the external RC 
time constants. 

functional description 
The channel numbe~ and time readout circuit operates' 
with a 4 MHz input clock. Counters are incorporated in 
the chip, operated by the input clock to keep track of 
the time slots of the display. ' 

The position of the display is controlled by adjusting the 
external RC time constants of the horizontal and 
vertical monostable multivibrators. 

connection diagram 

A 7·segment decoder is used to decode either channel 
inputs or time which is stored temporarily in the channel 
number buffers or 4 bit latches, respectively, depending 
on the time slot of the display. Each digit of time is 
stored in a 4·bit latch while it is being decoded and 
displayed, and the next digit enters the latch whi Ie the 
horizontal sweep is between digits. 

,I 

A time slot decoder is employed to decode the appro· 
priate time slot and the digit to be displayed. It 
generates a video output signal that modulates the sweep 
of the television tube for the display on the screen. 

, features 

• 12 or 24 hour operation (controlled by clock chip) 

• 5 or 8 digit display 

• Channel number leading zero blanking 

• Single power supply 

• Channel number only or channel number and time 
display 

functions 

• 8 digit mode is selected by a logic "1" at digit select 
input 

• Channel number and time mode is selected by a 
logic "1" at mode input 

Dual·1 n·Line Package 

CHANNEL TENS CHANNEL UNITS 
~ VIDEO 
(4) (2) (1) (8) (4) (2) (1) Rv Cv VERT HORIZ CH RH OUT 

TOPVIEW 

Order Number MM5841 N 
See Package 23 
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absolute maximum ratings 

Supply Voltage (V oo - Vss ) 
Voltage at Any Pin 
Operating Temperature 
Storage Temperature 
Lead Temperature (Soldering, 10 seconds) 

-O.3V to +15V 
Vss - O.3V to Von + O.3V 

O°C to +70°C 
-55°C to +150°C 

300°C 

electrical characteristics 
Voo = 12V, Vss = OV, unless otherwise specified. 

PARAMETER CONDITIONS 

Power Supply Voltage 

Voo Vss = 0 

Power Supply Current 

Input Voltage Levels 
Time, Oscillator, Digit Select, 
and Mode Inputs 

Logical Low 
Logical High 

Channel Inputs 
Logical Low 
Logical High 

Horizontal and Vertical Inputs 
Logical Low 
Logical High 

Input Frequency 
Oscillator 
Horizontal Pulse Width = 14/1s 
Vertical Pulse Width = 1 ms 

Output Voltage Levels 
Oscillator Inhibit, Digit Address 
and Video Outputs 

Logical LoW 
Logical High 

One·Shot Output Pulse Duration 
Horizontal 
Vertical 

Output Drive 
Video Output 

Logical Low Vss + 1.0V 
Logical High Voo -1.0V 

Oscillator Inhibit Output 
Logical Low Output Forced Up to Voo - 4.5V 
Logical High Vaa - 1.0V 

External RC 

CVERTICAL 
CHORIZONTAL 
RVEFlTlCAL 
RHORIZONTAL 

Propagation Delay 
Oscillator Inhibit Output From I nput Clock to Oscillator 

Inhibit Output 

Input Leakage 

Input Capacitance 
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MIN TYP MAX UNITS 

11 12 14 V 

800 /1A 

Vss --D·3 Vss Vss+0.9 V 
Voo-O.5 Voo Voo+0.3 V 

Vss--D·3 V oo-5 V oo-4.5 V 
Voo-0.5 Voo Voo+0.3 V 

Vss--D·3 V oo-5 V oo-4.5 V 
V oo--D·5 Voo Voo+0.3 V 

1 4 4.5 MHz 
15.75 . kHz 

60 Hz 

Vss-0.3 Vss Vss+0.9 V 
Voo-0.5 Voo Voo+0.3 V 

15 50 /1S 
1.5 13 ms 

1-11 rnA 
1 rnA 

1-21 rnA 
0.2 rnA 

0.1 /1F 
0.001 /1F 
50 kn pot 
100 kn pot 

2 clock 
pulses 

1 pA 

5 pF 



block diagram 

4MHz 
CLOCK 

HORIZONTAL 
PULSE 

OIGIT AOORESS 
OUTPUTS 

VERTICAL 
PULSE CHANNEL TIME 

OSC INHIBIT 
OUT 

VIDEO OUT 

timing diagram 

1-1---,---------16.7 ms------------11 
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!f-------63,5"S---------I! 

~------------------~/I~----~ '--__ :+_-' ADJUSTABLE 

asc INHIBIT ______________ ---'!=== ~15"s ---LI _____________ _ 

CLOCK nnn n n 4MHz _____________ IUUI ______ ~IUI _______________ ___ 

VIOEO nnn 
OUTPUT ____________________ IUUI ____________ _ 

CHARACTER 
DlSPLAYEO 

typical applications 

J+ 

{

I 
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CONFIGURATION } CONFIGURATION 
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I 

I 

RETRACE 
INPUT 

-I......---.-..----.--~V+ r-l 14 

I 

V2 

Horizontul and Vertical One-Shot Circuit 
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typical applications (con't) 
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MM58106 digital clock and TV display circuit 

general description 

The MM58106 is a monolithic CMOS integrated circuit 
which generates a display of channel number and time 
on the television screen. The circuit can either display 
channel number (2-83) or program number (1-16). 
Time display can be 4 or 6-digit, in either 12 or 24-hour 
mode. Timekeeping is controlled from a 50 Hz or 
60 Hz input. The position of the display on the TV 
screen is controlled by adjusting the external RC time 
constants. 

The circuit is packaged in a 28-lead dual-in-line epoxy 
package. 

block diagram 

HORIZONTAL 
PULSE 

VERTICAL EDGE CHANNELS 
PULSE DETECT (8) 

FIGURE 1 

OSCILLATOR 
INHIBIT 

VIDEO 
OUT 

features 

• Single chip clock and display 

• 12 or 24·hour operation 

'. 5 or a-digit time display 

• Channel or program number display 

• 50/60 Hz operation 
• Channel and time display on channel change 

SET SET 
HR HOLD MIN 

\ 

connection diagram 

12/%4HR 

RV 

Cv 

vOD 

CTI 

CHIPROG SEL 

CUI 

VIDEO OUT 

VSS 

CU4 

CTI 12 

cn 13 

CUI 14 

Dual·ln·Line Package 

TOP VIEW 

FIGURE 2 

21 VERT 

27 DIGIT SEl 

21 DSC INHIBIT 

17 12/%4 HR 

15 HOLD 

11 EDGE DETECT 

Order Number MM58106N 
See Package 23 . 
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absolute maximum ratings 
Supply Voltage (VOO - VSS) 5.5V 

Voltage at Any Pin VSS - O.3V to +5.5V 

Operating Temperature O°C to +70°C 

Storage Temperature -55°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics Voo = 5V, vss = OV, unless otherwise specified 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

Power Supply Voltage, VOO VSS= 0 4.75 5 5.25 V 

Power Supply Current 800 J.lA 

Input Voltage Levels 

Channel Inputs 

Logical Low VSS-o·3 VOO-5 VOO-4.5 V 

Logical High VOO-o·3 VOO VOO+0.3 V 

Horizontal and Vertical Inputs 

Logical Low VSS-o·3 VOO-5 VOD-4.5 V 

Logical High VOD-o·3 VDD VDO+0.3 V 

Set Mins, Set Hours, Hold, 12/24·Hour Internal Pull·Up Resistor to 

Select, 50160 Hz Select, Channell VDO (600k Min) 

Program Select 

Logical Low VSS-0.3 '!SS VSS+0.3 V 

Logical High Open 

All Others 

Logical Low VSS-0.3 VSS VSS+0.3 V 

Logical High VDD-o·3 VDD VOD+0.3 V 

Input Frequency 

4 MHz Clock 1 4 4.5 MHz 

Horizontal Pulse Width = 14 J.lS 15.75 kHz 

Vertical Pulse Width = 1 ms 60 Hz 

Output Voltage Levels 

Oscillator Inhibit and Video Output 

Logical Low VSS-o·3 VSS VSS+0.9 V 

Logical High VDD-o·5 VDD VDD+O.3 V 

One-Shot Output Pulse Ouration 

Horizontal 50 J.lS 
Vertical 13 ms 

Output Drive 

Video Output 

Logical Low VSS + lV H) mA 

Logical High VOO-1V 1 mA 

Oscillator Inhibit Output 

Logical Low Output Forced Up to VOD-4.5V (-2·) mA 

Logical High VOO-1V 0.2 rnA 

External RC 

CVERTICAL 0.1 J.lF 

CHORIZONTAL 0.001 J.lF 

RVERTICAL \ 100 kn pot 

RHORIZONTAL 100 kn pot 

Propagation Delay Oscillator Inhibit From Input Clock to Oscillator 2 clock pulses 

Output Inhibit Output 

Input Leakage 1 p.A 

Input Capacitance 5 pF 

Edge Oetect Pulse Duration C = 2 JlF., R = 1 Mn - 2 sec 
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func~ional description 

A block diagram of the MM5Bl06 TV timer is shown in 
Figure 1. A connection diagram is shown in Figure 2. 
Unless otherwise indicated, the following discuss.ions are 
based on Figure 1. 

50 or 60 Hz Input: This input has a shaping circuit 
which allows using a filtered sinewave input. A simple 
RC filter such as shown in Figure 4 should be used to 
remove possible line voltage transients that could either 
cause the clock to gain time or damage the device. 
The input should swing between VSS and VDD. The 
shaper output drives a counter chain which performs 
the timekeeping function. 

Alternatively, in a crystal controlled battery operated 
system, an oscillator and prescaler circuit such as the 
MM5369 could be used as a timebase. 

50 or 60 Hz Select Input: This input programs the 
prescale counter to divide by either 50 or 60 to obtain 
a 1 pps timebase. The counter is programmed for 60 Hz 
operation by connecting this input to VSS. An internal 
1 Mil pull-up resistor is common to this pin; simply 
leaving this input unconnected programs the clock for 
50 Hz operation. 

Time Setting Inputs: Inputs to sethours and set minutes 
as well as a hold input, are provided. Inter~al 1 Mil 
pull-up resistors provide the normal timekeeping func­
tion. Switching anyone of these inputs (one at a time) 
to "0" results in the desired time setting function. 
Set Hours advances hourS' information at 1 hour per 
second, and Set Minutes advances minutes information 
at one minute per second, without roll over into the 
hours counter. The hold input stops the clock to the 
minutes counter and resets the seconds counter. 

Display Control: The channel number and time display 
circuits operate from the 4 MHz input clock frequency. 
The horizontal and vertical position of the display is 
controlled by adjusting the external RC time constants 
(RH, CH, RV, CV); 

These monostables are triggered by the horizontal and 
vertical retrace signals as shown in the timing diagram in 
Figure 3 .. 

A 7-segment decoder is used to decode either channel 
inputs or time. Also a time slot decoder is employed to 
decode the appropriate time slot and the digit to be 
displayed. It generates a video output signal that can 
modulate the sweep of the television tube for the on­
screen display. 

Channel/Program Number Select: This control pin has 
a pull-up resistor to VDD and, with the input open, 
the chip will accept a binary plus 1 code on the CU1 to 
CUB inputs and display the program number. For 
example, an input code of 0000 will indicate channel 1 
and 1111 will indicate channel 16. 

With this input at "0", inputs CU1 to CUB and CTl to 
CT8 will accept BCD inputs for channel units and 
channel tens respectively, and display channels 2-83. 

Edge Detect: On program change, the time and number 
will be displayed for a period depending on the external 
capacitor and resistor connected to the Edge Detect pin 
(Figure 4). 

r·~-------16.1 ms---------11 
f.f---1.--~~~~~~____u~------------------------~ U 

VERTICAL ---, ~ 
TIME OUT 4 

HOR~i~~~~~ ----.....,U f ~ 
1-1 ~-----63.6ps------i1 

HOR~~~~6~~------"L-.J f~ 

OSCI~~~J~~ ____________ ~I 11-_______ _ 
f---16 pi ---j 

Ci~~~ _______ .......Jrum..:..:.:.::. ....... ______________ _ 
VIOEO OUTPUT nnn 

CHARACTER IUUI 
DISPLAYED ----------------- ----------

/2:·L/3: 57 

FIGURE 3. Timing Diagram 
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typical applications 
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HIGH RELIABiLITY CMOS 

For years, National's products have been acknowledged 
as among the most reliable available. It is only natural, 
therefore, that National should be committed to the 
Military/Aerospace semiconductor market, where re­
liability is of paramount importance. I n the forefront of 
our Hi-Rei product line, our CMOS devices (both 4000 
series and 54C series) are available with a wide range of 
screening options tailored to meet all levels of user 
needs. In addition. to the basic flows shown on the 
following pages (and ANY of our Mil-grade CMOS 
devices can be screened to any of those flows), we 
also offer Rad-hardened CMOS (lx106 rads SO, SEM 
acceptance, and numerous other special tests. Regardless 
of your screening needs, whether you have designed 
around A series, 8 series, or 54C, we have what you 
need. And, since we can meet those needs with standard 
flows, we 'can 'meet them economically. We can also 
offer these devices, at the ch ip level, for use in hybrid 
circuits, with screening on a sample basis, if required. 

National offers the following screening options (detailed 
in the following tables): 

1. Hermetic devices 

a. Class 8 (as defined by Method 5004 of Mil-Std-
883). We offer both 38510 class 8 flow (which 
includes read-and-record) and -8838 (which has 
only go-no-go screening). These flows are ideal 
for systems where retrievability and replaceability 
is not a vital consideration, but where a failu re 
rate of less than 0.001%/1000 hours is desirable. 

b. Class A (as defined by Method 5004 of Mil-Std-
883). We offer both the conventional -883A flow 
and a flow equivalent to that called out by the 
CMOS Mil-M-38510 detail specifications (that is, 
three burn-ins, with read-and-record). These flows 
should be used for manned space flight, non­
retrievable hardware, or any other systems where 
failure rates of less than 0.01%/106 hours are 
ess~ntial. 

2. Commercial (molded) devices 
a. A+, designed for the user of commercial products 

who would like the additional assurance of a 100% 
burn-in at extremely low added cost. 

b. 8+, which affords the user, for only pennies per 
unit, a 90% reduction in failure rate. 

JAN (1) JAN Processed (1) 883B 

3 TEMP DC & 
25°C AC SCREEN 

PER SLASH SHEET 

3 TEMP DC & 
25°C AC SCREEN 

PER SLASH SHEET 

3 TEMP DC & 
25°C AC SCREEN 
PER NSC RETS (2) 

TABLE 2. Class B Burn-in Flows 

Noto 1: JAN is a registered trademark and can be used only to indicate parts processed 100% to the requirements of Mil-M-3851 0 and 
the applicable detail specification. JAN-processed material meets all of the requirements of the applica~le slash sheet, except that parts 
are assembled in our offshore facility. The applicable part marking would be as follows: 

JAN "" 27014 JM38510/05603BCB 7650 U.S.A. 
JAN-proc "" 27014 CD4020AJ/05603BCB 7650 U.S.A. 

Note 2: The RETS (an acronym for REL Electrical Test Specification) is a one-page document which translates into data sheet format 
the contents of our standard test tapes, RETSs are available from our sales office. 

Noto 3: Post burn-in read-and-record is required only when post burn-in electrical testing is not performed within 24 hours of the 
. completion of burn-in. 



STD 
PRODUCT 

SHIP 

CONTINUOUS 
OP LIFE 

MONITORING 
BY RELIABILITY 

ASSURANCE 
DEPT 

RADIATION HARDNESS 
(AS REQUIRED) 

25°C DC TO 
0.65% 
AQL 

SHIP 

TABLE 1. Product Flows 

SEM 
(AS REQUIRED) 

QUALITY CONF'ORMANCE 
(AS REOUIRED) 
(SEE TABLE 4) 

ESTERNAL VISUAL 

SHIP 

Note 4: On the class A flows, SEM is performed, and a certificate of conformance is provided certifying to the wafer lot acceptance 
requirements of Mil-Std-883 Method 5007. Class A flows may be obtained without SEM upon special request. 
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JAN Processed (5) 883A 

R&R 
PER SIS 

STATIC I BURN·IN 

[] 24 HRS 

R&R PER SIS 
to CALCULATION 

10% 
STATIC II BURN·IN POA 

24 HRS 

R&R PER SIS 
to CALCULATION 

DYNAMIC BURN·IN BURN·IN 
240 HRS 240 HRS 

R&R PER SIS 0 t. CALC 5% PDA 

"3TEMPDC 3 TEMP DC 
SCREEN PLUS SCREEN PLUS 

AC AT 25°C AC AT 25°C 
TO SLASH SHEET TO RETS 

TABLE 3. Class A Flows 

Note 5: For the class A flows, inspection lot formation is on a metallization run basis. 

Group B - every 6 weeks per generic familylpackage type combination 

Subgroup 1 

Subgroup 2 

Subgroup 3 

Physical Dimensions per Method 2016 

Resistance to Solvents per Method 2015 
I nternal Visual & Mechanical per Method 2014 
Bond Strength per Method 2011, Condition D 

Solderability per Method 2003 

Group C - every 90 days per generic family 

Subgroup 1 Operating Life per Method 1005 (1000 hrsI125°C) 

Electrical End Points 

Subgroup 2 Temp Cycle, Method 1010, Condition C, 10 cycles 
Constant Acceleration, Method 2001, Condition E 
Fine and Gross Leak per Method 1014 
Electrical End Points 

Group 0 - every 6 months per package type 

Subgroup 1 Physical Dimensions per Method 2016 

Subgroup 2 Lead I ntegrity per Method 2004, Condition B2 
Fine and Gross Leak per Method 1014 

Subgroup 3 Thermal Shock per Method 1011B, 15 cycles 

Temp Cycle per Method 1010C, 100 cycles 
Moisture Resistance per Method 1004 
Fine and Gross Leak per Method 1014 
Visual Examination per Method 1010 
Electrical End Points 

Subgroup 4 Mechanical Shock per Method 2002, Condition D 
Vibration Variable Frequency per Method 2007, Condition A 
Constant Acceleration per Method 2001, Condition E 
Fine & Gross Leak per Method 1014 
Visual Examination 
Electrical End Points 

Subgroup 5 Salt Atmosphere per Method 1009, ~ondition A 
Visual Examination 

TABLE 4. Quality Conformance Testing, Class A or B 
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Accepted 
Criteria 

2 units/O rejects 

3 units/O rejects 
1 unit/O rejects 
25 bonds/1 reject 

15 leadslO rejects 

77 units/l reject 

15 ,units/O rejects 

15 units/O rejects 

15 units/O rejects 

} ""'''il "'00' 

} 15 ,,""' ",." 



A+ PROGRAM 

A+ Program: A comprehensive program that utilizes 
National's experience gained from participation in the 
many Military/Aerospace programs. 

A program that not only assures high quality but also 
increases the reliability of molded integrated circuits. 

The A+ program is intended for users who cannot 
perform incoming inspection of ICs or does not wish 
to do so, yet needs significantly better than usual 
incoming quality and higher reliability levels for his 
standard integrated circuit. . 

Users who specify A+ processed parts will find that the 
program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, 
independent testing laboratories. 

• Reduces the cost of reworking assembly boards. 

• Reduces field failures. 

• Reduces equipment down time. 

• Reduces the need for excess inventories due to yield 
loss incurred as a result of processing performed at 
independent testing laboratories. 

The A+ Program Saves You Money 

It' is widely accepted fact that down-time of equipment 
is costly not only in lost hours of machine usage but also 
costly in the repair and maintenance cycle. One of the 
added advantages of the A+ program is the burn-in 
screen, which is one of the most effective screening 
procedures in the semiconductor industry. Failure rates 
as a result of the burn-in can be decreased many times. 
The objective of burn-in is to stress the device much 
higher than it would be stressed during normal usage. 

Reliability vs_ Quality 

The words "reliability" and "quality" are often used 
interchangeably, as though they connoted identical 
facets of a product's merit. But reliability and quality 
are different, and IC users must understand the essential 
difference between the two concepts in order to evaluate 
properly the various vendors' programs for products 
improvement that are generally available, and National's 
A+ program in particular. 

The concept of quality gives us information about the 
population and faulty IC devices among good devices, 
and generally relates to the number of faulty devices 
that arrive at a user's plant. But looked at in another 
way, quality can instead relate to the number of faulty 
ICs that escape detection at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to 
monitor the degree of success of that vendor in reducing 
the number of faulty ICs that escape detection_ Quality 
Control does this by testing the outgoing parts on a 
sampled basis. The Acceptable Quality Level (AQL) in 

turn determ ines the stringency of the sampling. As the 
AQL decreases it becomes more difficult for defective 
parts to esc,ape detection, thus the quality of the shipped 
parts increases. 

The concept of reliability, on the other hand, refers 
to how well a part that is initially good will withstand 
its environment. Reliability is measured by the percen­
tage of parts that fail in a given period of time. 

Thus the difference between quality and reliability 
means the ICs of high quality may, in fact, be of low 
reliability, while those of low quality may be of high 
reliability. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability 
is its construction: the materials used and the method 
by which they are assembled .. 

Reliability cannot be tested into a part. Still, there are 
tests and procedures that an IC vendor can implement 
which will subject the IC to stresses in excess of those 
that it will endure in actual use, and which will elim­
inate marginal, short-life parts. 

I n any test of reliability the weaker parts will normally 
fail first. Further, stress tests will accelerate, or shorten, 
the time of failure of the weak parts. Because the 
stress tests cause weak parts to fail prior to shipment to 
the user, the population of shipped parts will in fact 
demonstrate a higher reliability in use. 

National~s A+ Program 

National has combined the successful B+ program with 
the Military/Aerospace processing~ specifications and 
provides the A+ program as the best practical approach 
to maximum quality and reliability on molded devices. 
The following flow chart shows how we do. it step by 
step. 

SEM 
Randomly 
production 
analysis. 

selected wafers are taken from 
regularly and subjected to SEM 

Epoxy B Seal 
At National, all molded semiconductors. including 
ICs. have been built by this process for some time 
now_ All processing steps. inspections and QC 
monitoring are designed to provide highly reliable 
products. (A reliability report is available that 
gives. in detail. the background of Epoxy B, the 
reason for its selection at National. and reliability 
data that proves its success.) 

Six Hour, 150°C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 



helps eliminate marginal bonds and electrical 
connections. 

Five Temperature Cycles (OOC to 100°C) 
Exercising the circuits over 100°C temperature 
range further stresses the bonds and generally 
eliminates any marginal bonds missed during" the 
bake. 

Electrical Testing 
Every device will be tested at 25°C for functional 
and DC parameters. 

Burn-in Test 
Devices are stressed at maximum operating condi­
tions to eliminate marginal devices. Test is per­
formed per Mil-Std-883A Method 1015_'_ 

High Temperature (100°C) Functional Electrical 
Test 
A high temperature test with voltages applied 
places the die under the most severe stress possible. 
The test is actually performed at 100°C - 30°C 
higher than the commercial ambient limit. All 
devices are thoroughly exercised at the 100°C 
ambient. 

DC Functional and Parametric Tests 
These room-temperature functional and para­
metric tests are the normal, final tests through 
which all National products pass_ 

Tighter-than-Normal OC Inspection Plans 
Most vendors sample inspect outgoing parts to a 
0.65% AOL Some even" use a looser 1% AOL. 
When you specify the A+ program, however, not 
only do we sample your parts to a 0.28% AOL 
for all data-sheet DC parameters, but they receive 
0.14% AOL for functionality as well. Now func­
tional failures - not parameter shifts beyond spec 
- cause most system failures_ Thus, the five-times 
to seven-times tightening of the sampling procedure 
(from 0.65% to 0_14% AOL) gives a substantially 
higher quality to your A+ parts. And you can rely 
on the integrity of your received I Cs without 
incoming tests at your facility. 

Ship Parts 

Here are the OC sampling plans used in our A+ test 
program: 

TEST TEMPERATURE AOL 

Electrical Functionality 25°C 0.14% 
Parametric, DC 25°C 0.28% 
Major Mechanical 25°C 0.25% 
Minor Mechanical 25°C 1% 
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8+ PROGRAM 
B+ Program: a comprehensive program that assures high 
quality and high reliability of molded integrated circuits. 

The B+ program improves both the quality and the 
reliability of National's digital, linear, and CMOS Epoxy 
B integrated circuit product's. It is intended for the 
manufacturing user who cannot perform incoming 
inspection of his ICs, or does not wish to do so, yet 
needs significantly-better-than-usual incoming quality 
and reliability levels for his standard ICs. 

Integrated circuit users who specify B+ processed parts 
will find that the program: 

• Eliminates incoming electrical inspection 

• Elimin<;ltes the need for, and thus the costs of, inde-
pendent testing laboratories 

• Reduces the costof reworking assembled/boards 

• Reduces field failures 

• Reduces equipment downtime 

Reliability Saves You Money 

With the increased population of integrated circuits in 
modern electronic systems has come an increased 
concern with IC failures In such systems. 

And rightly so, for at least two reasons. 

First of all, the effect of component reliability on 
system reliability can be quite dramatic. For example, 
suppose that you, as a system manufacturer, were to. 
choose an IC that is 99 percent reliable. You would find 
that if your system used only 70 such I Cs, the overall 
reliability of the system:s IC portion would be only 
50 percent. I n other words, only one out of two of your 
systems would operate. The result? A system very costly 
to produce and probably very difficult to sell. 

Secondly, whether the system is large or small you 
cannot afford to be hounded by the spectre of un­
,necessary maintenance costs. Not only because labor, 
repair and rework costs have risen - and promise to 
continue to rise - but also because field replacement 
may be prohibitively expensive. If you' ship a system 
that contains a marginally-performing IC, an IC that 
later fails in the field, the cost of replacement may be 
- literally - hundreds of times more than the cost of 
the failed IC itself. 

Improving the' Reliability of Shipped Parts 

The most important factor that affects a part's reliability 
is its construction: the materials used and the method 
by which they are assembled. 

,Now, it's true that reliability cannot be tested into a 
part. Still, there are tests and procedures that an IC 
vendor can implement, which will subject the IC to 
stresses in excess of those that it will endure in. actual 
use, and which will eliminate most marginal, short-life 
parts. 
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In any test for reliability the weaker parts will normally 
fail first. Further, stress tests will accelerate, or shorten, 
the time to failure of the weak parts. Because the stress 
tests cause weak parts to fail prior to shipment to the 
user, the population of shipped parts will in facg demon­
strate a higher reliability in use. 

Quality Improvement 

When an IC vendor specifies 100 percent final testing 
of his parts then, in theory, every shipped part should 
be a good part. However, in any population of mass­
produced items there does exist some small percentage 
of defective parts. 

One of the best ways to reduce the number of such 
faulty parts is, simply, to retest the parts prior to ship­
ment. Thus, if there is a one percent change that a bad 
part will escape detection initially, retesting the parts 
reduces that probability to only 0.01 percent. (A com­
parable tightening of the OC group's sampled-test plan 
ensures the maintenance of the improved quality level.) 

National's B+ Program Gets It All Together 

We've stated that the B+ program improves both the 
quality and the reliability of National's molded inte­
grated circuits, and pointed out the difference between 
those two concepts. Now, how do we bring them 
together? The answer is in the B+ program ,processing, 
which is a continuum of stress and double testing. 
With the exception of the final OC inspection, which is 
sampled, all steps' of the B+ process are performed on 
100 percent of the program parts. The following flow 
chart shows how we do it, step by st~p; 

Epoxy B Processing for All Molded Parts 
At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections and OC 
monitoring are designed to provide highly reliable 
products. [A reliability report is available that 
gives, in detail, ,the background of Epoxy B, the 
reason for its selection at National and reliability 
data that proves its success.) 

Six Hour, 1500 e Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, 
and help~ eliminate marginal bonds and electrical 
connections. 

Five Temperature Cycles (0° C to 100° e) 
Exercising the circuits over a 1 aaoc temperature 
range further stresses the bonds and generally 
eliminates any marginal bonds missed during the 
bake. 

High Temperature (1000
e) Functional Electrical 

Test 
A high-temperature test such as this with voltages 



applied places the die under the most severe stress 
possible. The test is actually performed at 100°C 
- 30°C higher than the commercial ambient limit. 
All devices are thoroughly exercised at the 100°C 
ambient. [Even though Epoxy B processing has 
virtually eliminated thermal intermittents, we 
perform this test to ensure againnt even the 
remote possibility of such a problem. Remember, 
the emphasis in the B+ program is on the elimina· 
tion of those marginallY'performing devices that 
would otherwise lower field reliability of the 
parts.] 

DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Tighter-than-Normal QC Inspection Plans 
Most vendors sample inspect outgoing parts to a 
0.65% AOL. Some use even a looser 1% AOL. 
When you specify the B+ program, however, not 
only do we sample your parts to a 0.28% AOL for 
all data·sheet DC parameters, but they receive a 
0.14% AOL for functionality as well. Now, func­
tional failures - not parameter shifts beyond spec 
- cause most system failures. Thus, the five-times 
to seven-times tightening of the sampling procedure 
(from 0.65-1% to 14% AOL) gives a substantially 
higher quality to your B+ parts. And you can rely 
on the integrity of your received ICs without 
incoming tests at your facility. 

Ship 'Parts 

Here are the OC sampling plans used in our B+ test 
program: 

TEST TEMPERATURE AOL 

Electrical Functionality 25°C 0.14% 
Parametric, DC 25°C 0.25% 
Parametric, DC 100°C 1% 
Parametric, AC 25°C 1% 
Major Mechanical 0.25% 
Minor· Mechanical 1% 
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CMOS, THE IDEAL LOGIC FAMILY 

INTRODUCTION 

Let's talk about the characteristics of an ideal logic 
family. It should dissipate no power, have zero 
propagation delay, controlled rise and fall times, 
and have noise immunity equal to 50% of the 
logic swing. 

Well, that ideal logic family is here - almost. 
The properties of CMOS (complementary MOS) 
be~in to approach these ideal characteristics. 

First, CMOS dissipates low pow~r. Typically, the 
static power dissipation is 10 nW per gate which is 
due to the flow of leakage currents. The active 
power depends on power supply voltage, frequency, 
output load and input rise time, but typically, gate 
dissipation at 1 MHz with a 50 pF load is less than 
10mW. 

Second, the propagation delays through CMOS are 
short, though not quite zero. Depending on power 
supply voltage, the delay through a typical gate is 
on the order of 25 to 50 ns. 

Third, rise and fall times are controlled, tending 
to be ramps rather than step functions. Typically, 
rise and fall times tend to be 20 to 40% longer 
than the propagation delays. 

Last, but not least, the noise immunity approaches 
50%, being typically 45% of the full logic swing. 

Besides the fact that it approaches the characteris· 
tics of an ideal logic family and besides the obvious 
low power battery applications, why should de· 
signers choose CMOS for new systems? The answer 
is cost. 

On a component basis, CMOS is still more expen· 
sive than TTL. However, system level cost may be 

Stephen Calebotta 
National Semiconductor 

lower. The power supplies in a CMOS system will 
be cheaper since they can be made smaller and with 
less regulation. Because of lower currents, the 
power supply distribution system can be simpler 
and therefore, cheaper. Fans and other cooling 
equipment are not needed due to the lower dissi· 
pation. Because of longer rise and fall times, the 
transmission of digital signals becomes simpler 
making transmission techniques less expensive. 
Finally, there is no technical reason why CMOS 
prices cannot approach present day TTL prices as 
sales volume and manufacturing experience in· 
crease. So, an engineer about to start a new design 
should compare the system level cost of using 
CMOS or some other logic family. He may find 
that, even at today's prices, CMOS is the most 
economical choice. 

National is building two lines of CMOS. The first 
is a number of parts of the CD4000A series. The 
second is the 54C/74C series which National 
introduced and which will become the industry 
standard in the near future. 

The 54C/74C line consists of CMOS parts which 
are pin and functional equivalents of many of the 
most popular. parts in the 7400 TTL series. This 
line is typically 50% faster than the 4000A series 
and sinks 50% more current. For ease of design, it 
is spec'd at TTL levels as well as CMOS levels;and 

. there are two temperature ranges available: 54C, 
-55°C to +125°C or 74C, -40°C to +85°C. Table 1 
compares the port parameters of the 54C174C 
CMOS line to those of the 54L/74L low power 
TTL line. 

TABLE 1. Comparison of 54L/74L Low Power TTL and 54C/74C CMOS Port Parameters. 

FAMILY Vee 
VIL IlL VIH IIH VOL 

IOL 
VOH 

IOH 
IpdQ tpdl Polss/GATE POiss/GATE 

MAX MAX MIN 2.4V MAX MIN TYP TYP STATIC 1 MHz, 50 pF LOAD 

54L174L 0.7 0.18mA 2.0 10ilA 0.3 2.0mA 2.4 100IJA 31 35 lmW 2.25 mW 

54C!74C 0.8 3.5 0.4 "3601lA 2.4 "lOOIlA 60 45 0.00001 mW 1.25mW 

54C/74C 10 2.0 8.0 1.0 ""lOIlA 9.0 ""lOIlA 25 30 0.00003 mW 5mW 

* Assumes interfacing to low power TTL. 

* * Assumes interfacing to CMOS. 
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CHARACTERISTICS OF CMOS 

The aim of this section is to give the system 
designer not familiar with CMOS, a good feel for 
how it works and how it behaves in a system. 
Much has been writ,ten about MOS devices in 
general. Therefore, we will not discuss the design 
and fabrication of CMOS transistors and circuits . 

The basic CMOS circuit is the inverter shown in 
Figure 2-1. It consists of two MOS enhancement 
mode transistors, the upper a P-channel type, the 
lower an N-channel type. 

Vee· 

1
G ~HANNEL 

V,N ~VOUT 
B 

G ~HANNEL 

GND 

FIGURE 2-'. Basic CMOS Inverter. 

The power supplies for CMOS are called Voo and 
Vss , or V cc and Ground depending on the manu­
f(lcturer. Voo and Vss are carryovers from con­
ventional MOS circuits and stand for the drain and 
source supplies. These do not apply directly to 
CMOS since both supplies are really source supplies. 
Vec and Ground are carryovers from TTL logic 
and that nomeclature has been retained with the 
introduction of the 54C/74C line of CMOS. Vee 
and Ground is the nomenclature we shall use 
throughout this paper. 

The logic levels 1n a CMOS system are Vee (logic 
"1 ") and Ground (logic "0"). Since "on" MOS 
transistor has virtually no voltage drop across it if 
there is no current flowing through it, and since 
the input impedance to CMOS device is so high 
(the input characteristic of an MOS transistor is 
essentially capacitive, looking like a 1012 n resistor 
shunted by a 5 pF capacitor), the logic levels seen 
in a CMOS system will be essentially equal to the 
power supplies. 

Now let's look at the charaCteristic curves of 
MOS transistors to get an idea of how rise and 
fall ti mes, propagation delays and power dissipation 
will vary with power supply voltage and capacitive 
loadi ng. Figure 2-2 shows the characteristic curves 
of N-channel and P-channel enhancement mode 
transistors. 

There are a number of important observations to 
be made from these curves: Refer to the curve of 
V GS = 15V (Gate to Source Voltage) for the 
N-channel transistor. Note that for a constant 
drive voltage V GS, the transistor behaves I ike a 
current source for Vos's (Drain to Source Voltage) 
greater than V GS - VT (VT is the threshold 
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voltage of an MOStransistor). For Vos's below 
VGS - VT , the transistor behaves essentially like a 
resistor. Note also that for lower V GS 's, there are 
similar curves except that the magnitude of the 
los's are significantly smaller and that in fact, los 
increases' approximately as the square of increasing 
V GS. The P-channel transistor exhibits essentially 
identical, but complemented, characteristics. 

<" .s 
.E ... 
'" 0: 
0: 
:::> 
'-' ... 
:::> 
... 
:::> 
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45 

Ves @Vee -15V 

30 

VGS ~ ~e~ .110
1
V 

15 

I.~ -~ Ves @ Vee' 5V-

10 15 

OUTPUT VOLTAGE Vos (V) 

OUTPUT VOLTAGE Vos (V) 

-15 -10 -5 

r- -~e~ ~ V~e I. ~V ;;; ~~~ 

Ves @ Ve~ .Il~ 

JGS

1
@ ~e~ ~ I~V 

l;1" 
.,;If' 

~ 

co 
c: 
-< 
c: 

10 -< 

20 ff 
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FIGURE 2-2. Logical "'" Output Voltage vs 
Source Current. 

If we try to drive a capacitive loae! with these 
devices, we can see that the initial voltage change 
across the load will be ramp-like due to the current 
source characteristic followed by a rounding off 
due to the resistive charactertstic dominating as 
Vos approaches zero. Referring this to our basic 
CMOS inverter in Figure 2-1, as Vos approaches 
zero, VOUT will approach Vec or Ground depend­
ing on whether the P-channel or N-channel transistor 
is conducting. 

Now if we increase Vec and, therefore, V GS the 
inverter must drive the capacitor through' a larger 
voltage swing. However, for this same voltage 
increase, the drive capability (los) has increased 
roughly. as the square ofVGS and, therefore, the 
rise times and the propagation delays through the 
inverter as measured in Figure 2-3 have decreased. 

So, we can see that for a giv,en design, and therefore 
fixed capacitive load, increasing the power supply 
voltage will increase the speed of the system. 



Increasing Vee increases speed but it also increases 
power dissipation. This is true for two reasons. 
First, CV 2 f power increases. This is the power 
dissipated in a CMOS circuit, or any other circuit 
for that matter, when driving a capacitive load. 

v," 
10~. 

CND 

VOVT ~
""",,' 

Vee 

. - ~O;; 50% 

CNO------

FIGURE 2-3. Rise and Fall Times and Propagation 
Delays as Measured in a CMOS System. 

For a given capacitive load and switching frequency, 
power dissipation increases as the square of the 
voltage change across the load. 

The second reason is that the V I power dissipated 
in the CMOS circuit increases with Vee (for Vee's 
> 2VT ). Each time the circuit switches, a current 
momentarily flows from Vee to Ground through 
both output transistors. Since the threshold voltages 
of the transistors do not change with increasing 
Vee, the input voltage range through which the 
upper and lower transistors are conducting simul­
taneously increases as Vee increases. At the same 
time, the higher Vee provides higher V GS voltdges 
which also increase the magnitude of the los 
currents. Incidently, if the rise time of the input 
signal was zero, there would' be no current flow 
from Vee to Ground through the circuit. This 
current flows because the input signal has a finite 
rise time and, therefore, the input voltage spends a 
finite amount of time passing through the region 
where both transistors conduct simultaneously. 
Obviously, input rise and fall times should be kept 
to a minimulT,1 to minimize VI power dissipation. 

Let's look at the transfer characteristics, Figure 2-4, 
as they vary with Vee. For the purposes of this 
discussion we will assume that both transistors in 
our basic inverter have identical but complementary 
characteristics and threshold voltages. Assume the 
threshold voltages, VT , to be 2V. If Vee is less 
than the threshold voltage of 2V, neither transistor 
can ever be turned on and the circuit cannot 
operate. If Vee is equal to the threshold voltage 
exactly then we are on the curve Figure 2-4a. 
We appear to have 100% hysteresis. However, it is 
not truly hysteresis since both output transistors 
are off and the output voltage is being held on the 

. gate capacitances of succeeding circuits. If Vee is 
somewhere .between one and two threshold volt­
ages (Figure 2-4b), then we have diminishing 
amounts of "hysteresis" as we approach Vee equal 
to 2VT (Figure 2-4c). At Vee equal to two thres­
holds we have no "hysteresis" and no current flow 
through both the upper and lower transistors dur­
ing·switching. As Vee exceeds two thresholds the 
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transfer curves begin to round off (Figure 2·4d). As 
V1N passes through the region where both transis· 
tors are conducting, the currents flowing through 
the transistors cause voltage drops across them 
giving the rounded characteristic. 

'g"··"D"·"'·' · - · - -l -
3 -- 3 

) 2 2 - ----
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, 
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I 
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(c) (d) 

FIGURE 2-4. ,Transfer Characteristics vs VCC. 

Considering the subject of noise in a CMOS system, 
we must discuss at least two specs: noise immunity 
and noise margin. 

National's CMOS circuits have a typical noise 
immunity of 0.45 Vee. This means that a spurious 
input which is 0.45 Vee or less away from Vee or 
Ground typically will not propagate through the 
system as an erroneous logic level. This does not 
mean that no signal at all will appear at the output 
of the first circuit. In fact, there will be an output 
signal as a result of the spurious input, but it will 
be reduced in amplitude. As 'this signal propagates 
through the system, it will be attenuated even 
more by each circuit it passes through until it 
finally disappears. Typically, it will not change any 
signal to the opposite logic level. I n a typical 
flip flop, a 0.45 Vee spurious pulse on the clock 
line would not cause the flop to change' state. 

National also guarantees that .its CMOS circuits 
have a 1 V DC noise margin over the full power 
supply range and temperature range and with any 
combination of inputs. This is simply a variation of 
the noise immunity spec only now a specific set of 
input and output voltages have been selected and 
guaranteed. Stated verbally, the spec says that for 
the output of a circuit to be within 0.1 Vee volts 
of a proper logic level (V ce or Ground), the input 
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can be as much as 0.1 Vee plus 1 V away from 
power supply rail. Shown graphically we have: 

lSV ,.----------.., 

> 
4.05 

~ 3.05 

4.S0V 10V 15V 

Vee 

13.5 

12.5 

2.5 
1.5 

FIGURE 2-5. Guaranteed CMOS DC Margin Over 
Temperature as a Function of VCC' 
CMOS Guarantees lV. 

~ This is similar in nature to the standard TTL noise 
Z margin spec which is 0.4V. 
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5.5 

FIGURE 2-6. Guaranteed TTL DC Margin Over 
Temperature as a Function of VCC. 
TTL Guarantees O.4V. 

For a complete picture of VOUT vs V IN refer to 
the transfer characteristic curves in Figure 2-4. 

SYSTEM CONSIDERATIONS 

This section describes how to handle many of the 
situations that arise in normal system design such 
as unused inputs, paralleling circuits for extra 
drive, databussing, 'power considerations and inter· 
faces to other logic families. 

Unused inputs: simply stated, unused inputs should 
not be left open. Because of the very high imped­
ance (~1012n), a floating input may drift back 
and forth between a "0" and "1" creati ng some 
very intriguing system problems. All unused inputs 
should be tied' to Vee, Ground or ariother used 
input. The choice is not completely arbitrary, 
however, since there will be an effect on the 
output drive capability of the circuit in question. 
Take, for example, a four input NAND gate being 
used as a two input gate. Th~ internal structure is 
shown in Figure 3-1. Let inputs A & B be the 
unused inputs. 
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If we were going to tie the unused inputs to a 
logic level, inputs A & B would have to be tied to 
Vee to enable the other inputs to function. That 
would turn on the lower A and B transistors and 
turn off the upper A and B transistors. At most, 
only two of the upper transistors could ever be 
turned on. However, if inputs A and B were tied 
to input C, the input capaCitance would triple, but 
each time C went low, the upper A, Band C 
transistors would turn on, tripling the available 
source current. If input D was low also, all four of 
the upper transistors would be on. 

FIGURE 3-1. MM74C20 Four Input NAND Gate. 

So, tying unused ,NAND gate inputs to Vee 
(Ground for NOR gates) will enable them, but 
tying unused inputs to other used inputs guarantees 
an increase in source current in the case of NAND 
gates (sink current in the case of NOR gates). 
There is no increase in drive possible through the 
series transistors. By using this approach, a multiple 
input gate could be used to drive a heavy current 
load such as a lamp or a relay. 

Parallel gates: depending on the type of gate, tying 
inputs together guarantees an increase in either 
source or sink current but not botn. To guarantee 
an increase in both currents, a number of gates 
must be paralleled as in Figure 3-2. This insures 
that there are a number of parallel combinations 
of the series string of transistors (Figure 3-1), 
thereby increasing drive in that direction also. 

OR 

FIGURE 3-2. Paralleling Gates or Inverters Increases 
'Output Drive in Both Directions. 

, Data bussing: there are essentially two ways to do 
this. First, connect ordinary CMOS parts to. a bus 
using transfer gates (part no. CD4016C). Second, 



and the preferred way, is to use parts specifically 
designed with a CMOS equivalent of a TR I-STATE® 
output. 

Power supply filtering: since CMOS can operate 
over a large range of power supply voltages (3V 
to 15V), the filtering necessary is minimal. The 
minimum power supply voltage required will be 
determined by the maximum frequency of opera­
tion of the fastest element in the system (usually 
only a very small portion of any system operates 
at maximum frequency). The filtering should be 
designed to keep the power supply voltage some­
where between this minimum voltage and the 
maximum rated voltage the parts can tolerate. 
However, if power dissipation is to be kept to a 
minimum, the power supply voltage should be 
kept as low as possible while still meeting all speed 
requirements. 

Minimizing system power dissipation: to minimize 
power consumption in a given system, it should be 
run at the minimum speed to do the job with the 
lowest possible power supply voltage. AC and- DC 
transient power consumption both increase with 
frequency and power supply voltage. The AC 
power is described as CV 2f power. This is the 
power -dissi pated in a driver driving a capacitive 
load. Obviously, AC power consumption increases 
directly with frequency and as the square of the 
power supply. It also increases with capacitive load, 
but this is usually defined by the system and is not 
alterable. The DC power is the VI power dissipated 
during switching. In any CMOS device during 
switching, there is a momentary current path from 
the power supply to ground, (when Vee> 2VT ) 

Figure 3-3. 

v" v" 
v" vi I \ v, 

"1~"" 
eNO- -

- I---I~,sl - I,,,,u 

I,. 
I,. 

I···-:A IA 

S- eND-

'V, 'V, \/f II, eND 

r---""" 
VI POWER IS GIVEN BY: , 
PVI ' Vee x"2 IMAx x RISE TIME TO PERIOD RATIO 

RISE TIME TO Vee - ZVT IRISE +I'All 
PERIOD RATIO • --- x ---

Vee tTOTAL 

WHERE -' - • FREOUENCY 
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PVI • liZ (Vee - 2VT) lee MAX (tRISE +I'Ald FRED. 

FIGURE 3-3_ DC Transient Power. 

The maximum amplitude of the current is a rapidly 
increasing function of the input voltage which in 
turn is a direct function of the power supply 
Voltage. See Figure 2-4d. 

The actual amount of VI power dissipated by the 
system is determined by three things: power supply 
voltage, frequency and input signal rise time. A 
very important factor is the input rise time. If the 

5-7 

rise time is long, power dissipation increases since 
the current path is established for the entire period 
that the input signal is passing through the region 
between the threshold voltages of the upper and 
lower transistors. Theoretically, if the rise time 
were zero, no current path would be established 
and the VI power would be zero. However, with a 
finite rise time there is always some current flow 

and this current flow increases rapidly with power 
supply voltage. 

Just a thought about rise time and power dissipa­
tion. If a circuit is used to drive many loads, its 
output rise time will suffer. This will result in an 
increase in VI power dissipation in every"device 
being driven by that circuit (but not in the drive 
circuit itself). If power consumption is critical, it 
may be necessary to improve the rise time of that 
circuit by buffering or by dividing the loads ill 
order -to reduce overall power consumption. 

So, to summarize the effects of power supply 
voltage, input voltage, input rise time a"d output 
load capacitance on system power dissipation, we 
can say the following: 

,_ Power supply voltage: CV2f power dissipation 
increases as the square of power supply voltage. 
VI power dissipation increases approximately 
as the square of the power supply voltage. 

2_ Input voltage level: VI power dissipation in­
creases if the input voltage lies somewhere 
between Ground plus a threshold voltage and 
Vee minus a threshold voltage. The highest 
power dissipation occurs when V IN is at 1/2 

Vee. CV2f dissipation is unaffected. 

3_ Input rise time: VI power dissipation increases 
with longer rise times since the DC current path 
through the device is established for a longer 
period. The CV2f power is unaffected by slow 

input rise times. 

4_ Output load capacitance: the CV2f power dissi-. 
pated in a circuit increases directly with load 
capacitance. VI power in a circuit is unaffected 
by its output load capacitance. However, in­
creasing output load capacitance will slow 
down the output rise time of a circuit which in 
turn will affect the VI power dissipation in the 
devices it is driving. 

INTERFACES TO OTHER LOGIC TYPES 

There are two main ideas behind all of the follow­
ing interfaces to CMOS. First, CMOS outputs 
should satisfy the current and voltage requirements 
of the other family's inputs. Second, and probably 
most important, the other family's outputs should 
swing as near as possible to the full voltage range 
of the CMOS power supplies. 

P-Channel MOS: there are a number of things to 
watch for when interfacing CMOS and P-MOS. The 
first is the power supply set. Most of the more 
popular P-MOS parts are specified with 17 to 24V 
power supplies while the maximum power supply 
voltage for CMOS is 15V. Another problem 
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is that unlike CMOS, the output swing of a push· 
pull P·MOS output is significantly less than the 
power supply voltage across it. P·MOS swings from 
very close to its more positive supply (Vss ) to 
quite a few volts above its more negative supply 
(Vee). So, even if P·MOS uses a 15V or lower 
power supply set, its output swing will not go low 
enough for a reliable interface to CMOS. There are 
a number of ways to solve this problem depending 
on the configuration of the system. We will discuss 
two solutions for systems that are built totally 
with MOS and one solution for systems that 
include bipolar logic. 

FIGURE 3·4. A One Power Supply System Built 
Entirely of CMOS and P·MOS. 

First, MOS only. P·MOS and CMOS using the 
same power supply of less than 15V, Figure 3-4. 

In this configuration CMOS drives P·MOS directly. 
However, P-MOS cannot drive CMOS directly be· 
cause of its output will not pull down close enough 
to the lower power supply rail. RpD (R pull down) 
is added to eachP-MOS output to pull it all the 
way down to the lower rail. Its value is selected 
such that it is small enough to give the desired 
F,lC time constant when pulling down but not so 
small that the P-MOS output cannot pull it 
virtually all the way up to the upper power supply 
rail when it needs to. This approach will work with 
push·pull as well as. open drain P-MOS outputs. 

An'other approach in a purely MOS system is to 
build a cheap zener supply to bias up the lower 
power supply rail of CMOS, Figure 3·5. 

Use a bias supply to reduce the voltage aCTDSS the CMOS 
to match the logic swing 01 the P·MOS. Make sura the 
r .. ulting voltag. leross the CMOS is less than 15V. 

FIGURE 3-5. A P·MOS and CMOS System Where The 
P-MOS Supply is Greater Than 1 5V. 

In this configuration the P-MOS supply is selected 
to satisfy the P-MOS voltage requirement. The bias 
supply voltage is selected to reduce the total 
voltage across the CMOS (and therefore its logic 
swing) to match the minimum swing of the P-MOS 
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outputs. The CMOS can still drive P-MOS directly 
and now the P·MOS can drive .CMOS with no 
pull·down resistors. The other restrictions are that 
the total voltage across the CMOS is less than 15V 
and that the bias supply can handle the current 
requirements of all the CMOS. This approach is 
useful if the P-MOS supply must be greater than 
15V and the CMOS current requirement is low 
enough to be done easily with a small discrete 
component regulator. 

If the system has bipolar logic, it will usually 
have at least two power supplies. In th is case, the 
CMOS is run off the bipolar supply and it inter­
faces Clirectly to P·MOS, Figure 3-6. 

Run the CMOS Irom the bipolar supply and interlece directly to P·MOS 

FIGURE 3-6. A System With CMOS, P·MOS and Bipolar 
Logic. 

N-Channel MOS: interfacing to N·MOS is some­
what simpler than interfacing to P·MOS although 
similar problems exist. First, N·MOS requires 
lower power supplies than P-MOS, being in the 
range of 5V to 12V. This is directly compatible 
with CMOS. Second, N-MOS logic levels range· 
from slightly above the lower power supply rail to 
about 1 to 2V below the upper rail. 

At the higher power supply voltages, N·MOS and 
CMOS can be interfaced directly since the N-MOS 
high logic level wi II be only about 10 to 20 percent 
below the upper rail. However, at lower supply 
voltages the N·MOS output level will be down 20 
to 40 percent below the upper rail and something 
may have to be done to raise it. The simplest solu­
tion is to add pull up resistors on the N-MOS 
outputs as shown in Figure 3-7. 

Both operate off same supply with pull up rasistors optional from 
N-MOS to CMOS. 

FIGURE 3·7. A System With CMOS and N·MOS Only. 

TTL, LPTTL, OTL: two questions arise when 
interfacing bipolar logic families to CMOS. First, 
is the bipolar family's logic "1" output voltage high 
enough to drive CMOS directly? 



TTL, LPTTL, and DTL can drive 74C series CMOS 
directly over the commercial temperature range 
without external pull up resistors. However, TTL 
and LPTTL cannot drive 4000 series CMOS directly 
(DTL can) since 4000 series specs do not guarantee 
that a direct interface with no pull up resistors will 
operate properly. 

DTL and LPTTL manufactured by National (NS 
LPTTL pulls up one diode drop higher than the 
LPTTL of other vendors) will also drive 74C 
directly over the entire military temperature range. 
LPTTL manufactured by other vendors and stan­
dard TTL will drive 74C directly over most of the 
mil temperature range. However, the TTL logic 
"1" drops to a somewhat marginal level toward the 
lower end of the mil temperature range and a pull 
up resistor is recommended. 

According to the curve of DC margin vs Vee for 
CMOS in Figure 2-5, if the CMOS sees an input 
voltage greater than Vee - 1.5V (Vee = 5V). the 
output is guaranteed to be less than 0.5V from 
Ground. The next CMOS element will amplify 
this 0.5V level to the proper logic levels of Vee or 
Ground. The standard TTL logic "1" spec is a Va UT 

min. of 2.4V sourcing a current of 400j.1A. This 
is an extremely conservative spec since a TTL 
output will only approach a one level of 2AV 
under the extreme worst case conditions of lowest 
temperature, high input voltage (0.8V). highest 
possible leakage 'currents (into succeeding TTL 
devices). and Vee at the lowest allowable (Vee = 

4.5V). 

Under nominal conditions (25°C, V 1N = OAV, 
nominal leakage currents into CMOS and Vee = 

5V) a TTL logic "1" will be more like Vee - 2V o , 
or Vee - 1.2V. Varying only temperature, the 
output will change by two times -2mV per °c, or 
-4 mV per uc. Vee - 1.2V i~ more than enough 
to drive CMOS reliably without the use of a pull 
up resistor. 

If the system is such that the TTL logic "1" output 
can drop below Vee - 1.5V, use a pull up resistor 
to improve the logic "1" voltage into the CMOS. 

Pull up resistor, Rpu. is needed only at the lower end of the Mil 
temperature range. 

FIGURE 3-8. TTL to CMOS Interface. 

The second question is, can CMOS sink the bipolar 
input current and not exceed the maximum value 
of the bipolar logic zero input voltage? The logic 
"1" input is no problem. 
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The LPTTL input current is small enough to allow 
CMOS to drive two loads directly. Normal power 
TTL input currents are ten times higher than 
those in LPTTL and consequently the CMOS out­
put voltage will be well above the input logic "0" 
maximum of 0.8V. However, by carefully examin­
ing the CMOS output specs we will find that a two 
input NOR gate can drive one TTL load, albeit 
somewhat marginally. For example, the logical 
"0" output voltage for both an 'MM74COO and 
MM74C02 over temperature is specified at OAV 
sinking 360j.1A (about 420j.1A at 25°C) with an 
input voltage of 4.0V and a Vee of 4.75V. Both 
schematics are shown in Figure 3-9. 

FIGURE 3-9a. MM74COO_ 

FIGURE 3-9b. MM74C02. 

Both parts have the same current sinking spec but 
their structures are different. What this means is 
that either of th"e lower transistors in the MM74C02 
can sink the same current as the tWQ lower series 
transistors in the MM74COO. Both MM74C02 
transistors together can sink twice the specified 
current for a given output voltage. If we allow the 
output voltage to go to 0.8V, then a MM74C02 
can sink four times 360j.1A, or 1.4~ mA which is 
nearly 1.6 mAo Actually, 1.6 mA is the maximum 
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spec for the TTL input current and most' TTL 
parts run at about 1 mAo Also, 360.uA is the 
minimum CMOS sink current spec, the parts will 
really sink somewhere between 360 and 540}-lA 
(between 2 and 3 LPTTL input loads). The 360,uA 
sink current is specified with an input voltage of 
4.0V. With an input voltage of 5.0V, the sink 
current will be about 560,uA over temperature, 
making it even easier to drive TTL. At room 
temperature with an i'nput voltage of 5V, a CMOS 
output can sink about 800,uA. A 2 input NOR 
gate, therefore, will sink about 1.6 mA with a VOUT 
of about O.4V if both NOR gate inputs are at 5V. 

The main point of this discussion is that a common 
2 input CMOS NOR gate such as an MM74C02 
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can be used to drive a normal TTL load in lieu of a 
special buffer. However, the designer must be 
willing to sacrifice some noise immunity over 
temperature to do so. 

TIMING CONSIDERATIONS IN CMOS MSls 

There is one more thing to be said in closing. All 
the flip-flops used in CMOS designs are genuinely 
edge s'ensitive. This means that the J-K flip-flops 
do not "ones catch" and that some of the timing 
restrictions that applied to the control lines on 
MSI functions in TTL have been relaxed in the 
74C series. 



CMOS LINEAR APPLICATIONS 

PNP and NPN bipolar transistors have been used 
for many years in "complementary" type of 
amplifier circuits. Now, with the arrival of CMOS 
technology, complementary P·channel/N·channel 
MOS transistors are available in monolithic form. 
The 'MM74C04 incorporates a P·channel MOS 
transistor and an N·channel MaS transistor 
connected in complementary fashion to function 
as an inverter. 

Due to the symmetry of the p. and N·channel 
transistors, negative feedback around the comple· 
mentary pair will cause the pair to self bias itself 
to approximately 1/2 of the supply voltage. 

Figure 1 shows an idealized voltage transfer 
characteristic curve of the CMOS inverter con· 

nected with negative feedback. Under these 
conditions the inverter is biased for operation 

about the midpoint in the linear segment on the 
steep transition of the voltage transfer character· 
istic as shown in Figure 1. 

15 r--::::----,r------, 

I 

~ 7.51------11----~ 

INPUT VOLTAGE - VIN 

FIGURE 1. Idealized Voltage Transfer Characteristics of 
an MM74C04 Inverter. 

Under AC conditions, a positive going input will 
cause the output to swing negative and a negative 
going input will have an inverse effect. Figure 2 

shows 1/6 of a MM74C04 inverter package 
connected as an AC amplifier. 
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FIGURE 2. A 74CMOS Invertor Biased for Linear Mode 
Operation. 

The power supply current is constant during 
dynam ic operation since the inverter is biased for 
Class A operation. When the input signal swings 
near the supply, the output signal will become 
distorted because the P·N channel devices are 
driven into the non·linear regions of their transfer 
characteristics. If the input signal approaches the 
supply voltages, the p. or N·channel transistors' 
become saturated and supply current is reduced to 

essentially zero and the device behaves like the 

classical digital inverter. 
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FIGURE 3. Voltage Transfer Characteristics for an 
Inverter Connected as a Linear Amplifier. 

Figure 3 shows typical voltage characteristics of 

each inverter at several values of the Vee. The 
shape of these transfer curves are relatively 
constant with temperature. Temperature affects 
for the self biased inverter with supply voltage is 
shown in Figure 4. When the amplifier is operating 

at 3 volts, the supply current changes drastically as 
a function of supply voltage because the MOS 
transistors are operating in the proximity of their 
gate-source threshold voltages. 
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TEMPERATURE 

FIGURE 4. Normalized Amplifier Supply Current Versus 
Ambient Temperature Characteristics. 

Figure 5 shows typical curves of voltage gain as a 
function of operating frequency for various supply 
voltages. 

Output voltages can swing within millivolts of the 
supplies with either a single. or dual supply. 

Vee ·J.ov 

50 

40 

I 
Vee ·10V .. 
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1.0 10 10' 10' 

OPERATING FREQUENCY - Hz 

FIGURE 5. Typical Voltage Gain Versus Frequency 
Characteristics for Amplifier Shown in Figure 2. 

APPLICATIONS 

Cascading Amplifiers for Higher Gain. 

By cascading the basic amplifier' block shown in 
Figure 2·a high gain amplifier can be achieved. The 
gain will be multiplied by the number of stages 
used. If more than one inverter is used inside the 
feedback loop (as in Figure 6) a higher open loop 
gain is achieved which results in more accurate 
closed loop gains. 

10Mn 

FIGURE 6. Three CMOS Inverters Used as an X10 AC 
Amplifier. 

Post Amplifier for Op Amps. 

A standard' operational amplifier used with a 
CMOS inverter for a Post Amplifier has several 
advantages. The operational amplifier essentially 
sees no load condition since the input impedance 
to the inverter is very high. Secondly. the CMOS 
inverters will swing to within millivolts of either 
supply. This gives the designer the advantage of 
operating the operational amplifier under no load 
conditions yet having the full supply swing 
capability on the output. Shown in Figure 7 is the 
LM4250 micropower Op Amp used with a 74C04 
inverter for increased output capability while 
maintaining the low power advantage of both 
devices. 

+UV +1.5 V 

V,. 

FIGURE 7. MM74C04 Inverter Used as a Post Amplifier 
for a' Battery Operated Op Amp. 

The MM74C04 can also be used with single supply 
amplifier such as the LM324. With the circuit 
shown in Figure 8, the open loop gain is approxi· 
mately 160 dB. The LM324 has 4 amplifiers in a 
package and the MM74C04 has 6 amplifiers per 
package. 

+12V 

V,. 

1M 
lOOK 

FIGURE 8. Single Supply Amplifier Using' a CMOS 
Cascade Post Amplifier with the LM324. 

CMOS inverters can be paralleled for increased 
power to drive higher current loads, Loads of 
5.0 mA per inverter can be expected under AC 
conditions. 

Other 74C devices can be used to provi~e greater 
complementary current outputs. The MM74COO 

'NAND Gate will provide approximately 10 mA 



from the Vee supply while the MM74C02 will 
supply approximately 10 mA from the negative 

supply. Shown in Figure 9 is an operational 

amplifier using a CMOS power post amplifier to 

provide greater than 40 mA complementary 
currents. 

V,. 

-6.0 V 

'our :t:: 50mA 
Vour ""6.0V,I' 

FIGURE 9. MM74COO and MM74C02 Used as a Post 
Amplifier to Provide Increased Current Drive. 

Other Applications. 

Shown in Figure 10 is a variety of applications 

utilizing CMOS devices. Shown is a linear phase 
shift oscillator 'and an integrator which use the 

CMOS devices in the linear mode as well as a few 
circu it ideas for clocks and one shots. 

Conclusion 

'Careful study of CMOS characteristics show that 

CMOS devices used in a system design can be used 
for linear building blocks as well as digital blocks, 

Utilization of these new devices will decrease 

package count and reduce supply requirements. 

The circuit designer now can do both digital and 
linear designs with the same type of device. 
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Phase Shift 
Oscillator Using MM74C04 

c 

'" · ~ .. I vour ~T'RC 
Integrator Using 

Any Inverting CMOS Gate 

ITl 
Square Wave Oscillator 

~
+VCCR • 

C 
INPUT 

,·u", 

One Shot 

Staircase Generator 

FIGURE 10. Variety of Circuit Ideas Using CMOS 
Devices. 
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54C/74C FAMILY CHARACTERISTICS 

INTRODUCTION 

The purpose of this 54C/74C Family Character· 
istics application note is to set down, in one place, 
all those characteristics which are common to the 
devices in the MM54C/MM74C logic family. The 
characteristics which can De considered to apply 
are: 

1. Output voltage·current characteristics 

2. Noise characteristics 

3. Power consumption 

4. Propagation delay (speed) 

5. Temperature characteristics 

With a good understanding of the above charac· 
teristics the designer will have the necessary tools 
to optimize his system. An attempt will be made 
to present the information in as simple a· manner 
as possible to facilitate its use. This coupled with 

Thomas P. Redfern 
National Semiconductor 

the fact that 54C/74C has the same function and 
pin·out as standard series 54L/74L will make the 
application of CMOS to digital systems very 
straightforward. 

OUTPUT CHARACTERISTICS 

Figure 1 and Figure 2 show typical output drain 
characteristics for the basic inverter used in the 
54C/74C family. For more detailed information on 
the operation of the basic inverter the reader is 
directed to application note AN·77, "CMOS, The 
Ideal Logic Family." Although more complex 
gates, and MSI devices, may be composed of 
combinations of parallel and series transistors the 
considerations that govern the output character· 
istics of the basic inverter apply to these more 
complex structures as well. 
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,The 54C/74C family is designed so that the output 
characteristics of all devices are matched as closely 
as possible. To ensure uniformity all devices are 
tested at four output conditions (see Figures , 
and 2). These points are: 

Vee = S.OV V IN = S.OV V IN = OV 

los? 1.75 mA Iiosl ?1.75mA 

Vos? 5.0V IVosl ? 5.0V 

Vee = lOV V IN = 10V V IN = OV 

los? 8.0 mA Iiosl ?8.0 mA 

Vos? lOV IVosl? 10V 

Note that each device data sheet guarantees these 
points in the table of electrical characteristics. 

The output characteristics can be used to determ ine 
the output voltage for any load condition. Figures 
, and 2 show load lines for resistive loads to Vee 
for sink currents and to GND for source currents. 
The intersections of this load line with the drain 
characteristic in question gives the output voltage. 
For example at Vee = 5.0V, VOUT = 1.5V (typ) 
with a load of 500n to ground. 

These figures also show the guaranteed points for 
driving two 54L/74L standard loads. As can be 
seen there is typically ample margin at Vee = 5.0V. 

In the case where the 54C/74C device is driving 
another CMOS device the load line is coincident 
with the los = 0 axis and the output will then 
typically switch to either Vee or ground. 

NOISE CHARACTERISTICS 

Definition of Terms 

Noise Immunity: The noise immunity of a logic 
element is that voltage which applied to the input 
will cause the output to change its output state. 

Noise Margin: The noise margin of a logic element 
is the difference between the guaranteed logical 
"'" ("0") level output voltage and the guaranteed 
logical "'" ("0") level input voltage. 

The transfer characteristic of Figure 3 shows 
typical noise immunity and guaranteed noise 
margin for a 54C/74C device operating at Vee = 
, OV. The typical noise immunity does not change 
with voltage and is 45% of Vee. 
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FIGURE 3. Tvpical Transfer Characteristic 

5·15 

All 54C/74C devices are guaranteed to have a 
noise margin of '.OV or greater over all operating 
condi.tions (see Figure 4). 

> 
4.05 

~ 3.05 

4.50V ·IOV lSV 

vee 

13.5 

12.5 

2.5 
1.5 

FIGURE 4. Guaranteed Noise Margin Over Temperature 
vsVCC 

Noise immunity is an important device character· 
istic. However, noise margin is of more use to the 
designer because it very simply defines the amount 
of noise a system can tolerate under any circum· 
stances and still maintain the integrity of logic 
levels. 

Any noise specification to be complete must 
define how measurements are to be made. Figure 5 
indicates two extreme cases; driving all inputs 
simultaneously and driving one input at a time. 
Both conditions must be included because each 
represents one worst case extreme. 

vee 

VOUT 

VOUT • 

(AI 

vee 

VOUT 

·VOUT • VaUlt !IMIN. VOUTIOIMAX 

VN ' ALLOWABLE NOISE VOLTAGE cl.OV 

(81 

FIGURE 5. Noise Margin Test Circuits 

To guarantee a noise margin of '.OV, all 54C/74C 
devices are tested under both conditions. It is 
important to note that this guarantees that every 
node within a, system can have '.OV of noise, in 
logic "'" or logic "0" state, without malfunction· 
ing. This could not be guaranteed without testing 
for both conditions in Figure 5. 
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POWER CONSUMPTION 

There are four sources of power consumption in 
CMOS devices: (1) leakage current (2) transient 
power due to load capacitance(3) transient power 
due to internal capacitance and (4) transient power 
due to current spiking during switching. -

The first, leakage current, is the easiest to calculate, 
and is simply the leakage current times Vee. The 
data sheet for each specific device specifies this 
leakage current. 

The second, transient power due to load capaci­
tance, can be derived from the fact that the energy 
stored on a capacitor is 1/2 CV2. Therefore e~ery 
time the load capacitance is charged or discharged 
this amount of energy must be provided by the 
CMOS device. The energy per cycle is then 
2 [(1/2) CVee2] = CVee2. Energy perunit time, 
or power, is then CVee 2 f, where C is the load 

, capacitance and f is the frequency. 

The third, transient power due to internal capaci­
tance takes exactly the same form as the load 
capacitance. Every device has some internal nodal 
capacitance which must be charged and discharged. 
This then represents another power term which 
must be considered. 

The fourth, transient power due to switching 
current, is caused by the fact that whenever a 
CMOS device goes through a transition, with 
Vce ~ 2 VT , there is a time when both N-channel 
and P·channel devices are both conducting. An 
expression for this current is derived in application 
note AN· 77. The expression is: 

where: 

VT = threshold voltage 

leC(MAX) = peak non'capacitive current 
during switching 

f = frequency 

Note that this expression, I ike the capacitive power 
term is directly proportional to frequency. I f the 
PV1 term is combined with the term arising from 
the internal capacitance, a capacitance Cpo may 
be defined which closely approximates the no load 
power consumption fo~ a CMOS device when used 
in the following expression: 

Power (no load) = Cpo Vee
2 f 

The total power consumption is then simplified 
to: 

Total Power = (C PD + CLl Vee2 f+ ILEAK Vee (1) 
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The procedure for obtaining Cpo is to measure 
the no load power at Vee = 10V vs frequency and 
calculate the value of Cpo which corresponds to 
the measured power consumption. This value of 
Cpo is given on each 54C/74C data sheet and 
with equation (1) the computation of power 
consumption is straightforward. 

To simplify the task even further Figure 6 gives a 
graph of normalized power vs frequency for dif· 
ferent power supply voltages. To obtain actual 
power consumption find the normalized powerfor 
a particular Vee and frequency, then multiply 
by Cpo + CL • 

FIGURE 6. Normalized Typical Power Consumption 
vs Frequency 

As an example let's find the total power consump· 
tion for an MM 74COO operating at f = 100 kHz, 
Vee = 10V and CL = 50 pF. From the curve, 
normalized power per gate equals 1 OpW/pF. From 
the data sheet Cpo = 12 pF; therefore, actual 
power per gate is: 

power 

gate 

lO/lW 0.62 mW 
-- X (12pF + 50pF) = ---

pF gate 

no. of gates power 
total power = ---- X -- + ILEAKAGE X Vee 

package gate 

= 4 X 0.62 mW + O.D1/lA X 10V == 2.48 mW 

Up to this point the discussion of power con· 
sumption has been limited to simple gate functions. 
Power consumption for an MSI function is more 
complex but the same technique just derived 
applies. To demonstrate the technique let's com­
pute the total power consumption of a MM 74C 161, 
four bit binary counter, at Vee = 10V, f = 1 MHz 
and CL = 50 pF on each output. 

The no load power is still given by P (no load) = 

Cpo Vee2 f. This demonstrates the usefulness 
of the concept of the internal capacitance, Cpo, 
Even through the circuit is very complex. and has 
many nodes charging and discharging at various 
rates, all of the effects can be easily lumped into 
one easy to use term, Cpo. ' . 



Calculation of transient power due to load capaci­
tance is a little more complex since each output 
is switched at one half the rate of the previous 
output: Taking this into account the complete 
expression for power consumption is: 

no load 
power 

output 2nd stage 

3rd stage 

This reduces to: 

\ 

power of 
1 st stage 

4th stage 
& carry 
output 

PTOTAL = (Cpo + Cd Vee2 f + IL Vee 

leakage 
term 

From the data sheet Cpo = 90 pF and I L = 0.05J1A. 
Using Figure 6 total power is then: 

100J1.W 
PTOTAL = (90 pF + 50 pF) X -- + 0.05 X 10-6 

pF 

X 10V == 14 mW 

This demonstrates that with more complex devices 
the concept of Cpo greatly simplifies the calcula· 
tion of total power consumption. It becomes an 
easy task to compute power for different voltages 
and frequencies by use of Figure 6 and the 
equations above. 

PROPAGATION DELAY 

Propagation delay for all 54C/74C devices is 
guaranteed with a load of 50 pF and input rise 
and fall times of 20 ns. A 50 pF load was chosen, 
instead .of 15 pF as in the 4000 series, because it 
is representative of loads commonly seen in CMOS 
systems. A good rule of thumb, in designing with 
CMOS, is to assume 10 pF of interwiring capaci­
tance. Operating at the specified propagation 
delay would allow 5 pF fanout for the 4000 
series while 54C/74C has a fanout of 40 pF. A 
fanout of 5 pF (one gate input) is all but useless, 
and specified propagation delay would most prob· 
ably not be realized in an actual system. 

Operating at loads other. than 50 pF poses a 
problem since propagation is a function of load 
capacitance. To simplify the problem Figure 7 
has been generated and gives the slope of the 
propagation delay vs load' capacitance line (Atpd / 
pF)" as a function of power supply voltage. Because 

i 1.5 
l.· 25°C 

z -I, -t,· 20n! .. ... 

~ 1.0 

0 .. 
0 

t-

~ 0.5 

a: 

I '1- .. T 
~ 5.0 10 15 

Vee - POWER SUPPLY VOL lAGE (V) 

FIGURE 7. Typical Propagation Delay per pF of Load 
Capacitance vs Power Supply 

the propagation delay for zero load capacitance is 
not zero and depends on the internal structure of 
each device, an offset term must be added that is 
unique to a particular device type. Since each 
data sheet gives propagation delay for 50 pF the 
actual delay for different loads can be computed 
with the aid of the following equation: 

I 
Atpd I 

tpd.. = (C - 50) pF X -;;F + tpd 

CL = C CL = 50 pF 

where: 

C = Actual load capacitance 

Atpd 

pF 

propagation delay with 50 pF 
load, (specified on each de· 
vice data sheet) 

Value obtained from Figure 7. 

As an example let's compute the propagation 
delay for an MM74COO driving 15 pF load and 
operating with a Vee = 5.0V. The equation 
gives: 

ns 
tpd I . = (15- 50) pF X 0.57- + 50 ns 

pF 
CL = 15 pF 

= -20 ns + 50 ns = 30 ns 

The same formula and curves may be applied to 
more complex devices. For example the propaga­
tion delay from data to output for an MM74C157 
6perating at Vee = 10V and CL = 100 pF is: 

tpd I' = (100 - 50) 0.29 ns + 70 ns 
CL =100pF 

= 14.5 + 70 == 85 ns 
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It is significant to note that this equation and 
Figure 7 apply to all 54C174C devices. This is true 
because of the close match in drive characteristics 
of every device including MSI functions, i.e., the 
slope of the propagation delay vs load capacitance 
line at a given voltage is typically equal for all 
devices. The only exception is high fan-out buffers 
which have a smaller .:ltpd/pF. 

Another point to consider in the design of a 
CMOS system is the affect of power supply 
voltage on propagation delay. Figure 8 shows 
propagation delay as a function of Vee and 
propagation delay times power consumption vs 
Vee for an MM74COO operating with 50 pF load 
at f = 100 kHz. 
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FIGURE 8. Speed Power Product and Propagation Delay 
vsVCC 

Above Vee = 5.0V note the speed power product 
curve approaches a straight line. However the 
tpd curve starts to "flatten out." Going from 
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Vee = 5.0V to Vee = 10V gives a 40% det:rease 
in propagation delay and goif)g from Vee = 10V 
to Vee = 15V only decreases propagation delay 
by 25%. Clearly for Vee> 10V a small increase 
in speed is gained by a disproportionate increase 
in power. Conversely, for small decreases in power 
below' Vee = 5.0V large increases in propagation 
delay result. 

Obviously it is optimum to use the lowest voltage 
consistent with system speed requirements. How­
ever in general it can be seen from Figure 8 that 
the best speed power performance will be obtained 
in the Vee = 5.0V to Vee = 10Vrange. 

TEMPERATURE CHARACTERISTICS 

Figures 9 and 10 give temperature variations in dra in 
characteristics for the N-channel and P-channel 
devices operating at Vee = 5.0V and Vee == 10V 
respectively. As can be seen from these curves the 
output sink and source current decreases as tem­
perature increases. The affect is almost linear and 
can be closely approximated by a temperature 
coefficient of -0.3% per degree centigrade. 

Since the tpd can be entirely attributed to rise 
and fall time, the temperature dependance of 
tpd is a function of the rate at which the output 
load capacitance can be charged and discharged. 
This in turn is a' function of the sink/source 
current which was shown above to vary as -0.3% 
per degree centigrade. Consequ'ently we can say 
that tpd varies as -0.3% per degree centigrade .. 
Actual measurements of tpd with temperature 
verifies this number. 
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The drain characteristics of Figure 9 and 10 show 
considerable variation with temperature. Examina· 
tion of the transfer characteristics of Figure 11 
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indicates that they are almost independent of 
temperJture. The transfer characteristic is not 
dependent on temperature because although both 
the N·channel and P·channel device characteristics 
change with temperature these changes track each 
other closely. The proof of th is tracking is the 
temperature independance of the transfer charac· 
teristics. Noise margin and maximum/minimum 
logic levels will then not be dependent on 
temperature. 

As discussed previously power consumption is a 
function of CpD, CL , Vee, f and ILEAKAGE. All 
of these terms are essentially constant with tem· 
perature except I LEAKAGE. However, the leakage 
current specified on each 54C/74C device applies 
Jcross the entir~' temperature range and therefore 
represents a worst case limit. 
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CMOS OSCI LLATORS 

INTRODUCTION 

This note describes several square wave oscillators that 
can be built using CMOS logic elements. These circuits 
offer the following advantages: 

• Guaranteed startability 

• Relatively good stability with respect to power supply 
variations 

• Operation over a wide supply voltage range (3V to J5V) 

• Operation over a wide frequency range from less than 
1 Hz to about 15 MHz 

f 
• Low power consumption (see AN-gO) 

• Easy interface to other logic families and elements 
including TTL 

Several RC oscillators and two crystal controlled oscil­
lators are described. The stability of the RC oscillator 
will be sufficient for the bulk of applications; however, 
some applications will probably require the stability of 
a crystal. Some applications that require a lot of stability 
are: 

1. Timekeeping over a long interval. A good deal of 
stability is required to duplicate the performance of 
an ordinary wrist watch (about 12 ppm). ThiS is, of 
course, obtainable with a crystal. However, if the 
time interval is short and/or the resolution of the 
timekeeping device is relatively large, an RC oscillator 
may be adequate. For example: if a stopwatch is built 
with a resolution of tenths of seconds and the longest 
interval of interest is two minutes, then an accuracy 
of 1 part in 1200 (2 minutes x 60 seconds/minute x 
10 tenth/second) may be acceptable since any error 
is less than the resolution of the device. 

, 2. When logic elements are operated near their specified 
limits. It may be necessary to maintain clock frequency 
accuracy within very tight limits in order to avoid 
exceeding the limits of the logic family being used, 
or in which the timing relationships of clock signals 
in dynamic MOS memory or shift register systems 
must be preserved. 

3. Baud rate generators for communications equipment. 
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4. Any system that must interface with other tightly 
specified systems. Particularly those that use a "hand­
shak.e" technique in which Request or Acknowledge 
pulses must be of specific widths. 

LOGICAL OSCILLATORS 

Before describing any specific circuits, a few words about 
logical oscillators may clear up some recurring confusion. 

Any odd number of inverting logic gates will oscillate if 
they are tied together in a ring as shown in Figure 1. 
Many beginning logic designers have discovered this (to 
their chagrin) by inadvertently providing such a path in 
their designs. However, some people are confused by the 
circuit in Figure 1 because they are accustomed to 
seeing sinewave oscillators implemented with positive 
feedback, or amplifiers with non-inverting gain. Since 
the concept of phase shift becomes a little strained when 
the inverters remain in their linear region for such a short 
period, it is far more straightforward to analyze the 
circuit from the standpoint of ideal switches with finite 
propagation delays rather than as amplifiers with 1800 

phase shift. It then becomes obvious that a "1" chases 
,itself around the ring and the network oscillates. 

ANY EVEN NUMBER OF 
ADDITIONAL GATES 

FIGURE 1. Odd Number of Inverters will Always Oscillate 

The frequency of oscillation will be determined by the 
total propagation delay through the ring and is given by 
the following equation. 

=-'-
2nTp 

Where: 

f frequency of oscillation 
Tp Propagation delay per gate 

n =. number of gates 



This is not a practical oscillator, of course, but it does 
illustrate the maximum frequency at which such an 
oscillator will run. All that must be done to make this a 
useful oscillator is to slow it down to the desired 
frequency. Methods of doing this are described later. 

To determine the frequency of oscillation, it is necessary 
to examine the propagation delay of the inverters. 
CMOS propagation delay depends on supply voltage and 
load capacitance. Several curves for propagation delay 
for National's 74C line of CMOS gates are reproduced 
in Figure 2. From these, the natural frequency of 
oscillation of an odd number of gates can be determined. 

An eXOlmple may be instructive. 

Assume the supply voltage is 10V. Since only one input 
is driven by each inverter, the load capacitance on each 
inverter is at most Olbout 8 pF. Examine the curve in 
Figure 2c that is drawn for Vee = 10V and extrapolate 
it down to 8 pF.We see that the curve predicts 03 

propagation delay of about 17 ns. We can then calculate 
the frequency of oscillation for three inverters using the 
expression mentioned above. Thus: 

------ = 9.8 MHz 
2x3x 17x 10-9 

Lab work indicates this is low and that something closer 
to 16 MHz can be expected. This reflects the conserva· 
tive nature 'of the curves in Figure 2. 

Since this frequency is directly controlled by propaga· 
tion delays, it will vary a great deal with temperature, 
supply voltage, and any external loading, as indicated 

by the graphs in Figure 2. In order to build a usefully 
stable oscillator it is necessary to add passive elements 
that determine oscillation frequency and minimize the 
effect of CMOS characteristics. 

STABLE RC OSCILLATOR 

Figure 3 illustrates a useful oscillator made with three 
inverters. Actually, any inverting CMOS gate or combina· 
tion of gates could be used. This means left over portions 

Ei5 c V
aUT 

A2 AI 

v, 

FIGURE 3. Three Gate Oscilaltor 

of gate packages can be often used. The duty cycle will 
be close to 50% and will oscillate at a frequency that 
is given by the following expression. 

1 
f= 

(
0.405 R2 ) 

2 R1 C ~-- + 0.693 
R1 + R2 

Another form of this expression is: 

f= ----------------
2C (0.405 Req + 0.693 R 1 ) 

Where: 

R1 R2 

Req = R1 + R2 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO. 
MM54C02/MM74C02. 
MM54C04/MM74C04 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO. 
MM54C02. MM74C02. 
MM54C04/MM74C04 

Propagation Delay Time vs 
Load Capacitance 
MM54COO/MM74COO. 
MM54C02. MM74C02. 
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The following three special cases may be useful. 

IfRl=R2=R 

If R2 »> Rl 

If R2 «< Rl 

0.559 
f~-­

RC 

0.455 
f~-­

RC 

0.722 
f~ 

RC 

Figure 4 illustrates the approximate output waveform 
and the voltage V 1 at the charging node. 

3/2Vee 

Vee 

V, 
112 Vee 

GND 

-1/2 Vee 

Vee 

VOUT 

OV 

FIGURE 4. Waveforms for Oscillator in Figure 3 

Note that the voltage V2 will be clamped by input 
diodes when V 1 is greater than Vee or more negative 
than ground~ During tt}is portion· of the cycle current 
will flow through R2. At all other times the only current 
through R2 is a very minimal leakage term. Note also 
that as soon as V 1 passes through threshold (about 50% 
of supply) and the input to the last inverter begins to 
change, V 1 will also change in a direction that reinforces 
the switching action; i.e., providing positive feedback. 
This further enhances the stability and predictability of 
the network. 

This 'oscillator is fairly insensitive to power supply 
variations due largely to the threshold tracking close to 
50% of the supply voltage. Just how stable it is will be 
determined by the frequency of oscillation; the lower 
the frequency the more stability and vice versa. This is 
because propagation delay and the effect of threshold 
shifts comprise a smaller portion of the overall period. 
Stability wiil also be enhanced if Rl is made' large 
enough to swamp any variations in the CMOS output 
resistance. 

TWO GATE OSCILLATOR WILL NOT 
NECESSARILY OSCILLATE 

A popular oscillator is shown in Figure 5a. The only 
undesirable feature of this oscillator is that it may not 
oscillate. This is readily demonstrated by letting the value 
of C go to zero. The network then degenerates into 

5·22 

Figure 5b, which obviously will not oscillate. This 
illustrates that there is some value of Cl that will not 
force the network to oscillate. The real difference 
between this two gate oscillator and the three gate 
oscillator is that the former must be forced to oscillate 
by the capacitor while the three gate network will 
always oscillate willingly and is simply slowed down by 
the. capacitor. The three gate network will always 
oscillate, regardless of the value of Cl but the two gate 
oscillator will not oscillate when Cl is small. 

MM74C04 . MM74C04 MM74C04 MM74C04 

(al (bl 

FIGURE 5. Less Than Perfect Oscillator 

The only advantage the two gate oscillator has over the 
three gate oscillator is that it uses one less inverter. 
This mayor may not be a real concern, depending on the 
gate count in each user's specific application. However, 
the next section offers a real minimum parts count 
oscill~tor. 

A SINGLE SCHMITT TRIGGER MAKES 
AN OSCI LLATOR 

Figure 6 illustrates an oscillator made from a single 
Schmitt trigger. Since the MM74C14 is a hex Schmitt 
trigger, this oscillator consumes only one sixth of a 
package. The remaining 5 gates can be used either as 
ordinary inverters like the MM74C04 or their- Schmitt 
trigger characteristics can be used to advantage in the 
normal manner. Assuming these five inverters can be used 
elsewhere in the system, Figure 6 must represent the 
ultimate in low gate count oscillators. 

FIGURE 6. Schmitt Trigger Oscillator 

Voltage V 1 is depicted in Figure 7 and changes between 
the two thresholds· of the Schmitt trigger. If these 
thresholds were constant percentages of Vee over the 
supply voltage range, the oscillator would be insensitive 
to variations in Vee. However, this is not the case. The 
thresholds of. the Schmitt trigger vary enough to make 
the oscillator exhibit a good deal of sensitivity to Vee. 

Applications that do not 'require extreme stability or 
that have access to well regulated supplies ·shoul.d not 
be bothered by this sensitivity to Vee. Variations in 
threshold can be expected to run as high as four or five 
percent when Vee varies from 5V to 15V. 



Vee 

VOUT 

GND 

Vee f--~--+--+---+---l--+ 
VTH 

VTL 

GNDf--~-~--+---+---l--+ 

FIGURE 7. Waveforms for Schmitt Trigger Oscillator 
In Figure 6 

A CMOS Crystal Oscillator 

Figure 8 illustrates a crystal oscillator that uses only 
one CMOS inverter as the active element. Any odd 
number of inverters may be used, but the total propaga· 
tion delay through the ring limits the highest frequency 

that can be obtained. Obviously, the fewer inverters 
that are used, the higher the maximum possible frequency. 

CONCLUSIONS 

A large number of oscillator applications can be imple· 
mented with the extremely simple, reliable, inexpensive 
and versatile CMOS oscillators described in this note. 
These oscillators consume very little power compared 
to most other approaches. Each of the oscillators 
requires less than one full package of CMOS inverters of 
the MM74C04 variety. Frequently such an oscillator can 
be built using leftover gates of the MM74COO, MM74C02, 
MM74C10 variety. Stability superior to that easily 
attainable with TTL - oscillators is readily attained, 
particularly at lower frequencies. These oscillators are 
so versatile, easy to build, and inexpensive that they 
should find their way into many diverse designs. 

FIGURE 8. Crystal Oscillator 
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Thomas P. Redfern 
National ~ Semiconductor 

USING THE CMOS'~DUALM6NOSTABLE MULTIVIBRATOR 

INTRODUCTION 

The MM54C221/MM74C221 is a dLal CMOS monostable 
multivibrator. Each one-shot has three inputs (A, Band 
CLR) and two outputs (0 and 0). The output pulse 
width is set by an external RC network. 

The A and B inputs trigger an output pulse on a negative 
or positive input transition respectively. The CLR input 
when low resets the one:shcii. One-e trig-gered the AandB 
inputs have no further control on '·the output. 

THEORY OF OPERATION 

Figure l' sh~ws' that in its stable state, the one-shot 
clamps CEX~ to ground by' turning Nl ON and ho'ids 
the positive comparator input at Vee by turning N2 
OF F~ The prefix N is usedto denote N-channel transistors_ 

The signal,':G, gatingN2 OFF also gates the comparator 
OFF thereby keeping the internal power dissipation to 
an absolute minimum. The only power dissipation when 
in th'e stabi~ st~te is that 'generated by the current 
through REXT . The bulk "of this dissipation is in REXT 
since the voltage drop across ,N1 is v'ery smailfor norlTlal 
ranges of R EXT'. . -

Vee 

- -- Vee 0 
, 16 

R· 

To trigger the one-shot the CLR input must be high. 
The gating: G, on the comparator is designed such that 

-.the comparator output is high when the one-shot is in 
its stable state_ With the CLR input high the clear input 
to FF is disabled allowing the flip-flop to respond to the 
A' or B input. A _negative transition on A or a positive 
-transition on B sets O-toa high state. This in turn gates 
Nl OFF, and N2and the comparator ON. 

,Gating -N2- ON establishes a reference of 0.63 Vee on 
. the comparator's positive input.· Since the voltage on 

CEXT can not change instantaneously V1 = OV at this 
time. The comparator then will maintain its one level on 
the output. Gating Nl. OFF allows CEXT to start,~harging 
through REXT toward Vee exponentially. 

Assuming a perfect comparator (zero. offset and infinite 
gain) when the voltage on CEXT , Vl, equals 0_63 Vee 
the comparator output will go from a high state to a 
low state resetting 0 to a low state. Figure 2 is a timing 
diagram summarizing this sequence of events. 

This diagram is idealized by assuming zero rise and fall 
times and zero propagation delay but it shows the basic -
operation of the one-shot. Also shown is the' effect of 
taking the CLR input low. Whenever CLR goes low FF 

GNDo-~,-~~~~----~~--~ 
B _ 

Vee 

'. ~ '. . ." FfGUR E 1; Monostable MultivibratorLogic Diagram; 
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CLR 

COMPARATOR 
OUTPUT 

: 
I I _______ '- __ .1 

FIGURE 2. OneoShot Timing Diagram 

is reset independent of all other inputs. Figure 2 also 
shows that once triggered, the output is independent of 
any transitions on B (or A) until the cycle is complete. 

The output pulse width is determined by the following 
equation: 

Vl :;Vcc (1-e-T/AEXTcEXT)=0.63Vcc (1 ) 

Solving for t gives: 

T = REXT CEXT In (1/0.37) = REXT CEXT (2) 

A word of caution should be given in regards to the 
ground connection of the external capacitor (CEXT )' 
It should always be connected as shown in Figure 1 to 
pin 14 or 6 and never to pin 8. This is· important 
because of the parasitic resistor R*. Because of the large 
discharge current through R *, if the capacitor is con­
nected to pin 8, a four layer diode action can result 
causing the circuit to latch and possibly damage itself. 

ACCURACY 

There are many factors which influence the accuracy of 
the one-shot. The most important are: . 

a. Comparator input offset 
b. Comparator gain 
c. Comparator time delay 
d, Voltage divider Rl, R2 
e. Delays in logic elements 
f. ON impedance 9f Nl and N2 
g. Leakage of N 1 
h. Leakage of CEXT 
i. Magnitude of RexT and CEXT 

The characteristics of CExTand REXT are, of course, 
not determined by the characteristics of the one-shot. 
In order to establish the accuracy of the one-shot, devices 
were tested using an external resistance of 10 kil and 
various capacitors, A resistance of 10 kil was chosen 
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because the leakage and ON impedance of transistor N 1 
have a minimal effect on accuracy with this value of 
resistance. 

Two values of CexT were chosen, 1000 pF and a.l#lF. 
These values give pulse widths' of 1 a~s and 1 aoops with 
REXT = 10 kil .. 

Flgures 3 and 4 show the resulting distributions of pulse 
widths at 25~ for various power supply voltages. 
Because propagation de/~y$, at the same power supply 
voltage, ar:e the same independent of pulse wldth, the 
shorter the pulse wldth the more the accuracy is 
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affected by propagation .delay. Figures 3 and 4 clearly 
show this effect. As pointed out in application. note 
AN·90, 54C174C Family Characteristics, propagation 
delay is a function of Vee. Figure 3, (Pulse Width = 
laps) shows, much greater variation with Vee than 
Figure 4 (Pulse Width = 1000J./s). This same information 
is shown in Figures 5 and 6 in a different format. In 
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FIGURE 5. Typical Percentage Deviation from 
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Puise Width ' 1000!'s 

~ 
REXT -10 k!!--+-

CEXT = 0.1 .::::t: 
'" 0 
0: 

:A • 25'C_f--+-

""'" 90%-
0: 
W 

:z: ~I:'L fUr. .... 
i 
w -2 '" -' 

// 

-~ ~-'l: V//'7; 
,T- 1'0'<:'-<:: 

'" "- -4 

-6 

10 15 

Vee (V) 

FIGURE 6. Typical Percentage Deviation from 
Vee = 10V Value vs Vee (PW = 1000J..Ls). 

these figures the percent deviation from the average 
pulse width at 10V Vee is shown vs Vee. In addition 
to the average value the 10% and 90% points are shown. 
These percentage points refer. to the statistical distribu­
tion of pulse width error. As an example, at Vee = 10V 
for 10J./s pulse width, 90% of the devices have errors of 
less than +1.7% and 10% have errors less than -2.1 %. 
In other words, 80% have errors between +1.7% and 
-2.1%. 

The minimum error can be obtained by operating at 
the maximum V co A price must be paid for this and 
this price is, of course, increased power dissipation. 
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Figure 7 shows typical power dissipation vs Vee 
operating both sides of the one·shot at 50% duty cycle. 
Also shown in the same figure is typical minimum pulse 
width vs Vee. The minimum pulse width is a strong 
function of ihternal propagation delays. It is obvious 
from these two curves tha t increasing V cc beyond 10 V 
will not appreciably improve inaccuracy due to propa· 
gation delay but will greatly increase power dissipation. 

Accuracy is also a function of temperature. To determine 
the magnitude of its effects the one·shot was tested at 
temperature with the external resistance and capacitance 
maintained at 25°C. The resulting variation is shown in 
Figures 8 and 9. 
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Up to this point the external timing resistor, REXT , has 
been held fixed at 10 kn. In actual applications other 
values may be necessary to achieve the desired pulse 
width. The question then arises as to what effect this 
will have on accuracy . 

Vee 

_--..---41--- vlt) 

CEXT 

L--.. ----4~_ov 

FIGURE 10. 

As REXT becomes larger and larger the leakage current 
on t"ransistor Nl becomes an ever increasing problem. 
The equivalent circuit for this leakage is shown in 
Figure 10. . 



v(t) is given by: 

As before, when v(t) = 0.63 Vee, the output will reset. 
Solving for tL gives: 

(3) 

Using T as defined in Equation 2 the pulse width error is: 

PW Error = tL - T 
T 

x 100% 

Substituting Equations 2 and 3 gives: 

PW Error is plotted in Figure 11 for Vee =: 5, 10 and 
15V. As expected, decreasing Vee causes PW Error to 
increase with fixed I L' Nqte that the leakage current, 
although here assumed to flow through Nl, is general 
and could also be interpreted as leakage through CEXT ' 
See MM54C221 /MM74C221 data sheet for leakage limits. 

g 
Cl 

" 
" 

0 
>-
::::>. 
0 
c: 
c: 
c: 

~ 

10.0 

1.0 

0.1 

F7 
V 0.01 

0.001 

IIIII / 

II Vee = 5V V 

/ 
~ Vee = 10V 

7' Vc e - 15V 

1111111 11111111 

0.01 0.1 1.0 

ILEAKAGE X REX. (V) 

FIGUFIE 11. Percentage Pulse Width Error Due to Leakage. 

To demonstrate the usefulness of Figure 11 an example 
will be most helpful. Let us assume that N 1 has a 
leakage of 250 x 10-9 amps, CEXT has leakage of 
150 x 10-9 amps, output pulse width = 0.1 seconds and 
Vee = 5V. What REXT CEXT should be used to 
guarantee an error due to leakage of less than· S%. 

From Figure 11 we see that to meet these conditions 
REXT IL < 0.14V. 

Then: 

REXT < 0.14/(250 + lS0) x 10-9 

< 3S0 kn 

Choosing standard component values of 250 kn and 
0.004,uF would satisfy the above conditions. 
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We have just defined the limitation on the maximum size 
of AEXT ' There is a corresponding limit on the mini­
mum size that REXT can a~sume. This is brought about 
because of the finite ON impedance of N 1. As REXT is 
made smaller and smaller the amount of voltage across 
N1 becomes significant. The voltage across Nl is: 

. The output pulse width is defined by: 

v (to) = (Vee - VN1 ) (1 - e-to/REXT eEXT) 

+ VN1 = 0.63 Vee 

Solving for to gives: 

to = REXT CEXT Qn (Vee - VN1) 
0.37 Vee 

Pulse Width Error is then: 

PW Error = 
to -T 

T 
x 100% 

Substituting Equations 2 and 4 gives: 

(4) 

(
Vee - VN1) 

REXT CEXT Qn ---- - REXT CEXT Qn (1/0.37) 
0.37 Vee 

REXT CEXT Qn(1/0.37) 

This function is plotted in Figure 12 for rON of son, 
25n and 16.7n. These are the typical values of rON for 
a Vee of SV,.10V and lSV respectively. 

As an example, assume that the pulse width error due to 
rON must be less than 0.5% operating at Vee = SV. The 
typical value of r~N for Vee = 5V is son. Referring to 
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FIGUR E 12. Percentage Pulse Width ErJor 
Due to Finite rON of Transistor N1 vs REXT. 

the 50n curve in Figure 12, REXT must be greater than 
10 kn to maintain this accuracy. At Vee = 10V, REXT 
must be greater than 5 kn as can be seen from the 2Sn 
curve in Figure 12. 

Although clearly shown on the MM54C221/MM74C221 
data sheet, it is worthwhile, for the sake of clarity, to 
point out that the parasitic capacitance between pins 
7 (15) and 6 (14) is typically 15pF. This capacitor is in 
parallel with CEXrand must be taken into account when 
accuracy is critical.' 
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TYPICAL APPLICATIONS 

Vee 

Basic One·Shot Oscillator 
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5-28 

LEVEl DETECTDII 

Y~ • I FOR f > 1141((113 + R411AI • ,CIlI 
Yo -I 'DR f < A41((R3 + R411AI • CIlI 

OUTPUT 



TYPICAL APPLICATIONS (Continued) i'l 
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CMOS SCHMITT TRIGGER 

Gerald Buurma 
National Semiconductor 

A UNIQUELY VERSATILE DESIGN' COMPONENT 

INTRODUCTION 

The Schmitt trigger has found many applications in 
numerous circuits, both analog and digital. The versa· 
tility of a TTL Schmitt is hampered by its narrow 
supply range, limited interface capability, low input 
impedance and unbalanced output characteristics. The 
Schmitt trigger could be built from discrete devices to 
satisfy a particular parameter, but this is a careful an'd 
sometimes time-consuming design. 

The CMOS Schmitt trigger, which comes six to a 
package, uses CMOS characteristics to optimize design 
ahd advance into areas where TTL could not go. These 
areas include: interfacing with op amps and transmission 
lines, which operate from large split supplies, logic level 
conversion, linear operation, and special designs relying 
on a CMOS characteristic. The .CMOS Schmitt trigger 
has the following advantages: 

• High impedance input (10'2n typical) 

• Balanced input and output characteristics 

• Thresholds are typically symmetrical to 1/2 Vee 

• Outputs source and sink equal curr~nts 

• Outputs drive to supply rails 

• Positive and negative-going thresholds show low 
variation with respect to temperature 

• Wide supply range (3-15V), split supplies possible 

• . Low ··'Power consumption, even during transitions 

• High noise immunity, 0.70 Vee typical 

Applications demonstrating how each of these charac­
teristics can become a design advantage will be given 
later in the application note. 

Vee 
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I P1 

:h:q 
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N1 

1-

ANALYZING THE CMOS SCHMITT 

The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked 
devices. The upper two are P-channel and the lower two 
are N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by 
feeding back the output voltage, out', to two different 
points in the stack_ 

When the input is at OV. transistors P1 and P2 are ON, 
and N1. N2 and P3 are OFF. Since out' is high, N3 is 
ON and acting as a source follower, the drain of N 1, 
which is the source of N2, is at Vee-VTH . If the input 
voltage is ramped up to one threshold above ground 

.transistor N1 begins to turn ON, N1 and N3 both being 
ON form a voltage divider netw9rk biasing the source of 
N2 at roughly half the supply. When the input is a 
threshold above 1/2 Vee, N2 begins to turn ON and 
regenerative switching is abo'ut to take over. Any more 
voltage on the input causes out' to drop. When out' drops, 
the source of N3 follows its gate, which is out', the 
influence of N3 in the voltage divider with N1 rapidly 
diminishes, bringing .out' down further yet. Meanwhile 
P3 has started to turn ON, its gate being brought low by 
the rapidly dropping out'. P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF, out' 
crashes down. The snapping action is'due to greater than 
unity loop gain through the stack caused by positive 
feedback through the source follower transistors. When 
the input is brought low again an identical process occurs 
in the ·upper portion of the stack and the snapping 
action takes place when the lower threshold is reached. 

Vee Vee 

L J --f I P6 

OUTPUT 

I P4 

I N4 

1 
FI~URE 1. CMOS Schmitt Trigger' 
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Out' is fed into the inverter formed by P4 and N4; 
another inverter bui It with very small devices, P5 and 
N5, forms a latch which stabilizes out'. The output is 
an inverting buffer capable of sinking 360,uA or two 
LPTTL loads. 

The typical transfer characteristics are shown in Figure 
2; the guaranteed trip point range is shown in Figure 3. 

WHAT HYSTERESIS CAN DO FOR YOUR 

Hysteresis is the difference in response due to the direc­
tion of input change. A noisy signal that traverses the 
threshold of a comparator can cause multiple transitions 
at the Olltput, if the response time of the comparator is 
less than the time between spurious effects. A Schmitt 
trigger has two thresholds: any spurious effects must be 
greater than the threshold difference to cause multiple 
transitions. With a CMOS Schmitt at Vee = 10V there is 

zo 

?: 
Vee = 15V 

15 
<:> Vr_ 

~ 10 > ... 
::> ... 
::> 
0 

10 15 20 

INPUT VOLT~GE (V) 

FIGURE 2. Typical CMOS Transfer Characteristics 
for Three Different Supply Voltages. 

t VT• 

typically 3.6V of threshold difference, enough hysteresis 
to overcome almost any spurious signal on the input. 

A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshold of 
the comparator is placed at one half the signal amplitude 
(See Figure 4b). This is doen to prevent slicing level 
distortion. If a 4,us wide signal is sent down a transmission 
line a 4,us wide' signal should be received or signal distor­
tion occurs. If the comparator has a threshold above half 
the signal amplitude, then positive pulses sent are shorter 
and negative pulses are lengthened (See Figure 4c). This 
is called slicing level distortion. The Schmitt trigger does 
have a positive offset, VT+, but it also has a negative 
offset VT-. In CMOS these offsets are approximately 
symmetrical to half the signal level so a 4,us wide pulse 
sent is also recovered (see Figure 4d). The recovered 
pulse. is delayed in time but the length is not changed, 
so noise immunity is achieved and signal distortion is not 
introduced because of threshold offsets. 

FIGURE 3. Guaranteed Trip Point Range. 

A~~~~TAULOE VTH 1-:-o1'IJ.I----'\I\-'---'IP. 
a) Received signal from transmission 
line with thresholds at different 
amplitudes. 

i vr -

1 LEVEL 

o LEVEL 

1 LEVEL 

o LEVEL 

1 LEVEL 

o LEVEL 

o 1 Z 3 4 5 6 1 8 910 

TIME (",I 

b) Recovered signal from comparator 
with threshold VYH has multiple 
tranSitions. 

c) Recovered signal hom comparator 
with POSitiV8 offset on threshold. Vr ... 
positive pulse shorten, negative pulse 
lengthen. 

dl Recovered ,ignal with CMOS Schmitt 
trigger, Vr • and VT • Restores true 
waveform. 
Recovered signal from Schmitt is Sime 
widthlscomparlto,withthreshold.t 
VyH.lnd is only delayed in timl. 

FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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. FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection. 

JV\.I\ 
NVVv 

SUlJ 

FIGURE 6. Diode Dump Tach Accepts any Input Waveform. 

APPLICATIONS OF THE CMOS SCHMITT 

Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase per­
formance. Some of the applications could not be done 
at all with another logic family. 

The circuit in Figure 5a is the familiar sine to square 
wave converter. Because of input symmetry the Schmitt 
trigger is easily biased to achieve a 50% duty cycle. The 
high input impedance simplifies the selection of the bias­
ing resistors and coupling capacitor. Since CMOS has a 
wide supply range the Schmitt trigger could be powered 
from split supplies (see Figure 5b).This biases the mean 
threshold value around zero and mak~s direct coupling 
from an op amp output possible. 
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In Figure 4, we see a frequency to voltage converter that 
accepts' many waveforms with no change in output 
voltage. Although the energy in the waveforms are quite 
different, it is only the frequency that determines the 
output voltage. Since the output of the CMOS Schmitt 
pulls completely to the supply rails, a constant voltage 
swing across capacitor C1 causes a current. to flow 
through the capacitor, dependent only on frequency. 
On positive output swings, the current is dumped to 
ground through D1. On negative output swings, current 
is pulled from the inverting op amp node through D2 and 
transformed into an average voltage by R2 and 02. 

Since the CMOS Schmitt pulls completely to the supply 
rails the voltage change across the capacitor is just the 
supply voltage. 



Schmitt triggers are often used to generate fast transi· 
tions when a slowly varying function exceeds a pre· 
determined level. In Figure 7, we see a typical circuit, a 
light activated switch. The high impedance input of the 
CMOS Schmitt trigger makes biasing very easy. Most 
photo cells are several k.Q brightly illuminated and a 
couple M.Q dark. Since CMOS has a 1012.Q typical input 
impedance, no effects are felt on the input when the 
output changes. The selection of the biasing resistor is 
just the solution of a voltage divider equation. 

A CMOS application note wouldn't be complete without 
a low power application. Figure 8 shows a simple RC 
oscillator. With only six R's and C's and one Hex CMOS 

Vee 

Vee 

trigger, six low power oscillators can be built. The square 
wave output is approximately 50% duty cycle because of 
the balanced input and output characteristics of CMOS. 
The output frequency equation assumes that t1 = t2 » 
tpdO + t pd1 ' 

We earlier saw how the CMOS Schmitt increased noise 
immunity on an unbalanced transmission line. Figure 9 
shows an application for a balanced or differential 
transmission line. The circuit in Figure 7a is CMOS 
EXCLUSIVE OR, the MM74C86, which could also be 
built from inverters, and NAND gates. If unbalanced 
information is generated on the line by signal crosstalk 
or external noise sources, it is recognized as an error. 

Vee 

~---4"""-. "OR" CONFIGURATION "AND" CONFIGURATION 

FIGURE 7. Light Activated Switch COUldn't be Simpler. The Input Voltage Rises as Light Intensity Increases, when VT+ is 
Reached, the Output will go Low and Remain Low until the I ntensity is Reduced Significantly. 

T C 10 ' _--;,-;;-;-..;..I-::--:-=-"7'I 

-= RC ~n [(~:: =~:: ) (~) 

FIGURE B. Simplest RC Oscillator? Six R's and C's make the CMOS Schmitt into Six Low Power Oscillators. Balanced 
Input and Output Characteristics give the Output Frequency a Typically 50% Duty Cycle. 

1/3 MM74CI4 A=:=; -1/4 MM74CS6 

D---oERROR 

B \:I. - -. AB- AS· Error 

Error is detected when transmission line isunb.l.ncld in either direction. 

• ) Differential Error Offector. 

Trans~itteddltil.ppeilnltFlSlong.str.nsmissionlin.isbalance d, 
unbalanced dlta is ignored and error is detected by above circuit. 

I 

b) Differential line Receiver . 

Truth Table -

A B 

a NC 

o a 
a 

1 1 NC 

NC = No Change 

FIGURE 9. Increase Noise Immunity by using the CMOS Schmitt Trigger to Demodul~te a Balanced Transmission Line. 
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The circUIt In Figure 9b is a differential I ine receiver 
that recovers balanced transmitted data but ignores 
unbalanced signals by latching up. If both circuits of 
Figure 9 were used together, the error detector could 
signal the transmitter to stop transmission and the fine 
receiver would remember the last valid information bit' 
when unbalanced signals persisted on the line. When 
balanced signals are restored, the receiver can pick up 
where it left off. 

The standard voltage range for CMOS inputs is Vee 
+0:3V and ground -0.3V. This is because the input pro· 
tection network is diode clamped to the supply rails. Any 
input exceeding the supply rails either sources or sinks 
a large amount of current through these diodes. Many 
times an input voltage range exceeding this is desirable; 
for example, transmission lines often operate from ±12V 
and op amps from ±15V. A solution to this problem is 
found in the MM74C914. This new device has an uncom­
mon input protection that allows the Input signal to go 
to 25V above ground, and 25V below Vee. This means 
that the Schmitt trigger in the sine to square wave 
converter, in Figure 5b, could be powered by ±1.5V 
supplies and still be directly compatible with an op amp 
powered by ±15V supplies. 

A standard input protection circuit and the n~w input 
protection are shown in Figure 10. The diodes shown 
have a 35V breakdown. The input voltage can go positive 
until reverse biased' 02 breaks down through forward 
bias 03, which is 35V above ground. The input voltage 
can go negative until reverse biased 01 breaks down 
through forward, bias 02, which is 35V below Vee. 
Adequate input fJrotection. against static charge is still 
maintained. 

Vee 

01 

NORMAL 
CMOS CMOS 

INPUT 
200 

INPUT 
PROTECTION 

02 

-= 
.) 

CMOS can be linear over a wide voltage range if proper 
consideration is paid to the biasing of the inputs. Figure 
11 shows a simple VCO made with a CMOS inverter, 
acting as an integrator, and a CMOS Schmitt, acting as a 
comparator with hysteresis. The inverter integrates the 
positive difference between its threshold and the input 
voltage V IN' The inverter output ramps up until the 
positive threshold of the Schmitt trigger is reached. At 
that time, the Schmitt trigger output goes low, turning 
on the transistor through Rs and 'speeding up capacitor 
Cs. Hysteresis keeps the output low until the integrating 
capacitor C is discharged through RD. Resistor Ro 
should be kept much smaller than RC to keep reset time 
negligible. The output frequency is given by 

VTH - VIN 

(VT + - VT-) Ree· 

The frequericy dependence With control voltage is given 
by the derivative with respect to VIN So, 

-1 

where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximum output frequency occurs when 
VIN is at ground and the frequency will decrease as VIN 
is raised up and will finally stop oscillating at the 
inverter threshold, approximately 0.55 Vee. 

Vee 

01 

02 

MM74C914 
INPUT CMOS 

PROTECTION 200 
INPUT 

03 

':" 

b) 

FIGURE 10. Input Protection 'Diodes, in a) Normally Limit the I~put Voltage Swing to 0.3V above Vee and 0.3V 
below Ground. In b) D2 or D1 is Reverse Biased Allowing Input Swings of 25V above Ground or 25V below VCC. 

Re 

V,.o-~Nw--+---I 

116MM74C04 
Os V'N S 112 Vee 

Ro 

fo=·~ 
IVr. - vr ) RcC 

FIGURE 11. Linear CMOS (Voltage Controlled Oscillator) 
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The 'pulses from the VCO output are quite narrow 
because the reset time is much smaller than the integra­
tion time. Pulse stretching comes quite naturally to a 
Schmitt trigger. A one-shot or pulse stretcher made with 
an inverter and Schmitt trigger is shown in Figure 12. 
A positive pulse 'coming into the inverter causes its 
output to go low, discharging the capacitor through the 
diode Dl. The capacitor is rapidly discharged, so the 
Schmitt input is brought low and the output goes 
positive. Check the size of the capacitor to make sure 
that inverter can fully discharge the capacitor in the 
input pulse time, or 

ISINK INVERTER> C ~V + ~V 
~T R 

where ~ V = V cc for CMOS, and ~ T is the input pulse 
width. 

For very narrow pulses, under 100 ns, the capacitor can 
be omitted and a large resistor will charge up the CMOS 
gate capacitance just like a capacitor. 

When the inverter input returns to zero, the blocking 
diode prev~nts the inverter from charging the capacitor 
and the resistor must charge it from its supply. When 
the input voltage of the Schmitt reaches VT+' the 
Schmitt output will go low sometime after the input 
pulse has gone low. 

1/6MM14C04 

Vee 

THE SCHMITT SOLUTION 

The Schmitt trigger, built from discrete parts, is a careful 
, and sometimes time·consuming design. When introduced 

in integrated TTL, a few years ago, many circuit designers 
had renewed interest because it was ,a building block 
part. The input characteristics of TTL often make biasing 
of. the trigger input difficult. The outputs don't source 
as much as they sink, so multivibrators don't have 50% 
duty cycle, and a limited supply range hampers inter­
facing with non 5V parts. 

The CMOS Schmitt has a very high input impedance with 
thresholds approximately symmetrical to one half the 
supply. A high voltage input is available. The outputs 
sink and source equal currents and pull directly to the 
supply rails. 

A wide threshold range, wide supply range, high noise 
immunity, low power consumption, and low board 
space make the CMOS Schmitt a uniquely versatile 
part. 

Use the Schmitt trigger for signal conditioning, restora­
tion of levels, discriminating noisy signals, level detecting 
with hysteresis, level conversion between logic families, 
and many other useful functions. 

The CMOS Schmitt is one step ciosl)r to making design 
limited only by the imagination of the designer. 

1/6 MM14C14 
01 

~>---~I~--~----~~ I ..... 

T = RC ~n (Vee - VB') BE SURE THAT 'SINKINV'AT'A' C Vee + ~ 
Vee - VT+ t A 

FIGURE 12. Pulse Stretcher. A CMOS Inverter Discharges a Capacitor, 
a Blocking Diode allows Charging through R only. Schmitt Trigger 
Output goes Low after the RC Delay. 
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~ dual polarity 3%-digit DVM realized with simple CMOS interface 
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Two powerful building blocks, the LF11300 dual slope 
analog building block and the MM74C928 CMOS 3%· 
decade counter with 7-segment outputs, are easily mated 
with a simple CMOS interface to produce an auto·zero, 
auto·polarity 3%·digit DVM. 

The LF11300 has a very high impedance FET input and 
internal circuitry for automatic offset correction and 
polarity determ ination. Only a single 2·volt reference is 
needed for both positive and negative full-scale readings 
of 1999. 

The MM74C928 is a 3%·decade counter that directly 
drives an LED display with multiplex 7 segment infor­
mation. The multiplexing circuit has its own free run­
ning oscillator and requires, no external clock. The i'nter­
face circuitry provides non·overlapping control signals 
to the LF11300 for polarity determination and offset 
correction for every conversion cycle, and also provides 
clock and display update control signals to the 
MM74C928. 

A conversion cycle is begun by a positive edge on fl ip­
flop D 1: additional transitions do not affect this input 

. until the Conversion Complete signal is received at the 
end of the cycle. Schmitt Trigger S1 generates 10ms 
pulses wh ich are converted into control signals by the 
Logic circuitry. 

Each conversion cycle is preceded by offset correction, 
polarity determination, another offset correction, and a 
ramp unknown signal into the LF11300. The offset 
correction signals allow the analog building block to 
store any internal offsets in its integrator and compara· 
tor on an external capacitor. The LF 1.1300 uses this 
stored offset voltage to automatically zero the display 
when no voltage is present at the analog input. The 
polarity determination signal samples the input voltage 
and the comparator output of the LF11300 indicates to 
the control logic whether to switch in ramp unknown 
minus or ramp unknown plus. The analog building 

block integrator becomes a positive integrator for posi· 
tive voltage inputs or a negative integrator for negative 
voltage inputs. This way a single reference serves as a 
standard for either polarity voltage at the analog input. 

These preparations occur at the beginning of every 
conversion cycle, and all control signals are non·over· 
lapped by one gate delay by the control logic so that 
stored offset voltages are not disturbed. 

The rest of the conversion cycle is a standard dual slope 
conversion where the unknown is integrated for 2000 
counts and the reference is integrated until the internal 
comparator indicates a zero crossing of the integrated 
voltage. 

The comparator going low generates a serie~ of control 
pulses to the MM74C928. The first control pulse latches 
the count into an internal register. The second control 
pulse resets the interface logic for a new cycle, and the 
last pulse indicates the end of conversion. 

For continuous operation, end of conversion can be tied 
to start conversion and the display will update itself 

. at the end of each conversion cycle. 
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If too large a voltage is present at the analog input or 
if the external leads are switched in the middle of a 
conversion cycle, the counter overflows and an overflow 
light indicates this condition. The overflow light will 
remain on until a valid conversion has been obtained. 

All circuitry is automatically reset when power comes on 
and waits until a conversion start signal unless used in 
the continuous conversion mode. 

The complete circuit of nine packages and external 
components including a temperature compensated refer· 
ence can be built on a 3 x 5-inch piece of vector board. 
The analog circuit excluding reference requires only 
1.5mA from each 12.5 V battery and the digital circuit 
requires approximately 40mA from the 6V supply. 
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Designing with MM74C908, 
MM74C918 Dual High 
Voltage CMOS Drivers 

INTRODUCTION 

By combining the merits of both CMOS and bipola~ 
technologies on a single silicon chip, the MM74C908, 
MM74C918 provides the following distinguished fea­
tures as general purpose high voltage drivers. 

• 
• Wide supply voltage range (3V to 18V) 

• High noise immunity (typ 0.45 Vccl 

• High input impedance (typ 1012n) 

• Extremely low standby power consumption (typ 
750 nW at 15V) 

• Low output "ON" resistance (typ an) 
• High output drive capability (lOUT ~ 250 rnA at 

VOUT = VCC - 3V, and Tj = 65°C) 

• High output "OFF" voltage (typ 56V at 200 /.lA) 

Among these, the first 4 are typical and unique char­
acteristics of CMOS technology which are fully util­
ized in this circuit to achieve all the design advan­
tages in a typical CMOS system. 

The high .output currents and low "ON" resistance 
are achieved through the use of an NPN Darlington 
pair at the output stage. 

The MM74C908 is housed in an 8-lead epoxy dual­
in-line package, which can dissipate at least 1.14W. 
The higher power version, MM74C918, comes in a 
14-lead epoxy dual-in-line package, 'v'I(ith power cap­
ability up toa minimum of 2.27W. 

Vee 

INPUT 1 

INPUT 2 .. r---" __ ~ 

FIGURE 1 

National Semiconductor 
Application Note .177 
Jen-yen Huang 
March 1977 

The circuitry for each of the 2 identical sections is 
shown in Figure 1. 

With both inputs sitting at logical "1" level, the 
output of the inverter is also at logical "1", which 
prevents the P-channel transistor from being turned 
"ON"; therefore, the output is in its "OFF" state. 
Only a small amount of leakage current can flow. 

On the other hand, when one or both of the inputs 
is at logical "0" level, the output of the inverter is 
also at logical "0", which turns on the P-channel tran­
sistor and, hence, the Darlington pair. 

POWER CONSIDERATION 

. To assure junction temperature of 150°C or less, the 
on-chip power consumption must be limited to within 
the power handling capability of the packages. In 
Figure 2, the maximum power dissipation on-chip 
is shown as a function of ambient temperature for 
both MM74C908 and MM74C918. These curves are 
generated from (1) at Tj = Tj(MAX) = 150°C. 

Tj = T A + PD 8jA (1 ) 

where Tj = junction temperature 
T A = ambient temperature 
PD = power dissipation 
8jA = thermal resistance between junction and 

ambient 
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A general application circuit for the MM74C908, 
MM74C918 is as shown in Figure 3. 

Vee 

VOUTA 

FIGURE 3 

For both sections A and B; 

Vee - VL 
lOUT =----

RON + RL 

VOUTO 

(2) 

The device "ON" resistance,' RON, is a function of 
junction temperature, Tj. The worst-case RON as a 
function of Tj is given in (3). 

RON = 9 [1 + 0.008 (Tj - 25)] (3) 

The total power dissipation in the device also consists of 
normal CMOS power terms (due to leakage current. 
internal capacitance, switching etc.) which are insignifi­
cant compared to the power dissipated at the output 
stages. Thus, the output power term defines the allowable 
limits of operation and is given by: 

Po = POA + POB 

= 120UTA ' RON + 120UTB • RON 
(4) 

Given RLA 'and RLB, (1), (2), (3), (4) can be used to 
calculate PO, Tj, etc. through iteration. 

For example, let VL = OV, Vee = 10V, RLA = lOon, 
RLB = 50n, T A = 25°C, (JjA = 110

o
e/W. 

Assume: 

RON = 12.28n 

By (2): 

10 
lOUT A = 0.089A 

12.28 + 100 

10 
IOUTB = 0.161A 

12.28 + 50 

By (4): 

Po = (0.089)2 , 12.28 + (0.161)2, 12.28 = 0.41W 

By (1): 

Tj = 70.5°e 

And by (3): 

RON = 12.2Sn 

5-39 

DESIGN TECHNIQUE 

In a typical design, R L must be chosen to satisfy the 
load requirement (e:g., a minimum current to turn 
on a relay) and at the same time, the power consumed 
in the driver package must be kept below its maximum 
power handling capability. 

To minimize the design effort, a graphical technique is 
developed, which combines all the parameters in one 
plot, which can be used efficiently to obtain an optimal 
design. 

Assume T A = 25°C and that both sections of the 
MM74e908 in Figure 3 are operating under identical 
conditions. The maximum allowable package dissipation 
is: 

Po = 2 (Vee - VOUT) x lOUT 

(6) 
1 

=- (150 - TA) = 1.14W 
110 ' 

where Tj = 150
o
e, (JjA = 110

o
e/W are used in (1) per 

the data sheet. 

Thus, the maximum power allowed in each section is: 

Po = (Vee - VOUT) x lOUT = 0.57W 

A constant power curve Po = 0.57W can then be plotted 
as shown in Figure 4. The circuit must operate below 
this curve. Any voltage-current combination beyond it 
(in the shaded region) will not guarantee Tj to be lower 
than 150o e. ' 

For any given RL a load line (7) can be superimposed 
on Figure 4. 

1 1 
lOUT = - (Vee - VL) - - (Vee - VOUT) (7) 

RL RL 

The slope of this load line is -l/RL a!1d it intersects 
with the vertical and horizontal axes at l/R L (Vee -
VL) and Vee - VL respectively. 

Given Vee and VL, a minimum RL can be obtained by 
drawing the load line tangent to the constant power 
curve. In Figure 4, at Vee - VL = 5V the line inter­
sects lOUT axis at lOUT;: 450 mAo Thus, RL(MIN) = 
5V/450 mA ;: 11.1n. Any RL value below this will 
move the intersecting point up and cause a section of the 
load line to extend into the shaded region. Therefore, 
the junction temperature can exceed Tj(MAX) = 150

0
e 

in the worst case if the circuit operates on such a section 
of the load line. 

Whether this situation will occur or not is determined' 
by both the value of Vee - VL and the RON range of 
the drivers. 
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FIGURE 4 

By (3), at Tj = 150°C RON (MAX) = 18n, this is a 
straight line* passing through the origin with a slope of 
IOUT/(VCC - VOUT) = 1/18 mho and intersects the 
load line at point A. Similarly, point Band C can be 
found for typical (-10n) and minimum -(-5Q) RON 
at Tj = 150°C. 

For Vee - VL = 5V, the tangent point falls between A 
and C. Hence, R L ~ 11.1 n calculated above must be 
satisfied; otherwise, part of the load line within the 
specified RON range will extend into the shaded region 
and therefore, Tj ~ 150°C may occur. 

For VCC - VL = 10V, however, a section of the load 
line can go beyond the Po = 0.57W curve without 
affecting the safe operation of the circuit. By inspection 
of Figure 4, the reason is clear-the load line extends 
into the shaded region only outside of the specified 
RON range (to the right of point A'). Within the RON 
ran'ge, the load line lies below the Po = 0.57W curve, 
thus, a safe operation. 

To a first approximation**, the section of the load line. 
between A and C is the operating range for the circuit at 
Vee - VL = 5V and RL = 1l.1n. Hence, the available 
current and voltage ranges for this circuit are 310 mA ~ 
lOUT ~ 172 mA and 3.4V ~ VOUT ~ 1.9V, respec­
tively. 

Thus, by simply drawing no more than 3 straight lines, 
one obtains all of the following immediately: 

1. . All the necessary design information (e.g., minimum 
RL, minimum available lOUT and VOUT, etc.) 

2. Operating characteristics of the circuit as a whole, 
including the effect of different RON values due to 
process variations, thus, a better insight into the 
circuit operation. 

3. Most importantly, a guarantee that the circuit will be 
operating in the safe region, (Tj ~ 150° e). 

For different ambient temperatures or for different 
power considerations, Figure 4 can be applied by prop­
erly scaling the lOUT axis. (Note that lOUT ex: Tj - T A 
and lOUT ex: PO). 
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Vee - VOUT (V) 

FIGURE 5. Typical lOUT vs Typical VOUT 

*Strictly speaking, RON is a non-linear function of lOUT. A 
typical RON characteristic at Tj = 1500 C is shown in Figure 5. 
The non·linear characteristic near the origin is due to the fact 
that the output NPN transistor is not saturated. As soon as 
saturation is reached (lOUT - 150 mAl the curve becomes a 
straight line which extrapolates back to the origin. For practi· 
cal design purposes, it is sufficient to consider RON as a linear 
function of lOUT. 

**Note that as the operating point on the load line moves away 
from the PD = 0.57W curve, (away from the tangent point in 
this case), the actual junction temperature drops. Therefore, at 
point A, for example, the device is actually running cooler than 
Tj = 1500 C, even in the worst case. Hence, RON value drops 
below 18.11 and the actual operating point is slightly different 
from A. I, 
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To further simplify the design, a family of such curves 
has been generated as shown in Figure 6. Each of these 
curves corresponds to a particular T A and Po (per driver) 
as indicated, and similar to the Po = O.S7W curve in 
Figure 4, is generated from (6) by using appropriate T A 
values. The application of these curves is illustrated as 
follows: 

Example 1 

1. In Figure 3, assume that the two drivers in the 
MM74e908 package are to operate under identical 
conditions. Find minimum RL at T A = 2Soe, 4Soe, 
6Soe and 8Soe for both Vee - VL = SV and Vec­
VL = 10V. 

Then plot RL(MIN) vs T A. 

a) Vee-VL=SV 

By constructing the load lines tangent to the 
curves for T A = 25°C, 45°C, 65°C and 8Soe, 
RL(MIN) for each case can be obtained through 
the vertical coordinate for the intersection points 
as shown in Figure 6. These are calculated in 
Table I. 

Note that the same resu Its (within graphical error) 
can be obtained analytically by letting dR LI 
dRON = O. It can be shown that 

(Vee - VL)2 
R L(MIN) = (8) 

4X (Max Power Per Driver) 

TABLE I. 

TA 25°C 
IOUT@ 01, 2, 3, 4 (mA) 450 

5 
RL(MIN) = IOUT@ 01,2,3,4 

(.11) 11.1 

TABLE II. 

TA 25°C 
lOUT @ 01,2,3,4 (mA) 261 

10 
(.11) 38.3 

RL(MIN) = lOUT @ 01,2,3,4 
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The RL(MIN) given in (8) may not be a true 
minimum if the tangent point does not fall inside 
the specified RON region. The actual RL(MIN) 
can be obtained as shown in Figure 7. The calcula­
tions and results are given in Table II. 

Note that the RL(MIN) values in Table II are 
lower than those given by (8). This corresponds to 
the section on each of the 4 load lines in Figure 7 
which extends beyond the power limit curve at 
each associated temperature. However, this section 
on each load line is outside the specified RON 
range. Within the RON range, load lines are below 
the power limits; therefore, safe operation is 
guaranteed. 

The RL(MIN) vs T A plot is as shown in Figure 8. 

All the curves generated so far are restricted to 
Po :::; O.S7W due to our simplifying assumption 
that both drivers are operating identically. In 
Figure 9 a few more curves are added to account 
for the 'general situation in which only the restric­
tion POA + POB ~ 1.14W is required, (i.e., POA 
can be different from POB). Application of 
Figure 9 is illustrated as follows: 

45°C 65°C 85°C 
375 310 240 

13.3 16.1 20.8 

4SoC 65°C 85°C 
230 197 166 

43.5 50.8 60.2 
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Example 2 

In Figure 3, assume that driver A has to deliver 200 mA 
to its load while driver B needs only 100 mAo Design 
ALA and ALB for VCC - VL = 5V. 

By inspection of Figure 4, units with high AON values 
will not be able to deliver 200 mAo However, since 
section B does not need the same amount of drive, we 
can reduce the power consumed in this section to com­
pensate for the higher power (> 0.57W) required in 
section A_ 

The design procedure follows: 

Section A 

1. Draw a load line intersecting AON = lSn line at 
lOUT =-200 mAo 

2. This load line intersects the lOUT axis at lOUT = 
710 mA and is tangent to PDA "" 0.9W curve, thus 
ALA ~ 5V!710 mA = 7.ln ~ill guarantee both 
PDA -::; 0.9W·and IOUTA ~ 200 mA. 

Section B 

1. Draw a load line intersecting AON = lSn line at 
lOUT = 100 mA. 

2. Similar to (2) above, it is seen immediately that 
RLB ~ 5V/150 mA = 33.3n will guarantee lOUTS ~ 
100 mA and PDB -::; O.laW. 

2000 

1900 

Since PDA + PDB -::; 0.9 + O.lS < 1.14W 

ALA = 7.1n 
ALB = 33.3n 

satisfy all the requirements in this problem. 

The design in Example 2 illustrated the simple and 
straight-forward use of the curves' and the result 
meets all the problem requirements. However. it 
should be noted that there is not much design margin 
left for tolerance iri resistances and other circuit 
parameters. The reason is obvious-we are pushing at 
the power limit of the MM74C90S package-and the 
solutions are simple: 

a) Increase VCC supply 
b) Use the higher power package MM74C91S. 

The design for higher VCC is identical to that in 
Example 2 and will no.: be repeated here. 

For the 14-lead higher power (2.27W) MM74C91S, 
8jA = 55°CIW, this is exactly half that of the S-Iead 
MM74C90S. Therefore, by scaling the lOUT axis by 
a factor of 2, the same family of curves in Figure 9 
can be applied directly. This is shown in Figure 10. 
(Note that the slope of the AON = lSn line has been 
adjusted to the new scale). 
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By drawing the same load lines, it is found that: 

RLA == 5V /710 mA = 7. H2 
guarantees POA ~ 0.9W 

and 

RLB == 5V/150 mA = 33.3n 
guarantees POB ~ 0.18W 

POA + POB ~ 1.08W 

which is way below the maximum power 2.27W 
available. Therefore, both R LA and R LB can be 
lowered to account for tolerance in the resistors. Con­
sider specifically the following example: 

Example 3 

Assume driver A, B of the MM74C918 have to deliver 
250 mA and 150 mA, respectively, to its load. Design 
RLA and RLB at VCC - VL = 10V. 

Driver A 

1. In Figure 11, draw the load line intersecting RON = 

18n at lOUT = 250 mA. 

2. This load line intersects the lOUT axis at 450 mAo 
Thus, by inspection RLA == 10V/450 mA == 22.2n 
guarantees POA ~ 1.14W. 

Driver B 

1. Draw the load line intersecting RON = 18n at 
lOUT = 150 mAo 

2. This load line intersects the lOUT axis at 210 mAo 
Thus, by inspection RLB == 10V/210 mA = 47.6n 
guarantees POB ~ O.4W. 

2000 

1900 

1100 r--I 

1600 t-

1500 t-

1400 

1300 

Since POA + POB ~ 1.14 + 0.4 = 1.8W, while the 
package is capable of delivering 2.27W, both RLA 
and RLB can be lower than the above values <md 
the circuit still operates safely. By picking the clt;>sest 
standard resistance values: 

RLA = 20n 
RLB = 43n 

For 5% tolerance in these values, 

Thus: 

19n ~ RLA ~ 21n 
40.85n ~ R LB ~ 45.15n 

10V 
IOUTA(MIN) ~ 256.4 mA> 250 mA 

18n +21n 

10V 
IOUTB(MIN) ~ - 158.3 mA > 150 mA 

18n +45.15n 

( 
10V ) 2 ' 

POA(MAX) <' . 18n = 1.31W 
- 18n + 19n 

( 
10V ) 2 

POB(MAX) < . lSn = 9.52W 
- 18n + 40.85n , 

POA(MAX) + POB(MAX) ~ 1.31 + 0.52 < 2.27W 

Therefore: 

RLA = 20n (1.5W, 5%) 
RLB = 43n (lW, 5%) 

will guarantee satisfactory performance of the circuit. 

1 8 10 11 12 13 14 15 

Vee - VOUT (V) 

FIGURE,11 
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APPLICATIONS 

Like most other drivers, the MM74C908, MM74C918 
can be used to drive relays, lamps, speakers, etc. These 
are shown in Figure 12. (To suppress transient spikes at 
turn·off, a diode as shown as Figure 12a is recommended 
at the relay coil or any other inductive load.) 

However, th!! MM74C908, MM74C918 offers a unique 
CMOS feature that is not available in drivers from other 
logic families-extr"emely low standby power. At VCC = 

IN1 

IN2\J"'"-""'L_'" 

15V, power dissipation per package is .typically 750 nW 
when the outputs are not drawing' current. Thus, the 
drivers can be sitting out on I ine (a telephone line, for 
example) drawing essentially zero current until actio 
vated-an ideal feature for many applications. 

The dual feature and the NAND function of the driver 
design can also be used to advantage as shown in the 
following applications: 

------, 
I 
I 
I 
I 
I 

FIGURE 12a. Relay Driver 

IN1 

INZ -.r---....._" 

I 
I 
I 
I 

------, 

FIGURE 12b. Lamp Driver 

I 
I 
I 
I 
I 

------, 
I 
I 
I 
I 
I 

L ___ ~M~O~M~1~ __ 

FIGURE 12c. Speaker Driver 
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In Figure 13, the 2 drivers in the package are connected 
as a Schmitt trigger oscillator, where Rl and R2 are used 
to generate hysteresis. R3 and C are the inverting feed· 
back timing elements and R4 is the pull·down load for 
the first driver. Because of its current capability, the 

Vcc = 5V 

RI 
7.5M 

L __ _ 

R2 
20M 

MM74C908, MM74C918 

RJ 
240k 

R4 
2k 

circuit can be used to drive an array of LEOs or lamps. 
If resistor R4 is replaced by an LED (plus a current 
limiting resistor), the circuit becomes a double flasher 
with the 2 LEOs flashing out of phase. This is shown in 
Figure 14. 

- --, 
I 
I 
I 
I 
I 
I 

FIGURE 13. High Drive Oscillator/Flasher 

7.5M 

I 
I 
I 
I 

20M 

VCC = 5V 

L ___ ~4~,~4~ __ _ 

240k 

FIGURE 14. Out of Phase Double Flasher 
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Another oscillator circuit using only 1/2 of the package 
and 4 passive components is shown in Figure 15. Assume 
V I is sl ightly below the input trip point, the driver is . 
"ON" and charging both Va and VI until VI reaches the 
trip point, VT, when ... the driver starts to turn "OFF". 
Va can be made much higher than VI at this instance by 
adjusting the component values such that RfCf » 
(RONIIRL)CL. Since Va is higher than VI, VI is still 
going up, although the driver is "OFF" and Va is 
ramping down. The rising VI will eventually equal to 

Vee = 10V 

---I 

VI .. ----------~~~------------~------~ 
el 

TO,OlfJF 

RI 
240k 

(a) 

I 
I 
I 
I 
I 
I 

the falling VO. and then start discharging. Then, both 
VI and Vo discharge until VI hits the trip point, VT, 
again. when the driver is turned "ON", charging up Va 
and subsequently VI to complete a cycle. 

This oscillator is ideal for low cost applications like the 
l·package siren shown in Figure 16, where 1 oscillator 
is used as a VCO while the other is generating the voltage 
ramp to vary the frequency at the VCO output. 

> 

(b) 

FIGURE 15. Single Driver Oscillator 

Vee = 10V 

r--·----·----
I 

I 
I 
I 
I 
L ___ ~7~8.~::~?~ __ _ 

680k 24k 

FIGURE 16. Low Cost Siren 
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The NAND functions at the input can also be used to 
,reduce package count in applications where both high 

output drive and input NAND features are required. 
One such example is given in Figure 17. 

L __ 

Ro---"""""'iL--~ 

I 
I 
I 
I 

1/2 MM74C908, MM74C918 --------

-----, 
I 
I 
I 
I 
I 

L ___ 1~7~~7~8_, __ 

FIGURE 17. High Drive RS Latch 
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Keyboard programmable divide-by-N counter with symmetrical output 

A CMOS key encoder combines with a couple of Dual D 
flip-flops and an exclusive OR package to form a simple 
but versatile programmable divider. The input frequency 
can be divided by any number n between 1 and 16 by 
simply pressing the appropriate key. The counter output 
is symmetrical for both odd and even divisors. 

MM74C74 

4x 4 ARRAY 
OF SPST 
SWITCHES 10 11 

13 14 15 

This circuit is useful for simple frequency synthesis or as 
an oscilloscope triggering unit where the displayed signal 
is applied to the counter input and the external trigger of 
the oscilloscope is connected to the counter output. The 
trigger signal is then some submultiple of displayed 
signal which often results in a more stable trace. Different 
divisors can be easily keyed in as the input signal varies. 

MM74C74 

13 
OE ...... ..---OO 

1-'; n .;;; 16 

16 

Simply press the key and the input frequency is divided by that number. The output frequency is symmetrical for odd 
and even divisors. Use it for simple frequency synthesis or as a keyboard controlled oscilloscope triggering unit. 
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The key encoder scans the key array wh ich is set up so 
the key labeled "16" is in the matrix position which 
causes "0" to be encoded, the key labeled" 15" causes 
"1" to be encoded, and so on until we find that the key 
position labeled "1" causes a binary "15," or all ones, at 
the output of the encoder. The key arrangement converts 
a key position so that any number n from 1 to 16 is 
encoded as 16 - n at the encoder output. For example, if 
the key labeled 5 is pressed the binary number 1011 = 11 
appears at the encoder output. The MM74C922 key 
encoder scans the keys, detects, debounces, and encodes 
any entry. An internal register remembers the last key 
pressed and presents it to the Tri-State® outputs. 

The input to the exclusive OR is a "zero" when the 
respective encoder output is a "zero" or when the feed­
back signal from the last counter stage forces the encoder 
outputs into Tri-State. When in Tri-State the pull down 
resistors feed a "zero" into the exclusive OR inputs. 

When the output is an active "one," the clock signal from 
one flip-flop to the next is inverted by the exclusive ORs. 
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When the output is a "zero" or the encoder is in Tri-State, 
due to the feedback signal, the clock signal from one flip­
flop to the next is the same phase. For every n/2 input 
time period, the counter output and feedback change 
state. Whenever the feedback signal changes state, all 
flip-flops programmed with a "one" by the encoder 
change their phases; this effectively adds a clock pulse to 
that stage of the counter. The addition of clock pulses to 
the 20 , 2 1, 22 or 23 stages allows us to divide by any 
number between 1 and 16. Since the feedback changes 
state every n/2 input time period, the output frequency 
is symmetrical. for any divisor. 

The unit operates over the standard CMOS supply range 
of 3 to 15 volts and has a typical upper frequency limit 
of one megacycle with a 10 volt supply. 

REFERENCE 

1. M. V. Subba Rao, "Programmable Divide by n 
Counter Provides Symmetrical Outputs for all 
Divisors," Electronic Design, no. 2, January 19, 1976, 
p.82. 

c 
OJ 

I 

CJ1 

~ 
(t) 
'< 
C'" 
o 
Il) .., 
C. 

"C .., 
o 

<.C .., 
Il) 

3 
3 
Il) 

C'" 
~ 
c. 
~: 
c. cp 
C'" 
~ 
2! 
(") 
o 
c: 
::::s 
~ 
(t) .., 



.~. 
John Jorgensen 

Thomas P. Redfern 
National Semiconductor 

MM54C/MM74C VOLTAGE TRANSLATION/BUFFERING 

INTRODUCTION 

A new series of MM54C/MM74C buffers has been designed 
to interface systems operating at different voltage levels. 
In addition to performing voltage translation, the 
MM54C901/MM74C901 through MM54C904/MM74C904 
hex buffers can drive two standard TT L loads at 
Vee = 5V. This is an increase of ten times over the two 
LpTTL loads that the standard MM54C/MM74C gate can 
drive. These new devices greatly increase the flexibility 
of the MM54C/MM74C family when interfacing to other 
logic systems. 

PMOS TO CMOS INTERFACE 

Since most PMOS outputs normally can pull more nega· 
, tive than ground, the conventional CMOS input diode 

clamp from input to ground poses problems. The least 
of these is increased power consumption. Even though 
the output would be clamped at one diode drop (-G.6V), 
all the current that flows comes from the PMOS negative 
supply. For TTL compatible PMOS this is -12V. A PMOS 
output designed to drive one TTL load will typically sink 
5 mAo The total power· per TTL output is then 
5 mA x 12V = 60 mW. The second problem is more' 
serious. Currents of 5 mA or greater from a CMOS 
input clamp diode can cause four·layer diode action on 
the CMOS device. This, at best, will totally disrupt 
·normal circuit operation and, at worst, will cause 
catastrophic failure. ' 

To overcome this problem the MM74C903 and 
MM74C904 have been designed with a clamp diode from 
inputs to Vee only. This single diode provides adequate 
static discharge protection and, at the same time, allows 
voltages of up to -17V on any input. Since there is 
essentially no current without the diode, both the high 
power dissipation and latch up problems are eliminated. 

To demonstrate the above characteristics, Figures 1, 2, 
and 3 show typical TTL compatible PMOS circuits 
driving standard CMOS with two clamp diodes, TTL 
compatible PMOS driving MM74C903/MM74C904, and 
the TTL compatible .PMOS to CMOS system interface, 
respectively. 
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(+5VI 
Vee 

Vee 
(+5VI 

FIGURE 1. 

------J1+~SlNK '-'"""l -OmA 
TYPICAL PMOS TTL ~, , 

PUSH·PULL OUTPUT V~o" , 

HZVI I I MM74C903/MM74C904 

NOTE: Vee + Voo S 17V 
Vee S15V 

FIGURE 2. 

!MM54C903iM:4C903 iI' 
MM54C904iMM74C9Q4 

CMOS 

GND 

FIGURE 3. PMOS to CMOS or TTL Interface 



CMOS TO CMOS OR TTL INTERFACE 

When a CMOS system which is operating at Vee = 10V 
must provide signals to a CMOS system whose Vee = 5V. 
a problem similar to that found in PMOS-to-CMOS inter­
face occurs. That is. current would flow through the 
upper input diode of the device operating at the lower 
Vee. This current could be in excess of 10 mA on a 
typical 74C device. as shown in Figure 4. Again. this will 
cause increased power as well as possible four layer diode 
action. 

Vee 
(tIOV) 

FIGURE 4. 

j 
L..... \. IsouAeE J 
,...~ 

CMOS 
"Vee -IOV 

FIGURE 5. 

STD CMOS 
"Vee - 5V 

MM74C901/MM74C902 
Ii' Vee - 5V 

Using the MM74C901 or MM74C902 will eliminate this 
problem. This occurs simply because these parts are 
designed with the upper diode removed. as shown in 
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Figure 5. With this diode removed the current being 
sourced goes from about 10 mA to the leakage current 
of the reverse biased input diode. 

Since the MM74C901 and MM74C902 are capable of 
driving two standard TTL loads with only normal input 
levels. the output can be used to directly drive TTL. With 
the example shown. the inputs of the MM74C901 are in 
excess of 5V. Therefore. they can drive more than two 
TTL loads. In this case the device would drive four loads 
with V1N = 10V.1f the MM74C902 were used. the output 
drive would not increase with increased input voltage. 
This is because the gate of the output n-channel device is 
always being driven by an internal inverter whose output 
equals that of Vee of the device. 

The example used was for systems of Vee = 10V on one 
system and Vee = 5V on the second. but the MM74C901 
and MM74C902 are capable of using any combination of 
supplies up to 15V and greater than 3V. as long as Vee 1 

is greater than or equal to Vee2 and grounds are 
common. Figure 6 diagrams this configuration. 

NOTE: Vee, ;ZVCC2 

FIGURE 6. CMOS to TTL or CMOS at a Lower VCC 

The inputs on these devices are adequately protected 
with the single diode. but. as with all MOS devices. 
normal care in handling should be observed. 
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~ 
Ordering Information 

MM74C Series' 

Order Package 
Number 

MM74CXXN Molded DIP (N) 

MM74CXXJ Cavity DIP (J) 

MM54CXXJ Cavity DIP (J) 

MM54CXXD Cavity DIP (D) 

MM54CXXW Cavity Flat Pack (W) 

MM80CXXN Mdlded DIP (N) 

MM80CXXJ Cavity DIP (J) 

MM70CXXJ Cavity DIP (J) 

MM70CXXD Cavity DIP (D) 

MM70CXXW Cavity Flat Pack (W) 

, 

CD4000 Series 

Order RCA Equivalent 
Package Number Designation 

CD40XXCN CD40XXAE Molded DIP (N) 
CD40XXCJ CD40XXAY Cavity DIP (J) 
CD40XXMJ CD40XXAF Cavity DIP (J) 
CD40XXMD CD40XXAD Cavity DIP (D) 
CD40XXMW CD40XXAK Cavity Flat Pack (W) 
CD40XXBCN CD40XXBE Molded DIP (N) 
CD40XXBCJ CD40XXBY Cavity DIP (J) 
CD40XXBMJ CD40XXBF Cavity DIP (J) 
CD40XXBMD CD40XXBD Cavity DIP (D) 
CD40XXBMW CD40XXBK Cavity Flat Pack (W) 

*CD45XXCN CD45XXBE Molded DIP (N) 
*CD45XXCJ CD45XXBY Cavity DIP (J) 
*CD45XXMJ CD45XXBF Cavity DIP (J) 
*CD45XXMD CD45XXBD Cavity DIP (D) 
*CD45XXMW CD45XXBK Cavity Flat Pack (W) 

*Equivalent to Motorola MC145XX Series. 
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Temperature 
Range, 

-40°C to +85°C 
-40°C to +85°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

-40°C to +85°C 
_40°C to +85°C 

-55°C to + 125°C 
-55°C to +125°C 
-55°C to +125°C 

I 

Temperature 
Range 

-40°C to +85°C 
-40°C to +85°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

-40°C to +85°C 
_40°C to +85°C 

-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 

_40°C to +85°C 
-40°C to +85°C 

-55°C to +125°C 
_55°C to +125°C 
_55°C to +125°C 
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,CMOS Packages 
All dimensions expressed as .il~.ches . 

ml Imeters 

I I 
t 
0211 

(1.5&91 

~~~~~~~~~~~x 

O.OW ~ G.tIS -1 r r-U,.31"----j t .... 1) 

R '~::::::"~(WjMAX .L-. 
O.OtS-o.oea 
IO~I1-02OJI'-

I--f!izi --l 0.100 ,0.OtO I I -11- o.m-o.olS 0.125 
REf I'.W .02W) -l I- IG.SM-O.311) 13.115) 

TVP MIN 

2G-Lead Hermetic Dual-In-Line Package (D) 

1.400 f------(:::)-------il 
.. 
1 

0.530 

~~~T.TT.TT.T~~T.T~~~~~~Z) 

28-Lead Hermetic Dual-In-Line Package (D) 

4G-Lead Hermetic Dual-In-Line Package (D) 
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D.210-0.120 allo 1l.11l-L1211 I ..... ) GLASS 

~
AX SULANT 

D.00l-UI2J 
-~ 

1-1.315'0.025-1 . ..100. 
1I,111tU351 (1.$401 

MAX 10TH UDS 

a.D2S 

UI.:!~ 

0.211-1.321 0.161 SE:t::~ 

~ll'3'i-i12I1t11 

~I::~~~:IJ L"lI5,0~,t ~ 
(1.111 18.13S1 (1;~D~ 

1.200 

11.0101 
MAX 0020-DD70 

1"T" 
L
~-II- D125 
(045J:tOD511 (i"iiij 
01DO±ID1D MIr.1 

(2.SotDtD.254) 

. 14-Lead Hermetic Dual-In-Line Package (J) 16-Lead Hermetic Dual-In-Line Package (J) 

~'I'DOI-II'11I J ~ D 300 --II- 10203-11.1111 
~ USOiD.011 f.-ll.120~ IU'h02S4) f- J 
REF 

0.10010.010 

~ 

18-Lead Hermetic Dual-In-Line Package (J) 

0.025 
ID.l3&1 

RAD 

I 0.600 

~~~~~~~~~~~~~--t~~' 

0.1il 

0Ji15-U25 

~~~~~~~~~~~~~1l1''''f1J~1~ 

1.200 15.0101 
MAX O.D20-U7G 

j'T~ 
11.125 

(!i~~51 

f--- l.m-U2D §fl,.0641 

("if' ~-~ "025 I:~~~~::) J 
1.115-11.01. 1.IIIO-II.1DO 

f--(1l~"~:~:)-l 11.524-2.5401 f- ~ ~ 
_1f-I.DII'D.D~ 

~ IID.457t1,D511 
U.548:lUMI 

24-Lead Hermetic Dual-In-Line Package (J) 

(") 

s: 
o 
(J) 

"'0 » 
(") 

" » 
C) 
m 
(J) 



'.130 

un 
iWil 

DIA 
10M 

~ ILlIZI 0.13~"0.805 

r~r ~ . ~ -, =rJ.0 
~CI.2Z1-0.lI11 J~II 0.12510.5011 

".D2I 0.041111.111 -Ih - MIN 
•. 325 .... 011 i'iT4f;iilli UI"0.8011~~~51 
(Ull ~~:) ~:, 11.411.1.1111 

TV' 

8-Lead Molded Mini Dual-In-Line Package IN) , 

16-Lead Molded Duel-In-Llne Package IN) 

1-____ 1.I2D ___ --' 

~~~~I~\l11 
"IIO.IIOIIT l.2S1tUOI 

11..111,'.1271 

~mmnrrrnT.~~~~ 

f~t! ,~, ..... ....,.-----++----..,~ 
._ .... .Ilr 

I 1.345 I IW;V:~MI 
I--I:;~I--l 11.101.0.1211 

2O-Lead Molded Dual-In-Lina Package IN) 

~'.03G 

I"m~'~" MAX DOli 

L:JF D 001-1 111 I1~J' I +Clnt-•. I.1I 
011110011 ~ ~ ILL~~ 

a.m~.~: ~ ~y':" 
(USI~:~m 

14-Lead Molded Dual-In-Llne Package IN) 

O.OlD 
O.IDO-O.llD 10.11Z1 r:r '" 11'511 ...... -.----~_+_II-....; 

I::~~:~' 1 
I 1J2I+GDZI I I::!:::~!~I ~ 

.... 111 D.IOO 

(1.215~~~) 12.r.o~ 

18-Lead Molded Dual-In-Llne Package IN) 

'.012 
lI.i1ii 

RAD 

~~:u.::u:.:I.~~1 
JD.DOI 

~~rr.rr.rF.~FF.FF.FF.~~~~~'I"211 
'.131 
IUIZI 
MAX 

24-Lead Molded Dual-In-Line Package IN) 



D.OIO 

MAX 
0.004--0.001 

.~II Jf
l2.l321 

~1 
ID.501-1.0111 

"."0., 
IDENT 

I 

1 O.IIZ 
(Ulll 

.AD 1 ..... 10.D05 

(IUlltD.IZ1) 

~ 
UJI 
10.1iZl~ 

Ir= 
UIO-Im ~MAX lIiZ41 

f "~-~ 
112,".125 IU21-IJIlI 

LOOI-tmJ 
l--~---J 0011'00" 

(15.111 ~~~~) 0105 '. 3111 

28-Lead Molded_Dual-ln-Line Package (I'll) 

O.ou 

11.:~S~ 

~~~~~~~~~I' 
1 

0.550,0.105 

br,rr.rr.rr.rr.rr.rr.rr.rr.~~~~~~~~~~FF-F::lo .• m 

0.0l0 
0.060 10./&21 1.050 

Ir= D'IDD_O .. 120~U~~ ~~ 

f"~~'~ '" L 
O.OOl_O.015j "--r1 

.a 02. 10.228-0.311) --I- ~O 
U21" O,DI5 0.015'0.015 0.100 O.DlltO.DOl a.tUIO.501l f---('5.I15 .a.m)--1 lI.t.5,0.11'1 I-- --l 1--12 .... 1 --11--10 ... "0.01&1 . 13.1151 MIO 
~ ~ ~ 

--ll a.015-I.Oll 
16.311-0.4111 

40-Lead Molded Dual-In-Line Package (N) 

~t 
11.501-0.'89) 

0.015-0.01' II 
(o.lal-0.48J1~~ 

TV' 

MAX 
O.05GtD.005 

1117ItO.121111 r
(::~:IIIAX ~110~:,,04) 

PIN 00.1 
. IDENT 

O.OIM-D.OOI ~ 
TYPIO.IIl2-G.152I-U-

24-Lead Hermetic Flat Package (F) . 14-Lead Hermetic Flat-Package (W) 16-Lead Hermetic Flat Package (W) 
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