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INTRODUCTION 

This McMOS Data Book has been prepared as 
a working tool for the system, logic, and layout 
designer. The organization and format of the book 
allows the designer to select the information based 
upon frequency of use. General introductory infor· 
mation and design data are grouped in the first 
sections of the book and provide a wealth of in
depth design and reference information. For day to 
day usage, the user may quickly bypass the Intro
ductory, Design and Applications sections and 
proceed directly to the Index section, where an 
individual device in the family may be rapidly 
selected using either functional characteristics or 
alpha-numeric order. 

Chapter 1 provides a technology overview of 
Complementary Metal Oxide Semiconductors, com
monly referred to as CMOS. It serves as an intro· 
duction to CMOS for the new user or as a brief 
refresher for the seasoned designer. Th is section 
also introduces Motorola's McMOS family as well 
as providing a list of symbols and abbreviations 
related to this semiconductor technology. 

Chapter 2 presents McMOS design information. 
Included in this section are the details necessary to 
successfully implement a system of logic which 
utilizes only CMOS or a mixture of CMOS with 
various bipolar logic types. Critical parameters such 
as power supply requirements, fan-out, noise im· 
munity and interfacing with other logic forms are 
given special attention. 

Chapter 3 is the application oriented portion of 
the Data Book. Specific applications of McMOS are 
presented as well as an applications index for de
vice types. To enable the designer to gain a 
broader perspective of CMOS technology, a pub
lished article reference section is also provided. 

Chapter 4 provides two functional indexes; 
one index presents the data in tabular form, and a 
second presents the devices in block diagram 
form. In addition. this chapter provides previews 
of devices soon to be announced. 

For most efficient use of the detailed infor
mation presented in the data sheets, Chapter 5 pro
vides McMOS family characteristics. This section 
provides ready references for key device parameters 
to be considered during the design, layout and 
fabrication of systems using the McMOS family 
of devices. 

Package data is presented in Chapter 6 and in
cludes appropriate mechanical and pictoral infor
mation. To assist the layout design effort, a portion 
of this section has been devoted to package out
line diagrams which also include functional outputs. 

Concluding the Data Book is Chapter 7 - a 
compilation of the McMOS data sheets. For ease of 
use, the sheets have been arranged in alpha-numeric 
order. 
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McMOS FUNDAMENTALS 
Until recently, a system designer seeking a 

suitable system logic family had only two choices 
of technology; random system logic functions were 
bounded by either the saturated or non-saturated 
bipolar technologies. A choice of saturated logic 
offered high speed but non-saturated logic provided 
a range from high to low speed. 

With the advent of CMOS, a new and economical 
choice was presented to the system designer. Not 
only does the McMOS family offer very low-power 
dissipation at medium speeds but additional bene
fits are obtained, such as freedom from precision 
power supplies, high noise immunity and large fan
outs. These advantages are offered in a wide variety 
of basic and complex logic functions allowing the 
designer complete system design freedom. 

To better understand this new family and its 
use. the following paragraphs explore the basic MOS 
elements and their combination to form CMOS. 

MOS DEVICES 

The starting point for any investigation into 
MOS devices is the enhancement mode Field Effect 
Transistor. The first FET devices were fabricated 
using N-type substrate with two diffused regions 
of P-type material, the source and drain. A metalized 
layer separated from the substrate by a diffused 
layer of silicon dioxide formed the gate or control 
element. Figure 1-1 is a cross-section of the 
P-channel element and the schematic symbol. 

N -type Substrate 

@ D 

B 
G s 

FIGURE 1-1 - P-CHANNEL TRANSISTOR 
(PMOSI 

A voltage applied to the gate establishes a path 
for hole conduction IP-channel) between the source 
and drain. Similarly. using a P-substrate with N
doping for the source and drain resu Its in an 
element utilizing electron conduction after gate 
turn-on IN-channel). Figure 1-2 is a cross-section of 
an N-channel element and the schematic symbol. 

Either of these FET devices can be implemented 
into logic elements. Figure 1-3 is an inverter con
structed using two N-channel devices. 

I 
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FIGURE 1-2 - N-CHANNEL TRANSISTOR 
INMOSI 

'o_r--

Voo 
•o=----

Ra1 + Ra2 

FIGURE 1-3- TYPICAL N-CHANNEL 
INVERTER 

In the circuit, 02 serves as a fixed load resistor 

while transistor 01 is switched. When 01 is turned
on by the input signal, current is drawn from Voo 
dissipating power in 02. Circuits similar to these 
are currently in use in devices known as NMOS 
and PMOS. 

CMOS DEVICES 

A third configuration can also be implemented 
which makes use of both the N-channel and the 
P-channel devices. As shown in Figure 1-4, a com
plementary inverter may be formed by applying the 
input signal to the gates of two opposite polarity 
transistors. 

In this circuit a low input signal means the 
N-channel transistor 01 is OFF and the P-channel 
device is ON. The output is shorted to the positive 
supply, but virtually no load current is drawn if a 
similar high impedance MOS gate input is assumed 
as the load. When the input signal goes high, 01 is 
turned-on and 02 is turned-off. The output is 
pulled to ground, but no steady-state current is 
drawn. Power dissipation in the complementary 
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MOS circuit (CMOS) is thus limited to the crossover 
conditions existing as the transition occurs from 
state to state. Proper device design for rapid turn-on 
and turn-off resu Its in a dissipation factor as low 
as 2 nW per gate. The high noise immunity is also 
a direct result of the complementary configuration, 
since two separate thresholds must be crossed. 
This threshold is a direct function of power supply 
voltage, and is typically 45% of the supply voltage. 

FIGURE 1-4 - TYPICAL COMPLEMENTARY 
INVERTER 

The CMOS circuit results in a more complex 
fabrication process. Figure 1-5 shows a cross section 
of the CMOS integrated circuit. The P-channel 
device remains directly within the N-substrate. To 
form the N-channel device, however, a P-doped 
"tub" must be created into which the device is 
placed. In addition, channel stops must be placed 
between the "tub" and the P-drain to prevent 
parasitic channeling effects. 

N Substrate 

FIGURE 1-5 - TYPICAL CROSS SECTION OF 
COMPLEMENTARY MOS ELEMENTS (CMOS) 

McMOS DEVICES 

Using the basic CMOS technique, Motorola has 
developed the McMOS family of logic elements. A 
basic building block of logic elements has been 
designed and designated the MC14000 series. Ex
amples of devices in this series are quad 2-input 
NOR gates and dual J-K flip-flops. Family expan
sion into more complex and specialized circuits has 
resulted in the MC14500 series. Included here are 
such devices as the dual 4-bit latch and a dual 
retriggerable/resettable monostable mu ltivibrator. 
Memories constructed for the McMOS family are 
listed in the MCM14000 series. 



SYMBOL GLOSSARY 

BW Bandwidth 

Input Capacitance 

Load Capacitance 

Frequency (highest system rate) 

Maximum Current Per Pin 

Voo Supply Current 

Input Current 

Output Source Current (high level state) 

Output Sink Current (low level state) 

lout Output Current 

lss Vss Supply Current 

ITC Through-Current of McMOS Devices per 
Package 

ITL Three-State Output Leakage Current 

Po Power Dissipation 

PoDmax Maximum Power Dissipation per Package 

PL Power Dissipation Due to Charge and 
Discharge of Internal and External Ca

pacitance per Package. 

PoHmax Maximum Power Dissipation per Output 
Pin (high level output state) 

PoLmax Maximum Power Dissipation per Output 
Pin (low level output state) 

PW 

RoN 

TA 

Tstg 

ta cc 

tcyc 

Quiescent Power Dissipation per Package 

Pulse Rate Frequency (clock) 

*Total (dynamic plus quiescent) power 

Dissipation per Package 

Power Dissipation Due to Switching 
Through-Current per Package 

Pulse Width 

On Resistance 

Ambient Operating Temperature 

Storage Temperature 

Access Time 

Cycle Time 

*Some IC's may be on a per gate basis. 

**Positive logic assumed. 
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tPHL 

tr 

trem 

trel 

tsetup 

t"O"H 

VoH 

Vout 

Vs 

Vss 

Falling Transition Time (high to low) 

Hold Time 

Junction Temperature 

Propagation Delay Time (low to high 

output state) 

Propagation Delay Time (high to low 
output state) 

Rising Transition Time (low to high) 

Removal Time 

Release Time 

Setup Time 

Three-State Propagation Delay Time (low to 

high impedance output state) 

Three-State Propagation Delay Time (high 

impedance to low output state) 

Three-State Propagation Delay Time (high 

to high impedance output state) 

Three-State Propagation Delay Time (high 
impedance to high output state) 

Most Positive de Supply Voltage 

Input Voltage 

Noise Immunity Voltage Range (high 
level) 

Noise lmmunitY Voltage Range (low 
level) 

Output Voltage Level (high level out
put state) 

Output Voltage Level (low level out

put state) 

Output Voltage Level (general) 

Source Voltage 

Most Negative de Supply Voltage 

"O" or L **Zero, Low, or False Logic State (most 
negative level) 

"1" or H **One, High, or True Logic State (most 
positive level) 
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ALU 

ASCII 

BCD 

BCDIC 

CMOS 

DIP 

DTL 

EBCDIC 

ECL 

FET 

HTL 

IC 

LED 

LCD 

LTTL 

LSI 

MOS 

MPU 

MSI 

PROM 

RAM 

ROM 

RTL 

SCR 

SSI 

STAL 

TTL 

ACRONYM GLOSSARY 

Arithmetic Logic Unit 

American Standard Code for Information Interchange 

Binary Coded Decimal 

Binary Coded Decimal Information Code 

Complementary MOS 

Dual In-Line Package 

Diode-Transistor Logic 

Extended Binary Coded Decimal Interchange Code 

Emitter-Coupled Logic 

Field-Effect Transistor 

High-Threshold Logic 

Integrated Circuit 

Light Emitting Diode 

Liquid Crystal Display 

Low Power TTL 

Large-Scale Integration 

Metal-Oxide-Semiconductor 

Micro-Processing Unit 

Medium-Scale Integration 

Programmable ROM 

Random Access Memory 

Read Only Memory 

Resistor-Transistor Logic 

Silicon Controlled Rectifier 

Small-Scale Integration 

Schottky Transistor-Resistor Logic 

Transistor-Transistor Logic 
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INTRODUCTION 
This chapter presents the systems designer with 

a complete portfolio of Motorola McMOS design 

information. The information contained will enable 

the designer to gain a theoretical and practical 

background of CMOS systems design and imple
mentation. Areas such as powering, operation, 

physical information, input/output considerations, 
loading, etc. are presented in significant detail. 

Interfacing techniques and three-state operating 

capability expand and highlight the blend of useful 

design information for the CMOS logic technology. 

McMOS POWER SUPPLY CONSIDERATIONS 
Three major advantages of the McMOS tech

nology are: 

• very low power dissipation, 

• wide power supply voltage operating range, 
and the 

• switching threshold remains as a constant 
ratio (typically 45% of the power supply 
voltage) throughout the full voltage range of 

the device. 
These three major advantages enable a designer to 
operate a system designed with McMOS logic from 

unregulated and/or poorly-filtered power supplies, 

while at the same time eliminating the special 
cooling equipment often found to be a necessity in 

large bipolar systems. In addition, new areas of 
design in battery-operated and battery-back-up 

systems have been introduced using the McMOS 
logic family. 

Obviously, an understanding of the limitations 

and tradeoffs as well as the flexibility of a CMOS 

system power supply design can provide the de
signer with a realized savings in total systems costs 

and also a means of implementing new designs 

previously not possible using other technologies. 

OPERATING RANGE 

Motorola McMOS devices are specified in two 

power supply ranges. The "AL" series (military 

temperature range devices) is designed to operate 

with a net potential difference between the V DD 
and Vss terminals that may vary from 3 to 18 
volts. The "CL" and "CP" series (extended com

mercial temperature range devices) are designed 

to operate from 3 to 16 volts. 

The published maximum allowable operating 

supply voltage (VDD - Vss) appears to be con
servative when compared with the maximum 25 to 
35 V low-current junction avalanche measurements 
obtained in the laboratory. Such maximum supply 
voltages are not really conservative if the device is 

forced further into avalanche and the secondary 
breakdown effects are observed, as shown in 
Figure 2-1. Sustaining currents (Is) generally vary 

only from 10 to 50 mA, but such a current jump 
can be catastrophic to the device. Once in this 
breakdown mode, in which the power supply 

differential (VDD - Vss) is above the source 

voltage (Vs), any on-chip current transient having a 
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value greater than the required sustaining current 
can forward bias parasitic bipolar devices present in 

all CMOS devices. The resulting high currents will 

produce a short circuit reflected at the power 
supply. 

100 \ 
Bipolar 

Parasitic 
Mode 

Is ------

Vs Voo 
Data Sheet Maximum Supply Rating 

FIGURE 2-1 - SECONDARY BREAKDOWN 
CHARACTERISTICS 

Minimum recommended supply voltage values 
also require significant consideration. The industry

standard minimum value of 3 V is based on the 

maximum allowable individual device threshold 
voltage levels for either P- or N-channel transistors, 
whichever value is larger. At this minimum value, 

the CMOS device performs satisfactorily in all 

"standard" digital logic applications. However, a 
small but important class of circuit applications 

exists which require supply voltages greater than 
the sum of both the P- and N-channel thresholds. 

Direct feedback circuits such as the linear ampli
fier and RC oscillator shown in Figure 2-2 represent 
such applications. In general, caution is necessary 
when using innovative feedback biasing schemes 
below a 4 V supply level. 

CMOS Logic Function 
.--------, 
I I 
I I 

I 
I I L ______ _J 

r-----, 
L __ _ 

Feedback Bias 

Linear Amplifier 

r 
I 
I 

Voo 

L _____ _J 

Feedback Bias 

RC Oscillator 

FIGURE 2-2 - LINEAR BIASING SCHEMES 

POWER DISSIPATION 

Power dissipation in a CMOS device is comprised, 

in varying degrees, of three basic components: 

• quiescent power dissipation, Po, (a power 
dissipation due to surface leakage currents), 

• PTc (a power dissipation due to switch

ing through-current), and 

I 
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• PL (a CV 2f power dissipation due to the 
charging and discharging of internal and 

external capacitances). 
Total power dissipation PT, is the sum of these 

basic components and is given by the equation: 

QUIESCENT DISSIPATION 

The first power dissipation component, Po 

(quiescent), is a product of the power supply 

voltage Voo. and the leakage current IL· (typically 
in the nanoampere range). This leakage is due to 

a combination of surface effects and a network of 

parasitic diode junctions which are normally reverse
biased and are"shown in Figure 2-3(a). The leakage 

is simulated in the CMOS inverter cross-section 

shown in Figure 2-3(b). 

Input 

(b) 

FIGURE 2-3 - LEAKAGE CURRENTS OF P-N 
DIODE JUNCTIONS 

The quiescent power dissipation is extremely 

low (typically in the nanowatt range) and is usually 

a negligible portion of the total power dissipation 
of an operating system. However, many CMOS 
designs may require long periods of "Standby" 
operation, during which the logic devices are not 
actually switching. The worst case power supply 
drain (often a battery in such a "standby" system) 
may be calculated by summing the maximum 
quiescent power dissipation specifications (available 

in the individual McMOS device data sheet) of all 

devices within the system. 

DYNAMIC DISSIPATION 

The remaining two components of power dis

sipation, PTC and PL, occur during the dynamic 
operation of a CMOS device. The through-current 

dissipation PTC· is a result of current that momen
tarily flows from the power supply to ground when 

a CMOS device switches between logic levels. This 

through-current ITC is a complex function of the 
input and output rise and fall times, the input 

signal frequency, the power supply voltage, and 
the various parameters (mobility ,geometric, channel 
di mens ion, etc.) of the MOS transistors. 

The through-current ITC has a peak value which 
can be approximated by the equation: 

ITC a Ko (Voo - K1 l 2 

where: Ko is a constant dependent on the N- and 
P-channel mobility, geometry, and temperature. 

The constant K1 is dependent upon the individual 
MOS device thresholds. A typical normalized plot 

of this relationship is shown in Figure 24. 

0.05'----'----'~---'~--'------'---'---'---'---'-~~-'--~~ 
3 5 7 10 15 

Voltage, v00 

FIGURE 2-4 - NORMALIZED PLOT OF THROUGH
CURRENT VERSUS VOLTAGE 
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The waveform of the through-current in relation

ship to the voltage transfer characteristics of a 
typical inverter pair is shown in the. oscillograph, 

Figure 2-5. The energy contained in the through
current pulse will be a function of the input clock 
transition time (the time the device remains in the 
active ON region). The peak current (previously 

shown in Figure 2-4) can be measured with no-load 
capacitance. As load capacitance is applied and the 
input transition time is decreased, the through

current magnitude decreases from its peak value to 
practically zero as will be described later. 

FIGURE 2-5 - THROUGH-CURRENT AND 
TRAN SF ER CHARACTERISTICS 



The power dissipation, due to through-current 
PTC· may be theoretically defined as frequency 
times the integral of the product of the supply 
voltage and the through-current. This relationship 
is illustrated by the equation: 

tr 

PTc =ff Voo 'Tc dt. 
0 

However, ITC· previously was shown to be: 

ITC ex KO (Voo - K1 )2. 

Therefore: 

where: f =frequency, 
K = constant (dependent on device 

parameters), 
N =non-integral number greater than 3. 

The second component of the dynamic power 
dissipation, PL. is proportional to the energy re
quired to charge and discharge the load capacitance 
CL and the small internal circuit capacitance. 
Power is basically defined as energy per unit time. 
Therefore, the energy storage E of a capacitor is 
given by the equation: 

E = 112 cv2. 

Since the capacitance is alternately charged and 
discharged through the CMOS device during one 
complete cycle of the input frequency f, the power 
PL is given by the equation: 

PL= cv2f. 

Thus, the dynamic dissipation increases linearly 
with the frequency and load capacitance and also 
as the square of the power supply voltage Voo
Figure 2-6 shows this relationship for a typical 
McMOS gate. 

The power dissipation shown in Figure 2-6 
applies for input rise/fall times of 20 nanoseconds. 
For fast rise and fall times the previously described 
through-current dissipation PTC is negligible. As 
the transition times increase, the power (PTc) 
increases appreciably and is a complex function of 
the transition times and capacitance. 

10 

~TA= +25°C 
CL - 50pF 

~ 
" :. 
c: 
0 
·;; 1.0 
[ 
'iii 
0 
~ 0.01 
0 .. 
6 

a. 0.001 

Voo 

~ 

v.L. 
0.5 1.0 

CL= 25 pF v~ 

15 Vdc. 

~1"'.: ~ f" 10 

VI v,...ri 5.0 Vdc 

ill 
llil 

10 100 

f, Frequency (kHz) 

Ll..!!'l 
; 

Vdc 

1000 

FIGURE 2-6 -TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 
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Figure 2-7 (a through c) shows the relationship 
of the power supply current loo into the device 
and the ground current lss out of the device as a 
function of the capacitance and transition times. 
The waveforms in (a) show the currents loo. lss 
and ITC for a rise (tr) and fall (tf) time of 10 µs 
at a 15 pF load. The lesser magnitude of the current 
pulses (first pulse of lool represents the maximum 
through-current ITC. of the device at a given 
voltage Voo- The increase in amplitude in the 
current pulse Ooo when V0 ut goes positive or 
I SS when Vout goes negative) is representative of 
the current required to charge (or discharge) the 
15 pF load capacitance. The magnitude of the 
through-current in (a) is used as the normalizing 
factor in the current waveforms of (b) and (c). 

Vss 

loo o.5 

0 

lss o.5 

0 

Vss 

2.5 

loo 1.25 

0 

2.5 

lss 1.25 

0 

Voo 

Vout 

Vss 

5.0 

loo 2.5 

0 

5.0 

(a) 

(b) 

\ 

IA 

l ~ 

_\,, l 
Input tr, tf ""10 µ.s 
CL= 15 pF 

~ 

J'l 1 

~ J 
Input tr, tf ""400 ns 
CL= 15 pF 

If 
~ 

r 

~ .+I ~ IA. 

~ 

I\ 

la. 

~ 1ss 2.5 

0 ~ 1 .il 
(cl Input tr, tf ""40 ns 

CL= 65 pF 

FIGURE 2-7 - SWITCHING CURRENT 
WAVEFORMS 
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Oscillograph (b) was made with the same 15 pF 
load as (a); however, the input transition times 
(tr, tf) are now 400 ns. Again, the smaller current 
pulses are through-current. The magnitude of the 
current ITC in (b) has decreased slightly from that 
in (a). Also, due to the faster transition time, the 
current pulse width has also decreased. This indi
cates that some of the charge is being diverted to 
the load capacitance. 

In (c) the capacitance is increased to 65 pF and 
tr and tf are equal to 40 ns. The sinusoidal charac
teristic of the through-current, present with very 
fast transition times, is due to the charging and 
discharging of the parasitic internal capacitances. 
The previously observed ITC pulse is now almost 
entirely directed to the load and the dissipation 
PTC and is negligible when compared with the 
CV2f dissipation PL· The magnitude of the load 
current has increased for two reasons. First, the 
load was increased and now requires approximately 
four times the previous charge. Second, the charge 
is an integral of this pulse and since the transition 
times were decreased (hence the current pulse 
width decreased), the magnitude must increase to 
supply the same charge. 

figure 2-7 serves to illustrate the relative changes 
in charging current as a function of load capacitance 
and also shows the effect of the input transition 
time on the through-current and the resultant in
crease in power dissipation. All of the MSI or 
complex functional McMOS devices have their 
inputs buffered and thus do not have a severe 
through-current versus input transition character
istic. However, the system designer should be 
cautious when using high current drivers with high 
supply voltages so that the device power dissipation 
is not exceeded with a long input rise or fall time. 

REGULATION AND BATTERY OPERATION 

Because of the wide power supply operating 
range anct the constant ratio of the switching thres
hold to the supply voltage, simple·and inexpensive 
unregulated supplies of the type shown in Figure 
2-8(a) may be used to power a system comprised 
of McMOS devices. The three primary design con
siderations of such a supply are: 

• the voltage level must remain between the 
minimum and maximum specifications of 
the device, 

• the lowest instantaneous supply level must 
allow the devices to operate at the necessary 
maximum system frequency (see the section 
entitled "Operating Speed Considerations" 
in this chapter), and 

• the filter capacitor must be large enough to 
supply the peak instantaneous switching 
current requirements of the McMOS system. 

The zener diode Dz, in Figure 2-8(a) supplies 
protection by limiting the maximum voltage VDD· 
supplied to the McMOS system. The resistor Rs, 
is chosen to supply the peak transient current of 
the load current, IL· (plus the required zener 
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current for maintaining its breakdown) when the 
input voltage Vs is at the peak value. This design 
philosophy assumes the transient portion of the 
load current IL wil I charge capacitor C to the 
zener voltage during the non-switching time of the 
McMOS system. The current rating on the zener 
diode Dz is dictated by the relationship of the 
equation: 

lz(max) 
Vs(peak) - Vz 

Rs 

This assumes the capacitor is fully charged to Vz 
and the system is operating in a quiescent (non
switching) mode. The capacitor C is selected by 
the following equation: 

C=_g_ 
V' 

where: q =Ip [(pulse width) (N)) +[(la) (t)), 

and V = Vzener - VDDmin. 

The required charge q has two components. The 
major component is the transient peak load current, 
Ip, times its pulse width multiplied by the number 
N of transients during the non-conduction period of 
diode D 1 . The second component is the product of 
the quiescent current la and the non-conduction 
time t. VDD is the minimum supply voltage 
dictated by the specifications of the McMOS de
vices and the maximum desired operating speed. 

A battery back-up supply is easily implemented 
by replacing the filter capacitor with rechargeable 
battery as shown in Figure 2-8(b). The battery 
voltage is selected for the desired operating voltage 
VDD· The zener diode Dz has a breakdown voltage 
greater than the battery voltage and is equal to or 
less than the maximum VDD McMOS device ratings. 

01 
15 IL - --

\ Rs rz Voe B Input 
Vs c Dz 1115/120 v 

60 Hz) ) Vss 

FIGURE 2-8(a) - McMOS UNREGULATED 
POWER SUPPLY 

01 
Is IL -

\ Voo 

"~ Input Vs Batt:ary Oz 
(115/120 v 

60 Hz) ) Vss 

FIGURE 2-8(b) - McMOS BATTERY BACK-UP 
POWER SUPPLY 



In this manner, only the zener conducts and also 
provides protection during power line transients 
(which develop voltage spikes due to the battery's 
characteristic impedance). The resistor Rs in this 
system supplies the average load current IL and also 
a battery "trickle-charge" current Is. Resistor Rs 
is calculated by the equation: 

Vsmax - Vbattery 
Rs=-------~ 

I Lavg +Is ("trickle") 

In the event of a power line failure, the McMOS 
system can operate for relatively long ti me periods 
because of the low dissipation associated with the 
McMOS family. This type of supply can be used 
to power McMOS memories and provide a quasi
nonvolatile memory system. 

The circuit in Figure 2-9 gives a good indication 
of how easily a CMOS power supply level can be 
derived from a high voltage de source by using a 
resistor, a zener and a filter capacitor. The zener in 
this case is actually regulating the voltage rather 
than providing just overvoltage protection, as in the 
battery backup supply. Resistor Rs is again cal
culated from the de supply voltage, the average load 
current IL· and the necessary zener bias current 
I z. The capacitor C, is selected to supply the peak 
transient load current and maintain the minimum 
voltage Voo required for the system operating 
speed. 

High 
Voltage 

DC 
Supply 

= 

c 

FIGURE 2-9 - DERIVING CMOS POWER FROM 
HIGH VOLTAGE DC SOURCE 

NOISE IMMUNITY 

CMOS devices exhibit a sensitivity to only 
negative-going noise spikes on the power supply 
line and to only positive-going spikes on the ground. 
However, bipolar logic families show various degrees 
of sensitivity to both positive and negative spikes. 
on the power and ground lines, depending upon the 
output logic state of the device. The sensitivity of 
the CMOS device will vary as a function of the 
power supply voltage. This variation is due to the 
changing of the switching thresholds and the ef
fects of supply voltage on the conductance of the 
internal MOS transistors. For additional infor
mation on noise margins and noise energy immunity 
of McMOS devices refer to Motorola Application 
Note AN-707. 
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THERMAL CONSIDERATIONS 
Another advantage realized with McMOS de

vice technology is excellent temperature stability. 
The "AL" series devices are designed to operate 
over the full military temperature range of -55°C,;;;;;; 
TA ,;;;;;; +125°C. Additionally, the commerical cer
amic "CL" series and the plastic "CP" series 
p;ickage devices are designed to operate over an 
extended temperature range of -40°C ,;;;;;; TA ,;;;;;; 
+85°C (standard commercial range is only 0,;;;;;; TA,;;;;;; 
+ 70°Cl. This extended temperature range is a 
bonus to designers who do not want to pay the 
premium price of military temperature range de
vices for systems that must operate reliably in 
varying temperature environments. The two major 
categories of wide temperature range design con
siderations are package dissipation and specification 
variations with temperature. 

PACKAGE DISSIPATION 

CMOS devices consume almost negligible power 
in the quiescent state and increasing amounts of 
power in direct proportion to the capacitive load, 
the operating frequency, and the square of the 
power supply voltage. A normal CMOS digital 
system operating at moderate speed does not 
require special consideration of package dissipation 
capability. 

Special cases invariably arise, however, when 
the designer is required to extend operation of 
particular devices to their limits (special load driv
ing, high frequency operation, analog applications, 
input diode clamping, etc.). In addition, there are 
specially designed buffers and driver devices that 
have high current driving capability. Package dis
sipation and thermal management in these cases 
may become significant considerations to the 
designer. Therefore, it is advantageous to know the 
dissipation ca pa bi lity of standard Mc MOS packages, 
as described further. 

THERMAL MANAGEMENT 

Circuit performance and long term circuit re
liability are affected by die temperature. Normally, 
both are improved by keeping the IC junction 
temperatures low. Electrical power dissipated in 
any integrated circuit is a source of heat. This 
heat source increases the temperature of the die 
relative to some reference point, normally the 
ambient temperature of 25°C in still air. Therefore, 
the temperature increase depends upon the amount 
of power dissipated in the circuit and the resulting 
thermal resistance figure between the heat source 
and the reference point. 

The average temperature at the junction is a 
function of the system ability to remove heat gen
erated in the circuit (from the junction region to the 
ambient environment). The basic formula for con
verting power dissipation to estimated junction 
temperature is expressed as follows: 

( 1 ) 

• 



• 

or 

where: 

TJ =junction temperature, 
TA= ambient operating temperature, 

Po= calculated power dissipation, 

e JC= thermal resistance, junction to case, 

OcA =thermal resistance, case to ambient, 
e JA = thermal resistance, junction to ambient. 

(2) 

Only two terms on the right side of equation 
(1) can be varied by the user, namely the ambient 
temperature, and the device case-to-ambient thermal 
resistance, OcA· 

Internally, the thermal resistance of an inte
grated circuit is a function of the package material 
and size and also the method used in bonding the 
IC die to the package. The worst case and typical 
thermal resistance values for some standard IC 
packages are given in Table 2-1. In Figure 2-10 
this basic data is converted into a graph showing 
the maximum power dissipation allowable at various 

e JA - °C/Watt OJc-
(Still Air) 0 c/Watt 

Worst Worst 
Package Description Case Typical Case 

Plastic Dual-In-Line, 200 135 90 
14 lead or 1 6 lead 
(Gold Eutectic 
Die Bond) 

Ceramic Dual-In-Line, 155 100 50 
14or161ead 
(Gold Eutectic 
Die Bond) 

Ceramic Dual-In-Line, 100 70 35 
24 lead 

Plastic Dual-In-Line, 140 95 50 
24 Lead 

TABLE 1 -WORST CASE AND TYPICAL 
THERMAL RESISTANCE RATINGS FOR 

SELECTED IC PACKAGES. 

s: >----+--+--+-+--+-Go Id E utectic 
E 

E c: a; 
::J 0 "' 
E ·:; ~ 600 f"'oct--t-"""d---t-:::: 
·x .e- ~ 

~ -~ ~ 400f---+-+--+,,,.,.~-""l-.,,.-+--+-+----t~I 
.o"' 
0 ~ 0.. 

a..~ -
0 

0.. 

TA• Ambient Temperature (0 c) 

FIGURE 2-10 - AMBIENT TEMPERATURE 
POWER DERATING 
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ambient temperatures for circuits mounted in the 
14-pin and 16-pin plastic and ceramic packages; 
the data also considers the maximum permissible 
junction temperature for devices packaged in plastic 
or ceramic. These measurements are taken in still 
air without heat sinks, since moving air and heat 
sinking would decrease the value of OcA· 

SPECIFICATION VARIATION WITH 
TEMPERATURE 

The fact that a logic family is designed to 
functionally operate over a wide temperature range 
does not necessarily mean that specifications will 
not vary with changes in the ambient temperature. 
A quick glance at the electrical characteristics 
section of a data sheet will verify that parameters 
such as output drive, quiescent power dissipation, 
and switching time parameters do indeed vary with 
temperature. Fortunately, these variations are pre
dictable enough that a designer, with information 
included in this section, can interpolate and extra
polate the performance of the selected McMOS 
devices over their full temperature rating. 

VOLTAGE TRANSFER CHARACTERISTIC 
VARIATIONS 

An inherent advantage of the generic comple
mentary MOS process is the tendency of the N
and P-channel thresholds to "track" together over 
wide temperature variations in such a manner that 
the input threshold to a CMOS device remains 
quite constant. As seen in Figure 2-11, the variation 
of threshold over the full military temperature 
range is typically less than five percent. By com
parison, a bipolar threshold may vary as much 
as 40 percent. 

f 
0 
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::J 
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2 

Vee= vDD = 5 v 

2 3 
Vin - Volts 

4 5 

FIGURE 2-11 - TRANSFER CHARACTERISTICS 
OF THE CMOS INVERTER SHOWS MUCH LESS 

DEPENDENCE ON TEMPERATURE THAN 
DOES TTL. 



Threshold variation over temperature becomes 
an important factor when determining worst case 
noise margins, but it is of greater concern in 
quasi-analog circuits such as 21jate oscillators and 
"one-shot" multivibrators. The threshold levels in 
these types of circuits directly affect frequency, 
duty cycle, and time-out. Therefore, the stability 
of McMOS devices over temperature is a definite 
advantage in these "special" applications. 

LEAKAGE CURRENT VARIATIONS 

Leakage current plays an important role in 
quiescent power supply and three-state loading 
considerations. When designing a circuit which must 
operate over wide temperature ranges, the effect of 
temperature on leakage must be considered in worst 
case design. 

Leakage, as previously described, is due primarily 
to internal reverse-biased P-N junction leakage. As 
such, the leakage increases exponentially with in
creasing temperature, as indicated by the formula: 

IL= (T1) = IL!Tol eD.T/K, 

where IL (To) is the leakage current measured at 
temperature To. K is the constant of the rate of 
increase, and the temperature change is D. T = 

T1 -To. 

FIGURE 2-12 -NORMALIZED PLOT OF TYPICAL 
SINK-CURRENT lloLl. SOURCE-CURRENT lloHl. 
THROUGH-CURRENT (ITcl. SURFACE MOBILITY 

(1'51. CHANNEL RESISTANCE (Rel. PROPA
GATION DELAY TIMES ltPHL• tPLHI. AND 

RISE AND FALL TIMES ltr. tfl versus 
AMBIENT TEMPERATURE ITAi 

For silicon junctions, IL doubles approximately 
every 10°c, thus making Ksi = 14°C. A CMOS 
device that has 5 x 10-9 ampere leakage at room 
temperature (25°Cl may be expected to have 
5 x 1 o-6 ampere leakage at 125°c. 

CHANNEL RESISTANCE EFFECTS 

Variations in the channel resistance of the P-type 
and N-type MOSFETs in a CMOS circuit affect 
several important device characteristics, namely 
current sinking and sourcing capability lloL. loHl, 
switching through-current (I Tel, propagation delay 
ltPHL· tPLHl. and output voltage rise and fall 
times (tr, tfl. 
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The channel resistance of an MOS device is 
inversely proportional to the surface mobility of 
the majority carriers (holes in a P-type device and 
electrons in an N-type device). Since the mobility 
is a function of temperature, it is not surprising to 
find that channel resistance and thus, the current 
and switching time parameters change with vari
ations in temperature. 

The normalized graph of the current and switch
ing parameters versus ambient temperature, Figure 
2-12, should prove a useful tool to the designer in 
predicting the typical performance to be expected 
of a McMOS circuit at different temperatures. 

INPUT RATINGS AND CONSIDERATIONS 
The input of a Complementary MOS device is 

insulated from the MOSFETs channel regions by a 
thin layer of silicon dioxide (Si02l. The high imped
ance and a 5 picofarad input capacitance make un
connected or floating inputs excellent energy 
storage nodes having the potential for large volt
age buildups. The Motorola McMOS process uses 
resistor-diode gate-protection networks to siphon 
the accumulated energy away from the MOS 
transistors and thereby prevent permanent damage 
to the input gate oxide regions. In addition to 

l"J71 
1.01--+--+-+[Z]-+-/~'J~"""l-++....._-+--+--1 

IZ 
0. 51---+----+-.J---l--l---+----l--.J--l---l 

µs, 'OH• 'oL· 'Tc 
RC· tPHL• tPLH• t,, tf ---

~. .L L i i I I L i 
o.___,___.._"---'--'---'---+-"-...J..---' 

-100 -50 0 50 100 150 

TA [DC] 

deviee handling precautions, other user considera
tions include device maximum ratings, termination 
of unused inputs and input signal waveforms. 

INPUT VOLTAGE 

To prevent a destructive high-current mode, 
caused by forward biasing the input protection 
diodes, the signal voltage Vin must be confined to 
the range of Vss.,;;;; Vin.,;;;; Voo· The input thres
holds establish the maximum input LOW signal 
voltage VNL· and the minimum input HIGH signal 
voltage V NH. These thresholds are specified as a 
de noise margin and are defined as the maximum 

• 
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voltage change from an ideal logical "1" or "O" 
input level, which will not produce a change of state 
at the output. The guaranteed noise margin for 

standard Motorola McMOS devices is 30% of Voo 

with a typical value of 45% Voo· 
To illustrate, the ideal "O" and "1" input levels 

are V SS and Voo. respectively. Therefore (using 
positive logic notation), using the formula Vi L = 
Vss + 0.3 Voo equals the guaranteed minimum 
maximum input logic "O" threshold level, and 

V1H is equal to 0.7 Voo or the guaranteed maxi
mum minimum input logic "1" level. Typical 

values are: V1L = Vss + 0.45 Voo. and V1H = 
o.55 v00 . 

The calculations relate that if the input level 

Vin is in the range Vss,,;;; Vin,,;;; Vss + 0.3 Voo. 
the output level Vo is guaranteed not to have 
changed state and wi11 be within the range of 0.7 
Voo ,,;;; Vo ,,;;; Voo for inverting functions, or 

within the range of Vss,,;;; Vo ,,;;; Vss + 0.3 Voo 
for non-inverting functions. For a further descrip
tion of thresholds and noise margin see Motorola 
Application Note AN-707. 

INPUT CURRENT 

The very high input impedance (typically 1012 

ohms) requires an almost negligible source or sink
ing drive. The typical input current lin· is 10 pAdc. 
However, there are many system designs that 

utilize the input protection diodes to clamp the 

signal levels. In these applications, it is necessary 

to limit the input currents to the ±10 mAdc maxi
mum rating per package pin. This 10 mA maximum 

rating also applies to the Voo and Vss pins. There
fore, if the device has four inputs (all of which 

may be HIGH forward-biasing the input diodes) 
the current limit on each input would be 
10 mA divided by 4 or 2.5 mA. The same reasoning 

applies if more than one input is below the Vss 
level. 

UNUSED INPUTS 

A problem associated with floating CMOS de

vice input pins occurs after the device is installed 

in an operating system. Energy injected through 
stray external circuit wiring capacities produces 

unpredictable, time-varying input values. Power 

dissipation increases, since the input gates tend to 
spend more time in their active, biased-ON region. 

As a result, the uncertainties of the gate logic states 
combine and cause system failure. This problem is 
eliminated if all unused CMOS input pins are con

nected to the appropriate power supply bus. 
The proper termination level is determined by 

the truth table of the device being used. In the case 
of multi-input gates, it is recommended that un

used NANO inputs be connected to Voo and 
unused NOR inputs be connected to Vss· This will 
improve reliability and provide maximum device 
input performance. If an entire gate or portion of 

a device is not used, it is still necessary to terminate 

the inputs even though the output is not loaded. 
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INPUT RISE/FALL TIMES 

Special consideration must be given to the 

specified worst case maximum (slowest) clock input 

rise and fall times for edge triggered devices such 
as flip-flops, shift registers and counters. The speci

fied values vary from 5 µsec to infinity and 
the system designer should consult the device data 

sheet for this parameter. A description of input 
waveforms will be presented later. 

INPUT PROTECTION NETWORKS 
The system designer must remain aware that 

MOS devices can be seriously damaged if subjected 

to high electrical fields in the iate oxide ~egions. 
Normally the gate oxide is 1000 A to 1200 A thick; 

this range also defines a maximum potential dif
ference that can be tolerated across the gate oxide. 
The gate oxide breaks down at a gate-to-substrate 
potential of about 100 V and results in permanent 

damage to the device. 
Unfortunately, the electrical environment during 

pc board or socket insertion and device handling is 

very hostile. For example, static voltages generated 
by a person walking across a common waxed floor, 

have been measured in the 4 to 15 kV range 
(depending on humidity, surface conditions, etc.). 

These static voltages are potentially disastrous when 
discharged into a CMOS input considering the 

energy stored in the capacity (""'300 pF) of the 

human body at these voltage levels. There are two 

methods used for input protection: a single diode 
protection method and a double diode-resistor con

figuration. Both methods provide adequate input 
protection and all McMOS devices use one of these 

two protection methods. 

Present McMOS gate protection structures can 

generally only protect against overvoltages in the 

hundreds of volts range. This is usually sufficient 
for "in-socket" overvoltage, but an order of magni

tude less than that typically found in the handling 

environment. Following are some suggested 

handling procedures for McMOS devices. 

• Store unused devices in conductive foam, con
ductive rails, or connect all leads together using 

a similar electrical shorting method. 

• Use grounded tip soldering irons. 

• Ground all test equipment. 

• All low impedance equipment (such as pulse 
generators, etc.), should be disconnected from 

device inputs before de power supplies are 
turned-off. 

• All unused device inputs should be connected to 

Voo or Vss· 

SINGLE DIODE METHOD 

Figures 2-13(a) and 2-13(b) show the single 

diode protection method. Since the P-tub and the 

N-substrate are lightly doped, the junction break

down is high and typically 120 V. Therefore, a 
heavily doped N+ region and a lightly doped P

region are used for the diodes. The junction between 



these two regions (N+ and P-) breaks down at 
approximately 30 V, and is well below the 100 V 
gate-to-substrate breakdown. 

The single diode method provides protection 
by clamping positive levels to VDD· Negative pro
tection is provided by the 30 V reverse breakdown. 
The diode is designed to operate in the breakdown 
region without damage, provided currents are kept 
under 10 mA. 

Metal Contact to V DD 

Same as P-Tub 
Diffusion 

FIGURE 2-13(a) - PHYSICAL DIAGRAM, 
SINGLE DIODE PROTECTION METHOD 

vDD o------~ 
N+ 

P-

FIGURE 2-13(b) - SCHEMATIC DIAGRAM, 
SINGLE DIODE PROTECTION METHOD 

DIODE-RESISTOR METHOD 

The second method, while adding some delay 
time, provides protection by clamping positive and 
negative potentials to VDD and V55, respectively. 
Figures 2-14(a) and 2-14(b) show the circuitry and 
diffusion cross-section for the diode-resistor pro
tection method. 

The input protection circuit consists of a series 
isolation resistor R5, whose typical value is 1.5 k 
ohms, and diodes D1 and D2, which clamp the 
input voltages between the power supply pins VDD 
and V55. Diode D3 is a useful distributed parasitic 
structure resulting from the diffusion fabrication 
of Rs. 

In addition to circuit isolation, the series re
sistor Rs produces a small propagation delay due 
to the 5 pf gate capacitance. This delay (typically 
6 to 7 ns) allows excess energy present at the input 
terminal to be diverted through the protective 
diodes before reaching the sensitive gate dielectric. 

Diodes D1 and D2 are both of the N+, P- type 
and have a sharp 30-35 volt avalanche breakdown 
characteristic. Positive (breakdown mode) and neg
ative (forward conduction) overvoltage protection, 
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with respect to Vss (VDo - open circuit), is pro
vided by diode D1. Diode D2 similarly provides 
positive (forward conduction) and negative (break
down mode) overvoltage protection with respect to 
VDo when V55 is left open. Both diodes limit the 
applied voltages to well within the critical break
down potentials of the gate dielectric. 

Vss Gate VDD Input 

N-Substrate 

FIGURE 2-14(a) - PHYSICAL DIAGRAM, 
DIODE-RESISTOR INPUT PROTECTION 

METHOD 

vDD 
r---------, 
I 
I 
I 

I Rs 
I D1 

I 
I 
L _____ __J 

V55 

Added Protection Circuitry At 
Each External Input lead 

Notes: 
Rs = 1.5 kf2 Nominal 

Avalanche Voltages: 
BVD1 = 30 V 
BVD2 = 30 V 
BVD3=80V 
BVD4 = 120 V 

D4 

FIGURE 2-14(bl - SCHEMATIC DIAGRAM, 
DIODE-RESISTOR INPUT PROTECTION 

METHOD 

USING THE INPUT DIODES IN CIRCUIT 
DESIGN 
Circuits such as integrators, differentiators and 

oscillators may forward bias the input protection 
diodes and actually depend on them to clamp the 
input signal levels. The forward bias currents gener
ated by such circuit configurations is limited by the 
impedance and drive capability of the driving device 
and generally will not exceed the input limitations. 

An application that requires consideration, as to 
the single diode versus the diode-resistor input 
method, is the two stage oscillator shown in 
Figure 2-15. 

Waveforms for the single diode input network 
show that the diode clamps the input voltage V1 

• 
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to the positive Voo voltage. The negative portion 
of V1 is not limited (the protection diode has not 
avalanched) and will go nega.tive with respect to 
Vss by the magnitude of the threshold voltage VT. 
This effect will cause the time t1 to be less than 
time t2 and will give the output waveform Vo a 
duty cycle less than 50%. 

The waveforms for the diode-resistor input 
method show that the input signal V1 is limited to 
both the Voo and Vss supply voltages. In this 
case, times t1 and t2 are approximately equal, the 
duty cycle is 50% and the output period T is less 
than the period of the output for the single diode 
device. 

Voo fLfl_____J 
VO 

Vss 

VooXY V1 
Vss ------

Vss-VT---- - -- -- -----

VD D f'..__ I'-_ )'.._ 
V1 . ~ v l 

Vss-----

FIGURE 2-15-WAVEFORM COMPARISON OF INPUT METHODS 

Figure 2-16 shows the same astable circuit as 
Figure 2-1 5 with the addition of a compensating 
resistor Rs. Besides compensating for input thres
hold and power supply variation, resistor Rs also 
provides isolation from the input protection net

work. The waveforms illustrate that times t1 and t2 
are approximately equal and the period T will not 
vary (as a function of the type of protection circuit 
the input device has). 

v, 
Vss----• 

Vss -VT---
Voo-

Vss----,, 
Vss-VT ,, 

'/ For Single 
;-Diode 

Voo Protection 

Vss 
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The inputs to McMOS devices can be driven 
with signals outside the range of Vss to Voo if a 
series resistor is used to Ii mit the current to less 
than the 10 mA maximum. However, consideration 
must also be given to the increase in rise, fall and 
propagation delay ti mes produced by the series 
resistance and the 5 pF input capacitance. This 
technique obviously should not be used on the 
inputs of edge-triggered devices. It is recommended 
that the inputs be buffered by an additional gate 

for these devices. 
The 10 mA input current limit is established by 

the device internal metalization. Exceeding the 10 
mA limit will cause metal migration and possible 
long term degradation of the device lifetime. 

A stable 
Multivibrator 

V2 

R5 

V3 

R 

V1 

Rs ~2R 

VO 

c 

FIGURE 2-16 - DIODE-RESISTOR INPUT 
METHOD WITH ADDITION OF 
COMPENSATING RESISTOR Rs 



INPUT WAVEFORMS 

The 10 to 90% maximum clock transition time 
for sequential circuits is normally specified in the 
5 to 15 µsec range, depending upon the supply 

voltage used; data ripple-through, false triggering 

problems, etc. occur above these values. As the 
system transition times approach these limits, po
tential timing problems and increased power dis

sipation levels should be considered. 
The possible 15 to 20% process variation in input 

threshold voltage among random device samples 

could lead to clock-skew problems, even in syn
chronous logic systems where clocking is not nor

mally a problem. 
As in the example in Figure 2-17, a fairly long 

clock rise time could produce data ripple-through 
on the cascaded edge-triggered storage elements. 

As long as the edge-sensitive clock transition time 
(trCl is confined to a value of less than the sum of 
the propagation delay time of the driving output 
stage (for the estimated capacitive load) and of the 

hold-time of the following parallel clocked device 
as shown in Figure 2-17, there will not be a problem. 

____ 1_0_%_,. --+ Vtrigger No. 1 

I 

Clock 
Waveform 

: \l Data Out ---1 \.LtpoNo.1@CL No.1 

I 
I 

--i Data Entered No. 2 

FIGURE 2-17 - SYNCHRONOUS OPERATION 
LIMITED BY CLOCK TRANSITION TIME 

The maximum trC transition time due to skew 
effects could be in the 100 nsec range for the 
worst case situation of high speed devices having 
maximum al lowed threshold voltage deviations. 

As clock transition times increase, system power 

needs also increase; this action results because the 
logic elements are exhibiting longer periods of time 
in the active (higher power) operating region. 

Schmitt trigger circuit configurations can be 
utilized for wave shaping very slow external input 
signals and also provide a decrease in input power 

dissipation and an increase in overall system per

formance. The MC14583 dual Schmitt trigger is 
an ideal solution to applications requiring such 

wave shaping. Other Schmitt tirgger designs can be 
found in the articles referenced in the supple

mentary literature section of this data book. 
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Several of the McMOS counter and shift register 
designs incorporate input circuitry having a Schmitt 

trigger type hysteresis which also eliminates the 

requirement of a maximum input rise time specifi
cation. These counters are very usefu I for generating 

a system clock from the common 60 Hz power 

line frequency. The inputs of such devices can be 
connected directly to the 120 Vac line through a 

series connected 1 megohm resistor. A capacitor 
must also be added between the device input and 

the Vss pins to absorb the kilovolt line spike 
energy commonly found on many power lines. The 
rectification of the ac input voltage is again 
performed by the internal protection diodes and 
the current is limited by the series resistor. 

OUTPUT LOADING CONSIDERATIONS 

Like any logic family, McMOS is limited in the 
amount of current (sink and source) drive capa
bility while still maintaining a defined logic state. 

McMOS device output current characteristics are 
found in a set of curves (refer to Figure 2-18) 

defined as output drain characteristics. The logic 
designer should consult these curves when design

ing specialized systems requiring high current drives. 
These drain characteristics vary as a function of 
voltage and temperature and have an effect on the 

maximum operating speed of the logic system. 

OUTPUT CHARACTERISTICS 

As shown in Figure 2-18, McMOS N- and 

P-channel enhancement mode transistors have two 
basic regions of operation, saturated and non
saturated. The boundary between the two regions 

is the locus of points at which the drain-to-source 
voltage (Vosl is equal to the gate-to-source voltage 

(VGsl minus the device threshold voltage (VT)· 

0 

... 
c 
~ 
L 
:J 
u 
c 
-~ 

0 _.,~------- V GS3 

~'--------- V GS2 
VGS1 

Drain-To-Source Voltage, IVosl 

FIGURE 2-18 - OUTPUT DRAIN 
CHARACTERISTICS 
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tn the non-saturated region, the characteristics 
of the MOSFET are similar to a resistor; the im
pedance of the channels is approximated by the 
slope of the curves. The current in this region is 
given by the equation: 

lo= 2K (VGs - VT) Vos - K Vos2, 

where K is a constant dependent upon processing 
parameters and the channel geometry. 

In the saturated region, the MOSF ET behaves 
similar to a current source as illustrated by the 
constant drain current independent of the drain
to-source voltage. The currents in the saturated 
region are given by the equation: 

lo= K (VGs - VTl 2 . 

The maximum drain current Io is almost propor
tional to the square of the gate-to-source voltage 
VGS· In Motorola McMOS logic, the gate-to-source 

.voltage is limited to the power supply voltage 
(Voo - Vss). Hence, it can be stated that the 
drive capability of McMOS is proportional to the 
square of the power supply voltage. 

The output drain characteristics also vary as a 
function of temperature as shown in Figure 2-19. 
The typical characteristics for a standard McMOS 
output N-channel device, operating with a supply 
of 10 volts, is shown in Figure 2-19(a). The com
plementary P-channel characteristics are shown in 
Figure 2-19(b). For device temperatures above 
25°C, the decrease in drain current can be approxi
mated by a negative temperature coefficient of 
approximately -0.3%/°C. Refer to Figure 2-12 for 
a curve of the change in drain current versus 
temperature. 

Curve (a) N-Channel 

u 
"O 
~ 
E 
.... 
c: 

~ 
:;J 

u ., 
~ 
:;J 

0 
(/) 

i 
0 

CONSIDERATIONS AND PRECAUTIONS 
The standard McMOS input is capacitive and 

requires approximately ±10 pA of drive current. 
Thus, the fan-out on a current basis is in the order 
of 106 devices. The actual fan-out of a McMOS 
device is I imited only by a capacitive load con
sideration based upon the desired system operating 
frequency. 

Assume that a capacity-loaded McMOS gate has 
an input signal with almost zero transition time. The 
output device then charges (or discharges) the load 
capacitance along the drain characteristic curve for 

VGs and exits from the saturated region (Vos= 
Voo> to the non-saturated region (Vos= Ol. This 
means that initially the voltage across the capacitor 
changes in a linear fashion due to the constant 
current lo(sat). As the drain-to-source voltage Vos 
decreases to less than that defined for saturation, 
the current to the load decreases. At this point, the 
voltage change on the capacitor is no longer linear 
and, as a result, slows down "rounding off" the 
rising or falling output waveform as it approaches 
its limits of Voo or Vss, respectively. 

dv 
Since the capacitance - is a function of drain 

dt 
current lo, the output rise/fall times and also the 
system operating speed will be limited by the 
McMOS supply voltage. Operating temperature, be
cause it effects the maxi mum drain current, will 
also limit system speed. Considerations on system 
speed with respect to capacitance, voltage and 
temperature will be described later in Chapter 2 
under the heading Operating Speed. 

0 
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-6 
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-12 

-15 
-10 -8 -6 -4 -2 0 

(VoH - Voo),Source Device Voltage (Vdc) 

Curve (b) P-Channel 

FIGURE 2-19 - TYPICAL OUTPUT 
CHARACTERISTICS FOR 

Voo = 10 VOL TS 
AS A FUNCTION OF TEMPERATURE 
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The outputs of a McMOS device consist of a 

complementary pair, one device for sourcing current 
and another for sin king current. The outputs of a 

McMOS device cannot be connected in a "wire-OR" 
configuration because of the complementary pair 

configuration. Three-state logic will be described 

later in Chapter 2. 
Many times temporary shorts result from test

ing mistakes or improper board assembly. When 
such excessive currents flow and the chip temper

ature increases, the short circuit current will de
crease because of the negative temperature co
efficient. This "built~n" thermal protection will 

usually prevent burn-out on a short term basis. In 
general, devices with standard family output char

acteristics can be shorted to the supply rails, 
provided the supply voltage is 5 volts or less; at this 

supply voltage, saturation currents are less than 
the maximum device ratings of 10 mA per pin. 
Precautions are necessary when using the high 

current buffers or operating with high supply volt

ages so that the maximum device current and dis
sipation limits are not exceeded. 

The McMOS drive capability is limited if the 

outputs are required to maintain a specified logic 

level. However, if the output is used to drive a 

discrete device such as a transistor or LED, large 
currents (within maximum ratings) can be achieved 

by operating the device in the saturated region. 

Details on interfacing to other devices will be 
described shortly. 

INTERFACING TECHNIO.UES 
There are many digital system designs which 

require low-power dissipation McMOS devices to be 

integrated with devices of other semiconductor 

technologies. This raises the question of how to 
interface between McMOS and other logic families. 

Most logic families have a compatible set of input

output parameters defined in terms of family unit 

loads specified at a restrictive or tight tolerance 
power supply voltage. The McMOS guaranteed 

power supply operating range of 3 to 18 volts 
encompasses all of the significant logic families 

available today. This operating range, together with 

the simplicity of the input and output character
istics, makes the McMOS technology particularly 

easy to interface with devices of other technologies. 
The interface techniques to be described assume 
the following initial conditions. 

1. The power-supply voltage level and toler

ances are chosen to accommodate the inter
faced logic elements, since Mc MOS integrated 

circuit devices will operate over a much 
wider voltage range. 

2. The logic levels at the interface between 

McMOS and other logic elements will meet 
or exceed the specified worst case logic 
levels of the other elements. 

3. Fan-in and fan-out rules at the interface 

shall be derived from the current sinking or 
sourcing capability of the driving elements. 
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By adopting these three conditions, the designer 

can ensure appropriate noise margins at the inter
face between dissimilar elements. 

INTERFACING McMOS WITH TTL, DTL 

Since both the DTL (diode-transistor logic) and 

TTL (transistor-transistor logic) bipolar digital IC 

families require only a single supply, McMOS de

vices are well-suited for use with DTL and TTL 
logic forms. There are two major considerations 

when interfacing McMOS with bipolar logic ele
ments. The first consideration is whether McMOS 

can sink the input current requirement of the 
bipolar logic. The second consideration is whether 

the output logic levels of the bipolar devices are 

compatible with the McMOS input threshold levels. 
Figure 2-20 shows the input/output level and 

current requirements of McMOS/bipolar interfaces. 
For a logic "O" input, the standard medium power 

TTL and DTL devices have a current sink drive 
requirement of 1.6 mA at a level of 0.4 volts. 
Standard gate McMOS devices will not sink 1.6 mA 

of current. To increase the output current sinking 
capability of the McMOS device, a 2-input or 

4-input McMOS NOR gate could be used with all 
the gate inputs tied together in parallel. For higher 

fan-outs, the use of buffer devices (as shown in 
Figure 2-20) is recommended. These buffers are 

capable of driving two medium power TTL or 

two DTL loads with an lo L of 3.2 mA at 0.4 volts. 
By paralleling the inputs and outputs of the McMOS 
buffers, even large fan-outs can be obtained. The 
logical "1" output of any McMOS device has no 

difficulty driving any TTL or DTL device since the 
VoH level of 4.5 volts (while sourcing the micro

ampere leakage of the bipolar devices) is 2.5 volts 

higher than the 2.0 volt VI H input level. 
Low-power TTL (L TTL) logic requires a current 

sinking drive of 0.18 milliamperes at a voltage level 

less than 0.3 volts. As shown in Figure 2-20, any 

standard gate McMOS device will drive one L TTL 

load over the full military temperature range. How

ever, in most cases, two L TTL loads can be driven 
over the full temperature range. Further, at 25°C 

any McMOS device will typically drive 4 LTTL 

loads without burden. The Motorola McMOS buf
fers are capable of at least 10 L TTL loads over the 

full temperature range. In the non-saturated mode, 

as is the present case, the drain current is directly 
proportional to the drain to source voltage. There
fore, higher fan-outs than the number guaranteed 

on the data sheet can be obtained with some sacri
fice in noise immunity over extended temperatures. 

When interfacing bipolar logic to McMOS, the 
primary consideration is whether the bipolar out

put levels are compatible to the McMOS input 
thresholds. The guaranteed McMOS thresholds for 
a logic "O" or "1" input are respectively 30% and 
70% of the power supply voltage; further, with a 

5 volt supply this is 1 .5 volts and 3.5 volts, re

spectively. The bipolar Vo L level of 0.4 volts is 
more than capable of driving a McMOS device 
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Interface Interface 
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I -- I 
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I 
I TTL/OTC 4.0 V l Mc MOS 

I 0.4 v 

3.5Vl 

1.5 v 

+5.0 v 

McMOS 
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--- I 10L = 0.18 mA -
4.5J I 2.0 v 

GOV l""T 
McMOS-L TTL 
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LTTL 40Vl I 
o.3 v I 

L TTL-McMOS 
Interface 

FIGURE 2-20 - McMOS/BIPOLAR SYSTEMS INTERFACE 

input to a logical "O" level. The major area of 
concern is the logic "1" state. The VoH level of 

TTL/DTL devices is generally specified at 2.4 volts 

while sourcing 400 µA. This is an absolute worst 
case bipolar specification and since McMOS inputs 

only require about 1 0 picoamperes drive current, 

the typical VoH level of a bipolar active pull-up 
output driving McMOS would be equal to approxi

mately two P-N junction voltage drops below Vee. 
or typically 3.6 volts. This level is greater than the 

required 3.5 volt input of McMOS; however, there 

is very little noise margin. For this reason, it is 
recommended that a pull-up resistor be added to 

the circuit from the bipolar output to V CC as 
shown in Figure 2-20. Resistor values of 2 k ohms 

for TTL/DTL (or 3 k ohms for L TTL) provide 
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satisfactory pull-up and very satisfactory input rise 

times to the Mc MOS device. It should be noted that 

when utilizing a bipolar-to-McMOS interface, the 
driver should not fan-out to bipolar circuits, only 
to other McMOS devices. However, when using a 

McMOS-to-bipolar interface, fan-out may include 

both bipolar and McMOS devices. As can be seen 
in Figure 2-20, the noise margins at the collective 
interface either maintain or exceed the 0.4 volt de 
margins of the bipolar logic families. In general, the 
noise margin at the interface between CMOS and 

other 5 volt logic systems is higher than that of the 
bipolar system alone. This situation exists because 

of the higher positive logic levels at the CMOS 
interface. 

Five volt operation of McMOS restricts the 



maximum speed capability, and in many systems 
where speed is of importance McMOS may be 
powered with a supply voltage of 15 volts. Figure 
2-21 shows the techniques used to interface McMOS 
devices operating at 15 volts with 5 volt bipolar 
devices. Here the "down" translation is easily 
achieved by using the McMOS buffer translators 
specifically designed for this application. 

The "up" translation can be performed by using 
one of two different methods. One method uses a 
high voltage, open collector TTL gate such as the 
MC7406 with a pull-up resistor to the 15 volt Voo 
supply. The value of the pull-up resistor must be 
considered in relation to system speed. Since a 
McMOS input loading is typically characterized 
by 5 picofarads, the rise time at the 7406-McMOS 

interface will be determined by the resistor and 
the number of McMOS loads. High speed and fast 
rise times may dictate the use of low resistance 
values and a significant increase in power dissipation. 

The second method of "up" translation has a 
reasonable power dissipation while still maintaining 
an acceptable rise time. The device used in this 
method is a MHTL, MC666 level translator. This 
device is an active pull-up, bipolar High Threshold 
Logic (HTL) component which has inputs for 
translating from RTL, DTL or TTL operating levels 
to 1 5 volt logic levels. 

+15 v 

McMOS TO TTL/DTL 
Interface 

+5 v 

l'F~mA 

McMOS McMOS Driver 1 TTL/DTL 

I 15Vl 

ov-
+4.6 vl 12.0 vl 

+o.4v- 10.sv
< 15 V to 5 VJ 

2.5Vl. 

0.4V-

FIGURE 2-21 - INTERFACING CONDITIONS 
BETWEEN SYSTEMS AT DIFFERENT 

VOLTAGES 

INTERFACING McMOS WITH MHTL 

McMOS functions can be used to expand the 
versatility of standard, industrial high threshold 
logic systems where a large signal swing and high 
noise immunity are important. MHTL is generically 
limited in per device functions by an inherently 
high power dissipation which is typically 25 mW 
per logic gate. The condition does not exist in the 
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McMOS device series since typical power dissipation 
ratings have less than 2 microwatts per gate. 

The McMOS series can also be used to expand 
the MHTLgeneric designs by providing the complex 
functions (expansion) for MHTL. The only pre
requisite is that proper interface of the two logic 
types be implemented as shown in Figure 2-22. 
Both logic types operate from a single +15 Vdc 
supply. The output logic levels of the typical 
McMOS gate are made equal to input of the MHTL 
circuit (i.e., VoH = 13.5voltsand VoL = 1.5volts 
for the high and low levels, respectively). Since the 
MHTL gate responds only to signals that exceed the 
input logic levels (V1H = 8.5 volts and Vil= 6.5 
volts), the full MHTL 5.0 volt noise margin is main
tained at the interface. The number of MHTL 
circuits that can be driven by a typical McMOS 
gate (fan-out) is determined from the output char
acteristics. Each MHT L input represents a load 
current (IOU of approximately 1.2 milliamperes. 
The McMOS output voltagetVoL)will remain below 
1.5 volts when the device sinks 1.2 milliamperes; 
this corresponds to a fan-out of the one MHTL load. 

Interfacing the MHTL gate to drive McMOS 
circuits (fan-in) is a somewhat different design con
sideration. Because the input current to a driven 
McMOS gate is negligibly small, an MHTL circuit 
can drive a very large number of McMOS inputs 

TTLIDTL to MHTL 
MHTL to McMOS 

Interface 
Interface 

+15 v 

1/3 MC666 
MHTL 

12.0 v, 
1.0 v'-

135J 

1 
(5 V to 15 VI 

2.0 v"\ 
o.s v-L 

TTL 
1/6 MC7406 

1.5 v 

l nterface 

R 14.5VJ 

0.4 v 

(5 V to 15 VI 

105VJ 

4.5 v 

(50 or more). However,since the input to a McMOS 
gate is essentially capacitive (about 5 pF per input) 
and the internal load resistor of passive MHTL 
circuits is 15 k ohms, this capacitive loading effect 
could add an RC time constant of 75 nanoseconds 
per fan-out. Therefore, the number of McMOS 
circuits that can be connected is limited primarily 
by the system dynamic response. 
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FIGURE 2-22 - INTERFACING CONDITIONS 
BETWEEN McMOS AND MHTL CIRCUITS 

For this reason. a pull-up resistor is recom
mended at the output of the MHTL circuit to 
improve speed. Values range from 1.5 k ohms to 5 
k ohms, depending on the desired switching speed, 
allowable power dissipation, and the desired noise 
immunity factor. A low value pull-up resistor will 
raise the VQL output level and increase power 
drain, but it can also increase switching speed by as 
much as 85 percent. The best compromise appears 
to be the use of a passive output HTL circuit with 
an inherently low saturation voltage and a moder
ate value (2 k to 3 k ohms) external pull-up 
resistor. An active pull-up MHTL circuit will also 
drive a large number of McMOS gates with 

Pulse Shaping 

adequate speed. but both the high-noise and 
low-noise margins will be reduced. 

Because McMOS and MHTL can interface di
rectly with each other, they serve to complement 
one another in system designs where noise im
munity or high voltage operation is important. 
MHTL provides pulse shapers, high current drivers 
and other interface elements while McMOS will 
provide complex functions which cannot be eco
nomically built with MHTL. Figure 2-23 shows the 
organization of a system design using McMOS and 
MHTL with some recommended MHTL interface 
component types. 

Signal Signal Output 
Conditioning Processing Interface 

I MHTL f-1------1 McMOS f-1------11 MHTL I 
MC675 - Pulse Stretcher 

MC696 - Schmitt Trigger 
Line Receiver 

MC676 - BCD to Gas Discharge 
Display Driver 

MC696 - Differential Line Driver 

FIGURE 2-23- USING A COMBINATION OF 
McMOS AND MHTL 
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INTERFACING McMOS WITH MECL 

In systems with McMOS and MECL negative 
voltage power supplies are commonly used. The 
McMOS series can operate at -5.2 V (the MECL 
supply) or at higher voltages. The advantage of 
using the higher voltages is that McMOS can operate 
at higher speeds. 

The interface from a McMOS output to MECL 
levels is shown in Figure 2-24(a). Note that the 
McMOS operates between ground and -Vss; Vss 
can be any voltage within the range of the McMOS 
device (18 V maximum). The McMOS output 
directly drives the MECL 10,000 input. If Vss is 
greater than -5.2 V, a diode clamp is required to 
prevent the MECL input from dropping more than 
a diode voltage drop below the -5.2 V (VEE). 

The MECL 10,000 input requires a current of 
265 µA (maximum worst case) and has input thres
hold voltages of V1HA = -1.105 V and VILA= 

-5.2 

-Vss 

R:;:,, Vss kn 
9" 1.7 

(a) 

pulls the McMOS input to within 800 or 900 mV 
of ground. If V SS = -5.2 V, the transistor switches 
from -0.9 V to -5.2 V. The high level noise margin 
will be approximately 0.66 V and the low level 
noise margin will be approximately 1.56 V. With a 
greater Vss. noise margins will be correspondingly 
larger. 

INTERFACING McMOS WITH OTHER MOS 
TECHNOLOGIES 

Other than CMOS, the most common Metal 
Oxide Semiconductor technology available today 
are the P-channel high threshold (PMOS) com
ponents. Becoming more common are low thres
hold devices (silicon gate and <100> devices). 
The main difference between the two MOS types 
is the supply voltage necessary for operation. 

Typical high threshold supplies are Vss = 0 V, 

-5.2 

-0.9 vi 
SI 

R McMOS 

-Vss 
-Vss 

(b) 

FIGURE 2-24-McMOS-MECL AND MECL-McMOS INTERFACE 
SYSTEMS 

-1.475 V (25°C). The noise margin is therefore in 
excess of 225 mV in the high state and 4.3 V in 
the low state. 

Level translation is required to drive a McMOS 
input with a MECL device. The 800 mV voltage 
output swing of MECL is not sufficient to drive a 
McMOS input. The MECL 10,000 output is used to 
switch a transistor to drive the McMOS input 
(Figure 2-24(b) ). The high MECL output level 
(-900 mV typical) is not sufficient to forward bias 

the transistor (VBE + Vdiodel· The low output 
level of -1.7 V typical turns on the transistor and 

2-19 

Voo = -13 V and VGG = -27 V. Corresponding 
low threshold supplies are Vss = +5 V, Voo = 

-5 V and VGG = -12 V. Another important 
difference is that high threshold devices generally 
use negative logic convention ("0" is the most 
positive level and "1" the most negative) while low 
threshold devices use positive logic convention. 
The typical output swing for both high and low 
threshold devices goes from V SS to V DD when 
driving the high input impedance McMOS logic 
function. 

The wide supply range of McMOS and the high 
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input impedance of MOS and McMOS devices make 
interfacing a simple matter. Figure 2-25(a) shows a 
McMOS to high threshold PMOS interface while 
Figure 2-25(b) shows a McMOS to low threshold 
PMOS interface. 

Another technology commonly used in many 
logic systems today are N-channel MOS (NMOS) 
devices. NMOS Ii ke PMOS, is available in both the 
metal gate and silicon gate processes. Very large 
memories, such as the MCM6570 8192-bit Read 
Only Memory, are manufactured using the NMOS 
process . 

Although NMOS devices operate using conven-

v88 = o v 

be interfaced, regular McMOS gates will not drive 
the device and a McMOS driver/buffer is required. 
For this reason, the system designer must be 
thoroughly familiar with the specific NMOS device 
to be used (the logic level and current require
ments) and select the proper selection of a 
compatible interfacing McMOS device. 

INTERFACING McMOS WITH BIPOLAR LSI 

Yet another series of logic integrated circuits 
available to the system designer are the bipolar large 
scale integration (LSI) devices. These circuits con
sist of large gate arrays which are mask-program-

-3.0 v 0 VJ I 
-9.0 vI -13 v : 

VI---'---' High Threshold 1-------1 
Device 

-13 v 

PMDS 

VGG 
-27 v 

(a) 

-13 v 

+5.0 v Vss = +5.o v +5.0 v 

-5.0 v -5.0 v 

(b) 

FIGURE 2-25 - McMOS - PMOS AND PMOS - McMOS INTERFACE 
SYSTEMS 

tional positive logic with positive power supplies in 
the 5 to 15 volt range (with the exception of a 
small negative back-bias supply) and use positive 
logic convention, special consideration must be 
used when interfacing with McMOS devices. The 
positive voltage power supplies necessary for NMOS 
are also compatible with McMOS devices; further, 
the McMOS devices are normally operated with 
Voo at a positive voltage and Vss at ground 
potential. An area of concern to the designer exists 
when a system requires interfacing NMOS and 
McMOS. The concern applies primarily to the 
NMOS device inputs. Several NMOS devices are 
manufactured with TTL type inputs which use 
internal pull-up devices. This manufacturing tech
nique requires the designer to use TTL levels and 
associated sinking requirements to drivethe NMOS 
devices. If this is the case with the NMOS device to 
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mable to provide specialized complex system func
tions. One technology used in these gate arrays is 
termed STAL and illustrated in Figure 2-26. This 
STAL gate basically consists of a Schottky transistor 
and four resistors. Interfacing between McMOS and 

R1 R4 

R2 

R3 

FIGURE 2-26 -A BASIC STRL GATE 



STR L gate arrays is shown in Figure 2-27. As 
shown, the entire system operates with a +5.0 volt 

supply. While the STR L input levels are exactly like 

TTL, the STRL family exhibits a much lower sink

ing requirement linl· These characteristics make any 
McMOS device compatible in driving STRL logic 
with resulting noise margins at the high and low 

state of 2.5 and 0.5 volts, respectively. STR L also 
has a TTL fan-out of 1 with TTL-type output 
logic specifications. However, under worst case 

consideration with a resistor tolerance of +30% 
(R4 in Figure 2-26) and sourcing the total leakage 

of the Schottky transistor, the VoH level will be 
approximately 4.2 volts rather than the specified 

2.4 volts at an loH of 300 µA. The worst case 
noise margins for the STR L to McMOS interface 

are therefore 0. 7 and 1.0 volts, high and low 

state, respectively. 

+5.0 
Vdc 

Mc MOS 

McMOS to STR L 
Interface 

I 
I 

4.5V r 1 

0.3 VJ I 
2.0l 

0.8 v 

linl; 100 µA 

1inh;120µA 

+5.0 
Vdc 

However, there are specified current limitations 

which are 10 milliamperes into or out of any 

package pin on standard McMOS devices or as high 

as ±45 milliamperes per output on certain buffer/ 

driver configurations. Data sheets must be con
sulted so as not to exceed the device current or 

dissipation limits. 

Figure 2-28 shows an example of a standard 
McMOS device driving an NPN transistor. The value 

of the base resistor Rs is dependent upon the 

value of the McMOS Voo operating voltage. If the 

supply V DD is 5 volts, the RB resistor is not re
quired since the source current limit is typically 
2.0 milliamperes. This figure is determined from 

the saturated area of the P-channel drain char

acteristics. A Voo voltage of 10 volts is marginal 

for operation when Rs ; 0 ohms, since the sat-

STR L to McMOS 
Interface 

I 

+5.0 
Vdc 

STRL 
Gate 

Array 

.,JI 
o.5 v I 

McMOS 

FIGURE 2-27 - McMOS - STRL LSI SYSTEMS 

INTERFACE 

STR L gate arrays are also available with open 

collector outputs. When using these devices it is 

necessary to use an external pull-up resistor and a 
suitable value would be approximately 3 to 4 k 

ohms. Another of the LSI gate arrays uses low 

power Schottky TTL logic cells. The input and 

output characteristics of these cells are similar to 
standard low power TTL and can also be interfaced 

with McMOS logic in the same manner as LTTL. 

INTERFACING McMOS WITH OTHER 

SEMICONDUCTOR DEVICES 

One misconception that many circuit designers 

have with McMOS is that this technology cannot 
source or sink any appreciable or usable amount of 

current when interfacing with other than McMOS 
devices. This is not always true, as this chapter 

previously described in the section entitled Output 
Loading Considerations. The sinking and. sourcing 
capability of a McMOS device, as found on data 
sheets, are measured at specific output voltages and 

illustrate fixed points in the non-saturated region 
of the McMOS output drain characteristic curves. 
In fact, McMOS devices can drive high current loads 

if large drain to source voltages (Vos) are 
allowed across the N- or P-channel devices. 
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FIGURE 2-28 - McMOS TO DISCRETE 
INTERFACE 

urated P-channel current in this case (approximately 

9 milliamperes), is very close to the allowed 1 O mA 
device limit. Therefore, in this application a value 

of 500 ohms is recommended for resistor Rs. At 
15 volts, it is necessary to use a value of approxi
mately 1 k ohm for resistor Rs to limit the current 
to 10 mA, since the typical saturated current level 
in this case is approximately 18 mA. The same 
reasoning applies to applications where driving PNP 
transistors; the McMOS device N- and P-channel 
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drain characteristic curves should be consulted to 
select the proper values of current limiting resistors. 
Obviously, the choice of pull-up resistor Re and 
the transistor are based upon the required drive 
current level and the h FE versus I c characteristics 
of the selected transistor. 

The technique used in Figure 2-28 can also 
be used as a driver interface from McMOS to 
several TTL or L TTL gates or devices. The fan
out of such a circuit is dependent upon the current 
gain of the transistor and the properly selected 
pull-up resistor Re. 

One specific application of a McMOS device 
gate driving a high current load is shown in 
Figure 2-29. In this application, a load current of 
4 amperes is required. The selected interface, a 
2N6055 power Darlington, requires a base current 
of 16 milliamperes for a VcE saturation of 2 volts; 
to supply this current, the McMOS Me14049 hex
inverter, buffer/driver is used. From the P-channel 
drain characteristics curve, the saturated source 
current is found to be approximately 32 milli

amperes for a VDD of 10 volts. In driving the 

Darlington with a 20 mA, the McMOS char
acteristics exhibited a drain to source voltage of 
-4.0 volts. Therefore, the base resistor Rs can be 
calculated by the equation: 

VDD -VDs-VsE(satl - vdiode 
R 8 ·= --"------'---'-'-'---'-----"'--'-= 

Is 

or approximately 100 ohms. 
The addition of the diode and 1 k ohm bias resistor 
in the Darlington emitter circuit ensure a slight 
reverse bias on the Darlington when the McMOS 
driver is in the low state and thus prevents thermal 
runaway. For pulsed operation, the MR751 six 

1/6 Me14049 

ampere diode is used; for continuous operation, it 
is recommended that a stud mounted MR1120 be 
used for power dissipation reasons. 

One advantage of using a McMOS device to drive 
a circuit as shown in Figure 2-29 is that the driver 
circuit dissipates very little power when in the 
idle or OFF state. The push-pull type output of 
McMOS dissipates power only when driving the 

load device unlike a TTL open collector driver 
which must shunt all the drive current when the 

load device is OFF. 
By using techniques similar to Figure 2-29, 

McMOS can be used to directly drive LEDs, opto
couplers or other discrete devices. Examples of 
interfacing to high power drivers, such as SeRs and 
triacs, are described in Motorola application note 
AN-712 entitled "Interface Techniques Between 
Industrial Logic and Power Devices". 

INTERFACING SUMMARY 
With a wide range of power supply operating 

voltages and simplified input/output characteristics, 
McMOS logic elements may be successfully inter
faced with any other logic·device technology avail
able today. Table 2-2 shows the noise margins, 
logic levels and fan-out for various logic family 
interfaces. 

McMOS elements can also be used as current 
drivers for interfacing with a variety of discrete 
semiconductor devices. The sourcing and sinking 
capability for driving discretes may be extrapolated 
from the McMOS device output drain character
istic's curves. By using these curves and observing 
the device maximum current and dissipation limits, 
a reliable McMOS to discrete power interface 
may be achieved. 
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McMOS Driver .------- I 
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I 
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L ____ _ _J 

FIGURE 2-29 - McMOS TO BIPOLAR 
4 AMPERE DRIVER 
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TABLE 2-2 - McMOS GENERAL INTERFACE PARAMETERS 

INTERFACEt INTERFACE.+ INTERFACE 
NOISE MARGIN LOGIC LEVELS MAXIMUM 

INTERFACE "1" "O" "1" "O" FAN-OUT REMARKS 

1.S v 1.S v 3.S v 1.S v >so S-volt system. 

McMOS-McMOS 
3.0 v 3.0 v 7.0V 3.0 v >so 1 a-volt system. 

4.S v 4.S v 10.S v 4.S v >so 1 S-volt system. 

McMOS-MHTL s.o v s.o v 8.S v 6.S v 1 

3.0 v 3.0 v >so Active pull-up MHTL • MHTL-McMOS 10.S v 4.S v 
4.0 v 4.0 v >so Passive pull-up MHTL with 2 k to S k 

ohm pull-up resistor 

Two-input McMOS NOR gates driven 
in parallel will drive two L TTL 

McMOS-LTTL 2.S v 0.4V 2.0 v 0.7 v 1 
loads; 

four-input McMOS NOR gates driven 
in parallel will drive four L TTL 
loads. 

3-k ohm pull-up resistor. Fan-out 
LTTL-McMOS 1.1 v 1.2 v 3.S v 1.5 v See Remarks determined by dynamic 

requirements. 

McMOS-TTL/DTL 2.5 v 0.4V 2.0 v 0.8 v 2 Buffers only. 

2-k pull-up resistor for TTL or open-
collector DTL. Fan-out deter-

TT L/DTL-McMOS 1.1 v 1.1 v 3.S v 1.5 v See Remarks mined by dynamic requirements. 

3.0 v 4.0V -3.0 v _g_Q v >so 
High Threshold PMOS (Vss-Voo> = 

13 v 
McMOS-MOS 

2.S v 6.0 v 2.5 v +1.0 v >so 
Low Threshold PMOS (V55·Voo> = 

10 v 
3.9 v 3.9 v 3.S v 1.S v >so High Threshold IV55-Voo> = 13 V 

MOS-McMOS 
3.0 v 3.0 v 2.0 v -2.0 v >so Low Threshold (Vss-Voo> = 10 v 

McMOS-MECL 0.22S v 4.32S v -1.10SV -1.42S v 2 
v00 =Ground 
V55 = -5.2 V 

MECL-McMOS o.66 v• 1.56 v· -1.56 v -3.64 v >so 
v00 =Ground 

'Typical v85 = -s.2 v 

McMOS-STRL 2.S v o.s v 2.0 v 0.8 v 2 

Fan-out determined by dynamic 
STRL-McMOS 0.7 v 1.0 v 3.5 v 1.S v See Remarks requirements. 

t Interface Noise Margin 
- For '"1" column-difference between output high level of one device and input high level of next, 
- For '"O" column-difference between output low level of one device and input low level of next. 

:j:1nterface Logic Level: worst case threshold level going from one device to the input of another. 
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OPERATING SPEED 
The operating speed of a logic system is based 

upon signal propagation delays and the output rise 
and fall times. In the CMOS logic family these 
parameters vary as a function of the output load 
capacitance, the operating voltage, and the device 
temperature. 

CAPACITIVE LOAD EFFECTS 

The McMOS family is designed to have equal 
propagation delays from the low-to-high and high
to-low states (tPLH, tpH L· respectively). In ad
dition, the McMOS devices also have equal rise and 
fall times (tr, tf) with a 15 pF load. These four 
parameters all vary as a function of the load 
capacitance and in most data sheets are character
ized by a form of the formula: 

t = KoCL + K1. 

The formula constants are different for tr, tf and 
the propagation delay tPLH = tPHL· Both Ko and 
Kl are device dependent and functions of logic 
complexity, internal capacitance, carrier mobility, 
etc. The important coefficient in determining dy
namic performance for a given capacitive load is 
Ko and is given in nanoseconds per picofarad. 

Special consideration must be given to capacitive 
loading effects, especially to tr and tf when driving 
edge-triggered devices, and also to the propagation 
delays when operating totally synchronous systems . 

.. 
E 160 
j:: 

= en .. 1::J 
u. c: 120 
1::J 0 

" c: .. .. .. 
.~ 

0 80 c: .. a: z 
.,:.~ 

40 .. 
.; 
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(See the previously described section entitled Input 
Considerations). The effects of the load capacitance 
on the above mentioned ac parameters are shown 
in Figures 2-30 and 2-31. 

VOLTAGE EFFECTS 

The constants, Ko and K1, in the formula above 
are given in the data sheets for power supply volt
ages of 5, 10 and 15 volts. The relationships of the 
delay and transition times with operating voltage 
are also shown in the typical family characteristics 
in Figures 2-30 and 2-31. In general, the delay and 
transition times decrease approximately as the 
inverse of the operating voltage. Similarly, the 
maximum operating frequency increases propor
tionally to the supply voltage. 

TEMPERATURE VARIATIONS 

As the temperature of a McMOS chip increases, 
the mobility of the N- and P-channel devices de
crease; as a result, longer times to charge or dis
charge the external load capacitance are required. 
A previous section entitled Thermal Considerations 
described and illustrated (Figure 2-12) a normalized 
plot of the change in delay and transition times as 
a function of ambient temperatures. To generalize 
this plot, the increase in delay or transition times 
is approximately +.25%/0 c for temperatures in
creasing above 25°c. 

60 80 100 

CL, Load Capacitance (pF) 

FIGURE 2-30 - TYPICAL RISE AND FALL TIME versus LOAD CAPACITANCE 
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FIGURE 2-31 - TYPICAL PROPAGATION DELAY TIMES versus LOAD CAPACITANCE 
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THREE-STATE LOGIC ANO ANALOG 
SWITCHING CONSIDERATIONS 
In many system applications, the wire-OR ing 

technique of the passive pull-up outputs has been 
used in bussing type applications. This technique 
greatly reduces system wiring and package count 
by the sharing of common input/output lines. When 
TTL logic was introduced, active pull-up devices 
were used in the output circuitry rather than the 
passive elements as in DTL logic. The active pull-up 
outputs prevented these devices from being used in 
wired-OR applications, and the only way to achieve 
the wired-OR was to use logic elements incorporat
ing open collector type outputs with external pull
up resistors. To eliminate the problems of wire
OR ing in TTL, the concept of three-state logic was 
introduced. This allowed the system designer to 
develop multiplexing schemes which select a single 
element to drive a common line while disabling all 
other drivers on that line. The concept also allowed 
more drivers to be attached to a common input/ 
output bus line. 

CMOS, like active pull-up TTL, cannot be wire
ORed since both the current sinking and sourcing 
devices in a CMOS output are MOS transistors. To 
illustrate, one may consider two CMOS gates with 
their outputs connected as shown in Figure 2-32. 
If the output of gate A is a logic "1" (P-channel 
transistor ON) and the output of gate B is a logic 
"O" (N-channel transistor ON), a current path exists 
from Voo internally through gate A to the output, 
and also into the output of gate B, and finally to 
Vss· If the impedances of the N- and P-channel 
transistors are comparable, the output level between 
gates A and B will be approximately 1 /2 of 
(Voo -Vss). 

Gate A 

Vss 

BUS 

If the power supply voltage is less than 10 volts, 
gates A and B will probably not be destroyed in 
this example. However, the power dissipation will 
increase and the output level will not be a usable 
logic state. 

To eliminate the problems of wire-ORing, the 
three-state logic concept is provided in many CMOS 
logic functions because it can be very easily imple
mented, as will be described later. 

WHAT IS THREE-STATE LOGIC? 

The output of a standard logic element has two 
stable and defined states (a logic "1" or true state 
and a logic "O" or false state). Both of these states 
can be represented by a low impedance device 
coupled to one of the power supply rails. A three
state logic element simply provides an additional 
third output state. When in the third state (output 
disable or OFF), the output is effectively dis
connected from the logic driving devices by a high 
impedance network at its output. 

In the active logic "1" or "O" mode, three-state 
outputs have the same electrical equivalent as non 
three-state outputs. As shown in Figure 2-33(a), the 
output network for CMOS consists of capacitors 
connected to both power supplies. In parallel, diode 
structures serve to restrict logic levels to within the 
operating voltage supply range. 

When switched to the three-state (high imped
ance) mode, as shown in Figure 2-33(b), the source
sink drive resistances increase to the 150-200 
megohm range, effectively by an open circuit. For 
data sheet specifications, this open circuit resistance 
is defined by a three-state leakage current measured 
with respect to either voltage supply bus. 

Gate B 

Vss 

FIGURE 2-32 - CMOS GATES WITH OUTPUTS CONNECTED 
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FIGURE 2-33 - CMOS OUTPUT EQUIVALENTS 

THREE-STATE LOGIC IMPLEMENTATION 

The prime objective in a three-state device de
sign is to disconnect the output terminal from the 
active logic driving sources. There are two basic 
methods to achieve this objective: either a trans
mission gate or a disabling function may be imple
mented. The first method uses a transmission gate 
in series with the output signal line. The trans
mission gate is an important building block for the 
construction of CMOS integrated circuits; its charac
teristics which are easily provided in CMOS would 
be difficult to duplicate in any other IC technology 
available today. The circuit of the basic McMOS 
transmission gate is shown in Figure 2-34. When 

FIGURE 2-34 - BASIC McMOS 
TRANSMISSION GATE 

the transmission gate is enabled, a low resistance 
exists between the input and the output which 
allows current flow through the gate in either 
direction. The voltage on the input line must always 
be positive with respect to the substrate (Vssl of 
the N-channel device, and negative with respect to 
the substrate (Vool of the P-channel device. The 
gate is enabled when the gate (G 1) of the P-channel 
device is at Vss and the gate (G 2) of the N-channel 
device is at Voo- When G2 is at Vss and G1 is at 
Voo, the transmission gate is disabled and a resist
ance greater than 1 o9 ohms exists between input 
and output. 

G1 

.------+---. 
I Voo _J : , .. , ... n~o ... , ... 
I F-1 i 
L __ i_ - ~s_:_ J 

G2 



The diagram of a three-state element using a 
transmission gate to provide the output disable is 
shown in Figure 2-35(a). Figure 2-35(b) shows the 
logic symbol and definition of a transmission gate. 
The second method of design of a three-state out
put disables or disconnects both the sourcing and 
sinking driving devices from the Voo and Vss 
power supply rails. The circuit for this method is 
shown in Figure 2-35(c). In this figure segment, the 
center P- and N-channel MOSFETs are connected 
as a standard CMOS inverter. In series with the 
inverter are an additional P-channel device to Voo 

and an N-channel device to Vss- By using a second 
inverter to provide the two phase signals from an 
input disable signal, both P- and N-channel series 
MOSF ET devices can be simultaneously enabled or 
disabled. When the series devices are enabled (ON), 
the output functions as a normal CMOS inverter. 
When they are disabled (OFF), the three-state logic 
inverter is a "don't care" state since the output 
is disabled. The logic symbol and truth table 
of the described three-state circuit is shown in 
Figure 2-35(d). 

FIGURE 2-35 - BASIC THREE-STATE OUTPUTS 
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INTERNAL LOGIC TRANSMISSION GATES 

The transmission gate is a valuable tool used for 
accomplishing many CMOS technology MSI and 
LSI designs. An illustration of using the basic trans
mission gate is provided in the McMOS MC14013, 
Type-D flip-flop as shown in Figure 2-36. The flip
flop works on the Master/Slave principle and con
sists of four transmission gates (TG). Four NOR 
gates, two inverters, and a clock buffer/inverter, 
comprise the configuration. When the clock is a 
logic "O", transmission gates TG2 and TG3 are 
OFF and 1 and 4 are ON. In this condition, the 
Master is logically disconnected from the Slave. 
With TG4 ON, gates G3 and G4 are cross-coupled 
and latched in a stable state. Assuming that the 
Set and Reset inputs are low, the logic states of 
gates G1 and G2 are determined by the logic signal 
applied to the Data input. When the clock changes 
to a logic "1 ", TG2 and TG3 turn ON and TG1 and 
TG4 turn OFF. Gates G1 and G2 are cross-coupled 
through TG2 and latch into the state they held 
at the time the clock changed from a "Q" to a "1 ". 
With TG3 ON, the logic state of the Master section 
(output of gate G 1) is fed through an inverter to 

Master 

CL 

TG2 

CL 

Reset 

CL 

Clock 

CL 

the Q output and G3 through an inverter and 
finally to the 0 output. When the clock returns to 
a "O", TG3 turns OFF, and TG4 turns ON. This 
disconnects the Slave from the Master and latches 
the Slave into the state existing in the Master when 
the clock changed from a "1" to a "O" Thus, data 
is entered into the Master on the positive edge of 
the clock pulse. When the clock is logical high, the 
output of the Master is transmitted directly through 
the Slave to Q and 0. When the clock transfers to a 
logical low state, the Master logical state is stored 
by the Slave which then provides the outputs. 
Transmission gates and flip-flops are commonly 
used in system counter and shift register designs. 

ANALOG APPLICATION CONSIDERATIONS 

In addition to generating three-state outputs or 
internal digital signal steering, the transmission gate 
is very useful as a gate for analog signal switching 
and multiplexing. Two of the most important 
characteristics of an analog switching element are 
the ON resistance and the OFF leakage current 
specifications. 

Slave 

TG4 

CL 

FIGURE 2-36 - McMOS TYPED FLIP-FLOP 



ON RESISTANCE 

The resistance between the input and output of 
a basic transmission gate in the ON condition is 
dependent upon the voltage applied at the input, 
the potential difference between the two substrates 
(VDD - Vssl. and the load on the output. RoN is 
defined as the input-to-output resistance with a 10 
k ohm load resistor connected from the output to 
ground. Figure 2-37 illustrates an interesting peak
ing effect which occurs in the RoN versus Vin 
curves of the basic transmission gate in Figure 
2-34. When Vin is at or near VDD· the P-channel 
device provides the low resistance. The N-channel 
device is OFF since the potential difference 
between G2 and the drain or source of the 
N-channel device is less than the threshold voltage. 
When Vin is at or near Vss. the N-channel device is 
conducting and the P-channel device is OFF. At volt
ages between the two extremes, both devices are 
partially ON and the value of RoN is due to the 
parallel resistance of the P-channel and N-channel 
devices. The different slope of the curve on either 
side of the peak is due to the greater sensitivity of 
the N-channel resistance to the substrate degenera
tion (or substrate bias). Thus, the rate of increase 
in RoN with respect to Vin is greater for input 
voltages between Vss and the "peaking voltage" 
than for input voltages greater than the "peaking 
voltage". 
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FIGURE 2-37 - McMOS TRANSMISSION GATES 
RoN versus Vin 

Figure 2-38 shows a modification to the basic 
McMOS transmission gate with the addition of a 
third device to control the substrate bias of the 
N-channel device. The effect of this third device is 
to delay the turn OFF of the N-channel device 
which results in a much flatter RoN versus Vin 
curve, as shown in Figure 2-37. This concept is 
used in the MC14016 Quad Analog Switch. Even 
with the addition of devices to control the substate 
bias, RoN will still vary as a function of the input 
signal amplitude. This variation will always be the 
greatest at the lower power supply (VDD - Vssl 
voltages and decrease as the power supply voltage 
is increased to the maximum value. With a 10 volt 

2-29 

G1 

r-----
1 
I 

lnputv--.---+---• 

--1 
p I 

I 
---... 1--<JOutput 

I 
Voo I 

~---+--e--+--o I 
I 

I I 
I I L----=r--_J 

G2 

FIGURE 2-38 - MODIFIED McMOS 
TRANSMISSION GATE 

supply, the change in RoN will typically vary less 
than ± 15% from the nominal resistance - over the 
specified range of input voltages (Vss < Vin < 
VDDl· The change in RoN between any two gates 
in an analog gate package will typically be less than 
5% of the nominal value. 

SIGNAL DISTORTION 

The variation of the gate resistance versus input 
level causes analog signal distortion. Distortion 
may be minimized if the analog gate is operated 
from a split power supply. To illustrate, if VDD = 

+5 volts and Vss = -5 volts, the input analog signal 
will swing from -Vsig to +Vsig• where Vsig is the 
peak amplitude of the analog signal with reference 
to ground. Note that the Vsig component must be 
restricted to the range of Vss < Vsig < VDD· If 
this condition is not held, destruction will occur 
because of the internal forward biasing of P-N 
junctions. 

In the case of the MC14016 Quad Analog 
Switch, the signal distortion is measured using 
VDD = +5, Vss = -5, R1oad = 10 k ohms and a 
Vin swing of ±5 volts (1.77 VRMSl at 1 kHz. The 
specified total harmonic distortion is typically less 
than 0.16%. Obviously, the distortion will increase 
as the power supply voltage is lowered. Distortion 
will also increase as the load resistance is decreased 
from 10 k ohms because of the voltage division 

relationship. The equation, RL 
RL + RoN +A RoN. 

illustrates this relationship. 
Insertion loss is also a measure of the magni

tude of the RoN value. This parameter is measured 
using an input frequency of 1 MHz and various 
loads RL· The insertion loss in dB = 20 log10 
(V 0ut I Vinl. At low values of RL (i.e., < 10 k 

ohms), Vout ;:,, RL Vin . This equation is valid 
RL + RoN 

only for low load impedances and relatively low 
signal frequencies. With a frequency of 1 MHz or 
higher and load impedances greater than 100 k 
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ohms, the insertion loss begins to be dominated by 
the output capacitance parallel to the load. 

INPUT/OUTPUT LEAKAGE 

In the OFF state, the transmission gate has a 
very high resistance (in the order of 109 ohms) 
and is specified in McMOS device data sheets by an 
input/output leakage current value. This parameter 
is measured by using a positive and negative power 
supply (Voo and Vss, respectively), disabling the 
transmission gate, applying a signal input forced to 
Voo or Vss (two measurements), and the output 
leakage current being measured with respect to 
ground. This is the reason for the plus and minus 
specification on the data sheets. The leakage 
currents at 25° C will be typically in the order of 
nanoa mperes with several orders of magnitude 
difference between the typical and maximum 
values. The leakage currents components and the 
variation over temperature is the same as that 
previously discussed in the section entitled 
Thermal Considerations. 

DEVICE CAPACITANCE 

A simplified ac model of a transm1ss1on gate 
including the gate ON/OFF impedances and asso
ciated capacitances are shown in Figure 2-39. The 
definitions of the circuit elements are: 

Ccs1 2 - control to switch capacitance 
Cin ' - control input capacitance 
C1os switch feedthrough capacitance 
C1s switch input capacitance 
Cos switch output capacitance 
Css1 2 switch to switch capacitance 
RL ' leakage impedance 
RoFF gate OFF resistance 
RoN gate ON resistance 

coupling capacitance (control-to-switch) Ccs- This 
test is performed by loading the input and output 
of the analog switch and driving the control line 
with a signal having a specific rise/fall time and 
pulse width. The "noise" pulse amplitude coupled 
from the control logic to the switch is measured. 
and specified in millivolts. 

The effect of the coupling capacitance Css 
between switches is characterized by the crosstalk 
specification between any two switches within a 
single package. This crosstalk is measured by 
loading both analog switches with one statically 
turned ON and the other OFF. The ON switch is 
driven with a 1 MHz sine wave and the output of 
the OFF switch is measured in dB with reference 
to the drive. A typical value for the MC14016 
Quad Analog Switch is -80 dB and represents a 
coupling capacitance of less than 0.02 picofarads. 

The feedthrough capacitance C1os is the 
capacitance (input-to-output) of the analog switch 
parallel to the ON/OFF resistances. The effect of 
this capacitance is signal feedthrough from input· 
to-output when the switch is OFF. One method of 
measuring this effect is to drive an 0 FF switch 
with a sine wave oscillator and increase the 
frequency until the feedthrough reaches a predeter· 
mined value (such as -50 dB) and record the 
driving frequency. 

The capacitance C1os is typically 0.2 pF, and 
with a load impedance of 1 k ohms, the frequency 
for the -50 dB level will be greater than 1 MHz. 
This -50 dB frequency will decrease as the load 
impedance is increased because of the following 
mathematical relationship. 

-50 dB= 20log10 (Vout -: Vin), 

ZL 
where Vout =Vin·----, 

ZL + ZF 

Contro1 0 .__Q.___.._ __ 1.__ ________ _, 
Input 1 

C;n RL Ccs1 

RoN Ccs2 
',-= Css1 Css2 /~ 

FIGURE 2-39 - AC MODEL OF 
SIMPLE TRANSMISSION GATE 

''--..) Ro FF ~ 
Ana log 0----.... -.::::..it---'W\r-.,,.---,,-+---<~--<> Analog 
Input - Output 

I Leakage 

Of all the internal capacitances of an analog 
switch, only four are specifically given in the data 
sheet: both inputs, the output, and the switch 
feedthrough capacitances. However, the elements 
not listed specifically are either the causes or 
effects for other electrical parameters contained in 
the data sheet. 

The control-to-output crosstalk, measured in 
millivolts, is a measure of the amount of internal 
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and ZL = load impedance, 

and Zf = feedthrough impedance. 

With a load of one megohm, the frequency for thP. 
-50 dB level will be only a few kilohertz. 

The output capacitance Cos is the limiting 
factor of an analog switch bandwidth. The band
width is the frequency at which the output signal is 
3 dB below the output level at the midband 



frequency and is measured with a sine wave input 
and various loads. The 3 dB point is the frequency 
at which the output capacitance is determined 
from the following equation: 

.707 RoNRL 

Xe= 1-.707 RoN + RL 

The output capacitance is typically 5 pF and 
with a 1 k ohm load, the bandwidth is greater than 
50 MHz. As the load RL increases in impedance 
the bandwidth decreases. With loads greater than 

AL 
100 k ohms, the value of approaches 1 

RoN + RL 
in the relationship of Xe to RoN. 

The switch input capacitance C1s is typically 5 
pF as was the output capacitance Cos· The analog 
switches are bidirectional and their characteristics 
in both the input or output ports are identical. If 
the switch is driven from a low impedance source, 
the input capacitance may be neglected. However, 
with a high impedance source or with the cascading 
or treeing of switches in multiplexing, the capaci
tance must be considered since the signal fre
quencies may be attenuated and/or shifted in 
phase. 

As analog switch outputs are paralleled to form 
multiplexers, the output capacitance increases 
proportionally to the number of outputs that are 
common. When systems require a large number of 
high frequency signal lines to be multiplexed, it is 
recommended that multiplexing be accomplished 
in several levels (tree fashion) with a smaller 
number of switches on each branch. This method 
will somewhat increase the complexity of the 
digital control logic and add to the signal delay; 
however, the system design goals will be more 
easily achieved. 

SWITCHING SPEED 

Besides the signal speed which was previously 
discussed with switch bandwidth, the switching 
speed must also be considered. The control input 
frequency is limited by the time required to turn 
the switch ON and OFF. The time required for the 
switch to change states will be typically less than 
25 nanoseconds and will turn OFF faster than it 
turns ON. In relay terminology, a "break-before
make" action is necessary to prevent faults in 
multiplexing applications where several outputs are 
connected together. 

In MSI or LSI parts designed for multiplexing, 
the delay from the control to the switch changing 
states will be longer than that previously 

mentioned. This delay time will be a function of 
the complexity of the required internal BCD or 
Binary decoding logic and must be considered 
when selecting a component to perform high 
frequency multiplexing. Obviously, as with CMOS 
speed in general, the maximum switching speeds 
are obtained at the highest Voo - Vss power 
supply voltages. 
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DIGITAL APPLICATION CONSIDERATIONS 
As previously described, there are several 

methods used to generate three-state outputs; 
however, regardless of the method, the same 
considerations in digital bussing apply. The major 
areas of concern to the designer are the number of 
devices that can be bussed and the frequency 
limitations. 

DRIVING REQUIREMENTS 

Calculations for a McMOS bus system generally 
focus on external bus current requirements since 
the de fan-out due to device leakage current 
limitations is in the order of. several hundred devices. 
Specifically, the number of devices (N) which may 
be connected to a bus line is calculated from the 
following equation: 

N=loo-IL+1. 
IL 

In the equation, the component loo is the active 
logic "1" or "O" output level of drive current 
available to supply the ITL output leakage current 
of disabled or three-state devices connected to the 
line. The component IL is the external load current 
required to drive the bus line. Component N must 
be calculated for both the high and low bus line 
logic states. 

In a total CMOS system, de fan-out considera
tions will allow approximately 94 devices (N) to be 
connected to the bus with a 5 V power supply and 
the worse case parameters of T = 125°C, loo min 
= -0.28 mA, IL = 100 nA and ITL = 3.0 µA. With 
such large values, fan-out is normally determined 
from switching performance requirements such as 
load capacitance and the required operating speed. 

OUTPUT AND LOAD CAPACITANCE 

When a three-state logic element is disabled, 
the output is a very high impedance and has an 
associated capacitance characteristic. This capaci
tance can be measured with a suitable bridge, or by 
observing a time constant on an oscilloscope when 
the output is disabled and a known value external 
load resistor is used. Care must be exercised when 
measuring the output capacitance, and all test 
fixture and instrumentation capacitances must not 
be overlooked. 

The three-state output capacitance will 
typically fall in the range of 10 to 15 picofarads. 
This capacitance acts as a load to the bus line 
driving device and has a definite effect on the rise, 
fall and propagation times of the driver. Therefore, 
the three-state output capacitance must be con
sidered in determining the number of devices 
which can be bused for a given data frequency. 

BUS LINE RISE AND FALL TIMES 

As was previously described in the section en
titled Operating Speed, the rise and fall time is equal 
to:t = KoCL + K,,where Ko and K1 are constants 
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dependent upon the McMOS device. All the capaci
tances of the three-state outputs ( 10 to 15 pF 
each), all inputs (5 pF each), and the bus wiring 
must be summed together to determine the rise 
and fall times of a bus-oriented system. For 
standard devices, at a supply voltage of 10 volts, 
the effect of the loading capacitance is typically 
1.0 to 2.5 nanoseconds per picofarad increase in 
rise time and 0.5 to 1.5 nanoseconds per picofarad 
increase in fall time. In applications having a high 
bus capacitance, three-state bus drivers such as the 
MC14502 should be used. When using high bus 
capacitance drivers, the time increase is typically 
0.6 nanoseconds per picofarad in rise time and 0.2 
nanoseconds per picofarad in fall time. Propagation 
delays also increase as a function of the load 
capacitance CL. This rate of increase is approxi
mately half the rate increase in the rise and fall 
times. 

MULTIPLEXING SPEED 

The factors that limit the multiplexing speed of 
a bus system are the times required to switch a 
device into and out of the three-state "high 
impedance" mode. These propagation delay times 
are referred to as t"O"H• tH"O"• t"t"H and tH"1"· 
For the definition and test procedure used for 
determining these parameters refer to Chapter 5 

Channel (n-1) 
Enable 

Channel (n) 
Enable 

Enable 

entitled Family Data in this book. 
The capacitive load effect on the delay times 

follows the same relationship (t = KoCL + Kt) 
previously described regarding rise and fall times. 
The results of all the delays caused by bus line 
capacitance are shown in the timing diagram of 
Figure 2-40. In a three-state bus system, the data 
strobe of the receiver logic must be delayed a 
minimum time from the enable signal (which was 
applied to one of the bus drivers) to assure the 
accuracy of the data being received. This delay 
time is the summation of the maximum three-state 
delay time (tH"1" or tH"O"), the maximum 
rise/fall time hr or tf), the propagation delay of 
the bus lines, and the minimum setup time of the 
receiver logic. 

A worst case three-state enable control pulse 
width would be the summation of the previously 
described minimum strobe delay, the minimum 
strobe pulse width, and the maximum receiver 
logic data hold time. The enable pulse width can 
actually be decreased from the worst case value 
because, as shown by the cross-hatched area of 
Figure 2-40, valid data is still present on the bus 
for the minimum delay time required of both the 
three-state output to go to the high impedance 
states and conversely from a high impedance state 
to a logic state. 

50% 

Pulse Width 

Channel (n + 1) 
Enable 

Bus 
Line 

Signal 

Receiver Logic 
Data Strobe 

90% 

10% 

tsetup 

Minimum 
Enable to 

Strobe Delay 

Minimum 
Strobe 
Pulse 
Width 

50% 

t"1 "H 

tH"O" 

tho Id-

FIGURE 2-40 - THREE-STATE BUS 
TIMING DIAGRAM 
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BUS LINE PULL-UP/PULL-DOWN 

The example used in the previous section 
illustrated that when the driver n was disabled, 
driver n + 1 was enabled to drive the bus line. Not 
all of the numerous three-state logic applications 
have a driver attached to the bus line at all times; 
these applications require special consideration. 

If a bus system (at some period of time) has all 
drivers disabled, all outputs will be high impedance 
and the bus will be capacitive. The McMOS inputs 
of the bus receiver logic are also capacitive and will 
require very little drive current. In the totally 
disabled mode, high impedance bus lines make the 
receiver inputs very susceptable to both noise and 
oscillation, similar to open McMOS inputs. This 
situation can cause higher than normal receiver 
power dissipation and possible input destruction. 

An obvious solution is to use pull-up/pull-down 
resistors on the bus lines. These resistors will have 
an associated rise time or fall time constant in 
relation to the total bus capacitance. This rise or 
fall time could present a problem; however, the use 
of resistors also limits the drive capability of the 
drivers when they are enabled. 

An ideal solution is shown in Figure 2-41. In 
this application, the MC14016 Quad Analog 
Switch is used to dynamically pull-up or pull-down 
(depending on desired logic state) the bus lines 
when all of the driving devices are disabled. The 

Disable (n-1) 0-------------1 
Disable (n) 0------1------+--r--

1/2 
MC14508 

1/2 
MC14508 

low ON resistance of the analog switch produces 
faster rise (and fall) times than the resistor tech
nique since the resistor minimum value is limited 
by the driver capability. When any one of the 
drivers is enabled, the analog switch is disabled, 
thus minimizing the power dissipation consistently 
present with passive pull-up or pull-down elements. 

POWER DISSIPATION 

Power dissipation in three-state bus systems is a 
function of the load capacitance, input transition 
times, frequency, and power supply voltage, similar 
to the relationship found with any standard 
CMOS device. Refer to the section entitled Power 
Supply Considerations for power dissipation in
formation. 

Shorted bus lines may sometimes occur in a 
system. With the exception of CMOS drivers, 
standard device outputs (when operating at 5 volts) 
will not cause serious device damage. At higher 
voltages, excessive currents (design limits are 
10 mA per output pin) will be realized if the 
outputs are shorted to Voo or Vss· For this 
important reason, the ·system designer must exer
cise care when using bus systems with lines 
vulnerable to shorts. Such systems should be 
carefully staged prior to the initial power-up. One 
method would be to use a variable power supply 
and apply power slowly during the staging phase. 

I 
I 

MC14016 

Three-State { 

Bus Lines ~-+------+--e------+--+-------1 
Receiver Logic 

(McMOS Inputs) 

~---------------+---------! 

FIGURE 2-41 - THREE-STATE BUSING USING 
ACTIVE PULL-UP/PULL-DOWN 
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The Motorola Semiconductor Products Division 
Applications Engineering Department is staffed 
with circuit and systems design engineers who have 
extensive experience and professional accomplish

ments in almost every field of electronics design 
engineering. The department goals are to provide 
customer assistance, to develop state-of-the-art 

design ideas, and to acquaint the circuits and 
systems engineer with the broad line of Motorola 

semiconductor products and their usage in the 
form of published applications notes and literature. 

Many of the design ideas or concepts found in 

the more than two hundred available application 

notes can be implemented with the Motorola 
McMOS logic family. This chapter contains a 

complete listing of the currently available applica

tion n ates that feature theoretical and practical 

descriptions of McMOS device usage. Included also 
is a listing of articles containing design information 

using CMOS logic devices_ 

For reference purposes, all the available 

Motorola application notes and their abstracts are 

tabulated in the Application Information section 
of the Motorola Semiconductor Data Library 

Reference Volume. A copy of the Application 

Note Catalog may also be obtained by sending 

your request on your company letterhead to the 

following address: 

Technical Information Center 

Motorola Semiconductor Products Inc. 
P. 0. Box 20912 

Phoenix, Arizona 85036 

................................................................................ 

ABSTRACTS OF AVAILABLE MOTOROLA APPLICATION 
NOTES FEATURING McMOS DEVICES 

AN-538A MOTOROLA COMPLEMENTARY MOS 
INTEGRATED CIRCUITS 

This note discusses some of the properties of N
and P-channel MOSFET's and describes how they 
are used to construct complementary MOS inte
grated circuits. Some basic McMOS logic functions 
are then discussed and methods of cascading 
McMOS counters are given. 

AN-574 CMOS: A NEW LOGIC TYPE FOR 
CONTROL SYSTEMS 

Designing circuits that operate properly in high 
noise environments such as those commonly found 
in an industrial plant is often the bane of the 
control systems designer. CMOS circuits offer high 
noise immunity, plus the additional benefits of 
operation over a broad range of power supply levels 
and very low power dissipation. This article com
pares CMOS to other logic types and then describes 
how to interface it to them. 

AN-591 USING McMOSINSYSTEM DESIGNS-
THOSE ALL-IMPORTANT DETAILS 

While much of the available literature has focused 
on introducing the CMOS technology and describing 
its potential, this discussion proceeds one step 
further and explores how to use CMOS devices 
most efficiently. There are important interrelation
ships behind the device features and performance 
specs, the parameter sensitivities and the operating 
subtleties, which are sometimes ignored. The 
correct approach to CMOS design, wherein such 
interrelationships are taken into account. can do a 
great deal to optimize a system design. 
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AN-703 0 ES I G N IN G 0 I G ITAL LY -
CONTROLLED POWER SUPPLIES 

This application note shows two design ap
proaches: a basic low voltage supply using an 
inexpensive MC1723 voltage regulator and a high 
current, high voltage, supply using the MC1466 
floating regulator with optoelectronic isolation. 
Various circuit options are shown to allow the 
designer maximum flexibility in any application. 

AN-707 NOISE IMMUNITY COMPARISON OF 
CMOS VERSUS POPULAR BIPOLAR 
LOGIC FAMILIES 

This application note compares the noise im
munities of the four major logic families used 
today in industrial logic systems designs: TTL, 
DTL, HTL, and CMOS. Also included are general 
discussions of common noise sources, precautions 
against noise, noise specification, and standard 
noise tests. 

AN-712 INTERFACE TECHNIQUES BETWEEN 
INDUSTRIAL LOGIC AND POWER 
DEVICES 

Worst case design approaches are used to illustrate 
the methods of interfacing McMOS and MHTL 
logic to various power level loads, both ac and de. 
The interface devices vary from small signal tran
sistors to power transistors and thyristors using 
direct coupling/level translation and optoelectronic 
coupling techniques. 

I 
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AN-713 BINARY D/A CONVERTERS CAN 
PROVIDE BCD-CODED CONVERSION 

This note describes the application and use of 
integrated circuit D/ A converters for use in 
providing a BCD-coded conversion. The technique 
is illustrated using a 21/z digit digital voltmeter. 

AN-714 A PERSONALIZED HEART-RATE 
MONITOR WITH DIGITAL READOUT 

Using the micropower operational amplifier 
MC1776 and CMOS digital intergrated circuits, 
entirely self-contained portable electro-medical 
monitoring equipment can be built. This note 
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details the construction of a heart-rate monitor 
giving a digital indication, beat-by-beat. 

AN-715 INTRODUCTION TO CMOS INTE
GRATED CIRCUITS WITH THREE
STATE OUTPUTS 

This note describes a wide variety of standard 
CMOS integrated circuits incorporating transmis
sion gates with standard logic. Design rules and 
applications of these devices include the areas of 
analog switching and multiplexing, digital multi
plexing, and data transmission. 



Motorola 
Part Number 

MC14000 

MC14001 

MC14002 

MC14007 

MC14008 

MC14009 

MC14010 

MC14011 

MC14012 

MC14013 

MC14015 

MC14016 

MC14017 

MC14022 

MC14027 

MC14034 

MCM14505 

MC14506 

MC14507 

MC14508 

MC14511 

MC14512 

MC14517 

MC14518 

MC14519 

MC14522 

MC14534 

MC14-580 

Functional Description 

General Family Information 

Dual 3-lnput NOR 

Quad 2-lnput NOR 

Dual 4-lnput NOR 

Dual Pair and Inverter 

Four-Bit Full Adder 

Hex Inverter/Buffer 

Hex Buffer 

Quad 2-lnput NANO 

Dual 4-lnput NANO 

Dual Type-D Flip-Flop 

Dual 4-Stage Static Shift Register 

Quad Analog Switch 

Decade Counter/Divider 

Divide-by-8 

Dual J-K Flip-Flop 

8-Stage Static Bus Register 

65-Bit RAM 

Expandable A.0.1. 

Quad Exclusive 0 R 

Dual 4-Bit Latch 

Latch and 7-Segment Decoder/Driver 

8-Channel Data Selector 

Dual 64-Bit Static Shift Register 

Dual BCD Up Counter 

4-Bit AN DIOR Select 

Programmable BCD Divide-by-N 

4-Bit Counter 

5 Decade Counter 

4 x 4 M ultiport Register 

Application Note 
AN Number 

538A, 574, 591, 707, 712, 715 

712 

538, 713, 714 

538A 

715 

703 

703, 712, 713 

703, 712 

538A, 707, 714 

538A 

538A, 713, 714 

715 

715 

715 

715 

707 

715 

715 

715 

538A 

703, 715 

713,714 

715 

715 

538A, 713, 714 

715 

714 

715 

715 
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INTEGRATED CIRCUITS 
MC14000 and MC14500 Series Complementary MOS 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

FUNCTION AND CHARACTERISTICS 

Function 

Dual 3-lnput NOR Gate/Inverter 

Quad 2-1 nput NOR Gate 

Dual 4-lnput NOR Gate 

18-Bit Static Shift Register 

Dual Complementary Pair Plus Inverter 

4-Bit Full Adder 

Hex Inverter/Buffer 

Hex Noninverting Buffer 

Quad 2-lnput NANO Gate 

Dual 4-lnput NANO Gate 

Dual Type D Flip-Flop 

Dual 4-Bit Static Shift Register 

Quad Analog Switch/Quad Multiplexer 

Decade Counter/Divider 

14-Bit Binary Counter 

8-Bit Static Shift Register 

Octal Counter/Divider 

Triple 3·1nput NANO Gate 

Seven-Stage Ripple Counter 

Triple 3·1nput NOR Gate 

Dual J-K Flip-Flop 

BCD-To-Decimal Decoder/ 
Binary-To-Octal Decoder 

Triple Serial Adder (Positive Logic) 

8-Bit Universal Bus Register 

4-Bit Parallal-ln/Parallel-Out Shift Register 

Triple Serial Adder (Negative Logic) 

12-Bit Binary Counter 

Quad Latch 

Hex Inverter/Buffer 

Hex Buffer 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

Type 

v00 = 18Vdc 
-55 to +125°c 

v00 = 16 Vdc 
-40 to +ss0 c 

MC14000AL MC14000CL/CP 

MC14001AL MC14001CL/CP 

MC14002AL MC14002CL/CP 

MC14006AL. MC14006CL/CP 

MC14007AL MC14007CL/CP 

MC14008AL MC14008CL/CP 

MC14009AL MC14009CL/CP 

MC14010AL MC14010CL/CP 

MC14011AL MC14011CL/CP 

MC14012AL MC14012CL/CP 

MC14013AL MC14013CL/CP 

MC14015AL MC14015CL/CP 

MC14016AL MC14016CL/CP 

MC14017AL MC14017CL/CP 

MC14020AL MC14020CL/CP 

MC14021AL MC14021CL/CP 

MC10422AL MC14022CL/CP 

MC14023AL MC14023CL~CP 

MC14024AL MC14024CL/CP 

MC14025AL MC14025CL/CP 

MC14027AL MC14027CL/CP 

MC14028AL MC14028CL/CP 

MC14032AL MC14032CL/CP 

MC14034AL MC14034CL 

MC14035AL MC14035CL/CP 

MC1403BAL MC14038CL/CP 

MC14040AL MC14040CL/CP 

MC14042AL MC14042CL/CP 

MC14049AL MC14049CL/CP 

MC14050AL MC14050CL/CP 

4-3 

Quiescent Power 
Dissipation 
nW typ/pkg 

Series 

AL CL/CP 

10 50 

10 50 

10 50 

50 200 

10 50 

1000 1000 

100 500 

100 500 

10 50 

10 50 

100 100 

10µW 10µW 

200 200 

5.0µ.W 10µ.W 

200 200 

5000 5000 

5.0µW 10µW 

10 50 

10 10 

10 50 

50 200 

10 10 

1000 1000 

5000 5000 

100 100 

1000 1000 

200 200 

50 500 

100 500 

100 500 

PLASTIC PACKAGE 

CASE 646 

LSUFFIX 
CERAMIC PACKAGE 

CASE 684 

Propagation 
Delay 
ns typ Case 

25 632,646 

25 632,646 

25 632.646 

BO 632,646 

15 632.646 

170 620,648 

9.0 620,648 

20 620.648 

25 632.646 

25 632,646 

40 632,646 

125 620.648 

7.0 632.646 

200 620,648 

140 620,648 

100 620.648 

200 620.648 

25 632.646 

120 632.646 

25 632,646 

75 620.648 

57 620,648 

90 620,648 

175 684 

100 620.648 

90 620.648 

140 620.648 

40 620.648 

18 620.648 

18 620,648 

Page 
No. 

7-3 

7.7 

7-10 

7-14 

7·18 

7.22 

7-28 

7-28 

7-33 

7-36 

7-39 

7-43 

7-50 

7-56 

7-60 

7-63 

7-66 

7-70 

7-73 

7-77 

7-81 

7-86 

7-90 

7-94 

7-99 

7-90 

7-103 

7-107 

7-110 

7-110 

(continued) 
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lnJcslnJ@@ INTEGRATED CIRCUITS 
FUNCTION AND CHARACTERISTICS lcontmuedl 

Quiescent Power 
Dissipation 

Type nW typ/pkg 

Series 
Propagation 

v 00 = 18 Vdc Voo = 16 Vdc Delay Page 
Function -55 to + 125°c -40 to +ss0c AL CL/CP ns typ Case No. 

Triple Gate 
tOual 4·1nput NANO Gate and 2 Input MC14501AL MC14501CL/CP 10 50 25 620,648 7-114 
NOR/OR Gate or 8 Input ANO/NANO Gate) 

Strobed Hex Inverter/Buffer MC14502AL MCl 4502CL/CP 250 2500 20 620,648 7-120 

Dual Expandable AND·OR·INVERT Gate MC14506AL MC14506CL/CP 100 100 80 620,648 7-124 

Quad Exclusive OR Gate MC14507AL MC14507CL/CP 10 50 35 632,646 7-129 

Dual 4 Bit Latch MC14508AL MC14508CL 1000 1000 55 684 7-134 

BCD Up/Down Counter MC14510AL MC14510CLICP 1000 1000 100 620.648 7-140 

BCD To Seven Segment LatchfDecoder/Oriver MC14511AL MC14511CL/CP 100 100 250 620.648 7-145 

8 Channel Data Selector MC14512AL MC14512CL/CP 1000 1000 75 620,648 7-151 

4-Bit Latch/4 to 16 Une Decoder (High) MC14514AL MC14514CL 200 200 300 684 7-155 

4 Bit Latch/4 to 16 Line Decoder (Low) MC14515AL MC14515CL 200 200 300 684 7-155 

Binary Up/Down Counter MC14516AL MC1 4516CL/CP 1000 1000 40 620,648 7-160 

Dual 64 Bit Static Shift Register MC14517AL MC14517CL 500 1000 180 620 7-164 

Dual BCD Up Counter MC14518AL MC14518CL/CP 4000 4000 100 620,648 7-168 

4 Bit AND/OR Selector 
(Quad 2 Channel Data Selector or Quad MC14519AL MC14519CL/CP 100 100 85 620,648 7-174 
Exclusive NOR Gate) 

Dual Binary Up Counter MC14520AL MC14520CL/CP 4000 4000 100 620,648 7·168 

I 
24-State Frequency Divider MC14521AL MC14521CL/CP 400 400 1700 620.648 7-178 

Programmable Oivide·Bv·N- 4-Bit Counter {BCD) MC14522AL MC14522CL/CP 1000 1000 100 620,648 7-183 

Programmable Divide By-N- 4-Bit Counter {Binary) MC14526AL MC1 4526C LICP 1000 1000 100 620.648 7-183 

BCD Rate Multiplier MC14527AL MC14527CL/CP 1000 1000 70 620,648 7-190 
Dual Retriggerable/Resettable MC14528AL MCl 4528CL/CP 50 50 80 620,648 7-196 

Monostable Multivibrator 

Dual 4 Channel Analog Data Selector MC14529AL M C14529CL/CP 250 250 - 620.648 7-200 

Dual 5 Input Ma1ority Logic Gate MC14530AL MC14530CL/CP 100 100 180 620.648 7-202 

12 Bit Parity Tree MC14531AL MC14531CL/CP 100 100 140 620.648 7-206 

8 Bit Priority Encoder MC14532AL MC14532CL/CP so 50 BO 620,648 7-208 

Dual 4 Channel Data Selector/Multiplexer MC14539AL MCl 4539CL/CP 100 100 75 620,648 7-214 

BCD To Seven Segment Latch/Decoder/Driver MC14543AL M C1 4543CL/CP 100 100 220 620.648 7-218 

Successive Approximation Register MC14549AL MC14549CL/CP 500µ.W 500µ.W 180 620,648 7-222 

2 x 2 Bit Parallel Binary Multiplier MC14554AL MC14554CL/CP 100 100 80 620,648 7-227 

Dual Binary to 1 of 4 Decoder/Demultiplexer MC14555AL MC14555CL/CP 100 100 80 620,648 7-232 

Dual Binary to 1 of 4 Decode.-/ MC14556AL MC14556CL/CP 100 100 90 620,648 7-232 
Demultiplexer (Inverting) 

Successive Approximation Register MC14559AL MC14559CL/CP 500µ.W 500µ.W 180 620,648 7-222 

Quad 2 Input OR Gate MC14570AL MC14570CL/CP 28 28 45 632.646 7-235 

4·Bit Arithmetic Logic Unit MC14581AL MC14581CL 100 100 225 684 7-238 

Look.Ahead Carry Block MC14582AL MC14582CL/CP 100 100 115 620,648 7-243 

Dual Schmitt Trigger MC14583AL MC14583CL/CP 10 10 200 620,648 7-247 

4·Bit Magnitude Comparator MC14585AL M C1 4585CL/CP 100 100 150 620,648 7-253 

64·Bit Random Access Read Write Memory MCM14505AL MCM14505CL 300 300 
Read Cycle= 150 

Write Cycle= 200 
632 7-257 

1024 Bit Read Only Memory MCM14524AL MCM14524CL 31 31 180 620 7-265 

4-4 



[l"j]@U".AJ@~ LOGIC DIAGRAMS 

MC14000 
Dual 3-lnput NOR Gate plus inverter 

"3=[>-12 10 13 

v 00 =Pin 14 

Vss =Pin 1 

MC14007 

MC14001 
Quad 2-lnput NOR Gate 

12=1>--13 
Voo =Pin 14 
Vss =Pin 7 

11 

MC14011 
Dual Complementary Pair Plus 

Inverter 
Ouad 2-lnput NANO Gate 

14 13 2 1 11 

~JJ rrM ~~,. 
TI ~l11 ~:p 

7 8 3 4 5 10 

v 00 =Pin 14 

v 55 = Pin 7 

MC14023 
Triple 3-lnput NANO Gate 

Voo =Pin 14 

v55 = Pin 7 

9 

12=D-13 
3 -;-;2 

v 00 =Pin 14 

Vss=Pin7 

MC14025 
Triple 3-lnput NOR Gate 

11 

12~ 10 

13~ 

VDD=Pin14 

Vss =Pin 7 

11 

MC14002 
Dual 4-lnput NOR Gate 

1:3£>-13 
11 

12 

1=2t3+4+5 

Voo =Pin 14 
Vss = Pin 7 

MC14012 
Dual 4-lnput NANO Gate 

1:~13 
11~ 
12 

v 00 =Pin14 

Vss = Pin 7 

MC14501 
Triple Gate 

Use Dotted Connection Externally to 
Obtain B·lnput Functions. 

~~ 13 
3 ' 
4 r---~ 
11~' 8·1nput 

14 ANO 
12 

5 ~---, 15 8-lnput 

5~, NAND 
10 

7 

9 

Note: Pin 14 must not be used 
as an input to the inverter. 

v 00 =Pin16 

Vss= Pin a 

• 
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~@~@~ LOGIC DIAGRAMS 

GA TES (continued)------------------------------. 

MC14506 
Dual Expandable AND-OR-INVERT Gate 

Es 130-------------< 

v 00 =Pin 16 

v55 "' Pin a 

7 Z9 

0912 

C9 11 

Be 10 

As 9 ~-, ,, 
z ~ (AB+ CD+ E + I) 

MC14530 
Dual 5~1nput Majority 

Logic Gate 

WA 
6 

AA 

BA 

3 CA 
ZA 

4 DA 

5 EA 

z =Ms e w = (ABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+BCE+ 

~---~ BDE+CDE)0W 

9 

10 

11 

12 

13 

14 0--------~ 

We 
*M5 is a logical "1" if any three or more 
inputs are logical "1 ". 

0 :=Exclusive NOR ::;: Exclusive OR 

v 00 :::: Pin 16 
v58 =Pin a 

4-6 

MC14507 
Quad Exclusive OR Gate 

3 = 1®2 

Voo =Pin 14 
v55 = Pin 7 

MC14570 
Quad 2-lnput OR Gate 

12=D--
13 

3 = 1 + 2 

v 00 =Pin 14 
v55 =Pin 1 

11 



BUFFERS 

MC14009 MC14010 
Hex Inverter/Buffer Hex Buffer 

3-{»-2 3-[>-2 

5-{»-4 5-[>-4 

1-{»-6 1-[>-5 
9-{»-10 9-[>-10 

11-{»-12 11-[>-12 

14-{»-15 14-[>-15 

v 00 =Pin 16 Voe= Pin 16 
V55 =Pin 8 V55 =Pin 8 
Vee= Pin 1 Vcc=Pinl 

MC14502 
Strobed Hex Inverter/Buffer 

3·State 
OutPut Disable 

Inhibit 12 

01 

02 6 

03 

v 00 =Pin 16 

v 55 =Pin s 

5 01 

02 

2 03 

9 04 

11 05 

14 06 

4-7 

MC14049 MC14050 
Hex Inverter/Buffer Hex Buffer 

3-{»-2 3-[>-2 

s-{»-4 5-[>-4 

1-{»-6 1-[>-6 
9-{»-10 9-[>-10 

11-{»-12 11-[>-12 

14-{»-15 14-[>-1s 

NC= Pin 16 NC= Pin 16 
v55 =Pin a V55 =Pin 8 
Vee= Pin 1 Vcc""'Pinl 

FLIP-FLOP 5----------. 

MC14013 
Dual Type D Flip-Flop 

6 

s 
5 0 0 

3 c 5 2 
R 

4 

8 

s 
9 0 0 13 

11 c 5 12 
R 

10 

v 00 =Pin14 

Vgs =Pin 7 

6 

3 

5 

4 

9 

10 

13 

11 

12 

MC14027 
Dual J-K Flip-Flop 

s 
Q 

c 

5 

0 

c 

5 

v 00 =Pin 16 
v55 =Pin a 

2 

15 

14 

• 
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~CS~@@ LOGIC DIAGRAMS 

SHIFT REGISTERS-------------------., 

3 

4 

5 

6 

MC14006 
18-Bit Static Shift Register 

c 04 

08 
Dp1 

09 
Dp5 

013 

Dp10 
017 

Dp14 018 

v 00 =Pin 14 
V55 =Pin 7 

MC14034 

13 

11 

12 

10 

8 

9 

8-Bit Universal Bus Register 

A 1 A2 A3 A4 A5 A6 A 7 A8 
16 17 18 19 20 21 22 23 

8 6 5 4 3 2 1 

81 82 83 84 85 86 87 BB 

Voo =Pin 24 
V55 =Pin 12 

MC14549IMC14559 
Successive Approximation Registers 

#For MC14549 Pin 10 is MA input 
For MC14559 Pin 10 is FF input 

MC14015 
Dual 4-Bit Static Shift Register 

D 01 5 

02 4 

03 3 

9 c 04 10 
R 

6 

15 D 01 13 

02 12 

03 11 

c 04 2 
R 

14----~ v 00 =Pin 16 
v55 =Pin a 

9 

10 

11 

12 

4 

3 

6 

2 

5 

9 

10 

6 

MC14035 
4-Bit Parallel-Inf Parallel Out 

Shift Register 

DpQ 

Dp1 
00 

Dp2 

Dp3 01 

P/S 

02 

K 

03 
Clock 

TIC R 

v00 = Pin 16 

Vg5=Pin8 

00 4 

01 3 
c 

02 

03 
SC 

04 15 

05 14 
FF or 

66 MR# 13 

Q7 12 
D 

EDC 11 

Sout 

4-8 

15 

14 

13 

4 

3 

9 

12 

13 

MC14021 
8-Bit Static Shift Register 

9 

10 

6 

4 

13 

14 

15 

11 

P/S 

c 06 

P1 

P2 

P3 

P4 07 

P5 

P6 

P7 

PB 08 

05 

Voo =Pin 16 
Vgg =Pin 8 

MC14517 

2 

12 

3 

Dual 64-Bit Static Shift Register 

6 2 

016 032 048 064 
Data 

Data 

Clock 

WE016032048 064 

Voo"" Pin 16 
Vgg =Pin 8 

15 10 14 11 

v 00 =Pin 16 

V55 =Pin 8 



MC14017 MC14020 MC14022 
Decade Counter/Divider 14-Bit Binary Counter Octal Counter/Divider 

Clock 14 

Clock 

Enable 
13 

Reset 15 

v 00 =Pin 16 

V55 =Pin 8 

3 

2 

4 

10 

5 

6 

9 

11 

12 
11 R 

Voo=Pin 16 
V55 =Pin 8 

5 

4 

6 

13 

12 

14 

15 

2 

3 

Clock 14 

Clock 
Enable 13 

Reset 15 

v 00 =Pin 16 

v 55 ~Pin a 

3 

11 

4 

10 

12 

MC14024 
Seven-Stage Ripple Counter 

MC14040 
12-Bit Binary Counter 

MC14510 - BCD l 
MC14516 _Binary f Up/Down Counters 

c 12 

11 

9 

6 

5 

4 

2 R 07 3 

Voo =Pin 14 
Vgg =Pin 7 

MC14518 - Dual BCD f 
MC14520 - Dual Binary 

Clock 

2 
Eriable 

Clock 
9 

100-~~~~-l_~--' 

Enable 

10 c 

011 

11 R 

v 00 =Pin 16 

Vss =Pins 

Up Counters 

c 

R 

c 

R 

3 

4 

6 

11 

12 

13 

14 

v 00 =Pin 16 

V55 =Pin 8 

4.9 

6 

5 

3 

2 

4 

13 

12 

14 

15 

5 

9 

10 

15 

4 

12 

13 

3 

MC14522 - BCD 
MC14526 - Binary 

13 CF 

3 PE 

5 Dp1 

11 Dp2 

14 Dp3 

2 Dp4 

10 MR 

4 Inhibit 

6 c 

PE 01 

Carry t n 

R 02 

Up/Down 

Clock 03 

P1 

P2 04 

P3 

P4 
Carry 

Q";jt 

v 00 =Pin 16 

V55=Pin8 

Programmable 
Divida-by·N 
4-Bit Counters 

01 

02 9 

03 15 

04 

"O" 12 

Voo =Pin 16 
v 55 =Pin 8 

6 

11 

14 

• 
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~CS~@@LOGIC DIAGRAMS 

DECODERS/LATCHES~~~~~~~~~~~~~~~-, 

B421 

BCD 
Inputs 

2 

6 

3 

4 

5 

MC14028 
BCD-to-Decimal Decoder 
Binary-to-Octal Decoder 

v 00 =Pin 16 

V55 =Pin 8 

10 

3-Bit 
Binary 13 

Inputs 

12 

11 

A 

B 

c 

D 

MC14611 

5 

6 

4 

13 

14 

3 

01 14 

02 

03 15 

04 

05 6 

06 

07 4 

QB 9 

09 

BCD-to-Seven Segment 
Latch/Decoder/Driver 

A 13 

B b 12 fl~b 
c 11 

eQc 
D d 10 

d 
LT 9 

Bl 15 Voo"" Pin 16 

LE 14 v55 =Pin a 

DISPLAY 

MC14042 
Quad Latch 

Clock ao 2 

Polarity ao 3 

01 10 
DO 

01 9 

D1 02 11 

D2 
02 12 

03 

D3 03 15 

v00 ""' Pin 16 
v 55 =Pine 

Octal 
Decoded Decimal 
Outputs Decoded 

Outputs 

1 

2 

3 

4 

6 

8 

.10 

13 

14 

15 

16 

18 

20 

22 

MC14508 
Dual 4-Bit Latch 

MR 00 

ST 
Disable 01 

DO 

D1 02 

D2 

D3 

MR 

ST 
Disable 01 

DO 

D1 02 

D2 

D3 03 

Voo =Pin 24 

V55 =Pin 12 

MC14614. MC14615 
4-Bit Latch/4-to-16 Line Decoder 

v00 =Pin 24 

v55 =Pin 12 

A 
D1 

3 B 
D2 4 to 16 S7 

21 Latch c Decoder SB D3 

22 
D4 

D 

ST 511 

512 

513 

101 tl2l31'-11Slbl 7IBIC/I 514 

$15 
lnh 

0 2 3 4 5 6 B 9 
23 

4-10 

5 

9 

11 

17 

19 

21 

23 

ii.6c5 
A Be 5 
ABCD 

ABCD 

ABClS 

ABCD 

:O:aci5 
ABCD 

ABCD 

ABCD 

ABCD 

ABCD 

ABCD 

ABC D 

ABC D 

ABCD 



DECODERS/LATCHES (continued)----------------~ 

3 

4 

6 

101 
o 

MC14543 
BCD-To-Seven Segment 
Latch/Decoder/Driver 

A 9 

B 10 

c 11 

D d 12 

Ph 13 

.,-:·,b 
·C1c 

d 

Bl 15 Voo =Pin 16 

LO 14 Vss =Pin 8 

DISPLAY 

tl2l 31 '-II S l6 I 7IBI s>I 
2 4 6 8 9 

2 

3 

14 

13 

15 

MC14555 
Dual Binary To 1-of-4 

Decoder/Demultiplexer 

A QO 

B 
Q1 

Q2 
E 

Q3 

A QO 

B 
Q1 

Q2 

Q3 

v 00 =Pin 16 

v55 "" Pin a 

4 

5 

6 

12 

11 

10 

9 

2 

3 

14 

13 

15 

MC14556 
Dual Binary To 1-of-4 

Decoder/Demultiplexer 

A 00 

B 01 

02 

03 

A oo 
B 

01 

52 
E 

03 

v00 =Pin 16 

Vss =Pins 

4 

6 

12 

11 

10 

DATA ROUTING FUNCTIONS-------------

15 

10 

11 

12 

13 

2 

3 

4 

5 

6 

9 

MC14512 
8-Channel Data Selector 

Disable 2 

Inhibit 

A 

B 

c 
XO 

X1 

X2 

X3 

X4 

X5 

X6 

X7 

Voo"' Pin 16 
V55=Pin8 

14 

14 

6 

4 

5 

2 

3 

15 

MC14519 
4-Bit AND/OR Selector 

A 20 

B 

XO 

YO 21 

X1 

Y1 

X2 22 

Y2 

X3 

Y3 23 

Voo =Pin 16 

v55 =Pin 8 

4-11 

10 

11 

12 

13 

MC14539 
Dual 4-Channel Data 
Selector/Multiplexer 

14f\----~----< 

6 0---+-_.----< 

5 o--+--+--+ 
4 "--'----1---1 

3 ,,___,__,___ 

15 l"l-------< 

100---~ 

11 o---~ 

12n---~ 

130-------< 

A 

z 
ST 

XO 

X1 

X2 

X3 

A 

w 
ST 

YO 

Y1 

Y2 

Y3 

v 00 =Pin 16 

Vss =Pin a 

9 

• 
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~@~@IB LOGIC DIAGRAMS 

ARITHMETIC FUNCTIONS----------------. 

8415 

A4 1 

83 2 

A3 3 

82 4 

A2 5 

81 6 

A1 7 

Cin 9 

MC14008 
4-Bit Full Adder 

High-Speed 
Parallel Carry 14 Cout 

13 54 

12 53 

11 52 

10 51 

Vooa Pin 16 
v 85 ... Pin a 

MC14554 
2 x 2-Bit Parallel 
Binary Multiplier 

MC14681 
Arithmetic Logic Unit 

v00 =Pin 16 
v 55 =Pin a 

Function 1: 
Select 
Inputs 5 

6 

W~d12: 
A 21 

19 

w~rd 12~ 
8 20 

18 

Carry In 7 

Mode a 
Control 

FO 
F"1 
F"2 
F3 

A-8 

G 
p 

Voo""' Pin 24 
Vss =Pin 12 

4-12 

MC 14032 - Positive Logic l Triple Full Adders 
MC14038 - Negative Logic f 

A1 10 

8111 
Adder 1 9 51 

Invert 1 7 

A213 

82 12 
Adder 2 4 52 

Invert 2 5 

A3 15 o--+-+-< 

83 14 o--+-+---1 
Invert 3 2 0--+-+---1 

Clock 3 0--4-+-I 

Adder 3 1 53 

'---~--' 

Carry Reset 6 o-----~ 

91 10 Output 

11 Function 

13 

14 Comparison 
Output 

Ripple 
16 Carry 

Output 

I Look· 
17 Ahead 

15J g~;:uts 

v00 .. Pin 16 

V55 - Pin 8 

MC14582 
Look-Ahead Carry Block 

13 Cin Cn+x 

3 

GI Cn+y 

14 G2 

5 G3 Cn+z 

4 PO 

2 Pl p 
15 P2 

6 P3 G 

v 00 = Pin 16 
v55 =Pin a 

12 

11 

9 

7 

10 



MEMORIES------------., 

MCM14506 
64-Bit Random Access Road-Write Memory 

r A1 2 

A2 3 
Address Inputs 

A3 4 

A4 11 

A5 12 

Data In 13 

Strobe 5 

CE1 6 

v 00 =Pin 14 CE2 8 
Vss=Pin7 

Enable 

A2 

A3 

A4 

A5 

64 Word 
By 

1 Bit 
Storage 
Array 

Control 

1 of 32 
Address 
Decoder 

10 Data Out 

9 R/W 

MCM14524 
1024-Bit Reed Only Memory 

Memory 

Matrix 
(32 x 8) 

(32 x 8) 

(32 x 8) 

(32 x 8) 

4-13 

I 

Voo =Pin 16 
V55~PinB 

Output 3 
Decoder Latch and BO 
(1 of8) Buff• 

Address Output 4 
Decoder Latch and 81 
(1of8) Buff• 

Address Output 
Decoder Latch and 82 
(1of8) Buffer 

Address Output 6 
Decoder Latch and 83 

(1 of 8) Buffer 
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~(5~@~ LOGIC DIAGRAMS 

SPECIAL FUNCTIONS---------------~ 

MC14521 MC14016 
Quad Analog Switch 

Quad Multiplexer 
24-Stage Frequency Divider 

Control 1 
1:r?3 

2 

1 Out 1 

In 1 

Control 2 ~5 3 

4 Out 2 

In 2 

Control3~6 
Out 3 

In 3 

Control 4 

In 4 

1~2 10 

11 Out4 

v 00 ==Pin 14 

Vss =Pin 7 

MC14S28 

9 

6 

2 

Dual Retriggerable/Resettable 
Monostable Multivibrator 

12~--'.-.-....... 

11 v---..~,__, 

Rx and Cx are external components. 

v 00 =Pin 16 

v55 =Pin a 

In 1 Out 1 

Out 2 

018 

019 
In 2 020 

021 

022 

023 

R 024 

v 00 =Pin 16 
v 55 s Pins 

4-14 

4 

10 
11 

12 
13 

14 

15 

MC14527 
BCD Rate Multiplier 

4 

s 
12 Case Eout 

11 Ein 

Rate Input 9 Clock 
Out 

10 

!" 
A 

Out 
15 B 

Multiplier 
2 c 
3 D "9" 

Clear 

13 

v 00 =Pin 16 

v55 =Pin s 

MC14529 
Dual 4-Channel Analog Data Selector 

or 
8-Channel Analog Data Selector 

3-State Output Enable 

Strobe X 

6 A 

B 

2 XO z 
3 X1 

4 X2 

5 X3 

14 VO 
w 

13 V1 

12 V2 

11 V3 

15 
Strobe Y 

v 00 =Pin 16 
v 55 =Pin 8 

6 

5 

9 

10 



SPECIAL FUNCTIONS (continued)----------------

MC14531 
12-Bit Parity Tree 

DO 

01 6 

02 

03 4 

04 3 

05 

06 

D7 15 

08 14 

09 13 

010 12 

011 11 

Odd/Even W 10 

Q ~DO(!) D1 @ D2@ ... .© 011 © w 

9 

13 

15 

MC14583 
Dual Schmitt Trigger 

5 

Aout 

Dis 

Bjn Bout 

BPos BNeg Beam 

3 2 

v 00 =Pin 16 

v55 =Pin a 

4 

11 

14 

10 

12 

v00 =Pin 15 

v55 =Pin a 

4-15 

9 0 

10 

11 

12 

13 

3 

4 

MC14532 
8-Bit Priority Encoder 

Ein Eout 

DO 

D1 ao 
D2 

D3 01 

D4 

05 02 

06 

D7 GS 

Voo =Pin 16 
Vss =Pin a 

MC14585 
4-Bit Magnitude Comparator 

4 (A>B>in 

6 (A=B)in 

(A<Blin (A>Blaut 13 

10 AO 

11 BO 

Al {A=Blout 3 

9 Bl 

2 A2 

B2 (A<Blout 12 

15 A3 

14 63 

v 00 =Pin 16 

Vss =Pin 8 

15 

9 

6 

14 

I 



I 

MC14014 
8-Stage Static Shift Register 

• Synchronous Parallel Input/Serial Output 

• Synchronous Serial Input/Serial Output The MC14014 8-stage static shift register finds 
primary use in parallel to serial data conversion, 
synchronous parallel or serial input and serial out
put data queueing; and other general purpose 
register applications requiring low power and/or 
high noise immunity. 

• Full Static Operation from DC to 5.0 MHz @ 

vDD = 10 v 
• "Q" Outputs from Sixth, Seventh, and Eighth 

Stages 

MC14046 
Phase-Locked Loop 

The MC14046 CMOS phase-locked loop con
tains two phase comparators, voltage controlled 
oscillator (VCO), source follower, and zener diode. 

Applications include FM and FSK modulation 
and demodulation, frequency synthesis and multipli
cation, frequency discrimination, tone decoding, 
data synchronization and conditioning, voltage-to-

• Pin-for-Pin Replacement for CD4014A 

06 07 

frequency conversion, and motor control. 

• Low Power Dissipation 

• Low Frequency Drift With Temperature 
500 ppm/°C 

• High VCO Linearity - 1.0% typical 
• Pin-for-Pin Replacement for CD4046 

r------------, 
'1 P~~ I 

Self-Bus 
Circuit 

Comparator PC1 out 
1 

Phase 
PC2out 

Comparator 
2 PCP out 

VCOaut 

Voltage- R1 
Controlled R2 
Oscillator C1A 

(VCO) 
C1s 

Source Follower SF out 

fr------.:-0 Zener 

I 
L-------------' 

4-16 

08 



PRODUCT PREVIEWS (continued)-----------------------

MC14534 
Real Time 5-Decade Counter 

The MC14534 consists of five ripple-type dec
ade counters whose outputs are time-multiplexed 
using an internal scanner. It can be used for any 
application requiring real time electronic counting 
and displaying. 

Four modes of operation are available: 
Mode 0 - Five-decade mode 
Mode 1 -Test mode 
Mode 2 - Four-decade counter with "half

pence" capability 

MC14536 
Programmable Timer 

Clock A 

Clock B 

Master 
Reset 

Mode A 

Mode B 

Scanner 
Reset 

Scanner 
Clock 

3-State 
Control 

51 53 S5 
S2 54 

The MC14536 programmable timer is a very 
flexible 24-stage ripple binary counter with the 
last 16-stages selectable by a four-bit binary code. 
Provisions for an on-chip RC oscillator, or an 
external clock are provided. An on-chip mono
stable circuit incorporating a pulse-type output 
has also been included. By selecting the appropriate 
output in conjunction with the correct input clock 
frequency, a variety of timing intervals can be 
achieved. 

• 24 Flip-Flop Stages - Will Count From 20 
to 224_ 

Mode 3 - Four-decade counter with divide
by-ten and roundoff at the front 
end 

• 3-State Output 

• Fully Static Operation 
• Pulse Shaping Permits Slow Rise Times On 

Inputs 

Five 
-;- 10 Counters 

Five 
Multiplexers 

3-State Control 

Carry 
Out 

00 

01 

02 

03 

• First 8-Stage Bypass Input 

• Set or Reset Function Disables the On-Chip RC 
Oscillator and Allows Very Low Power 
Standby Operation 

• Various Pulse-Widths Can Be Obtained By Con
necting the Monostable Circuit Pin to An 
RC Network 

• Clock Input f(max) = 8.0 MHz typical@ Voo = 
10 Vdc 

• Clock Conditioning Circuit Permits Operation 
With Very Slow Rise and Fall Times 

Clock lnh Reset Set Ing 

Osc Input 

ln1 Stages 
Stages 9 thru 24 

1 thru 8 
Q9 024 

A 
Out1 Out2 B 

c 
D 

lnM Monostable 
Out 

Multivibrator 

4-17 

• 
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PRODUCT PREVIEWS (continued)-----------------------

MC14553 
Three-Digit BCD Counter 

The MC14553 three-digit BCD counter con
sists of three synchronous BCD counters which 
are cascaded synchronously. A quad latch at the 
output of each counter permits storage of any 
given count. The information is then time division 
multiplexed, providing one BCD number or digit at 
a time. Digit select outputs provide display control. 
All outputs are TTL compatible. 

An on-chip oscillator provides the low-frequency 
scanning clock which drives the multiplexer out-

put selector. 
This device is useful in instrumentation counters, 

clock displays, digital panel meters, and as a 
building block for general logic applications. 

• Internal Or External Clock 
• Cascadable 
• Clock Disable Input 
• Pulse Shaping Permits Slow Rise Times On 

Inputs 

Latch 
Enable 

Clock Three 
BCD 
710 

Three 
Quad 

Latches 
plexer 

00 

01 

02 

MC14562 

Disable 

Master 
Reset 

128-Bit Static Shift Register 

Counters 

Overflow 

The MC14562 is a 128-bit static shift register. 
Data is clocked in and out of the shift register on 
the positive edge of the clock input. Data outputs 
are available every 16 bits, from 16 through 128. 

• Fully Static Operation 
• Exceedingly Slow Input Transition Rates May 

Be Applied to the Clock Input 

Data 

Clock 

03 

DS1 DS2 DS3 

• 5.0 MHz Operation@ VDD = 10 Vdc 
• Cascadable to Provide Longer Shift Register 

Lengths - (1.5 MHz Operation @ VDD = 
10 Vdc) 
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PRODUCT PREVIEWS (continued)-----------------------..., 

MC14566 
Industrial Time Base Generator 

The MC14566 industrial time base generator 
consists of a divide-by-10 ripple counter and a 
divide-by-5 or divide-by-6 ripple counter to permit 
stable time generation from a 50 or 60 Hz line. By 
cascading this device as divide-by-60 counters, 
seconds and minutes can be counted and are 
available in BCD format at the circuit outputs. 
An internal monostable multivibrator is included 
whose output can be used as a reset or clock pulse 

Reset 

Pulse 
Sha per 

~5/ 6 Cant ro I o-----------i 

Pulse 
Shaper 

c 

c 

providing additional frequency flexibility. Also a 
pin has been included to allow divide-by-5 counting 
for generating 1.0 Hz from European 50 Hz line. 

• Negative Edge Triggered Counters for Ease of 
Cascading 

• Pulse Shapers on Counter Inputs Accept Slow 
Input Rise Times 

• Monostable Multivibrator Positive or Negative 
Edge Triggered 

R 
OOg 

01 B 

02g 

Mono
stable 
Multi~ 

vibrator 

AO-----------~ 

MC14571 
Quad 2-lnput AND Gate 

The MC14571 is a quad 2-lnput AND gate. 
These complementary MOS logic gates find primary 
use where low power dissipation and/or high noise 
immunity is desired. 

4-19 

• Quiescent Power Dissipation = 5.0 nW/package 
typical@ VDD = 5.0 v 

• Noise Immunity= 45% of VoD typical 

• Fanout >so 
• Input Impedance= 1012ohmstypical 
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PRODUCT PREVIEWS (continued)-----------------------. 

MC14572 
Hex Functional Gate 

The MC14572 is a hex functional gate. These 
complementary MOS logic gates find primary use 
where low power dissipation and/or high noise 
immunity is desired. The chip contains four in
verters, one NOR gate and one NANO gate. 

• Quiescent Power Dissipation = 25 nW/package 
typical 

• Noise Immunity= 45% of Voo typical 
• Fanout >50 
• Input Impedance= 1012 ohms typical 

-D 
MC14580 
4 x 4 Multiport Register 

The MC14580 is a 4 by 4 multiport register 
useful in small scratch pad memories, arithmetic 
operations when coupled with an adder, and other 
data storage applications. It allows independent 
reading of any two words (or the same word at 
both outputs) while writing into any of four words. 

Address changing and data entry occur on the 
rising edge of the clock. When the write enable 

Write 
Enable 

Write 0 

Write 1 

Read 1 A 

Read 0 8 

Read 1 8 

Clock 

DO 

01 

02 

03 

3-St:ate A 

3-State B 

input is low, the contents of any word may be 
accessed but not altered. 

• Logic Swing Independent of Fanout 
• No Restrictions on Clock Input Rise or Fall 

Times 
• 3-State Outputs 
• Single Phase Clocking 

019 
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PRODUCT PREVIEWS (continued)----------------------

MCM14537 
256-Bit Static Random Access Memory 

The MCM14537 is a random access memory 
(RAM) organized in a 256 x 1-bit pattern. The 
circuit consists of eight address inputs (An), one 
data input (Din), one write enable input (WE). 
one strobe input (ST). two chip enable inputs 
(CEn), and one data output (D0 utl· 

• Quiescent Power Dissipation= 10 µW/package 
typical 

• Wired-OR Output Capability (3-state output) 
for Memory Expansion 

• Output Data Latch Eliminates Need for Storage 
Buffer 

• Access Time= 700 ns typical@ VDD = 10 Vdc 
• Fully Decoded and Buffered 

r-- -- -- -- --- ------- -, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CE2 

A7 

A6 0---1----~ 

A5 

A4 0---1----~ 

A3 0---1----~ 

A2 0---t----~ 

A 1 0---1----~ 

AO n---li-----..-

'----

Write 
Circuitry 

16x16x1 
Memory 

Array 

LL ')1 

Three-State Enable 

(High Resistance State) 

Output 
Latch 

I 
I 
I 
I 

_J 

Dout 

I 
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INTRODUCTION 
This chapter presents the complete family 

characteristics for the Motorola McMOS logic 
family. Included are: definitions, handling pre-

cautions, interface 
factors, input/output 

considerations, reliability 

capabilities, etc. Ready 
references for key device parameters are also 
presented for the design, layout, and fabrication of 

McMOS logic systems. 

MC14000 AND MC14500 SERIES OF COMPLE· 
MENTARY MOS 
The McMOS series of monolithic integrated 

logic circuits provides the systems designer with a 
medium-speed integrated circuit family which 

approaches the ideal in performance. The low 
power dissipation and flexible power supply re

quirements of this device family greatly simplifies 

power supply design; the high noise immunity and 

large fan-out capability reduces parts count and 
simplifies printed circuit board layouts. 

The MC14000 and MC14500 series devices are 

designed with particular attention given to 
achieving unified, family-oriented specifications. 

Therefore, all devices in this series exhibit common 
performance characteristics appropriate to the 

respective logic function (gate, flip-flop, counter, 

etc.) and temperature-voltage series, including 

guaranteed family interface parameters. 
Three categories of McMOS integrated circuits 

are available. The categories are: the AL ceramic, 

the CL ceramic, and the CP plastic devices. The AL 
ceramic package provides the most stringent device 
limits with the widest temperature range for 
military applications. The CL ceramic package and 

the CP plastic package both provide wider device 
limits with a narrower temperature range for less 
demanding applications. Table 5-1 lists the key 
characteristics of each device category. 

All McMOS devices may also be obtained in 
chip form for the user concerned with manu
facturing hybrid microcircuits. For this purpose, 

consult the Motorola Semiconductor Chips Data 

Book for listings. 

COMMON FEATURES 

The McMOS series provides all the basic gates, 
flip-flops, storage elements, and complex logic 
required to perform al I digital system functions. In 

addition, many McMOS components are well 

adapted to both analog and linear design applica
tions. Following are primary design features of the 

McMOS device family. 

• Diode Protection on All Device Inputs 

• Noise Immunity: 

45% of VDD Typical 

30% of VDD Guaranteed Minimum 
• Buffered Output Compatible with HTL or Low 

Power TTL 

• Low Quiescent Power Dissipation: 25 nW per 

package Typical (VDD of 5 Vdc) 

• Wide Power Supply Range: 
3 to 18 Vdc for AL device category 

3 to 16 Vdc for CL and CP device 

categories 

• Single Supply Operation: Positive or Negative 

• High Fan-out: greater than 50 
• Logic Swing: independent of fan-out 

• Input Impedance: 1012 Ohms Typical 
• Low Input Capacitance: 5 pF Typical 

RELIABILITY 

All McMOS series devices receive reliability and 
quality assurance with in-line monitor verification 
of all de, functional, and switching parameters. In 
addition, all AL category devices receive the 
following 100% high-reliability processing steps. 

• Internal Visual Inspection: 
MIL-STD-883, Method 2010.1 B (modified) 

• Temperature Cycling: 
MIL-STD-883, Method 1010C (10 cycles, 

65 to 150°C) 

• Fine Leak Test (Sample): 
MIL-STD-883, Method 1014A (10-8 atm 

cc/s) 

• Gross Leak Test: Dye Penetrant 

• Marking: per Specification 

• External Visual Examination: 

Ml L-STD-883, Method 2009 

INPUT CONSIDERATIONS 

McMOS logic has high impedance inputs 
(typically 1012 ohms and 5 pF) which result in 

minimum loading of previous driving stages. When 

McMOS is used with other CMOS devices, the 

interface is simplified, provided the Voo and Vss 
supply voltages are the same. Due to the wide 
supply voltage range and high input impedance, 

TABLE 5-1 McMOS CHARACTERISTICS AND CATEGORIES 

Characteristic AL CL CP 

Supply Voltage Range 3.0 to 18 volts 3.0 to 16 volts 3.0 to 16 volts 

Operating Temperature Range -55°C to +125°C -40°C to +S5°C -40°C to +85°C 

Package Type Hermetic Ceramic Hermetic Ceramic Plastic 

Processing Level 100% Hi-Rel Industrial Industrial 
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McMOS may be used with other logic families 
either directly or with a resistor component to 
guarantee noise immunity. See the section in 
Chapter 2 entitled Interfacing for more details. 

McMOS has one of the highest noise immunity 
characteristics of any logic family. Typically, the 
threshold of the input/output transfer character
istic is nearly 50% of the supply voltage value and 
is virtually temperature insensitive. A range of 30% 
of Voo minus Vss on either side of the supply 
voltages (Vss and Vool is guaranteed. Thus, 
variation of input levels and transients can be 
tolerated without a change occurring in the output 
state(s). 

OUTPUT CONSIDERATIONS 

McMOS logic outputs are capable of driving 
other CMOS inputs with almost unlimited fan-out 
capability. It has been estimated (worst case) that 
not less than 1000 CMOS inputs (i.e., a fan-out of 
1000) can be driven by a single McMOS output 
before the output voltage fails to meet the 
guaranteed noise immunity range. The only 
system consideration is the reduction of speed with 
the addition of capacitive loading. When CMOS is 
used with other logic families which have resistive 
inputs (i.e., DTL, ECL, HTL, L TTL, RTL, or 
TTL), a specific fan-out should be assigned. For 
L TTL, the McMOS fan-out is equal to one over 
temperature (Voo = 5 Vdc). For HTTL, the 
McMOS fan-out is equal to one over temperature 
(Voo = 15 Vdc). Special parts may drive up to one 
or two regular TTL loads. Paralleling of McMOS 
outputs will provide a greater output drive capa
bility. In general, the output drive current (sink 
and source) versus the output voltage, minus the 
supply voltage (i.e., the MOS drain-source voltage) 
is given for supply voltages of from 5 to 15 volts 
and for temperatures of from -55°C to 125°C. 
The typical values are representative of the stand
ard output buffer devices used in the McMOS 
series. 

SPEED CONSIDERATIONS 

The typical family curves shown later in this 
chapter indicate the rise and fall transition times 
for the standard buffer driver and for the turn-off 
and turn-on propagation times for a specific 
example over load capacitance CL· The equations 
or curves used in the McMOS data sheets serve as 
aids in calculating those typical time parameters 
over load capacitance values that are not 15 pF. 
Extrapolation over different supply voltages can 
easily be made since the equations are given for 
supply voltages of 5, 10, and 15 volts. 

A special feature of certain McMOS synchro
nous circuits is a clock conditioning input that 
virtually eliminates the rise and fall time restraints 
of the clock signal. More detailed information is 
contained in the individual device data sheets. 

THREE-STATE OUTPUTS 

Some McMOS devices have been designed with 
three-state capability. This feature is used in 
systems where common input/output busses exist. 
When disabled, the output becomes a high
impedance that disconnects the device from the 
bus lines. With the three-state enable OFF, the 
output has the characteristics of a regular McMOS 
driver so that information can be transmitted on 
the data bus. 

INPUT PROTECTION CIRCUIT AND 
HANDLING 

All McMOS circuits have built-in protection 
circuitry on all inputs to prevent damage to the 
MOS input gates of the device. The MOS gates 
consist of a metal layer over a thin silicon 
dioxide layer making contact with the silicon die. 
This gate oxide can tolerate approximately 100 
volts, but electrostatic potentials can build-up 
to several hundred volts with sufficient energy 
content to rupture the oxide. To prevent this 
action, an input diode and resistor network is 
used to dissipate the electrical energy before 
damage occurs. However, this structure does not 
mean that precautions may be neglected. Therefore, 
it is recommended that McMOS circuits be left 
in their conductive carriers until they are used, 
and that equipment used to insert those devices 
into boards be sufficiently grounded to avoid any 
static charge build-up. 

UNUSED INPUTS 

Unused inputs must always be electrically con
nected to an appropriate logic voltage (e.g., either 
Vss or Vool. If those inputs are not tied in this 
manner, the input protection structure may 
"float" to some undesired voltage level that pre
vents the device from functioning properly. In 
addition, "floating" inputs may be subjected to 
damaging electrostatic potentials. 

INPUT, OUTPUT SIGNALS AND SUPPLY VOLT
AGES 

The supply voltages to McMOS integrated 
circuits must be applied before the input signals for 
proper operation. Input and output voltages should 
be constrained within the supply voltage range 
[i.e., (Vss - 0.5 V) .;; (Vin or Voutl .;; (Voo + 
0.5 V)], since high energy-backed levels or tran
sients outside this range can damage the input or 
output diode structures and possibly initiate a 
latch-up (or SCR) situation. The SCR situation 
occurs since any CMOS integrated circuit has 
parasitic NPN and PNP bipolar devices in its 
structure that electrically couple when current flows 
through the bases of those devices. Normal low 
energy overshoot and undershoot transients will 
not cause system problems. 



The following Tables present a summary of the significant ratings and characteristics for the McMOS devices 
series. Table 5-2 presents maximum device ratings and Table 5-3 details device electrical characteristics. 

TABLE 5-2 - MAXIMUM RATINGS 

Rating Symbol *AL Series CL/CP Series Unit 

DC Supply Voltage Voo +18 to -0.5 +16 to -0.5 

Input Voltage, All Inputs Vin v 00 to -0.5 -

DC Current Drain per Pin I 10 -

Operating Temperature Range TA -55 to +125 -40 to +85 

AL Series 
CL/CP Series 

Storage Temperature Range T stg -65 to +150 -

•voltage referenced to Vss· 

TABLE 5-3- ELECTRICAL CHARACTERISTICS 

ELECTRICAL CHARACTERISTICS TA= 25°C 

Voo AL Series 

Characteristic Symbol Vdc Min Typ Max Min 

Operating Power Supply Voltage Voo - 3.0 - 18 3.0 

Output Voltage Vout 
IV;n = Voo or Vssl "O" Level - - - v 55 +0.01 -

"1" Level - v 00 -o.01 - - v 00 -0.01 

Noise Immunity* "O" Level VNL - 30% v 00 45% v00 - 30% v 00 
"1" Level VNH - 30%V00 45% v00 - 30% Voo 

Output Drive Current 

P-Channel (lsourcel loH 
IVoH = 2.5 Vdc) 5.0 -0.5 -1.7 - -0.2 
IVoH = 9.5 Vdc) 10 -0.5 -0.9 - -0.2 
IVoH = 13.5 Vdc) 15 - -3.5 - -

N~Channel ( lsink) IQL 
IVoL = 0.4 Vdc) 5.0 0.4 0.8 - 0.2 
I Vol= 0.5 Vdc) 10 0.9 1.2 - 0.5 
IVoL = 1.5 Vdc) 15 - 7.8 - -

l nput Current I in - - 10 - -

IVss ,,;;v;n ,,;;vool 

1 nput Capacitance I Vin= 0) Cin - - 5.0 - -

Quiescent Dissipation Po 
Gates 5.0 - 0.000025 0.00025 -

10 - 0.00010 0.0010 -

15 - 0.00025 - -

Dual Flip-Flops 5.0 - 0.000025 0.005 -

10 - 0.00010 0.02 -
15 - 0.00025 -- -

Output Rise and Fall Times (10-90%) tr,tf 
(CL= 15 pFI 5.0 - 70 175 -

10 - 35 75 -
15 - 25 - -

Gate Turn-On Delay, Turn-Off Delay (50% IPHL·'PLH 5.0 - 60 75 -
of input waveform to 50% of output 10 - 25 50 -
waveform) (CL-=- 15 pF) 15 - 12 -

Clock Repetition Rate (CL= 15 pF) PRF 

Flip-Flops 5.0 2.5 4.0 - 1.0 
10 7.0 10 - 5.0 
15 - 13 - -

Counters, Registers 5.0 15 3.0 - 1.0 
10 3.0 5.0 - 2.0 
15 - 80 - -

Vdc 

Vdc 

mAdc 

oC 

QC 

C L/CP Series 

Typ 

-

-

-

45% v 00 

45% Voo 

-1.7 
-09 
-3.5 

0.8 
1.2 
7.8 

10 

50 

0.000025 
0.00010 
0.00025 
0.000025 
0.00010 
0.00025 

70 
35 
25 

60 
25 
12 

4.0 
10 

13 

30 
5.0 
8.0 

Max 

16 

v 55 +0_01 

-

-

-

-
-

-

-
-

-
-

-

0.0025 
om o 

-
0.05 
0.2 

--

200 
110 

-

100 
160 

-

-
-

-

-
-
-

•oc Noise Margin (VNH. VNL) is defined as the maximum voltage change, from an ideal "1" or "O" input level, that the circuit will 
withstand before producing an output state change. 
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Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

mW 

ns 

ns 

MHz 
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TYPICAL McMOS GATE CHARACTERISTICS 

Figures 5-1 through 5-11 illustrate typical McMOS family gate characteristics. 
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VoH• Output Voltage (Vdc) 

FIGURE 5-1 - VGs = -5.0 Vdc, Voo = 5.0 Vdc 
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FIGURE 5-2 - VGs = -10 Vdc, Voo = 10 Vdc 
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FIGURE 5-3 - VGs = -15 Vdc, Voo = 15 Vdc 
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FIGURE 5-5 - VGs = 10 Vdc. Voo = 10 Vdc 
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FIGURE 5-6 - VGs = 15 Vdc, Voo = 15 Vdc 
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FAMILY DEFINITIONS, CONCEPTS, 
AND CONVENTIONS 
The following information provides detailed 

explanations, concepts, and conventions found in 
the McMOS data sheets. The basic topics covered 
are family characteristics and maximum ratings, 
distinct part characteristics (power dissipation, 
timing parameters, and three-state parameters). and 
logic symbols and conventions. 

With few exceptions, the typical parameter 
values and their associated limits follow the in
dustry standard guidelines recommended by the 
EIA. Any parameter has a statistical distribution 
with a statistical mean or typical value. A limit
window, consisting of minimum and maximum 
limit values surrounds the typical value of the 
parameter. The standard (see Figure 5-12) is such 
that the minimum limit values are below the 
typical value and the maximum limit values are 
above the typical value. 

Min Min Typ Max Max 
CL/CP AL Value AL CL/CP 

FIGURE 5-12 - McMOS FAMILY LIMIT-WINDOW 

In the majority of cases, only one pair of limits 
are specified (the minimum pair or the maximum 

pair); this gives a half limit-window for a given 
parameter. Certain parameters may require a prefix 
of minimum or maximum attached to the name. 
These prefixes should not be confused with 
minimum and maximum designations used on 
value limits. For example, a dynamic shift register 
can have a minimum clock frequency as well as a 
maximum clock frequency. For both parameters, 
half-window-limits are specified. Thus, the 
minimum clock frequency will have maximum 
limit values and the maximum clock frequency will 
have minimum limit values. 

FAMILY CHARACTERISTICS AND 
MAXIMUM RATINGS 
Maximum ratings are absolute values that con

strain the integrated circuit devices within ranges 
where reliable operation still occurs. The maximum 
rating parameters are supply and input voltages, 
current flowing through any pin, operating and 
storage temperatures, and power dissipation. 

DC SUPPLY VOLTAGE RANGE (VDDl 

The range of voltages applied between the Voo 
supply pin and the Vss supply pin cover the full 
temperature range of a specific category. For the 
AL category, the working operating range varies 
from 3 to 18 volts. The maximum range for 
preventing damage to this category unit varies from 
~o.5 to 18 volts. For the CL/CP category, the 
working operating range varies from 3 to 16 volts. 
The maximum range for preventing damage to 
these categories vary from -0.5 to 16 volts. 
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INPUT VOLTAGE RANGE (ALL INPUTS) (V1Nl 

For either of the AL or CL/CP category 
devices, the input voltage should not exceed the 
Vss and Voo supply voltages by more than 0.5 
volts [i.e., (V55-0.5 V) .;; V1N .;; (Voo+0.5 Vil. 
Exceeding the supply voltages for an excessive 
period of time may damage the input protection 
diode structure (since the diodes are forward
biased), or initiate a latch-up (SCR) condition. 
Fast overshoot or undershoot transients usually 
will not cause problems, since the cumulative 
energy content is too small to initiate any action. 
Refer to the section entitled Input Protection and 
Handling in this chapter for more details. 

DC CURRENT DRAIN PER PIN (I) 

For either of the AL or CL/CP category 
devices, the maximum current that can flow into 
or out of any input, output, or supply pin is 10 
mA maximum over the full temperature range. A 
few special McMOS integrated circuits will have 
higher current values for certain pins and will be 
designated as such on their data sheets. 

OPERATING TEMPERATURE RANGE (T Al 

The maximum ambient temperature range with 
the device operating is -55°c to 125°C for the AL 

0 0 
category, and -40 C to +85 C for the CL/CP 
categories. A few special McMOS integrated cir
cuits will have power derating curves which may 
reduce the working temperature range depending 
upon the device power dissipation. The section 
entitled Maximum Power Dissipation in this 
chapter will provide additional details. 

STORAGE TEMPERATURE RANGE ITstg) 

The temperature range at which the units can 
be stored without electrical connection is -65°C to 
150°c for the AL and CL categories, and -65°C to 
125°c for the CP category . 

MAXIMUM POWER DISSIPATION IPoHmax, 
PoLmax and PDDmax) 

Maximum power dissipation is defined either 
on a per output basis or on a total package basis 
depending on the special McMOS device that 
requires this rating. The majority of McMOS 
devices do not need this rating, since the 10 mA 
maximum current rating for the Voo and Vss 
supply pins prevents any device from dissipating 
the maximum rating of the package and integrated 
circuit die. On a per pin basis, PoHmax and 
PoLmax can be used to determine the required 
source and sink conditions given by IQH (VoH -
Vool and loL (Vol - Vssl. respectively. On a 
per package basis, Poomax can be used to deter
mine the required supply conditions given by lxx. 
(Voo - Vssl. where Voo and Vss are the supply 
voltages. and lxx is the associated supply current 
loo or 155. whichever is the largest in absolute 
magnitude. In addition to this rating, power/ 
temperature derating curves may be given. A more 
detailed discussion is given in Chapter 2. 



FAMIL V DATA AND CHARACTERISTICS 
Family characteristics are parameters whose 

limits are common and consistent from one 
McMOS device to another McMOS device, with 
only minor exceptions. These characteristics assure 
the user that each device will be consistent in terms 
of fan-out, not only in driving other McMOS 
devices, but in driving other logic families, such as 
HTL and Low Power TTL. The specific parameters 
covered are output voltage, de noise immunity, 
output drive and input currents, input capacitance, 
and transition times. 

OUTPUT VOLTAGE (V0 utl 

This is the voltage that appears at any output 
under a very high impedance load (no load). This 
parameter is guaranteed for supply voltages of 5 
and 10 volts to fall within a range of 10 mV from 
either Vss or Voo supply voltages for tempera
tures of 25°c. -45°C, and -55°c, and within a 
range of 50 mV for temperatures of +85°C and 
125°c. 

DC NOISE IMMUNITY (VNL AND VNHI 

The de noise immunity is defined as the input 
voltage range from an ideal "1" or "O" input level 
(assuming the previous McMOS driving stage is 
unloaded) which does not produce output state 
(combination) change(s). McMOS devices are 
guaranteed not to produce state change (s) provided 
the levels (or transients) are within a range of 30% 
of Voo minus Vss- Typically, the range is as large 
as 45% of Voo minus Vss- The outputs are 
considered not to have changed their states if the 
voltage output levels are within a range of 30% of 
Voo minus Vss from the supply voltages Voo 
and Vss- Figure 5-13 illustrates typical McMOS 
family inverting and non-inverting functions. 

30% v 00 

30% v 00 

0 

(a) Inverting Function 

VNL -

30% v00 

45% v 00 

Voo 

Max 30%V 00 

Typ 45% v 00 

OUTPUT DRIVE CURRENTS lloH AND loLI 

The output drive current is the sourcing current 
lloHl with the output high, or the sinking current 
lloLI with the output low, that flows into or out 
of a load having a specific voltage value. For a 
supply voltage of 5 volts, the current values will 
drive over the full temperature range of a single, 
low-power TTL load. For a supply voltage of 10 
volts, the current values reflect a general CMOS 
industry load condition of 0.5 volt from either 
supply voltage (i.e., Vss and Vool. For a supply 
voltage of 15 volts, the current values are designed 
to drive a standard HTL load over the specified 
temperature range. The limits over a temperature 
range are selected to reflect the 3% current 
decrease with every degree of Centigrade tempera
ture increase (with respect to 25°CI that occurs 
with all CMOS devices. 

INPUT CURRENT llinl 

Input current is defined as the current that 
flows with the application of a Vss or Voo 
voltage level at the input. The main contribution of 
this current, typically 10 pA (corresponding to a 
1012 ohm resistor with 10 volts in parallel). 
corresponds with the diode protection circuit used 
at the device input. 

INPUT CAPACITANCE (Cini 

The input capacitance is defined and measured 
as the ac capacity under zero bias conditions (Vss 
; 0) as applied to any input. This capacitance is 
typically 5 pF. 

RISE AND FALL TRANSITION TIMES (tr AND 
tf) 

The output rise and fall transition times are 
defined as the low-to-high and high-to-low transi-

(b) Non-Inverting Function 

Vout Voo 

30% v 00 

30% v 00 
Voo 

VNL 

30% v 00 Max 30% v 00 

45% v 00 Typ 45% v 00 

Vss ; 0 volts de 

FIGURE 5-13- TYPICAL McMOS INVERTING 
AND NON-INVERTING FUNCTIONS 
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tion times, respectively. These times are specifi
cally measured from the 10% to the 90% points of 
the waveform. The guaranteed maximum limits are 
measured with a capacitive load of 15 pF, and are 
75 ns for the AL category, and 110 ns for the 
CL/CP categories at a supply voltage of 10 volts, 
and 175 ns for the AL category and 200 ns for the 
CL/CP categories at a supply voltage of 5 volts. 
Typical values are given for 5, 10, and 15 volts for a 
capacitive load of 15 pF, and an equation is always 
given for other capacitive values. Rise and fall times 
have been found to vary inversely with the average 
device current; thus, transition times increase with 
increasing temperature in a manner dictated by the 
device current. 

DISTINCT PART CHARACTERISTICS 
Distinct device characteristics deal with param

eters which may occur from one data sheet to 
another. However, in general, parameters have 
unique values associated with one device or with 
special parameters that deal only with a specific 
device. Three general categories are covered: power 
dissipation, timing parameters, and three-state 
parameters. It has been the practice to identify and 
define as many parameters as possible, but a few 
special ones have been reserved for definition on 
the individual data sheets involved. 

QUIESCENT POWER DISSIPATION (Pa) 

The quiescent dissipation (the circuit contribu
tion with no load on the output) is defined as the 
product of the steady state current flowing into 
the Voo supply device pin multiplied by the 
supply voltage (Voo minus Vssl. The supply 
current is measured under various input com
binations to ensure the integrity of all possible 
reverse-biased junctions (contributing to this cur
rent) is maintained. Since the current is a result of 
a surface-junction phenomenon that is process 
sensitive, the resulting limits are wider than any 
other parameter found on any particular data 
sheet. The current has been found to increase 
almost linearly with supply voltage until avalanche 
breakdown occurs and approximately doubles with 
every 11°c increase in temperature. 

TOTAL POWER DISSIPATION (Po AND 
PTICLI) 

The total power disipation consists of two 
components, the dynamic ac contribution due to 
transient currents flowing through the MOS devices 
with inputs alternating at specific frequencies and 
the quiescent de component previously mentioned. 
Total power dissipation is defined as the product 
of the average transient and de currents flowing 
into the device Voo supply pin times the supply 
voltage IVoo - Vss>- The transient nature of the 
current occurs since the P-channel and N-channel 
MOS devices of CMOS are never on simultaneous
ly, except for a brief transition period. During the 
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transition period, the current flowing through the 
MOS devices are diverted to charge and discharge 
the internal nodal and external load capacitors of 
the circuit, rather than flowing directly through 
the P-channel/N-channel device paths from the 
Voo to Vss supply pins. It has been previously 
shown that the total dissipation is given by the 
formula: 

where: Cckt is the total effective capacitance of 
the internal circuit, C1oads is the total effective 
external load capacitances, Voo is the supply 
voltage (Vss = 0 V de). f is the highest frequency 
(usually the system clock), and Pa is the quiescent 
dissipation. 

A McMOS data sheet shows the above equation 
in two forms. The first, designated Po. is for the 
case where all external capacitors have 15 pF values 
and the supply voltage Voo has specific values 
(5, 10, and 15 volts). It can be seen by the 
equation that: 

Po= IS mW/mHz) f +Pa, 
where: S is the power frequency slope value for a 
given supply voltage and represents a lump sum 
value of both internal circuit and external load (15 
pF) capacitances. The second form is given for load 
capacitances that differ from 15 pF but are equal 
in value as shown by the equation: 

PT(CL) =Po+ N x 10-3 (CL-15 pF) Voo2f. 

where: PT(CL) is the total dissipation with load 
values of CL, Po is the first equation for 15 pF 
values which must be substituted for PT(CL) at the 
appropriate supply voltage, and N is a constant 
that accounts for the number of outputs having 
loads and the frequency at which the loads toggle. 
Note that the -15 pF term cancels the 15 pF load 
contributions given by PT. 

PROPAGATION DELAYS hPLH AND tPHLl 

Propogation delay pairs are usually specified on 
all data sheets. The turn-off (tp LH) and turn-on 
ltPHLl designations refer to the N-channel MOS 
device turning OFF and charging the load capacitor 
from low-to-high, and the N-channel turning ON 
and discharging the toad from high-to-low, respec
tively. For non-synchronous circuits, the delay is 
measured from the edge (50% point) of the input 
signal to the resulting edge (50% point) of the 
output signal. For synchronous circuits (having a 
clock signal), the delay is measured from the edge 
(50% point) of the clock signal associated with the 
input level to the resulting edge (50% point) of the 
output signal. The propagation delay limit and 
typical values are measured with a 15 pF load 
capacitor. Equations for the typical propagation 
delays for different capacitive loads are given for 
supply voltages of 5, 10, and 15 volts. Propagation 
delays are typically found to increase with in
creasing temperatures proportional to the rise 
and fall times. 



MINIMUM (CLOCK) PULSE WIDTHS (PWLmin 
ANDPWHmin) 

The minimum pulse widths, as with propaga
tion delays, are usually given as pairs, although 
they may be defined equal in value. PWLmin is 
that portion of the logical low clock pulse and is 
the interval measured from the 50% points of one 
edge to the other edge of that pulse. PWHmin is 
identical with PWL min with the exception that it 
applies to that portion of the clock pulse when it is 
a logical high. It is primarily a measure of how fast 
information (data or control) signals can be shifted 
in a synchronous circuit without development of 
system problems. Pulse widths may also be 
specified for non-synchronous circuits such as 
non-clocked RS flip-flops and latches. The 
maximum limit is specified for this parameter on 
the individual data sheet. 

MAXIMUM CLOCK FREQUENCY (PRFmax) 

The maximum clock frequency is the rate at 
which information can toggle and transfer through 
a synchronous circuit without developing system 
problems. Above this frequency, the circuit pro
pagation delays become comparable to the 
reciprocal of this rate so that informational signals 
may not be properly entered into the various 
clocked flip-flops of the circuit. The reciprocal of 
the sum of the low and high minimum pulse 
widths equals this rate [PRFmax = 1 I (PWLmin + 
PWHmin)]. Thus, only two of the three parameters 
are usually specified. The minimum limit is 
specified for this parameter on the individual data 
sheet. 

MINIMUM CLOCK FREQUENCY (PRFmin) 

The minimum clock frequency is specified on 
dynamic (i.e., non-static) synchronous circuits 
where information is held in part or entirely on the 
capacitors of the circuit. Below this frequency, the 
information will be dissipated and lost by leakages 
in the circuit. The reciprocal of the sum of the low 
and high maximum pulse widths equals this rate 
[PRFmin = 1/ (PWLmax + PWHmax)]. The maxi
mum limit is specified for this parameter on the 
individual data sheet. 

MAXIMUM CLOCK PULSE WIDTHS (PWLmax 
ANDPWHmaxl 

PWLmax is the low portion of the clock 
pulse and is the interval measured from the 
50% points of one pulse edge to the other. 
PWHmax is identical to PWLmax with the excep
tion that it applies to the high portion of the clock 
pulse. Below those maximum pulse widths, the 
information stored on the circuit holding capacitors 
will be lost. The minimum limit is specified for 
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this parameter on the individual data sheet. 

MAXIMUM CLOCK PULSE RISE AND FALL 
TIMES hrmax AND ttmax) 

Transition times refer to the rise and fall times 
of the signal waveshapes applied to the inputs 
(usually the clock inputl. Above their guaranteed 
minimum limits, the rise and fall time transitions 
are so slow that data states in the synchronous 
circuit may interact with states in previous flip-flop 
stages rather than toggle to the proper next state. 

MINIMUM SETUP TIME hsetupl 

Setup time is the minimum time required 
between the information (data or control) signal 
edge and the clock (or strobe) signal edge to 
guarantee that information will be validly entered 
or acted upon by the first rank of flip-flop stage(s). 
The time is measured between the 50% points of 
the edges stated. The maximum limit is specified 
on the individual data sheet. 

MINIMUM HOLD TIME (tholdl 

Hold time is the minimum time required 
between the information signal edge and the clock 
(or strobe) signal edge to guarantee that invalid 
information will not be entered or acted upon 
while valid information is held in the first rank of 
flip-flop stage(s). The time is measured between 
the 50% points of the edges described. The 
maximum limit is specified on the individual data 
sheet. 

RELEASE TIME ltrell 

See Minimum Setup Time. 

REMOVAL TIME hreml 

See Minimum Setup Time. 

ACCESS TIME ltaccl 

A term used in memories (RAMs or ROMsl and 
analogous to the definition of propagation delay 
where the information input is the address infor
mation. Once this propagation delay occurs, data 
may be validly written into or read out of a 
memory location. 

CYCLE TIME ltcycl 

A term used in memories and includes the 
access time, the data transfer time to another 
system location, and if needed, the time required 
to refresh any data within a dynamic memory. The 
term is analogous to the reciprocal of the maxi
mum clock frequency parameter. 

• 
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Input 
Information 

Output 

Input 
Information 

tsetup 

Clock or 
Strobe 

Output 

'-------------Vss (low) 

90% 

FIGURE 5-14 - NON-SYNCHRONOUS CIRCUIT 
WAVESHAPES AND TIMING PARAMETERS 

tsetup 

PWH -PWL----i 

1 

PRF = f 

90% 

v 00 (high) 

v88 (low) 

VoH (high) 

Note: Information is accepted during each positive clock signal transition in this case. 

FIGURE 5-15 - SYNCHRONOUS CIRCUIT 
WAVESHAPES AND TIMING PARAMETERS 
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THREE~TATEPARAMETERS 

The three-state output capability on an inte
grated circuit provides that device with the added 
flexibility of being connected to systems having 
common input/output busses. When the com
ponent is not enabled to send information, the 
output structure becomes a high impedance or a 
third logical state which does not overload the bus 
lines. When it is enabled, the inputs exhibit regular 
McMOS family output characteristics. 

THREE-STATE PROPAGATION DELAYS (t"O"H, 

tH"O", t"1"H, AND tw·r·l 

The t"O"H and lH"O" (designating low to 
three-state, and three-state to low output transition 
edges) propagation delays are measured from the 
50% points of the disable signal to the 10% points 
of the rising edge and the 90% point of the falling 
edge of the output, respectively. The output for 
this case is loaded with a 15 pF capacitor con
nected to Vss and a 1 k ohm resistor connected in 
series with Voo· The t"1"H and t"H"1 (designat
ing high to three-state, and three-state to high 

20 ns 

Output Disable 

t"O"H 

Output (Case 1) 

''"~ 
Output (Case 2) 

90% 

output transition edges} propagation delays are 
measured from the 50% points of the disable signal 
to the 90% point of the falling edge and the 10% 
point of the rising edge, respectively. The output 
for this case is loaded with a 15 pF capacitor 
connected to Vss. and a 1 k ohm resistor 
connected in series with Vss· Figure 5-16 illustrates 
typical three-state propagation delay waveshapes 
anq a corresponding circuit. 

THREE-STATE LEAKAGES (ITLI 

Leakage currents at the output pin with the 
three-state activation is measured under two worst 
case conditions. The first condition is with a 
voltage of Voo applied to the output and with 
input combinations applied to the circuit that 
would normally force the output low. The second 
condition is with a voltage of Vss applied to the 
output and the input combinations applied to the 
circuit that would normally force the output high. 
Both conditions are performed under Voo supply 
voltages of 5 and 10 volts. 

Voo 

10% 
Vss 

---tH"O" 

___ voo 
90% 

{""'1V@Voo=5V 

f"' 
""'2V@Voo=10V 

{""'3V@Voo=5V 

""'6V@Voo=10V 

10% 

Outputs 
Connected 

Outputs 
Dis connected 

Outputs 
Connected 

Other { 
Input 

Output Disable 

IC With 
3-State 

Output R L = 1 kS2 

{ 
v 00 for t"O"H and tH"O" 

v 55 for t"l"H and tH"l" 

FIGURE 5-16 - THREE-STATE PROPAGATION 
DELAY WAVESHAPE AND CIRCUIT 
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LOGIC SYMBOLS AND CONVENTIONS 
The block and logic diagrams presented in the 

McMOS data sheets are logic symbols and conven
tions based upon the military standard logic 
specification Ml L-STD-806(c). Table 5-4 lists and 
illustrates the McMOS logic functions, symbols, 
and their truth tables. In addition, Table 5-4 also 
contains a logic element which is particular to 
CMOS technology called the transmission gate. 
This symbol is not defined in MIL-STD-806(c) and 
was derived from the military amplifier symbol 

placed back-to-back to indicate the bidirectional 
and non-inverting gate nature. The transmission 
gate is analogous to a single-pole, single-throw 
switch which is electrically controlled by two 
control lines. The circle on the upper control line 
indicates the gate of the P-channel MOS device, 
and the lower control line indicates the gate of the 
N-channel MOS device. The horizontal trans
mission lines are connected to the drains and 
sources of those two MOS devices. 

TABLE 5-4 - McMOS LOGIC FUNCTION, SYMBOLS AND TRUTH TABLES 

Logic Function Logic Symbols Truth Tables 

x [>o f 
* Inverter 

y x f y x f 
AND and NANO :=o-f x=cJ- 0 0 0 0 0 1 

Gates y g 0 1 0 0 1 1 
1 0 0 1 0 1 

1 1 1 1 1 o 

y x f y x g 

:=D-f :=r>-g 

0 o 0 0 o 1 

OR and NOR Gates 0 1 1 o 1 o 
1 o 1 1 0 o 
1 1 1 1 1 o 

y x f y x g 

Exclusive :=J[)---f :=D-9 o 0 0 o o 1 

OR and NOR Gates 
o 1 1 o 1 o 
1 o 1 1 0 o 
1 1 0 1 1 1 

c D Q c D Q ODO on: oJ,o 1\_o D Flip-Flops 0 o o 
(Clocked Delay) c c Q Q of11 ,\..o c c Q Q 1 1 1 

Positive Edge Negative Edge 1\_o x y of, x y 
Entry Entry 

X = Don't Care Y =No Change 

- y x f y 

$ 
o 0 ~}Bidirectional Open 

Transmission Gate 
o 1 

x f 1 0 ~}Bidirectional Short 1 1 
y 

Z = Three-State 
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MECHANICAL DATA 

The packaging availability for each device is indicated on the individual data sheets and on the 
Selector Guide. Dimensions for the packages are given in this section. Pin assignment drawings are 
also included for convenient reference. 

Devices packaged in Case 632 fall 
within one of the given sets of dimen
sions. Further identification is available 
upon request. 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

NOTES: 
1. LEADS WITHIN 0.13 mm (0.005) RADIUS 

OF TRUE POSTllON AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION. 

2. PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT. 

a 
,,,~ 

~ 'U(ln(V ~ H 

MILLIMETERS INCHES 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

NOTES: 

DIM MIN MAX 

A 19.05 19.94 
B 6.10 7.49 

r---f.-t-0-38 
5.08 

D 0.53 
F 1.40 1.78 
G 2.54 SSC 
H 0.51 1.14 
J 0.20 0.31 
K 2.54 -
l 7.49 8.89 
M 15° 
N 0.51 1.02 

MIN MAX 

0.750 0.785 
g.240 0.295 

- 0.200 
0.015 0.021 
O.O!j_g_~ 

of~45 
0.008 0.012 
0.100 

-n~ 0.295 oi~?Jl--
0.020 0.040 

1. DIMENSION "L" TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 
(632 02). 

2 DIM "A" ANO "B" 1632·041 DD NOT 
INCLUDE GLASS RUN·OUT. 

3. DIM "L" TO INSIDE OF LEADS 
(MEASURED 0.51 mm I0.020) BELOW 
BODY) 1632-041 

MILLIMETERS INCHES MILLIMETERS INCHES 
DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX 

A 16.8 19.9 0.660 0.785 A 19.05 19.94 0.750 0.785 
B 5.59 7.11 0.220 0.280 B 6.10 7.49 0.240 0.295 
c - 5.08 - 0.200 c - 5.08 - 0.200 
D 0.381 0.584 0.015 0.023 D 0.38 0.58 0.015 0.023 
F 0.77 1.77 0.030 0.070 F 1.40 1.77 0.055 0.070 
G 2.54 BSC 0.100 BSC G 2.54 BSC 0.100 BSC 
J 0.203 0.381 0.008 0.015 H 1.91 2.29 0.075 0.090 
K 2.54 - 0.100 - J 0.20 0.38 0.008 0.015 
L 7.62 BSC 0.300 BSC K 2.54 - 0.100 -
M - 150 - 15° l 7.49 8.89 0.295 0.350 
N 0.51 0.76 0.020 0.030 M - 15° - 15° 
p - 8.25 - 0.325 N 0.51 1.02 0.020 0.040 

CASE 632-02 CASE 632-04 
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MECHANICAL DATA (continued) 

-, 
B 

Jc. 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

NOTES: 
1. LEAOSWITHIN0.13mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION ""L'' TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL 

RMNWVfj} ~ 
J.L -1.i-- JL, """' ' -IL, .J __ 

PLANE 

. D .1 
C:A=:J 

c 

LSUFFIX 
CERAMIC PACKAGE 

CASE 684 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE WITH MAXIMUM 
MATERIAL CONDITION. 

2. LEAD N0.1 CUT FOR 
IDENTIFICATION, OR 
BUMP ON TOP. 

3. DIM "L" TO CENTER 
OF LEADS. (MEASURED 
0.51 mm (0.020) BELOW 
PKG BASE) 

~K~F. J ~'L-L~ 
SEATING PLANE :i M 
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DIM 

A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 
p 
II 

DIM 

A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 
p 
II 

DIM 

A 
B 
c 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

18.16 18.80 0.715 0.740 
6.10 6.60 0.240 0.260 
4.06 4.57 0.160 0.180 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.32 1.83 0.052 0.072 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 
7.37 7.87 0.290 0.310 
- 10• - 10° 

0.51 1.02 0.020 0.040 
0.13 0.38 0.005 0.015 
0.51 0.76 0.020 0.030 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

20.70 21.34 0.815 0.840 
6.10 6.60 0.240 0.260 
4.06 4.57 0.160 0.180 
0.38 0.51 0.015 0.020 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.32 1.83 0.052 0.072 
0.20 0.30 0.008 0.012 
2.92 3.43 0.115 0.135 
7.37 7.87 0.290 0.310 
- 10• - 100 
0.51 1.02 0.020 0.040 
0.13 0.38 0.005 0.015 
0.51 0.76 0.020 0.030 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

29.34 30.86 1.155 1.215 
12.70 14.22 0.500 0.560 
3.05 3.94 0.120 0.155 
0.38 0.51 0.015 0.020 
0.89 1.40 0.035 0.055 

2.54 BSC 0.100 BSC 
0.89 1.40 0.035 0.055 
0.20 0.30 0.008 0.012 
2.92 3.68 0.115 0.145 

14.86 15.62 0.585 0.615 
- 150 - 150 

0.51 1.02 0.020 0.040 



PIN ASSIGNMENTS 

MC14000 
Dual 3-lnput NOR Gate Plus 

Inverter 

NC 

NC 

In 1A 

In 2A 

In 3A 

Out A 

Vss 

Voo 

In 3s 

In 2s 

In 1 s 
Outs 

Outc 

In 1 c 

MC14006 
18-Bit Static Shift Register 

Dp1 

NC 

c 

Dp5 

Dp10 

Dp14 

Vss 

Voo 

04 

Q9 

08 

013 

018 

017 

MC14009 
Hex Inverter/Buffer 

Vee 
Out A 

In 1 A 

Outs 

In 1 S 

Outc 

In 1 c 
Vss 

NC= No Connection 

OutE 

In 1 E 

Out0 

In 1 0 

14 

13 

12 

11 

10 

9 

8 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

MC14001 
Quad 2-lnput NOR Gate 

In 1A 

In 2A 

Out A 

Outs 

In 1 s 
In 2s 

Vss 

Voo 

In 2 0 

In 1 D 

Outo 

Outc 

In 2c 
In 1 c 

MC14007 

14 

13 

12 

11 

10 

9 

8 

Dual Complementary Pair Plus 
Inverter 

2 

3 

4 

5 

6 

7 

8 

D-Ps 

S-Ps 

Gates 

S-Ns 

D-Ns 

Gate A 

Vss 

Voo 

D-PA 

Outc 

S-Pc 

Ga tee 

S-Nc 

0-NA 

D = Drain 

S =Source 

MC14010 
Hex Buffer 

Vee 
Out A 

In 1A 

Outs 

In 1 B 

Outc 

In 1 C 

Vss 

6-5 

Voo 

OutF 

In 1 F 

NC 

OutE 

In 1 E 

Out 0 

In 1 D 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

MC14002 
Dual 4-lnput NOR Gate 

Out A 

In 1A 

In 2A 

In 3A 

In 4A 

NC 

Vss 

Voo 

Outs 

In 4s 

In 3s 

In 2s 

In 1 S 

NC 

MC14008 
4-Bit Full Adder 

A4 

S3 

A3 

S2 

A2 

S1 

A1 

Vss 

Voo 

S4 

Cout 

S4 

S3 

S2 

S1 

MC14011 
Quad 2-lnput NANO Gate 

In 1A 

In 2A 

Out A 

Out 6 

In 1 B 

In 2 6 

Vss 

Voo 

In 2 0 

In 1 D 

Out0 

Outc 

In 2c 

In 1 C 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

I 



I 

PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

2 

3 

MC14012 
Dual 4-lnput NANO Gate 

Out A Voo 14 

In 1A Outs 13 

In 2A In 4s 12 

In 3A In 3s 11 

In 4A In 2s 10 

NC In 1 s 9 

Vss NC B 

MC14016 
Quad Analog Switch/Quad 

Multiplexer 

In 1 Voo 14 

Out 1 Control 1 13 

Out 2 Control 4 12 

In 2 In 4 11 

Control 2 Out4 10 

Control 3 Out 3 9 

Vss In 3 B 

MC14021 
8-Bit Static Shift Register 

PB Voo 16 

Q6 P7 15 

QB P6 14 

4 P4 P5 13 

5 P3 07 12 

6 P2 Dg 11 

7 Pl c 10 

B Vss P/S 9 

NC= No Connection 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

B 

2 

3 

4 

5 

6 

7 

B 

MC14013 
Dual Type D Flip-Flop 

QA Voo 
QA Qs 

CA Cis 

Cs 

Rs 

Ds 

Vss Ss 

MC14017 
Decade Counter/Divider 

Q5 

Q1 R 

QO 

Q2 CE 

Q6 

Q7 

Q3 

Vss QB 

MC14022 
Octal Counter/Divider 

Q1 Voo 
00 R 

02 c 

Q5 CE 

Q6 Cout 

NC 04 

Q3 Q7 

Vss NC 

6-6 

14 

13 

12 

11 

10 

9 

B 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14015 
Dual 4-Bit Static Shift Register 

2 

3 

4 

5 

6 

7 

B 

2 

3 

4 

5 

6 

7 

B 

Cs Voo 
Q4s 

Q3A 

Q2A 019 

Q1A Q29 

RA Q3s 

DA 04A 

Vss CA 

MC14020 
14-Bit Binary Counter 

Q12 Voo 
Q11 

Q14 

OB 

Q5 

Q7 R 

Q4 

Vss 01 

MC14023 
Triple 3-lnput NANO Gate 

In 1A Voo 
2 In 2A In 3c 

3 In 1 S In 2c 

4 In 2s In 1 c 

5 In 3s Outc 

6 Outs Out A 

7 Vss In 3A 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

1,2 

11 

10 

9 

14 

13 

12 

11 

10 

9 

B 



PIN ASSIGNMENTS (continued) 

MC14024 
Seven-Stage Ripple Counter 

2 

3 

4 

5 

6 

7 

c 
R 

07 

06 

05 

04 

Vss 

Voo 
NC 

01 

02 

NC 

03 

NC 

MC14028 
BCD-To-Decimal Decoder/ 
Binary-To-Octal Decoder 

04 

02 

QO 

07 

09 

Q5 

06 

Vss 

Voo 
03 

Q1 

S 

c 
D 

A 

08 

MC14035 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

4-Bit Parallel-In/Parallel Out 
Shift Register 

QO 

T/C 

R 

R 

c 
P/S 

Vss 

NC~ No Connection 

Voo 
01 

02 

03 

Dp3 

Dp2 

Dp1 

Dpo 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

MC14025 
Triple 3-lnput NOR Gate 

In 1A 

In 2A 

In 1 s 
In 2s 

In 3s 

Outs 

Vss 

Voo 
In 3c 
In 2c 
In 1 C 

Outc 

Out A 

In 3A 

MC14032 
Triple Serial Adder 

(Positive Logic) 

Inv 3 

c 
S2 

Inv 2 

Voo 
A3 

S3 

A2 

S2 

Carry Reset B 1 

Inv 1 

Vss 
A1 

S1 

MC14038 
Triple Serial Adder 

(Negative Logic) 

S3 

Inv 3 

c 
S2 

Voo 
A3 

83 

A2 

Inv 2 S2 

Carry Reset 81 

Inv 1 A 1 

Vss s1 

6-7 

14 

13 

12 

11 

10 

9 

8 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14027 
Dual J-K Flip-Flop 

QA 

QA 

CA 

RA 

KA 

JA 

SA 

Vss 

Voo 
Os 

as 
Cs 

Rs 

Ks 

Js 

Ss 

MC14034 

16 

15 

14 

13 

12 

11 

10 

9 

8-Bit Universal Bus Register 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

BS 

S7 

86 

S5 

84 

83 

82 

81 

A Enable 

Ds 
A/B 

Vss 

Voo 
A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

c 
A/S 

P/S 

MC14040 
12-Bit Binary Counter 

012 

Q6 

05 

07 

04 

03 

02 

Vss 

Voo 
011 

010 

08 

09 

R 

c 
01 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

16 

15 

14 

13 

12 

11 

10 

9 

• 



• 

PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

MC14042 
Quad Latch 

03 

00 

no 
DO 

c 
Polarity 

D1 

Vss 

vDD 

03 

D3 

D2 

62 
02 

01 

01 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

MC14049 
Hex Inverter/Buffer 

Vee 
Out A 

In 1A 

Outs 

In 1 S 

Outc 

In 1 c 
Vss 

NC 

OutF 

In 1 F 

NC 

OutE 

In 1 E 

OutD 

In 1 D 

MC14502 

16 

15 

14 

13 

12 

11 

10 

9 

MC14501 
Triple Gate Strobed Hex Inverter/Buffer 

2 

3 

4 

5 

6 

7 

In 1A 

In 2A 

In 3A 

In 4A 

In 1c 

In 2c 

In 3c 

Vss 

vDD 

Outc 

Outc 

Out A 

In 2s 

In 1 s 
Outs 

In 4c 

MC14507 
Quad Exclusive OR Gate 

In 1A 

In 2A 

Out A 

Outs 

In 1 s 
In 2s 

Vss 

vDD 

In 2 0 

In 1D 

Out0 

Outc 

In 2c 

In 1c 

NC= No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

D3 

03 

D1 

Disable 

01 

D2 

02 

Vss 

vDD 

D6 

06 

D5 

lnh 

05 

D4 

04 

MC14508 
Dual 4-Bit Latch 

MRA 

STA 

DISA 

DOA 

OOA 

D1A 

01A 

D2A 

02A 

D3A 

03A 

Vss 

6-8 

vDD 

039 

D3s 

02s 

D29 

01s 

D19 

OOs 

DOs 

DIS 

STs 

MR9 

16 

15 

14 

13 

12 

11 

10 

9 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

2 

3 

4 

5 

6 

7 

8 

MC14050 
Hex Buffer 

Vee 
Out A 

In 1A 

Outs 

IN 1 s 
Outc 

In 1c 

Vss 

NC 

Outf 

In 1 F 

NC 

OutE 

In 1 E 

Out0 

In 1D 

MC14506 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Expandable AND-OR-INVERT 
Gate 

2 

3 

4 

5 

6 

7 

8 

vDD 

ZA 

Disable 

MC14510 
BCD Up/Down Counter 

PF VoD 

04 c 
P4 03 

P1 P3 

Carry In P2 

01 02 

Carry Out U/D 

Vss R 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

MC14511 
BCD-To-Seven Segment 
Latch/Decoder/Driver 

8 

c 
LT 

Bi 
LE 

D 

A 

Vss 

MC14515 

16 

15 

14 

13 

12 

11 

10 

9 

4-Bit Latch/4-To-16 Line Decoder 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ST 

D1 

D2 

S7 

S6 

S5 

S4 

S3 

S1 

S2 

so 
Vss 

VoD 
lnh 

D4 

03 

S10 

S11 

SS 

S9 

S14 

S15 

S12 

S13 

MC14518 
Dual BCD Up Counter 

CA 

EA 

01A 

02A 

03A 

04A 

RA 

Vss 

vDD 
R9 

049 

039 

029 

019 

Es 

Cs 

NC= No Connection 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

16 

15 

14 

13 

12 

11 

10 

9 

2 

3 

4 

5 

6 

7 

8 

MC14512 
8-Channel Data Selector 

XO 

X1 

X2 

X3 

X4 

X5 

X6 

Vss 

vDD 
DIS 

z 
c 
8 

A 

lnh 

X7 

MC14516 
Binary Up/Down Counter 

PF VDo 
04 c 

P4 03 

Pl P3 

Carry In P2 

01 02 

Carry Out U/D 

Vss R 

MC14519 
4-Bit AND/OR Selector 

Y3 

X2 

Y2 

X1 

Y1 

XO 

YO 

Vss 

6-9 

Voo 
X3 

8 

Z3 

Z2 

Z1 

zo 
A 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14514 
4-Bit Latch/4-To-16 Line Decoder 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

ST 

D1 

D2 

vDD 
lnh 

D4 

D3 

S10 

S11 

SB 

S9 

S14 

S15 

S12 

S13 

MC14517 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Dual 64-Bit Static Shift Register 

2 

3 

4 

5 

6 

7 

8 

016A 

048A 

WEA 

CA 

064A 

032A 

DA 

Vss 

vDD 
0169 

0489 

WE9 

Cg 

0649 

0329 

D9 

MC14520 
Dual Binary Up Counter 

CA 

EA 

01A 

02A 

03A 

04A 

RA 

Vss 

vDD 
Rs 

04s 

03s 

029 

01s 

Es 

Cg 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

• 



• 

PIN ASSIGNMENTS (continued) 

MC14521 
24-Stage Frequency Divider 

2 

3 

4 

5 

6 

7 

8 

024 

R 

Vss' 
Out 2 

vDD. 

In 2 

Out 1 

Vss 

vDD 

023 

022 

021 

020 

019 

018 

In 1 

MC14527 
BCD Rate Multiplier 

"9" 

c 
D 

s 
Out 

Out 

Eout 

Vss 

vDD 

B 

A 

Clear 

Case 

E;n 

ST 

Clock 

MC14530 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

Dual 5-lnput Majority Logic Gate 

2 

3 

4 

5 

6 

7 

8 

NC= No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

MC14522 
Programmable Divide-By-N-4-Bit 

BCD Counter 

2 

3 

4 

5 

6 

7 

8 

04 

Dp4 

PE 

lnh 

Dp1 

c 
01 

Vss 

vDD 

03 

Dp3 

CF 

"O" 

Dp2 

MR 

02 

MC14528 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Retriggerable/Resettable 
Monostable Multivibrator 

T1A 

T2A 

CDA 

AA 

BA 
QA 

QA 

Vss 

vDD 

T1a 

T2a 

CDs 

As 

Ba 

09 

Os 

MC14531 
12-Bit Parity Tree 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

Vss 

6-10 

vDD 

07 

DB 

D9 

D10 

D11 

w 
Q 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14526 
Programmable Divide-By-N-4-Bit 

Binary Counter 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

8 

04 

Dp4 

PE 

lnh 

Dp1 

c 
01 

Vss 

vDD 

03 

Dp3 

CF 

"O" 

Dp2 

MR 

02 

MC14529 
Dual 4-Channel Analog 

Data Selector 

STx 

XO 

X1 

X2 

X3 

A 

B 

Vss 

VDD 

STy 

YO 

Y1 

Y2 

Y3 

w 
z 

MC14532 
8-Bit Priority Encoder 

D4 

D5 

D6 

D7 

02 

01 

Vss 

vDD 

Eout 

GS 

D3 

D2 

D1 

DO 

00 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 



PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

MC14539 
Dual 4-Channel Data 
Selector/Multiplexer 

STA 

B 

X3 

X2 

Xl 

XO 

z 
Vss 

Voo 
ST9 

A 

Y3 

Y2 

Yl 

MC14554 
2 x 2-Bit Parallel Binary 

Multiplier 

Yl 

MO 

Ml 

co 
M2 

Cl [S3] 

S2 

Vss 

Voo 
YO 

XO 

Xl 

KO 

so 
Kl 

Sl 

MC14559 
Successive Approximation 

Register 

Q3 

Q2 

Ql 

QQ 

Sout 

D 

c 
Vss 

NC= No Connection 

Voo 
Q4 

Q5 

Q7 

FF 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

16 

15 

14 

13 

12 

11 

10 

9 

MC14543 
BCD-To-Seven Segment Latch/ 

Decoder/Driver 

LD 

c 
B 

D 

A 

Ph 

Bl 

Vss 

Voo 
f 

g 

e 

d 

c 

b 

a 

MC14555 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Binary to 1-of-4 Decoder/ 
Demultiplexer 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

EA 
AA 

BA 
QOA 

QlA 

Q2A 

Q3A 

Vss 

Voo 
Es 
A9 

B9 

009 

019 

029 

a3s 

MC14570 
Quad 2-lnput OR Gate 

In 1A 

In 2A 

Out A 

Out8 

In 1 B 

In 29 

Vss 

6-11 

Voo 
In 2 0 

In 1 D 

Out0 

Cute 

In 2c 

Jn le 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

MC14549 
Successive Approximation 

Register 

Q3 

Q2 

Ql 

ao 
Sout 

D 

c 
Vss 

MC14556 

16 

15 

14 

13 

12 

11 

10 

9 

Dual Binary to 1-of-4 Decoder/ 
Demultiplexer 

2 

3 

4 

5 

6 

7 

8 

EA 
AA 

BA 
QQA 

OlA 

Q2A 

03A 

Vss 

Voo 
Es 

As 
Bs 

008 

01 8 

029 

039 

MC14581 
4-Bit Arithmetic Logic Unit 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

BO 
AO 
S3 

S2 

Sl 

so 
Cn 

MC 

FO 
Fl 
F2 
Vss 

Voo 
"A1 
81 

A2 

82 

A3 
83 
G 

16 

15 

14 

13 

12 

11 

10 

9 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

• 



• 

PIN ASSIGNMENTS (continued) 

2 

3 

4 

5 

6 

7 

8 

2 

3 

4 

5 

6 

7 

MC14582 
Look-Ahead Carry Block 

i31 Voo 
P-1 152 

GO G2 

PO C;n 

G3 Cn+x 

P3 Cn+Y 

p G 

Vss Cn+z 

MCM14505 
64-Bit Random Access 

Read Write Memory 

AO Voo 
Al D;n 

A2 A5 

A3 A4 

ST 0 out 

CE1 R/W 

Vss CE2 

NC ~ No Connection 

16 

15 

14 

13 

12 

11 

10 

9 

14 

13 

12 

11 

10 

9 

8 

MC14583 
Dual Schmitt Trigger 

Bcom Voo 16 

2 BNeg B;n 15 

3 BPos + 14 

4 Aout Dis 13 

5 Apos Bout 12 

6 A Neg A out 11 

7 Acom Bout 10 

8 Vss A;n 9 

MCM14524 
1024-Bit Read Only Memory 

c 16 

2 En 15 

3 BO A1 14 

4 B1 A7 13 

5 B2 12 

6 B3 A5 11 

7 A2 A4 10 

8 Vss A3 9 

6-12 

MC14585 
4-Bit Magnitude Comparator 

82 Voo 16 

2 A2 AJ 15 

3 (A - Blou,. 83 14 

4 (A>B)in (A>B)out 13 

5 (A<B)1n (A<Blout 12 

6 IA B),n 80 11 

7 Al AO 10 

8 Vss 81 9 
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INTEGRATED CIRCUITS 

Chapter 7 

DATA SHEETS 
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MC14000AL 
MC14000CL 
MC14000CP 

\~~~~~~~~~~~"-N_O_R_"_G_A_T_E_, 

DUAL 3-INPUT "NOR" GATE PLUS INVERTER 

The MC14000 dual 3-input NOR gate plus inverter is constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. These complementary MOS logic gates 
find primary use where low power dissipation and/or high noise 
immunity is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14000AL) 
= 3.0 Vdc to 16 Vdc (MC14000CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout-> 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

• Pin-for-Pin Replacement for CD4000A 

MAXIMUM RATINGS I Voltages referenced to V55. Pin 71 

Rating Symbol 

DC Supply Voltage -MC14000AL Voo 
- MC14000CL/CP 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 
Operating Temperature Range - MC14000AL TA 

- MC14000CL/CP 
Storage Temperature Range Tstg 

CIRCUIT SCHEMATIC 

14 11 12 13 
Voo 

V55 
7 6 

See Mechanical Data Section for package dimensions. 

Value 

+18 to -0.5 
+16 to-0.5 
v00 to-0.5 

10 
-55 to +125 
-40 to +85 

-65 to +150 

8 

10 

7-3 

Unit 

Vdc 

Vdc 
mAdc 

oc 

oc 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 3-INPUT "NOR" GATE 
PLUS INVERTER 

.Jtf/ffi~ ... 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V0 ut be 
constrained to the range Vss ~(Vin or 

Voutl .;;;vDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

V55 or Vool 

LOGIC DIAGRAM 
(Positive Logic) 

113:L>-
12 10 

13 

a-----{>-- a 
6 = 3+4+5 
9=8 

v00 =Pin 14 

Vgg"" Pin 7 • 



• 
ELECTRICAL CHARACTERISTICS s: 

n 
MC14000AL MC14000CL/CP .... 

-ss0 c +2s0 c +125°C -40°c +25°C +ss0 c 
.ii. 

Voo 0 
Characteristic J Figure I Symbo1 Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 0 

0 Output Voltage "O" Level j 1,2,3 T Vout T 5.0 - 0.01 - 0 0.01 - 0.05 - 0.01 - 0 0.01 - 0.05 Vdc 
10 - 0.01 - 0 0.01 - 0.05 - 0.01 - 0 0.01 - 0.05 8 15 - - - 0 - - - - - - 0 - - - :J 

"1" Level I I I 
..... 

5.0 4.99 - 4.99 5.0 - 4.95 - 4.99 - 4.99 5.0 - 4.95 - Vdc :;· 
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99' 10 - 9.95 - c: 
15 - - - 15 - - - - - - 15 - - - Cl) 

Noise Immunity* a. 
IV out;;;. 3.5 Vdc) - VNL 5.0 1.5 - 1.5 2.25 - 1.4 - 1.5 - 1.5 2.25 - 1.4 - Vdc 
IV0ut;;;. 7.0 Vdc) 10 3.0 - 3.0 4.5 - 2.9 - 3.0 - 3.0 4.5 - 2.9 
IV0 ut ;;;.10.5 Vdc) 15 - - - 6.75 - - - - - - 6.75 
IV0 ut.;; 1.5 Vdc) 

VNH 5.0 1.4 - 1.5 2.25 - 1.5 - 1.4 - 1.5 2.251 

= I 
1.5 I - I Vdc 

IV out.;; 3.0 Vdc) 10 2.9 - 3.0 4.5 - 3.0 - 2.9 - 3.0 4.5 3.0 
IV 0ut <;;4,5 Vdc) 15 - - - 6.75 - - - - - - 6.75 

Output Drive Current 
IVoH = 2.5 Vdc) Source 4 IQH 5.0 -0.62 - -0.5 -1.5 - -0.35 - -0.23 - -0.2 -1.51 - 1-0.161 - I mAdc 
IVoH = 9.5 Vdc) 10 -0.62 - -0.5 -1.0 - -0.35 - -0.23 - -0.2 -1.0J - -0.16 
IVoH = 13.5 Vdc) 15 - - - -3.6 - - - - - - -3.6 
I Vol= 0.4 Vdc) Sink 5 IQL 5.0 0.5 - 0.4 0.8 - 0.28 - 0.23 - 0.2 0.81 - I o.1a1 - I mAdc 
IVoL = 0.5 Vdc) 10 1.1 - 0.9 1 2 - 0.65 - 0.6 - 0.5 1.2 - 0.4 
IVoL = 1.5 Vdc) 15 - - - 7.8 - - - - - - 7.8 

-....I f Input Current - ljn - - - - 10 - - - - - - 10] -1 -1 -1 pAdc 
,j:. f Input Capacitance - Cin - - - - 5.0 - - - - - - 5.0 -1 -1 -1 pF 

IV;n = 0) 

Quiescent Dissipation 7,8 Po 5.0 - 0.25 - 0.005 0.25 - 15 -- 0.25 - 0.02~ 2.51 - I 75 I µW 
ICL = 50 pF) 10 - 1.0 - 0.01 1.0 - 60 - 10 - 0.0~ 10 - 300 

15 - - - 0.05 - - - - -- - 0.25 
Output Rise Time•* 6 tr I I I ns 

(CL= 15 pF), tr= (2.5 ns/pF) CL+ 62 ns 5.0 - - - 100 175 - - - - - 100 I 200 
tr= (1.5ns/pF) CL+ 12ns 10 - - - 35 75 - - - - - 35 110 
tr= (1.1 ns/pF) CL +8.0ns 15 - - - 25 - - - - - - 25 

Output Fall Time** 6 tf I I I ns 
ICL = 15 pF) If= (2.0 ns/pF) CL+ 70 ns 5.0 - - - 100 175 - - - - - 100 I 200 

tf = 11.0 ns/pFI CL+ 20 ns 10 - - - 35 75 - - - - - 35 110 
tf = (0.9 ns/pFI CL+ 11 ns 15 - - - 25 - - - - - - 25 

Turn-On Delay Time•• 6 IPHL I I I ns 
ICL = 15 pF) tPHL = (1.0 ns/pF) CL+ 45 ns 5.0 - - - 60 75 - - - - - 60 I 100 

IPH L = (0.5 ns/pF) CL+ 16 ns 10 - - - 25 50 - - - - - 25 60 
IPHL = (0.4 ns/pF) CL+ 12 ns 15 - - - 18 - - - - - - 18 

Turn-Off Delay Time*• 6 IPLH I I I ns 
(CL= 15 pF) IPLH = (1.0ns/pF) CL+ 45 ns 5.0 - - - 60 75 - - - - - 60 I 100 

IPLH = (0.5 ns/pF) CL+ 16 ns 10 - - - 25 50 - - - - - 25 60 
tPLH = I0.4 ns/pFI CL+ 12 ns 15 - - - 18 - - - - - - 18 

*DC Noise Margin.(VNH· VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
**The formula given is for the typical characteristics only. 



MC14000 (continued) 

FIGURE 1 - CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST Cl RCUIT 

Note: Unused inputs grounded 

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 
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FIGURE 4 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 
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"=' All unused inputs connected to ground. 

FIGURE 3 - TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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FIGURE 5 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

"=" All unused inputs connected to ground. 

FIGURE 6 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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MC14000 (continued) 

FIGURE 7 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

0.01 µF 
v 00 Ceramic 

FIGURE 8 - TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 

I. FREQUENCY (kHz) 

NOTE: All unused inputs should 

be returned to Voo or 

Vss as appropriate for 

circuit application . 

7-6 

(50% Duty Cycle) 
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._____J '\ "NOR" GATE 

MC14001AL 
MC14001CL 
MC14001CP 

~----------' 

QUAD 2-INPUT "NOR" GATE 

The MC14001 quad 2-lnput NOR gate is constructed with MOS 
P-channel and N-channel enhnacement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14001AL) 
= 3.0 Vdc to 16 Vdc (MC14001CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout > 50 

• Input Impedance = 1012 ohms typical 

• Logic Swing Independent of Fanout 
• Pin-for-Pin Replacement for CD4001A 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 7) 

Rating Symbol 

DC Supply Voltage MC14001AL Voo 
MC14001CL/CP 

Input Voltage, All Inputs Vjn 

DC Current Drain per Pin I 

Operating Temperature Range-MC14001AL TA 

Storage Temperature Range 

-MC14001CL/CP 

Tstg 

CIRCUIT SCHEMATIC 
Voo 

14 10 

See Mechanical Data Section for package dimensions. 

Value 

+18 to --0.5 
+16 to -0.5 

Voo to-0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

7-7 

Unit 

Vdc 

Vdc 

mAdc 
Oc 

oc 

McMOS 
ILDW·POWER COMPLEMENTARY MOS) 

QUAD 2-INPUT "NOR" GATE 

LSUFFIX PSUFFIX 
CERAMIC PACKAGE PL.AST IC PACKAGE 

CASE 632 CASE 646 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V0 ut be 
constrained to the Tange Vss ~(Vin or 
Vout) ~Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or Vool 

LOGIC DIAGRAM 
POSITIVE LOGIC 

12=D-
13 

3= f+2 

Vao =Pin 14 
vss =Pin 7 

11 

• 
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MC14001 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14001AL MC14001CL/CP 

Voo 
-55°C +25°C +125°C --40"c +25°C 

Characta"istic: Figure Symbol Vdc Min .... Min Typ Mo• Min MOK Min .... Min Typ 

Output Voltage "O" Level 1,2,3 Vout 5.0 0.01 0.01 0.05 0.01 0 
10 0.01 0.01 0.05 0.01 
15 0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noise Immunity• VNL 
fVout ;;;;i: 3.5 Vdcl 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
(V0 ut ~ 7 .0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
fVout ~ 10.5 Vdcl 15 6.75 6.75 

VNH 
(V0 ut .,.;;1.s Vdcl 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 
!V0ut"3.0Vdcl 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
(Vout ~4.5 Vdcl 15 6.75 6.75 

Output Drive Current loH 
(VoH = 2.5 Vdc) Source 5.0 -0.62 -0.50 -1.7 -0.35 - -0.23 - -0.20 -1.7 
(VQH = 9.5 Vdcl 10 -0.62 -0.50 -0.9 -0.35 - -0.23 - -0.20 -0.9 
{VQH = 13.5, Vdc) 15 -3.5 -3.5 
(Vol= 0.4 Vdc) Sink IQL 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
(VoL = 0.5 Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
IVoL = 1.5 Vdcl 15 7.8 7.8 

Input Current lin 10 10 
Input Capacitance (Vin= O Vdc) Cin 5.0 5.0 
Quiescent Dissipetion •• •n 

Per Package 

5.0 0.00025 - 0.000025 0.00025 - 0.015 - OJXl25 - 0.000025 
10 0.001 0.0001 0.001 - 0.060 - 0.01 0.0001 
15 - 0.00023 - 0.00023 

Total Po11Wr Dissipation •o 
!Dynamic Plus Quiescent) 
<Ct= 15 pFI 

Per Package 5.0 Po= (2.0 mW/MHz) f + 0.000025 mW 
10 Po= (8.0 mW/MHz) f + 0.00010 mW 
15 Po= (18 mW/MHz) f + 0.00023 mW 

Output Rise Time•• ... 
(Ct= 15 pF) 
tr"' (3.0ns/pF) CL+ 25 ns 5.0 70 175 70 
tr"' (1.5ns/pFI Ct +12ns 10 35 75 35 
tr= (1.1 ns/pFICt +8.0ns 15 25 25 

Output Fall Time•• ,, 
CCt = 15 pFI 
tt= (1.5 ns/pF) Ct+ 47 ns 5.0 70 175 70 
tf = (0.75 ns/pFI CL+ 24 ns 10 30 75 30 
tf = (0.55 ns/pf) CL+ 17 ns 15 25 25 

Turn-Off, Turn-On Delay Time tPLH• 
CCL= 15 pF) tPHL 
tPLH.tPHL = f1.8ns/pF) CL+ 33ns 5.0 60 75 60 
tPLH· tPHL = (0.73 ns/pF) CL+ 14ns 10 25 50 25 
tPLH· tPHL = (0.60 ns/pFI CL + 10 ns 15 19 19 

"'DC Noise Margin (VNH· VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
••The formula given is for the typical characteristics only, 

tfor dissipation at different external load capacitances refer to corresponding formula: P,-fCLI =Po+ 4 x 10-3 (CL - 15 pF) v002t 

Where: Po in mW, CL in pF, Voo in Vdc, and f in MHz 

7-R 

.... 
0.01 
0.01 

-

Q0025 

0.01 

200 
110 

200 
110 

100 
60 

+115•c 
Min .... Unit 

0.05 Vdc 
0.05 

4.95 Vdc 
9.95 

Vdc 
1.4 
2.9 

Vdc 
1.5 
3.0 

mAdc 

f-0.16 
0.16 

0.16 - mAdc 
0.40 

- pAdc 

mW 

- 0.075 
0.30 

mW 



MC14001 (continued) 

FIGURE 1 -CURRENT ANO VOLTAGE TRANSFER 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 2 -TYPICAL VOLTAGE ANO CURRENT 
TRANSFER CHARACTERISTICS 
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FIGURE 3 -TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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MC14002AL 
MC14002CL 
MC14002CP 

\-~~~~~~~~~~"-N_o_R_"_G_A_r_E __ 

DUAL 4-INPUT "NOR" GATE 

The MC14002 dual 4-input NOR gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14002AL) 
= 3.0 Vdc to 16 Vdc (MC14002CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 

• Input Impedance= 1012ohmstypical 

• Logic Swing Independent of Fanout 

• Pin-for-Pin Replacement for CD4002A 

MAXIMUM RATINGS (Voltages referenced to Vss. Pm 71 

Rating Symbol 

DC Supply Voltage -MC14002AL VDD 

- MCI 4002C L/CP 
Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - MC14002A L TA 
- MC14002CL/CP 

Storage Temperature Range Tstg 

CIRCUIT SCHEMATIC 

voo 
14 

vss 

See Mechanical Data Section for package dimensions. 

Value 

+18to-0.5 

+16 to -0.5 
VDD to-0.5 

10 

-55 to +125 
-40 to +85 

-65to+150 

7-10 

Unit 

Vdc 

Vdc 
mAdc 

oc 

oc 

McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL 4-INPUT "NOR" GATE 

.. """'" .. -1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation 1t 
is recommended that Vin and Vout be 
constrained to the range Vss ~(Vin or 

Vaut) .-s;;;;vDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level {e.g .. either 

Vss or Vo Di 

LOGIC DIAGRAM 
POSITIVE LOGIC 

~P--1 
l~P-- 13 
II 

12 

Voo =Pin 14 

Vss"' Pin 1 



MC14002 (continued) 
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MC14002 (continued) 

FIGURE 1 - CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 2 -TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

w 
"' "" >::; 
D 

16 

14 

11 

10 

> 8.0 

g 4.0 
> 

1.0 

voo"' 15 Vdc 

~ t:::.;, 

~~ 
10 Vdc c 

l t) 
d c b I 

I 

~Vdc y-1 

' 
~ 

l--b 
//' 

d 

TA,"' +250C 

~onnu::~t~~pt~ts-1 
vss. 

a a One input only 
b Two inputs 
c Three inputs 
d Four inputs 

\l~dc: 
4.0 

' 3 0 
\ 

' 10 
\ 

~ 10Vdc 
1 .0 

' I 

' ~ ~1 / l 0 0 
0 1.0 4.0 6.0 80 10 11 14 16 

Vin. INPUT VOLTAGE (Vdc) 

;;/ 
.s 
r 
z 
w 

"' "' => 
u 
z 

~ 
D 

6 

2: 

"' ~ 
D 
> 

! 
> 

7-12 

Vout 

FIGURE 3-TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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MC14002 (continued) 

PULSE 
GENERATOR 

FIGURE 4 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Vin 

20ns 

FIGURE 5- SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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MC14006AL 
MC14006CL 
MC14006CP 

\-~~~~~~~~~s_H_1_FT~R-E_G_1s_T_E_R__, 

18-BIT STATIC SHIFT REGISTER 

The MC14006 shift register is comprised of four separate shift 
register sections sharing a common clock: two sections have four 
stages, and two sections have five stages with an output tap on both 
the fourth and fifth stages. This makes it possible to obtain a shift 
register of 4, 5, 8, g, 10, 12, 13, 14, 16, 17, or 18 bits by appropri
ate selection of inputs and outputs. This part is particularly useful 
in serial shift registers and time delay circuits. 

• Output Transitions Occur on the Falling Edge of the 
Clock Pulse 

• Quiescent Power Dissipation= 0.05µW/package typical 

• Fully Static Operation 

• 8-MHz Shift Rate typical 

• Can be Cascaded to Provide Longer Shift Register Lengths 

• Pin-for-Pin Replacement for CD4006A 

MAXIMUM RATINGS I Voltages referenced to Vss. Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage -MC14006AL Voo +18 to -0.5 Vdc 
-MC14006CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Voo to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range-MC14006A L TA -55 to +125 Oc 

-MC14006CL/CP -40 to +85 

Storage Temperature Range T stg -65 to +150 oc 

BLOCK DIAGRAM 

v 00 =Pin 14 

Vss =Pin 7 

Clock 3 

Data 

1c1 
1 

LOGIC DIAGRAM 
(ONE REGISTER STAGE) 

c 

Input to output is 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

18-BIT STATIC SHIFT REGISTER 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

TRUTH TABLE 
(Single Stage) 

:X>-+------0 D + 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

,.. 
On c On+1 
0 

-------
0 

1 "'--- 1 

x .....r-- On 
X = Don't Care 

#l nverter used only on the first stage of 
each four-stage element. 

*Transmission 
Gate ln-$-Out (A) A bidirectional low impedance when control input 1 is "low" 

and control input 2 is "high". 
2 

(Cl 
( B) An open circuit when control input 1 is "high" and control 

input 2 is "low". 

See Mechanical Data Section for package dimensions. 
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MC14006 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14006AL MC14006C':i_CP 

Voo -55°C +2S0c +125°C +25°C 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0-:ITT 0])5 """Vdc 
10 O.Q1 0 0,01 0.05 O.ot O.Q1 0.05 

"1" Level 

Noise Immunity• 

(Vout ;;;.3.5 Vdcl 
(Vout :#7.0 Vdc) 

IVout ~10.5 Vdcl 

(V0 ut .;;;;1.s Vdcl 
!Vout ,;;;;3_Q Vdc) 

IVout~.5 Vdc) 

Output Drive Current 
(VQH = 2.5 Vdc) 

(VQH = 9.5 Vdc) 
(VQH = 13.5 Vdc) 

(VQL = 0.4 Vdcl 
(VOL= 0.5 Vdc) 

!Vol= 1.5 Vdc) 

Source 

Input Current 

Input Capacitance 

(Vin= Ol 

Quiescent Dissipation 

Sink 

Output Rise and Fall Times...- I CL= 15 pF) 

tr.tf = (4.8 ns/pF) CL+ 28 ns . 
lr,lf ~ (2.5 ns/pF) CL+ 12.5 ns 

tr,tf = (2.2 ns/pF) CL+ 2.0 ns 

Turn-Off and Turn-On Delay Times"* 
~CL = 15 pF) 

lPLH,lPHL = {5.0 ns/pF) CL t 175 ns 
tPLH·tPH L = (2.4 nsipF) CL + 44 ns 

lPLH.tPHL = (2_0 ns/pF) Cl+ 30 ns 

Minimum Clock Pulse Width 

Maximum Clock Pulse Frequency 

(CL= 15 pF) 

Maximum Clock Pulse Rise and Fall Time# 

{CL= 15 pF) 

Sernp Time 

(CL"' 15 pFI 

Hold Time 
{CL= 15 pF) 

15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

lQH 5_0 -0.62 
10 -0.62 
15 

loL 5.0 0.5 

3.4 Po 

10 1.1 

15 

50 
10 
15 

5.0 
10 
15 

50 
10 
15 

PWc 5.0 
10 
15 

PRF 5.0 

10 
15 

tf,lf 5.0 
10 

1setup 5.0 
10 
15 

lhold 5.0 
10 
15 

2.5 
10 

0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.5 -1_5 
-0.5 -1.0 

-3.6 

0.4 0.8 
0.9 1.2 

7.8 

10 

5.0 

0.025 2-5 
0.05 10 
0.35 

100 175 
35 75 
15 

250 400 
80 145 

60 

100 200 
60 70 
40 

2.5 5.0 

7.0 8.3 

15 
15 

12 

-50 15 
-15 -5_0 
-8.0 

75 180 
25 90 
20 

4.95 
9.95 

1.4 

2.9 

1.5 
3.0 

-0.35 
-0.35 

0.28 

0.65 

150 
600 

4.99 
9.99 

1.5 

3.0 

1.4 
2.9 

--0.23 
-0.23 

0-23 

0.6 

25 
100 

4.99 5.0 
9.99 10 

15 

1.5 2.25 

3.0 4.50 
6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.2 -1.5 
-0.2 -1_0 

-3.6 

0.2 0.8 
0.5 1.2 

7.8 

10 

5.0 

0.05 25 
0.2 100 
0_70 

100 200 
35 110 

15 

250 500 

80 250 
60 

100 250 
60 125 
40 

2.0 5.0 
4.0 8.3 

15 
15 

12 

-50 
-15 
-8.0 

75 220 
25 110 
20 

4.95 

9.95 

14 
2.9 

1.5 

3.0 

-0.16 
-0.16 

0.16 
0.4 

350 
1400 

•DC Noise Margin I VNH. VNLl is defined as the maximum voltage change from an ideal "1 'or "O" input level before producing an output state change 
••The formula given is for the typical characteristics only 
II When shifr r1>gister secrions are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise and fall times of the data outputs driving data inputs, 

plus the propagation delay of the outpllt driving stage for the output capacitance load. 

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vout 

14 

7-15 

FIGURE 2 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vout 

14 

Vdo 

Vdo 

mAdc 

mAdc 

pF 

µW 

• 
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MC14006 (continued) 

FIGURE 3- POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

14 

Pulse 
Generator Clock 04 

-1- Dp1 QB 

Dp5 

Dp1QQ17 

Clock 
I 
I 

-1 
Sync I 

Data I 

FIGURE 4 -TYPICAL POWER DISSIPATION 
versus CLOCK FREQUENCY CHARACTERISTICS PER STAGE 

10 
f'=TA 25°C 

CL· 15pF LJ 
-- CL 50~ /.V 

Voo - 15 Vdc 
~ LO 

Vavd~ lZ LL 
/. ~ L 

5.0 Vdc 

~ 'i>< .Y 

Jz: 
..L-".V'I .Y 0.001 

0.5 LO 10 100 1000 5000 

f. FREQUENCY (kHz) 
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14 
8 

Preset 

This device contains circuitrv 10 protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~(Vin or 

Voutl .;;vDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool 



MC14006 (continued) 

20 ns 

Clock 

Data 

FIGURE 5 -SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

14 

04>---0-~~~~~~~~~~~~ 

08>---o-~~~~~~~~~ 

09r--o-~~~~~~~ 

7 Vss 

4-Stage ====================~ Output 

0~~:~~7""""'""'""'""'""""""""""'""''""''""'""'""'"""""""""""""'""'""'""'"""'-~~-'I 5-Stage- i90% 
Output 50% 
09,018 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 10% 

r, 

~Output state can change since data previously crocked in might be in either state. 

NOTE: All unused inputs should be returned to 
Voo or Vss as appropriate for circuit 
application. 

7-17 
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.....______/ \ COMPLEMENTARY PAIR 

MC14007AL "---------------' 
MC14007CL 
MC14007CP 

DUAL COMPLEMENTARY PAIR PLUS INVERTER 

The MC14007 multi-purpose device consists of three N-channel 
and three P-channel enhancement mode devices packaged to provide 
access to each device. These versatile parts are useful in inverter 
circuits, pulse-shapers, linear amplifiers, high input impedance ampli
fiers, threshold detectors, transmission gating, and functional gating. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14007AL) 
3.0 Vdc to 16 Vdc (MC14007CL/CP) 

• Single Supply Operation= Positive or Negative 

• Symmetrical Output Impedance - 200 ohms typical @ 10 Vdc 

• Pin-for-Pin Replacement for CD4007A 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage - MC14007AL Voo +18 to -0.5 Vdc 
- MC14007CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v00 to-0.5 Vdc 
DC Current Drain per Pin I 10 mAdc 
Operating Temperature Range-MC14007AL TA -55 to +125 oc 

- MC14007CL/CP -40 to +85 
Storage Temperature Range Tstg -65 to +150 oc 

FIGURE 1 - TYPICAL POWER DISSIPATION CHARACTERISTICS 

;> 
1.0 ~ 

z 
0 
;:: 
;t 
i:i 0.1 
0 
~ 

~ 0,01 ,_; 

1.0 10 100 1000 
f, FREOUENCY (kHz) 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL COMPLEMENTARY PAIR 
PLUS INVERTER 

,..,,,, .. -
1 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

SCHEMATIC 

8 3 4 5 10 

Voo"" Pin 14 

v 55 "" Pin 7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation 1t 
is recommended that Vin and V0ut be 
constrained to the range Vss ~(Vin or 
Voutl <;;Voo-
Unused inputs must alwnys be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool 



MC14007 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14007AL MC14007CL/CP 

Voo -ss0 c +25°c +125°c -40°c +25°C +ss0 c 
Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 0.01 0.01 0.05 0.01 0.01 0.05 
15 0.05 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity• 
(Vout = 3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
(Vout = 7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
(V001 =10.5 Vdc;) 15 6.75 6.75 

(Vaut = 1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
(V0ut = 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
IV0 ut = 4.5 Vdcl 15 6.75 6.75 

Output Drive Current loH mAdc 
IVQH = 2.5 Vdc) Source 5.0 -1.75 -1.4 -4.0 -1.0 -1.3 -1.1 -4.0 -0.9 
IVoH = 9.5 Vdc) 10 1.35 -1.1 -2.5 0.75 -0.65 ~ -0.55 -2.5 0.45 
(VoH = 13.5 Vdc) 15 -9.0 -9.0 

(Vol= 0.4 Vdcl Sink IQL 5.0 0.75 0.6 1.0 0.4 0.35 0.3 1.0 0.24 mAdc 
(Vol= o.s VdcJ 10 1.6 1.3 2.5 0.95 1.2 1.0 2.5 0.8 
(Vol= 1.5 Vdcl 15 12 12 

Input Current lin 10 10 pAdc 

Input Capacitance Cin 5.0 5.0 pF 
Vin= 0 

Quiescent Dissipation (CL= +15 pF) 

Po= {1000 µW/MHzl f + 0.005 µW 1.4 Po 5.0 0.25 0.005 0.25 15 2.5 0.025 2.5 75 µW 

Po= (4000 µW/MHzl f + 0.01 µW 10 1.0 0.01 1.0 60 10 0.05 10 300 
Po= (9000 µW/MHzl f + 0.025 µW 15 0.025 - 0.25 

Output Rise Time ... ,, 
ICL = 15 pF) 
tr= (1.2 ns/pF) CL+ 17 ns 5.0 35 75 35 100 
tr= (0.5 ns/pFl CL+ 12.5 ns 10 20 40 20 50 
tr= (0.4 ns/pFJ CL -t 11 ns 15 16 16 

Output Fall Timeu- tf 
ICL = 15 pF) 
tf= (1.5 ns/pF)CL + 12.5 ns 5.0 35 75 35 100 
tf = (0.5 ns/pF) CL+ 12.5 ns 10 20 40 20 50 
tf = (0.4 ns/pF) CL+ 9.0 ns 15 15 15 

Turn-On Delay Time• .. tPHL 
ICL = 15 pF) 
tPHL = (1.0 ns/pF) CL+ 15 ns 5.0 30 60 30 75 
tPHL = (0.3 ns/pF) CL+ 10.5 ns 10 15 40 15 50 
tPHL = (0.2 ns/pF) CL+ 9.5 ns 15 12 12 

Turn-Off Delay Time4 4 tPLH 
ICL = 15 pF) 
tPLH = (0.5 ns/pFJ CL+ 22.5 ns 5.0 30 60 30 75 
tPLH = (0.2 ns/pF) CL+ 12 ns 10 15 40 15 50 
tPLH = (0.15 ns/pF) CL+ 9.0 ns 15 12 12 

'"'DC Noise Margin IVNH• VNLI is defined as the maximum voltage change from an ideal "1" or "O" input level, that the circuit will withstand before producing 
an output state change. 

0 The formula given is for the typical characteristics only. 

Note: All unused inputs must be returned to either Voo or Vss as appropriate for the circuit application. 

• 
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MC14007 (continued) 

FIGURE 2 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

Vos= VoH - Voo 

All unused inputs connected to ground. 

:g -4.o~+-~+-:-J~~~;;;;=F=4~~'fi 
« 
.§ 

E -s.o 
"' "' i:l 

a TA=-55°C 
b TA=+250C 
c TA=+125°C 

~ ·12 f--+---+---t--1--:p.<"1-+--:~:---1"'\-f-l---t 

"' c 

-8.0 -0 

Vos. DRAIN VOLTAGE (Vdc) 

FIGURE 3 - TYPICAL OUTPUT SINK CHARACTERISTICS 

All unused inputs connected to ground. 

0 2.0 4.0 6.0 8.0 10 

Vos. DRAIN VOLTAGE (Vdc) 

FIGURE 4- SWITCHING TIME AND POWER OISSIPATION TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Voo 

0.01 p.F 

lCeramic 

7-20 



MC14007 (continued) 

APPLICATIONS 

The MC14007 dual pair plus inverter, which has access to all 
its elements offers a number of unique circuit applications. Shown 
are a few examples of the device flexibility. 

FIGURE 5 - 2-INPUT ANALOG MULTIPLEXER 

Input 

INPUT OUTPUT CONDITION 

1 A = C. B "" Open 
0 A = B, C =Open 

Substrates of P-ehannel devices Internally connected to v 00; 
Substrates of N-channel devices internally connected to v55. 

FIGURE 7 - AOI FUNCTIONS USING TREE LOGIC 
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FIGURE 6 - 3.STATE BUFFER 

Output 

INPUT DISABLE OUTPUT 

1 0 0 
0 0 1 
x , Open 

X = Don't Care 

4 

6 
Ao-~~~~~~~~~--' 

Output 

• 
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\ ADDER 

MC14008AL "----------~ 
MC14008CL 
MC14008CP 

4-BIT FULL ADDER 

The MC14008 4-bit full adder is constructed with MOS P-chan
nel and N-channel enhancement mode devices in a single mono
lithic structure. This device consists of four full adders with fast 
internal look-ahead carry output. It is useful in binary addition 
and other arithmetic applications. The fast parallel carry output 
bit allows high-speed operation when used with other adders in a 
system. 

• Look-Ahead Carry Output 

• High-Speed Operation - 150 ns typical from Sum in to Sumout 

• Low Power Dissipation - 1.0 µW typical @ 10 V 

• Diode Protection on All Inputs 

• All Outputs Buffered 

• Pin-for-Pin Replacement for CD4008A 

MAXIMUM RA Tl NGS I Voltages referenced to V55. Pin 81 

Rating Symbol Value 

DC Supply Voltage - MC14008AL Voo +18 to -0.5 
-MC14008CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v00 to-0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14008AL TA -55to+125 oc 

-MC14008CL/CP -40 to +85 

Storage Temperature Range T stg -65 to +150 OC 

BLOCK DIAGRAM 

High-Speed 
Parallel Carry 

f------0 14 Cout 

B4150---+---+--+-+---t-f-+---+-_..---t 

A4 1 0---+---+--+-+---t-f-+--~----t 

83 20---+---+--+-+---t-f-._-----t 

A3 30---+---+--+-+---tc--<O-------t 

82 4<.>--+---+--+--+--<>--------1 

A2 5U--+---+--+--+---------1 

81 6U--+---+--------------1 

A1 7 0---+--~-----------1 

C1n 9 0---+-------------~ 

See Mechanical Data Section for package dimensions. 

13 S4 

12 53 

11 52 

10 51 

v 00 =Pin 16 

Vss =Pin a 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

4-BIT FULL ADDER 

L SUFFIX 

CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 
(One Stage) 

Cin B A Cout s 
0 0 0 0 0 
0 0 1 0 1 
0 1 0 0 1 
0 1 1 1 0 

1 0 0 0 1 
1 0 1 1 0 
1 1 0 1 0 
1 1 1 1 1 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V out be 
constrained to the range V55 .s.; (Vin or 
Vout) ::>;;Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or Vo DI· 



MC14008 (continued) 

ELECTRICAL CHARACTERISTICS 

CharaCl81'"istic 

Output Voltage "O" Level 

Noise Immunity• 

Output Drive Current 

{VQH = 2.5 Vdcl 
(VoH = 9.5 Vdcl 
(VoH = 13.5 Vdc) 

!Vol= 0.4 Vdc) 
(VOL= 0.5 Vdd 
!Vol= 1.5 VdcJ 

Input Current 

Input Capacitance (Vin= 0) 

''1" Level 

Source 

Sink 

Cin Input 
All other inputs 

Quiescent D1uipetion 

Output Rise and Fall Time•• 
(CL= 15 pF) 

tr.tf., !2.9 ns/pF) CL+ 57 ns 
tr.tf = (1.5 ns/pfj CL+ 12.5 ns 

tr,tf = {1.0ns/pF) CL+ 10ns 

Sum In to Sum Out Delay Time•• 

(CL= 15 pF) 

lPHL.lPLH = {1.8 ns/pF) CL+ 398 ns 
lPHL•tPLH = (0.8 ns/ pF)CL + 158 ns 
lPHL,lPLH = C0.6 ns/pF) CL+ 116 ns 

Sum In to Garry Out Delay Time•• 
(CL=lSpF) 

lPHL. lPLH = ( 1 .Bns/pf) CL+ 223ns 
lPHL,lPLH = (0.8 nsfpF) CL+ 103ns 

lPHL.lPLH=(0.6ns/pFlCL +81 ns 

Carry In to Sum Out Delay Time•• 
{CL= 15 pF) 

lPHL. lPLH = ! 1.8 nslpF) CL+ 293 ns 
lPHL· lPLH = !0.8 ns/pFJ CL +113ns 
tPHL· tPLH"' (0.6ns/pFICL +86 ns 

Carry In to Carry Out Delay Time .. 

(CL= 15 pF) 
tPHL,tPLH = ( 1.8 ns/pF) CL+ 88 ns 
fPH L· fPLH = 10.8 ns/pFJ CL +33 ns 
fPHL· lPLH = 10.6 ns/pF) CL+ 26 ns 

Figure Symbol 

Vout 

Po 

Voo -ssoc 
Vdc Min Max 

5.0 0.01 
10 O.Ql 

5.0 4.99 
10 9.99 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

5.0 -0.62 
10 -0.62 
15 

5.0 0.5 
10 1.1 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

25 
100 

MC14008AL 

+25°C 
Min Typ Max 

0 O.Dl 

4_99 5.0 
9.99 10 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

--0.5 -1.5 
--0.5 -1.0 

-3.0 

0.4 0.6 
0.9 1.6 

6.0 

10 

10 
5.0 

0.01 

0.25 25 
1.0 100 
4.0 

100 175 
35 75 
25 

425 750 
170 250 
125 

250 500 
115 200 
90 

320 650 
125 225 
95 

115 175 
45 75 
35 

MC14008CL/CP 

+125°C -40°C +25°C 
Min Max Min Max Min Typ Max 

0.05 O.Ql 0 D.01 
0.05 0.01 0 0.01 

4.95 4.99 4.99 5.0 
9.95 9.99 9.99 10 
1.4 1.5 15 2.25 
2.9 3.0 3.0 4.50 

6.75 

1.5 1.4 1.5 2.25 
3.0 2.9 3.0 4.50 

--0.35 

-0.35 

0.28 
0.65 

1500 
6000 

--0.23 
--0.23 

0.23 
0.6 

250 
1000 

6.75 

-0.2 -1.5 
--0.2 -1.0 

-3.0 

0.2 0.6 
0.5 1.6 

6.0 

10 

10 
5.0 
0.25 250 
1.0 1000 
4.0 

100 200 
35 110 
25 

425 1200 
170 400 
125 

250 800 
115 240 
90 

+as"c 
Min Mui: 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

-0.16 
-0.16 

0.16 
0.4 

0.05 
0.05 

Unit 

Vdo 

Vdo 

Vdo 

mAdo 

mAdc 

pAdc 

pF 

3500 1J.W 
14000 

320 1000 -
125 300 
95 

115 200 
45 90 
35 

•oc Noise Margm (VNH. VNL) 1$ defined as the maiumum bnlt;ige change from an ideal .• , .. or "O mput level before producing an output state change. 

••The formula given is for the typical characteristics only. 

FIGURE 1 - TYPICAL SOURCE CURR ENT 
CHARACTERISTICS TEST CIRCUIT 

Vout 

16 
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FIGURE 2 - TYPICAL SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

16 

• 
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MC14008 (continued) 

F1GURE 3 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

16 

~-C>----1 64 541---0------~ 

A4 

,.....,_,_,-~83 S3>---<>-----~ 

521---0---~ 

500 µF loo 

FIGURE 4 -TYPICAL POWER DISSIPATION 
CHARACTERISTICS 

0.001. '::'-'.ill.::----'-'--'-.LI..J-"'::--J_'--'-'-'-'~--'-"'--'-LI...l.Cf:'::::----'-'-:::c 
0.5 1.0 10 100 1000 5000 

t. FREQUENCY (kHz) 
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MC14008 {continued) 

FIGURE 5 -SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Yoo 

16 

• 
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MC14008 (continued) 

FIGURE 6 - LOGIC DIAGRAM 
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MC14008 (continued) 

TYPICAL APPLICATION 

FIGURE 7 - USING THE MC14008 IN A 16-BIT ADDER CONFIGURATION 

Word A+ B Inputs 

A1--- 84 A1 --- 84 A1---84 A1---84 

Chip 
2 

Chip 
3 

Chip 
4 

Cout 

S1 --- 54 S1---S4 51 - - - 54 S1 --- S4 

Sum Outputs 

Calculation of 16-bit adder speed: 
tp total "" tp (Sum to Carry) + tp (Carry to Sum)+ 2 tp {Carry to Carry) 

Typically. the overall 16-bit adder speed at 10 Vis: 

tp total= 115 + 125 + 90 = 330 ns typ 
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.___J MC14009AL \ _________ 8_uF_F_ER_s----1 

MC14009CL 
MC14009CP 
MC14010AL 
MC14010CL 
MC14010CP 

HEX BUFFERS 

The MC14009 hex inverter/buffer and MC14010 noninverting 
hex buffer are constructed with MOS P-channel and N-channel en· 
hancement mode devices in a single monolithic structure. These 
complementary MOS devices find primary use where low power dis· 
sipation and/or high noise immunity is desired. Both devices can 
be used as current "sink" or "source" drivers, as CMOS-to-CMOS or 
CMOS-to-bipolar (TTL or DTL) logic level converters, or as multi· 
plexers (1-to-6). The MC14009 also provides the invert function. 

• Quiescent Power Dissipation= 50 nW/package typical 

• High Current Sinking Capability 
8.0 mA minimum @VoL = 0.5 V and Voo = 10 V 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14009/10AL) 
3.0 Vdc to 16 Vdc (MC14009/10CL/CP) 

• Wide CMOS·to·Bipolar Conversion Range -
From MCMOS operating with specified supply voltage range 
to TTL or DTL operating with +3.0 V to +6.0 V supply. 
Conversion with logic output levels > 6.0 V is permitted if 
Vee.;;; Voo. 

• Pin for Pin Replacement for CD4009A - MC14009 
CD4010A - MC14010 

MAXIMUM RATINGS (Voltages referenced to V55, Pin8J 

Rating Symbol Value Unit 

DC Supply Voltege (Vee .;;;vDDl -AL Version VDD 
CL,CP Version 

Input Voltage, All Inputs Vjn 
DC Current Drain per Pin* I 

Operating Temperature Range -AL Version TA 
CL,CP Version 

Storage Temperature Range T stg 

*Buffered 01,1tputs may supply higher current. 

CIRCUIT SCHEMATIC 
(1/60F CIRCUIT SHOWN) 

MC14009 

+18 to --0.5 Vdc 
+16to --0.5 

VDD to --0.5 Vdc 

10 mAdc 

-65to +125 Oc 

-40to +85 

-65 to +150 oc 

MC14010 

All P-Channel substrates= Voe All N-Channel substrates= Vss 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW·POWER COMPLEMENTARY MOS) 

HEX BUFFERS 
Inverting - MC14009AL/CL/CP 

Noninverting - MC14010AL/CL/CP 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 ..d 
1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

LOGIC DIAGRAMS 

MC14009 MC14010 

3-{>o--2 3---f>-2 

s-{>o--4 s--{>-4 

1-{>o--s 1--{>-s 

9-{>o--10 9--f>--10 

11-{>o--12 11---f>-12 

14-{>o--1s 14---f>-15 

Voo =Pin 16 v 00 =Pin 16 
Vss =Pin 8 Vss =Pin a 
Vee= Pin 1 Vee""' Pin 1 



MC14009, MC14010 (continued) 

ELECTRICAL CHARACTERISTICS 

Outoul Voltaae 

MC14009 

t Vin '" 5.0 Vdd 
{Vin'" 10Vdcl 
{Vin"' 15 Vdcl 

MC14010 
(Vin= 0 Vdcl 
(Vjn =O Vdcl 
(Vj0 •0Vdcl 

MC14009 
(Vin zOVdcl 
(Vin= a Vdcl 
(Vin"'OVdcl 

MC140fO 
(Vin = 5.0 Vdc) 

(Vin"'10Vdcl 
!Vin .. 15 Vdcl 

Noise Immunity• 

MC14009 

Ctt.r•c:teristic 

IVout <? 3.5 Vdd 
1Vout2"7.0Vdc) 
IVout 2-10.5 Vdd 

fVout ..;1.5 Vdd 
IVout S:J.O Vdcl 
IVout s:4.!5 Vdd 

MC14010 
!Vout ~1.5 Vdcl 
(V0 ut ~3.0 Vdcl 
IVout '!1:4.5 Vdcl 

fV0 ut Z3.5 Vdcl 
(V0ut Z7 .0 Vdcl 
IVout ~10.5 Vdcl 

Output Drive Current 

!VoH"' 2.5 Vdcl 
tVoH ""9.5 Vdc) 

IVoH"' 13.5 Vdc) 

tVoL = 0.4 Vdc) 
IVoL"' 0.5 Vdcl 
IVQL = 1.5 Vdc) 

Input Current 

Input Capa1c1tance 
(Vin=OI 

Ouie5eent Dissipa1tion 

Turn-On Delay Time .. 
ICl. = 15pFl 

MC14009 
tPHL = I0.16ns/pFI CL+ 12ns 
tpH L = 10.10 ns/pFJ CL + 8.0 1-.t 

tPHL • I0.08 ns/pfl CL + 6.0 ns 
tPHL = (0.115 ns/pF) CL+ 7 .0 ns 
tPHL = I0.03 ns/pFI CL+ 5.0 ns 

MC14010 
tPHL = l0.38 ns/pFI CL+ 19 ns 
lPHL = (0.08 n1/pFI CL + 19 ns 
tPHL"' (0.06 ns/pFI CL+ 14 ns 
tPHL = I0.08 ns/pf) CL+ 14 ns 
tPH = 10.09 ns/pFI C + 9.0 ns 

Turn-Off Delay Time•• 
(CL• 15 pf) 

MC14009/10 
tPLH = !1.0ns/pF) CL+ 35ns 
tPLH = 10.40 ns/pfl CL+ 19 ns 
tPLH .. 10.34 ns/pf) CL+ 15 ns 
tPLH ,. !0.36 ns/pf I CL + 20 ns 
tPLH =- 10.18 ns/pfl CL+ 18 ns 

Output Rise Time•• 
(CL= 15 pFI 

MC14009 
tr= (2.4 ns/pFI CL+ 44 ns 
tr= (1.0ns/pfl CL+ 20 ns 
tr • (0.62 ns/pF I CL + 20 ns 

MC14010 
tr• 11.6 ns/pFI CL+ 56 ns 
1r • 10.76 ns/pFI CL+ 39 ns 
t =10.6ns/pflC +21ns 

Output Fall Time•• 
ICL"' 15 pf) 

MC14009 
tf"' 10.22 ns/j)FJ CL+ 9.0 ns 
tf = 10.10 ns/pf) CL+ 7.0 ns 
tf = 10.07 nsipf) Cl.+ 6.Q ns 

MC14010 
tf"' (0.20 11s/pfl CL+ 22 ns 
tf'" (0.07 nsipfl CL+ 15 ns 
t1 = 10.07 nsipfl CL+ 9.0 ns 

·11·· Level 

"1" Level 

Source 

Sink 

MC14009 
MC14010 

Figure Symbol 

1,2,3 Vout 

IQL 

1, 

lf 

Voo 
Vdo 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 
10 
15 

5.0 
10 
15 
10 
15 

5.0 
10 
15 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

MC14009/10AL MC140Cl9/10CL/CP 

Vee 
Vdo Min Mu; Min Typ M9x Min Mlic Min Maii: Min Typ Max Min Mu 

5.0 
10 

- 0.01 0.01 - 0.05 - 0.01 Q.Q1 - 0.05 
0.01 0.01 - 0.05 0.01 0.01 0.05 

5.0 
10 

- 0.01 
- 0.01 

5.0 4.99 - 4.99 5.0 

0.01 - 0.05 - 0.01 
0.01 0.05 - 0.01 

4.95 - 4.99 - 4.99 5.0 

0.01 
0.01 

4.95 

0.05 
0.05 

10 9.99 - 9.99 10 9.95 - 9.99 - 9.99 10 9.95 -
15 15 

5.0 4.99 - 4.99 5.0 4.95 - 4.99 - 4.99 5.0 4.95 
10 9.99 - 9.99 10 9.95 - 9.99 - 9.99 10 - 9.95 

5.0 1.0 
TO 2.0 
15 

5.0 1.4 
10 2.9 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

15 

1.0 2.0 
2.0 3.0 

4.5 

1.5 2.25 
3.0 4.5 

6.75 

0.9 
1.2 

1.5 
3.0 

1.5 2.25 1.4 
3.0 4.5 2.9 
- 6.75 -

1.5 2.25 - 1.5 
3.0 4.5 3.0 

6.75 -

1.0 
2.0 

1.4 
2.9 

1.5 
3.0 

1.4 
2.9 

15 

1.0 2.0 0.9 
2.0 3.0 1.9 

4.5 

1.5 2.25 1.5 
3.0 4.5 3.0 

6.75 -

1.5 2.25 1.4 
3.0 4.5 2.9 

6.75 -

1.5 2.25 
3.0 4.5 

6.75 

1.5 
3.0 

5.0 -1.85 - 1.25 -l.75 - -0.9 -1.5 - -1.25 -1.75 - -1.0 
10 -0.9 ...0.6 ...0.8 ...0.4 - -0.72 - -0.6 -0.B - -0.48 -
15 ~ - - ~ 

5.0 3.75 - 3.0 4.0 
10 10 8.0 10 
15 35 

2.1 
5.6 

3.6 
9.6 

3.0 4.0 
8.0 10 

35 

2.4 
6.4 

Unit 

Vdo 

Vdo 

Vdo 

Vdo 

Vdo 

mAdo 

mAdo 

- ~' 

5.0 
10 
15 
5.0 
5.0 

5.0 
10 
15 
5.0 
5.0 

5.0 
10 
15 
5.0 
5.0 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

1.5 
5.0 

10 
5.0 

0.05 1.5 
0.1 5.0 

- 0.15 

15 
9.0 
7.0 
8.0 
5.0 

55 
30 

25 55 
20 30 
15 
15 25 
10 

50 80 
25 55 
20 
25 JO 
20 

BO 125 
35 100 
JO 

BO 125 
50 100 
JO 

13 45 
9.0 40 
7.0 

25 45 
16 .. 
10 

100 
300 

10 
5.0 

15 - 0.15 15 
50 0.5 50 

- 0.85 

15 70 
9.0 40 
7.0 
8.0 35 
5.0 

25 70 
20 .. 
15 
15 35 
10 

50 100 
25 70 

- \ 20 
25 .. 
20 

80 160 
35 120 
30 

BO 160 
50 120 
JO 

13 60 
9.0 50 
7.0 

25 60 
16 50 
10 

pF 

210 µW 

700 

•oc Noise M•g1n !VNH· VNLI 1s <Rf med as 11\e maximum voltage change, from an 1deel "1 ''or .. 0 .. input le11el before producing •n output 11ate change. 
••Tt1e formula given 1s for the typical chatacteristics only 
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MC14009, MC14010 (continued) 

FIGURE 1 - CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST CIRCUIT 

#Invert on MC14009 only 

FIGURE 2 - TYPICAL VOLTAGE AND CURRENT TRANSFER CHARACTERISTICS versus TEMPERATURE 

MC14009 

1------F'.--Jl---+----l--+--+-b ~:: :~~~~c 
---'~"°"----ll---+----i--+'-T_A_"-f-5-5_'C_-f~ ~ 

.s 

i 
---+----<20 a 

z 

~ 
l--,--,:l\1~11-;\\-1!:--\\\-+----,71~_.10,_@+vc,,,c'-·--'v"io"'o_·_s._01v __ -f10 9 

.......... __ 
Vin. INPUT VOLTAGE {Vdc) 

w 

"' 

~M--+-+-+-+-Vcc • 5.0 Vdc 
I I 

l--+--~IW\-\''Pt--1---1---1---'I--: ~~: :~~~~c 
f--f--tlft\'\T'"''<:;!"' --+---+---+--'TA• -55'C 

~ 3]1--+---l-lM---"'~~~-1---1-----11-----11-----1---1 

§;! 
!; !; 2.0 

0 1--t---\M--t-\\\-1-'lt"<l'<:--l---l-----ll-----l,-------I 

8.0 ID 
Vin. INPUT VOLTAGE (Vdc) 

FIGURE 3- TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE 

j 4.0l--+---tl!tt---,,aat--Ht-t-----lHH---1---lt-----1----1 

t----+--tttljo--:-Jbl---+-JH.-+-+-----+----1--+-~ 
I-' 

!.J 
OLO--L--2~.0LL.-l...-~4.~0IU-_._.-~6~.0o._....1...._~8.~0--'--.,J.10 

Vin. INPUT VOLTAGE (Vdc) 

MC14010 
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5.o,--,---rm,.-..--..----,..,.-,---.--,,.,.......,.,..-, 

:;. a 
-., 4.0t--t--Hl!---1+---t----11b-,.a+--+-___,llr--'l"'._..bcb---' 
? I-! "'.:b r-

t---+--ttlll"-b--l--IF,_~,,+--+___,1-lf--<P--J 
"' I-~ .....- . 
~ 3.0t--+--Htt,__+--+----1..--+--+-...... ,_-+--< 

§;! 

!; .l 
~0 2.ot--t--Hf!Vaa = 5.0 Vdc~ Voo = 10 Vdc_- vaa -15 Vdc--i 

l----l--+IHl---+--+---111--+--+--l-i+----J_+---I 
j 1.0t--t--Htt,--t--t---tt--t--1-1-V~c~c~·-5~.o_v_dc-1 

I A aTA=+12soc 
1--+--H!l'--+--+---tt--+--Hll~-b TA• +25'C 

,.. cTA=-550C 

2.0 4.0 6.0 8.0 10 
V;n. INPUT VOLTAGE (Vdc) 



MC14009, MC14010 (continued) 

FIGURE 4 -SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 

Generator 

Voo Vee 

16 

#Invert on MC14009 only 

FIGURE 5 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 

:;: 
_s 

MC14009 

+Voo '"'Vee 

TA~-55°C 
TA=+25°C 
TA =+125°C 

MC14010 

+Voo =Vee 

16 

Vos= VoH - Voo 

~ -2.0f---r---r--+--+--+---7!7-'"'c::; .... -'i""''-7"1H---1 
~ 
~ 

=> 

~ -4.0 

=> l--+---+----t----+-+-++--f--.~+--H't--<--1--~ 

0 
~ 

~ -6.0 

.... 
=> 
0 

~ -8.0~~~~~~~~:::r-co 

Vos, ORAIN VOLTAGE (Vdc) 
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Input 

Output 
Me14009 

Output 
Me14010 

FIGURE 6 - TYPICAL OUTPUT SINK CHARACTERISTICS 

MC14009 Me14010 

+Voo =Vee +Voo =Vee 

16 16 

2.0 40 6.0 8.0 10 

VoL, OUTPUT VO LT AGE (Vdc) • 
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MC14009, MC14010(continued) 

FIGURE 7 - TYPICAL DYNAMIC POWER DISSIPATION CHARACTERISTICS 

0.01 µF 
Ceramic 

Voo =Vee o----..... ~ 

Vin 0-----1 

§ 
.§ 
z 

" ;:: 
~ 
ill c 
"' ~ 
~ 

.P 

20 ns 

I 500µF 50% Duty Cycle 

":"" #Invert on MC14009 only 

10 
~TA-+2s•c 

1.0 
t--1 vaa=lSVdc~ f~ ~ 

0.1 7P1 ~ ~ 10 Vdc 

L ")r.. 

0.01 IL""V ~ 5.0 Vdc --CL=15pF 
CL= 50 pF 

All unused inputs 

ITT connected to Vss 

v 0.001 
1.0 

lllllL ill 
10 

illllL 11 
100 1000 

f, FREQUENCY (kHz) 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vjn and Vout be 
constrained to the range Vss ~ (Vin or 
Voutl <;;Voo-

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55or VDol 
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MC14011AL 
MC14011CL 
MC14011CP 

\..__~~~~~~~~~-"-NA~N-D_"_G_A_T_E__. 

QUAD 2-INPUT "NANO" GATE 

The MC14011 quad 2-input NANO gate is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14011 AL) 
3.0 Vdc to 16 Vdc (MC14011CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance = 10 12 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage MC14011AL Voo +18 to -0.5 Vdc 
MC14011g,!CP +16 to -0.5 

Input Voltage, All Inputs Vin v 00 to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range -MC14011AL TA -55 to +125 Oc 

-MC 14011 CL/CP -40to +85 

Storage Temperature Range Tstg -65 to +150 OC 

CIRCUIT SCHEMATIC 

voo 
14 10 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEll!IENTARY MOSI 

QUAD 2-INPUT "NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operatior'I it 
is recommended that Vin and Vout be 
constrained to the range Vss :s:;;;; (Vin or 
Voutl E;;Voo· 
Unused inpul:S must always be tied to an 
appropriate logic voltage level (e.g., either 
v 55 or v 001. 

LOGIC DIAGRAM 
POSITIVE LOGIC 

~=C>---3 
~=C>---4 
~=C)--10 
12~11 
13~ 

Voa "Pin 14 
vss "Pin 1 • 



• 
ELECTRICAL CHARACTERISTICS 

MC14011Al MC14011CL/CP 

Voe -ss0 c +25°C +12s0 c -40°C +25°c 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max 

Output Voltage "O" Level Vout 5.0 - O.Ql - 0 O.Ql - 0.05 - 0.01 - 0 0.01 
10 - O.Q1 - D O.Ql - 0.05 - O.Ql - 0 O.Q1 

"1" Level 5.0 4.99 - 4.99 5.0 - 4.95 - 4.99 - 4.99 5.0 -
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 -

Noise Immunity• 
IVout ;;;.3.5 Vdc) VNL 5.0 1.5 - 1.5 2.25 - 1.4 - 1.5 - 1.5 2.25 -
IVout -;;.7.0 Vdc) 10 3.0 - 3.0 4.5 - 2.9 - 3.0 - 3.0 4.5 -

(Vout .;;1.5 Vdc) VNH 5.0 1.4 - 1.5 2.25 - 1.5 - 1.4 - 1.5 2.25 -
(Vout .;;3.0 Vdc) 10 2.9 - 3.0 4.5 - 3.0 - 2.9 - 3.0 4.5 -

Output Drive Current 
IVoH = 2.5 Vdc) Source 1 IOH 5.0 -0.62 - -0.5 -1.5 - -0.35 - -0.23 - -0.2 -1.5 -
IVoH = 9.5 Vdc) 10 -0.62 - -0.5 -1.0 - -0.35 - -0.23 - -0.2 -1.0 -

-...J 

w 
~ (VoL = 0.4 Vdc) Sink 2 IOL 5.0 0.5 - 0.4 0.8 - 0.28 - 0.23 - 0.2 0.8 -

(Vol= 0.5 Vdcl 10 1.1 - 0.9 1.2 - 0.65 - 0.6 - 0.5 1.2 -

Input Current lin - - - - 10 - - - - - - 10 -

Input Capacitance Cjn - - - - 5.0 - - - - - - 5.0 -
IV;n = 0) 

Quiescent Dissipation Po 
ICL = 15pFI 

5.0 - 0.25 - 0.005 0.25 - 15 - 0.25 - 0.025 2.5 
10 - 1.0 - 0.01 1.0 - 60 - 10 - 0.05 10 

Output Rise and Fall Time 3 tr,tf 

(CL= 15pF) 
5.0 - - - 100 175 - - - - - 100 200 
10 - - - 35 75 - - - - - 35 110 

Turn-On, Turn-Off Delay Time 3 'PHL, 
ICL = 15pF) tPLH 

5.0 - - - 60 75 - - - - - 60 100 
10 - - - 25 50 - - - - - 25 60 

•oc Noise Margin (VNH· VNLl is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 

+ss0 c 

Min Max 

- 0.05 
- 0.05 

4.95 -
9.95 -

1.4 -
2.9 -

1.5 -
3.0 -

-0.16 -
-0.16 -

0.16 -
0.4 -

- -

- -

- 75 
- 300 

- -
- -

- -
- -

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

µW 

ns 

ns 

s n .... 
~ 
0 .... .... 
8 
::::J .... 
5· 
c:: 
~ 



MC14011 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

H 

Vout 

All unused inputs 
connected to ground. VGS 

:if -2 -0 ll-t---'-"f---'ri1Jc::1~:t=~~WI 
1 
t;: -4.0 
~ 
"' a 

TA· -ss•c 
TA= +25°C -+--+--+--+7"--+-::1~-h'7--1 

c TA=+125°C 

~ -5.0t=::::!=;::f~-t=J't--r-~~--t-/:~t-T---j 
~ 

~ -8.01---+--+--b-""'t---:,,,,..+--=-+'",_,f-_,bo''-+-___, 

Vas. ORAIN VOLTAGE (Vdc) 

10 

.,.. 8.0 
li! 
~ 

§ 6.0 

"' a 
~ 4.0 
Q 

_:; 
Q 

2.0 

0 
0 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

14 

VGS 
Vout 

7 
All unused inp 
connected to ground. -=-

UJ_b ~ ~15J.;, 

6 lL'L_ f--< 17 vG~·1ov1c 
~ 

c i--~ ± if lL a TA•-55°C - r---,, , _LJ b TA•+25•C 

W_ 1----1 c TA•+12s•c-

fl a .l 
r_&r.- c 

bis:ivdc 

v 
2.0 4.0 6.0 8.0 10 

Vos. ORAIN VOLTAGE (Vdc) 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE 
GENERATOR 

Vaa 
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MC14012AL 
MC14012CL 
MC14012CP 

\~~~~~~~~~~~"-N_A_N_D_"_G_A_T_E__, 

DUAL 4-INPUT "NANO" GATE 

The MC14012 dual 4-input NANO gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono
lith ic structure. These complementary MOS logic gates find primary 
use where low power dissipation and/or high noise immunity is 
desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18. Vdc (MC14012AL) 
= 3.0 Vdc to 16 Vdc (MC14012CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance = 10 12 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 7) 

R•ting Symbol Value Unit 

DC Supply Voltage MC14012AL Voo +18 to -0.5 Vdc 
MC14012CL/CP +16 to-0.5 

ln1>utVoltage, All ln1>uts Vin v 00 to-0.5 Vdc 
DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range MC14012AL TA -55 to +125 oc 
MC14012CL/CP -40to +85 

Storage Temperature Range Tstg -65 to +150 oc 

CIRCUIT SCHEMATIC 

vaa 
1 14 13 

See Mechanical Data Section for package dimensions. 
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Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-INPUT "NANO" GATE 

... , .• 
1 1 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitrv to protect 
the inputs against damage due to high static 
voltages or electric fields; however. it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~(Vin or 
Voutl E;;Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level te.g .• either 
V55or Vool 

LOGIC DIAGRAM 
POSITIVE LOGIC 

1;2•3•4•5 

Voo =Pin 14 
V55=p;n 7 



ELECTRICAL CHARACTERISTICS 

MC14012AL MC14012CL/CP 

Voo 
-5s0 c +2s0 c +125°C -40°c +2s0 c 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max 

Output Voltage "O" Level Vout 5.0 - 0.01 - 0 O.Q1 - 0.05 - 0.01 - 0 O.Q1 

10 - 0.01 - 0 o.oi - 0.05 -- 0.01 - 0 0.01 

"1" Level 5.0 4.99 - 4.99 5.0 - 4.95 - 4.99 - 4.99 5.0 -

10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 -

Noise Immunity" 
IV out~ 3.5 Vdcl VNL 5.0 1.5 - 1.5 2.25 - 1.4 - 1.5 - 1.5 2.25 -

IV out~ 7.0 Vdcl 10 3.0 - 3.0 4.5 - 2.9 - 3.0 - 3.0 4.5 -

IV0 ut ;> 1.5 Vdc) VNH 5.0 1.4 -- 1.5 2.25 - 1.5 - 1.4 - 1.5 2.25 -

(V out ;> 3.0 Vdc) 10 2.9 - 3.0 4.5 - 3.0 - 2.9 -- 3.0 4.5 -

-...! 

w 
-...! 

Output Drive Current 
IVoH = 2.5 Vdc) Source 1 IQH 5.0 -0.62 - -0.5 -1.5 - -0.35 - -0.23 - -0.2 -1.5 -

IV OH= 9.5 Vdc) 10 -0.62 - -0.5 -1.0 - -0.35 -- -0.23 - -0.2 -1.0 -
IV OL = 0.4 Vdc) Sink 2 loL 5.0 0.5 - 0.4 0.8 -- 0.28 - 0.23 - 0.2 0.8 -

IVoL = 0.5 Vdc) 10 1.1 - 0.9 1.2 - 0.65 - 0.6 - 0.5 1.2 -

Input Current lin - - - - 10 - - -- - - 10 -

Input Capacitance Cin - - - - 5.0 ... - - - - - 5.0 -

Quiescent Dissipation 3 Po 
ICL=15pF) 5.0 - 0.25 -- 0.005 0.25 - 15 - 0.25 0.025 2.5 

10 1.0 0.01 1.0 - 60 -- 10 - 0.05 10 

Output Rise and Fall Time 4 t,.tf 
ICL = 15 pf) 5.0 - - - 100 175 - - - - -- 100 200 

10 - - - 35 75 - - - - - 35 110 

Turn-On, Turn-Off Delay Time 4 'PHL·IPLH 
ICL = 15 pF) 5.0 - - - 60 75 - - - - - 60 75 

10 - - - 25 50 - - - - - 25 50 

"DC Noise Margin (VNH· VNL~ is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change . 

• 

+ss0 c 
Min Max 

-· 0.05 
- 0.05 

4.95 -
9.95 -

1.4 -

2.9 -

1.5 -
3.0 --

-0.16 -

-0.16 -

0.16 -
0.4 -

- -

- -

- 75 
- 300 

- -

- -

-- -

- -

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

µW 

ns 

ns 
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C') 
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MC14012 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

~'·· 
All unused inputs VGS 
connected to ground. 

~ 
<( 

.s 
>-
~ 
a: 
::> 

"' z 
<C 
a: 
c 
_;; 
I2 

10 

8.0 

6.0 

4.0 

2.0 

0 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

All unused inputs 
connected to ground. 

?lb ~15Vdc 

Vaut 

0 2.0 4.0 6.0 8.0 10 

Vin 

PULSE 
GENERATOR 

VoH. ORAIN VOLTAGE (Vdc) VOL. DRAIN VOLTAGE (Vdc) 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Vin 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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...___! \ FLIP-FLOP 
MC14013AL '-._.__ _______ __, 
MC14013CL 
MC14013CP 

DUAL TYPED FLIP-FLOP 

The MC14013 dual type D flip-flop is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono
lithic structure. Each flip-flop has independent Data, (D), Direct 
Set, (S), Direct Reset, (R), and Clock (C) inputs and complementary 
outputs ( Q and Ci). These devices may be used as shift register 
elements or as type T flip-flops for counter and toggle applications. 

• Static Operation 

• Quiescent Power Dissipation = 25 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14013AL) 
= 3.0 Vdc to 16 Vdc (MC14013CL/CP) 

• Single Supply Operation 

• Toggle Rate= 10 MHz 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high 
or low; information is transferred to the output only on the 
positive-going edge of the clock pulse. 

• Pin-for-Pin Replacement for CD4013A 

MAXIMUM RATINGS !Voltage• ceterenced to V55. p;n 71 

Ratirljj_ §y_mbol Value Unit 

DC Supply Voltage MC14013AL vDD +18 to -0.5 Vdc 
MC14013CL/CP +16 to-0.5 

Input Voltage, All Inputs Vin ~to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperarure Range~ MC14013AL TA -55 to +125 Oc 
- MC14013CL/CP -40 to+85 

Storage Temperature Range Ts.!S_ -65 to +150 Oc 

TRUTH TABLE 

INPUTS OUTPUTS 

CLOCKt DATA RESET SET Q a 
_r- 0 0 0 0 1 

_/ 1 0 0 1 0 

'-- x 0 0 Q Q No 
Change 

x x 1 0 0 1 

x x 0 1 1 0 

x x 1 1 

X = Don't Care 
t = Level Change 
.. = Invalid Condition 

See Mechanical Data Section for package dimensions. 
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Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL TYPED FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however. it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin or Vout be 
constrained to the range Vss ~ (Vin or 
Voutl ,;;;vDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or VDDI 

BLOCK DIAGRAM 

6----., 
s 

D Q 

c a 2 
R 

4 

8 

s 
9 D Q 13 

11 c a 12 
R 

10 

Voo =Pin 14 
Vss =Pin 1 • 



MC14013 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14013AL MC14013CL/CP 

-55°C +25°C +125°C --40•c +25"C +85°C 
Char1cteristic Fig. Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
15 0 0 

'T' Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity• 
IVout ~3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
1Vout~7.0Vdc) 10 30 3.0 4.50 29 3.0 3.0 4.50 2.9 
fVout #10.5 Vdcl 15 6.75 6.75 

(Vout ~1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
(V0 ut Q.O Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
(V0 ut ~4.5 Vdc) 15 6.75 6.75 

Output Drive Current 
IVoH = 2.5 Vdc) Source loH 5.0 -0.62 -0.5 -1.7 - -0.35 - -0.23 -0.2 -1.7 - -0 1~ mAdcj 
IVoH = 9.5 Vdc) 10 -0.62 -0.5 -0.9 - -0.35 - -0.23 -0.2 -0.9 -0.16 
(VoH = 13.5 Vdcl 15 -3.5 -3.5 

Vol= 0.4 Vdcl Sink 10L 50 0.5 0.4 0.78 0.28 0.23 0.2 0.78 0.16 - mAdc 
fVoL = o.s Vdcl 10 1.1 0.9 2.0 0.65 06 0.5 2.0 0.4 
<Vol= 1.5 Vdcl 15 7.8 7.8 

nput Current lin 10 10 pAdc 

Input Capacitance Cin 5.0 5.0 pF 
(Vin= OJ 

Quiescent Oissipation"'"t Po mW 
(CL=15pF,f=OHz) 
Po= (2.0 mW/MHz) f = 0.000025 mW 5.0 - 0.005 - 0.000025 0.005 0.3 0.05 - 0.000025 0.05 0.7 
Po= (8.0 mW/MHz) f = 0.00010 mW 10 0.02 0.00010 0.02 1.2 0.2 - 0.00010 02 2.8 
Po= (18 mW/MHz) f = 0.00023 mW 15 0.00023 0.00023 

Output Rise Timeu t, 
(CL= 15 pFI 
tr= (3.0 ns/pF) CL + 25 ns 5.0 70 175 70 200 
tr= (1.5 ns/pF) CL+ 12 ns 10 35 75 35 110 
tr'"'f1.1 ns/pF)CL+8.0ns 15 25 25 -

Output Fall Time'" .. ,, 
fCL=15pF) 
tf"' (1.5 ns/pF) CL +47 ns. 5.0 70 175 70 200 
tf = (0. 75 ns/pF) CL + 24 ns 10 35 75 35 110 
tf = f0.55 ns/pF) CL+ 17 ns 15 25 25 

Turn-Off Delay Time•• (C to Q) tPLH 
(CL=15pFl 
tPLH-= (6.0 ns/pF) CL+ 10 ns 5.0 100 300 100 350 
tPLH = (2.4 ns/pFJ CL+ 4.0 ns 10 40 110 40 125 
tPLH = {1.8 ns/pF) CL+ 3.0 ns 15 30 30 

Turn-On Delay Time .... (C to Q) lPHL 
(CL=15pF) 
lPHL = 16.5 ns/pF) CL+ 27 ns 5.0 125 300 125 350 
tPHL = (2.6 ns/pF) CL+ 11 ns 10 50 110 50 125 
tPHL ~ (2.0 ns/pFl CL+ 10 ns 15 40 40 

Setup Times tsetup H 
tsetup L 5.0 60 40 120 40 

10 20 10 30 10 
15 7.5 7.5 

Clock Pulse Widths PWcH, 50 200 125 500 125 
ICL = 15 pF) PWcL 10 80 50 100 50 

15 40 40 

Clock Pulse Frequency PRF MHz 
(CL= 15 pF) 5.0 4.0 2.5 4.0 1.0 

10 10 7.0 10 5.0 
15 13 13 

Clock Pulse Rise and Falt Times tr,tf 5.0 15 15 µs 
10 5.0 5.0 
15 

Turn-Off Delay Time (S to Q) tPLH 
(CL"" 15 pF) 5.0 90 300 90 350 

10 18 110 18 125 
15 14 14 

Turn-On Delay Time (R to Q) lPHL 
(CL= 15pF) 5.0 120 300 120 350 

10 30 110 30 125 
15 25 25 

Set and Reset Pulse Widths PW5, 
(Cl= 15 pFJ PWA 5.0 250 125 500 125 

• 
10 100 50 125 50 
15 40 40 

•oc Noise Margin IVNH· VNLl is defined as the maximum voltage change from an ideal ''1 ''or ''O'' input level before producing an output state change 
*"The formula given is for the typical characteristics only. 
tFor dissipation at different external load capacitances refer to corresponding formula: 

PofCLl; Po+ 2 )( 10-3 (CL -15 pFJ Voo2t 

Where: Po in mW, CL in pF, Voo in Vdc, and fin MHz. 
Dynamic Power dissipation tested under worst case 0-1-0-1 pattern with 15 pF loads on all four outputs 
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MC14013 (continued) 

c c 

LOGIC DIAGRAM 
11 /2 of Device Shown) 

c~ c 

RO--------.... -------~ 

s 

R 

a 

D = 0, C = 0 

A 

0 

Transmission Gate 

CHARACTERISTICS 

Bidirectional Open Circuit 

Bidirectional Short-Circuit 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 
!Data, Clock, and Output) 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
(Set, Reset, and Output) 

20 ns 

_~,"~Y-
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MC14013 (continued) 

APPLICATIONS 

n-STAGE SHIFT REGISTER 

2 o-[Qo a go : --p-o : a 
c a c a c a 

Clock O 

Clock 

BINARY RIPPLE UP-COUNTER (Divide-hv-2"l 

1 2 nth 

rfnrrh ~a 
r------1~ L--~ 
~ 

T Flip-Flop 

MODIFIED RING COUNTER (Divide-by-In+ 1 )) 

2 
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__ f \ SHIFT REGISTER 

MC14015AL '------------
MC14015CL 
MC14015CP 

DUAL 4-BIT STATIC SHIFT REGISTER 

The MC14015 dual 4-bit static shift register is constructed 
with MOS P-channel and N-channel enhancement mode devices in a 
single monolithic structure. It consists of two identical, independent 
4-stage serial-input/parallel-output registers. Each register has inde
pendent Clock and Reset inputs with a single serial Data input. The 
register stages are type D master-slave flip-flops. Data is shifted from 
one stage to the next during the positive-going clock transition. Each 
register can be cleared when a high level is applied on the 'Reset line. 
These complementary MOS shift registers find primary use in buffer 
storage and serial-to-parallel conversion where low power dissipation 
and/or noise immunity is desired, 

• Quiescent Power Dissipation= 0.5 µW/package typical 

• Noise Immunity= 45% of VoD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14015AL) 
= 3.0 Vdc to 16 Vdc (MC14015CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance= 1012 ohms typical 

• Low Input Capacitance -5.0 pF typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

• Toggle Rate= 6.0 MHz 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high 
or low; information is transferred to the output only on the 
positive-going edge of the clock pulse. 

MAXIMUM RATINGS (Voltages referenced to V55, Pin 81 

Rating Symbol 

DC Supply Voltage MC14014AL Voo 
MC14015CL/CP 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range-MC14015A L TA 
-MC14015CL/CP 

Storage Temperature Range T stg 

TRUTH TABLES 

CLOCKED OPERATION 
(SYNCHRONOUS) 

D On On+1 
0 0 0 
0 1 0 
1 0 1 
1 1 1 

See Mechanical Data Section for package dimensions. 

Value Unit 

+18 to -0.5 Vdc 
+16 to-0.5 
Vooto-0.5 Vdc 

10 mAdc 

-55 to +125 
-40to +85 

-65 to +150 

DIRECT OPERATION 
(ASYNCHRONOUS) 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-BIT STATIC 
SHIFT REGISTER 

"~ ... 
LSUFFIX 

CERAMIC PACKAGE 
CASE 620 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~ {Vin or 
Voutl <;;;VDO· 
Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., either 
Vssor Vool. 

BLOCK DIAGRAM 
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02 3 
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R Q3 10 
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oo 13 
15 D 

01 12 

02 11 
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R 03 2 
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v 00 ,., Pin 16 
Vss .. Pin a • 
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ELECTRICAL CHARACTERISTICS (continued) CJ1 
MC14015AL MC14015CL/CP n 

-ss0 c +2s0 c +12!i"C -40°c +25°C +as0 c 0 
Voo :J 

Ctwr•cteristic J F 1gure J Symbol 1 Vdc Min Mox Min Typ Max Min Mox Min Mox Min Typ Mox Min I Mox Unjt ~ 

Turn-On Delay Time T 4 T 'PHL T 
r 

ns s· 
c: 

(CL=15pF~ Cl) 

50 - - - 300 750 - - ~ - - 300 1000 - - a. 

t l l 
10 - - - 125 225 - - - - - 125 300 

Turn-Off Delay Time 4 T IPLH 
!CL"'lSpF) 

5.0 300 750 300 750 
10 125 225 125 225 

Clock Pulse Width 4 PWc 
(CL=15pFl 

5.0 - 400 300 ·- - - - - 500 300 

l l l 
10 - - 175 75 - - - - 200 75 

Clock Pulse Frequency· 

I 
4 I PRF I I I I I MHz 

5.0 - - 15 2.0 - - - - - 1.0 2.0 
-..J 

I Clock Pulse Rose and Fall Times 

10 - - 3.0 6.0 - - - - - 2.5 6.0 
.!:> 
(J1 

I 4 I tr,tf I I I I "' ICL 0 15pFI 

50 - - - - 15 - - - - - - 15 
10 - - - - 15 - - - - - - 15 
15 - - - - 15 - - - - - 15 

Set and Reset Propagation Delay Times I - l 'PHL I I I I ns 
(Cl_, 15pF) tpLH 

5.0 - - - 500 750 - - - - 500 1000 

l l l 
10 - - - 125 225 - - - - - 125 300 

Set and Reset Pulse Wid1h 

I 
- I PWs.R 

ICL 0 15pFI 

5.0 400 100 500 100 
10 100 50 125 50 

Selup Time 5 'setup 
ICL 0 15pFI 

I I I 5.0 I I I I 
100 

I 
350 I I I I I I 100 I 500 

10 50 80 50 100 

•oc Noise Margin !VNH· VNL) 1s defined as the maximum voltage change from an ideal "1" or "O 'input level before producing an output state change . 
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MC14015 (continued) 

FIGURE 1 - TYPICAL OUTPUT 
SOURCE CHARACTERISTICS 

Preset QO to a logic "1" level. 

c 
R EXTERNAL 

POWER 

.__su_P_PL_Y__. Vos 0 E -Voo 

d 
VGs 0 :1.o Vdct=J::=:J:=::;:;T-_..11~ //l'-j 

-2.0 f--+--+--+--+--+--+---+---+--,1!,rL-f----1 

i A7..L 
TAo+25°C I' 

~ -4.0 dv 
i-6.0 ' ~~--
E -8.0 ~=l:=:t:::-+---~1-10 Vdc +----+--It--. /L<-+--+--+-I ---i 

r--+---+---+---+---~--1,lL,_ --15 Vdc -;--t---+ 

-l~1~0-~--~B.~O-~-}~'O~~-L1-_4~.0~-1~-}~10---~ 
Vos. DRAIN VOLTAGE (Vdc) 

<( 

.s ,_ 

FIGURE 2 - TYPICAL OUTPUT 
SINK CHARACTERISTICS 

c 
R EXTERNAL 

POWER 
SUPPLY 

z 6.0 t--r-.r--t+--+---+--
~ 
~ 

=> 
0 

"' 'ii. 
C> 

ci 

TA= +25°C 

6.0 8.0 

Vos. DRAIN VOLTAGE IVdc) 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

PULSE 
GENERATOR 

2 

PULSE 

500µF 

GEN ERA TOR 1-----0--1 
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MC14015 (continued) 

PULSE 
GENERATOR 

2 

PULSE 
GENERATOR 

1 

PULSE 
GENERATOR 

2 

PULSE 
GENERATOR 

1 

FIGURE 4- SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

CPJV'L = CPWH = 50% Duty Cycle 
tr= tf.;:,,; 20 ns 

FIGURE 5 - SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS 
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CIRCUIT SCHEMATICS 

SINGLE BIT 

voo Q 

Reset-----t1----r---+--==t==1:~=i==~==t---+-------.---l-~ 

Clock 

Data ---+---+--' 
In J I I I J I • To 0 ol . Next Bit 

Vss 

DATA INPUT BUFFER 

I I 
RESET INPUT BUFFER I I CLOCK INPUT BUFFER 

voo Voo Voo 

b rl 
Oata 0 • + :H ~Datato I I Reset 0 • + ~)---"'"'" Clock~ J- Clock In First Bit In 4 Bits In to 4 Bits 

~ j 
Vss I I vss vss 

:s: 
(') .... 
.i::. 
0 .... 
U'I 
() 
0 
:i 
~. 
:i 
c 
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MC14015 (continued) 

c 

• Data>---i¢g 

' 

15 

RESET INPUT BUFFER 

LOGIC DIAGRAMS 

SINGLE BIT 

Input to Output is: 

(a) A bidirectional short circuit when control input 1 is "Low" 
and control input 2 is "High". 

(b) An open circuit when control input 1 is "High" and control 
input 2 is "Low". 

COMPLETE DEVICE 
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,____f MC14016AL 
MC14016CL 
MC14016CP 

\ ____ A_N_A_L_o_G_s_w_1T_c_H_l_M_u_L_T_1 P_L_E_x_E_R _ ___. 

QUAD ANALOG SWITCH/QUAD MULTIPLEXER 

The MCl 4016 quad bilateral switch is constructed with MOS P
channel and N-channel. enhancement mode devices in a single mono~ 
lithicstructure. Each MC10416consistsof four independent switches 
capable of controlling either digital or analog signals. The quad 
bilateral switch is used in signal gating, chopper, modulator, demodu
lator and CMOS logic implementation. 

• High On/Off Output Voltage Ratio - 65 dB typical 

• Quiescent Power Dissipation= 0.1 µW/package typical 

• Low Crosstalk Between Switches - 80 dB typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14016AL) 
= 3.0 Vdc to 16 Vdc (MC14016CL/CP) 

• Transmits Frequencies Up to 50 MHz 

• Linearized Transfer Characteristics, t.RoN < 60 n for Vin= VDD to 

Vss 

• Low Noise - 12 nV I J Cycle, f;;, 1 kHz typical 

• Pin-for-Pin Replacement for CD4016A 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage - MC14016AL VDo +18 to -0.5 Vdc 
- MC14016CL,CP +16 to -0.5 

Ve vDD to -0.5 Vdc 
Input Voltage 

Vin VDo to Vss Vdc 

Output Voltage Vout vDD to Vss Vdc 

Operating Temperature Range - MC14016AL TA -55 to +125 DC 
- MC14016CL,CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

This device contains circuitry to protect the control inputs against damage due to 
high static voltages or electric fields; however, it is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages 
to this high-impedance circuit. A destructive high-current mode may occur if Vin 
or Vout is not constrained to the range Vss ~Vin or Vout ~Vo D. 

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN) 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

QUAD ANALOG SWITCH 
QUAD MULTIPLEXER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

PSUFFIX 
PLASTIC PACKAGE 

CASE 646 

.... 
14 ry(J1fl I 

1 

BLOCK DIAGRAM 

Control 1 2 1~3 
1 Out 1 

In 1 

Control 2 ~5 3 

4 Out2 

In 2 

Control 3 ~6 9 
Out 3 

8 
In 3 

Control 4 10 1~2 
In 4 

Out4 
11 

Voo =Pin 14 
Vss =Pin 1 

LOGIC DIAGRAM 
(1/40F DEVICE SHOWN! 

Contra I O-----+---< 

Logic Diagram Restrictions 

Vss :S:Vin :S:Voo 
Vss <vout :S:Voo 

Vcontrol Vin to V out Resistance 

Vss >109 Ohms typ 

Voo 3x 102ohmstyp 

Out 



MC14016 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14016Al MC14016CL/CP 

Vss v 00 ,__-5~5r"c~-+-~~·~25~•~c~~+-~·~12~5~•c'-+~--~4o~·~c__.~~·~2~5•~c_._~_,__+~8~5°_c~~ 
Characteristic Figure Symbol Vdc Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage 

Noise Immunity• 

(V 0ut - 3.5 Vdcl 

!Vout = 7.0 Vdc) 

!Vout = 10.5 Vdc) 

!Vout = 1-5 Vdc) 
(Vout = 3.0 Vdcl 

(V 0ut = 4.5 Vdc} 

Output Drive Current 

"O" Level 

"1" Level 

(VQH = 2.5 Vdc) P-Channel 

(VQH"" 9.5 Vdcl 
(VoH = 13.5 Vdc) 

fVoL = 0.4 Vdcl N-Channel 

(VQL = 0.5 Vdcl 
IVQL = 1.5 Vdcl 

Input Current ~Control Input! 

Input Capacitance 
Control 

Switch Input 

Switch Output 
Feed Through 

Quiescent Dissipation 

(CL= 15pF,I = 0) 

Total Dissipation 

(CL =15pF)t 

"ON" Resistance 

!Ve= Voo- RL = 10 k.\!) 

(Vm = +5.0 Vdcl 
(Vm=-50Vdc) 

(Vin -±:.0.25 Vdcl 

(V;n +7.5 Vdc) 

1V 111 = -7.5 Vdc) 

IVm = ±0.25 Vdcl 

(Vin= +10 Vdc) 

(Vin= +0.25 Vdcl 
(Vin - 15.6 Vdcl 

(Vin +15 Vdcl 
(Vin +0.25 Vdc) 

(Vin= +9.3 Vdcl 

~ "ON" Resistance 

Between any 2 of 4 circuits rn a 
common package 

ivc v 00. Vin - +so vnd 
!Ve= Voo. Vin=- ±_7.5 Vdcl 

Vin to Vout Propagation Oel;;iy Time 

(Ve= Voo. CL= 15 pF, 

RL = LO k.n! 

Turn-On Del;;iy Time,Contro! toOutpu 

(Vin< 10 Vdc. CL= 15 pF, 

Rt= 1-0knl 

Crosstalk. Control to Output 

!Ve - Voo, CL= 15 pF, 

Rin = 1-0 kn, Rout= 10 kH) 

Crosstalk between any two switches 

IRL ~ 1.0kH, I= 1-0MHz. 

crosstalk - 201og10~:~;~ l 
Maximum Control Input 

Pulse Frequency 

(CL= 15pF. AL= 1 Okl!) 

4,5 

4.5 

V 0ut 0.0 5.0 
10 
15 

0.0 5.0 4.99 
10 9.99 
15 

VNL 0.0 5.0 
10 
15 

VNH 0.0 5.0 

'OH 00 

IQL 

00 

Pa 

Po 

10 
15 

5_0 -09 

10 -0.8 
15 

5.0 0.18 
10 0.8 
15 

5.0 
10 
15 

5.0 
10 

'" 
6.7.12 RoN 

10 

-5.0 5.0 

-7.5 7 5 

10 

15 

-5.0 5_0 
-7.5 7_5 

tPLH· 0.0 5.0 
tPHL 10 

lPHL· 0.0 5_0 
tPLH 10 

0.0 

0.0 

15 

5.0 
10 
15 

5.0 

5.0 
10 
15 

0.01 
0.01 

5.0 
10 

0 

4.99 5.0 
9.99 10 

15 

0.9 1.5 

0.9 1 5 
1.5 

2.0 3.0 
6.0 8.0 

13 

0.01 
0.01 

4.95 

9.95 

-0.7 -2.5 -0.5 
-0.7 -1.9 -0.5 

-5.B ·· 

0.15 0.4 

0.7 1.9 
5.8 

10 

5.0 
5.0 
5.0 
0.2 

0.1 5.0 
0.2 10 
04 

0.13 
0.5 

Po (0.10 mW/MHz) f' 0.0005 mW 
Po (0.45 mW/MHz) f + 0.002 mW 

Po - W.9 rnW/MHzl f + 0.006 mW 

600 
600 
600 

360 
360 
360 

600 
600 
600 

360 
360 
360 

.. 

300 660 
300 660 
280 660 

240 400 
240 400 
180 400 

260 660 
260 660 
310 660 

260 400 
260 400 
300 400 

15 
10 

15 30 

7_0 10 
6.0 

25 60 
16 30 
12 

30 
50 
100 

-80 

5.0 
10 
12 

0.05 

0.05 

300 

600 

960 
960 

960 

600 
600 

600 

960 
960 
960 

600 
600 
600 

4.99 
9.99 

-0.7 
-0.8 

0.12 
0.7 

.. 

0.01 
0.01 

5.0 
10 

610 
610 
610 

370 
370 

370 

610 

610 
b10 

370 
370 
370 

4.99 5 0 
999 10 

15 

0.9 1.5 
0.9 1 5 

0.01 

0.01 

1.5 ... 

2.0 3.0 
6.0 8.0 

13 

-0.5 -2.5 

-0.5 -1.9 
-5.8 

0.15 0-4 
0.6 1.9 

5.3 

10 

50 
5.0 
50 
0.2 

0.1 25 

0.2 50 
0.4 

300 660 
300 660 
280 660 

240 400 
240 400 
180 400 

260 660 
260 660 

310 660 

260 400 
260 400 
300 400 

15 
10 

15 45 
7.0 15 
6.0 

30 90 
16 30 

12 

30 
50 
100 

-80 

5.0 
10 
12 

4.95 
9.95 

-0.3 
-0.4 

0.10 
0.4 

0.05 Vdc 

0.05 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

80 µW 

840 
840 
840 

520 
520 
520 

840 
840 
840 

520 
520 
520 

mW 

ohms 

ohms 

mV 

dB 

"DC Noise Margin IVNH· VNLl is defrned as the ma)f1murn voltage change, from an ideal '1 ·Dr 'O" input level before producing an output statech<1nge 

NOTE: All unused control inputs must be returned to Voo or Vss 
(Continued on nP.xt page) 

as appropriate for the circurt application 

tfor d1ss1pa11on at different external load capacitances refer w correspondrng formula 

Pr(Cll 0. Po+ 2 x 10-3 (CL - 15 pFl Voo2t 

Where: Pr, Porn mW, CL m pF, Voo in Vdc and f m MHz 

7-51 

• 



• 

MC14016 (continued) 

ELECTRICAL CHARACTERISTICS (continl1ed) 

Charac;teristic Figure Symbol 

Noise Voltage 11,15 
!Ve= v 00, t = 100 H:l 

IVc Voo. f = 100 kHz) 

Sine w~e (Distortion) 14 
IV in= 1.77 Vdc AMS 

Centered @ 0.0 Vdc. 

Al~ 10 kD, f = 1.0 kHz) 

Input/Output Leakage Current 

Vssl 
= +5.0 Vdcl 
~ -5.0 Vdc) 

=-t'l.5Vdc) 

~~ -7_5 Vdd 

Insertion Loss 13,14 

{Ve~ V 0 o. V1n = 1.77 Vdc 
RMS centered@ 0.0 Vdc, 

t" 1.0 MHz. l1oss = 20 Log'10 Vout) 
V;n 

RL = 1.0 kn 

RL=10kH 
RL = 100 kH 

R1 1.0Mn 

Bandwidth (-3 dB) 13,14 

IVc ~ Voo. Vin - 1 77 Vdc RMS 
centered@ O_O Vdcl 

R1 1 0 k.\I 

R1 10 k{l 

RL 100kH 

RL 1.0MH 

Feedthrough 
20 Log10 V out = 

14 

IVc" vss· 
Vm 

-50d8) 

Rt i.o kn 
R1 = 10 kn 

RL - 1ookn 

RL lOMn 

FIGURE 1 - OUTPUT VOLTAGE 
TEST CIRCUIT 

Vout 

Vss Voo 

BW 

Vss 
Vd< 

0.0 

-5.0 

-5.0 
-5.0 

-7_5 

-7 5 

-5.0 

-5.0 

-5 0 

MC14016Al 

Voo -55°C +is0 c +125°C 

Vd< Min M" Min Typ M" Min 

5.0 24 
10 25 
15 30 

5.0 12 
10 12 
15 15 

5.0 0.16 

50 ±0.001 125 
5.0 t0.001 125 

1.5 +.100 
75 +100 

5.0 

2.3 
0.2 
0.1 

0.05 

5.0 

54 
40 
38 
37 

5.0 

1250 
140 
18 
2.0 

FIGURE 2 - NOISE IMMUNITY 
TEST CIRCUIT 

Ve 

Vss Voo 

VNL.:. Ve when 1s = 10 µA 

's 

VNH = Voo -- Ve when 15 = 10 µA 
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Mox 

MC14016CL/CP 

-40°C +is0 c +ss0 c 
Min M" Min Typ M" Min M" Unit 

oV/ 

24 .Jc.;cie 
25 
30 

12 
12 
15 .. 

0 16 % 

oA 

_t0.001 125 
- t.0.001 125 

±100 pA 

+100 

dB 

2.3 

0.2 
0.1 

0.05 

MH' 

54 
40 
38 
31 

kH, 

1250 
140 
18 
2.0 

FIGURE 3 - OUTPUT DRIVER CURRENT 
TEST CIRCUIT 

Measurement Vin Vx 

P-Channel Voo Vout 

N-Channel V55 Vout 



I 
w 

'"' z 
<( 

t;; 
iii 
"' z 
p 
z 
0 
cc 

MC14016(continued) 

FIGURE 4 -QUIESCENT POWER OISSIPATION 
TEST CIRCUIT 

Pulse 
Generator 

To all 
4 circuits 

10 k 

FIGURE 5 - TYPICAL POWER DISSIPATION PER CIRCUIT 
(1/4 OF DEVICE SHOWN) 

10,000 

Voo - 15 Vdc;f 10Vd_c= 

~ 1000 

TA= 25oe IL 

L J."' 5.0 Vdc "= 
z 
0 
;:: 
;10 
iii 100 
Ci 

"' 
Lit' .L".'.l 

~ /LI 
0 .. 
~ 10 ./ J."' k:"'.:: 

1.0 v 
5.0 k 10 k 100 k 1.0M lOM SOM 

t,, FREUUENeY (Hz) 

TYPICAL RQN versus INPUT VOLTAGE 

FIGURE 6 - Vss = -5.0 v and -7.5 v FIGURE 7 - Vss = 0 v 

700 

600 

500 

RIL = 10 Jn -
TA=25•e-

700 

600 

I 500 

Vss = o Vdc 
AL=10kl2 
TA=25DC 

w 
'"' z 

400 

300 

Ve= Voo = 5.o Vdc 
vss = -5.o Vdc -,.... 

<( 400 t;; 
iii 
cc 300 
z 

f-- ve = Voo = 10 Vdc 

~ -~ IZ -
200 

100 

1"'---
ve - Voo - 7.5 Vdc 
Vss=-7.5Vdc -

p 
200 z 

~ 
100 

"';-., 
...-Ve= voo = 1s Vdc-t--

0 
-10 -8.0 -4.0 4.0 8.0 10 

0 0 2.0 6.0 10 14 18 20 

Vin. INPUT VOLTAGE (Vdc) Vin. INPUT VOLTAGE (Vdc) 
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MC14016 (continued) 

FIGURE 8 - PROPAGATION DELAY TEST CIRCUIT 
AND WAVEFORMS 

tpLH---1 ~r V55 

Vout~ ~ 

FIGURE 10- CROSSTALK TEST CIRCUIT 

Vout 

Ve 10 k I15pF 

FIGURE 9 -TURN-ON DELAY TIME TEST CIRCUIT 
AND WAVEFORMS 

V55 

Vin= Voo 
Vx = o.o Vdc 

in= 0.0 Vdc 

x = Voo 

FIGURE 11 - TYPICAL NOISE CHARACTERISTICS 

35 ~ I 
Ii ::~+';iH~HNH'l.i:~~-+b:(_~v~o.u_+=µtT'ffiv-dc--l----l--+~ffi---l--++UWJ 
~ 2o~+Hf++++-fjj~--"~1 J~~+'l+Hl-""--+-+++l+Hl-~l-+++l+Hl 
~ 50~ ~ 
~ 15 l---+-++-+-++++1--~~f-+l'l.l'll!-b...~-l-+:1i"!ol+M-l---+-I-+.+~ 

> 

0 L___l_J__LILlLllL.~.l._Ll.lULI.ll.~-'--'-L.LUUL___L-L..LI..LUW 
10 100 1.0 k 10 k 100k 

f, FREQUENCY (Hz) 
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MC14016(continued) 

FIGURE 12 - RoN CHARACTERISTICS 

TEST CIRCUIT 

Vaut 

FIGURE 14 - FREQUENCY RESPONSE TEST Cl RCUIT 

C\--- +2.5 Vdc v O.OVdc 

- -2.5 Vdc 

7-55 

FIGURE 13- TYPICAL INSERTION LOSS/BANOWIDTH 
CHARACTERISTICS 

-10 f-~--1-hf++HT--+-+-l+++fl+--+--t-t-+H-ttlt----t--t-+-H+Ht 

100 k 1.0 M lOM 

f;n, INPUT FREQUENCY (Hz) 

FIGURE 15 - NOISE VOLTAGE TEST CIRCUIT 

In 

Quan-Tech 
Model 
2283 

or Equiv 

lOOM 
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'\ COUNTER 

MC14017AL '----------____. 
MC14017CL 
MC14017CP 

DECADE COUNTER/DIVIDER 
The MC14017 is a five-stage Johnson decade counter with built

in code converter. High-speed operation and spike-free outputs are 
obtained by use of a Johnson decade counter design. The ten de
coded outputs are normally low, and go high only at their appropriate 
decimal time period. The output changes occur on the positive
going edge of the clock pulse. This part can be used in frequency 
division applications as well as decade counter or decimal decode 
display applications. 

• Fully Static Operation 

• DC Clock Input Circuit Allows Slow Rise Times 

• Carry Out Output for Cascading 

• 12 MHz (typical) Operation@ Voo = 10 Vdc 

• Divide-by-N Counting when used with MC14001 NOR Gate 

• Pin-for-Pin Replacement for CD4017A 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage -MC14017AL Yoo +18 to-0.5 Vdc 
- MC14017CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Yoo to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA Oc 
-MC14017AL -55 to +125 
- MC14017CL/CP -40to +85 

Storage Temperature Range T stg -65 to +150 Oc 

LOGIC DIAGRAM 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DECADE COUNTER/DIVIDER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

FUNCTIONAL TRUTH TABLE 
(Positive Logic) 

CLOCK DECODE 
CLOCK ENABLE RESET OUTPUT= n 

0 x 0 n 
x 1 0 n 
x x 1 00 
~ 0 0 n+1 

'--- x 0 n 
x ...r- 0 n 
1 '- 0 n+1 

X =Don't Care If n <s Carry= "1", Otherwise== "O" 

BLOCK DIAGRAM 

Clock 14 

Clock 
Enable 

13 

Reset 15 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

Cout 

v00 =Pin 16 

v 55 "" Pins 

3 

4 

10 

5 

6 

9 

11 

12 



MC14017 (continued) 

ELECTRICAL CHARACTERISTICS 
- -··--,---

MC14017AL MC14017Cl/CP 

Voo -55°C +25°C +125°C -40°c +25°C +as0c 
Characteristic figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Mox Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0.01 0.05 0.01 0.01 005 Vdc 
10 0.01 0.01 0.05 0.01 0 0.01 0.05 
15 0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.95 4.99 5.0 4.95 
10 9.99 9.99 10 9.95 9.95 9.99 10 9.95 
15 15 15 

Noise Immunity" 
( Vout ~ 3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
(Vout>7.0Vdcl 10 3.0 3.0 4.5 2.9 3.0 3.0 4.5 2.9 
(Vout#10.5 Vdc) 15 6.75 6.75 

(V0 u 1 ~1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
(V0 ut ~3.0 Vdc) 10 2.9 3.0 4.5 3.0 2.9 3.0 4.5 3.0 
(V0 ut ~4.5 Vdc) 15 6.75 6.75 

Output Drive Current 
(VQH ""2.5 Vdc) Source loH 5.0 0.62 -0.5 -1.5 - -0.35 -0.23 -0.2 -1.5 -0.16 - mAdc 
(VoH = 9.5 Vdc) 10 -0.62 -0.5 -1.0 -0.35 -0.23 -0.2 -1.0 -0.16 
{VQH = 13.5 Vdc) 15 -3.6 -3.6 

1VoL = 0.4 VdcJ Sink loL 5.0 0.5 0.4 0.8 0.28 0.23 0.2 0.8 0.16 - mAdc 
{Vol= 0.5 VdcJ 10 1.1 0.9 1.2 0.65 06 0.5 1.2 0.4 
(VoL = 1.5 Vdcl 15 7.8 7.8 

Input Current ljr; 10 10 pAdc 

lnplit Capacitance Cin 5.0 5.0 pF 
(Vin= OJ 

Quiescent Dissipation (CL - 15 pF) Po mW 
Po= W.7 mW/MHz) f + 0.0015 mW 5.0 0.025 - 0.0015 0.025 - 1.5 0.25 0.0025 0.25 3.5 
Po= (2.2 mW/MHz}f + 0.005 mW 10 0.10 0.005 0.10 6.0 1.0 0.01 1.0 14 
Po= (4.36 mW/MHz)f + 0.01 mW 15 0.01 0.02 

Output Rise !Ind Fall Time tr,tf 
(CL= 15 pF) 
tr,tf = (4.8 ns/pFl CL+ 28 ns 5.0 100 175 100 200 
tr, tf = 12.5 ns/pF) CL+ 12.5 ns 10 35 75 35 110 
tr,tf = (2.2 ns/pF) CL+ 2.0 ns 15 20 20 

*Turn-On, Turn-Off Delay Time tPHL, 
(CL= 15 pF) Reset to Decade Output tPLH 
tPHL,tPLH = (2.0 ns/pF) CL+ 420 ns 5.0 450 800 450 1200 
tpHL,tPLH = (0.9 ns/pF) CL+ 186,5 ns 10 200 400 200 500 
tPHL,tPLH = (0.7 ns/pF) CL+ 109.5 ns 15 120 120 

Turn-On, Turn-Off Delay Time tPHL, 
~CL= 15 pF) Ctoc.k to Cout tPLH 
tpHL,tPLH = (2.0 ns/pFJ Cl+ 320 ns 5.0 350 550 350 700 
tPHL,tPLH = (0.9 ns/pF) Cl+ 111 ns 10 125 250 125 300 
tPHL.tPLH = (0.7 ns/pF) CL+ 74.5 ns 15 85 85 

Turn-On. Turn-Off Delay Time tPHL, 
{CL= 15 pF) Clock to Decode Output tPLH 
tpHL,tPLH = (2.0 ns/pF) CL+ 455 ns 5.0 485 730 485 940 
tPHL,tPLH = {0.9 ns/pF) CL+ 166.5 ns 10 180 360 180 400 
tPHL,tPLH = {0_7 ns/pF) Cl+ 114.5 ns 15 125 125 

""'The dock input has an improved noise immunity of typically 60% of Voo from either input !evel. 

FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS TEST CIRCUIT 

Voo 

Vout 

Vss 
Clock 00 
Enable 

01 OUTPUT OUTPUT 
SINK DRIVE SOURCE DRIVE 

02 

03 
A 

v 00 ---0 s1 

Clock to 
DECODE 

(S1 to A) desired 
OUTPUTS outputs 

Reset 05 (S1 to Bl 
B 

v 55 --o s1 
07 

Clock to 5 
Carry thru 9 S1 to A 

(S1 to Bl 
QB 

External 

Clock Cout 
?ower 
Supply 

VGS ~ Voo - Voo 

Vos - Vout Vout-Voo • Vss 

-::-
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MC14017 (continued) 

ELECTRICAL CHARACTERISTICS lconbnuedl 

MC14017AL 

Voo -55°C +25°C +125°C -40°c 
Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max 

Turn-Off Delay Time 3 IPLH 
(CL = 15 pF) R~et to Cout 5.0 350 750 
tPLH=(2.0ns/pF)CL +320ns 10 125 250 
tPLH = (0.9 ns/pF)CL + 111.5 ns 15 80 
tPLH = i0.7 ns/pF)CL + 69.5 ns 

Minimum Clock Pulse Width PWc 
Ncp =Pep 5.0 100 200 

10 42 70 
15 30 

Maximum Clock Frequency PAF 
50 2.5 5.0 
10 1 o 12 
15 16 

Minimum Reset Pulse Width PWR 
5.0 200 330 
10 100 165 
15 75 

Reset Removal Time 3 tr em 

5.0 300 500 
10 100 200 
15 80 

Maximum Clock Input Rise and 3 tr,tf 
Fall Time 5.0 

(CL= 15 pF) 10 No Maximum Limit 

15 

Clock Enable Setup Time 3 !setup 
ICL 0 15pF) 5.0 175 300 

10 75 150 
15 52 

Clock Enable Release Time 1rel 
ICL = 15 pFI 5.0 260 405 

10 100 200 
15 70 

NOTE' All unused inputs should be returned to either Voo or Vss as appropriate for circuit application. 

Pulse 
Generator 

FIGURE 2 -TYPICAL POWER DISSIPATION TEST CIRCUIT 

500 µF 

,.___,,___ _ _, Reset 

fc 
1-----1--<J---< Clock 

'1"' 0.01 µF 
~Ceramic 

where: 10 

MC14017CL/CP 

+25°C 

Min Typ Max 

350 1000 
125 300 
80 

100 250 
42 100 
30 

2.0 50 
5.0 12 

16 

200 500 
100 250 
75 

300 750 
100 275 
80 

100 
100 

175 700 
75 300 
52 

260 700 
100 300 
70 

Po in mW, CL in pF, fc in MHz, and v 00 in Vdc. 
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MC14017 (continued) 

FIGURE 3 ~AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation it i_s recommended that Vin and Vout be constrained to the range V55 ~(Vin or Vautl ~VDD· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vss or Vool. 
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MC14020AL 
MC14020CL 
MC14020CP 

\-~~~~~~~~~~~c_o_u_N_T_E_R~ 

Advance Information 

14-BIT BINARY COUNTER 
The MC14020 14-stage binary counter is constructed with MOS 

P-channel and N-channel enhancement mode devices in a single mon
olithic structure. This part is designed with an input wave shaping 
circuit and 14 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counter controls, and fre
quency-dividing circuits. 

• Fully Static Operation 

• Quiescent Power Dissipation = 50nW/package typical @ v00 = 5.0V 

• Noise Immunity = 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14020AL) 

= 3.0 Vdc to 16 Vdc (MC14020CL/CP) 

• Low Input Capacitance = 5.0pF typical 

• Buffered Outputs Available from stages 1 and 4 thru 14 

• Common Reset Line 

• 13 MHz Typical Counting Rate@ VDD = 15V 

• Pin-for-Pin Replacement for CD4020A 

MAXIMUM RATINGS !Voltages referenced to Vss Pin 8) 

Ra!i!!ll. Symbol Value Unit 

DC Supply Voltage MC14020AL voo +18 to--0.5 Vdc 
MC14020CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v00 to--0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14020AL TA -55 to +125 oc 

- MC14020CL/CP -40 to +85 

Storage Temperature Range T~ -65 to +150 OC 

LOGIC DIAGRAM 

06 "" Pin 4 
07 = Pin 6 
08 = Pin 13 

09 = Pin 12 
010 =Pin 14 

011 =Pin 15 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS! 

14-BIT BINARY COUNTER 

CERAMIC PACKAGE 
CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

....r 0 No Change 

""\..__ 0 Advance to next 
state 

x 1 All Outputs are low 

X = Don't Care 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however. it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V out be 
constrained to the range Vss ~ IVin or 
Voutl <;; VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., either 
Vss or v 00). 

v 00 =Pin 16 
v58 = Pin 8 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14020 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14020AL MC14020CL/CP 

Voo<---s_s_0c~-+-~~·~25~0~c~~-+~••~25~0~c'--.._--40'-"-0~c__.~~-•~25~·~c:.._~-1.~+86~·~c'--.._~~ 
Chlractarinic 

Output Voltage "O" Level 

Noise Immunity• 
V0 ut ~ 3.5 Vdc 
Vout ~7.0 Vdc 
Vout ;;i: 10.5 Vdc 

Vout :io;;; 1.5 Vdc 
V0 ut <;; 3.0 Vdc 
V0 ut ~ 4.5 Vdc 

Output Drive Current 
( VoH = 2.5 Vdc) 
<VoH = 9.5 Vdc) 
(VQH = 13.5 Vdcl 

<Vol= 0.4 Vdcl 
(Vo L = 0.5 Vdcl 
(VoL = 1.5 Vdcl 

Input Current 

Input Capacitance 

(Vin= 01 

Ouie$Cent Dissipation• ;f" 
(Cl= 15pF,f = OHzl 

'T' Level 

Source 

Sink 

Po= {1.2 mW/MHz) f + 0.00005 mW 
Po= (5.0 mW/MHz) f + 0.0002 mW 
Po = ( 13.5 mW/MHz! f + 0.005 mW 

Output Rise Time•• 
(Cl= 15 pF) 
tr= (3.0ns/pFICL +35ns 
tr=11.5ns/pF)CL + 12ns 
tr=(1.1 ns/pFICL +8.0ns 

Output Fall Time•• 
(Cl= 15 pF) 
tf = {1.5 ns/pF) CL+ 57 ns 
tf = (0.75 ns/pF) CL+ 24 ns 
tf = (0.55 ns/pF) CL+ 17 ns 

Figure Symbol Vdc Min Max 

Vout 5.0 0.01 
0.01 10 

15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

VNH 5.0 1.4 

10H 

IQL 

t, 

., 

10 2.9 
15 

5.0 -0.62 
10 -0.62 
15 

5.0 0.5 
10 '1.1 
15 

5.0 - 0.025 
10 0.10 
15 

5.0 
10 
15 

5.0 
10 
15 

Clock Turn-On, Turn-Off Delay Time... lPHl· 
(CL= 15 pF) tPLH 
Clock to 01 
tPHL· tPLH = (1.75 nsfpF) CL+ 324 ns 
'PHL·tPLH = (0.70ns/pFI CL+ 130ns 
tPHL· tPLH = (0.53 ns/pF) CL"" 92 ns 

Clock to 014 

tpHL· tPLH"' (1.75 ns/pF) CL+ 2774 ns 
'PHL• tPLH = (0.70 ns/pF) CL+ 990 ns 
tPHL• lPLH = 10.53 ns/pF) CL+ 592 ns 

Reset Turn-On Delay Time•• 
(CL= 15 pF) 

Reset on 0,, 
tPHl = (1.75 ns/pF) Cl+ 514 ns 
tPHl"' rn.70 ns/pFI Cl+ 190 ns 
tPHl"' (0.53 ns/pF) CL+ 152 ns 

Minimum Clock Pulse Width 
ICL • 15 pFI 

Maximum Clock Pulse Frequency 
(CL= 15 pFl 

Mal(imum Clock. Rise and Fall Time 
(CL= 15 pFJ 

Minimum Reset Pulse Width 
(CL= 15 pF) 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

PWc 5.0 
10 
15 

PRF 5.0 
10 
15 

tr. tf 5.0 
10 
15 

PWR 5.0 
10 
15 

Min Typ 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

Max 

0.01 
0.01 

Min Max 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.05 
0.05 

Min Mmx 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

0.01 
0.01 

-0.5 -1.7 - -0.35 - -0.23 
-0.5 -0.9 

-3.5 

0.4 0.78 
0.9 2.0 

1.5 
4.0 

7.8 

10 

5.0 

0.00005 0.025 
0.0002 0.10 
0.0005 

80 
35 
25 

80 
35 
25 

175 
75 

175 
75 

350 600 
140 225 
100 

2.8 
1.0 
0.6 

5.6 
2.0 

540 3000 
200 775 
160 

140 335 
55 125 

38 

3.5 
9.0 
13 

NO MAXIMUM LIMIT 

320 2500 
120 475 
80 

-0.35 - -0.23 

0.28 0.23 
0.65 0.6 

1.5 
60 

0.25 
1 0 

Min Typ 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

Max 

0.01 
0.01 

Min Max Unit 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.05 Vdc 
0.05 

Vdo 

Vdc 

Vdo 

mAdc 
-0.2 -1.7 - -0.16 
-0.2 -0.9 - -0.16 

-3.5 

0.2 0.78 
0.5 2.0 

1.0 
3.0 

7.8 

10 

5.0 

0.00005 0.25 
0.0002 1.0 
0.0005 

80 
35 
25 

80 
35 
25 

:roo 
110 

200 
110 

350 650 
140 250 
100 

2.8 
1.0 
0.6 

8.4 
3.0 

540 3500 
200,, 900 
160 

140 500 
55 165 
38 

3.5 
9.0 
13 

100 
100 

320 3000 
120 550 
80 

0.16 - mAdc 
0.4 

3.5 
14 

pAdc 

pF 

mW 

"' 

MHz 

"' 

•oc Noise Margin IVNH. VNLI is defined as the ma)(imum voltage change from an ideal "1" or "O" input level before producing an output state change. 
••The formula given is for the typical characteristics only. 
tFor diS$ipation at different external load capacitance ICLl refer to corresponding formula; 

PotCLI =Po+ 1 x 10-3 ICL -15) Voo2 f where: 
Po in mW, CL in pF, v00 in Vdc, and fin MHz. 
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MC14020 (continued) 

Pulse 
Generator 

Pulse 
Generator 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

0.01 µF 

lCeramic 

Clock 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Clock 

FIGURE 3 - TIMING DIAGRAM 

2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16,384 

Clock lSlJLfl_J L.J L.J L.J L.J L.J l__J L.J l__J L.J L.J L_J -U- L_J 
Reset 

Ql ______JL__ L__ L__ L__ L__ L__ L__ L__ L__ L__ L__ L__ L_ L__ 

Q4 __r---i_ L__ L__ L__ L__ L__ L__ L_ L_ L_ L__ 

Q5 L__ L__ L__ L__ L_ L_ L__ L_ L_ 

Q6 L__ L__ L__ L__ L_ L__ L__ L__ 

Q7 

QB 

Q9 

Q10 

Q11 

Q12 

013 

Q14 
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MC14021AL 
MC14021CL 
MC14021CP 

\...._~~~~~~~~s_H_l_F_T_R_E_G_1_s_T_E_R_, 

8-BIT STATIC SHIFT REGISTER 

The MC14021 8-bit static shift register is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. This shift register finds primary use in parallel 
to serial data conversion, asynchronous parallel input, serial output 
data queueing; and other general purpose register applications requir
ing low power and/or high noise immunity 

• Asynchronous Parallel Input/Serial Output 

• Synchronous Serial Input/Serial Output 

• Full Static Operation from DC to 7.0 MHz 

• "Q" Outputs from Sixth, Seventh, and Eighth Stages 

• Pin-for-Pin Replacement for CD4021A 

MAXiMUM RATINGS (Voltages referenced to Vss. P;n 81 

Rating Symbol Velue Unit 

DC Supply Voltage MC14021AL Voo +18 to -0.5 Vdc 
MC14021CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v 00 to-0.5 Vdc 

DC Current Drain pP.r Pin I 10 mAdc 

Operating Temperature Range-MC14021 AL TA -55 to +125 oc 

-MC14021CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages 
to this high impedance circuit. For proper operation it is recommended that 

Vin and Vout be constrained to the range Vss ~(Vin or V 0 ut) ~VDD· 

Unused inputs must always be tied to an appropriate logic voltage level (e.i., either 

Vss or VDD· 

LOGIC DIAGRAM 

P1 P2 P3 

v 00 ... Pin16 P4=Pin4 

Vss'""'Pin8 P5-=Pin13 

See Mechanical Data Section for package dimensions. 
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06 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

8-BIT STATIC SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

1 PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 

SERIAL OPERATION: 

Q6 Q7 QB 
t CLOCK Ds PIS t= n+6 t= n+7 t= n+8 

n _/ 0 0 0 ? ? 
n+1 _r- 1 0 1 0 ? 
n+2 _r- 0 0 0 1 0 
n+3 _r- 1 0 1 0 1 

""""-- x 0 06 07 08 

PARALLEL OPERATION: 

CLOCKIDsIPisJ DmI *Om J 
x I~I 1 I 0 I 0 J x 1 1 1 

* 06, 07, & QB are available externally 

X = Don't Care 

08 

I 
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MC14021 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14021AL MC14021CL/CP 

Characteristic 
Voor----ss,0_c~t-~.-•-2s_0_c-,----+~•_12~s_0_c-t~--4,o0_c~-t-~-,-•-2_s0_c-,-~---1~•-S,s_0c--f 

Figure Symbol Vde Min Max Min Typ Max Miu Max Min Max Min Typ Max Min Max Unit 

Output Volta~ "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 0.01 0.01 0.05 0.01 0 0.01 0.05 

Noise Immunity• 

(Vout >3.5 Vdc) 

(V0 ut >7.0 Vdc) 
IVout > 10 5 Vrlr:) 

(Vout ~1.5 Vdc) 
(V0 u1 ~3.0Vdc) 

(V0 ut ~ 4.5 Vdc) 

Output Drive Current 

"1" Level 

(VoH "'2.5 Vdc) Source 

(VoH = 9.5 Vdc) 

(VoH = 13.5 Vdc) 

(Vol= 0.4 Vdcl Sink 
{VOL= 0.5 Vrlc) 

(VoL = 1.5 Vdc) 

Input Current 

Input Capacitance (Vin= 0 Vdc) 

Quiescent Dissipation 

{CL"15pF,f=OHz) 

Total Power Oiss1pat1ont 

(CL=15pFI 

Output Rise Time 

(Cl= 15 pFl 

Output Fall Time 

(CL= 15 pF) 

Turn-On, Turn·Off Delay Time 

(CL~ 15 pF) 

Clock Pulse Width 

(CL=15pF) 

Clock Pulse Frequency 

(CL =15pF) 

Clock Pulse Rise and Fall Time 

(CL= 15 pF) Voo = 5.0to 15 Vdc) 

Parallel/Serial Control Pulse Width 

fCL =15pF) 

Setup Time 

(CL =15pFJ 

'OL 

Po 

Po 

PWc 

PRF 

15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

4.95 

9.95 

1.4 

29 

15 
3.0 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

5.0 -0.62 -0.50 -1.3 - -0.35 0.23 -0.20 -1.3 
10 -0 62 - -0.50 -0. 75 -0.35 - -0.23 - -0.20 -0.75 

15 -3.5 -3.5 

5.0 0.50 0.40 0.6 0.28 0.23 0.20 0.6 

10 1.1 0.90 1.1 0.65 0.60 0.50 1.1 

15 7.5 

5.0 - 0.025 

10 
15 

50 
10 
15 

5.0 
10 
15 

50 
10 
15 

5.0 
10 
15 

5.0 
10 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

0.1 

1.5 
3.0 

15 

10 

50 

0.0015 0.025 

0.005 0.1 
0.01 

1.5 
6.0 

0.25 
10 

Po - (1.2 mW/MHz) t + 0.0015 mW 

Po= (1 O.l mW.IMHz) f ... 0.005 mW 

Po - (12.1 mW/MHz) f + 0.01 mW 

100 300 

50 125 
25 

100 300 
50 125 

25 

200 750 

100 225 

65 - I -

150 400 
75 175 

50 

3.0 
7.0 
10 

150 400 

75 175 

50 

150 300 

50 80 

30 

10 
25 

15 

7.5 

10 

5.0 

0.0025 0.25 

0.01 
0.02 

10 

100 400 
~o 150 
25 

100 200 
50 110 
25 

200 1000 

100 300 

65 

150 500 

75 200 
50 

30 
7.0 
10 

150 500 

75 200 

50 

150 300 

50 100 

30 

'"DC Noise Margm (VNH, V.NL) 1s defined as the maximum voltage change from an ideal ''1'' or "O'' input level brfore producing an output state change 

t For rl! ~1ip;it ion ;it drfferent extern<:1I load capacitances refer to correspond mg formul<1 · 

PT (CL)-'- Po+ 10-3 {CL - 15 pF) Voo 2t 

Where. PT, Po m mW, CL in pF, Voo rn Vdc, and f 1n MHz 
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4.95 
9.95 

1.4 
2.9 

1.5 
30 

0.16 
-0.16 

0.16 
040 

... 

3.5 
14 

Vdc 

Vdc 

Vdc 

rnAdc 

mAdc 

pAdc 

pF 

mW 

mW 
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MC14021 (continued) 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

Pulse 
Generator , 

Pulse 
Generator 

2 

500 µF 

Switch Position 1 = Parallel In 
Switch Position 2 = Serial In 

06 

P1 

P2 

P3 

P4 07 

P5 

PG 

P7 

PS Q8 

Vss 

0.01 µF I Ceramic 

CL 

rr 
Clocklnput ~ 

I 
~ Variable Delay 

Sync: 

Data Input I 

Variable 
Width 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

P/S 

-...>---<>---le as 
P1 

P2 

P3 

P4 

PS 

Dg 

Q7 

as 

I 
I 
I 
I 
I 
I 
I 
I 
I 

'-----o Vss SW2 I 

I - \ 
L---------------~ 
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~! 
"\ COUNTER 

MC14022AL '--~-------~ 
MC14022CL 
MC14022CP 

Advance Information 

OCTAL COUNTER/DRIVER 

The MC14022 is a four-stage Johnson octal counter with built-in 
code converter_ High-speed operation and spike-free outputs are ob
tained by use of a Johnson octal counter design. The eight decoded 
outputs are normally low, and go high only at their appropriate octal 

time period. The output changes occur on the positive-going edge of 
the clock pulse. This part can be used in frequency division appli
cations as well as octal counter or octal decode display applications. 

• Fully Static Operation 

• DC Clock Input Circuit Allows Slow Rise Times 

• Carry Out Output for Cascading 

• 12 MHz (typical) Operation@ Voo = 10 Vdc 

• Divide-by-N Counting when used with MC14001 NOR Gate 

• Pin-for-Pin Replacement for C04022A 

MAXI MUM RATINGS I Voltages referenced to Vss Pin 81 
Rating Symbol Value Unit 

DC Supply Voltage - MC14022AL Voo t18to-0.5 Vdc 

- MC14022CL/CP +16 to ---0.5 

I nµut Voltag(~, All Inputs Vin v00 to --0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA OC 

- MC14022AL -55to+125 
- MC14022CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

LOGIC DIAGRAM 

11 

McMOS 
{LOW-POWER COMPLEMENTARY MOSI 

OCTAL COUNTER/DIVIDER 

LSUFFIX 

CERAMIC PACKAGE 

CASE 620 

P SUFFIX 

PLASTIC PACKAGE 

CASE 648 

FUNCTIONAL TRUTH TABLE 

(Positive Logic) 

CLOCK 

CLOCK ENABLE RESET OUTPUT -c n 
0 x 0 n 
x 1 0 n 

_,--- 0 0 nt 1 

'-- x 0 n 

1 

-----
0 n• 1 

x __r 0 n 

x x 1 00 

X Don't Care If n< 4 Carry"' 1, Otherwise - O 

Clock 14 

Clock 
Enable 13 

Reset 15 

BLOCK DIAGRAM 

v 00 "' Pin 16 
Vssr=PinB 

1 

3 

11 

4 

10 

12 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin or Vout be 
constrained to the range Vss ~(Vin or 

Vaut) ~Voo 

Unused inputs must always be tied to an 
app~opriate logic voltage level (e.g., either 
Vss or Vool 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14022 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14022Al MC14022CL/CP 

Voo -55°C +25°C +125°C -40°C +2s0 c +80°C 

Characteristic Fig Symbol Vdc Min Max Min Typ M.x Min Max Mm M.x Min Typ Max Min Max Unit 

Output Voltage "O'' Level Vout 5.0 O.Dl 0 0.01 0.05 O.Dl 

~ I ~·~~ 0.05 Vdc 

10 0 01 0.01 0 05 0.01 0 05 

15 

"1" level 5.0 4 99 4 99 5.0 4.95 4.95 4 99 5.0 I 4 95 

10 9 99 9.99 10 9.95 9.95 9.99 10 I 9.95 

15 ... .. 15 15 

Noise Immunity* 

2 25 l {Vout ;;o3.5 Vdcl VNL 5.0 1.5 1.5 2.25 14 1.5 1.5 1 4 Vdt.: 

(Vout > 7.0 Vdcl 10 3.0 3.0 4 5 2.9 3.0 3.0 4 5 2 9 

(Vout ;;;.10.5 Vdc) 15 6.75 6 75 

(Vout ,;;;:1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1 4 1 5 2 251 1 5 Vdl' 

IV out ~ 3.0 Vdcl 10 2 9 3.0 4.5 3 0 2.9 3.0 4 5 J 3.0 

!Vili!! ~4.5 Vdc) 15 6.75 G.75 

Output Drive Current 
1--0.16 (VQH 2.5 Vdcl Source 10H 5.0 -0.62 --0.5 -1 5 --0.35 - --0.23 --0.2 -1 5 mAdc 

(VoH - 9.5 Vdc) 10 --0.62 -1.0 -1-0 --0 35 -0.23 -0.2 -1.0 --0 16 

(VQH 13.5 Vdcl 15 -3.6 -3 6 

(VOL 0.4 Vdc) Sink 10L 5.0 0.5 0.4 0.8 0 28 0.23 0.2 0.8 0.16 rnAdc 

(Vol = 0.5 Vdc) 10 1.1 09 1.2 0.65 06 05 1.2 0.4 

(Vol l.S Vdd 15 .. 7 8 78 

Input Current ''" 
10 10 pAdc 

Input Cap.::ic-itance Cm 5.0 5.0 pF 

(V;n = 0) 

Ouiesc-ent Dissipation {CL~ 15 pFl .. Po mW 

Po (Q.58mW/MHz) f +00015mW 5.0 - 0.025 0.0015 0_025 1.5 0 25 I 0.0025 0 25 3 5 

Po~ 11.8 mW/MHz) f + 0.005 mW 10 0_10 0_005 0_10 6.0 1 0 0 01 1 0 14 

Po 7 13.6 mW/MHz) t + 0.01 mW 15 0.01 0 02 

Output Rise and Fall Time..- tr.tf 
(CL~15pFl 

tr, If= (4.8 ns/pF) CL+ 28 ns 5.0 100 175 100 200 

tr, tf = (1.5 ns/pF) CL+ 12.5 ns 10 35 75 Jtl l 1 lU 

tr. t1" (0.Sns/pF) CL+ 8_0 ns 15 20 20 

Turn-On, Turn-Off Delay Time•· lPHL· lPLH 
(l,L ~ 15 pFl Reset to Decode Ou1ru1 

tPHL· IPLH = (2.0 ns/pF l CL+ 420 ns 5.0 450 800 450 1200 

lPHL· 'PLH f0.9ns/pFI CL+ 186.5 ns 10 200 400 200 500 

tPHL· lPLH = (Q_7 ns/pFI CL+ 109.5 ns 15 120 120 

Turn-On, Turn·Off Delay Time'· tPHL· lPLH 
(CL; 15 pF) Clock to Gout 

I 
lPHL, lPLH = (2.0 ns/pF) CL+ 320 ns 5.0 350 550 350 700 

tpH L· tPLH = (O_g ns/pF I CL + 111.5 ns 10 125 250 125 300 

lPHL· lPLH = W.7 ns/pF) CL+ 74_5 ns 15 85 ! 85 

Turn.On, Turn-Off Delay Time·'" lPHL· lPLH 

4851 

(CL 15 pF) Clock to Dec-ode Output 

tpH L· lPLH = (2.0 ns/pF) CL +455 ns 5.0 730 485 940 

lPHL· IPLH = !0.9 ns/pFl Cl t 166.5 ns 10 180 360 180 400 

'PHL· IPLH = (0.7 ns/pF) CL+ 114.4 ns 15 125 125 

•The clock input has an improved noise immunity of typically 60% of Voo from either input level 
··The formula given 1s for the typical characteristics only 

FIGURE 1 - TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS TEST CIRCUIT 

Voo 

Vout 

Vss 
Enable 01 Output Output 

Voo---A 02 Sink Drive Source Drive 
03 Clock to desired 

Reset 04 Output 

S1 05 lo Outputs (S1 to A) (S1 to B) 

Vss--- B 
06 

07 
Clock 

_n_ Cout 
External 

Clock to 5 
Carry thru 7 S1 to A 

(Sl to B) 

VGs= Voo -Voo 

Vos"' Vout Vout -Voo • Vss 
Power 

Supply 
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MC14022 (continued) 

ELECTRICAL CHARACTERISTICS (Continued! 

MC14022Al MC14022CL/CP 

Voo -ss0 c +25°C +125°C . .:.':10~C. +2s0c +as0 c 
Characteristics Fig. Symbol Vdc Min Mox Min Typ Mox Min Max Min Mox Min Typ Mox Min Ma< Unit 

Turn·Off Delay Time lPLH 
lCL - 15 pF) Reset to Cout 
tPLH ~ 12.0 ns/pF) CL+ 320 ns 5.0 350 750 350 1000 
tPLH = (0.9 ns/pFJ Ct+ 111.5 ns 10 125 250 125 300 
tPLH ~ W.7 ns/pFl CL -t 69.5 ns 15 80 ... 80 

Minimum Clock Pulse Width PWc 
5.0 100 200 100 250 
10 42 70 42 100 
15 30 30 

Maximum Clock Frequency PRF MH, 
5.0 2.5 5.0 2.0 5.0 
10 7.0 12 5.0 12 
15 16 16 

Minimum Reset Pulse Width PWR 

5.0 200 330 200 500 
10 100 165 100 250 
15 75 - 75 

Reset Removal Time trem 
5.0 300 500 300 750 
10 100 200 100 275 
15 .. 80 80 

Maximum Clock Input Rise and tr,tf µ• 
Fall Time 5.0 100 

iCL" 15 pf) 10 No Maximum Limn 100 
15 

Clock Enable Setup Time 1setup 
!Ct"'15pF) 5.0 175 300 175 700 

10 75 150 75 300 
15 52 52 

Clock Enable Release Time 1rel 
ICL 15 pF] 50 260 405 260 700 

10 100 200 100 300 
15 70 70 

NOTE All unused inputs should be returned to either Voo or Vss as appropriate for circuit application 

FIGURE 2 -TYPICAL POWER DISSIPATION TEST CIRCUIT 

00 -0 

01 -"-

-0 Clock Enable 02 -0 

03 .-<). 

04 -0 

Reset 05 -0 

06 

• 
l Pulse } le 07 -0 

Generator ~ Clock 
Cout r--0-

~Vss 

-'---= 

1 1 CL ;:f:cL *CL *CL *CL *CL ;r:cL *CL *CL 

PolCLI ~Po+ 10-3 {CL" 15} !:) fc~DD2 
PD in mW, CL in pF, V DD in Vdc, and f c in MHz. 
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FIGURE 3 - AC MEASUREMENT DEFINITION ANO FUNCTIONAL WAVEFORMS s: 
n 
"""' .i::. 
0 
I\) 

Voo I\) 

-..J 

6i 
<O 

50% 
Clock _____./ '-I '\..../' '-I '-I '-I \_JI \.J \..../1 \..J \..../ '\.._;f-1 _ l-W '-.! \..../ ~IO%'\ - Vss 

Clock I I I I I 'T ~ l---l _r-_'•e-tup_2_0 n_s --j_FJ_f--_2_0 ns ____ _ 

Enable -0 Vss 

·-if- -H-
R•set I I I \ I I I I 

uo ""'~~I I I I I I I f-c '"" "'"-1~~ v~ 
0

, '"'" _.j8r i'"' I I I I (~--~",'~ 1f-- '' Vue 

"'" -I f---1 r ''"' I I I I ,, __, f-- ~ ~ --1 --

02 __ rl) I 0 I v0 L 

'PLH --j t:--J \-- 'PH L I I I 'r --it- -H•--- I 
o 3 ----ff\ I -1\:--1 --v-oL 

'PLH l f--j !-- 'PHL I I t, -1 f----i ~ I 

04 ----~~ I ~-1--voL 
tp~H I f-., ~'PHL I I t,--if----H~ f-'PHL 

o 5 I ~ ~I voL 
I t, --1 f-- Ii;- 'f I I I t, ---i 1-- --1 t-- t1 . 

'PLH ---I r----t- 'PHL 

oG I I I VoL 

I 'PLH ~ r--- -rib ~ 'PHL I 
------------< I I VoL 

'PHL ---j I-- t, ---11--f I-- tf --i f-- 'PLH 

Cout -----~, 'PHL'F µ_ VoL 

'r---j /---~ r-- tf 

07 

-n 
0 
:J 
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:J 
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c. 

Voo 
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,_____f MC14023AL 
MC14023CL 
MC14023CP 

\~~~~~~~~~~-"-N_A_N_D_'_'G_A~T-E__. 

TRIPLE 3-INPUT "NANO" GATE 
The MC14023 triple 3-input NANO gate is constructed with 

MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14023AL) 
= 3.0 Vdc to 16 Vdc (MC14023CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

• Pin-For-Pin Replacement for CD4023 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 7) 

Roting Symbol Value Unit 

DC Supply Voltage MC14023AL Voo 
_ MC1-40?~r.LLCT 

Input Voltage, All Inputs Vin 
DC Current Drain per Pin I 

Operating Temperature Range - MC14023AL TA 

-MCl 4023Ci.LCP 

Storage- Temperature Range Tstg 

6 

40-+-----4~----~ 

30-..... ---------~ 

+18 to -0.5 Vdc 
+16 to -0.5 

~oto-0.5 Vdc 

10 mAdc 

-55 to +125 oc 

-40 to +85 

-65 to +150 Oc 

CIRCUIT SCHEMATIC 

Voo 
14 

9 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

TRIPLE 3-INPUT "NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

LOGIC DIAGRAM 
(Positive Logic) 

"3=0---12 10 

13 

9=~ 

v00 =Pin 14 

Vss = Ptn 7 

1 2 a V55111213 

See Mechanical Data Section for package dimensions. 
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ELECTRICAL CHARACTERISTICS (") .... 

MC14023AL MC14D23CL/CP ~ 

oo N lv -ss0 c +25°c +125°c -40°C +25°c +es0 c 0 
Characteristic l Figurel Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit (...) 

Output Voltage "O" Level I I Vout , 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc n 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 0 

:l 
"1" Level I I I 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 ~. 

10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 ~ 

~ 
Noise Immunity• r 

(V 0ut~3.5Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
IVout ~7.0 Vdc) 10 3.0 3.0 4.5 2.9 3.0 3.0 4.5 2.9 

IV out<; 1.5 Vdcl I I VNH I 5.0 11.4 I - 11.5 12.251 - I 1.5 I - 11.4 I - 11.512.251 - 11.5 I - I Vdc 
(Vout <3.0 Vdc) 10 2.9 3.0 4.5 3.0 2.9 3.0 4.5 3.0 

~-1v·e-Current 

(VoH 2.5Vdc) Source 1 toH 5.0 -0.62 -0.5 -1.5 - -0.35 - -0.23 -0.2 -1.51 - 1-0.16 l - lmAdc 
IVoH 0 9.5 Vdcl 10 -0.62 -0.5 -1.0 - -0.35 - -0.23 -0.2 -1.0 -0.16 
(VQH"' 13.5 Vdd 15 -3.6 -3.6 

IVoL 0 0.4 Vdcl Sink 2 loL 5.0 0.5 0.4 0.8 0.28 0.23 0.2 0.8 I - I 0.26 I - lmAdc 
(Vol - 0.5 Vdcl 10 1.1 0.9 1.2 0.65 0.6 0.5 1.2 0.4 
(VQL"'1.5Vdc) 15 7.8 7.8 

~ L Input Current lin 10 10 I -J -I - }Ade 

.....i r Input Capacitance C1n 5.0 5.0 I - I - 1 - 1 pF 
(Vin"' 0) 

Quiescent D;ss;pation 3 PD I I I I r I I I I I I I I I I I µW 5 0 0 25 005 0 25 15 0 25 0 025 2 5 75 
10 10 001 10 60 10 005 10 300 

Output R'se r;me I 4 I t, I 
ICL 0 15pF) 

5.0 100 175 100 1200 
10 35 75 35 110 
15 15 15 

Output F•ll T'me 1 4 1 tr I I I I I ns 
(CL 0 15pF) 

5.0 75 175 75 200 
10 25 75 25 110 
15 14 14 

Tum On Oel•Y T;me I 4 I tPHL I I I I I ns 
ICL'15pFI 

5.0 60 75 60 100 
1 o 25 50 25 eo 
15 12 12 

Turn-Off Delay Time l 4 1 1PLH 
(CL-15pf) 

I I I !~ I - I - I - I ~~ I ~~ I - I - I - 1- 1- I ~~ I ~00 
"DC Noise Margin (VNH· VNLI is defined as the maximum voltage change from an ideal "l" or ''O" input level before producing an output state change . 

• 
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MC14023 (continued) 

FIGURE 1 - TYPICAL OUTPUT 
SOURCE CHARACTERISTICS 

Voo = -VGs 

~~~ ~ 
~Vout 

-= Vss 

t>.11 unused inputs connected to ground. 

1- a TA" -55°C 
~ -4.0 - b TA :. +25DC --+---t--+---+>"""--+-~o<+-r-,,_,~-------< 
~ c TA= +J25DC 

z 

~ 
0 

oi 
0 

VQH, DRAIN VOLTAGE (Vdc) 

~ « 
.!'. 
>--
iii 
"' "' i3 
z 

~ 
0 

_j 

9 

10 

8.0 

6.0 

40 

2.0 

0 

FIGURE 2 - TYPICAL OUTPUT 
SINK CHARACTERISTICS 

Vaut= Vos 

All unused inputs connected to ground. 

T 7/l_ , 7.-r 
._]jl_,_,'1...,..lf-,_L'J_..I L~I--+----+-----+- a TA = -55'C -+-----1 

I' b TA-"'+25°C t--,ILH'l-#V-+--t--+---+---+---+-- c TA = +125'C-+----1 

)_ 

0 2.0 4.0 6.0 8.0 10 

VQL, DRAIN VOLTAGE (Vdc) 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

20 ns 

(50% Duty Cycle) 

1- OV 

~20ns 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORM 

Pulse 
Generator 

Yoo 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. 

20 ns--l f--
90% 

f--20 ns 

Yoo 

Input (A) 50o/c 

~t -~10~ 

7-72 

10%-

tPHL j f---

" I--

For proper operation it is recommended 
that Vin and V out be constrained to the 
range Vss ~(Vin or Vout) <Voo
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor vDDI. 

OY 



,____f MC14024AL 
MC14024CL 
MC14024CP 

SEVEN STAGE RIPPLE COUNTER 

The MC14024 is a seven stage ripple counter with short propa
gation delays and high maximum clock rates. The Reset input has 
standard noise immunity (typically 45% of VDDL however the 
Clock input has a typical noise immunity of 70% of VDD with no 
maximum Clock input rise or fall time. The output of each counter 
stage is buffered. 

• Quiescent Power Dissipation= 0.01 µW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Output Transitions Occur on the Falling Edge of the Clock Pulse 

• 8-MHz Operation@ VDD = 10 Vdc typical 

• Exceedingly Slow Input Transition Rates may be Applied to the 
Clock Input 

• Pin-For-Pin Replacement for CD4024A 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 7) 

Rating Symbol 

DC Supp!y Voltage -MC14024AL Voo 
- MC1 4024CL/CP 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range - MC14024AL TA 
- MC14024CL/CP 

Storage Temperature Range T stg 

LOGIC DIAGRAM 

Clock 

Reset 

12 

01 

11 

02 

Q3,..,Pin9 
Q4=Pin6 
Q5=Pin5 

See Mechanical Data Section for package dimensions. 

Value 

+18 to -0.5 

+16 to -0.5 

Voo to -0.5 

10 

-55 to + 1 25 
-40 to +85 

-65to+15D 

4 

06 

7-73 

Unit 

Vdc 

Vdc 

mAdc 

Oc 

oc 

07 

McMOS 
I LOW-POWER COMPLEMENTARY MOSI 

SEVEN STAGE 

RIPPLE COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation, it is recommended that Vin 
or Vout be constrained to the range Vss ~(Vin 
orVout)~Voo-
Unused inputs must always be tied to an ap· 
propriate logic vot tage level (e.g., either Vss 
or v 00 1 

PIN ASSIGNMENT 

Clock Voo 14 

Reset NC 13 

3 07 01 12 

4 06 02 11 

05 NC 10 

6 04 

Vss NC 8 

Voo =Pin 14 

Vss ==Pin 7 

NC= No Connection I 
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MC14024 (continued) 

ELECTRICAL CHARACTERISTICS 
·r___,-------- ----M--C-14024AL MC14024CL/CP 

Voe -ssoc +125°C +as0 c 
Figure Symbol Vdc Mm Max Mm Typ Max Min Max Min Max Min 

f-o=-u--1--pu--1""v--,01~,.--.,----~ .. 0~"~L--.,--,c-, ----+---+ -V0~ ~so+-----=--To 01 O 0_01 0.05 To 01 

10 - O 01 O.Ql 0.05 = , I O 01 

Characteristic Typ 

0 
0 

5.0 
10 
15 

Mox 

0.01 
Q_Ql 

Min 

4_95 
9.95 rc--~------··1--·· __ L __ ., __ ·_·_ , , - ii :i:I • :~ :: ::; ::1 • :~ 

N~:;;,~~;:~n~l~~d VNL 5 0 1 5 - 1 5 2.25 1.4 1 51 - 1.5 2.25 1.4 

:~:~:~~~5:~:)~, f-0~ g :: :: rn- ~ I :=: -~ :-: t - :: ~~+--~--t-:-~ 

0.05 
0.05 

Unit 

Vdc 

Vdc 

·-f--c--
- Vdc 

- mAdc O~gf D~i:~~f ;;:nl ---S--ou __ co __ e----+---+ 10H 5
1

1

0
: l--0--0

2

.6
6
.

9
22 -~ ~: 1 :1;~ - ~ I ~~5 ~ I~~ ~1 : 1: . ti - 031: 

IV0H0-9.5Vdc) -05 10 - --035 - --023 - -0.20 -1-0 --0.16 

(VoH"' 13.SVdcJ 15 I - 36 ---f--------1--+----3.6 ---f-----+--+--------1 

(Vol = 0.4 Vdc) Sink 2 I 'OL 5.0 0.50 o ~a 080- .~-o~ 28 =-- 0 ~3 o0 .. ;5~ 0.80 0.60 - mAdc 
(VoL=0.5Vdcl 10 1~011 - 090 120 065 060 °''-'I 1.20 0.40 1 -

--~L,-~~~- _ _ 1s _ ~-+----7 so - =--+-=-~ --f--------1---t--7~1s~00_ 1'"----+----t---+-~--i 
Input Current _____ -j -~Jn __::___L" 16 - - - - -C-----+---+----+---+---pA __ d___,' 

ln~~~nc:~a)citance C,n _j_ 5.0 \ - 5.0 pF 

Quiescent Dissipation... Po ! 1 I t--~--- +----- ---t ;.w-
(;~: 11a5_::s ~~~:~~1 t + 0_002s µw I 5.o o 2s _ 11 o 0025 a 25 I - is ~ 'i 0.0025 2.s 75 

Po= {2.5 mW/MHz) f + 0.01 µW 
1
, 10 1 o = I o1 001 ._'_-a_ I _ 60 =. ]_----+---t---o. __ 01----1_1 __ 0----1--t----30 __ 0--+----i 

o~~;~~~~~,:~:~~.~:.'.o"w -- - . • I] ' ''' \ 15 I J ' I I 1 Lo I 
tr tf = (4 3 ns/pF) CL t 35 ns I 5.0 - ~100 175 100 200 -
1, 11 11 5 n>lpF) CL+ 12 5 n• ' 1 10 _ = 3155 ~5 = _ o1o±ti1~0 I = = 
tr lf (047 ns/oF) C1 +80 ns i 15 

r,:-~rnOnTurnOffDelay••-------j- 4 tPHL 1 -t-- - ---+--- I ---+-:-:-
(CL"'15pFJ (Clockto01) lPLHI I I "' 
lPHL' lPLH ~ (2.7 ns/pF) CL+ 284.5 ns I 5.0 -- - 325 400 I - - 325 500 I - -
lPHL,lPLH=i1.6ns/p.FJCL+96ns J 10 -+4 150 1 - I 120 180 - -

tPHL,lPLHo1.2n•/pFICL+72n• ' 15 ---+---=-- --~1--:----t-:----r--=--1___:-- i-=-1 ~D - r--=-i·--=--t-~n, 
~:on, Turn-Off Delay~• 4 I tPHL· I'. I 

(CL= 15 pf) (Clo<.:k to 07) tPLH l 
tPHL· tPLH = 2.7 ns/pF) Cl+ 959.5 ns . 5.0 - 1000 2000 j' - - 1000 3000 - 1 -

tPHL,lPLH=1.6ns/pF)CL+376ns 10 =1 430000 5~5 1 = 430000 1.:01 -
tPHL, tPLH = 1.2 ns/pF) C~~-~- 15 

Re:;et Delay Time·· 4 tR -+--+---+---+--+- T T 1 ~ 
(CL= 15 pF) (Reset to On) I • 
tPHL, tPLH = {2.7 ns/pF) CL+ 459.5 ns 5~.~o - I -

1 
5;o~og 370500 5;0~0g 48-o0o0 I 

tPHL· tPLH = (1-6 ns/pF) Cl+ 226 ns ' 

tP.HL,lPLH = (1_~-~~s/p. Fl Ci,__+~62ns ------
Min1mumClock Pulse Width 4 ---+--t-----f-------1----+-------+·--·+--+---+----f--------I---+---- -t-----t-----+---+-----< 

PWc 

5 0 I _ NCP = PCP = PWc -

~ . ~·1-----+----+----Minimum Reset Putse Width 

10 -
15 -

PWR 
~ ·---t--

5.0 
10 
15 

200 
60 
40 

j----j------

375 
200 
150 

330 
125 

----j 

500 
300 

200 
60 
40 

375 
200 
150 

500 
165 

600 
350 

f 4 
tr em 

-+---·---+-- ---i----+--+------+------1----f-----1c-m---J 

5.0 250 
10 75 
15 50 

375 
110 

250 
75 
50 

625 
190 

Maximum Clock Input Ri>e and Fall Tim" r f---+--+--~-~-~--~---~-~---+-----+-------+----+---·----t---+---+-----i 

tr,lf 
5.0 
10 No Maximum Limit 
15 ~·------- ---~-l·-·-~-~-~----------

"DC Noise Margin ( VN H· VN L) is defined as the maximum voltage change from an ideal ' 1" or "O" input level before producing an output state change 

""The formula given is for the typical characteristics only. 
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MC14024 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Count On to a 
logic "1 '' level. 

Pulse 
Generator 

VoL = Vout 

1DH 

Power 
Supply 

FIGURE 3 - POWER OISSIPATION TEST CIRCUIT 

0.01 µ,F I Ceramic 

CL 
f-C>--~~~~~-C-L~ 1' 

Q3 CL J 
Q4 f--0------C-L---\ J 
Q5f-C>--~-c-L~ T 
l--0--~ T 

CLOCK 

0 

0 

1 

1 

~ 
~ 
~ 

~ 

Po (CL)=- Po+ (CL - 15) fc Voo2 x 10- 3 mW 

CL is in pf, fc is in MHz, v 00 is in Vdc, and Po is obtained from 

the Electrical Characteristics table. 

TRUTH TABLE 

RESET STATE 

0 No Change 

1 All Outputs Low 

0 No Change 

1 All Outputs Low 

0 No Change 

1 A It 0 utputs Low 

0 Advance One Count 

1 AH Outputs Low 

7-75 
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FIGURE 4 - FUNCTIONAL WAVEFORMS 

J N:.Gp~ 
1 5 0% 2 r'Y.. 0 0- 0 0 0 o-Voo 

::.:: "~> =\ <,,m f I _ • J' \_-_/ ' l~ _ _j'" (
1 " i~j 0. ·~:_/ "tJ"' ~ :::O 

'PLH1--i I: -.j r-'PHL1 I I I I I I :;_i,R1 ~ 

01 (12) Ji,::% 1\:3~j\-~l\-~lL~l\-~lL~~, --j~::: 
·--i l.-,"~x:----t:~~ -~ -~ -" -~~ -~··" 

02(111---.,~~~' d~- _J~,:u I\__- ,\___ l\__J~- J,~'m 
03 191 :~ -1\\:~ ~----r\, \_----r--~ ~ ~j\=::~ 

t,~ ~ ~ r,:: r-tPHL4 't_J~ 'R4t: 

04 16) _::x-, -1\L~}-~l\---lr-~-J~~:: 
t,-.j - ::-! ~ r-'PHL5 t1 i.- tR5~ 

QC <"> - - "Ji-""k~."d\---l\----r=::: 
t,-.j ~ tpL:j ~---1:0 - ~!:-~VoH 

06 !41 - -- ;~~ ~~~.J~';, J,~'m 
07 131 - - _ __'P~Hil - i\_ _ ~::: 

'•--1 t1--.I '4-

Input tr and tf '-- 20 ns 

s 
C') ... 
.i:.. 
0 
N 
.i:.. 

8 
:::i 
~. 
:::i 
c 
<1> a. 



_J MC14025AL 
MC14025CL 
MC14025CP 

\-~~~~~~~~~-'-'N_o_R_'_'G_A_T_E__. 

TRIPLE 3-INPUT "NOR" GATE 

The MC14025 triple 3-input NOR gate is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of Yoo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14025AU 
= 3.0 Vdc to 16 Vdc (MC14025CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout - > 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 750 ohms typical 

• Pin-for-Pin Replacement for C04025A 

MAXIMUM RA TINGS !Voltages referenced to V55, Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage -MC14025AL Voo +18to ..0.5 Vdc 

-M C14025C L/CP +16 to -0.5 
Input Voltage, All Inputs Vin v 00 to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range -MC14025A L TA 
-MC14025CL/CP 

Storage Temperature Range Tstg 

8 2 

See Mechanical Data Section for package dimensions. 

-55 to +125 Oc 
-40to +85 

-65 to +150 OC 

CIRCUIT SCHEMATIC 

Voo 
14 

7.77 

13 12 11 

MC MOS 
(LOW.f'OWER COMPLEMENTARY MOSI 

TRIPLE 3-INPUT "NOR" GATE 14. 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

P SUFFIX 
PLASTIC PACKAGE 

CASE 646 

LOGIC DIAGRAM 
(Positive Logic, 

:3=L>-9 

t13=L>-
12 10 

13 

v00 =Pin 14 

Vss= Pin7 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss :e;;; (Vin or 
Voutl ,.;;voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool. 

• 
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ELECTRICAL CHARACTERISTICS .... 
~ 

MC14025AL MC14025CL/CP 0 
I\) 

Voo -55°C +25°c +125°C -40°C +25°c +es0 c ti'I 
Characteristic jFigurel Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit n 

Output Voltage "O" Level T 1,2,3 T 5.0 O.Ql 0 0.01 0.05 O.Ql 0 O.Ql 0.05 Vdc 
0 - - - - - - ::l 

Vout 10 - 0.01 - 0 O.Ql - 0.05 - 0.01 - 0 O.Ql - 0.05 ~-

I I 
::l 

''1"' Level 5.0 4.99 - 4.99 5.0 - 4.95 - 4.99 - 4.99 5.0 - 4.95 - Vdc c:: 
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 - 9.95 - C1l c. 

Noise Immunity* - Vdc 
(V0 ut;;. 3.5 Vdc) VNL 5.0 1.5 - 1.5 2.25 - 1.4 - 1.5 - 1.5 2.25 - 1.4 
(V0 ut ;;>7 .0 Vdc) 10 3.0 - 3.0 4.5 - 2.9 - 3.0 - 3.0 4.5 - 2.9 

(V0 ut <1.5 Vdc) VNH 5.0 1.4 - 1.5 2.25 - 1.5 - 1.4 - 1.5 2.25 - 1.5 I - I Vdc 
IVaut <3.0 Vdc) 10 2.9 - 3.0 4.5 - 3.0 - l1.9 - 3.0 4.5 - 3.0 

Output Drive" Current IOH I I mAdc 
( Vout = 2.5 Vdc) Source 4 5.0 -0.62 - -0.5 -1.5 - -0.35 - -0.23 - -0.2 -1.5 - -0.16 
(Vout = 9.5 Vdc) 10 -0.62 - -0.5 -1.0 - -0.35 - -0.23 - -0.2 -1.0 - -0.16· -
(V0 ut = 13.5 Vdc) 15 - - - -3.6 - - - - - - 3.6 

(V001 = 0.4 Vdc) Sink 5 loL 5.0 0.5 - 0.4 0.8 - 0.28 - 0.23 - 0.2 0.8 I - I 0.16 I - I mAdc 
I Vout = 0.5 Vdc) 10 1.1 - 0.9 1.2 - 0.65 - 0.6 - 0.5 1.2 - 0.4 

-...J L IVaut = 1.5 Vdcl 15 - - - 7.8 - - - - - - 7.8 

..:.... [Input Current - ljn - - - - 10 - - - - - - 10 J - J - J - }pAdc 
00 

Input Capacitance - C;n - - - - 5.0 - - - - - - 5.o I - I - I - I pF 
(Vin= 0) 

Quiescent Dissipation Po 5.0 - 0.25 - 0.005 0.25 - 15 - 0.25 - 0.025 2.5 l -175lµW 
10 - 1.0 - O.Ql 1.0 - 60 - 10 - 0.05 10 - 300 

Output Rise Time 9 tr 5.0 - - - 100 175 - - - - - 100 2001-1- I ns 
ICL = 15 pFI 10 - - - 35 75 - - - - - 35 110 

15 - - - 15 - - - - - - 15 

Output Fall Time 9 tf 5.0 - - - 100 175 - - - - - 100 1200 I - I - I ns 
(CL= 15 pFI 10 - - - 35 75 - - - - - 35 110 

15 - - - 20 - - - - - - 20 

Turn-On Delay Time 9 tPHL 5.0 - - - 60 75 - - - - - 60 1100 I - I - I ns 
(CL= 15 pf) 10 - - - 25 50 - - - - - 25 60 

15 - - - 12 - - - - - - 12 

Turn-Off Delay Time 9 tPLH 5.0 - - - 60 75 - - - - - 60 1100 I - I - I ns 
(CL= 15 pf) 10 - - - 25 50 - - - - - 25 60 

15 - - - 18 - - - - - - 18 

*DC Noise Margin (VNH· VNL) is defined as the maximum voltage change 
from an ideal "1" or "O" input level before producing an output state 

change. 



MC14025 (continued) 

FIGURE 1 -CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST CIRCUIT 

Voo 

Vout 

FIGURE 2 -TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

14~--+--"l>...::=>!.--~-Unused Inputs 
Connected to Vss 

~ 12 ~ 
w 5 
~ 10 ~ 
~ ~ 
~ 8.0 4.0 ~ 

~ z 
I- 6.0 3.0 ~ 
g 0 

~ 4.0 t----i'>tt--O-Tt---+-+>-+->-+---+---+---1 2.0 p 
> 

Vin. INPUT VOLTAGE IVdc) 

FIGURE 3 -TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 

16 
vJ;·l~dc unJsedinluts 
~ connectedto -

~ Vsl l 
14 

12 
2: 

10 Vdc w 

"' 10 
a JA = +h5oc 

~ 
0 
> 8.0 

r--2:!\ Vdc 
~ ::; 6.0 
0 

Q 4.0 
> 

2.0 

0 
0 

ab 

2.0 

~ 
b TA •-55°C 

a b 

a b 

l 
~ N 

4.0 6.0 8.0 10 12 14 16 

Vin. INPUT VOLTAGE (Vdc) 
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FIGURE 4 - TYPICAL SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vos= Vaut -Voo 

All unused inputs connected to ground. 

VQH, DRAIN VOLTAGE IVdcl 

FIGURE 5 - TYPICAL SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

Vos= Vout 

All unused inputs connec'ted to ground. 

2.0 4.0 6.0 

a TA• -55°C t--
b TA= +25DC 
c TA•+125•C-+--

8.0 10 
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MC14025 (continued) 
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FIGURE 6 - TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 
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Unused inputs connected H 
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FIGURE 7 - TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 

0.5 1.0 10 100 1000 5000 

Pulse 
Generator 
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FIGURE 8 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

(50% 0 uty Cycle) 

FIGURE 9 -SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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._________! ' FLIP-FLOP 

MC14027AL ""--------~ 
MC14027CL 
MC14027CP 

DUAL J-K FLIP-FLOP 

The MC14027 dual J-K flip-flop is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono
lithic structure. Each flip-flop has independent J, K, Clock, Set and 
Reset inputs. These devices may be used in control, register, or 
toggle functions. They find primary use where very low power dissi
pation and/or high noise immunity inherent in CMOS offers a system 
advantage. 

• Quiescent Power Dissipation= 50 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14027AL) 
= 3.0 Vdc to 16 Vdc (MC14027CL/CP) 

• Single Supply Operation - Positive or Negative 

• Toggle Rate= 8.0 MHz typical 

• Logic Swing Independent of Fanout 

• Logic Edge-Clocked Flip-Flop Design -
Logic state is retained indefinitely with clock level either high 
or low; information is transferred to the output only on the 
positive-going edge of the clock pulse. 

• Pin-for-Pin Replacement for CD4027 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage MC14027AL Voo +18 to -0_5 Vdc 
MC14027CL/CP illl..!lL -0.&_ 

Input Voltage, All Inputs Vin Voo to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range MC14027A L TA -55 to +125 OC 

MC14027CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 

Synchronous Asynchronous 
J K On On+l R s Q a 
0 0 On On 1 0 0 1 
1 0 0 1 0 1 1 0 
1 0 1 1 1 1 1 1 
0 1 0 0 

0 1 1 0 

1 1 0 1 
1 1 1 0 

See Mechanical Data Section for package dimensions. 

7-81 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL J-K FLIP-FLOP 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vaut be 
constrained to the range Vss ~ \Vin or 
Vout) ~Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or Vool. 

BLOCK DIAGRAM 
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v 00 =Pin16 

V55=Pin8 • 



MC14027 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14027AL MC14027CL/CP 

-ss0 c +25°C +1ZSOC -40"C +25lrc ;s5"(: 

Characteristic Figure Symbol Min M" Min Typ Max Min M" Min Max Min Typ Mox Min Mox Unit 

Output Voltage -voc 
(Voo = 5.0 Vdc) "O" Level VOL 0.01 O.Dl 0.05 - O.Q1 0.01 0.05 
IVoo = 10 Vdc) 0.01 0.01 0.05 - 0.01 O.Ql 0.05 

lVoo = 5.0 Vdc) ··1" Level VoH 4.99 - 4.99 5.0 4.95 - 4.99 - 4.99 5.0 4.95 - Vdc 
!Voo = 10 Vdcl 9.99 - 9.99 10 9.95 9.99 - 9.99 10 9.95 

Noise Immunity -voc 
!Voe = 5.0 Vdcl VNL 1.5 1.5 2.25 - 1.4 1.5 1.5 2.25 - 1.4 
tv00 = 10 Vdc) 3.0 3.0 4.5 2.9 3.0 3.0 4.5 2.9 

lv00 = 5.0 Vdcl VNH , 4 , 5 125 - 1 5 1 4 1.5 225 - 1.5 Vdc 
t Voo = 10 Vdcl 2.9 3.0 4.5 3.0 2.9 3.0 4.5 3.0 

Output Drive Current mAdc 

(VQH = 2.5 Vdc, Vos~ 5.0 Vdcl Source 'OH -0.62 - -0.5 -1.5 0.35 - -0.23 - -0.2 -1.5 - -0.16 -
tVoH = 9.5 Vrlc, Vos= 10 Vdd -0.62 - -0.5 -1.0 - 0.35 - -0.23 - -0.2 -1.0 - -0.16 -
!Vol= 0.4 Vdc, v 05 = s.o Vdc! Sink 'OL 0.5 0.4 0.8 0.28 0.23 0.2 0.8 0.16 mAdc 
!VoL" o.s Vdc, v 05 = 10 Vdcl 1.1 0.9 1.2 0.65 - 0.6 0.5 1.2 0.4 

Input Current lin 10 10 pAdc 

Input Capacitance Cin pF 
!Vin= 01 5.0 5.0 

Quiescent Dissipation 2.3 Po µW 
!Voo = 5.0 Vdc) 5.0 - 0.025 5.0 300 50 0.05 50 700 
(Voo = 10 Vdcl 20 0.05 20 1200 - 200 0.2 200 2800 

Output Rise Time 6,7 ., 
(CL= 15 pf, Voo = 5.0 Vdc) 100 175 100 200 -
!CL= 15 pf, Voo = 10 Vdcl 35 75 35 110 

Outpul Fall ime 6,7 ,, 
ICL = 15 pf, Voo = 5.0 Vdc) 100 175 100 200 -
ICL = 15 pf. Voo ,, 10 VdcJ 35 75 35 110 -

Tum-On Delay Time 6,8 tPHL 
~CL -15 pF, Voo- 5.0 Vdc) 150 300 150 400 
(CL= 15 pf, Voo = 10 Vdc) 75 110 75 150 

Tum-Off Delay Time 6,8 tPLH 
(CL; 15 pf, Voo = 5.0 Vdc) 150 300 150 400 
!CL= 15 pF, Voo = 10 Vdcl 75 110 75 150 

Min Clock Pulse Width PW 
ICL = 15 pf, Voo = 5.0 VdcJ 125 300 125 400 
ICL = 15 pF, Voo = 10 Vdc) 50 100 50 150 

Max Clock Pulse Frequency PRF MH, 
(CL= 15 pF, Voo = 5.0 Vdc) 1.5 3.0 1.0 3.0 
ICL = 15 pF, Voo = 10 Vdc) 4.5 8.0 3.0 ao 

Clock Pulse Rise and Fall Times tr,tf 
(CL= 15 pF, Voo = 5.0 Vdc) 15 15 
{CL= 15 pF, Voo = 10 Vdcl 5.0 5.0 

Set and Reset Propagation Delay Times lPf-iL·tPL~ 
ICL = 15 pf, Yoo= 5.0 Vdcl 175 225 175 350 
ICL = 15 pf, Voo = 10 Vdc) 75 110 75 150 

Set and Reset Pulse Width PWH 
!CL= 15 pF, Voo = 5.0 Vdc) 125 200 125 300 
ICL = 15 pf, Voe= 10 Vdcl 50 BO 50 120 

Setup Time tsetup 
(CL= 15 pF, Yoo= 5.0 Vdcl 70 150 70 200 
!CL"' 15 pF, Voo" 10 Vdcl 25 50 25 75 

"DC Noise Margin (VNH• VNL) 1s defined as the maximum voltage change 
from an ideal "1'' or ''O" input level, that the circuit will withstand before 
producing an output state change . 

• 
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MC14027 (continued) 

FIGURE 1 - INPUT THRESHOLD VOLTAGE TEST CIRCUIT ANO PROCEDURES 

Ve C 

Ve= 500 kHz, 50% duty cycle 

square wave, t- = t+ ~ 20 ns 

Note: Unused inputs connected to Vss· 

Q 

FIGURE 2 - POWER DISSIPATION 
TEST CIRCUIT 

Voo 

0.01 µF l Ceramic 

Ve= 50% duty cycle 

square wave, t- = t+ ~ 20 ns 

FIGURE 4 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

s 
Q 

c 

K Q 
R 

lo 

Vout·Voo, DRAIN VOLTAGE (Vdc) 

1. Clock Input: VR =Vs= VNL min (worst "0"). 
VJ= V = Voo- VNH min (worst "1"). 

a. Vth L: Increase Ve "O" state level until toggling action stops. 
b. Vth H: Decrease Ve "1" state level until toggling action stops. 

2. J, K Inputs: VR =Vs= VNL min 
a. Vth L: (J) VK = "1" Increase VJ "O" state level until toggling 

action begins. 
(K) VJ= "1" Increase VK "O" state level until 
toggling action begins. 

b. Vth H: (J) VK = "1" Decrease Vj''1" state level until 
toggling action stops. 
(K) VJ= "1" Decrease VK "1" state level until 
toggling action stops. 

3. Set, Reset Inputs: VJ= VK = Voo- VNH min 
a. Vth L: Increase VR or Vs "O" state level until toggling 

action stops. 
b. Vth H: Decrease VR or Vs "1" state level until toggling 

action begins. 

FIGURE 3 - TYPICAL POWER 
DISSIPATION CHARACTERISTICS 
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FIGURE 5 - TYPICAL OUTPUT SINK 
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lbl TA=+25°C
(c) TA= +125oc 
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MC14027 (continued) 

FIGURE 6 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

v c 0-------0--+-+-l c 

Ve"" 500 kHz, 50% duty cycle 
t, = t+~20 ns 

K 

16 v 00 

s 
Q t------.---0 

R 

FIGURE 7 - TYPICAL RISE AND FALL TIMES versus 
LOAD CAPACITANCE 

0 ~0---'----'2~0--'--~40--~-s~o---'-----,8~0-~-~1~00 

CL, LOAD CAPACITANCE (pF) 

FIGURE 8 -TYPICAL TURN-ON AND TURN-OFF DELAY 
CHARACTERISTICS 

250~~-~--~-~-~......-1-~17~~---

; Voo = 5.o Vdc:_)--/ g 2001--+---+---t_,.,,,..,.---1'7'""-ll--+--+---+--+--1 

~ ~ 
~ 1501---b~::+--+---j--J.---l---+----l----l-__j 

"' £_ 10 Vdc-:=::;:j;-""""i 
0 --+---! 
~ 100 l--+---+-_,-+1--1--1i----=!.--<F=-+---l--15 Vdc~ 

c 50t=t:k~Et=t:t=t:EJ 
~ 

I 
Q. t--- TA= 15°C -t---t---+--t--+---+---+---; 

J = K = 1 
o~-~-~--'----'--~-~-~--'--~-~ 

0 20 40 60 80 100 

CL, LOAD CAPACITANCE (pF) 

FIGURE 9 -SETUP TIME TEST CIRCUIT AND WAVEFORMS 
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MC14027 (continued) 

Set 

CL 
j_ 

I 

Voo 

Vss 
Voo 

CIRCUIT SCHEMATIC 
l1/20F DEVICE SHOWN) 

CL 

1_ 

I 
CI 

.1 

I 
Voo 

LOGIC DIAGRAM 

Seto---;=:::::--~~~~~~~r--~~~11_1_2_o_F~C-IR_c_u=--1T_S=H-=O~W~N:'~~ 

K 

Q 

Voo 

CL. 
1_ 

I 
CL 

j_ 
Voo I Voo 
+------+---

~Q 

Vss 

TG =Transmission Gate 

Input to Output is: 

(a)~ bidi,~ectional short circuit when control input 1 is 
Low and control input 2 is "High". 

(bl An ope~ circuit when control input 1 is "High'' and 
control mput 2 is "Low". 
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' DECODER 
MC14028AL ~-------------' 
MC14028CL 
MC14028CP 

BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

The MC14028 decoder is constructed so that an 8421 BCD code 
on the four inputs provides a decimal (one-of-ten) decoded output, 
while a 3-bit binary input provides a decoded octal (one-of-eight) 
code output with D forced to a logic "O". Expanded decoding such 
as binary-to-hexadecimal (one-of-16). etc .. can be achieved by using 
other MC14028 devices. The part is useful for code conversion, 
address decoding, memory selection control, demultiplexing, or 
readout decoding. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of VDD typical 

• High Fanout - > 50 

• Buffered Outputs Compatible with HTL and Low-Power TTL 

• Positive Logic Design 

• Low Power Dissipation of 25 nW/package typical 

• Low Outputs on All Illegal Input Combinations 

• Pin-for-Pin Replacement for CD4028A 

MAXIMUM RA TINGS <Voltages refe,enced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage - MC14028AL voo +18 to -0.5 Vdc 
- MC14028CL/CP +16to-0.5 

Input Voltage, All Inputs Vin v00 to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14028AL TA 
- MC14028CL/CP 

Storage Temperature Range Tstg 

r 3-Sit 

Binary 13 
8421 Inputs 
BCD 
Inputs 

12 

11 

BLOCK DIAGRAM 

A 

01 

02 

B 

05 

c 
07 

08 

D 09 

v 00 =Pin 16 

Vss = Pin 8 

See Mechanical Data Section for package dimensions. 

-55to+125 Oc 

-40 to +85 

-65to+150 OC 

3 

14 

15 Octal 
Decoded Decimal 
Outputs Decoded 

6 Outputs 

4 

9 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-DECIMAL DECODER 
BINARY-TO-OCTAL DECODER 

~~ 
'"'~Wff111 1 ~ 16 ~r1Tn ~ 

1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

D 

o 
0 
0 
0 

0 
0 
0 
0 
1 
1 
1 
1 

1 
1 
1 
1 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vjn and Vout be 
constrained to the range Vss < (Yin or 
Voutl ~VDD· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or Vool. 

TRUTH TABLE 

INPUT OUTPUT 

c B A 090807 06 050403 02 0100 

0 0 0 o 0 0 0 0 0 0 0 0 1 
0 0 1 0 0 0 0 0 0 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 
1 0 0 0 0 0 0 0 1 0 0 0 0 
1 0 1 0 0 0 0 1 0 0 0 0 0 
1 1 0 0 0 0 1 0 0 0 0 0 0 
1 1 1 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 
o 1 1 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 0 0 0 0 



s: 
ELECTRICAL CHARACTERISTICS n .... 

MC14028AL MC14028CL!CP .j:lo 

-55°c +250c +125°c --40°c +2s0 c +ss0 c 0 
Voo N 

Characteristic J i:la!irJ SymboiJ Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 00 
Output Voltage "O" Level T T Vout T 50 U.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 

10 0.01 0 0.01 0.05 O.Q1 0 0.01 0.05 8 15 0 0 :::::; 
"1" Level l5:Q 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc .... 

10 9.99 9.99 10 9.95 9.99 9.99 10 9 95 :::::; 
15 15 15 c 

Noise Immunity* VNL Vdc C1l 
~Vaut ;:<-3.5 Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 

Cl.. 

~Vout ::;;,7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
(Vout :;,, 10.5 Vdc) 15 6.75 6.75 

VNH I T Vdc 
(Vout..;;1.5Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 
iVout.;;; 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
\Vout .,:;;4.5 Vdc) 15 6.75 6.75 

Output Drive CurrE!nt loH I I mAdc 
(VQH = 2.5 Vdc) Source 5.0 -0.62 -0.50 -1.8 -0.35 -0.23 -0.20 -1.8 -0.16 
(VQH = 9.5 Vdcl 10 -0.62 -0.50 -1.0 -0.35 -0.23 -0.20 -1.0 -0.16 
(VQH = 13.5 Vdc) 15 -3.9 -3.9 

(Vol= 0.4 Vdc) Sink 
IQL T -J mAdc 

5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 0.16 
(Vol= o.s Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 0.40 
(Vol= 1.5 Vdc) 15 7.8 7.8 

Input Current lin 10 10 - I pAdc 

-...J 
l Input Capacitance Gin 5.0 5.0 pF 

Co 
~Vin= 0) f Quiescent Dissipation** t la Po T mW -...J (CL= 15 pF, f = 0 Hz) 
Po=~ 1.3 mW/MHz! f +0.000025 mW 5.0 0.025 0.000025 O.Q25 1.5 0.25 0.000025 0.25 3.5 
Po= !5.0 mW/MHz) f +0.000010 mW 10 0.10 o.00001_tj 0.10 6.0 1.0 0.000010 1.0 14 
Po=! 11.5 mW/MHz) f + 0.00023 mW 15 0.00023 0.00023 

Output Rise Time"'* 
(CL= 15 pF) 

1b t, 

tr= (3.0 ns/pF) CL+ 25 ns 

I 
50 

I I I I 
70 

I 175 I I I I 
70 I 200 

tr= !1.5 ns/pF) CL+ 12ns 10 35 75 35 110 
tr=t1.1 ns/pF)CL+B.Ons 15 25 25 

Output Fall Time** 1b tf 
(CL= 15 pFJ 
tf= ~1.5 ns/pf) CL+ 47 ns 5.0 70 175 70 200 
tf = W.p ns/pF) CL+ 23 ns 10 35 75 35 110 
tf" (0.'59 ns/pf), CL+ 16 ns 15 25 25 

Turn-Off Delay Time** 1b tPLH I I ns 
ICL • 15 pFI 
tPLH = (1.7 ns/pF) CL+ 120 ns 5.0 145 480 145 700 
tPLH = (0.8 ns/pF) CL+ 45 ns 10 57 180 57 290 
tPLH = (Q.47 ns/pF) CL + 40 ns 15 47 47 

Turn-On Delay Time'' 
ICL • 15 pFI 

1b tPHL I I I ns 

lPHL = 11.0 ns/pF) CL+ 225 ns 5.0 240 480 240 700 
tPHL = I0.67 ns/pF) CL+ 90 ns 10 100 180 100 290 
tPHL ~ I0.33 ns/pF) CL+ 60 ns 15 65 65 

*PC Noise Margin (VNH, VNLl is defined as the maximum voltage change from an ideal "1 'or "O'" input level before producing an output state change. 
**The formula given is for the typical characteristics only. 
tFor dissipation at different external Load Capacitance \CL) refer to corresponding formula: 

Po ICL) =Po+ 10-3 (CL- 15 pf) Voo2f 

where: Po in mW, CL in pF, Voo in Vdc, and fin MHz . 
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MC14028 (continued) 

FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS 

LOGIC DIAGRAM 
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MC14028 (continued) 

APPLICATION INFORMATION 
Expanded decoding can be performed by using the MC14028 

and other McMOS lnte!Tated Circuits. The circuits in Figure 2 
converts any 4-bit code to a decimal or hexadecimal code. The 
accompanying table shows the input binary combinations, the as
sociated "output numbers" that go "high" when selected, and the 

FIGURE 2 - CODE CONVERSION CIRCUIT 
AND TRUTH TABLE 

Inputs 

~ 
D C B A INPUTS 

"redefined output numbers" needed for the proper code. For ex
ample: For the combination DCBA = 0111 the output number 7 is 
redefined for the 4-bit binary, 4-bit gray, excess-3. or excess-3 
gray codes as 7, 5, 4, or 2, respectively. Figure 3 shows a 6-bit 
binary 1-0f-64 decoder using nine MC14028 circuits and two 
MC14009 inverting hex buffers. 

The MC14028 can be used in decimal digit displays, such as, 
neon readouts or incandescent projection indicators as shown in 
Figure 4. 

CODE AND REDEFINED 
OUTPUT NUMBERS 

Hexadecimal Decimal 

".' M 

--= ~ ~ > ~ ~ ~ N OUTPUT NUMBERS cr;l ~ cr;l ~ N ! ~ ~ ~ D c B A 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 '='"iii "'"' 
.., 

w 

D 

Q9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 

0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3 0 2 

0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 2 0 3 3 

c B A D c B A 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 4 7 1 4 4 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 5 6 2 
0 ' 1 0 0 0 0 0 0 0 0 0 0 ' 0 0 0 0 0 0 6 4 3 ' 0 ' 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 7 5 4 2 

MC1402B MC14028 

- ao Q9 - - - - - - .QQ 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 8 15 5 
1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 9 14 6 
1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 10 12 7 9 
1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 11 13 8 5 15 - - - - - -8 7- - - - - - -0 
1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 12 8 9 5 6 
1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 13 9 6 7 

Ou1:put Numbers 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 11 8 8 
1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 10 7 9 

FIGURE 3 - SIX-BIT BINARY 1-0F-64 OECODER 

Inputs 

A B C D Inhibit 

(No Selection) 

A B c D 

MC14028 

QO - - - - - - - - - - - - __ Qg 

0 

64 Outputs {Selected Output is High) 

FIGURE 4 - DECIMAL DIGIT DISPLAY APPLICATION 
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_f MC14032AL 
MC14032CL 
MC14032CP 
MC14038AL 
MC14038CL 
MC14038CP 

\_-~~~~~~~~~~~-A_o_o_e_R_s_, 

Advance In.formation. 

TRIPLE SERIAL ADDERS 
The MC14032 and MC14038 triple serial adders have the 

clock and carry reset inputs common to all three adders. The 
carry is added on the positive-going clock transition for the MC14032, 
and on the negative-going clock transition for the MC14038. Typical 
applications include serial arithmetic units, digital correlators, digital 
servo control systems, datalink computers, and flight control 
computers. 

• Static Operation from de to 5.0 MHz 

• Buffered Outputs 

• Single-Phase Clocking 

• Quiescent Power Dissipation= 0.25 µW/package typical 
@ Voo = 5.0 Vdc 

• Pin-for-Pin Replacement for CD4032A and CD4038A 

MAXIMUM RATINGS I Voltages referenced to V55, Pin 81 

Rating Symbol Value 

DC Supply Voltage -MC14032AL/038AL vDD +18 to -0.5 

-MC14032CL,CP/038CL,CP ""16to -0.5 

Input Voltage, All Inputs Vin vDDto-0.5 

Unit 

Vdc 

Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- TA oc 

MC14032AL/038AL -55 to +125 
MC14032CL,CP/038CL,CP -40 to +85 

Storage Temperature Range 

This device contains c1rcu1try !O protect the 
inputs against damage due to high static volt· 
ages or electric I 1elds; however. 11 1s advised 
that normal precautions be taken to avoid 
application of any voltage higher than max 
1rnum rated voltages to this high impedance 

Tstg -65to +150 Oc 

circuit For proper operation it is recom
mended that Vin or Vout be constrained to 
the range Vss ~ IVm or Voutl ..;;;;: Voo
Unused inputs must alwavs be tied to an 
appropriate logic voltage level le.g, either 
Vssor Vool. 

LOGIC DIAGRAMS 

McMOS 
(LOW-POWER COMPLEMENTARY MOSJ 

TRIPLE SERIAL ADDERS 

Positive Logic - MC14032 
Negative Logic - MC14038 

16- 16-1 ~n~~ 
LSUFFIX 

CERAMIC PACKAGE 
CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

A1 10 

61 11 

Invert 1 7 

A2 13 

B2 12 

Invert 2 5 

Voo =Pin 16 

V55 =Pin 8 

A3 15 

83 14 

Invert 3 2 

Clock 3 

9 51 

4 52 

1 53 

MC14032 
(ONE SECTION AND COMMON INPUTS SHOWN) 

MC14038 

Invert 

Carry 
Reset 

Clock 

A 

Bo-t-.-t~~~~+L../ 

Carry 
Reset 

Clock 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14032, MC14038 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic figure Symbol 

Output Level "O'' Le11el 

"1" Leve! 

MC14032AL/MC14038AL MC14032CL,CP/MC14038CL,CP 

Voor--~~5_0c~+-~-•-25_0_c~~r-'-12~s_0_c--+~--40_0_c__,r-~-•25~0c~~+--'-B6ro-c___, 
Vdc Min Max Min Typ Max Min Max Min Max 

5.0 0.01 
10 0.01 
15 
5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

0 0.01 0.05 0.01 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

0.01 - 0.05 0.01 

4.95 
9.95 

1.4 
2.9 

4.99 

9.99 

1.5 
3.0 

Min Typ Max Min 

0 0.01 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

0.01 

4.95 

9.95 

1.4 
2.9 

Max 

0.05 
0.05 

Noise Immunity" 

(Vout >3.5 Vdcl 
(Vout ~7 .0 Vdc) 
(V0ut #:10.5 Vdc) 

(Vout~1.5Vdcl 
!Vout ~3.0 Vdc~ 
(Vout ~4.5 Vdcl 

VNH 5.0 1.4 1.5 2.?.5 
3.0 4.50 

6.75 

1.5 
3.0 

1.4 

2.9 
1.5 2.25 
3.0 4.50 

6.75 

1.5 
3.0 

Output Drive Current 

(VQH = 2.5 Vdcl 

(VoH = 9.5 Vdc) 

(VoH = 13.5 Vdcl 

IVoL"" 0.4 Vdc) 
(Vol= o.s Vdc) 
(Vol= 1.5 Vdc) 

Source 

Input Current 

Input Capacitance 

(Vin= 0) 

Sink 

Quiescent Dissipation (CL= 15 pf) 
PQ = (3.5 mW/MHz) CL+ 0.00025 mW 
Po=(14mW/MHz)CL +0.001 mW) 

Po= (30mW/MHz) Cl+ 0.002 mW) 

Output A ise and Fall Time .. * 
(CL= 15 pf) 

tr,tf = (3.0 ns/pf) CL+ 30 ns 
tr,tf = (1.5 ns/pf) CL+ 12.5 ns 
tr.tf = (1.0 ns/pf) CL+ 10ns 

Turn-On and Turn-Off Delay Time•• 
{CL= 15 pF) 

A,B or Invert to Sum 

tpH L.tPLH = (1.8 ns/pF) CL+ 198 ns 
tpH L·tPLH = (Q.8 ns/pfl CL+ 78 ns 

lPHL,lPLH"'ID.6ns/pF) CL +61 ns 
Clock to Sum 

tpH L.tPLH"' (1.8 ns/pF) Cl+ 423ns 
tPHL,tPLH = (0.8ns/pf) CL+ 138 ns 
tpH L·tPLH = (0.6 ns/pf) Cl+ 106 ns 

Input Setup Time 11 

Maximum Clock Pulse Frequency 

(CL= 15 pF) 

Maximum Clock Rise and Fall Times 

'OH 

10L 

1setup 

PAF 

10 2.9 
15 

5.0 --0.62 
10 --0.62 
15 

5.0 0.5 
10 1.1 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

25 
100 

--0.5 -1.3 - --0.35 - -0.23 - --0.2 -1.3 - -0.16 
--0.5 -0.9 - --0.35 --0.23 - --0.2 --0.9 - -0.16 

-3.0 -3.0 

0.4 0.6 
0.9 1.6 

6.0 

10 

5.0 

0.25 25 
1.0 100 

75 175 

35 75 
25 

225 1100 
90 250 
70 

450 2200 

150 500 
115 

-10 10 
o 10 

1.5 4.0 
3.0 10 

12 

15 
15 

0.28 
0.65 

0.23 
0.6 

250 
1000 

0.2 0.6 
0.5 1.6 

6.0 

10 

5.0 

0.16 
0.4 

0.25 250 3500 
1.0 1000 - 14000 

75 200 

35 110 
25 

225 1400 

90 300 
70 

450 2400 
150 600 
115 

-10 10 

0 10 

1.0 4.0 
2.5 10 

15 
15 

12 

•oc Nmse Margin (VNH• VNL) ts defined as the maximum voltage change from an ideal "1 'or "O ·input level before producing an output state change. 
"*The formula given is for the typical characteristics only. 

Unit 

Vdo 

Vdo 

Vdo 

mAdc 

mAdc 

pF 

MHZ 

"' 

#lnput Setup Time is defined as the minimum time required between the positive transition of the clock (MC14032) and a change of state of A, B, ot Reset (Negative transition for 
MC14038). 

TIMING DIAGRAMS 

MC14032 

rword 1 +Word 2------r- Word 3 + Word 4 ---I 

A I I I ' 

B 

c 

CR 

s 

Word 1: 0.0111100 = +60 

Word 2: 0.0110010 = +50 ---- -
0.1101110•+110 

Word 3: 1.1011011 = -37 

Word4: 1.1001110=-50 

1.0101001 • -87 

Note: Unused input pins must be connected to either v00 or Vgg. 
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MC14038 

:----- Word 1 + Word 2 -+ Word 3 + Word 4 ~ 

·~~ ~ •· •.... ~., .. ·.• ~.•.•,I I •. · Inv ' , : : , 

CR 

s ' ' I i i I I ' : ' 

i-..·----True Sum ---------+-complemented Sum__. 

word 1: 1.1000011 = -61 

Word 2: 1.1001101 = -51 
~--- -
1.0010000·-112 

Word 3: 0.0100100 = +36 

Word 4: 0.0110001 = +49 
0. 1010101 • +85 • 
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MC14032, MC14038 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE TEST CIRCUIT 

Vos= VoH - Voo 

Voo = -VGs 

81 

Inv 1 

Inv 2 

83 

Inv 3 

Clock 

CR 

Voo 

S1 

S3 

Vss 

IQH 

External 
Power 

Supply 

FIGURE 2 - TYPICAL OUTPUT SINK TEST CIRCUIT 

~--+-o--< Inv 3 

-----+--<>---tClock 

CR 

S1 

Vos= VoL 

External 
Power 

Supply 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Voo 

500 pF 

Al S1 

81 

Inv 1 

A2 
Programmable 82 

Pulse lnv2 S2 
Generator 

A3 

83 

lnv3 

Clock 

CR S3 

Vss 

0.01 µF I Ceramic 

il 
CL 
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MC14032, MC14038 (continued) 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

51 
81 
Inv 1 

A2 
Programmable 82 

Pulse 
Generator lnv2 52 

A3 
83 CL 

Inv 3 

r 53 

V55 

!L~ 
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Clock 
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OV 

Voo 
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ov 
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Clock 
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Sum 
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...._________! MC14034AL 
MC14034CL 

\~~~~~~~~~~~s_u_s_R_E_G~IS_T_E_R_, 

8-BIT UNIVERSAL BUS REGISTER 

The MC14034AL/CL is a bidirectional 8-bit static parallel/serial, 
input/output bus register. The device contains two sets of input/ 
output lines which allows the bidirectional transfer of data between 
two buses; the conversion of serial data to parallel form, or the con
version of parallel data to serial form. Additionally the serial data 
input allows data to be entered shift/right, while shift/left can be 
accomplished by hard-wiring each parallel output to the previous 
parallel bit input. 

Other useful applications for this device include pseudo-random 
code generation, sample and hold register, frequency and _phase-com
parator, address or buffer register, and serial/parallel input/output 

conversions. 

• Bidirectional Parallel Data Input 

• Quiescent Power Dissipation= 5.0 µW/package typical 

@VDD = 10 Vdc 
• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range - 3.0 Vdc to 18 Vdc (MC14034AL) 
= 3.0 Vdc to 16 Vdc (MC 14034CLI 

• Static Operation Oto 5.0 MHz@ VoD = 10 Vdc 

• Single Supply Operation = Positive or Negative 

• Pin-for-Pin Replacement for CD4034A 

MAXIMUM RATINGS I Voltages referenced to Vss. Pin 12} 

Rating Symbol Value Unit 

DC Supply Voltage MC14034AL Voo +18 to-0.5 Vdc 
MC14034CL +16 to-0.5 

Input Voltage, All Inputs Vin v 00 to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range-MC14034AL TA -55 to +125 Oc 

-MC14034CL -40 to +85 

Storage Temperature Range Tstg -65 to +150 OC 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS} 

8-BIT UNIVERSAL BUS REGISTER 

9 

13 

10 

11 

14 

15 

CERAMIC PACKAGE 
CASE 684 

BLOCK DIAGRAM 

A 1 A2 A3 A4 A5 A6 A 7 AS 
16 17 18 19 20 21 22 23 

8 4 3 1 

81 82 83 84 85 86 67 88 

Voo =Pin 24 
v55 =Pin 12 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; hovvever, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~ (Vtn or 
Vout) ~Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55or Vool. 



"A" Enable P/S A/B A/S MODE OPERATIONt 

_ll_ _O_ 0 x Serial S_y~chronous Serial data i'!J.!l:Jt A and 8 parallel data outputs disabled. 

0 0 1 x Serial Synchronous Serial data input, B-Parallel data output. 

0 1 0 0 Parallel B Synchronous Parallel data inputs, A-Parallel data outputs disabled. 

_o_ 1 0 1 Parallel B A!Y_nchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 1 1 0 Parallel A-Parallel data inputs disabled, 8-Parallel data outputs, synchronous data recirculation. 

..!!.. 1 1 1 Panllel A-Parallel data inputs disabled, B-Parallel data outputs, asynchronous data recirculation. 

1 0 0 x Serial Synchronous serial data input, A-Parallel data output. 

1 0 1 x Serial Synchronous serial data input, B-Parallel data output. 

1 1 0 0 Parallel B-Synchronous Parallel data input, A-Parallel data output. 

_1 1 _o_ 1 Parallel B-A~!lchronous Parallel data input, A-Parallel data output. 

1 1 1 0 Parallel A-Synchronous Parallel data input, B-Parallel data output. 
I 

1 1 1 1 Parallel A-Asynchronous Parallel data input, B-P arallel data output. 

X = Don't Care 

tOutputs change at positive transition of clock in the serial mode and when the A/S input is low in the parallel mode. 

During transfer from parallel to serial operation, A/S should remain low in order to prevent Ds transfer into flip-flops. 

7-95 



I 

MC14034 (continued) 

LOGIC DIAGRAM 

A1 
16 

A2A3A4ASA6A7 
17 18 19 2021 22 

nrrfl¥9--~-~-~-i-~-~--~-~-~-~-~-~--~-~-~-lJ_tJ_ 
A Enable 9 

A/8 

Serial 
Data 

Parallel 
Serial 

11 

10 

13 

1 

ln-$--Out 

2 

Transmission Gate 

Input to Output is 

{a} A bidirectional low impedance when control input 1 is "Low" 
and control input 2 is "High". 

(b) An open circuit when control input 1 is "High" and control 
input 2 is "Low." 

8 
81 

6 Stages 
(Same as 
Stage 1) 

-r-rr1.-
76s432 
828384858687 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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MC14034 (continued) 

~ 
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0 
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FIGURE 2 - TYPICAL POWER DISSIPATION 
CHARACTERISTICS 

TA=+25•c 

++tmn Voo = 15 Vdc ""'S2 r-
CL - 15 pF 

---CL -50pF 
5.0 Vdc 

Li,;,d j-1 z 10Vdc 
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17 
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FIGURE 3 - PROPAGATION DE LAY AND TRANSITION 
TIMES WAVEFORMS 
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PROPAGATION AND TRANSITION TIME TEST CIRCUITS 

FIGURE 4 - A SYNCHRONOUS DATA INPUT. B PARALLEL 
DATA OUTPUT AND SETUP TIME 

Programmable 
Pulse 

Generator 

A Enable 

P/S 

Ds 

A/B 

A/S 

c 

FIGURE 5 - B SYNCHRONOUS DATA INPUT. B PARALLEL 
DATA OUTPUT AND SETUP TIME 

Programmable 
Pulse 

Generator 

Voo 

A4 A5 A6 A7 AB 

A Enable 

A/S 

c 

81· 82 83 84 85 B6 87 B8 

-= tllltlll 

Vss 

APPLICATIONS 

FIGURE 6 - 16-BIT PARALLEL IN/PARALLEL OUT. PARALLEL IN/SERIAL OUT. 
SERIAL IN/PARALLEL OUT. SERIAL IN/SERIAL OUT REGISTER 

Voo 
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A Enable 

P/S 

s;~~~I >---+----tD5 MC14034 

Voo A/8 

A/S 
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P/S >--..... !-+------------------+++-------------~ 
A/S )--~..+------------------<~------------_.. Clock >---....._ _________________ _. _____________ ~ 
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MC14034 (continued) 

FIGURE 7 - SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 
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Register 3 ~ Ds Register 4 
MC14034 MC14034 -;...._ A/B 

+--t- A/S 
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-
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i-r Register 2 
MC14034 

~L 
Shift 

eft Input• - A/S 

c lock -AE 

AB 

BB 

= tttttttt = tttttttt 
( ( 

Voo 

A "High" ("Low'') on the Shift Left/Shift Right input allows serial 
data on the Shift Left Input (Shift Right Input) to enter the register 
on the positive transition of the clock signal. A "high" on the "A" 
Enable Input disables the "A" parallel data lines on Reg. 1 and 2 and 
enables the "A" data lines on registers 3 and 4 and allows parallel data 
into registers 1 and 2. Other logic schemes may be used in place of 
registers 3 and 4 for parallel loading. 

When parallel inputs are not used Reg. 3 and 4 and associated logic 
are not required. 

*Shift left input must be disabled during parallel entry. 
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MC14035AL 
MC14035CL 
MC14035CP 

\-~~~~~~~~~S-H-IF-T~R-E_G_1s_T_E_R_, 

4-BIT PARALLEL-IN/PARALLEL-OUT 
SHIFT REGISTER 

The MC14035 4-bit shift register is constructed with MOS P-chan
nel and N-channel enhancement mode devices in a single monolithic 
structure. It consists of a 4-stage clocked serial-shift register with 
synchronous parallel inputs and buffered parallel outputs. The Paral
lel/Serial (P/S) input allows serial-right shifting of data or synchronous 
parallel loading via inputs Dpo thru Dp3. The True/Complement 
(T /C) input determines whether the outputs display the Q or Q out
puts of the flip-flop stages. J-K logic forms the serial input to the 
first stage. With the J and K inputs connected together they operate 
as a serial "D" input. Additional characteristics can be found on the 
Family Data Sheet. 

This device may be effectively used for shift-right/shift-left reg
isters, parallel-to-serial/serial-to-parallel conversion, sequence genera· 
tion, up/down Johnson or ring counters, pseudo-random code genera· 
tion, frequency and phase comparators, sample and hold registers, 
etc ... 

• 4-Stage Clocked Serial-Shift Operation 

• Synchronous Parallel Loading of all Four Stages 

• J-K Serial Inputs on First Stage 

• Asynchronous True/Complement Control of all Outputs 

• Fully Static Operation 

• Asynchronous Master Reset 

• Data Transfer Occurs on the Positive-Going Clock Transition 

• No Limit on Clock Rise and Fall Times 

• All Inputs are Buffered 

• 6.0 MHz Operation@ VDD ~ 10 Vdc 

MAXIMUM RATINGS !Voltages refecenced to V55. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage -MC14035AL Voo 
-MC14035CL/CP 

Input Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range-MC14035AL TA 
-MC14035CL/CP 

Storage Temperature Range Tstg 

TRUTH TABLE 

INPUTS tn OUTPUT 

c J K R 00 
_r 0 0 0 a 
.....r 0 1 0 QQ(n- 1) _, 1 o o Qo (n - 11 _, 1 1 a 1 
\___ x x a QQ(n- 11 

x x x 1 0 

See Mechaniccil Data Section for package dimensions. 

+18 to -0.5 Vdc 
+16 to-0.5 

v 00 to -0.5 Vdc 

10 mAdc 

-55to+125 
-40 to +85 

-65 to +150 

x =Don't Care 

P/S = 0 ""Serial Mode 
T/C ~ 1 =True Outputs 

7-99 
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McMOS 
(LOW-POWER COMnEMENTARY MOS) 

4-BIT 
PARALLEL-IN/PARALLEL -OUT 

SHIFT REGISTER 

--- i 
16 16 ' : 

1. 1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

9 Dpo 

10 Dp1 
00 

11 DP2 

12 Dp3 01 15 

P/S 

4 02 14 

3 K 

03 13 
6 Clock 

TIC R 

5 

v 00 """Pin 16 
v55 =Pin a 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
applications of any voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit. For proper operation it is recom
mended that Vin and Vout be constrained to 
the range Vss ~(Vin or V 0 ut} ~Voo-

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss o• Vool. I 
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MC14035 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14035AL _!!£)~l/CP 

Yoo -&"c +Z5"c +125°<: ~"c +Z5"c 
Ctt..•istic Figurti ··- Vdc Min Mox Min Tvp Max Min - Min - Mm TvP 

Output Voltaga "()'"Level Vout 5.0 O.G1 0.01 0.05 Q.Q1 
10 0.01 0.01 0.05 0.01 
15 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noite Immunity• VNL 
(Vout >3.5 Vdcl 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
(Vout>7.0 Vdcl 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
IV0u1>10.s Vdc) 15 6.75 6.75 

VNH 
IVout <; 1.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 
fVout <; 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
IVout <; 4.5 Vdcl 15 6.75 6.75 

Output Drive Current 
tVot-1 = 2.s Vdcl Source loH 5.0 -0.62 -0.50 -1.7 -0.35 -0.23 -0.20 -1.7 
lVoH = 9.5 Vdc) 10 -0.62 -0.50 -0.9 -0.35 -0.23 -0.20 -0.9 
(VQH = 13.5 Vdc) 15 -3.5 -3.5 

(Vat= 0.4 Vdc) Sink 10L 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
lVoL = 0.5 Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
(VQL'" 1.5 Vdc) 15 7.8 7.8 

Input Current lin 10 10 
Input Capacitance (Vin• O Vdcl C;n 5.0 5.0 

Ouiescmt Dissipation • • t Pa 
ICt. = 15 pf, f • OH;i;I 5.0 0.025 - 0.000025 0.025 1.5 0.25 - ~~5 10 0.10 - 0.0001 0.10 6.0 1.0 

15 - 0.00023 -
Power Dissipation Pc 

(Dynamk: plus Quiescent) 
!Ct• 15 pFI 5.0 Po= 13.25 mW/MHz) f + 0.000025 mW 

10 Po"" 113 mW/MHz) f + 0.0001 mW 
15 Po= (30 mW/MHz) f + 0.00023 mW 

Output Rise Time•• t, 
(CL~ 15 pf) 
tr •(3.0 ns/pFJ CL+ 25 ns 5.0 70 175 
tr= (1.5 ns/pF) CL+ 12 ns 10 35 75 
t1 =11.1 ns/pF)CL+B.Ons 15 25 

Output Fall Time•• ,, 
fCt = 15 pf) 
tf = (1.5 ns/pF) CL+ 47 ns 5.0 70 175 
tf • (0.75 ns/pF) CL+ 24 ns 10 35 75 
tt=!0.55nslpF) CL+ 17ns 15 25 

Clock to a or a Propagation Delay Time•• tPLH 
ICL = 15 pf) lPHL 
lPLH·IPHL = {1.75 ns/pF) CL+ 223 ns 5.0 250 500 
lPLH·IPHL = (0.70ns/pf) CL+ B9ns 10 100 200 
tPLH,lPHL"" (0.53 ns/pF) CL+ 67 ns 15 75 

Reset to a or Q Propagation Delay Time•• fPHl 
(CL= 15 pf) 1PLH 
tPLH.tPHL = (1.75 nslpFJ CL+ 223 ns 5.0 250 500 
fPLH.fPHL = (0.70 ns/pF) CL+ 89 ns 10 100 200 
tPLH·'PHl."' (Q.53 nslpfl Ct+ 67 ns 15 75 

Minimum Clock Pulse Width Pwc 
fCL c 15 pf) 5.0 135 335 

10 45 165 
15 40 

Minimum Reset Pulse Width PWR 
(CL., 15 pFI 5.0 80 400 

10 40 175 
15 35 

Ma1dmum Clock Pulse tr.ff 
Rise and Fall Time 5.0 No Maximum Limit 100 

10 100 
15 100 

Maximum Clock Pulse Frequency PRF 
!CL= 15pF) 5.0 1.5 2.5 1.0 

10 3.0 6.0 2.0 
10 

J·K Setup Time tserup 
(CL= 15pF) 5.0 120 500 

10 50 200 
15 30 

PIS Control Setup Time tsetup 
(CL= 15pf) 5.0 25 500 

10 10 200 
15 7.5 

Parallel Input Setup Time 1.etup 
fCL "15pFl 5.0 90 500 

10 20 200 
15 15 

*DC Noise Margin (VNH• VNL) is defined as the maximum voltage change from an ideal "1"' or "O ·input level beforeproducmg an output state change. 
••The formula given is for the typical characteristics only. 
tfor dissipation at different external Load Capac:itance (Ct.I refer to corresponding formula· 

fTICLl"' Po+ 2 x Hr3 1cl - 15 pf) Voo2t 
where: Po 1n mW, CL in pF, Voo in Vdc, and f in MH2. 
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0.00023 

70 
35 
25 

70 
35 
25 

250 
100 
75 

250 
100 
75 

135 
45 
40 

80 
40 
35 

2.5 
6.0 
10 

120 
50 
30 

25 
10 

7.5 

90 
20 
15 

Mox 

0.01 
0.01 

0.25 
1.0 
-

200 
110 

200 
110 

700 
300 

700 
300 

500 
250 

500 
200 

750 
250 

750 
250 

750 
250 

+85"c 
Min M•x Unit 

0.05 Vdc 
0.05 

4.95 Vd< 
9.95 

V<k 
1.4 
2.9 

Vd< 
1.5 
3.0 

mAd< 
-0.16 
-0.16 

0.16 
0.40 mAd< 

pAdc 

pF 

mW 
3.5 
14 

mW 

"' 

MH' 



MC14035 (continued) 
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FIGURE 1 - TIMING DIAGRAM 
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MC14035 (continued) 
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_/ MC14040AL \ ________ c_o_uN_T_ER___. 

MC14040CL 
MC14040CP 

12-BIT BINARY COUNTER 

The MC14040 12-stage binary counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single mono
lithic structure. This part is designed with an input wave shaping 
circuit and 12 stages of ripple-carry binary counter. The device 
advances the count on the negative-going edge of the clock pulse. 
Applications include time delay circuits, counter controls, and fre
quency-driving circuits. 

• Fully Static Operation 

• Quiescent Power Dissipation= 50 nW/package typical@ 
VDD = 5.o v 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14040AL) 
= 3.0 Vdc to 16 Vdc (MC14040CL/CP) 

• Low Input Capacitance= 5.0 pF typical 

• All 12 Buffered Outputs Available 

• Common Reset Line 

• 13 MHz Typical Counting Rate@ VDD = 15 V 

• Pin-for-Pin Replacement for CD4040A 

MAXIMUM RATINGS I Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage MC14040AL Voo +18 to --0.5 Vdc 

MC14040CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v 00 to--0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14040AL TA -55 to +125 De 
-MC14040CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 "c 

LOGIC DIAGRAM 

McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

12-BIT BINARY COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 
PSUFFIX 

PLASTIC PACKAGE 
CASE 648 

TRUTH TABLE 

CLOCK RESET OUTPUT STATE 

....r 0 No Change 

--....._ 0 Advance to next 
state 

x 1 All Outputs are low 

X = Don't Care 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V ut be 
constrained to the range v55 ~ (vin or 
Vout).;,; Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or v001. 

010 011 012 

04 = Pin 5 07 = Pin 4 
Q5 =Pin 3 08 =Pin 13 
06 = Pin 2 09 =Pin 12 

VDD =Pin 16 

Vss =Pin B 

See Mechanical Data Section for package dimensions. 
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MC14040 (continued) 

ELECTRICAL CHARACTERISTICS 

MC1404DAL MC14040CL/CP 

Voot---~,s~0~c~1--~,•~25~0cc...,.~--1~·~1~25r0~c--1~--40,_0c'--+-~~·~25~0~co...-~--+~•~85r0~c'--l 
Characteristic Figura Symbol Vdc Min Max Min Typ Max Min Max Min Mu: Min Typ Max Min MH Unit 

Output Voltage 

Noise Immunity* 

(Vout>3.5 Vdc) 
(V 0u 1 ~7.0Vdcl 
(Vout;;::.10.5 Vdcl 

(Vout ~ 1 .5 Vdc) 

(Vout ~3.0 Vdcl 
(Vout ~4.5 Vdc) 

"O" Level 

"1" Level 

Output Drive Current 
(VoH = 2.5 Vdc) 
(VoH = 9.5 Vdc) 
(VQH = 13.5 Vdc) 

Source 

(VQL = 0.4 Vdc) 
(VQL = 0.5 Vdc) 
(Vol"' 1.5 Vdc) 

Input Current 

l n put Capacitance 

(Vin= 0) 

Quiescent Oissipation•*T 

(CL= 15pF. f"' OHz) 

Sink 

Po= (1.2 mW/MHz) f + 0.00005 mW 
Po= (5.0 mW/MHzJ f + 0.0002 mW 
Po= (13.5 mW/MHz) f + 0.0005 mW 

Output Rise Time_... 

(CL""' 15 pFl 
tr= (3.0 ns/pF) CL+ 35 ns 

tr= (1.5 ns/pF) CL+ 12 ns 

tr= (1.1 ns/pF) CL+ 8.0 ns 

Output Fall Time•• 

lCL = 15 pF) 
tf = (1.5 ns/pF) CL+ 57 ns 
tf = (0.75 ns/pF) CL+ 24 ns 

tf = (0.55 ns/pF) CL+ 17 ns 

Clock Turn-On, Turn-Off Delay Time•• 

(CL= 15 pF) 
Clock to 01 
tPHL· tPLH = (1.75 ns/pF) CL+ 324 ns 

tPHL· tPLH = (0.70 ns/pF) CL+ 130 ns 
tPHL· tPLH = (0.53 ns/pFl CL+ 92 ns 

Clock to 012 

tPHL· tPLH = (1.75 ns/pF) CL+ 2474 n~ 
tpH L· tPLH = (0.70 ns/pF) CL+ 890 ns 

tPHL· tPLH = (0.53 ns/pF) CL+ 492 ns 

Reset Turn-On Delay Time•• 

(CL= 15pF) 

Reset an 0 11 
tPHL = (1.75 ns/pF) CL+ 514 ns 
tPHL = {0.70 ns/pF) CL -t- 190 ns 

tPHL = (Q.53 ns/pF) CL+ 152 ns 

Minimum Clock Pulse Width 

(CL=15pF) 

Maximum Clock Pu!se Frequency 

(CL= 15 pFJ 

Maximum Clock Rise and Fall Time 

(CL= 15 pF) 

Minimum Reset Pulse Width 

(CL= 15 pF) 

Vout 5.0 
10 
15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

VNH 5.0 1.4 
10 2.9 
15 

'OH 

Po 

5.0 -0.62 
10 -0.62 
15 

5.0 0.5 
10 1.1 
15 

0.01 
0.01 

5.0 - 0.025 

1f 

PWc 

PRF 

10 0.10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

0.01 
0.01 

4.95 
9.95 

1.4 
29 

1.5 
3.0 

0.05 
0.05 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

-0.5 -1.7 - -0.35 - -0.23 
-0.5 -0.9 - -0.35 0.23 

-3.5 

0.4 0.78 
0.9 2.0 

7.8 

10 

5.0 

0.00005 O.D25 
0.0002 0. 10 

0.0005 

80 
35 
25 

80 
35 
25 

350 
140 
100 

2.5 
0.9 
0.5 

175 
75 

175 
75 

700 
280 

5.0 
1.8 

540 1080 

200 400 
160 

140 250 
55 100 
38 

2.0 35 
5.0 9_0 

13 

NO MAXIMUM LIMIT 

320 640 
120 240 
80 

0.28 
0.65 

1.5 
6.0 

0.23 
0.6 

0.01 
0.01 

0.25 
1.0 

0.01 
0.01 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.2 -1.7 
-0.2 -0.9 

-3.5 

0.2 0.78 

0.5 2.0 

1.5 
35 

7.8 

10 

5.0 

0.00006 0.25 
0.0002 1.0 

0.0005 

80 200 
35 110 
25 

80 200 
35 110 
25 

350 1050 
140 420 
100 

2.5 
0.9 
0.5 

7.5 
2.7 

540 1620 
200 600 
160 

140 385 
55 150 
38 

3.5 
90 
13 

100 
100 

320 960 
120 360 
80 

'"DC Noise Margin (VNH· VNLl is defined as the maximum voltage change from an ideal '"1" or "'O" input level before producing an output state change. 

"•The formula given is for the typical characteristics only. 

tFor dissipation at different external load capacitance (CL) refer to corresponding formula: 

Po(CL) =Po+ 1x10-J (CL -15) Voo2 f where: 

Po in mW, CL in pF, Voo in Vdc. and fin MHz. 

7-104 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.16 
0.16 

0.05 Vdc 
0.05 

Vdc 

Vdc 

mAdc 

0.16 - mAdc 

0.4 

35 
14 

pAdc 

pF 

mW 

"' 



MC14040 (continued) 

Pulse 
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Pulse 
Generator 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

R 

0.01 µF 
1Ceramic 

rrr 
Clock 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT ANO WAVEFORMS 
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MC14040 (continued) 

FIGURE 3 -TIMING DIAGRAM 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 

Clock U1...fUlJ L_j L_j L_j L_j LJ LJ L.J LJ LJ LJ I_ 

Reset 

02 __ __.!I_ I_ I_ I_ I_ I_-,_-,_ I_ L_ I_ 

03 ____ __r--,_ L_-,_--,___ I_-,_-,_ L_ L_ I_ 

04 ______ __r- L_ L_ L_--,___ L_ L_ I_ L_ I_ 

05 ________ _s----,_ L_ I_-,_-,_--,___ L_ I_ 

06 ____________ _s-----,___ I_-,_ -,_ I_ I_ I_ 

01 ______________ _r- --,___-,_ -,_--,___ --,___ I_ 

as ________________ __r--,_ L_ I_ L_ I_ 

09 ------------------__r--,_ I_ L_ L_ 

010 ---------------- ---- ....r--1_ L_ L_ 

011 ---------------------- __r-1_ L_ 

012 ------------------------ __r- L_ 

APPLICATIONS INFORMATION 

TIME-BASE GENERATOR 

A 60 Hz sinewave obtained through a 1.0 Megohm 
resistor connected directly to a standard 120 Vac power 
line is applied to the clock input of the MC14040. By 
selecting outputs 05, 010, 011, and 012 division by 
3600 is accomplished. The MC14040 decodes the counter 
outputs, produces a single output pulse, and resets the 
binary counter. The resulting output frequency is 1.0 
pulse/minute. 

Voo 

1.0M MC14040 

--'=b-
c 05 

;;>20pF 1 010 
120 Vac 
60 Hz 011 

~ 
R 012 

V55 
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MC14042AL 
MC14042CL 
MC14042CP 

Advance In:formation 

QUAD LATCH 

The MC14042 quad latch is constructed with MOS P-channel and 
N-channel enhancement mode devices in a single monolithic structure. 
Each latch has a separate data input, but a II four latches share a 
common clock. The clock polarity (high or low) used to strobe 
data through the latches can be reversed using the polarity input. 
Information present at the data input is transferred to outputs 0 and 
a during the clock level which is determined by the polarity input. 
When the polarity input is in the logic "Q" state, data is transferred 
during the low clock level, and when the polarity. input is in the 
logic "1" state the transfer occurs during the high clock level. 

• Buffered Data Inputs 

• Common Clock 

• Positive or Negative Edge Clocked 

• 0 and 0 Outputs 

• Double Diode Input Protection 

• No Limit on Clock Rise or Fall Times 

MAXIMUM RATINGS (Voltages referenced to V55. Pin 81 

Rating Symbol 

DC Supply Voltage MC14042AL Voo 
MC14042CL/CP 

lnplit Voltage, All Inputs Vin 

DC Current Drain per Pin I 

Operating Temperature Range MC14042AL TA 
MC14042CL/CP 

Storage Temperature Range Tstg 

LOGIC DIAGRAM 

Clock"--'.--.... 

v 00 =Pin 16 

v88 =Pin a 

)-----~ 

Latch 

1 

Latch 
2 

Latch 
3 

Latch 

4 

Value Unit 

+18 to -0.5 Vdc 
+16 to-0.5 
v 00 to-0.5 Vdc 

10 mAdc 

-55to+125 oc 

-40 to +85 

-65 to +150 Oc 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

QUAD LATCH 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~ (Vin or 
Voutl ,.;;voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
V55orVool. 

PIN ASSIGNMENT 

Voo 16 

QO 03 15 

3 00 03 14 

4 00 02 13 

5 Clock 02 12 

6 Polarity 11 

01 01 10 

8 Vss 01 9 

TRUTH TABLE 

CLOCK POLARITY Q 

o 0 Data 

_r o Latch 

1 1 Data .,_ 1 Latch 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14042 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14042AL MC14042CL/CP 

Chlract•istic Figure 
Voo1----5,s_•c~-t-~.,-•-2_s•_c--r~---i~•-125.,-0_c--+~--40T0_c~+-~-,--•-25_0_c,....,---+~+85-,-0_c---t 

Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage 
(Vin= Vss. Vool 

Noise Immunity• 

(Vout ,):3.5 Vdc) 

(Vout ~7.0 Vdc) 

(Vout ~ 10.5 Vdc) 

(Vout ~ 1.5 Vdc) 

( V out ~ 3.0 Vdc) 
(Vout ~4.5 Vdc) 

Output Drive Current 
(VoH "2.5 Vdcl 
(VoH = 9.5 Vdc) 

( VoH "' 13.5 Vdc) 

(Vol= 0.4 Vdcl 

(VOL"' 0.5 Vdcl 
!Vol= 1.5 Vdcl 

Input Capacitance 

Input Capacitance 

(Vin= 0 Vdc) 

Quiescent Dissipation 

(CL= 15 pf, f = 0 Hz) 

"O" Le11el 

•·1" Level 

Source 

Sink 

Typical Dynamic Power Dissipation 

(Cl= 15 pFJ 

Output Fall Time"" 

(CL= 15 pFI 

tf "- ll.5 ns/pF) CL+ 47 ns 

tf = (0.75 ns/pF) CL+ 24 ns 

tf = (0.55 ns/pf) CL+ 17 ns 

Output Rise Time•• 

!CL= 15 pf) 

tr= (3.0 ns/pF) CL+ 25 ns 

tr= (1.5 ns/pF) CL+ 12 ns 

tr = (1.1 ns/pF) CL+ 8.0 ns 

Minimum Clock Putse Width 

(CL= 15 pFJ 

Maxtmum Clock Rise Time 

Hold Time 

ICL = 15 pFl 

Setup Time 

(Cl= 15 pF) 

Turn-On, Turn-Off Delay Time 

(Cl=15pF) DtoO 

(CL= 15 pF) Clock to Q 

(CL 00 15pF) DtoO 

1, 

lb 

lb 

lb 

1b 

la 

la 

la 

IQH 

10L 

If 

thold 

tsetup 

1PHL· 
tPLH 

5.0 
10 
15 

5.0 4.99 
10 9.99 
15 

5.0 1-5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

0.01 
0.01 

0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

0.01 
0.01 

4.95 
9.95 

1.4 

2.9 

1.5 
3.0 

0.05 
0.05 

4.99 
9.99 

1.5 
3.0 

1.4 

2.9 

0.01 

0.01 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

0_01 

0.01 

4.95 
9.95 

1.4 

2.9 

1.5 
3.0 

5.0 -0.62 - -0.50 -1.7 -0.35 - -0.23 - -0.20 -1.7 - -0.16 
1 o -0.62 -0.5o - i .5 -0.35 - -0.23 - -0.20 -1.5 - -0.16 
15 -3.5 

5.0 0.50 0.40 1.0 
10 1.1 0.90 2.2 
15 7.8 

10 

5.0 - 0.025 - 0.000025 0.025 
10 0.05 0.00005 0.05 

15 0.0002 

-3.5 

0.28 0.23 0.20 1.0 
0.65 0.60 0.50 2 .2 

7.8 

1.5 
5.0 

0.25 
0.5 

10 

0.00025 0.25 
0.0005 0.5 
0.002 

5.0 
10 
15 

Pdyn = (1.5 mW/MHz) f + 0.000025 mW 
Pdyn = (6.0 mW/MHz) f + 0.00005 mW 
P2.Y._n'"' (20 mW/MH;?) f + 0.0002 mW 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

70 
35 

70 
35 

175 
75 

175 
75 

150 250 
50 75 

50 
25 

100 
50 

50 
30 

120 300 
40 125 

30 

160 300 
75 125 
50 

150 300 
60 125 
40 

NO LIMIT 

70 
35 

70 
35 

200 
110 

200 
110 

150 350 
50 175 

50 
25 

0 
o 

125 
60 

50 
30 

120 400 
40 200 
30 

160 400 
75 200 

50 

150 400 
60 200 
40 

0.16 
0.40 

"DC Noise Margin (VNH• VNL) is defined as the maximum voltage charge from an ideal.,, .. or "O"' input level before producing an output state change 

••The formula given is for the typical characteristics only. 
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MC14042 (continued) 

(a) 

(b) 

Pulse 
Generator 

1 

Clock Input 
P.G. 1 

Q Output 

4 

13 

14 

FIGURE 1 - AC TEST CIRCUIT AND TIMING DIAGRAM 

VDD 
16 

Clock 00 

Polarity 00 

01 
DO 

01 

D1 02 

D2 
02 

03 
D3 03 

Vss 

-= 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

3 

10 

9 

11 

12 

15 

Data Input 

Q Output 

Q Output 

vDD 
16 

Clock 

6 00 
Polarity 

4 01 10 
DO 01 9 

Dl 02 11 

13 02 12 
D2 

14 03 

D3 03 15 

B Vss 

-= 

.. Input clock rise time is 20 ns except for maximum rise time test. 
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MC14049AL 
MC14049CL 
MC14049CP 
MC14050AL 
MC14050CL 
MC14050CP 

\-~~~~~~~~~~-B_u_F_F_E_R_s~ 

HEX BUFFERS 
The MC14049 hex inverter/buffer and MC14050 noninverting 

hex buffer are constructed with MOS P-channel and N-channel en
hancement mode devices in a single monolithic structure. These 
complementary MOS devices find primary use where low power 
dissipation and/or high noise immunity is desired. These devices 
provide logic-level conversion using only one supply voltage, 
Vee. The input-signal high level (V1Hl can exceed the Vee sup
ply voltage for logic-level conversions. Two TTL/DTL loads can 
be driven when the devices are used as CMOS-to-TTL/DTL conver
ters (Vee= 5.0 V, Vol< 0.4 V, IOL;;.. 3.2 mA). Note that pin 
16 is not connected internally on these devices; consequently con 
nections to this terminal will not affect circuit operation. 

• Direct Drive of Two TTL/DTL Loads 
• High Source and Sink Currents 
• High-to-Low or Low-to-High Level Converter 
• Quiescent Power Dissipation= 5nw/package typical 
• Single-Supply, Pin-for-Pin Replacements for Types MC14009 and 

MCl 4010 Respectively 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin Bl 

Rating .symbol 

DC Supply Voltage AL Versio~ Vee 
CL,CP Version 

Input Voltage, All Inputs Vin 

DC Current per Input Pin lin 

DC Current per Output Pin lout 

Operating Temperature Range AL Version TA 

CL,CP Version 

Storage Temperature Range Tstg 

Maximum Dissipation per "Package Po 

CIRCUIT SCHEMATIC 
(1/6 OF CIRCUIT SHOWN) 

MC14049 

See Mechanical Data Section for package dimensions. 

Value 

+18 to -0.5 

+16 to -0.5 

+18 to -0.5 

10 

45 

-55 to +125 

-40 to +85 

-65 to +150 

See Figure 1 

MC14050 

7-110 

Unit 

Vdc 

Vdc 

mAdc 

mAdc 

oc 

oc 

McMOS 
I LOW-POWER COMPLEMENTARY MOS) 

HEX BUFFERS 
Inverting - MC14049AL/CL/CP 

Noninverting - MC14050AL/CL/CP 

--. 
' I 'I 

16 16 ' I 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid ap
plication of any voltage higher than maximum 
rated Voltages to this high impedance circuit. 

Unused inputs must always be tied to an ap
propriate logic voltage level (e.g., either v58 or 

Vee>. 

LOGIC DIAGRAMS 

MC14049 MC14050 

3--{>-2 3--[>-2 
s--{)c>-4 s-{>-4 

1--{)c>-s 1-{>-s 
9--{>--10 9-{>-10 

11--{)c>-12 11--(>-12 

14--{)c>-1s 14--[>-15 

NC = Pin 16 NC=Pin16 
v 85 =Pin 8 V55=Pin8 
Vee= Pin 1 Vee= Pin 1 



MC14049, MC14050 (continued) 

ELECTRICAL CHARACTERISTICS 

Output Voltage 
MC14049 

(V'" = 5.0 Vdcl 
(Vj11 = 10 Vdc! 
(Vin= 15 Vdcl 

MC14050 
!Vin= 0 Vdd 
(Vin= OVdcl 
(Vin= 0 Vdc) 

MC14049 
(Vin= 0 Vdc) 
(Vin =OVdc:) 

(Vin= 0 Vdc) 

MC14050 
(Vin = 5.0 Vdc) 
IV; 11 = 10 Vdc) 

(Vin= 15 Vdc! 
Noise Immunity• 
MC14049 

IVout ~3.5 Vdc) 
!Vout ~7.0 Vdcl 
{V0 ut ;;o 10.s Vdcl 

(Vout:s;;;; 1.5 Vele) 

IVout ~3.0 Vdc) 
(V0u1 =(;4.5 Vdcl 

MC14050 

!Vout<1.5Vdd 
(Vout <3.0 Vdd 
!Vout <4.5 Vdcl 

!Vout ~3.S Vdc\ 
(Vout, 7.0 Vdc) 

(Vout>-10.SVdcl 

Output Drive Current 

(VQH - 2.5 Vdcl 
!VoH = 9.5 Vdc) 
(VQH = 13.5 Vdd 

(VOL= 0.4 Vdcl 
IVoL = 0.5 Vdc) 
(Vol= 1.5 Vdcl 

Input Current 

Input Capacrtance 

"O" Level 

··1" Level 

Source 

Sink 

MC14049 
MC14050 

Fiture 

2, 3 

Symbol 

Vout 

'OH 

'OL 

MC14CM9/050AL MC140o9/0&DCL/CP 

Vee -&&oC +25°C +125°C 

Min Mu - +25°C +eoc 
Vdc Min Mrix Min Typ Mu: Min Mllx Min Typ MllX Min Max 

5.0 
10 
15 

0.01 -
0.01 

0.01 
0,01 

0.116 
0.05 

0.01 
0.01 

0.01 
0.01 

0.05 
0.05 

s.o 0.01 o.oi o.05 0.01 0.01 a.as 
10 0.01 0.01 0.05 0.01 0.01 0.05 
15 

5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 
10 9.99 - 9.99 10 9.95 9.99 9.99 10 9.95 

15 15 

5.0 4.99 - 4.99 5.0 
10 9.99 - 9.99 10 

15 

S.O 1.S 
10 3.0 

15 

5.0 1.4 
10 2.9 
15 

5.0 1.S 
10 3.0 
15 

5.0 14 
10 2.9 
15 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

1 5 2 25 
3.0 4.5 

6.75 

5.0 -1.85 - -1.2~ -2.5 
10 -1.85 -1.2~ -2.5 
15 -10 

5.0 3.75 - 3.2 6.0 
10 10 8.0 16 
15 40 

10 

10 
5.0 

4.9& 
9.95 

1-5 
2.9 

1.5 
3.0 

1.4 
2.9 

15 
3.0 

-0.9 
-0.9 

2.1 
5.6 

4.99 
9.9~ 

1.5 
3.0 

1.4 
2.9 

1.5 
3.0 

1.4 
2.9 

-1.5 
-1.5 

3.6 
9.6 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

-1.25 -2.5 
-1.25 -2.5 

-1.0 

3.2 6.0 
8.0 16 

40 

10 

10 
5.0 

4.95 
9.95 

1.4 
2.9 

1-5 
3.0 

1-4 
2.9 

1-5 
3.0 

-1.0 
-1.0 

2.5 
6.6 

u ... 

Vdo 

Vd< 

Vdo 

Vdo 

Vdo 

Vdo 

mAd< 

mAd< 

pAdc 

pF 

Ouiescen1 Dissipation (per package! Po 5.0 1-5 
5.0 

0.05 1.5 100 
300 

15 
50 

0.15 15 210 µ.W 

Dynamic Power Dissipation (per Buffer)•• 

(CL= 15 pF! (Typical) 

Turn·On Delay Timet MC14049 
(CL= 15 pF) 

tPHL = I0.38ns/pF) CL+ 25ns 
IPHL = I0.12ns/pF) CL+ 17 ns 
tPHL = (O.llns/pFI CL+ 11 ns 

MC14050 
IPHl = !0.2ns/pF) Cl+ 45 ns 
IPHL = I0.12ns/pF) Cl+ 20ns 
lf'HL - to.04ns/pF) CL+ 19ns 

Turn-Off Delay Timef MC14049 
(CL - 15 pFI 

lPLH .: (0.38ns/pFICL + 25ns 
IPLH = (0.2ns/pF) CL+ 20ns 
tPLH = !0.11ns/pFl CL + 18 ns 

MC14050 
IPLH = (0.33ns/pFI CL + 53ns 

tPLH = (0.19ns/pF) CL+ 24ns 

tPLH = (O.OSns/pF) CL + 20ns 

Output Rise Timet MC14049 
lCL = 1SpF) 

tr = i0.81 ns/pF) CL + 22ns 
tr= (0.31ns/pFI CL+ 23ns 
Ir= !0.27ns/pF) CL+ 21ns 

MC14050 
tr= !0.7ns/pFJ CL+ 20ns 
tr• !0.36ns/pF) CL+ 10ns 
tr= (0.22ns/pF) CL+ 11ns 

Output Fall Time t MC14049 
(CL= 15 pF! 

tf"" (0.31ns/pFI CL + 16ns 
tf"' (0.12ns/pFl CL+ 12ns 
If= !0.1ns/pFl CL+ 10ns 

MC14050 
If = (0.2ns/pF) CL + 20ns 
tf = !O.OSns/pF) CL+ 14ns 

1f"' (0.035ns/pF) CL+ 13ns 

10 
15 

5.0 
10 
15 

50 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

0.1 5.0 
0.15 

Pdyn = (0.SmW/MHz) I + 0.00001 mW 
Pdyn"' (3.0mW/MHz) f + O.OOCXJ2 mW 
Pd n = (6.0mW/MHzl f + 0.00003 mW 

30 55 
18 30 
12 -

48 110 
21 55 
19 

31- 80 
23 55 
19 

58 140 
27 85 
30 

23 100 
29 60 

25 

21 100 

15 60 
14 

20 45 
14 40 

11 

23 45 
15 40 
13 

0.5 50 
0.85 

30 70 
18 40 
12 

48 130 
21 60 
19 

31 120 
23 60 

19 

SB 200 
21 too 

30 

23 160 
28 100 
25 -

21 t60 
15 too 
14 

20 60 
14 50 
11 

23 60 
15 50 
13 

•oc Noise Margin is defmed as the maximum voltage change VNH (down from a Vee level mput I and VNL !up from a ground level input) before producing an output state change. 
••Fordv11amic polll.'E!r dissipation per package, use the formula Pdyn (CL, Vee. fl= Po+ t0-3 ICL - 15 pF) Vec2f where Po 1s in mW, CL in pF, Vee in vohs. fin MHz. and all 

ou1purs dnvmg CL. 

t Equations sliown are for typu;al values only 

7-111 
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MC14049, MC14050 (continued) 

10 

~ B.O 

2:. .., 
"' ~ 6.0 

0 
> 
>--
~ 4.0 
!; 
0 

0 
0 

FIGURE 1 - AMBIENT TEMPERATURE POWER DERATING 

1000~-~-~-------~-~-~-~-~ 

75 100 
TA AMBIENT TEMPERATURE (De) 

FIGURE 2 - TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE 

MC14049 

Vee= 10 Vdc """"::::: !;::..... 
~~ 

TA= 12s0 e -5s 0 e 

5.0 Vdc 

~ 
-ss0e 

12s0e 

I \_ 
l~ '\.... 

10 

~ B.O 
2:. .., 
"' ~ 6.0 
0 
> 
>--
~ 4.0 
::> 
0 

~ 2.0 

0 

12s0 e 

MC14050 

TA=125°e -55°C 

5.0 Vdc 

-55°C 

Vee= 10 Vdc 

2.0 4.0 6.0 B.O 10 0 2.0 4.0 6.0 8.0 
V;n INPUT VOLTAGE (Vdc) V;n INPUT VOLTAGE (Vdc) 

7-112 

10 



MC14049, MC14050 (continued) 

FIGURE 3 - TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 4 - TYPICAL OUTPUT SINK CHARACTERISTICS 

Me14049 Vee Vee Me14050 

160 
VGS = 15 Vdc 

v 
v L 

L v.'.'( = 10 Vdc 

L ,...-t-

~ k:::: Caution: Max Package dissipation 
must be observed. 

5.0 Vdc 

~ 

"' 80 
z 
<;; 

~ 
!::; 40 0 
~ 

0 

0 0 2.0 4.D 6.0 8.0 
Vos DRAIN-TO-SOURCE VOLTAGE (Vdc) 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

1 

# 
:~vout 

e 
-= Vss· J L 

#Invert on MC14049 only 

7-113 

Output 
Me14050 

10 

• 
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......____! MC14501AL 
MC14501CL 
MC14501CP 

\-~~~~~~~~~~T-R_l_P_LE~G-A_T_E~ 

TRIPLE GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NANO" GATE 

The MC14501 is constructed with MOS P-channel and Ill-channel 
enhancement mode devices in a single monolithic structure. These 
complementary MOS logic gates find primary use where low power 
dissipation and/or high noise immunity is desired. 

• Quiescent Power Dissipation= 10 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14501AL) 
= 3.0 Vdc to 16 Vdc (MC14501CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

MAXIMUM RATINGS (Voltages referenced to V55. Pin Bl 

Rating Symbol Value Unit 

DC Supply Voltage MC14501AL Voo +18 to -0.5 Vdc 
MC14501CL/CP +16 to -0.5 

Input Voltage, All Inputs Vm v 00 to-0.5 Vdc 

DC Current Orai n per Pin I 10 mAdc 

Operating Temperature Range- MC14501AL TA -55to+125 oc 

- MC14501CL/C~ -40 to +85 

Storage Temperature Range Tstg -65 to +150 oC 

CIRCUIT SCHEMATIC 

vao 16 Voo 

13 (10) 

17) 21">--l---+---+---~ 

(9) 30-l----4-----~ 

(5) 40---------~ 

Numbers in parenthesis are for second 4 input gate. 

See Mechanical Data Section for package dimensions. 

7-114 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS} 

TRIPLE GATE 
DUAL 4-INPUT "NANO" GATE 

2-INPUT "NOR/OR" GATE 
8-INPUT "AND/NANO" GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

LOGIC DIAGRAM 
(POSITIVE LOGIC} 

Use Dotted Connection Externally 

~~ 13 
3 ' 
4 r---J 

14 (AND) 
12 
11~' 
5 ~ 15 (NANO) 

~~10 
9 v00 =Pin 16 

Vss =Pin a 

Note: Pin 14 must not be used as an input 
to the inverter. 



MC14501 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14501AL 

Characteristic Figure Symbol Vdc Min Mn Min Typ 

Output Voltage 

Noise lmmunny" 
(V0 ut ;<:3.5 Vdc) 
(Vout ~ 7 .0 Vdc) 
(V0 ut ~10.5 Vdc) 

(V0ut~1.5Vdc) 
(Vout <3.0 Vdc) 
(Vaut ~4.5 Vdc) 

Output Drive Current 

"O" Level 

"1" Level 

(VoH = 2.5 Vdc) Source 
(VoH; 9.5 Vdc) NANO 
(VQH = 13.5 Vdc) 

(V QH = 2.5 Vdc) NOR 
(VoH = 9.5 Vdc) 
(VoH = 13.5 Vdc) 

(VQH "'2.5 Vdc! NOR· 
(VQH = 9.5 Vdc) Inverter 
(VQH = 13.5 Vdc) 

(Vol= 0.4 Vdc) Sink 
(Vol - 0.5 Vdc) NANO 
{VQL = 1.5Vdc) 

(Vol= 0.4 Vdc) NOR 
(Vol= 0.5 Vdc) 
{Vol= 1.5 Vdc) 

(VQL"" 0.4 Vdc} NOA-
(Vol = 0.5 Vdc) Inverter 
(Vol= 1 .5 Vdc) 

Input Current 

Input Capacitance 
(Vin= Q) 

3,4,5 Vaut 5.0 0.01 

6 

10 0.01 
15 

5.0 4.99 
10 9.99 
15 

VNL 5.0 1.5 
10 3.0 
15 

VNH 5.0 1.4 
10 2.9 
15 

5.0 -0.62 
10 -0.62 
15 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

-0.5 -1.5 
-0.5 -1.0 

-3.0 

5.0 -0.84 - --0.7 -3.0 
10 -0.84 -0.7 -1.5 
15 -6.0 

5.0 -1.8 -1.5 -5.0 
10 -1.8 -1.5 -3.0 
15 -12 

5.0 0.5 0.4 0.8 
10 1.1 0.9 1.2 
15 6.0 

5.0 0.62 0.5 1.0 
10 1.36 1.1 2.3 
15 10 

5.0 0. 74 0.6 1.3 
10 1.8 1.5 3.4 
15 13 

10 

6.0 

MC14501CL/CP 

+as0 c 
Max Min Max Min Max Min Typ Max Min Max 

0.01 0.05 0.01 
0.01 0.05 O.Q1 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

-0.35 
-0.35 

-0.5 
-0.5 

-1.0 
-1.0 

0.28 
0.65 

0.35 
0.8 

0.4 
1.1 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

-0.23 
-0.23 

-0.36 
-0.36 

-0.72 
-0.72 

0.23 
0.6 

0.3 
0.72 

0.36 
0.84 

0 
0 
0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

-0.2 -1.5 
-0.2 -1.0 

-3.0 

-0.3 -3.0 
-0.3 -1.5 

-6.0 

-0.6 -5.0 
-0.6 -3.0 

-12 

0.2 0.8 
0.5 1.2 

6.0 

0.25 1.0 
0.6 2.3 

10 

0.3 1.3 
0.7 3.4 

13 

10 

6.0 

0.01 0.05 
O.Q1 0.05 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

-0.16 
-0.16 

-0.24 
-0.24 

- -0.49 
-0.49 

0.16 
0.4 

0.17 
0.49 

0.24 
0.57 

Unit 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

mAdc 

pAdc 

pF 

Quiescent Dissipation 10,11 Po 5.0 
10 
15 

0.25 
1.0 

0.005 0.25 - 15 0.25 
10 

0.025 2.5 75 µW 

Output Rise Time 
(CL= 15 pF) 

Output Fall Time 
{CL'°lSpF) 

Turn-on Delay Time 
(CL= 15pF) 

Turn-of Delay Time 
ICL 0 15pFI 

NANO 12 

NOR 13,14 

NOR- 13,14 
INVERTER 

NANO 

NOA 13,15 

NOR- 13,15 
INVERTER 

NANO 

NOR 16 

NOR- 16 
INVERTER 

NANO 

NOR 17 

NOR- 17 
INVERTER 

lf 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

0.01 1.0 60 
2.0 

100 
35 
25 

70 
30 
25 

30 
20 
20 

100 
35 
25 

70 
30 
25 

30 
20 
20 

60 
25 
20 

45 
20 
18 

60 
25 
20 

60 
25 
20 

45 
20 
18 

60 
25 
20 

175 
75 

125 
65 

65 
45 

175 
75 

125 
65 

65 
45 

150 
100 

60 
40 

75 
50 

150 
100 

60 
40' 

75 
50 

0.05 10 
2.0 

100 200 
35 110 
25 

70 150 
30 95 
25 

30 
20 
20 

95 
70 

100 200 
35 110 
25 

70 
30 
25 

30 
20 
20 

60 
25 
20 

40 
20 
18 

60 
25 
20 

60 
25 
20 

45 
20 
18 

60 
25 
20 

150 
95 

95 
70 

200 
150 

75 
60 

100 
60 

200 
150 

"DC Noise Margin (VNH. VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
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MC14501 (continued) 

4-INPUT "NANO" GATE 

:g 
! 

FIGURE 1 - TYPICAL P-CHANNEL DRAIN 
CHARACTERISTICS 

All unused inputs 

connected to ground. 

Voe Vos= voH - Voo 

~ Cf. ~. VoH 

-= VGs=-Voo 

!;; -2.0t---t--+--+---r--tt-.--t--t---i?'!i~FH.H 
w 

"' "' "' ~ -4.0 

"' "' ;J 

(al TA= -ss0 c 
(bl TA= +2s•c --r--+--+--t?"'-t-,.,,...t-7+-t---i 
lcl TA=+12s•c 

~ -s.ot===:!===F-"i/"t---t--::~!C-----t--Jxi-t'-1r-J 
.... 
"' 0 

~ -8.01--+---+---b""""l--7"..,..=-+ ~-,f---fb,,C.--+--i 

-1.0 

Vas. DRAIN VOLTAGE (Vdcl 

" ~ 
.§ 
.... 
~ 
"' ~ 
"' z 
;;; 
.... 
"' "-.... 
"' 0 
_J 

~ 

10 

8 . 0 

6.0 

4.0 

2.0 

0 
0 

FIGURE 2 -TYPICAL N.CHANNEL DRAIN 
CHARACTERISTICS 

All unused inputs 

connected to ground. 

fllb ~lsJ.ic 

1 j/j_ '~ 

1.0 4.0 6.0 

Vas. DRAIN VOLTAGE (Vdcl 

Vos= VoL 

8.0 

2-INPUT "NOR-INVERTER" 

FIGURE 3-CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST Clf!CUIT 

FIGURE 4-TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

16 TA~ +2sob r .--...-t--+--+--i 
14 ( 1 0 · *'"" H vaa1= 15Vdc~ ~ a nemputon., i b a 1 

(bl Both Inputs 
~ 12 t--+--t--+-t___,r-t-+--+--+--t 

~ 10 t---t--T-r--M_,H-+10 Vdl-t- ! 
~ t a ~ 
~ 8.0 t-----t--+t--Hl--t-1-+--+-··+--t20 a 
~ 6.01--5.0 Vdc _l 15 ~ 
~ 40 r t- IT ~ 10 ~ 
~ b a / ~-

2.0 r--tt-t-tt-:H-r-+v+-+~--":-+--1--(s.o 
~~ ~ 'r-, O'----"""""'-'....,""'-'-''----'-__J__::">l...-.J 

0 2.0 4.0 6.0 8.0 10 12 
V;0 , INPUTVDLTAGE (Vdcl 

14 16 

loo 

7-116 

All unused inputs 

connected to ground 

FIGURE 5 -TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 

:: t--J TJ+12sL_-r,MsL _ 
(bl TA=-55•C rr·uul .. 

~ 12 a b --+--+---t 
w 

"' ~ 10 10 Vdc 
;-; 8.0 t----+--+--a b -+--+-+---+----+---< .... 
"' !!: 6.0 r--t- 5.0 Vdc -lt--t-11-+--+--+--t 
5 rt-
~ 4.0 t---1• b +---t+-----+--+-+---1----+--< 
~ 

2.0 t---+-+--+---<1--........ -+--+--+-----t 

y 
o L--'-'-'--'-...ill..:::::..L_L-.-1._.J....__J 

D 2.0 4.D 6.0 8.0 10 12 14 
V;0 , INPUT VOLTAGE (Vdcl 

16 

10 



MC14501 (continued) 

2-INPUT "NOR-INVERTER" (continued) 

FIGURE 6 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

16 Voo = VGs 

11~ 12 VoH 

nused inputs 

Vos= Voo _ VoH ~ connected to ground. 

Vos. DRAIN VOLTAGE (Vdc) 

FIGURE 7 -TYPICAL OUTPUT SINK 
CHARACTERISTICS 

All unused inputs 
connected to ground. 

101a:;;;Ell=:~~:-:T.-.--r~-r--i~~---r~~-i 
a n L ~15 1Vdc I I J 

~ b L 10 Vdc -+--+--+--(a) T)>, = -55"C -

.§ 8.0 t-tlf'lrr..'--f:,-t---: .-±=::j::=:f;:--t---lbl TA= +25DC _ 

5 1--11-1H~-1--l"-,i.<,,.'---+---+--'-t-tr--+--+''-l_T_A+=-+1_2_s•+c--1 

~ 6.0HJ'fH~'j~'---j ...... -:::;;;;;;;l;;=:+-==-1~J 5.0 Vdc = JGs--+---+------< 

~ L b j 
~ 4.o 11tff-v11'L'--c*--+---f-'~,"""-1--+---+---+---+---l 
!:; 
0 '1Y 
~ 2.0 llr,,_,,11R----+---+---t---+--+--4--4--4----< 

o~-~~~~~~-~-~-~-~-~-~ 
0 2.0 4.0 6.0 8.0 10 

Vos. DRAIN VOLTAGE (Vdc) 

2-INPUT "NOR" GATE 

FIGURE 8 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

connected to ground. 

-6.0 -4.0 -2.0 
VoH. DRAIN VOLTAGE (Vdc) 

FIGURE 9 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 

Vos= VoL 
connected to ground. 

10~~~~~~~~-~-~-------~ 
·1'11b1' JC 1 I 

.., 1---+HlL......,1+---.J..>+---+---+---+-(a) TA= -ss•c -+---1 

-1 8.0 }Tl:lJ.Z_ J lb) TA=+25oc 

I 15Vdc-+--+->lc) TA=+125oc-+-----1 

ffi 10Vdc_+--+--+--+--+---t 

~ 60 ~llf 
~ mrLv b 
,_ 4O1-f:f1UJf-J'f_f-7~C;~~-1TVGS = 5.0 Vdt--+--+--+----< 
~ •I r//'iLz 
~2.o WL 

V1 
o~-~~~~~~-~-~-~-~-~-~ 

0 2.0 4.0 6.0 8.0 10 
VoL. DRAIN VOLTAGE (Vdc) 
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MC14501 (continued) 

2-INPUT "NOR" GATE (continued) 

FIGURE 10 - TYPICAL POWER DISSIPATION versus 
FREQUENCY PER PACKAGE 

FIGURE 11 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 

~ 
5 
w 
>
<( 

"' ~ 
w 
0.. 

z 
0 

~ 
iii 
c; 
~ 

100 

10 

10 

~ 0.1 
~ 

0.0 1 

PA +25°c 7Y 
II l'I kY 

-CL 15 pF 
CL-50pF 

:Z:r"" 
ll H ,,,.z 

Voo 15 Vdc 
L hovd; 
~ 5.0 Vdc 

L 

~ JllL 
1 k 10k 100k lM 

f, FREQUENCY (kHz) 

4-INPUT "NANO" GATE 

FIGURE 12 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Output (8) 

.......___20 ns 20 ns 

90% 

50% 

10% 

"NOR" GATE and "NOR-INVERTER 

FIGURE 13 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 

Gener-ator 

Output (C} ="NOR" 
Output (0) ="NOA-Inverter" 

Output (8) 

All unused inputs 
connected to ground. 
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MC14501 (continued) 

100 

80 

~ 60 
~ 
;:: 
w 

"' 40 °' -
20 

0 
0 

"NOR" GATE and "NOR-INVERTER" !continued) 

FIGURE 14 -TYPICAL RISE TIME versus 
LOAD CAPACITANCE 

CL, LOAD CAPACITANCE (pF) 

FIGURE 16-TYPICAL TURN-ON DELAY TIME 
versus LOAD CAPACITANCE 

>-

FjGURE 15 -TYPICAL FALL TIME versus 
LOAD CAPACITANCE 

CL LOAD CAPACITANCE (pF) 

FIGURE 17 -TYPICAL TURN-OFF DELAY TIME 
versus LOAD CAPACITANCE 

~ o 60f--~-t=~-t-==-:..+~-t~~f--~f:::;_..,.+--"""'=J-~-t~--1 

20 

~ 
~ 

0 

~ 40f--~+-~-t-~-+~-t~~t---;;;;~--'-f::;:...:-,.;;:::;.i;;;;;;,...-i 
I-

~ 20~==~;:;~~~~~~~~~~::_~-=~+-~-+-~--+~---j 

4D 60 BO 100 20 40 60 
CL, LOAD CAPACITANCE (pF) CL, LOAD CAPACITANCE (pF) 

INPUT PROTECTION 

Motorola McMOS circuits have built-in protection circuitry on all inputs to prevent 

device damage to the sensitive input gates that could result from improper testing or 
handling procedures prior to final assembly. This protection scheme is necessary because 
the extremely high impedance on the MOS gate oxide (approximately 1012 ohms) 

allows even a low energy source to generate a high enough potential (usually 100 volts) 

to rupture this gate oxide and thus destroy the device. While protection circuitry is 
effective in reducing over-voltages, it is expected that the user will take normal precau
tions to avoid application of any voltage higher than maximum rated voltages to these 
high-impedance circuits. 

UNUSED INPUTS 

Unused inputs must be connected to the 
supply voltage (Voo or Vss> that is appropriate 
for the system logic design. 

7-119 

80 100 

• 



• 

MC14502AL 
MC14502CL 
MC14502CP 

\~~~~~~~~~s_T_R_o_s_E_o_s_u~FF_E_R____, 

STROBED HEX INVERTER/BUFFER 

The MC14502 is a strobed hex buffer/inverter constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. 

This part has 3-state outputs, an output disable control, and guar
anteed TTL drive over the temperature range. The 3-state output 
simplifies design by allowing common bus. 

• Quiescent Power Dissipation= 100 nW/package typical 

• Separate Output Disable Control 

• 3-State Output 

• TTL Output Drive Guaranteed Over the Temperature Range 

• Output Impedance= 200 ohms@ 5.0 V Supply Guaranteed 
Over Full Temperature Range 

MAXIMUM RATINGS I Voltages referenced to Vss. p,n Bl 

Rating Symbol Value Unit 

DC Supply Voltage MC14502AL Voo +18 to -0.5 Vdc 
MC14502CL/CP +16 to -0.5 

Input Voltage, At1 Inputs Vin v00 to-0.5 Vdc 

DC Current Drain per Pin I 10 rnAdc 

Operating Temperature Range - MC14502AL TA -55 to +125 oc 

MC14502CL/CP -40 to +85 

Storage Temperature Range Tsrg -65to+150 oc 

CIRCUIT DIAGRAM 

Disable 

Inhibit 

01 

Other five buffers are identical 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 

is recommended that Vin and Vout be 
constrained to the range V55 :S;;; {Vin or 
Vout) <Voo-
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

V55 or Vool-

See Mechanical Data Section for package dimensions. 
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Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

STROBED HEX 
INVERTER/BUFFER 

... ,. 
1 1 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

TRUTH TABLE 

Dn Inhibit Disable On 

0 0 0 1 

1 0 0 0 

x 1 0 0 

x x 1 High 
Impedance 

X =Don't Care 

LOGIC DIAGRAM 

3-State 
Output Disable 

Inhibit 12 

01 

02 

03 

04 10 

v 00 =Pin 16 

Vss =Pin B 

01 

02 

03 

04 

11 05 
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MC14502 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14502AL MC14502CL/CP 

-Ss0 c +25°c +125°C -40°C +25°C +as 0 c 
Voo 

Characteristic Ftgure Symbol Vdc Min Mox Min Typ Mox Min M.x Min Max Min Typ Max Min Max Unit 

Output Voltage Vout 
(Vin"' Vss. Voo) "O" Level 50 0.01 0.01 0.05 0.01 0 0.01 0.05 Vdc 

10 0.01 0.01 0.05 0.01 0 0.01 0.05 
15 0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise lmmunitv" 
( Vaut = 3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
(Vout = 7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
( Vout"" 10.5 Vdc) 15 6.75 6.75 

(Vout"' 1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
( Yout = 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
(V0 ut"'4.5Vdc) 15 6.75 6.75 

Output Drive Current 
(VQH = 2.5 Vdc) Source 2,4 'OH 5.0 -0.62 -0.5 -3.0 --0.8 - --0.18 -0.2 -3.0 -0.16 - mAdc 
(VQH = 9.5 Vdc) 10 -0.62 -0.5 -1.5 - -0.75 - -0.23 - -0.2 -1.5 -0.16 -

(YQH"' 13.5 Vdc) 15 -6.2 -6.2 

(VoL = 0.4 Vdc) Smk 3,5 loL 5.0 2.7 2.3 3.6 1.6 1.6 1.4 3.6 1.1 mAdc 
IVoL; 0-5 Vdc} 10 6.6 5.3 6.5 3.25 4.0 3.4 6.5 2.8 
(VOL"' 1.5 Vdc) 15 25 25 

Input Current ljn 10 - 10 pAdc 

Input Capacitance Cin 5.0 50 pF 
(Vin= 0) 

Quiescent Dissipation 6,7 Po µW 
5.0 3.0 0.1 3.0 200 30 1.0 30 420 
10 10 0.25 10 600 100 2.5 100 1400 
15 0.4 4.0 

Output Rise Time•" " (CL= 15 pF) 
tr= (1.2 ns/pF) CL+ 12 ns 5.0 60 175 60 200 
tr= (0.56 ns/pF) Cl+ 11 ns 10 35 75 35 110 
tr= (0.47 ns/pF) Cl+ 8.0 ns 15 25 25 

Output Fall Time""* ,, 
(CL= 15 pf) 
tf =- (0.26 ns/pFJ CL+ 16 ns 5.0 20 50 20 75 
tf = (0.18 ns/pF) CL+ 12 ns 10 15 35 15 50 
tf = (0.15 ns/pF) CL+ 9.0 ns 15 11 11 

Turn-On Delay Time•• tPHL 
(Cl= 15 pF) 
tPHl = (0.18 ns/pFJ CL+ 27 ns 5.0 30 75 30 100 
tPHL = (0.12 ns/pFI CL+ 18 ns 10 20 50 20 75 
tPHL = !0.10 ns/pF) Cl+ 15 ns 15 17 17 

Turn-Off Delay Time• .. tPLH 
(Cl= 15 pF) 
tPLH = (0.56 ns/pF) CL+ 31 ns 5.0 40 125 40 150 
tPLH"' (0.4 ns/pF) CL+ 24 ns 10 30 75 30 100 
tPLH = (0.36 ns/pF) CL+ 20 ns 15 25 25 

3-Statc Propagation Delay, Output "1" to t"1"H 
High Impedance_,_.. 
t" l"H = (0_6 ns/pF) CL+ 32 ns 5.0 40 125 40 150 
t,, 1 "H = (0.5 ns/pF) CL + 24 ns 10 30 75 30 100 
t" 1"H"' (0.4 ns/pF) Cl+ 20 ns 15 25 25 

3-State Propagation Delay, Output ''O" to t"O"H 
High Impedance .. 
t"O"H = (0.6 ns/pF) CL+ 32 ns 5.0 40 125 40 150 
t"O"H = (0.5 ns/pF) CL + 24 ns 10 30 75 30 100 
t"O"H = W.4 ns/pF) CL+ 20 ns 15 25 25 

3-State Propagation Delay, High Impedance tH"l" 
to "1" Level** 
tH"l" = (0.4 ns/pF) CL+ 33 ns 5.0 40 l:l5 40 150 
lH''1""' (0.26 ns/pF) CL+ 26 ns 10 30 75 30 100 
tH''1'' = (0.20ns/pF) Cl+ 22 ns 15 25 25 

3-State Propagation Delay, High Impedance tH"O" 
to "1" Level"• 
tH''O'" = (0.3 ns/pF) CL+ 35 ns 5.0 40 125 40 150 
tH ·'o" = (0.1 ns/pF) Cl+ 28 ns 10 30 75 30 100 
tH"O" = W.09 ns/pF) CL+ 23 ns 15 25 25 

*DC Noise Margin (VNH, VNl) is defined as the maximum voltage change from an ideal "1 or "O" input level before producing an output state change. • **The formula given is for the typical characteristics only. 
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MC14502 (continued) 

FIGURE 1 - CURRENT AND VOLTAGE 
TRANSFER CHARACTERISTICS TEST 

CIRCUIT 

FIGURE 2 - TYPICAL OUTPUT SOURCE 

CURRENT TEST CIRCUIT !loHl 

FIGURE 3 - TYPICAL OUTPUT SINK 
CURRENT TEST CIRCUIT (loLl 

16 v 00 16 + v 00 

Dis Dis 

lnh Vout lnh 01 

Vin 
01 01 02 

02 02 

03 03 

04 04 

05 05 

06 06 

8 Sy applying Vin to 
any other Dn input 
or to inhibit, similar 

characteristics can 
be obtained. 

Vss 

V55 

FIGURE 4 - TYPICAL OUTPUT SOURCE CHARACTERISTICS 
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FIGURE 6 - POWER DISSIPATION TEST CIRCUIT 
AND WAVEFORM 
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FIGURE 5 - TYPICAL OUTPUT SINK CHARACTERISTICS 
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FIGURE 7 - POWER DISSIPATION CHARACTERISTICS 
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MC14502 (continued) 

Pulse 
Generator 

FIGURE 8 - AC TEST CIRCUIT AND WAVEFORMS 
<tr. tf, tPHL· and tPLHI 

16 Voo 

Disable 

Inhibit 01 Input 

01 

02 

03 

04 

05 

06 

8 

02 

03 

04 
tpHL 

05 

06 
Output 

Vss 

For all t,., tf, tpH L• and tpLH measurements Vin may be 
applied to any other 0 0 input or to Inhibit. 

FIGURE 9 - J.STATE AC TEST CIRCUIT AND WAVEFORMS 
lt"1"H, tH"1"· '"O"H, and 'H"Q") 

Voo 

1 Switch Positions for 3-State Test 

1 k 

'"l"H 

Sl 

52 

TEST S1 

t"1"H Open 

1"0"H Closed 

1H"O" Closed 

1H"1" Open 

,,,,,2.0 v IVoo = 10 V) 
""'1.0 v 1v00 = 5.o vi 

'H''l" 

10% 
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.,,,s.o v 1v00 = 1ov 
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"AND-OR-INVERT" GATE ...__._...! MC14506AL \_ 
MC14506CL -----------' 
MC14506CP 

DUAL 2-WIDE, 2-INPUT EXPANDABLE 
AND-OR-INVERT GATE 

The MC14506 is an expandable AND-OR-INVERT gate with in
hibit and 3-state output_ The expand option allows cascading with 
any other gate, which may be carried as far as desired as long as the 
propagation delay added with each gate is considered_ For example, 
the second AOI gate in this device may be used to expand the first 
gate, giving an expanded 4-wide, 2-input AOI gate_ This device is 
useful in data control and digital multiplexing applications. 

• Low Quiescent Power Dissipation= 0.1 µW/package typical 

• 3-State Output 

• Separate Inhibit Line 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14506AL) 
= 3_0 Vdc to 16 Vdc (MC14506CL/CP) 

MAXIMUM RA TINGS (Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage - MC14506AL Voo +18to-0.5 Vdc 
- MC14506CL/CP +16 to -0.5 

Input Voltage, All Inputs V;n Voo to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14506AL TA -55to+125 oc 

- MC14506CL/CP -40 to +85 

Storage Temperature Range Tstg -65to+150 Oc 

LOGIC DIAGRAM 

A 

B 

c 3 15 z 
D 4 

E 5 

6 
Voo =Pin 16 
v 88 =Pin s 

14 

E' 13 7 Z' 

D' 12 

C' 11 

B' 10 

A' 9 
z ={AB+ CD+ E + l) 

See Mechanical Data Section for package dirnens:o~~-
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Mc MOS 
(LOW-POWER COMPLEMENTARY MOSI 

DUAL EXPANDABLE 
AND-OR-INVERT GATE 

- ' 

L SUFFIX 
CERAMIC PACK;AGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss <(Vin or 

Voutl ,,;;;vDD· 

Unused inputs must always be tied to an 
appropriate logic voltage lever (e.g., either 
Vss or Vool 

TRUTH TABLE 

A B c D E INHIBIT DISABLE z 
0 0 0 0 ' 0 0 ' 0 x 0 x ' 0 0 ' 0 x x 0 ' 0 0 ' x 0 0 x ' 0 0 ' 
x 0 x 0 ' 0 0 ' ' ' x x x x 0 0 
x x ' ' x x 0 0 
x x x x 0 x 0 0 

x x x x x ' 0 0 
x x x x x x ' High 

Impedance 

X "' Don't Can• 



MC14506 (continued) 

ELECTRICAL CHARACTERISTICS 

Char.ct•ristic 

Output Voltage 

Noise Immunity• 
{ Vaut <:!-3.5 VdcJ 
IVout ~7.0 Vdc) 
{V0ut~10.5 Vdc) 

(V0uts;1.5Vdcl 
IV out ~3.0 Vdcl 
(V0uts4.5 Vdcl 

Output Drive Current 

"O" Level 

'T' Level 

IVoH = 2.5 Vdc) Source 
(VQH = 9.5 Vdcl 
IVoH = 13.5 Vdcl 
IVoL; 0.4 Vdc) Sink 
(VQL = 0.5 Vdc) 
(VQL = 1.5 Vdcl 

3-State Output Leakage Current 
ICL = 15 pFl 

Input Current 

Input Capacitance 
(Vin= 0) 

Output Rise Time (CL= 15 pF)"" 
tr= (2.3 ns/pFl CL+ 40 ns 
tr= l1.0ns/pF) CL+ 20 ns 
tr= (0.73 ns/pF) CL+ 15 n:;: 

Ou!put Fall Time (CL - 15 pF) ... 
tf = (1.4 ns/pF) CL+ 54 ns 
tf = !0.55 ns/pF) CL+ 27 ns 
tf = (0.33 ns/pF) CL+ 20 ns 

Data Propagation Delay Time ... 
(CL= 15 pF! 
tPHL = (1.1 ns/pF) CL+ 225 ns 
tPHL = I0.41 ns/pF) CL+ 74 ns 
tPHL = (Q 26 ns/pF) CL+ 51 ns 

tPLH = (1.0ns/pF) CL+ 225 ns 
lPLH = I0.53 ns/pFl CL+ 72 ns 
tPLH = i0.36 ns/pFJ CL+ 50 ns 

Expand Turn-On Delay Time 
ICL = 15 pF) 

Expand Turn-Off Delay Time 
jCL=15pF) 

Inhibit Turn-On Delay Time 
(CL= 15 pfl 

Inhibit Turn-Off Delay Time 
ICL = 15 pF) 

3-State Propagation Delay 
'T' to High Impedance 
(CL= 15 pFl 

3-State PrOPagation Delay 
"o·· to High Impedance 
(CL= 1S pFI 

3-State Propagation Delay 
High Impedance to "1" 
(CL= 1S pF) 

3-State Propagation Delay 
High Impedance to .. 0,. 
'CL'" 15 pF) 

Figure 

5,6 

7.8 

7.8 

Symbol 

Vout 

MC14506AL MC146C:.CUCP 

v00 1--~-srs~<>c~-t-~-.--•-25_0_c-.-~~1--~·-•~25-0_c~~~-or<>c~-t-~-.---•25~"c-.-~--1~+85--.."c~--1 
Vdc Min Mu Min Typ Ma• Min M.x Min Max Min Typ Max Min Max 

5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
15 0 0 

5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

4.95 
9.95 

VNL 5.0 1.5 1-5 2.25 14 
2.9 

1.5 
3.0 

1.5 2.25 1.4 
2.9 10 3.0 

15 

VNH 5.0 1.4 
10 2 9 
15 

5.0 -0.62 
10 -0.62 
15 

3.0 4.50 
6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.5 -2.0 
-0.5 -1-0 

-5.0 

1.5 
30 

1.4 
29 

-0.35 - -0.23 
-0.35 - -0.23 

3.0 4.50 
6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.2 -2.0 
-0.2 -1.0 

-5.0 

1.5 
30 

-0.16 -
-0.16 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

IQL 5.0 0.5 0.4 1.0 0.28 0.23 0.2 1.0 0.16 mAdc 

In 

C,n 

,, 

10 1.1 
15 

50 
10 
15 

5.0 
10 

5.0 
10 
15 

5.0 
10 
15 

IPHL 5.0 
10 
15 

IPLH 5.0 
10 
15 

tPHL 5.0 
10 
15 

tPLH 5.0 
10 
15 

tPHL 5.0 
10 
15 

tPLH 5.0 
10 
15 

f"1"H 5.0 
10 
15 

t .. Q"H 5.0 
10 
15 

lH'T. 5.0 
10 
15 

tH"O" 5.0 
10 
15 

±0.05 
±0. 1 

25 
10 

0.9 3.0 
10 

±0.0001 :t0.05 
±0.0002 ±0. 1 
±0.0005 

10 

5.0 

0.05 
0.1 

75 
35 
25 

75 
35 
25 

240 
80 
55 

240 
80 
55 

170 
65 
45 

125 
45 
30 

200 
80 
50 

165 
70 
45 

46 
30 
23 

77 
39 
30 

93 
36 
30 

158 
55 
40 

2.5 
10 

140 
75 

140 
75 

360 
135 

360 
135 

270 
90 

270 
90 

360 
135 

360 
135 

125 
75 

125 
75 

250 
100 

250 
100 

0.65 0.6 

.±.3.0 
±6.0 

150 
600 

... 

±0 5 
±1.0 

25 
100 

0.5 3.0 
10 

±0.0001 ±0.5 
±0.0002 ± 1.0 
±0.0005 

10 

5.0 

0 05 25 
0.1 100 

75 
35 
25 

75 
35 
25 

200 
110 

200 
110 

240 480 
80 175 
55 

240 480 
80 175 
55 

170 330 
65 110 
45 

125 330 
45 100 
30 #' -

200 400 
80 175 
50 

165 4Dq 
70 175 
45 

46 150 
30 100 
23 

11 150 
39 100 
30 

93 300 
36 120 
30 

158 300 
55 120 
40 

04 

±7.0 µAde 

±14 

pAdc 

oF 

750 µW 
3000 

ns 

•oc Noise Margin (VNH· VNLl is defined as the maximum voltage change from an ideal ''1' or "O'" input level, before producing an output state chanp. 
••The formula given i$ for the typical characteristics only. 
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MC14506 (continued) 

FIGURE 1- TYPICAL VOLTAGE TRANSFER CHARACTERISTICS 

16 

14 

~ 12 
w 

"' ~ 10 
0 

;". 8.0 
ii'. 
!:; 6.0 
0 

~ 4.0 
> 

2.0 

0 

(a) EXPAND INPUTS 

.-- ··-,-

a t-Voo = 15 Vdc t----1 ._b 
c 

10 Vdc 
t--a 

b--! 
Unused input~~ 1---c 

I connected to 

t-5.0 Vdc l581 l-aM I-
t- b-. 

,\A ,:i:.125Jc: ,_ 
b TA=+25oc -
c

1 
TA =

1
-ss0c

1 

0 W U M M 10 p M IB 
Vin, INPUT VOLTAGE (Vdc) 

FIGURE 2 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Voo 
~----..... 

16 

VoH 
z~~---~ 

Z' 

s Vss 

External 
Power 
Supply 

7-126 

16 

14 

:g 
2:. 12 
w 

"' 10 ~ 
§! 8.0 
.... 
ii'. 
>- RO 
=> 
0 

g 4.0 
> 

2.0 

0 

(b) DATA INPUTS 

I I 
a';-A = ::112s0°! 

Voo J 15 Vdc j--1-b TA=+25°c -

a c TA =-55°C 

101dc 

b 

'"" 
c 

1--:-1 ,_ 
t--- A and B connected to Vin I -

~de Enable input connected to 
Voo. Other inputs connec· 

a 
tedi'° Vs1-b ... I I c 

0 W U M M 10 U M IB 
Vin. INPUT VOLTAGE IV de} 

FIGURE 3 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Voo 

16 

Inhibit z VoL 

A 

B 

c loL 

D 

E 

A' 
External 
Power 
Supply 

E' 

Disable Z' 



MC14506 (continued) 

FIGURE 4 - 3-STATE LEAKAGE CURRENT 
TEST CIRCUIT FIGURE 5 - TYPICAL POWER DISSIPATION TEST CIRCUIT 

Voo 

16 

..--<>----<Inhibit Z 

.--<>--<A 

.,__0---IB 

8 Vss 

Voo 

Pulse 
Generator 

50% 0 uty Cycle 

500µF l 

FIGURE 6 - TYPICAL POWER DISSIPATION CHARACTERISTICS 

10 

I i.o 

" D 

~ 
~ 0. 
Q 
a: 

~ 
~ 0.0 

1 

1 

~TA-+250C 

~·---CL= 50 pF 
1----CL= 15 pF 

IZ 
1 0.00 
0.1 1.0 

WJ 

t---'vo~5Vdc 

k'. 
[2 

5.0 Vdc--1 
rs 

IZ 10 Vdc 

10 100 1000 

I, FREUUENCY (kHz) 
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Voo 
0.01 µF 
Ceramic 

16 
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MC14506 (continued) 

Pulse 
Generator 

B $1 

FIGURE 7 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(Data Inputs) 

Voo 

~----- 16 

Inhibit z 
A 

B 

c 
D 

E 

A' 

B' 

C' 

D' 

E' 

Disable Z' 

8 V55 

20 ns 

FIGURE 8 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
(For 3-State Output) 

Voo Vout Voo 

16 

I n hi bit Z 1---<>---i~-

A 

1 k 

D t"O"H 

E $2 A 

20 ns 

,,I 
A' 

_ls 
A ""2.0V(Voo-10V) 

Pulse 
Generator 

B' 

C' 

D' 

E' 

Disable Z' 

Output 

•To test other side of circuit connect to this output and 
change switch (S1) to other expand input (E). 

SWITCH POSITIONS 

TEST S1 S2 

"'O"H A A 

'"1"H B B 

tH"O" A A 

'H"1" B B 
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~J MC14507AL 
MC14507CL 

\_~~~~~~~Ex_c_L_u_s_i_v_E_"_o_R_"_G_A_T_E___J 

(4030TVPE) 

QUAD EXCLUSIVE "OR" GATE 

The MC14507AL/CL quad exclusive OR gate isconstl'l!cted with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power.dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 10 nWipackage typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14507ALI 
3.0 Vdc to 16 Vdc (MC14507CL) 

• Single Supply Operation - Positive or Negative 

• High Fanput - > 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Symmetrical Output Resistance - 500 ohms typical 

• Pin-For-Pin Compatible with 4030 Type 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 71 

Rating Symbol Value 

DC Supply Voltage MC14507AL VDD +18 to -0.5 
MC14507CL +16 to -0.5 

Input Voltage, All Inputs Vin Voo to-0.5 
DC Current Drain per Pin 100 10 

Operating Temperature Range-MC14507AL TA -55 to +125 
-MC14507CL -40to +85 

Storage Temperature Range T stg -65 to +150 

CIRCUIT SCHEMATIC 
(1/4 OF DEVICE SHOWN, BUT ALL PIN NUMBERS INDICATED) 

14 vao 

INPUT AO-_..-+_ 
2,5,9,12 

INPUT 8 o---+-t 
1,6,8,13 

1 Vss 

See Mechanical Data Section for package dimensions. 

7-129 

Unit 

Vdc 

Vdc 
mAdc 

""c 

OC 

McMOS 
LOW-POWER 

COMPLEMENTARY MOS 
QUAD EXCLUSIVE "OR" GATE 

"'''m 1 LSUFFIX 
CERAMIC PACKAGE 

CASE 632 

This device contains circuitry to pro
tect the inputs against damage due to 
high static voltages or electric fields: how
ever, it is advised that normal precautions 
be taken to avoid applications of any 
voltage higher than maximum rated volt· 
ages to this high imped.-ice circuit. A 
destructive high-current mode may occur 
if Vjn or Vout is not constrained to the 
range Vss .;;(Vin or V0 utl.;;; VDD· 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss or VoDI. 

LOGIC DIAGRAM 
POSITIVE LOGIC 

3=16l2 

Voo =Pin 14 
vss== Pin 1 • 
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ELECTRICAL CHARACTERISTICS 

Characteristic Figure Symbol 

Output Voltage 1,2,3,4,5 
I Voo = 5.0 Vdc) "O" Level Vol 
IVoo = 10 Vdc) 

I Voo = 5.0 Vdc) "1" Level VoH 
I Voo = 10 Vdc) 

Noise Immunity* -
(V0 ut > 3.5 Vdc, Voo = 5.0 Vdc) VNL 
(V0 ut;;, 7 .0 Vdc, Voo = 10 Vdc) 

IV out< 1.5 Vdc, v 00 = 5.0 Vdc) 
IV0 ut<:3.0Vdc, Voo = 10Vdc) 

VNH 

Output Dr~ve Current loo 
Nout = 2.5 Vdc, Vos= 5.0 Vdc) P Channel 6 
IVout = 9.5 Vdc, Vos= 10 Vdc) 

IVout = 0.4 Vdc, Vos= 5.0 Vdc) N Channel 7 
IVout = 0.5 Vdc, Vos= 10 Vdc) 

Input Current - lin 

Input Capacitance - Cin 
(V;n = 0) 

Quiescent Dissipation 8,9,10 Po 
IVoo = 5.0 Vdc) 
IVoo = 10 Vdd 

Output Rise Time 11, 12 ,, 
(CL= 15 pF, Voo = 5.0 Vdc) 
(CL= 15 pF, Voo = 10 Vdc) 

Output Fall Time 11,13 1f 
ICL = 15 pF, Voo = 5.0 Vdc) 
ICL = 15 pF, Voo = 10 Vdc) 

Turn-On Delay Time 11,14 tPHL 
ICL = 15 pF, Voo = 5.0 Vdc) 
ICL = 15 pF, Voo = 10 Vdc) 

Turn-Off Delay Time 11, 15 tPLH 
ICL = 15 pF, Voo = 5.0 Vdc) 
ICL = 15 pF, Voo = 10 Vdc) 

*DC Noise Margin (VNH• VNL) is defined as the maximum voltage change from 
an ideal "1" or "O" input level before producing an output state change. 

MC14507AL 

-55°C +25°c 

Min Max Min Typ Max 

- 0.01 - 0 0.01 
- O.Ql - 0 O.Ql 

4.99 - 4.99 5.0 -
9.99 - 9.99 10 -

1.5 - 1.5 2.25 -

3.0 - 3.0 4.5 -

1.4 - 1.5 2.25 -
2.9 - 3.0 4.5 -

-0.62 - -0.5 -1.5 -
-0.62 - -0.5 -1.0 -

0.5 - 0.4 0.8 -
1.1 - 0.9 1.2 -

- - - 10 -

- - - 5.0 -

- 0.25 - 0.005 0.25 
- 1.0 - 0.01 1.0 

- - - 100 175 
- - - 35 75 

- - - 100 175 
- - - 35 75 

- - - 75 125 
- - - 35 60 

- - --. 75 125 
- - - 35 60 

+125°c -40°c 

Min Max Min Max 

- 0.05 - O.Ql 
- 0.05 - 0.01 

4.95 - 4.99 -
9.95 - 9.99 -

1.4 - 1.5 -
2.9 - 3.0 -

1.5 - 1.4 -
3.0 - 2.9 -

-0.35 - -0.23 -
-0.35i - -0.23 -

0.28 - 0.23 -
0.65 - 0.6 -

- - - -

- - - -

- 15 - 0.25 
- 60 - 10 

- - - -
- - - -

- - - -
- - - -

- - - -
- - - -

- - - -
- - - -

MC14507CL 

+25°C 

Min Typ Max 

- o O.Ql 
- o O.Ql 

4.99 5.0 -
9.99 10 -

1.5 2.25 -
3.0 4.5 -

1.5 2.25 -
3.0 4.5 -

-0.2 -1.5 -
-0.2 -1.0 -

0.2 0.8 -

0.5 1.2 -

- 10 -

- 5.0 -

- O.Q25 2.5 
- 0.05 10 

- 100 200 
- 35 110 

- 100 200 
- 35 110 

- 75 175 
- 35 75 

- 75 175 
- 35 75 

+ss0 c 

Min Max 

- 0.05 
- 0.05 

4.95 -
9.95 -

1.4 -
2.9 -

1.5 -
3.0 -

-0.16 -
-0.16 -

0.16 -
0.4 -

- -

- -

- 75 
- 300 

- -
- -

- -
- -

- -
- -

- -
- -

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

µW 

ns 

ns 

ns 

ns 

s: 
("') .... 
~ 
O"I 
0 
...... 

8 
:::l 
!:'". 
:::l 
c 
CD 
0.. 



MC14507 (continued) 

FIGURE 1 - CURRENT AND VOLTAGE TRANSFER 

CHARACTERISTICS TEST CIRCUIT 

FIGURE 2-TYPICAL VOLTAGE ANO CURRENT 
TRANSFER CHARACTERISTICS 

16 TI= 25°~ 
14 t- Unused inputs +-+-+ Voo = 15 Vdc-+-

connected to 
?_ 12 f-VSS·-+--l-l-1--+--+-+-----l :i[ 
UJ 10 Vdc < 
~10 +-=-------1 .§ 

~ 8.01--1--++--++-+--+-~J:om i+o I 
~ s.oi---5.0Vdc 60 z 

~ 4.0 r--1 I ' 15 J, 4.0 ~ 
> / ~~? lOVdc 0 

z.o 1--++--+-F--t-lf-f--'•+K-J"'.L."l---+--12.0 

-~'- y .. , 0 ._ ..... ""-....... '--.......... L---L._-".,_,l__J 0 
0 ~ W M U W Q M IB 

Vin. INPUT VOLTAGE (Vdc) 

FIGURE 4 -TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

is~~-~-~-~-~-~--~ 
TA= 25oc I 

14 t- Volo = 15 Vdc ~ ~~~=:i~~~ti~~~~- ---l 
nected to Voa. 

"Cl 12 ~ 1. Inputs of other gates -c 

~ 10 10 Vdc connected to Vss. :§_ 
<( f-

~ ~ 
0 8.0 1----jlf--f--+--+--+--+--f----J 8.0 ~ 

;:: 5.0 ·v !d ·, _ _,__..__+---1--+--+--t 3 ~ 6.0 6.0 z 

§ J-- I'~ .L5Vdc ~ 
4.0 I 'J 4.0 ~ 

~ / i,:£'.11ov~ 
2.0 t-~i----...,f--t---+y-..... ""+--1-+---t-----i 2.0 

oL...&-~-"-)r,_,~~'-'--'•,~''"-'......__,o 
0 2.0 4.0 6.0 8.0 10 12 14 16 

Vin. INPUT VOLTAGE (Vdc) 
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>----Vout 

FIGURE 3 -TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

is~~1--~,-~~-~-~-~~ 

TA=25°C 
14 f- Unused inputs-+- Voo = 15 Vdc---+-----1 

connected to J l 
~ 12 t- Vss. 1 n ii:r£r ;'j! 

~ 10 vdc ~:0'Jlill_ .s 
c:( 10 I-

~ ~ 
~ 8.0 l--l--+l--+--+--+--1--1-~8.0 0:: 

~ G 
~ 6.0 l--5 .0 Vdc-+>--or--+--+---+--+---t 6.0 ~ 
o r--t- ~ 15 Vdc o 
:i 4.ot--+t---t--<f!F..--+I-/-A-1 --t.!-.-+-~4.o E 

> / ',.y- V 10;dc 
2.0 t--+1----ct.r---1+---f1'--x-+-J+--+---12.0 

,) ··~I ./(' 'i'--. 
o '--~:;...."-LL..Lr..::..<...L_c_..=~.i..__J o 

0 U W M U 10 Q M IB 

Vin. INPUT VO LT AGE (Vdc) 

FIGURE 5 -TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPE RA TU RE 

16 
Unused input 

,_voo = 15 Vdc connected to _ 

la b 
Voo. Inputs 

~!~~~~;eg:~:s -
10 vdc vss. l 

a. T~ = +1~5°C 

14 

a b b. TA=-55°G 

5.0 Vdc 
t--1 

a b 

2.0 

0 
0 2.0 4.0 6.0 8.0 10 12 14 16 

Vin. INPUT VOLTAGE (Vdc) • 
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MC14507 (continued) 

FIGURE 6 -TYPICAL P-CHANNEL 
DRAIN CHARACTERISTICS 

All unused 
inputs connected 
to ground. 

u -2.01-->--~ 
~ 
.5 ... 
~ -4.0 a f---+--+--+--~~ .... "'F'--+--7'-'----->fcl--l+---1 

~ -6.0 

c f---t--t--+----f"o<:7-f'=/''i----:::J':/--+f--+---I 
d 

- -s.ot:::::t::~-r=-t-7'1 -Mzt:~;::-:-~;) 

~ 
.5 ... z 

~ 
i3 
z 
~ 
c 
p 

10 

8.0 

6.0 

4.0 

2.0 

All unused 

FIGURE 7 -TYPICAL N-CHANNEL 
DRAIN CHARACTERISTICS 

inputs connected 
to ground. 

o ,.,,,.. 

Vos 

2.0 4.0 6.0 8.0 10 

100 

I 
w 

~ 10 

"' ~ 
z 
c 

~ 1.0 

iii 
i5 

"' uJ 0.1 

~ 
~ 

0.01 

Vos. DRAIN VOLTAGE (Vdc) 

FIGU.RE 8 -TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 

TA"" +25°C 
CL=6.0pF 
Unused inputs 

~ ~onnected to 
vss. 

.!-' ~ .rl 
l=vaa 15 Vdc 

IZl 
[2".: 

5.0 Vdc 

lZf 10 Vdc ctIB: 

..... 
~ 

100 

I 
w 

~ 10 

"' w 
0. 
z 
c 

~ 1.0 

~ 
i5 
"' 
~ 0.1 

~ 

O.ot 

Vos. DRAIN VOLTAGE (Vdc) 

FIGURE 9 - TYPICAL GATE POWER 
DISSIPATION CHARACTERISTICS 

W*' TA -2s•c 
---CL=50pF :z:: IZ 
---CL=25pF 12:'.'. '!= Unused inputs CUI. 

connected to 
vss. 

~ ~~D~ ~ h~ 
10 Vdct== 

:z ~ 

11 I::'/ ti 5.0 Vdc 

~ 11 
0.5 1.0 10 100 1000 5000 0.5 1.0 10 100 1000 

f, FREQUENCY (kHz) f. FREQUENCY (kHz) 

FIGURE 10-POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 
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MC14507 (continued) 

FIGURE 11 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

PULSE 
GENERATOR 

voo 

FIGURE 12 -TYPICAL RISE TIME versus 
LOAD CAPACITANCE 

240 l--+----'1--___,1----1--4--+~""1-k"':--+_-+--l y 
Voo = 5.0 Vdc .V 

] 1ao1---1----1---1--+-1..£...<-+---+--+----t----t--~ 

w z .-1 
i! .Y _..v 
~- 1201---1----1-7"'.L'___--1--+~ ....... -- L lOV~ 

-r- ~ 
so 1---+,..,...--+v---=-l-"'_,=+1---+-1-=.../-=+-+--+--1 

OL--~L-~t-----'-~--'----'---'---'--..___, 
0 W ~ 00 M ~ 

CL LOAD CAPACITANCE (pf) 

FIGURE 14 -TYPICAL TURN-ON-DELAY 
CHARACTERISTICS 

200~-~---,----,--....---.----.---.-1_,./"-~---.--~ 

TA= +25•c 

]100 ~ 
> 1---1----1---1--+k-"""--7'1''---+--+--+--+-~ 
:S Voo = s.o Vdc 
~1201---1----1---1~--"'1'--+--+--+--+--+-~ 

~ ao1--+-__..L/""F--___,1----1--4--+--+--+--+--1 
':=, {7 10Vdc ~ 

~ t=E:±:di---1~3!--"'.§11---"=tj~tj~.-..;J 40 i-- 15 Vdc 

CL. LOAD CAPACITANCE (pf) 

IPLH 

f 

FIGURE 13 -TYPICAL FALL TIME versus 
LOAD CAPACITANCE 

voa 

Joo~-T~A-=-+2~5.-c-~-~-~-~c.::?1---.-I_;?"-~-~-~ 

2~1---1----1---1---1--+-~-----+--+--l----t 

- Vao = 5.0 Vdc ...-1 
~18D1---1----1---1-_.~.L'.'.:.J~-+--+---+--+--1----t 
lili L 
~120 ~~ lOV~ 

80 

CL LOAD CAPACITANCE (pf) 

FIGURE 15 -TYPICAL TURN-OFF DELAY 
CHARACTERISTICS 

100 

1001----+~-+-~+---+_,,.~-+-~+---+~-+-~+---1 
] Vaa=5.0Vdc V 
~ 1201----<l----l---1~~-+--+--+--+--+--1-----' 
~ L 
~ .Y 
~ ao1--r17"-7''+---+--+--+--+--+--+--+---:1 
i= ~ 10 Vdc __.j..--1--1 
3 ~ 
~40 ~ 'l'd' 

CL. LOAD CAPACITANCE lpF) 
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MC14508AL 
MC14508CL 

Advance ln:formation 

DUAL 4-BIT LATCH 
The MC14508AL/CL dual 4-bit latch is constructed with MOS 

P-channel and N-channel enhancement mode devices in a single mono
lithic structure. The part consists of two identical, independent 4-bit 
latches with separate Strobe (ST) and Master Reset (MR) controls. 
Separate Disable inputs force the outputs to a high impedance state 
and allow the devices to be used in time sharing bus line applications. 

These complementary MOS latches find primary use in buffer 
storage, holding register, or general digital logic functions where low 
power dissipation and/or high noise immunity is desired. 

• Quiescent Power Dissipation= 0.5 µW/package typical 
• Noise Immunity= 45% of VDD typical 
• Diode Protection of All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14508AL) 

= 3.0 Vdc to 16 Vdc (MC14508CL) 
• Single Supply Operation - Positive or Negative 
• High Fanout > 50 
• Input Impedance= 1012ohmstypical 
• Low Input Capacitance - 7 .0 pF typical 
• Logic Swing Independent of Fanout 
• 3-State Output 

MAXIMUM RATINGS (Voltage referenced to Vss. Pin 12) 

Rating Symbol Value Unit 

DC Supply Voltage MC14508AL VoD +18 to -0.5 Vdc 
MC14508CL +16 to -0.5 

Input Voltage, All Inputs V;n VDD to -0.5 Vdc 

D~ Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14508A L TA -55 to +125 oc 

-MC14508CL -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 

MR ST DISABLE D3 D2 D1 DO 03 02 01 00 
0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 1 0 0 0 1 0 
0 1 0 0 0 1 1 0 0 1 1 

0 1 0 0 1 0 0 0 1 0 0 
0 1 0 0 1 0 1 0 1 0 1 
0 1 0 0 1 1 0 0 1 1 0 
0 1 0 0 1 1 1 0 1 1 1 

0 1 0 1 0 0 0 1 0 0 0 
0 1 0 1 0 0 1 1 0 0 1 
0 1 0 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 1 1 0 1 1 
0 1 0 1 1 0 0 1 1 0 0 
0 1 0 1 1 0 1 1 1 0 1 
0 1 0 1 1 1 0 1 1 1 0 
0 1 0 1 1 1 1 1 1 1 1 
0 0 0 x x x x LATCHED 

1 x 0 x x x x 0 0 0 0 
x x 1 x x x x HIGH IMPEDANCE 

X = Don't Care 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

24 

DUAL 4-BIT LATCH 

LSUFFIX 
CERAMIC PACKAGE 

CASE 684 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin or Vout be 
constrained to the range Vss ~(Vin or 
Vout) ~VDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool 

BLOCK DIAGRAM 

00 
2 ST 
3 Dis 01 

4 DO 

6 D1 02 9 

8 D2 
10 D3 

03 11 

13 MR 
17 00 

14 ST 

15 Dis 01 19 

16 DO 

18 D1 02 21 

20 D2 

22 D3 
03 23 

Voo =Pin 24 

v 55 =Pin 12 

This is advance information on a new introduction and specifications are subject to Change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14508 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14508AL MC14S08CL 

Voo -ss0 c +25°c +125°c -4o0 c +25DC +BS0 c 

Charactef"istic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max: Unit 

Output Voltage "O" Level Vout 5.0 0.01 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 O.Q1 0.01 0.05 0.01 0.01 0.05 

Noise Immunity• 

IVout ~3.5 Vdc) 
(V0ut~7.0Vdc) 
(Vout # 10.5 Vdcl 

(V0 ut :s::;;; 1.5 Vdc) 
(Vout oi;;;;;3.0 Vdc) 
(V001 ~4.5 Vdc) 

Output Drive Current 

"1" Level 

15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

(VoH = 2.5 Vdc) Source 'DH 5.0 0.62 - -0.50 -2.0 - -0.35 - -0.23 - -0.20 -2.0 - -0.16 
(VoH = 9.5 Vdcl 10 0.62 - -0.50 -1.0 

15 -3.5 
- -0.35 - -0.23 - -0.20 -1.0 - -0.16 

(VoH = 13.5 Vdc) -3.5 
(VQL = 0.4 Vdcl Sink 5.0 0.50 0.40 0.6 0.28 0.23 0.20 0.6 
(Vol= 0.5 Vdc) 10 1 1 0.90 1.1 0.65 0.60 0.50 1.1 
tVoL = 1.5 Vdc) 

!nput Current 

Input Capacitance (V111 = 0 Vdc) 

Quiescent Dissipation* ;r 
(CL= 15pF. f = 0) 

Total Po~r Dissipation 
(Dynarnn; plus Quiescimt) 

(CL"' 15 pF) 

Output Rise Time*" 
ICL = 15 pF) 
tr= (2.3 ns/pF) CL+ 75 ns 
tr= (1.1 ns/pF) CL t 34ns 
tr= (0.75nsfpFJ CL+ 24 ns 

Output Fall Time*" 
ICL = 15 pF) 
tf = (2.0 ns/pF) CL+ 70 ns 
tf = (1.0nsfpF) CL+ 35ns 
tf = t0.7 nsfpF) CL+ 30 ns 

Turn-On Delay Time 

ICL = 15 pFI 
tPHL=(O.Bns/pF)CL +118ns 
tPHL "'(0.5ns/pF) CL +47ns 
tPHL = (0.3ns/pF) CL+ 40ns 

Turn-Off Delay Time 
ICL = 15 pF) 
tPLH = (0.75 ns/pFI CL+ 129 ns 
tPLH = (0.5 ns/pF) CL+ 57 ns 
tPLH = (0.25 ns/pF) CL+ 46 ns 

Po 

Po 

tf 

Minimum Master Reset Pulse Width PWMR 

ICL = 15 pFI 

Minimum Strobe Pulse Width 
ICL = 15 pF) 

Data Hold TimeP
(CL= 15 pF) 

PWsT 

15 7.8 

5.0 - 0.025 
10 0.10 
15 

5.0 
10 
15 

5.Q 

10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

10 

7.0 

0.0005 0.025 
0.001 0.10 
0.0023 

1.5 
6.0 

0.25 
1.0 

Po= (10 mW/MHz) f + 0.0005 mW 
Po= (40 mW/MHz) f + 0.001 mW 
Po = (92 mW/MHz) f + 0.0023 mW 

110 250 
50 125 
35 

100 250 
50 125 
40 

130 350 
55 17'5 
45 

140 350 
65 175 
50 

100 250 

50 125 
40 

100 250 
50 125 
40 

0 
0 

30 
10 

7B 

10 

7.0 

0.5 
1.0 
2.3 

0.25 
1.0 

110 300 
50 150 

35 

100 300 
50 150 
35 

130 400 
55 200 
45 

140 400 
65 200 
50 

100 300 
50 150 
40 

100 300 
50 150 
40 

30 
10 

*DC Noise Margin (VNH, VNLl is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
**The formula given is for the typical characteristics only. 
#Data hold time decreases as strobe width increases. 
t For dissipation at different external load capacitance (CL) refer to corresponding formula 

PTicL) " Po+ 4 x 10-3 (CL - 15 pF) Voo 2f 

Where: Pi- in mW {Per Gate), CL in pF, VoD in Vdc, and f in MHz. 
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MC14508 (continued) 

Pulse 

Generator 

500µF J 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

00 
ST 

Dis 01 
DO 

D1 02 

D2 
03 

~ 
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MC14508 (continued) 

-2.0 

~ 
I-
~ -4.0 
a: 
a: 
=> 
u 

FIGURE 2 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS 

10 

8.0 

< .s 
I-

6.0 ~ 
~ 
=> 
'-' 

FIGURE 3 - TYPICAL OUTPUT SINK 
CHARACTERISTICS 

ST Vos= VoL 

:!:: -6.01---r----+---+--+---<-~+--~A-~-+.I-----< z 
;;: 4.0 

(al TA = -ss•c 
1----1-.JN.+-.<1-,.,,__-+---+--1-1-+---1. !bl TA= +2s0 c 

;;2 
c a: 

c l-H./JH94---+--,""l'="'rif.f---+--+ (cl TA= +12soc 
,; 
!2 -8.0 I--+--+--;.~- EP 2.0 

0 
-4.0 -2.0 0 8.0 

(Vos= VQH - Vool. DRAIN VOLTAGE (Vdcl Vos= VoL. DRAIN VOLTAGE (Vdcl 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Pulse 

Generator 

Parameter 

tho Id 

PW5T 

PWMA 

tpLH 

tPHL 
and 

tr and tf 

1 (13) 

2 (141 

10 (221 

ST 

Voo 

24 

Disable 

03 Q3 

12 

'::' 

11 (23) 

TEST CONNECTIONS 

Test No. MR ST DJ Output 

Gnd P.G.1 P.G.2 03 

Gnd P.G.1 P.G.2 03 

P.G.1 Voo Voo 03 

Gnd P.G.1 P.G.2 03 

Gnd Voo P.G.1 03 

P.G.1 Voo Voo 03 

Strobe 
Input 

Data 
Input 

Q3 
Output 

Test No. 2 

_FLI 
% 

Date 
Input 

03 
Output 
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MC14508 (continued) 

LOGIC DIAGRAM ,FIGURE 5- 3-STATE LEAKAGE TEST 

Strobe 

vDD 

DO 
MR 

ST QO 

Disable 

D1 
DO 

Q1 

01 
Q2 

02 

D2 03 Q3 

Vss 

D3 

Transmission Gate 
Test No. 1 measures -ITL 

D3 = 10 V, 03 = 0 V 

Pulse 

Generator 

A 

A CHARACTERISTICS 

0 Bidirectional Open Circuit 

1 Bidirectional Short Circuit 

FIGURE 6 - 3-STATE AC TEST CIRCUIT 

~-----uvDD 

r-+--U----t MR 

f-----+--e--l:J-----!ST 
QQ c!voo 

ST1 

ST3 

._---0>---i Disable 01 

e---o---tDO 
Q2 1.0 k ._---0>---i D1 

.--~>---102 

..--+--<>---t D3 
Q3 1----<>-e---• 

~-------oVss 

Disable 
Input 

1.0 k 

1 
ST2 

"'O"H-1 i~~ VoD 

Output --t-f"n% . I~ 

TEST 

t"l"H 

t"O"H 

tH"O" 

tH"1" 

Test No.2 measures+ITL 
D3=0V,03=+v 00 

ST1 ST2 ST3 

OPEN CLOSE CLOSE 

CLOSE OPEN OPEN 

CLOSE OPEN OPEN 

OPEN CLOSE CLOSE 

'"1"1H kl 9~-o'---+" 'H''1" . _ >o . , ~---- ""6.0V IVDD~ 10V) 

i ¥' ""3.0VIVoo~SOVI ' -10% 
I ----ov 
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MC14508 (continued) 

3-STATE MODE OF OPERATION 

The MC14508AL/CL can be used in bussed systems as shown. 
The output terminals of N 4-bit latches can be directly wired to a 
bus line, and to one of the 4-bit latches selected. The selected latch 
controls the logic state of the bus line, and the remaining (N-1) 
4-bit latches are disabled into a high impedance "off" state. The 
number of latches, N, which may be connected to a bus line is 
determined from the output drive current, loo. the 3-state or 
disabled output leakage current, ITL• and the load current, IL· 
required to drive the bus line (including fanout to other device 
inputs) and can be calculated by the following: 

N ~ 'oo - IL+ 1 

'TL 

N must be calculated for both high and low logic states of the 
bus line. 

Selected as 
Driving Device 

Disabled 

Disabled 

TYPICAL 3-STATE APPLICATIONS 

EXAMPLE 1 

EXAMPLE2 
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MC14519 

A 
B 

1/2 
MC1450B 

1/2 
MC14508 

1/2 
MC1450B 

OD -r----< 

l-100 

~ 

1TL-1 

f-1TL + 

ITL- IL ~ LL 
~ 

BUS LINES 
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,_____/ MC14510AL 
MC14510CL 
MC14510CP 

\~~~~~~~~~~~~-c_o_u_N_T_E_R~ 

BCD UP/DOWN COUNTER 

The MC14510 BCD up/down counter is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The counter consists of type D flip-flop stages 
with a gating structure to provide type T flip-flop capability. The 
counter can be cleared by applying a high level on the Reset line. 
This complementary MOS counter finds primary use in up/down and 
difference counting and frequency synthesizer applications where 
low power dissipation and/or high noise immunity is desired. It is also 
useful in A/D and D/A conversion and for magnitude and sign gen
eration. 

• Quiescent Power Dissipation= 0.25 µW/package typical@ 5.0 Vdc 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14510AL) 
= 3.0 Vdc to 16 Vdc (MC14510CL/CP) 

• Low Input Capacitance - 5.0 pF typical 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive Going 
Edge of Clock 

• 6.0-MHz Counting Rate 

MAXIMUM RATINGS !Voltage referenced to Vss. Pin Bl 

Rating Symbol Value 

DC Supply Voltage -MC14510AL Voo +18 to -0.5 
- MCI 451 OCL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Voo to -0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range- MC14510AL TA -55to+125 
- MC14510CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

PRESET 
CARRY IN UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 

0 1 0 0 Count Up 

0 0 0 0 Count Down 
x x 1 0 Preset 
x x x 1 Reset 

X = Don't Care 

See Mechanical Data Section for package dimensions. 
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Unit 

Vdc 

Vdc 

mAdc 

De 

De 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

BCD UP/DOWN COUNTER 

...,. 
1 1 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. Fbr proper operation it 
is recommended that Vjn and Vout be 
constrained to the range Vss ~(Vin or 
Vout) ~Voo· 

Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., either 
Vss or Vool 

BLOCK DIAGRAM 

PE 01 
5 Carry In 

9 R 02 11 

10 Up/Down 

15 Clock 03 14 

4 P1 
12 P2 04 

13 P3 

3 P4 
Carry 

Out 

v 00 =Pin 16 

V55 =Pin 8 



MC14510 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14510AL MC14510CL/CP 

Voo 
-55°c +2s0c +125°c -40oc +25°c +85°C 

Characteristic Figure Symbol Vdc Min Max Min Typ Mox Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage ··o" Level Vout 5.0 0.01 0 0.01 0.05 O.Ol 0 O.Q1 0.05 Vdc 
10 0.01 0 O.Q1 0.05 0.01 0.01 0.05 
15 

.. , •. Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise 1 mmumty* VNL Vdc 

(Vout~3.5Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 
{V0 ut>7.0Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
(Vout ~ 10.5 Vdcl 15 6.75 6.75 

VNH Vdc 
(Vout ~ 1.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 
(V0ut :::o;;J.O Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
{V0ut ~4.5 Vdc) 15 6.75 6.75 

Output Drive Current loH mAdc 
(VoH = 2.5 Vdc) Source 5.0 -0.62 - -0.50 -1.7 - -0.35 0.23 0.20 -1.7 0.16 
(VQH "'9.5 Vdc) 10 -0.62 - -0.50 -0.9 - -0.35 0.23 0.20 -0.9 0.16 
(VQH = 13.5 Vdc) 15 -3.5 -3.5 

10L mAdc 
(Vo L = 0.4 Vdc) Sink 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 0.16 
(VQL = 0.5Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 0.40 
(VQL = 1.5 Vdc) 15 7.8 7.8 

Input Current lin 10 10 - pAdc 

Input Capacitance !Vin= 0 Vdc) Cin 5.0 5.0 pF 

Quiescent Dissipation Po mW 
(Cl= 15pF, f= OMHz) 

5.0 - 0.025 - 0.00025 0.025 - 1.5 0.25 0.00025 0.25 3.5 
10 0.10 0.001 0.10 6.0 1.0 0.001 1.0 14 
15 0.004 0.004 

Dynamic Power Dissipation •o· mW 
(Cl= 15 pF) 5.0 Po= (2.0 mW/MHz) f + 0.00025 mW 

10 Po = (8.0 mW/MHz) f + 0.001 rnW 

15 Po= l18mW/MHzl f + 0.004mW 

Output Rise Timet t, 
(CL= 15 pF) 
tr= (3.0 ns/pF) CL+ 55 ns 5.0 100 175 100 200 
tr= (1.5 ns/pF) CL+ 17 ns 10 35 75 35 110 
tr= (1.1 ns/pF) CL+ 8.0ns 15 25 25 

Output Fall Timet !f 
(CL= 15 pF) 
tf = (1.5 ns/pF) CL+ 77 ns 5.0 100 175 100 200 
tf"' I0.75 ns/pF) CL+ 24 ns 10 35 75 35 110 
tf = (0.55 ns/pF) Cl+ 17 ns 15 25 25 

Clock to Q Propagation Delay Ti met tPLH• 
(CL= 15 pFI tPLH 
tpHL• tPLH = (1.75 ns/pFI CL+ 224 ns 5.0 250 650 250 1000 
tPHL· tPLH = (O. 70 ns/pF) CL+ 89 ns 10 100 225 100 300 

tPHL· tPLH = (0.53 ns/pF) CL+ 67 ns 15 75 75 

Clock to Carry Out Propagation Delay Time T tPHL• 
(CL= 15 pF) tPLH 
tPHL· tPLH = (1.75 ns/pF) CL+ 274 ns 5.0 300 750 300 1200 
tpH L• tPLH = (0.70 ns/pF) CL+ 114 ns 10 125 250 125 400 
tpH L· tPLH = (0.53 ns/pF) CL+ 92 ns 15 100 100 

"'DC Noise Margin (VNH· VNLI is defined as the maximum voltag? change from an ideal "1 "or "O" input level before producing an output state change. 
*"'The Preset or Reset signal must be low prior to a positive-going transition of the clock. 
trhe formula given is for the typical characteristics only. 

PT{CL) =Po+ 1 o-3 (CL - 15 pF) Voo2t 

Where: PT, Po in mW, CL in pF, Voo in Vdc, and fin MHz. 

I 
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MC14510 (continued) 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT ANO WAVEFORM 

500 pF 

Carry In 

0.01 µF I Ceramic 

R Q21------<J------

Up/Oown 

Q3l------<J---~ 

~i~ "' 0'1rr(l 
- - - - -- - - - -

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 
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MC14510 (continued) 

LOGIC DIAGRAM 

P1 Q1 P2 Q2 

4 6 12 11 

TIMING DIAGRAM 

P3 Q3 
13 14 

P4 Q4 

3 2 

Clock. 

Carry iiit---+-+---+-+--+-+--+-+--+-+--+-+---+--+-__,l---+--1---l'ir-h..I~-+-+---+__, 
Up/Downt---+-+---+-+--+-+--+-+--t.ll t--t--

1-Reset 
t---+~t---+~t--+~t--+~+--+~+--+~+---t~-+-_...,1---+-~1---+~+---+-+--+---l 

PEh_ h 
'-+---+--+-+-+---+--+--+--+--+--+--+-+-+-+--+--+--+--+-~! 4--

P21---+--l---+--t---+-+---+-+---+-+--+-+---t--+-__,l---+--I---+--+---+~ 
l--+-1--

Carry Out I~ H 
Count O 1 2 3 4 5 6 7 8 9 8 7 6 5 4 3 009670 
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___ f MC14511AL 
MC14511CL 
MC14511CP 

\-~~~~~LA_T_c_H_1_o_e_co~D-ER_1_o_R_1v~ER___, 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 

The MC14511 BCD-to-seven segment latch/decoder/driver is con
structed with complementary MOS (CMOS) enhancement mode de
vices and NPN bipolar output drivers in a single monolithic structure. 
The circuit provides the functions of a 4-bit storage latch, an 8421 
BCD-to-seven segment decoder, and an output drive capability. Lamp 
test (LT), blanking (Bl). and latch enable (LE) inputs are used to test 
the display, to turn-off or pulse modulate the brightness of the 
display, and to store a BCD code, respectively. It can be used with 
seven-segment light emitting diodes (LED), incandescent, fluorescent, 
gas discharge, or liquid crystal readouts either directly or indirectly. 

Applications include instrument (e.g., counter, DVM, etc.) dis
play driver, computer/calculator display driver, cockpit display driver, 
and various clock, watch, and ti mer uses. 

• Low Logic Circuit Power Dissipation 

• High-Current Sourcing Outputs (Up to 25 mA) 

• Latch Storage of Code 

• Blanking Input 

• Lamp Test Provision 

• Readout Blanking on all Illegal Input Combinations 

• Lamp Intensity Modulation Capability 

• Time Share (Multiplexing) Facility 

MAXIMUM RATINGS !Voltages referenced to V55, Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage -MC14511AL 
- MC14511CL/CP 

Input Voltage, All Inputs 

Operating Temperature Range - MC14511AL 
- MC14511CL/CP 

Storage Temperature RE.Inge 

Maximum Continuous Output Drive Current 
(Source) per Output 

Maximum Continuous Output Power 
(Source) per Outputtt 

t Please refer to derating curves. (Figure 1). 

t PoHmax = loH IVoo - VoH) 

Voo 

Vin 

TA 

Tstg 

I OH max 

PoHmax 

+18 to-0.5 Vdc 
+16 to -0.5 

Vooto-0.5 Vdc 

-55 to +125 oc 
-40 to +85 

-65 to +150 Oc 

25 mA 

50 mW 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im· 
pedance circuit. A destructive high current mode may occure if Vin and Vout is not 
constrained to the range Vss E;; (Vin or V0 utl ~ Voo· 
Due to the sourcing capability of this circuit, damage can occur to the device if Voo is 
applied, and the outputs are shorted to Vss and are at a logical 1 {See Maximum 
Ratings). 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vss or VooL 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

JI~ ... 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

A 13 

B b 12 ·l~b 
c 11 ·O· 6 D d 10 

d 
3 LT 9 

4 Bl 15 v00 =Pin 16 

LE 14 v 55 "" Pin8 

DISPLAY 

0 2 3 4 5 6 8 9 

TRUTH TABLE 

INPUTS OUTPUTS 

LE Bl LT D C B A . b ' d . f • DISPLAY 

x x 0 x x x x 1 1 1 1 1 1 1 B 
x 0 1 x x x x 0 0 0 0 0 0 0 Blenk 

0 1 1 0 0 0 0 1 1 1 1 1 1 0 0 
0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 
0 1 1 0 0 1 0 1 1 0 1 1 0 1 2 
0 1 1 D D 1 1 1 1 1 1 0 D 1 3 
0 1 1 D 1 D 0 0 1 1 D 0 1 1 . 
0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 
0 1 1 0 1 1 0 0 0 1 1 1 1 1 • D 1 1 D 1 1 1 1 1 1 D D D 0 7 

D 1 1 1 D D D 1 1 1 1 1 1 1 8 
D 1 1 1 0 0 1 1 1 1 D D 1 1 • D 1 1 1 D 1 D 0 0 0 0 0 0 0 Blenk 
0 1 1 1 D 1 1 0 0 0 0 0 0 0 Blank 

0 1 1 1 1 0 D 0 0 0 0 0 0 0 Blank 
0 1 1 1 1 0 1 0 0 D 0 0 0 0 Blenk 
0 1 1 1 1 1 0 0 0 D 0 0 0 0 Blank 
0 1 1 1 1 1 1 D 0 D 0 0 0 0 Blank 

1 1 1 x x x x 

X =Don't eere 

•Depends upon the BCD code applied du.ring the 0 to 1 
trensiuon of LE. 

I 



• ELECTRICAL CHARACTERISTICS s: 
MC14511AL MC14511CL/CP n 

Voo -ss<>c +25°C +t2s0 c -40"C +25°C +85°c ... 
Characteristic l FigureJ Symbol J Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit ol=o 

(J1 
Output Voltage "O" Level I - I Vout T 5.0 O.Q1 0 0.01 0.05 0.01 0 0.01 0.06 Vdc ... 

10 0.01 0 O.Q1 - 0.05 0.01 0 0.01 0.06 ... 
15 0 - 0 8 "1" Level I I 5.o 4.1 4.1 4.57 4.1 4.1 4.1 4.57 4.1 
10 9.1 9.1 9.58 9.1 - 9.1 9.1 9.58 9.1 ::J 

r+ 
15 - - 14.59 - - 14.59 - :;· 

Noise Immunity* c: 
IVout ~ 3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc ro 
fVout ~7.0Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 

a. 
IV out ~ 10.5 Vdc) 15 6.75 - 6.75 -
IV out " 1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 I I Vdc 
tVout ..::3.0Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
(V0ut ..;;4.5 Vdc) 15 6.75 6.75 

Output Drive Voltage I I Vdc 
lloH = O mAdc Source 1 VoH 5.0 4.10 4.57 4.10 4.57 
lloH = 5.0 mAdc) 4.24 4.24 
{loH = 10 mAdc) 3.90 4.12 3.60 4.12 
lloH = 15 mAdc) 3.94 3.94 
lloH = 20 mAdc) 3.40 3.75 2.80 3.75 
lloH = 25 mAdc) 3.54 3.54 
lloH = o mAdc) 10 9.10 9.58 9.10 9.58 I I I I Vdc 
lloH = 5.0 mAdc) 9.26 9.26 
llQH = 10 mAdc) 9.0 9.17 8.75 9.17 

-;.J 

I 
lloH = 15 mAdcl 9.04 9.04 

~ lloH = 20 mAdc) 8.60 8.90 8.10 8.90 
.j:::. lloH = 25 mAdcl t 8.75 8.75 en 

UoH = o mAdc) 15 14.59 14.59 I I I I Vdc 
lloH = 5.0 mAdcl 14.27 14.27 
lloH = 10 mAdc) t 14.18 14.18 
UoH = 15 mAdc) t 14.07 14.07 
lloH = 20 mAdc) t 13.95 13.95 
lloH = 25 mAdc) t 13.80 13.80 

IVoL" 0.4 Vdc) Sink IQL 5.0 0.5 0.40 0.78 0.28 0.23 0.20 0.78 0.16 I I mAdc 
IVoL = 0.5 Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 0.40 
IVoL = 1.5 Vdc) 15 7.8 7.8 

Input Current - ljn - 10 - - 10 - 1 pAdc 
Input Capacitance Cin - 5.0 - 5.0 - pF 

(Vin =O) 

Quiescent Dissipation** Po 1 mW 
(CL= 15 pf, f = 0 Hz) 
Po= 188 mW/MHz) f+0.000025 mW 5.0 0.025 0.000025 0.025 1.5 0.25 0.000025 0.25 3.5 
PO= I 350 mW/MHz) f+0.0001 mW 10 0.10 0.0001 0.10 6.0 1.0 0.0001 1.0 14 
Po=(790mW/MHzl f+0.0002311111'1 15 - 0.00023 0.00023 

Output Rise Time** " I 
I I ns 

ICL = 15 pF) 2(a) 
tr= (0.18 ns/pF) CL+ 27 ns 5.0 - - 30 175 - - - - 30 200 
tr= (0.14 ns/pF) CL+ 15 ns 10 - 17 75 - - - 17 110 
t, = 10.11 ns/pF) CL+ 13 ns 15 - - 15 - - - 15 

Output Fall Time 2lal tf I I I I ns 
ICL = 15 pF) 

5.0 1000 - - - - 1000 
10 - 1000 - - 1000 
15 - 1000 - 1000 

tSee Derating Curve (Figure 1). (Continued on next page) 
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ELECTRICAL CHARACTERISTICS icontinuedl O"I _. 
MC14511AL MC14511CL/CP _. 

Voo -55°c +25°C +125°c -40°C +25°c +ss0 c 
Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 8 

Tum-Off Delay Time (Data)*"* 2lal ns 
:i 

'PLH .... 
ICL = 15 pf) 3' 
tPLH = W.40 ns/pF) CL+ 635 ns 5.0 - - - 640 1500 - - - - - 640 2250 - - c 
tPLH = W.25 ns/pF) Cl+ 245 ns 10 - - - 250 600 - - - - - 250 900 - - C1l 

tPLH = I0.20ns/pF) CL+ 170 ns 15 - - - 175 - - - - - - 175 - - - c. 

Turn·On Delay Time {Data)""* 2lal lPHL ns 
ICL = 15 pf) 
tPHL = (1.3 ns/pF) CL+ 700 ns 5.0 - - 720 1500 - - - - - 720 2250 
tpH L = i'Q.60 ns/pF) CL+ 280 ns 10 - - - 290 600 - - - - - 290 900 
tPHL = (0.35 ns/pF) CL+ 190 ns 15 - - - 195 - - - - - - 195 

Tum-Off Delay Time (Blank)** 21al tPLH 
ICL = 15 pf) 
tPLH = (0.30ns/pF) CL+ 315 ns 5.0 - - - 320 1000 -- - - - - 320 I 1500 
tPLH = (0.25 ns/pFJ CL+ 125 ns 10 - - - 130 400 - - -- - - 130 600 
tPLH = (0.15 ns/pF) CL+ 95 ns 15 - - - 100 - - - - - - 100 

Turn-On Delay Time (Blank),,_. 2lal tPHL 

I 
I I I ns 

ICL = 15 pf) 
tPHL = {0.85 ns/pF) CL+ 470 ns 5.0 - - - 485 1000 - - - - - 485 1500 
tPHL = (0.45 ns/pFI CL+ 195 ns 10 - - - 200 400 - - - - 200 600 

-;.J l tPHL = (0.35 ns/pF) CL+ 155 ns 15 - - - 160 - - - - - - 160 
_.. I Turn-Off Delay Time (Lamp Test I .. 2lal 1PLH 

I 
I I I ns 

"" ICL = 15 pf( -...! 
tPLH = (0.45 ns/pF) Cl+ 285 ns 5.0 - - - 290 525 - - - - - 290 940 
trLH = (0.25 ns/pF) CL+ 120 ns 10 - - - 125 250 - - - - - 125 375 
tPLH = !0.20ns/pF) Cl+ 80 ns 15 - - - 85 - - - - - - 85 

Turn-On Delay Time (lamp Test)*"' 2{a) tPHl 
ICL = 15 pf) 
tPHL = !1.3ns/pF)Cl +270ns 

l50 

- - - 290 525 - - - - - 290 I 940 
tPHL = 10.45ns/pF) CL+ 115 ns 10 - - - 120 250 - - - - - 120 375 
tPHL = (0.35 ns/pF) CL+ 85 ns 15 - - - 90 - - - - - - 90 

Setup Time 2lbl tsetup T I I I I ns 
5.0 - - 180 90 - - - - - 270 90 
10 - - 76 38 - - - - -- 114 38 
15 - - - 20 - - - - - - 20 

Hold Time I 21b1 T •hold T I I I I ns 
5.0 - - o -90 - - - - - 90 -90 
10 - - 0 -38 - - - - - 38 -38 
15 - - - -20 - - - - - - -20 

Minimum Latch Enable I 2lcl T PWLE T I I I I ns 
Pulse Width 5.0 - - 520 260 - - - - - 780 260 

10 - - 220 110 - - - - - 330 110 
15 - - - 55 - - - - - - 65 

.. DC Noise Margin IVNH· VNll is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
"' .. The formula given is for the typical characteristics only 
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MC14511 (continued) 
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FIGURE 1 - DERATING AND OUTPUT DRIVE CURVES 
PER OUTPUT 

;:; 25 

3 1----t-t--'.,_,_--+--'">-t----OERATED OUTPUT 
o _ u CURRENT 
~ :§ ~ 20 1-----l.-t---t'l.--+-__.__..,I--- - - OUTPUT DA I VE 

~8~ 1----t-'~-+-~..._+-~-._,. _ _,_ __ c_uR>--R_E_N_T_,_ __ ~ 
"'"'>--
~~~ 151----+-~...,_ __ ,._ __ ,__,,-+----+---+---; 
"'~"' => -<e 
2 >-- => 

~~~ 0 tr - 10 1----J-+--t--_,,d----,,.....l---+--~-+---+----l 
u =>"' 
::;uo 
=> >-- >--

~ ~ ~ 5.0 
<( => => 

IOHmax (25°C) 

~ 0 : +-t--"'*c----"'"ilOHmax (85°C) 

E E O'----'--.'-L.---'---->-'---'---....._IO~H~m~a~x~l-12_5_°C_)~ 
0 5.0 10 15 20 

Voo, DC SUPPLY VOLTAGE (Vdc) -
VQH, OUTPUT DRIVE VOLTAGE (Vdc)---

The maximum continuous (worst case) derated output drive 
current applies to a single output with all other outputs sourcing 
an equal amount of current. Operation above the derating curve 
at a given temperature is not reoommended. 

The output drive curves are typical values. 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

(a) 

(bl 

For Setup 
,------- Voo 

I 

Output ----------.J-1 F°..!_!t-9~- Q V 

(cl 

LE 
(strobed) 

20 ns 
20 ns 
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MC14511 (continued) 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

LIGHT EMITTING DIODE (LEDi READOUT 

Common 
Cathode LED 

::::::: 1.7 v 

INCANDESCENT READOUT 

Voo Voo 

GAS DISCHARGE READOUT 

Voo 
Appropriate 

Voltage 

Voo 

Common 
Anode LED 

"""1.7 v 

FLUORESCENT READOUT 

Voo 

Direct 
(Low Brightness) 

Filament 
Supply 

-:;- V SS or appropriate 
voltage below Vgg. 

LIQUID CRYSTAL (LC) READOUT 
Excitation 

1/4 Of MC 14507 

(Square Wave, 

Vss to v ool 

ilc*A filament pre-warm resistor is recommended to reduce filament 
thermal shock and increase the effective cold resistance of the 
filament. 

Direct de drive of LC's not recommended for life of LC readouts. 
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MC 14511 (continued) 

LOGIC DIAGRAM 

A 7 
13 a 

12 b 

B 1 
11 c 

10 d 

c 2 
9 e 

15 f 

14 9 

• 
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....___! MC14512AL 
MC14512CL 
MC14512CP 

\.__~~~~~~~~~~-s_e_L_ec_T_o_R~ 

8-CHANNEL DATA SELECTOR 

The MC14512 is an 8-channel data selector constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic structure. This data selector finds primary application in 
signal multiplexing functions. It may also be used for data routing, 
digital signal switching, signal gating, and number sequence gener
ation. 

• Quiescent Power Dissipation= 250 nW/package typical 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• High Fanout> 50 

• Single Supply Operation - Positive or Negative 

• 3-State Output (logic "1", Logic "O", High Impedance) 

MAXIMUM RATINGS !Voltages referenced to Vss. p;n 8) 

Rating Symbol Value Unit 

DC Supply Voltage MC14512AL VDD +18 to -0.5 Vdc 
MC14512CL/CP + liLtQ_ c.lLli 

Input Voltage, Al\ Inputs Vin VDD to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - MC14512AL TA -55 to +125 oc 

- MC14512CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 

c B A INHIBIT DISABLE z 
0 0 0 0 0 XO 
0 0 1 0 0 XI 
0 1 0 0 0 X2 
0 1 1 0 0 X3 

1 0 0 0 0 X4 
1 0 1 0 0 X5 
1 1 0 0 0 X6 
1 1 1 0 0 X7 

</> </> I/> 1 0 0 

I/> I/> I/> </J 1 High 
Impedance 

<P: Don't Care 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

8-CHANNEL DATA SELECTOR 

"'!!!!? "-CERAMIC PACKAGE 
CASE 620 P SUFFIX 

PLASTIC PACKAGE 
CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V 0 ut be 
Constrained to the range Vss ~ (Vin or 
Voutl .;;vDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss orVDDl. 

BLOCK DIAGRAM 

15 Disable 2 14 

10 Inhibit 

11 A 

12 B 

13 c 
XO 

X1 

3 X2 

4 X3 

X4 

XS 

X6 

9 X7 

Voo= Pm 16 
V55 = Pin 8 • 
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MC14512 (continued) 

ELECTRICAL CHARACTERISTICS 

Characteristic 
Output Voltage "O" Level 

Noise Immunity• 

( Vout:;;. 3.5 Vdc) 

CVout ;;o,7.0 Vdcl 
( V0 ut ~ 10.5 Vdc) 

{ Vout ~ 1.5 Vdc) 
{Y0 ut ~3.0 Vdc) 
(V0 ut ~4.5 Vdc) 

Output Drive Current 

"1" LevBI 

CVoH = 2.5 Vdc) Source 

{VoH = 9.5 Vdc) 
{VQH = 13.5 Vdcl 

<Vol= 0.4 Vdcl Sink 
{VoL = 0.5 Vdc) 

<vol= 1_5 Vdc) 

3-State Output Leakage 

Current (CL= 15 pF) 

Input Current 

Input Capacitanct! (Vin = 0 Vdc) 

Ouiescent Dissipation u 

(CL=15pF,f=OHz) 

Total Power Dissipation 
(Dynamic Plus Quiescent) 

fCL = 15 pF) 

Output Rise Time** 
(CL= 15 pF) 
tr= (3.0 ns/pF) CL+ 55 ns 
tr= (1.5ns/pF) CL+ 27ns 

tr= (1.1 ns/pF) CL+ 20ns 

Output Fall Time 44 

(CL=15pf) 
tf" (1.5ns/pF) CL +77ns 
tt= {0.75 ns/pF) CL+ 39 ns 

'tf = (0.55 ns/pF) CL + 29.ns 

Turn-Off Delay Time*'" 
(CL= 15 pF) 

tPLH-; (0.9 ns/pFl CL+ 211 ns 
tPLH = (0.3ns!pF) CL+ 70ns 

tPLH = I0.23 ns/pF) CL+ 54 ns 

Turn-On Delay Time** 

(CL"" 15 pF) 

tPHL = (2.7 ns/pF) CL+ 184n~ 
tPHL = (0.9 nsfpF) CL+ 61 ns 

t:pH L = (0.68 ns/pF) CL+ 47 ns 

3-State Output "1" to High Z 

(CL= 15 pF) 

3-State Output "O 'to High Z 
(CL= 15 pF) 

3-State Output High Z to "1" 

(CL= 15 pF) 

3-State Output High Z to "O" 

(CL= 15 pF) 

Figure 

MC14512AL MC14512CL/CP 

voD1-~-~•5"ir""c~1-c-~r-+2~•-0cc-,~-;r,.,,+~1.--25°~c-;~-40-'T-0~c~+-~.-+2~•-0_c...,....,..,...-+-,..,,-+85,,o_c-; 
Symbol Vdc Min Max Min Typ Ma>< Min Max Min Max Min Typ Max Min Max Unit 

Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 

IQH 

IQL 

Po 

,, 

t·•o"H 

10 0.01 0.01 0.05 0.01 0.01 0.05 
15 

5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

5.0 -0.62 - -0.50 -1.7 
10 -0.62 - -0.50 -0.9 
15 -3.5 

4.95 
9.95 

1.4 
2.9 

15 
3.0 

4.99 
9.99 

1.5 
3.0 

1.4 
29 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

- -0.35 - -0.23 - -0.20 -1.7 
- -0.35 0.23 - -0.20 -0.9 

-3.5 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

- -0.16 
- -0.16 

Vdo 

Vdo 

Vdo 

mAdc 

5.0 0.50 0.40 o. 78 0.28 0.23 0.20 0. 78 0.16 - mAdc 
10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
15 7.8 

5.0 - ±0.05 
10 :!:0.1 

5.0 - 0.025 
10 0.1 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

±0.0005 ±0.05 
±0.001 ±0.1 

10 

5.0 

0.00025 0.025 
0.001 0.1 

0.0023 

±3.0 
±6.0 

1.5 
6.0 

±0.5 
±1.0 

0.25 
1.0 

Po-" (3.0 mW!MHzl f + 0.00025 mW 
Po = ( 13 mW/MHz) f + 0.001 mW 

Po= (29 mW/MHz) f + 0.0023 mW 

100 250 
50 125 
37 -

100 250 
50 125 
37 

225 500 
75 175 
57 

225 500 

75 175 
57 

50 
25 
19 

50 
25 
19 

50 
25 
19 

50 
25 
19 

125 
75 

125 
75 

125 
75 

125 
75 

7.8 

±CJ.0005 ±0.5 
±D.001 ±0.1 

10 

5.0 

0.00025 0.25 
0.001 1.0 

0.0023 

100 300 
50 150 
37 

100 300 
50 150 
37 

225 750 

75 200 
57 

225 750 
75 200 
57 

50 
25 
19 

50 
25 
19 

50 
25 
19 

50 
25 
19 

150 
100 

150 
100 

150 
100 

150 
100 

0.40 

±7.0 µAde 

±14 

3.5 
14 

pAdo 

pF 

mW 

mW 

4 0C Noise Margin {VNH, VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change . 
.. "'The formula given is for the typical characteristics only. 

tF or dissipation at different external toad capacitances refer to corresponding formula 

PT(CL) =Po+ 112 x 10-3 (CL - 15 pF) Voo2f 

Where: PT, Po in mW, CL in pF, Voo in Vdc, and fin MHz 
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MC14512 (continued) 

50% 
Duty 
Cycle 

Pulse 
Generator 

Pulse 
Generator 

FIGURE 1 - POWER OISSIPATION TEST CIRCUIT AND WAVEFORM 

v,n-0-

f "" System Clock 

VDD 

Disable 

Inhibit z 

B 

XO 

X1 

X2 

X3 

X4 

XS 

X6 

X7 

Vss 

Inhibit z 
A ICL B 

c 
XO 

Xl 
Pulse 

X2 

X3 

X4 

X5 

X6 

X7 

Vss 

FIGURE 2 - AC TEST CIRCUIT AND WAVEFORMS 

Input 

Output 
{Tests 1 and 2) 

Input Connection~ for tr, tf, tPLH· tPHL 

TEST INHIBIT 

1 P.G. 
2 Gnd 
3 Gnd 

A 

Gnd 
P.G. 
Gnd 

DO 

VDD 
Voo 
P.G. 

Output 
(Test 3) 

FIGURE 3 - 3-STATE AC TEST CIRCUIT AND WAVEFORM 

VoD 

Disable 

Inhibit 

A 

B 

c 
XO 

X1 

X2 
X3 

X4 

XS 

X6 TEST 

X7 t·•1"H 

t"O"H 

Vss tH"O'' 

tH"1" 

1 

Disable 
Input 

Output ----+-~I 

Voo 

""2.0 v <v 00 ~ 10 v> 

""1.0VCVDo~5.0V) 

~---- "'6.0 V CV Do~ 10 V) 
90% ""3.0 V (VDD ~ 5.0 V) 
~---+Ji----- 0 v 

Switch Positions for 3·State Test 

Sl S2 S3 S4 

Open Closed Closed Open 

Closed Open Open Closed 

Closed Open Open Closed 

Open Closed Closed Open 
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MC14512 (continued) 

13 LOGIC DIAGRAM 

X3 

X4 

X6 

X7 

3-STATE MODE OF OPERATION 

Output terminals of several MC14512 8-Bit Data Selectors 
can be connected to a single data bus as shown. One MC14512 
is selected by the 3-state control, and the remaining devices are 
disabled into a high impedance "off" state. The number of 8-bit 
data selectors, N, that may be connected to a bus line is determined 
from the output drive current, I OD· 3-state-or disable output leak
age current. ITL· and the load current, IL· required to drive the 
busline(includingfanout to other device inputs), and can be calcu
lated by: 

100-1L . 
N=---+1 

ITL 

N must be calculated for both high and low logic states of the bus 
line . 
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_f \ DECODER 
MC14514AL \.._ ________ _ 
MC14514CL 
MC14515AL 
MC14515CL 

4-BIT LATCH/4-T0-16 LINE DECODER 
The MC14514AL/CL and MC14515AL/CL are two output options 

of a 4 to 16 line decoder with latched inputs. The MC14514 (out
put active high option) presents a logical "1" at the selected output, 
whereas the MC14515 (output active low option) presents a logical 
"O" at the selected output. The latches are R-S type flip-flops which 
hold the last input data presented prior to the strobe transition from 
"1'' to "o". These high and low options of a 4-bit latch/4 to 16 line 
decoder are constructed with N-channel and P-channel enhancement 
mode devices in a single monolithic structure. The latches are R-S 
type flip-flops and data is admitted upon a signal incident at the 
strobe input, decoded, and presented at the output. 

These complementary circuits find primary use in decoding appli
cations where low power dissipation and/or high noise immunity is 
desired. 

• Quiescent Power Dissipation= 0.2 µW package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14514AL, 
MC14515AL) 

= 3.0 Vdc to 16 Vdc (MC14514CL, 
MC14515CL) 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 

• Input Impedance= 1012 ohms typical 

• Low Input Capacitance - 5.0 pF typical 

MAXIMUM RA TINGS <Voltages referenced to Vss. Pin 12) 

Rating Symbol Value Unit 

DC Supply Voltage MC14514AL,MC14S15AL Voo +18to-0.5 Vdc 
MC14514CL,MC14515CL +16 to -0.5 

Input Voltage. All Inputs Vin Voo to-0.5 Vdo 

DC Current Drain Per Pin 10 mAdc 

Operating Temperature Range MC14514AL,MC14515AL TA -55 to +125 oc 
MC14514CL,MC14515CL -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

INHIBIT 
BLOCK DIAGRAM 

v 00 =Pin 24 
v 88 =Pin 12 

Data 1 
2 A 

Data 2 
3 B 

Oata 3 
21 Latch c 

22 0 
Cata 4 

Strobe 0---~ 

4to 16 
Decoder 

S1 

A.BCD 
Aiic5 
ABci5 
ABCD 
Aiici5 
ABcD 
A BC i5 
A BC i5 
AB Co 
ABCD 
ABCD 
ABCO 
ABCO 
AB co 
ABCD 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

1 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

4-BIT LATCH/4-T0-16 
LINE DECODER 

LSUFFIX 
CERAMIC PACKAGE 

CASE 684 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and V out be 
constrained to the range Vss ~ (Vin or 
vout)..;; vDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or VDD). 

DECODE TRUTH TABLE (Strobe~ 1) 

DATA INPUTS SELECTED OUTPUT 

MC14514= Logic''1" 
D c B A MC14515 =Logic "O" 

0 0 0 0 so 
0 0 0 1 S1 
0 0 1 0 S2 
0 0 1 1 S3 
0 1 0 0 S4 
0 1 0 1 S5 
0 1 1 0 S6 
0 1 1 1 S7 
1 0 0 0 SB 
1 0 0 1 S9 
1 0 1 0 S10 
1 0 1 1 511 
1 1 0 0 512 
1 1 0 1 513 
1 1 1 0 S14 
1 1 1 1 515 
x x x x All Outputs =O, MC14514 

All Outputs=1,MC14515 

ABCD X = Don't Care 

23 
Inhibit 0------------~ 

See Mechanical Data Section for package dimensions. 
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MC14514, MC14515 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14514AL MC14515AL MC14514C__b MC14515CL 

voof-~-S~5r0~c~~~-r-·~25~•~c'-..-~--+-'+~12~5~•~c--+~-~40"'""'•c._-+-~~+~2~5~·c"--.~~f-~+~85r"~c'-l 
Characteristic F~re Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Lever 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 

Noise Immunity* 

(V0 ut ~3.5 Vdcl 
lVout ~7.0 Vdc) 
(Vout ~ 10.5 Vdc) 

(Vout::;;;; 1.5 Vdc) 
(Vout ~3.0 Vdc) 
( V 0ut .::;;;,; 4.5 Vdc) 

Output Drive Current 

"1" Level 

(VQH = 2.5 Vdcl Source 

lVQH = 9.5 Vdc) 

(VoH = 13.5 Vdc) 

loH 

10 0.01 0.01 0.05 0.01 0 0.01 0.05 
15 0 

5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

5.0 -0.62 - -0.50 -1_7 
10 -0.62 - -0.50 -0.9 
15 -3_5 

1.4 
2.9 

1.5 
3.0 

1.5 
3.0 

1.4 
2.9 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

- -0.35 - -0.23 - -0_20 -1.7 
- -0.35 - -0.23 - -0.20 -0.9 

-3.5 

4.95 
9.95 

14 
2.9 

1.5 
3.0 

- -0.16 
- -0.16 

Vdc 

Vdc 

Vdc 

mAdc 

(VQL = 0.4 Vdc) Sink loL 5.0 0.50 0.40 o. 78 0.28 0.23 0.20 0.78 0.16 - mAdc 
(VoL = 0.5 Vdc) 

(VoL = 1.5 Vdc) 

Input Current 

Input Capacitance (Vjn = O Vdc) 

Quiescent Dissipation 

(CL"'15pF,f=OHz) 

Total Power Dissipation t 
(Quiescent Plus Dynamic) 

(CL= 15 pF) 

Output Rise Time** 

ICL = 15 pFI 
tr= (3.0 ns/pF) CL+ 25 ns 

tr =(1.5ns/pF) CL+ 12ns 

tr = ( 1.1 ns/pF) CL+ 8.0 ns 

Output Fall Timeu 

(CL= 15 pF) 

tf = {1-5 ns/pF) CL+ 47 ns 

tf = (0.75 ns/pF) Cl+ 24 ns 

tf =(0.55ns/pF) Cl +17 ns 

Turn·Off, Turn·On Delay Time'"" 

ICL = 15 pFI 
tPLH· tPHL = (1.75ns/pF) CL+ 

774 ns 

tPLH· tPHL = (0.70ns/pF) Cl+ 
289 ns 

tPlH· tPHl = (0.53 ns/pF) CL+ 
217 ns 

Setup Time 

ICL = 15 pFI 

Strobe Pulse Width 

(Cl= 15pF) 

Inhibit Propagation Times"" 

Turn-Off, Turn-On Delay Time 
(CL=- 15 pF) 

tPLH· tPHL = (1.75ns/pF) CL+ 
324 ns 

tPLH, tpH L = to.70 ns/pF} CL + 
139 ns 

tPLH· tPHL = 10.53 ns/pF) CL+ 
112 ns 

., 

1setup 

PWsT 

tPlH· 
tpHl 

10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
15 7.8 

50 - 0025 
10 0.10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 

10 

15 

5.0 
10 
15 

5.0 
10 
15 

5.0 

10 

15 

10 

5.0 

0.0001 0.025 
0.0002 0.10 
0.0004 

1.5 
6.0 

0.25 
1.0 

Po= (5.0 mW/MHz) f + 0.0001 mW 
Po= (20 mW/MHz) f + 0.0002 mW 
Po,_, (45 mW/MHz:) f + 0.0004 mW 

70 175 
35 75 
25 

70 175 
35 75 
25 

800 1350 

300 500 

225 

150 250 
60 100 
50 

200 350 
60 100 
50 

350 700 

150 250 

120 

7.8 

10 

5.0 

0.0001 0.25 
0.0002 1.0 
0.0004 

70 200 
35 110 
25 

70 200 
35 110 
25 

800 2000 

300 750 

225 

150 400 
60 150 
50 

200 500 
60 150 
50 

350 1000 

150 400 

120 

*DC Noise Margin (VNH· VNl) is defined as the maximum voltage change from an ideal "1 'or "O" input level before producing an output state change . 

.,.The formula given is for the typical characteristics only. 

tPT(CL) = Po + 2.0 x 10-3 (CL - 15 pF) Voo2t 

Where: Po in mW, CL 1n pF, Voo in Vdc, and fin MHz. 
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MC14514, MC14515 (continued) 

FIGURE 1 - DRAIN CHARACTERISTICS TEST CIRCUIT 

ForMC14514 
1. For P-channel: Inhibit= Vss 

and 01-04 constit:ute 
binary code for .. output 
under test.'' 

2. For N-channel: Inhibit= Voo 

Strobe 

Inhibit 

01 

02 

03 

04 

Voo 

Vos 

so 
S1 
S2 
S3 
S4 
S5 
S6 
S7 
SS 
S9 

510 
511 
512 
513 
514 
515 

V55 

For MC14515 

1. For P-channel: Inhibit= Voe 
2. For N·channel: Inhibit= Vss 

and 01-04 constitute binary 
code for "output under test." 

FIGURE 2- DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Programable 
Pulse 

Generator 

Pulse 
Generator 

t--+-<o-c,...._, D 1 

02 
03 
04 
Strobe 

Inhibit 

50010.01 µF 
µ.F Ceramic 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

Strobe so Output SO 

51 OutputS1 tr 

Inhibit I CLI ICL 
Input 

01 I -= -= 
I 
I 

02 I 
I Output 

I 
03 I 

I tr 
04 

515 OutputS15 

Vss 
:rL 
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LOGIC DIAGRAM 
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MC14514, MC14515 (continued) 

COMPLEX DATA ROUTING 

Two MC14512 eight-channel data selectors are used here with 
the MC14514 four-bit latched-decoder to effect a complex data 
routing system. A total of 16 inputs from data registers are selec
ted and transferred via a 3-state data bus to a data distributor for 
rearrangement and entry into 16 output registers. In this way 
sequential data can be re-routed or intermixed according to patterns 
determined by data select and distribution inputs. 

Data is placed into the routing scheme via the eight inputs on 
both MC14512 data selectors. One register is assigned to each 
input. The signals on AO, A 1, and A2 choose one of eight inputs 
for transfer out to the 3-state data bus. A fourth signal, labelled 
Dis, disables one of the MC14512 selectors, assuring transfer of 
data from only one register. 

In addition to a choice of input registers, 1 thru 16, the rate of 
transfer of the sequential information can also be varied. That is, 
if the MC14512 were addressed at a rate that is eight times faster 

than the shift frequency of the input registers, the most significant 
bit (MSB) from each register could be selected for transfer to the 
data bus. Therefore, all of the most significant bits from all of the 
registers can be transferred to the data bus before the next most 
significant bit is presented for transfer by the input registers. 

Information from the 3-state bus is redistributed by the MC14514 
four-bit latch-decoder. Using the four-bit address, 01 thru 04, 
the information on the inhibit line can be transferred to the ad
dressed output line to the desired output registers, A thru P. This 
distribution of data bits to the output registers can be made in 
many complex patterns. For example, all of the most significant 
bits from the input registers can be routed into output register A, 
all of the next most significant bits into register B, etc. In this 
way horizontal, vertical, or other methods of data slicing can be 
implemented. 

DATA ROUTING SYSTEM 

Input Data 3-State Data Output 
Registers Transfer Data Bus Distribution Registers 

,--------->---- ~ ~ 

Dis 
Register 1 Q 

01 

02 ~ 
03 '° 01 02 03 04 .. so Register A 
04 () Strobe 51 
05 :;; 

06 

Register 8 07 
AO Al A2 54 

55 .. 56 

Data { '° 57 
Select 

;!: 
() SB 
:;; 

59 

510 
AO A1 A2 511 Register 9 DO Q 

01 512 

02 513 

"' Inhibit 514 03 '° .. 
515 Register P 

04 ti 
05 :;; 

06 

Register 16 07 
Dis 
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COUNTER .......__! MC14516AL \_ 
MC14516CL --------~ 
MC14516CP 

BINARY UP/DOWN COUNTER 

The MC14516 is constructed with MOS P-channel and N-channel 

enhancement mode devices in a single monolithic structure. This 
complementary MOS circuit finds primary use where low power dis
sipation and/or high noise immunity is desired. 

This binary presettable up/down counter may be used as a 
counting/frequency synthesizer, in A/D and DIA conversion, for 
up/down counting, for magnitude and sign generation, and for 
difference counting. 

• Quiescent Power Dissipation= 0.25 µW/package typical@ 5.0 Vdc 

• Noise immunity = 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14516AL) 
= 3.0 Vdc to 16 Vdc (MC14516CLICP) 

• Low Input Capacitance - 5.0 pF typical 

• Internally Synchronous for High Speed 

• Logic Edge-Clocked Design - Count Occurs on Positive Going 
Edge of Clock 

• 6.0-MHz Counting Rate 

• Single Pin Reset 

MAXIMUM RATINGS !Voltage referenced to V55. Pin 81 

Rating Symbol Value 

DC Supply Voltage -MC14516AL Voo +18to-05 
-MC14516CL/CP +16 to -0.5 

Input Voltage, A~I Inputs Vin Voo to -0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range~ MC14516AL TA -55to+125 

-MC14516CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

PRESET 
CARRY IN UP/DOWN ENABLE RESET ACTION 

1 x 0 0 No Count 

0 1 0 0 Count Up 

0 0 0 0 Count Down 

x x 1 0 Preset 

x x x 1 Reset 

X = Don't Care 

See Mechanical Data Section for package dimensions. 
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Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

BINARY UP/DOWN COUNTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation, it is recommended that Vin 
and Vout be constrained to the range Vss ~ 

(Vin or Vautl ~ Voo-
Unused inputs must always be tied to an ap· 
propriate logic voltage level (e.g., either Vss 
orVool 

BLOCK DIAGRAM 

PE 01 

Carry In 

R 02 11 

10 Up/Down 

15 Clock 03 14 

P1 

12 P2 04 

13 P3 

P4 
Carry 

Out 

v 00 =Pin 16 

Vss=PinB 



MC14516 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14&18AL MC14&18CL/CP 

VDD -&S"C +25"C +12&°C -oo"C +211"C -oe 
Char.ct.ristic Figure Svmbot Vdc Min Mox Min Typ Mox Min Mox Min Mox Min Typ Mox Min Mox UnH 

Output Voitaga "O" Lev&! Vout 5.0 0.01 0 0.01 0.06 0.01 0 0.01 0.06 Vdc 
10 0.01 0 0.01 0.06 0.01 0 0.01 0.06 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 

Noise \mmuniw• VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
10 3.0 3.0 4.50 2.9 3.0 3.0 4.-50 2.9 
15 6.75 6.75 

VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
10 2.9 3.0 . 4.50 3.0 2.9 3.0 .4.50 3.0 
15 6.75 6.75 

Output Drive Current 
'OH 

mAdc 

IVoH = 25. Vdcl Source 5.0 -0.62 - -0.5 -1.3 -0.35 - -0.23 - --0.2 -1.3 - -0.16 

IVQH ~ 9.5 Vdc) 10 ·0.62 - -0.5 --0.9 - -0.35 - --0.23 - --0.2 --0.9 - -0.16 
(VQH = 13.5 Vdc) 15 -3.0 -3.0 

(VoL - 0.4 Vdc) Sink 10L 5.0 0.5 0.4 0.6 0.28 0.23 0.2 0.6 0.16 
(Vol., 0.5 Vdcl 10 1.1 0.9 1.6 0.65 0.6 0.5 1.6 0.4 
IVoL = 1.5 Vdc) 15 6.0 6.0 

Input Current lin 10 10 pAdc 

Input Capacitance IVtn = 0) Cin pF 
Reset 12 12 

All other inputs 5.0 5.0 

Quiescent Di•ipaticn Po 5.0 25 0.25 25 1500 - 260 0.25 250 3500 µW 
10 100 1.0 100 - 6000 - 1000 - 1.0 1000 - 14000 

Output Rise and Fall Time• .. tr,tf 
(Cl== 15 pFI 

tr,tf = (2.9 ns/pFl CL+ 57 ns 5.0 100 175 100 200 
tr,tf = (1.5 ns/pFI CL+ 12.5 ns 10 35 75 35 110 
tr,tf" 11.0 ns/pF) CL+ 10 ns 15 25 25 

Clock to 0 Propagation Delay Time•• tPHL,tPLH 
(CL= 15 pf) 

tPHL·tPLH = ( 1.8 ns/pFI CL +222 ns 5.0 250 650 250 1000 -
tpHL.tPLH.: (0.8 ns/pfl CL +88 ns 10 100 225 100 300 
tpHL,tPLH = 10.7 ns/pF) CL +66 ns 15 75 75 

Clock to Carry Out 
Propagation Delay Time 1PHL.tPLH 5.0 300 750 300 1200 -

(CL"' 15 pf) 10 125 250 125 400 

Carry In to Carry Out 
Propagation Delay Time tPHL.tPLH 5.0 100 250 100 500 

ICL = 15 pF) 10 40 100 40 200 

Minimum Clock Pulse Width PWc 5.0 125 340 125 500 
10 50 170 50 200 

Maximum Clock Pulse Frequency (CL =15 pf) PRF 5.0 1.5 3.0 1.0 3.0 MHz 
10 3.0 7.0 2.5 7.0 

Preset or Reset to Ooi.n 
Propagation Delay Time lPHL.tPLH 5.0 325 650 325 1000 

ICL"" 15 pf} 10 115 225 115 300 

Preset or Reset to Carry Out 
Propagation Delay Time tPHL.tpLH 5.0 500 850 500 1700 

(CL= 15 pf) 10 200 300 200 600 

Preset or Reset Removal Timet trem 5.0 325 650 325 1000 
10 115 225 115 300 

Maximum Clock Rise and Fall Time tr,tf 5.0 15 15 .. 
10 15 15 

Carry In Setup Time lsetup 5.0 130 300 130 600 
10 50 125 60 260 

Up/Down Setup Time ""'"• 5.0 250 650 250 1000 
10 100 225 100 300 

Minimum Preset Enable or Reset Pulse Width PWpe. 5.0 100 325 100 500 
PWR 10 50 100 50 125 

"DC Noise Margin (VNH· VNLI is defined as the ma1Cimum voltage change from an ideal "'1" or "O" input level before producing an output state change. • "'"The formula given is for the typical characteristics only; 
tThe Preset or Reset signal must be low prior toe positive-going transition of the clock. 
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MC14516 (continued) 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 
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TIMING DIAGRAM 
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MC14516 (continued) 

TOGGLE FLIP-FLOP 

Parallel In h 
PEP Q 

c 
T 0 

P1 
4 

LOGIC DIAGRAM 

01 
6 

P2 
12 

02 
11 

P3 03 
13 14 

P4 04 
3 2 

FLIP-FLOP FUNCTIONAL TRUTH TABLE 

PRESET TOGGLE 
ENABLE CLOCK ENABLE Dn+1 

1 x x Parallel In 

0 __/'- 0 On 

0 __/'- 1 On 

0 '- x On 

X == Don't Care 

FIGURE 2 -SWITCHING TIME WAVEFORMS 
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_I MC14517AL 
MC14517CL 

\,~~~~~~~~-s_H_1_FT~R_E_G_1s_T_E_R~ 

DUAL 64-BIT STATIC SHIFT REGISTER 

The MC14517 dual 64-bit static shift register consists of two 
identical, independent, 64-bit registers. Each register has separate 
clock and write enable inputs, as well as outputs at bits 16, 32, 48, 
and 64. Data at the data input is entered by clocking, regardless 
of the state of the write enable input. An output is disabled (open 
circuited) when the write enable input is high. During this time, 
data appearing at the data input as well as the 16-bit, 32-bit, and 
48-bit taps may be entered into the device by application of a clock 
pulse. This feature permits the register to be loaded with 64 bits 
in 16 clock periods, and also permits bus logic to be used. This 
device is useful in time delay circuits, temporary memory storage 
circuits, and other serial shift register applications. 

• Quiescent Power Dissipation= 10µW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on Al I Inputs 

• Fully Static Operation 

• Output Transitions Occur on the Rising Edge of the Clock Pulse 

• 6.7 MHz Operation@ VDD = 10 Vdc 

• Cascadable to Provide Longer Shift Register Lengths 

• Exceedingly Slow Input Transition Rates May Be Applied to the 
Clock Input 

• 3-State Output at 64th-Bit Allows Use in Bus Logic Applications 

• Shift Registers of any Length may be Fully Loaded with 16 
Clock Pulses 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage -MC14517AL vDD +18 to-0.5 Vdc 
-MC14517CL +16 to-0.5 

Input Voltage, All Inputs Vin VDD to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range -MC14517AL TA -55 to+125 oc 

-MC14517CL -40to +85 

Storage Temperature Range Tstg -65 to +150 Ot 

FUNCTIONAL TRUTH TABLE 

WRITE 
CLOCK ENABLE DATA 16-BITTAP 32-BITTAP 

Conwnt of 16-Bit Content of 32-Bit 
Oi1PISV•d Di1Pl11Y•d 

High I mpedanc• High lmp«lance 

Content of 16-Bit Con'blnt of 32-Bit 
DllPlll\'ed Dl1Pl11Yed 

H lgh I mPed•nc• High Impedance 

..r D•t••ntered Content of 16·Bit Con•nt of 32·8it 
into ht Bit Dlmplmyed DilPl-V•d 

_,... D•m•nierlld Deta et tap Dete•ttep 
into 11tBlt entered Into 17-Blt entered into 33·Bit 

....... Content of 16·Blt Cont9nt of 32·Blt 
Ol1Plevecl Di1Pl•Y9d 

""\.. High lmpad•nc• High lmpild9"c• 

X .. Don't C•r• 

See Mechanical Data Section for package dimensions. 

48-BITTAP 

Con~nt of 48-Blt 
Oi1Pl•V9d 

High lrnP«l9ni::e 
Content of '48·Bit 

DllPl•Yed 
High IMPed•nc:• 

Content of 418·Bit 
Di1Plavecl 

Deteatbp 
entefed Into 49·Blt 

ConWnt of 48·Bit 
Dlspleyed 

High lmped•n~ 

64-BITTAP 

Content of 64·Bit 
DllPl.Ylld 

High lml)ftl•nce 

ContMt of 64·Blt 
Displayed 

High Impedance 

Content of 64-Bit 
DitPl•Yed 

High Impedance 

Content of 64-Blt 
DllPl•Yild 

High I mpeclenc• 
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Mc MOS 
!LOW-POWER COMPLEMENTARY MOSI 

DUAL 64-BIT STATIC 
SHIFT REGISTER 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

PIN DIAGRAM 

16 out/17 in {Al Voe 

48 out/49 in {Al 16 out/17 in (B) 

Write Enable (A) 48 out/49 in (B) 

Clock (A) Write Enable (B) 

64 out (A) Clock (B) 

32 out/33 in (A) 64 out (B) 

Oata(A) 32 out/33 in {Bl 

Vss Data (Bl 

16 

15 

14 

13 

12 

11 

10 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation it is recommended that Vin 
or Vout be constrained to the range Vss 
.;;(Vin or Voutl .;;vDD· 
Unused inputs must always be tied to an approp· 
riate logic voltage level (e.g., either Vss or Voo>. 



MC14517 (continued} 

ELECTRICAL CHARACTERISTICS 

MC14617AL MC14617CL 

Voo -55"c +25"c +125"1: -40"c +25"1: +85"c 
Ch•ect•ristic Figure Symbol Vdc Min Mox Min Typ Mox Min Mu Min Mox Min Typ Mox Min Mox Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vde 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.06 
15 0 0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity• 
(Vout ~3.5 Vdc) VNc 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
<Vout ~7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
(V0ut 2"10.5 Vdc) 15 6.75 6.75 
(V0 ut S: 1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
(Vout S:3.0 \fdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
(Vout :;4.5 Vdc) 15 6.75 6.75 

Output Drive Current 
(VQH = 2.5 Vdc) Source IQH 5.0 -0.62 - -0.5 -1.5 -0.35 -0.23 --0.2 -1.5 -0.16 mAdc 
(VQH = 9.5 Vdcl 10 -0.62 -0.5 -1.0 - -0.35 -0.23 -0.2 -1.0 -0.16 
(VoH"' 13.5 Vdc) 15 -3.6 -3.6 
<Vol= 0.4 Vdcl Sink loc 5.0 0.5 0.4 0.8 0.28 0.23 0.2 OB 0.16 mAdc 
IVoL = o.s Vdcl 10 1.1 0.9 1.2 0.65 0.6 0.5 1.2 0.4 
<Vol= 1.5 Vdcl 15 7.8 7B 

Input Current ljn 10 10 pAdc 
Input Capacitance Cin 

(Vin= 0) 
5.0 5.0 pF 

Quiescent Oissipation••t Po 
!Cc= 15 pF) 

Po"" [0.25+1.75x1Q-2f0 +1.25x 
10+7 fo CL] 5.0 25 0.25 25 450 50 0.5 250 3900 µW 

Po= I0.5+7.4x10-2f0 +5x10+7 

10000 fa Cd 10 100 0.5 100 1800 200 1.0 1000 
Po= {1.0+1.74x10-1f0 +1.25x 

10+810 CcJ 15 1.0 2.0 

Ouiput Rise and Fall Time .. 
!Cc= 15 pFJ tr.tf 
tr,tf = (4.8 ns/pF) CL+ 28 "" 5.0 100 175 100 200 
tr,tf::: 12.5 ns/pFJ CL+ 12.5 ns 10 35 75 35 110 
tr,tf = (2.2 ns/pFI CL+ 2.0 ns 15 25 25 

Tum·On, Turn-Off Delay Time•• 1PHL· 
{CL= 15 pF) tPLH 
tPHL•tpLH = (2.0 ns/pF) CL+ 390 ns 5.0 420 500 420 670 
tPHL,tPLH = (0.9 ns/pFJ CL+ 167.5 ns 10 180 200 180 250 
tPHL·tPLH = (0.7 ns/pFJ CL+ 109.5 ns 15 120 120 

Minimum Clock Pulse Width 4 PWc 
PCW ::c NCW = PWc 5.0 170 250 170 330 

10 75 100 75 125 
15 60 60 

Maximum Clock Pulse Frequency PAF MHz 
!Cc• 15 pf) 5.0 2.0 3.0 1.5 3.0 

10 5.0 6.7 4.0 6.7 
15 8.3 8.3 

Maximum Clock Pulse Rise and Fall Time; 4 tr,tf •• 
5.0 100 
10 No Maximum Limit 100 
15 100 

Deta to Clock Setup Time 1setup ns 
5.0 -40 -10 -40 0 
10 -15 0 -15 10 
15 0 5 0 15 

Data to Clock Hold Time thotd 
5.0 75 120 75 150 
10 25 50 25 75 
15 10 25 10 35 

Write Enable to Clock Setup Time t,etup .. 
5.0 170 300 170 400 
10 65 130 65 200 
15 50 80 50 110 

Write Enable to Clock Release Time .,., ns 
5.0 160 280 160 380 
10 55 120 55 180 
15 40 70 40 100 

• •oc Noi• M•rgin (VNH· VNLI is defined as the maximum voltaoe change from an ideal "1" or "O" input level before producing an output state change. 

••The formule given is for the typical characteristics only. 

tPower di•ipation fi...,res end equations ere for the package. 
tWhen shift register sections are cmcaded, the maKimum rise end fall time of the clock input should be equal to or less than the rise and fall time of the data outputs, 

driving data inputs, plus the propagation delay of the output driving stage for the output capacitance load. 
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MC14517 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE CURRENT 
CHARACTERISTICS TEST CIRCUIT 

016 032 048 064 

016 032 048 064 

Vss 

External 
Power 
Supply 

(Output being tested should be in the high-logic state). 

FIGURE 2 - TYPICAL OUTPUT SINK CURRENT 
CHARACTERISTICS TEST CIRCUIT 

016 032 048 064 

Vss 

External 
Power 
Supply 

(Output being tested should be in the low-logic state). 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

0 o-----~o--.... 0 

c c 
WE 

50µF 

016 032 048 064 

REPETITIVE WAVEFORM 

c 

o---'/ 
(f • 1/2 fcl 

r--Voo 
\._ ___ _../ V55 
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MC14517 (continued) 

Pin No's 

Clock 4·(12) 

Dataln7 (9) 

tsetup1 

16-bit output1 (15) 
17-bit input 

32-bit output 6 (10) 
33-bit input 

48-bit output 2 (14) 
49-bit input 

64-bit output 5(11) 

Ctock 

Data 

Write ""---~>-------
Enable~ 

FIGURE 4 - AC TEST WAVEFORMS 

EXPANDED BLOCK DIAGRAM 
11/2 OF DEVICE SHOWN) 

Write Enable= 0, 16-bit output 
Write Enable=- 1. 17-bit Input 

32-bit output 
33-bit input 

7-167 

10% 

48-bit output 
49·bit input 

5~~1 
Voo 

Vss 

Voo 

Vss 

Voo 

Vss 

Voo 

Vss 

Voo 

Vss 

64-bit output 
High Impedance 
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_J MC14518AL 
MC14518CL 
MC14518CP 
MC14520AL 
MC14520CL 
MC14520CP 

\--~~~~~~~~~~c_o_u_N_T_e_R_s__, 

DUAL UP COUNTERS 

The MC14518 dual BCD counter and the MC14520 dual 
binary counter are constructed with MOS P-channel and N
channel enhancement mode devices in a single monolithic structure. 
Each consists of two identical, independent, internally synchronous 
4-stage counters. The counter stages are type D flip-flops, with inter
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascading 
multiple stages. Each counter can he cleared by applying a high 
level on the Reset line. In addition, the MC14518 will count out of 
all undefined states within two clock periods. These complementary 
MOS up counters find primary use in multi-stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. 

• Quiescent Power Dissipation= 1.0 µW/package typical 
• Noise Immunity= 45% of VDD typical 
• Diode Protection on All Inputs 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14518AL and 

MC14520AL) 
= 3.0 Vdc to 16 Vdc (MC14518CL,CP and 

MC 14520CL,CP) 
• Low Input Capacitance= 5.0 pF typical 

• Internally Synchronous for High Internal and External Speeds. 

• Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on Enable 

• 6.0 MHz Counting Rate 

MAXIMUM RATINGS !Voltages referenced to V55. P;n 81 

Rating Symbol Value Unit 

DC Supply Voltage -MC14518AL/520AL Voo +18 to -0.5 Vdc 
-MC1451 SCL,CP /520CL,CP +16 ta -0.5 

Input Voltage, All Inputs Vin v00 ta-0.5 Vdc 

DC Current Drain Per Pin I 10 mAdc 

Operating Temperature Range oc 
MC14518AL/520AL TA -55 to +125 

MC 14518CL,CP/520CL,CP -40 to +85 

Storage Temperature Range Tstg -65to+150 Oc 

TRUTH TABLE 

CLOCK ENABLE RESET ACTION 

_,- 1 0 Increment Counter 

0 "'"'\._ 0 Increment Counter 

""'\.... x 0 No Change 

x ....r 0 No Change 

_r 0 0 No Change 

1 '- 0 No Change 

x x 1 ao thru 03 = 0 

X "" Don't Care 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL BCD UP COUNTER 
(MC14518) 

DUAL BINARY UP COUNTER 
(MC14520) 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

01 

02 

2 03 

04 
R 

01 

02 

10 
c 

03 

R 
04 

15 
v 00 =Pin 16 

Vss =Pin 8 

3 

4 

5 

6 

11 

12 

13 

14 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields: however. it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi
mum rated voltages to this high impedance 
circuit. For proper operation it is recommended 
that Vin and Vout be constrained to the range 
Vss.; IV;n or Voutl.; Voo. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or v00). 



MC14518, MC14520 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14518AL/MC14520AL MC1<1618CL CP/MC1<1620C~ 

Voo -ss0c +2SOC +126°<: -co<>c ...... '8ll"C 
Char-.t•inic Figura Symbol Vdc Min Mox Min Typ Mu Min Mox Min Mox Min !Ii!. Mu Min --- .ll!!i1. 

Output Voltage "O" Level Vout 5.0 0.01 0.01 0.05 0.01 O.Q1 0.05 Vdc 
10 0.01 0.01 0.05 0.01 0.01 0.05 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 
10 9.99 9.99 10 9.95 9.99 - ~ JJ!. - Lilli 

Noise Immunity• VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
15 6.75 6.75 

VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
15 6.75 a.I.OJ -

Output Drive Current loH mAdc 
{Vout = 2.5 Vdc) Source 5.0 -0.62 - -0.5 -1.3 - -0.35 - -0.23 - --0.2 -1.3 - --0.16 
(Vout = 9.5 Vdc) 10 -0.62 - -0.5 -0.9 - -0.35 - --0.23 - -0.2 -0.9 - -0.16 
CV0 ut = 13.5 Vdc) 15 -3.0 :.Jj)_ -
(Vout = 0.4 Vdc) Sink IQL 5.0 0.5 0.4 0.6 0.28 0.23 0.2 0.6 0.16 mAdc 
(Vout"" 0.5 Vdcl 10 1.1 0.9 1.6 0.65 0.6 0.5 1.6 0.4 
(Vout = 1.5 Vdcl 15 6.0 6.0 

Input Current lin 10 10 _E.._Adc 

Input Capacitance Cin pF 
!Vin= OJ 5.0 5.0 

Quiescent Dissipation 3.4 Po 5.0 25 1.0 25 1500 - 250 1.0 250 3500 µW 
10 100 4.0 100 - 6000 1000 - 4.0 1000 - 14000 

Output Rise Time 5.6 tr 
(CL= 15 pF) 5.0 100 175 100 200 

10 35 75 35 110 
Output Fall Time 5,6 tf 

(Cl= 15 pF) 5.0 100 175 100 200 
10 35 75 35 110 

Clock Turn-On Delay Time tPHL 
(CL= 15 pF) 5.0 250 650 250 1000 

10 100 225 100 300 
Clock Turn-Off Delay Time tPLH 

(CL= 15 pF) 5.0 250 650 250 1000 
10 100 225 100 300 

Minimum Clock Pulse Width PWc 
(CL,, 15 pF) 5.0 120 200 120 300 

10 50 100 50 120 
Maximum Clock Pulse Frequency PAF MH' 

(CL= 15 pF) 5.0 1.5 2.5 1.0 2.5 
10 3.0 6.0 2.5 6.0 

Clock or Enable Rise and Fall Time tr,tf 
"' (CL= 15 pF, Voo = 5.0 to 15 Vdc) 15 15 

Reset Turn-Off Delay Time tPHL 
(CL= 15 pF) 5.0 300 650 300 1000 -

10 125 225 125 300 
Minimum Enable Pulse Width PWE 

(CL"' 15 pF) 5.0 260 440 260 660 
10 110 220 110 260 

Minimum Reset Pulse Width PWA 
(CL= 15 pF) 5.0 125 325 100 500 

10 50 100 50 125 

*DC Noise Margin (VNH· VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
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MC14518, MC14520 (continued) 

FIGURE 1 -TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

Count On to a logic "1" level. 

:g -2.01--+---+-

! 
.... 
z 
~ -4.0 

~ fc-~+--+----co~---"'t---f---:;;l-£--T'l-~'H'--t---
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Vos. DRAIN VD LT AGE IVdc) 

FIGURE 3 -TYPICAL POWER DISSIPATION 
CHARACTERISTICS 

nr TA 25°C 
CL-15pF ...... 

- - CL-50pF ~1£1 ~ 
~~~ 15 Vdc 

10 Vdc~ .__~ 
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FIGURE 2 -TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

External 
Power 
Supply 

10 r-----r---:c']_-rr-y-cb rJ.-r=-, -L---r7o--c -,----,--J.,-----r---r--b-, 

llLL!L I-" 10Vdc 

2.0 4.0 6.0 

Vos. DRAIN VOLTAGE (Vdci 

(a) TA "-55"C 
lblTA"+lS"C -
lciTA"+1lS"C 

B.D 10 

FIGURE 4 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

Pulse 

Generator 

0.01 µF .J Ceramic 



MC14518, MC14520 (continued) 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 

Voo 

FIGURE 6 -TYPICAL RISE AND FALL TIME 
versus LOAD CAPACITANCE 

20 60 80 

CL, LOAD CAPACITANCE (pF) 

100 

Clock 
Input 

PWcL = PWcH = 50% Duty Cycle 

t+ = t-~ 20 ns 

FIGURE 7 - TYPICAL TURN-ON AND TURN-OFF 
DELAY TIME versus LOAD CAPACITANCE 

tt: Vea = 5.0 Vdc 1 _..i...-
9 3201-----jl-----l----l--'==t--"'---t;;..-"f".i---:.._-1--_-1-_+----l 
~ -+--1 
:::;~ ~ 
~ ~240 
z:;! 
9 t-
z > 
~ :5 160 >-----<f-----+----+--+-_._-_.__10 Vdc 
t- w 

~o 

1!0 = 
o.___.____. _ __. _ _. _ _._ _ _.._ _ _._ _ _._ _ _.___.. 

0 20 40 60 80 100 

CL, LOAD CAPACITANCE (pF) 
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MC14518, MC14520 (continued) 

MC14518 

MC14520 

FIGURE 8 -TIMING DIAGRAM 

Clock--Jlf1.M~ 11121314 15 16 17 18 

Reset 

12345678901234567890 
r r H r h r r ~ h h 

ao- 1---' 1---' 1--! I- H 1---' ,__... I- H '--
rH r-+- r-+- r-t-

QI---+- r-+- 1-1-

Q2 --!--+--+--! 

03--+--+--+--+--+--+--+--!rHI--+--+--+--+--+-+--+-!~ 
1 2 3 4 5 6 7 8 ·9 1011 12 13 14 15 0 1 2 3 4 t-iHrt-iHrrt-ihh 

oo ----1 t--' +-- 1--! I- H H I- I- H L-
r-+- r-+- r-+- 1-+-i r---t"I 

a1--+- 1-1- 1-t--1 r-+- r-+--- I '--

a2--t--t--1-1 

Q3--t--t--t--t--t--t--+--! 

FIGURE 9 - DECADE COUNTER (MC14518) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) 

ao 01 Q2 
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MC14518, MC14520 (continued) 

Reset 

FIGURE 10 - BINARY COUNTER (MC14520) LOGIC DIAGRAM 
(1/2 OF DEVICE SHOWN) 

oo 01 02 
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,____/ \ SELECTOR 

MC14519AL ~---------
MC14519CL 
MC14519CP 

4-BIT AND/OR SELECTOR 
or 

QUAD 2-CHANNEL DATA SELECTOR 
or 

QUAD EXCLUSIVE "NOR" GATE 

The MC14519 is constructed with MOS P-channel and N-channel 
enhancement mode devices in a single monolithic structure. These 
complementary MOS logic gates find primary use where low power 
dissipation and/or high noise immunity is desired. 

This device exemplifies the design versatility of MCMOS logic 
structure. This part provides three functions in one package; a 4-Bit 
AND/OR Selector, a Quad 2-Channel Data Selector, or a Ouad 
Exclusive NOR Gate. 

• Quiescent Power Dissipation= 100 nW/package typical 

• Noise Immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14519AL) 
3.0 Vdc to 16 Vdc (MC14519CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

• Plug-In Replacement for CD4019 in Most Applications 

LOGIC DIAGRAM 
(Positive Logic) 

v 00 =Pin 16 

v55 =Pin a 

See Mechanical Data Section for package dimensions. 
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10 zo 

11 Z1 

12 Z2 

13 Z3 

Mc MOS 
I LOW-POWER COMPLEMENTARY MOS) 

4--BIT AND/OR SELECTOR 

~~ 16 ~'1~Yrn ~ 161r1~1rn 1 

L SUFFIX P SUFFIX 
CERAMIC PACKAGE PLASTIC PACKAGE 

CASE 620 CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss < (Vin or 
Voutl ~Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss 0 ' Vool. 

TRUTH TABLE 

CONTROL INPUTS OUTPUT 

A B Zn 

0 0 0 
0 1 Yn 1 0 Xn 1 1 Xn@ Yn 

Note. 

Xn@ Yn means Xn (Exclusive-NOR) Yn 



MC14519 (continued) 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage -MC14519AL Voo +18 to -0.5 Vdc 

-MC14519CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Voo to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range-MC 14519AL TA -55 to +125 oc 

-MC14519CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

ELECTRICAL CHARACTERISTICS 
MC14519AL MC14519CL/CP 

Voe -55°C +25°c +125°C -40°c +250C 

Charact8fistic Figure Symbol Vdc Min Mox Min Typ Max Min Max Min Max Min Typ Max 

Output Voltage "O'' Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 
10 0.01 0.01 0.05 0.01 0.01 
15 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noise Immunity~ VNL 
(Vout ~3.5 Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
( Vout ~ 7 .0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
{Vout~10.5 Vdc) 15 6.75 6.75 

VNH 
(Vout~1.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 

(Vout ...;;;3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
(Vout ~4.5 Vdcl 15 6.75 6.75 

Output Drive Current 
(VoH = 2.5 Vdcl Source IOH 5.0 0.62 - -0.50 -1.7 - -0.35 - -0.23 - -0.20 -1.7 -
(VoH = 9.5 Vdc) 10 J-o.62 - -0.50 -0.9 - -0.35 - -0.23 - -0.20 -0.9 -
(VoH = 13.5 VdcJ 15 -3.5 -3.5 

{Vol= 0.4 Vdc) Sink loL 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
tVoL = 0.5 Vdcl 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
(VOL= 1.5 Vdc) 15 7.8 7.8 .. 

1 nput Current lin 10 10 

Input Capacitance (Vjn = 0 Vdc) Cin 5.0 5.0 

Quiescent Dissipation Po 
(CL= 15 pF,f = OHz) 

0.002~ 5.0 - - 0.00005 aoo25 - 0.15 - 0.025 - 0.00005 0.025 
10 0.01 0.0001 0.01 0.6 0.1 0.0001 0.1 
15 0.0003 0.0003 

Dynamic Power Dissipation t Po 
(CL= 15 pF) 

5.0 Po= (2.5 mW/MHzl f + 0.00005 mW 
10 Po= (10 mW/MHz) f + 0.0001 mW 

15 Po = (23 mW/MHz) f + 0.0003 mW 

Output Rise Time•• ,, 
!CL= 15 pFJ 
tr= (3.0 ns/pF) CL + 25 ns 5.0 70 175 70 200 
tr= {1.5 ns/pF) CL +12 ns 10 35 75 35 110 
tr= (1.1 ns/pF) CL+ 8.0ns 15 25 25 

Output Fall Time** ,, 
(CL= 15 pF) 
tf = (1.5ns/pF) CL +47 ns 5.0 70 175 70 200 
tf = (0.75 ns/pF) CL+ 24 ns 10 35 75 35 110 
tf = (0.55 ns/pF) CL+ 17 ns 15 25 25 

Turn-On, Turn-Off Delay Time tPHL· 
tPLH 

tPHL• lPLH = (1.75 ns/pF) 5.0 200 300 200 400 
CL +172ns 

tPHL· tPLH = (0.70 ns/pF) 10 85 135 85 175 
CL+74ns 

tPHL· tPLH = (0.53 ns/pFI 15 70 70 
CL +62ns 

*DC Noise Margin IVNH· VNL) is defined as the maximum voltage change, from an ideal ''1" or "O'' input level before producing an output state change. 
""The formula given is for the typical characteristics only. 

tFor dissipation at different external load capacitances refer to corresponding formula: 

PT(CLl = Po+ 2 x 10-3 (CL - 15 pF) Voo2f 

Where. PT, Po in mW, CL in pF. Voo in Vdc. and fin MHz. 
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+85°C 

Min Max Unit 

0.05 Vdc 
0.05 

4.95 Vdc 
9.95 

Vdc 
1.4 
2.9 

Vdc 
1.5 
3.0 

mAdc 
-0.16 
-0.16 

0.16 - mAdc 
0.40 

- pAdc 

pF 

mW 

- 0.75 
3.0 

mW 
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MC14519 (continued) 

Pulse 

Pulse 
Generator 

Generator 

FIGURE 1 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

+Voo 

A Voozo 

>----+--<>----< B 

XO 

100 

20 ns 20 ns 

Voo 
v, 

av 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

A Voozo 20 ns 20 ns 

B ICL 
XO 
YO Z1 

ICL Outputs 
Y1 

X2 Z2 

Y2 JcL 
X3 

Y3Vss Z3 

ICL 
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MC14519 (continued) 

Data A 

Clock A 

Reset A 

Control A 

Control B 

Invert 

TYPICAL Cl RCUIT APPLICATIONS 

DATA REGISTER SELECTION COMPARISON 

r-------------------------------1 
I MC14015 : 

Dua! 4-Bit Register 

4-Bit Register A 4-8 it Register 8 

01 02 03 04 04 

XO X1 X2 X3 YO Y1 Y2 Y3 
A 

MC14519 
AND/OR Select/Exel NOR 

B 
zo Z1 Z2 Z3 

,- -1 

I I MC14507 

I I Quad 

I I Exclusive OR 

_ _J 

00 01 02 03 

CONVERSION TABLE 

OPERATION 

CODE OLJTPUT FUNCTION 

A B INV 00 01 02 03 

0 0 0 0 0 0 0 Inhibit, all zeros 

0 0 1 1 1 1 1 Inhibit, all ones 

1 0 0 XO X1 X2 X3 Control A 

1 0 1 XO x1 x2 X3 Control A and Invert 

0 1 0 YO Y1 Y2 Y3 Control B 

0 1 1 vo v1 v2 Y3 Control Band Invert 

1 1 0 xo@vo x1@v1 x2@v2 X3@Y3 Exclusive NOR 

1 1 1 xo©vo X1 GJ Y1 X2 (±) Y2 X3(t)Y3 Exclusive OR 
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Data 8 

Clock B 

Reset B 
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_f MC14521AL 
MC14521CL 
MC14521CP 

\--~~~~~~F_R_E_a_u_E_N_c_v~o-1v_1_o_E_R __ 

Advance Information 

24-STAGE FREQUENCY DIVIDER 

The MC14521 consists of a chain of 24 flip-flops with an input 
circuit that allows three modes of operation. The input will function 
as a crystal oscillator, an RC oscillator, or as an input buffer for an 
external oscillator. Each flip-flop divides the frequency of the 
previous flip-flop by two, consequently this part will count up to 
224 = 16,777,216. The count advances on the negative going edge 
of the clock. The outputs of the last seven-stages are available for 
added flexibility. 

• f(max) = 9.0 MHz typical@ VDD = 10 V 

• All Stages are Resettable 

• Reset Disables the RC Oscillator for Low Standby Power Drain 

• RC and -Crystal Oscillator Outputs Are Capable of Driving 
External Loads 

• Test Mode to Reduce Test Time 

• VDD' and Vss' Pins Brought Out on Crystal Oscillator Inverter to 
Allow the Connection of External Resistors for Low-Power 
Operation 

MAXIMUM RATINGS (V oltages r ef erence 

Rating 

DC Supply Voltage -MC14521AL 
- MC14521CL/CP 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range 
-MC14521AL 
- MC14521CL/CP 

Storage Temperature Range 

d v p· 8) to~· on 

Symbol 

Voo 

Vin 

I 

TA 

T stg 

Ra set 
2 

Stages 
1 thru 17 

Value Unit 

+18 to -0.5 Vdc 
+16 to -0.5 

v 00 to -0.5 Vdc 

10 mAdc 
Oc 

-55 to +125 
-40 to +85 

-65to +150 OC 

BLOCK DIAGRAM 

Stages 
18 thru 24 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

24-STAGE FREQUENCY DIVIDER 

·--1 

LSUFFIX . · · 
CERAMICPACKAGE .. 

CASE 620 16 
1 

2 

3 

4 

5 

6 

8 

P SUFFIX 

PLASTIC PACKAGE 
CASE 648 

PIN ASSIGNMENT 

Voo 16 

023 15 

022 14 

021 13 

020 12 

019 11 

018 10 

Vss In 1 9 

OUTPUT COUNT CAPACITY 

018 2 18 = 262, 144 

019 2: = 524,288 
020 2 = 1,048,576 
021 2 21 = 2.097, 152 

018 019 020 021 022 023 024 022 2 22 = 4, 194,304 

Out 1 

5 3 
Voo' Vss' 

4 
Out2 

v00 =Pin 16 

Vss= Pins 

10 11 12 13 

023 2 23 = 8,388,608 
024 2 24 = 16,777 ,216 

14 15 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation it is recommended that Vin and Vout be constrained to the range Vss ~ (Vjn or Voutl ~ Voo-

.unused inputs must always be tied to an appropriate logic voltage level {e.g., either Vss or VooL 
This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14521 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14521AL MC14521CL/CP 

Voo...---56~•c~-+-~~-·25~•-c~~-1---•-•25~0_c-+~--'°T•_c~+-~T•_25_0_c~~-<>--"'~s•_c___, 
Characteristic 

Output Voltage 

Noise Immunity• 

(V0 ut;o:.3.5 Vdc) 
!Vout#7.0Vdc) 
(Vout~ 10.5 Vdc) 

{Vout ~ 1.5 Vdcl 
(Vout.io;;;3.0Vdc) 
lVaut-,e:;;;;4.5 Vdc) 

Output Drive Current 

"O" Level 

"1" Level 

(VoH = 2.5 Vdcl Source 
(VQH = 9.5 Vdc) 
(VQH = 13.5 Vdcl 

(Vol= 0.4 Vdc) Sink 

(VQL = 0.5 Vdcl 
lVoL = 1.5 Vdc) 

Input Current 

Input Capacitance 
(Vin= 0) 

Quiescent Dissipat10!'I* * 
(CL= 15 pF) 

Po= (1.2 mW/MHz) f .. 0.0001 mW 
Po - (5.0 mW/MHz) f + 0.0004 mW 
Po=. (13.0 mW/MHz) f + 0.001 mW 

Output Rise Ti me** 
(CL= 15 pF) 

tr= (3.0ns/pFJ CL+ 25 ns 
tr= (1.5 ns/pF) CL+ 12 ns 
tr= 11.1 ns/pF) CL+ 8.0ns 

Output Fa11 Time•• 

(CL= 15 pFJ 

tf = 11.Sns/pFI CL+ 47 ns 
tf = I0.75 ns/pFI CL+ 24 ns 
tf = (0.55 ns/pF) CL+ 17 ns 

Turn-On, Turn-Off DeJay Time** 
(CL= 15 pF) Clock to 018 

lPHL.lPLH"'(1.75ns/pF) CL+4474ns 
lPHL,tPLH = (0.70ns/pFI CL+ 1690ns 
lPHL• tPLH = I0.53 ns/pFI CL+ 1192 ns 

Turn-On, Turn-Off Delay Time•• 

(CL= 15 pF) Clock to 024 

lPHL· lPLH = (1.75 ns/pF) Cl+ 5974 ns 
lPHL· lPLH = (0.70 ns/pF) CL+ 2190 ns 
tPHL· tPLH = (0.53 ns/pF) CL+ 1442 ns 

Turn-On Delay Time** 

(CL= 15 pFJ Reset to On 

tPHL"' (1.75 ns/pF) CL + 1274 ns 
tPHL = I0.70 ns/pF) Cl+ 490 ns 
lPHL = (0.53 ns/pF) CL+ 342 ns 

Minimum Clock Pulse Width 
(CL= 15 pF) 

Maximum Clock Pulse Frequency 

(CL= 15 pF) 

Maximum Clock Rise and Fall Time 

(CL= 15 pF) 

Minimum Reset Pulse Width 

(CL= 15 pF) 

Figure Symbol Vdc Min Max Min Typ Max Min Max Min Mu 

Vout 5.0 0.01 0 0.01 0.05 0.01 
10 0.01 0.01 0.05 0.01 
15 

5.0 4.99 
10 9.99 
15 

VNL 5.0 1.5 
10 3.0 
15 

VNH 5.0 1.4 
10 2.9 
15 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

Min Typ 

0 
0 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

Max 

0.01 
0.01 

5.0 -0.62 - -0.50 -1. 7 
10 -0.62 - -0.50 -0.9 
15 -3.5 

- -0.35 - -0.23 - ~-20 -1.7 

loL 

,, 

PRF 

PWR 

- -0.35 - -0.23 0.20 -0.9 

5.0 0.50 0.40 0.78 
10 1.1 0.90 2.0 
15 7 8 

5.0 - 0.025 
10 0.10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

10 

5.0 

0.0001 0.025 
0.0004 0.10 
0.001 

70 

35 
25 

70 
35 
25 

4.5 
1.7 
1.2 

6.0 
2.2 
1.5 

175 
75 

175 
75 

9.0 
3.5 

12 
4.5 

1300 2600 
500 1000 
350 

140 250 
55 100 
40 

2.0 3.5 
5.0 9.0 

12 

15 
15 

700 1400 
300 600 
200 

-3.5 

0.28 0.23 0.20 0. 78 
0.65 0.60 0.50 2.0 

1.5 
6.0 

0.25 
1.0 

1.5 

3.5 

78 

10 

5.0 

0.0001 0.25 
0.0004 1.0 

0.001 

70 

35 
25 

70 
35 
25 

200 
110 

200 
110 

4.5 13.5 
1.7 5.2 
1.2 

6.0 18 
2.2 6.5 
1.5 

1300 4000 
500 1500 
350 

140 385 
55 150 

40 

3.5 
9.0 
12 

15 
15 

700 1800 
300 900 

200 

.. DC Noise Margin (VNH· VNL) is defmed as the maximum voltage change from an ideal "1" or "O" input level before producing an Output state change. 

*"The formula given is for the typical characteristics onty. 
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Min Max Unit 

4.95 
9.95 

1.4 

2.9 

1.5 
3.0 

0.05 Vdc 
0.05 

Vdc 

Vdc 

0.16 - mAdc 
0.16 

0.16 - mAdc 
0.40 

- pAdc 

3.5 
14 

pF 

mW 

"' 

"' 

MH> 

"' 
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MC14521 (continued) 

Pulse 

Pulse 
Generator 

Generator 

Voo 

In 2 

R 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo' 

018 In 2 I [20 ns-J 120 ns 

CLI I 50% 
019 

020 CLI -= 10% ~ 
021 CLl PWcL PWcH 

CLI -= -=-022 

CLl 
90% 

023 
50% I 

024 CLI -= -= On 

~Jt,:LH . CLI -Vss' - f-_,, 

FIGURE 3 - CRYSTAL OSCILLATOR CIRCUIT 
FIGURE 4- TYPICAL DATA FOR CRYSTAL 

OSCILLATOR CIRCUIT 

500 kHz 50 kHz 

Voo CHARACTERISTIC CIRCUIT CIRCUIT 

Crystal Characteristics 
Resonant Frequency 500 50 

Cut s N 

Equivalent Resistance, Rs 1.0 6.2 

External Resistor/Capacitor Values 

Ra 47 750 

CT 82 82 

Cs 20 20 

Frequency Stability 

Frequency Change as a Function 

at v 00 n A= 25°c) 
v 00 Change from 5_0 V to 10 V +6.0 +2.0 

v 00 Change tram 10 V to 15 V +2.0 +2.0 

Frequency Change asa Function 

of Temperature {Voo =-' 10 V) 

TA Change from -55°C to +25°C 

MC14521 only -4.0 -2.0 

Complete Oscillator• +100 +120 

TA Change from +25°c to +125°C 

•optional for low power operation. MC14521 only -2.0 -2.0 

Complete Oscillator• -160 -560 

"Complete oscillator includes crystal, capacitors, and resistors. 
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UNIT 

kHz 
-

kS1 

kS1 
pF 

pF 

ppm 

ppm 

ppm 

ppm 

ppm 

ppm 



MC14521 (continued) 

~ 
z 
0 

~ 
:;: 
0 

FIGURE 5 - RC OSCILLATOR STABILITY 

Test Circuit 
Figure 7 

~ -4.0l-----+----+----+----t-----1-----1~----i 
~ ---- --- ----
::::> 
0 
~ -8.01-----+----+----+--

-12H==t=~~~d 
Rrc = 56 kn. {--Rs= o. t = 10.15 kHz@ Voo = 10 v. TA= 25°c 

-16 C=lOOOpF ---Rg=120kU,1=7.8kHz@Voo=10V,TA=250C 

-55 -25 0 25 50 75 100 125 

TA.AMBIENTTEMPERATURE ('Cl 

FIGURE 7 - RC OSCILLATOR CIRCUIT 

1 
f="'---

2.3 RC 

100 

FIGURE 6 - RC OSCILLATOR FREQUENCY AS A 
FUNCTION OF RTC AND C 

50 
v00 = 1D v Test Circuit 

a 
i:; 20 
;::; 
::::> 10 
:i! 
~ 5.0 
0:: 

::: 2.0 
:5 
-' 1.0 
:ii 
0 0.5 --

::s 
C"'l 

!-- f as a function 
I- of C 
~ IRrc = 56 knJ 
1= ms= 120 kl 

0.2 

0.11.0 k 

0.0001 

~ 
Figure 7 

f asa function_ 
~ of Arc . _ 

"' IC= 1000 pFI = 
(RS~ 2Rrc>. ~ E!3 

~ ~ 
rs 'Ei ~ 

~ 
10k 100k 
Rrc. RESISTANCE !OHMS) 
0.001 0.01 

C. CAPACITANCE (µFl 

FIGURE 8 - FUNCTIONAL TEST CIRCUIT 

Pulse 
Generator 

1.0m 

0.1 

FUNCTIONAL TEST SEQUENCE 

INPUTS OUTPUTS COMMENTS 

Reset In 2 Out 2 Vss Voo' Q18tlYU 024 Counter is in three 8-stage 

1 a 0 Voo Gnd 0 
sections in parallel mode 
Counter is reset. In 2 and 

A test function (see Figure 8) has been in· Out 2 are connected together 

eluded for the reduction of test time required to 
0 1 1 

First "O" to "1" transition 

exercise all 24 counter stages. This test function on In 2, Out 2 node. 

divides the counter into three 8-stage sections, 0 0 255 "O" to "1" transitions 

and 255 counts are loaded in each of the 8-stage 1 1 are clocked into this In 2, 
- - Out: 2 node. 

sections in parallel. All flip-flops are now at a - -
logic "1 ". The counter is now returned to the - -
normal 24-stages in series configuration. One 1 1 1 The 255th "O" to '"1'" 

more pulse is entered into Input 2 (In 2) which 
transition. 

0 0 1 
will cause the counter to ripple from an all 0 0 Gnd 1 

"1" state to an all "o" state. 

j 
Counter converted back to 

1 0 Voo 1 24-stages in series mode . 

1 j 1 
Out 2 converts back to an 
output. 

Counter ripples from an 
0 0 all u1" state to an all 

"O" stage. 
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MC14521 (continued) 

1n2 Out2 

3 
out 1 v55 • 

10 
Q18 

11 
Q19 

LOGIC DIAGRAM 

12 
Q20 

13 
Q21 

14 
Q22 

7-182 

Reset 
2 

15 
Q23 Q24 

v 00 =Pin 16 

V55 =Pin 8 



..._____J MC14522AL 
MC14522CL 
MC14522CP 
MC14526AL 
MC14526CL 
MC14526CP 

\~~~~~~~~~~~~c_o_u_N_T_e_R_s__, 

PROGRAMMABLE DIVIDE-BY-N 4-BIT COUNTERS 

The MC14522 BCD counter and the MC14526 binary counter are 
constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic structure. 

These devices are programmable, cascadable down counters with 
a decoded "O" state output for divide-by-N applications. In single 
stage applications the "O" output is applied to the Preset Enable 
input. The Cascade Feedback input allows cascade divide-by-N 
operation with no additional gates required. The Master Reset 
function provides synchronous initiation of divide-by-N cycles. The 
Clock Inhibit input allows disabling of the pulse counting function. 

These complementary MOS counters can be used in frequency 
synthesizers, phase-locked loops, and other frequency division appli
cations requiring low power dissipation and/or high noise immunity. 

• Quiescent Power Dissipation= 1.0 µW/package typical 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc (AL Version) 

= 3.0 Vdc to 16 Vdc (CL, CP Version) 

• Internally Synchronous for High Internal and External Speeds. 

• Logic Edge-Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition of Clock Inhibit 

• 5.0 MHz Counting Rate 

MAXIMUM RATINGS (Voltages referenced to V55, Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage - AL Version Voo +18 to -0.5 Vdc 
- CL, CP Version +16to-0.5 

Input Voltage, All Inputs Vin v00 to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- AL Version TA -55 to +125 oc 

- CL, CP Version -40 to +85 

Storage Temperature Range Tstg -65to+150 oc 

TRUTH TABLES 

MC14522 MC14526 

OUTPUT OUTPUT 

COUNT 04 03 02 01 COUNT 04 03 02 01 

9 1 0 0 1 15 1 1 1 1 
8 1 0 0 0 14 1 1 1 0 

7 0 1 1 1 
6 0 1 1 0 

13 1 1 0 1 
12 1 1 0 0 

5 0 1 0 1 11 1 0 1 1 
4 0 1 0 0 10 1 0 1 0 

3 0 0 1 1 
2 0 0 1 0 

9 1 0 0 1 
8 1 0 0 0 

1 0 0 0 1 7 0 1 1 1 
0 0 0 0 0 6 0 1 1 0 

5 0 1 0 1 
4 0 1 0 0 

3 0 0 1 1 
2 0 0 1 0 
1 0 0 0 1 
0 0 0 0 0 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

PROGRAMMABLE DIVIDE-BY-N 
4-BIT COUNTERS 

BCD - MC14522AL/CL/CP 
Binary - MC14526AL/CL/CP 

::~ . ... 
CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

13 01 

Dp1 02 9 

11 DP2 

14 Dp3 03 15 

Dp4 

10 04 

4 

6 "O" 12 

v00 =Pin 16 

v 55 =Pins 

This device contains circuit:ry to proteci: the inputs against 
damage due to high static voltages or electric fields; how
ever, it is advised That normal precautions be taken to avoid 
application of any voltage higher than maximum rated 
voltages to this high impedance circuit. For proper op
eration it is recommended that Vin and Vaut be con
strained to the range Vss ~ (Vin or V 0 utl < Voo· 

Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either V55 or Vool. 

I 
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E LE CTR I CAL CHARACTERISTICS 
s: n 

MC14522ALIMC14526AL MC 14522CL/CP/MC 14526CL/CP ..... 
Voo -65°C +25°C +125°C -40Dc +25°C +85DC ~ 

Charac:t•istic J Ftgure l Symboll Vdc Min Max Min Min Max Min Max Max Min Mu Unit 
N 

Typ Max Min Typ en 
Output Voltage "O" Level T - T Vout T 5.0 0.01 0 O.Q1 0.05 O.Q1 0 O.Q1 0.05 Vdc -n 

10 O.Q1 0 0.01 0.05 0.01 - 0 o.oi 0.05 0 
15 0 0.05 0 :I .... 

'T' Level I I I 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 - Vdc 5' 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 c: 

C1l 
15 15 15 c. 

Noise Immunity* VNL Vdc 
(V0 ut # 3.5 Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 
(Vout;;.. 7 .0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
(V0 ut ~ 10.5 Vdcl 15 6.75 6.75 

VNH I I I Vdc l IVout ~ 1.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 I - 1.5 
";-I IVout ~ 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 ..... (Vout "'4.5 Vdc) 15 6.75 6.75 

~ r Output Drive Current loH I I mAdc 
IVoH = 2.5 Vdc) Source 1 5.0 --0.62 --0.5 -1.1 --0.35 --0.23 --0.2 -1.1 --0.16 
IVoH = 9.5 Vdc) 10 --0.62 --0.5 --0.75 --0.35 --0.23 --0.2 --0.75 --0.16 
IVoH = 13.5 Vdc) 15 -2.9 -2.9 -
(VOL= 0.4 Vdc) Sink 2 IQL 5.0 0.5 0.4 0.9 0.28 0.23 0.2 0.9 o.1s T T mAdc 
IVoL = 0.5 Vdc) 10 1.1 0.9 2.0 0.65 0.6 0.5 2.0 0.4 
IVoL = 1.5 Vdc) 15 8.0 B.O 

Input Current lin 10 10 l - 1 - 1 - 1 pAdc 

Input Capacitance Cjn 5.0 5.0 l - l - T T pF 
IV;n = 01 

Quiescent Dissipation 3,4 Po 5.0 25 0.5 25 1500 250 0.5 250 I - I 3500 I ""' 10 100 1.0 100 6000 1000 1.0 1000 14000 

Output A ise Time {Cl = 15 pF )** 5,6 " l T I ns 
tr= (6.3 ns/pF~ CL+ 5.0 ns 5.0 100 250 100 300 
tr= (2.25 ns/pf) CL+ 15 ns 10 50 125 50 150 
t, = 12.22 ns/pF) CL+ 2.0 ns 15 35 35 

(Continued on next pagel 



ELECTRICAL CHARACTERISTICS (continued) 

MC14522AL/MC14526AL 

Voo ~s0c +25°c +125°C --40oc 

Chlract•istic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Mu 

Output Fall Time (CL= 15 pFI 5,6 •1 
t1=12.84 ns/pF) CL+ 58 ns 5.0 - - - 100 250 - - - -
tf = ( 1.03 ns/pF) CL+ 35 ns 10 - - - 50 125 - - - -
tf=(1.00ns/pF) CL +20ns 15 - - - 35 - - - - -

Turn-Off Delay Time 5,6 'PLH 
"O" Output (CL"' 30 pF) 5.0 - - - 200 300 - - - -

10 - - - 100 250 - - - -

0 Outputs (CL= 15 pf}*" 
IPLH = (3.02 ns/pF) CL+ 455 ns 5.0 - - - 500 750 - - - -
tPLH = (1.13 ns/pF) CL+ 183 ns 10 - - - 200 300 - - - -
tPLH = (1.0 ns/pf) CL+ 115 ns 15 - - - 130 - - - - -

Turn-On Delay Time 5,6 lPHL 

I 
"O" Output ICL = 30 pFJ I 5.0 I - I - I - I 200 I 300 I - I - I - I -

-;-J 10 - - - 100 250 - - - -
~ 

co Q Outputs (CL= 15 pF) .. 
01 'PHL = (1.58 ns/pF) CL+ 476 ns 5.0 500 750 

tPHL = (0.67 ns/pFI CL+ 190 ns 10 200 300 
tPHL = (0.50 ns/pF) CL+ 133 ns 15 140 

Minimum Clock Pulse Width 5,6 PWc 5.0 100 250 
10 50 100 

Maximum Clock Pulse Frequency 5,6 PRF 5.0 1.5 2.0 
(CL= 15 pF) 10 3.0 5.0 

Clock or Inhibit Rise and Fall Time 5,6 tr,tf 5.0 15 
ICL = 15 pf) 10 15 -

Hold Time (CL= 15 pFJ 5,6 tho Id 5.0 75 125 -
10 25 50 

Minimum Preset Enable Pulse Width 5,6 PWpE 5.0 100 250 
10 50 100 

Minimum Master Reset Pulse Width 5,6 PWMR 5.0 200 300 
10 100 250 

•oc Noise Margin (VNH· VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change . 
.. The formula given is for the typical characteristics only . 

• 

MC14522CLICP/MC14526CLICP 

+25°C l +85°c 
Min Typ Ma• I Min } Mmx J Unit 

T T T ns 
- 100 300 
- 50 150 
- 35 

I I I ns 
- 200 400 
- 100 300 

- 500 1000 I - I - I ns 
- 200 400 
- 130 

I -· I 200 I 400 
- 100 300 

500 1000 I - I - I "' 200 400 
140 

100 
300 1 - t 1 ns 

50 150 -
1.0 2.0 T - T MHz 
2.5 5.0 

15 I I I ,., 
15 

75 150 
25 75 

100 300 I I I ns 
50 150 

200 350 I I I ns 
100 300 

s: 
n .... 
ol::li 
U1 
N 
~N 

s: 
n .... 
~ 
~ 
8 
::::J .... 
:;· 
c: 
a 
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MC14522, MC14526 (continued) 

I 
z 
0 
;::: 

10 

1.0 

;t 
Bl 
0 0.1 

"' ~ 
~ 
~ 0.0 1 

FIGURE 1 - TYPICAL OUTPUT SOURCE 
CHARACTERISTICS TEST CIRCUIT 

CF 01 

PE 

Dp1 02 

Dp2 

Dp3 03 

Dp4 

MR 04 

Inhibit 

c "O" 

10H 

External 
V55 Power 

Supply 

FIGURE 3 - TYPICAL POWER DISSIPATION 
CHARACTERISTICS 

~TA-25°C 

Ct 15,pF 

15V~ ~ 
15 pF 

l=voo 

1=~1o.Jd, 50 pF 

5.0 Vdc 

±ll 
1 0.00 
0.1 1.0 

Ill 
10 100 

f, FREQUENCY (kHz) 

1000 

FIGURE 2 - TYPICAL OUTPUT SINK 
CHARACTERISTICS TEST CIRCUIT 

Voo-VGs 

CF 01 

PE 

Dp1 02 

Dp2 

Dp3 

Dp4 
MR 04 

Inhibit 

c "O" 

V55 

FIGURE 4 - POWER DISSIPATION 

Pulse 
Generator 

Voo 

CF 01 

PE 

Dp1 02 

DP2 
Dp3 03 

Dp4 

MR 04 

Inhibit 

c 

FIGURE 5 - AC TEST CIRCUITS 

Pulse 
Generator 

1 

Pulse 
Generator 

2 

A) TEST NOS. 1 - 6 

Voo 

CF 01 

PE 

Dp1 02 

Dp2 

Dp3 03 

Dp4 

MR 04 

Inhibit 

"O" 

V55 

B) TEST NO. 7 
Voo 

01 

PE 

DP1 02 

Dp2 

Dp3 03 

Dp4 
MR 04 

Inhibit 
Pulse 

Generator 
c "O" 

V55 
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MC14522, MC14526 (continued) 

FIGURE 6 -AC TEST CONNECTIONS AND WAVEFORMS 

TEST N0.1 TEST NO. 2 

01 

TEST NO. 3 TEST NO. 4 

PG1 

PG1 

PG2 

TEST NO. 5& 7 TEST N0.6 

PG1 

20ns]~ 
90% 

------"'110% 

i{20ns PG1 

CHARACTERISTIC TEST NO. CLOCK INHIBIT PE MR Dpn CF OUTPUT 

tr, tf, tPLH, tpHL 1 PG1 Vss Vss Vss Vss Vss 01 
2 Voo PG1 Vss Vss Vss Vss 01 
3 V55 Vss PG1 Vss PG2 Vss On 
4 Vss Vss Voo PG1 Voo V55 On 
5 Vss V55 Voo Vss PG1 Vss On 

PWMR 4 Vss Vss Voo PG1 Voo Vss On 
PWpE 3 Vss Vss PG1 Vss PG2 Vss On 
PWc 1 PG1 Vss V55 Vss Vss Vss 01 

fMax 1 PG1 Vss Vss Vss Vss Vss 01 

• tho Id 3 Vss Vss PG1 Vss PG2 Vss On 
tr, tf 6 Vss V55 V55 Voo Vss PG1 "O" 

1PLH,'PHL 7 PG Vss Fig 5B Vss Fig 58 Voo "O" 
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MC14522, MC14526 (continued) 

FIGURE 7 - MC14522 LOGIC DIAGRAM (BCD Divide-by-N Counter) 

01 

Inhibit 

Clock 

MRO--~~~-+~~~~~~~~~~~~t____, 

02 03 

FIGURE 8 - MC14526 LOGIC DIAGRAM (Binary Divide-by-N Counter) 

CF 

PE 

Inhibit 

Clock 

MR 
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MC14522, MC14526 (continued) 

APPLICATIONS INFORMATION 

As a cascadable down counter, these devices feature asynchro
nous preset and master reset capability. Figure 9 shows a three
stage presettable down counter whose Q outputs respond synchro
nously to negative transitions on the clock inhibit inputs. 

The three-stage frequency divider of Figure 10 will provide an 
output pulse approximately equal to the clock pulse width, for N 

input pulses where N is any BCD input from 1-999 for the 
MC14522, or any binary input from 1-4095 for the MC14526. The 
master reset input allows synchronous initiation of a divide-by-N 
cycle. A pulse counting inhibit may be implemented with the 
inhibit input. 

FIGURE 9 - SYNCHRONOUS PROGRAMMABLE DOWN COUNTER 

Voo 

Asynchronous 

Clock Inhibit 

Q2 03 04 

CF 

Master 
Reset.-+-+--~~~~~~~~~~~~~-+_....~~~~~~~~~~~~~+--' 

Asynchronous 
Preset Enable 

fin 

Pulse 
Counting 

Inhibit 

Initiate 
Counter 

FIGURE 10 - 3-STAGE PROGRAMMABLE FREQUENCY DIVIDER 

02 03 04 
CF 

~ 

Least Significant 
Decimal or 

Hexadecimal Digit 

Output 

fin 

N 

02 03 04 

CF 

N = 1 to 999 for MC14522 
N = 1 to 4095 for MC14526 
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,____/ "\ MULTIPLIER 

MC14527AL '-----------
MC14527CL 
MC14527CP 

BCD RATE MULTIPLIER 

The MC14527 BCD rate multiplier (DRM) provides an output 
pulse rate based upon the BCD input number. For example, if 6 is 
the BCD input number, there will be six output pulses for every ten 
input pulses. This part may be used to add, subtract, divide, raise 
to power, and solve algebraic and differential equations, and can be 
used to generate trigonometric functions and natural logarithms. 
Typical applications include digital filters, motor speed control and 
frequency synthesizers. 

• Quiescent Power Dissipation= 0.25 µW/package typical@ 5.0 Vdc 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14527AL) 
= 3.0 Vdc to 16 Vdc (MC14527CL/CP) 

• Low In.put Capacitance - 5.0 pF typical 

• Internally Synchronous for High Speed 

• Output Clocked on the Negative Going Edge of Clock 

• Strobe for Inhibiting or Enabling Outputs 

• Enable and Cascade Inputs for Cascade Operation of 
Two or More DR Ms 

• "g" Output for the Parallel Enable Configuration and 
DR Ms in Cascade 

• Complementary Outputs 

• Clear and Set to Nine Inputs 

MAXIMUM RATINGS !Voltages referenced to V55, Pin Bl 

Rating Symbol Value 

DC Supply Voltage MC14527AL Voo +18to-0.5 

MC14527CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v 00 to -0.5 

OC Current Drain per Pin I 10 

Operating Temperature Range~MC14527 AL TA -55 to t 125 

- MC14527CL/CP -40 to +85 

Storage Temperature Range Tstg -65to+150 

TRUTH TABLE 
OUTPUT 

LOGIC LEVEL 

INPUTS NUMBER Of- PULSES 

No. of 
0 c " A Clock Pulses ''" STROBE CASCADE CLEAR SEr OUT OUT Eaut "9"' 

0 0 0 0 " 0 0 0 0 0 0 : : : 0 0 0 ' •O 0 0 0 0 0 ' 
0 0 ' 0 :g 0 0 0 0 0 ' ' ' ' 0 0 0 0 0 0 0 ' ' ' ' 0 ' 0 0 '° 0 0 0 0 0 ' ' 0 ' 0 ~ '° 0 0 0 0 0 0 , : ' 0 ' ' '° 0 0 0 0 0 ' ' ' 
0 ' ' ' '° 0 0 0 0 0 ' ' ' : ' 0 0 0 '° 0 0 0 0 0 ' ' ' 
' 0 0 ' '° 0 0 0 0 0 ' ' ' ' 
' 0 ' 0 '° 0 0 0 0 0 ' ' ' ' 
' 0 ' ' '° 0 0 0 0 0 ' ' 0 0 '° 0 0 0 0 0 ' ' ' ' 
' ' 0 ' '° 0 0 0 0 0 ' ' ' ' 0 '° 0 0 0 0 ' ' : ' ' ' ~ •O 0 0 0 0 0 ' ' ' x x x '° ' 0 0 0 0 

x x x x '° 0 ' 0 0 0 0 ' ' ' 
~ ; x x '° 0 0 0 0 ' 0 

' ' x '° 0 0 0 0 '° '° 0 
0 x : x '° 0 0 0 ' 0 0 ' : 0 

' x x '° 0 0 0 0 ' 0 ' 

See Mechanical Data Section for package dimensions 
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Unit 

Vdc 

Vdc 

rnAdc 

oc 

uc 

McMOS 
I LOW-POWER COMPLEMENTARY MOSI 

BCD RATE MULTIPLIER 

'"""' -16 

L SUFFIX i 

CERAMIC PACKAGE 
CASE 620 P SUFFIX 

PLASTIC PACK AGE 
CASE 648 

BLOCK DIAGRAM 

4 

s 
12 Case Eout 

11 Ein 

Rate Input 9 Clock 
Out 6 

10 ST 

r A 
Out 5 

15 B 
Multipliec ~ c 

D "9" 
Clear 

13 

v 00 =Pin 16 

Vss =Pin 8 

This device contains circuitry to protect the 
inputs against damage due to high static volt
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation, it is recommended that Vin 
and Vout be constrained to the range Vss ~ 
(Vin or Vout) ::(Voo· 
Unused inputs must always be tied to an ap
propnate logic voltage level (e.g., either Vss 
or Vool 



ELECTRICAL CHARACTERISTICS 

MC14527AL MC14527CL/CP ~ 
v00 -55°c +2s0 c +12s0 c -4o0 c +2s0 c +ss0 c _. 

Characteristic j Figure 1 Symbol J Vdc Min Max Min Typ Max Min Max Min Max Min 'Ix.e... Max Min Max Unit 8; 
Output Level "O" Level I -r Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc N 

10 O.Q1 0 O.Q1 0.05 O.Ql 0 0.01 0.05 ..... 

"1" Level r 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc O 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 0 

Noise Immunity* VNL ~ 
(V0 ut;;>3.5Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc :i 
(V0 ut ;;> 7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 C 
(V0 ut ;;> 10.5 Vdcl 15 6.75 6.75 ~ 

lVout<;;1.5Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
lVout.;;; 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
(Vout.;;; 4.5 Vdcl 15 6.75 6.75 

Output Drive Current loH I I mAdc 
tVoH = 2.5 Vdc) Source 5.0 -0.62 -0.5 -1.3 -0.35 -0.23 -0.2 -1.3 -0.16 
lVoH = 9.5 Vdc) 10 -0.62 -0.5 -0.9 -0.35 -0.23 -0.2 -0.9 -0.16 
lVoH = 13.5 Vdc) 15 -3.0 -3.0 

lVoL = 0.4 Vdc) Sink loL 5.0 0.5 0.4 0.6 0.28 0.23 0.2 0.6 0.16 I I mAdc 
(VOL= 0.5 Vdc) 10 1.1 0.9 1.6 0.65 0.6 0.5 1.6 0.4 
IVoL = 1.5 Vdc) 15 - 6.0 6.0 

Input Current lin 10 10 pAdc 

Input Capacitance Cin 5.0 5.0 T 1- pf 
!Vin= 01 

~ Quiescent Dissipation 1 Pa 5.0 0.025 - 0.00025 0.025 1.5 - 0.25 - 0.00025 I 0.25 I - I 3.5 
<0 (CL=15pF) 10 0.10 0.001 - 0.10 6.0 - 1.0 - 0.001 1.0 14 
..... 15 0.0025 - - - - - 0.0025 

Total Power Dissipation **t 1 Po I mW 

(Dynamic Plus Quiescent) 

(CL= 15 pFI I 5.0 Po= (2.5 mW/MHz) I+ 0.00025 mW 
10 Po= (10.5 mW/MHz) I+ 0.001 mW 
15 Po= (25 mW/MHz) I+ 0.0025 mW 

Output Rise and Fall Time** 2 tr,tf I I I I ns 
(CL= 15 pF) 
tr.ti: (3.0 ns/pF) CL+ 25 ns 5.0 - - - 70 175 - - - - - 70 200 
tr.t1-(1.2ns/pF) CL+ 12 ns 10 - - - 30 75 - - - - - 30 110 
t,.t1=(1.0ns/pFICL+10ns 15 - - - 25 - - -· - - - 25 

Clock to Out Propagation Delay Time** 2 1PLH.1PHL I I I ns 
(CL= 15 pF) 
tPLH.tPHL = (1.4 ns/pF) CL+ 129 ns 5.0 - - - 150 300 - - - - - 150 400 
tPLH·'PHL = (0.5 ns/pF) CL+ 62.5 ns 10 - - - 70 150 - - - - - 70 200 
1PLH•1PHL = (0.4 ns/pF) CL+ 42 ns 15 - - - 50 - - - - - - 50 -

Clock to Out Propagation Delay Time 2 1PLH.tPHL 5.0 - - - 70 160 - - - - - 70 280 I I I ns 
ICL = 15 pF) 10 - - - 35 80 - - - - - 35 100 

IQ.- -- 25 - - - - - - 25 -

*DC Noise Margin (VNH· VNLl is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. (Continued on next page) 

**The formula given is for the typical characteristics only. 
tfor dissipation at different external Load Capacitance (CL) refer to corresponding formula: 

PT(CLI = Po + 1.2 x 1 o-3 (CL - 15 pF) Voo2t 

Where: PT, Po in mW, CL in pF, Voo in Vdc, and f in MHz . 

• 
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ELECTRICAL CHARACTERISTICS (continued) "' ("") 

MC14527AL MC14527CLICP 0 

-55°C +25°C +125°c -4o0 c +25°C +as0 c ::J 
Voo !:!'. 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min !Ye. Max Min I Max Unit ::J 

- T - c 
Clock to Eout Propagation Delay Time 2 tPLH,tPHL 5.0 - - - 240 500 - - - - 240 900 ns ro 

ICL = 15 pF) 10 - - 100 200 - - -· - 100 300 a. 
15 - - - 65 - - - - - - 65 -

Clock to "9" Propagation Delay Time 2 tPLH,lPHL 5.0 - - - 350 600 - - - - 350 1000 I - I - I ns 
ICL = 15 pFI 10 - - 125 250 - - - - 125 400 

15 - - 90 - - .. - 90 -

Minimum Clock Pulse Width 2 PWc 5.0 - - ·- 250 340 - - - - 250 500 I - I - I ns 
ICL = 15 pF) 10 - -- 110 170 - - - - - 110 200 

15 - -- - 80 - - - - - 80 -

Maximum Clock Frequency 2 PRF 5.0 - - 1.5 2.0 - - - - - 1.0 2.0 - I - I - I MHz 
ICL = 15 pf) 10 - 3.0 4.5 - - - - 2.5 4.5 

15 - - .,, 6.0 - - - - - 6.0 

Set or Clear to Out 2 'PHL 5.0 - - 350 700 - - - - 350 T 1000 I - I - I ns 
Propagation Delay Time 10 - - - 150 300 - - - - 150 400 

ICL = 15 pF) 15 - - - 100 - - ·- - - - 100 

~ l Set Removal Time 2 trem 5.0 - - - -20 0 - -· - - -20 

r 
0 I - I - I ns .... 10 - - - -10 0 - - - - -10 0 

co r Enable In Setup Time 2 1setup 5.0 - - - 175 350 - 175 400 

"" 
- - - I - I I ns 

ICL = 15 pFI 10 - - - 60 120 - - - 60 150 
15 - - - 45 - - - - - 45 

Minimum Set or Clear 2 PW5, 5.0 - 80 180 - - - - - 80 240 I I - I ns 
Pulse Width PWc1ear 10 -· -- - 35 70 - - - - - 35 100 

ICL = 15pFI 15 - - - 30 - - - - - - 30 

Maximum Clock Rise and Fall Time 2 t,,tf 5.0 - - - - 15 - - - - - 15 I - I - I µs 
ICL = 15 pFI 10 - - - - 15 - - - - - - 15 

Cascade to Out Propagation Delay Time 2 tPLH 5.0 - - - 70 140 - - - - - 70 280 I - I - I ns 
ICL = 15 pFI 10 - - - 30 60 - - - - - 30 100 

15 - - - 25 - - - - - - 25 

Strobe to Out Propagation Delay Time 2 IPLH 5.0 - - - 175 350 - ·- ·- - - 175 700 I - I - I ns 
ICL = 15 pF) 10 - - 75 150 - - - - - 75 250 

15 - - - 50 - - - - - - 50 



MC14527 (continued) 

Pulse 
Generator 

Out 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

s 

500 0.01 µF 

pF ICeramic 

0-1-<:>----<casc Eoutt---<>--------~ 

._+-<D---IE in 

t--+--+--<>--IClock Out>--<>-----~ 
O-+-<D---tST 

o-+-<e>---tA 
Out 1---0---

Clock 

50% Duty Cycle 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Programmable 
Pulse 

Generator 

tPLH 

Voo 

Out~-0---~ 

rrrr 
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MC14527 (continued) 

9 

Clear 13 

Enable In 
11 

Set to Nine 4 

LOGIC DIAGRAM 

D C B A 
3 2 15 14 

R4 

Strobe Cascade 
10 12 

6 Out 

v 00 =Pin 16 

Vss =Pin a 

>-----------01 "9" 

:X>----------07 Enable Out 

FIGURE 3 - TWO MC14527s IN CASCAOE WITH PRESET NO. OF 94 

Most Significant 
Digit 

A 

B Out 

c 

D (i) Eout 
Clock 

Ein 

ST 

"9" 

Clear S 

Clock 0--+-----------~ 

Least Significant 
Digit 

A 

B Out 

c 
D @E 
Clock out 

"9" 

Clear S 

Clock 

Out 

DAM@ 

Note: More than two MC 14527s 
may be cascaded using this 
configuration. 

0 1 2 3 4 5 ·6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 

7 
One of four output pulses contributed by ORM @ to 

output for every 100 clock putses in for preset No. of 94. 
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MC14527 (continued) 

FIGURE 4 - TEST CIRCUIT AND TIMING DIAGRAM 

Pulse 
Generator 

0------<>--< Ein 

Mult;pi;er { 
Preset No. 

Voo 
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012345678901234 

Clock flI1.nI1JlilMfl 
Qa .J1J1_J1JLJ1J1_ 
Qb __j[____J1__JL_ 

Qc ___.1L__J1__JL 

Qd~ 

R1 _f1.____JL_ 
R2 _fL___jL_Jl_ 
R3 JULJlfLJ1.n_ 

R4~ 
Output (Pin 6) n n 

A Enabled ____J L--.IL-

B Enabled 

C Enabled 

D Enabled 

Eout 

Output (Pin 6) 
(Preset No. of 1) 

(Preset No. of 2) 

(Preset No. of 3) 

(Preset No. of 4) 

(Preset No. of 5) 

(Preset No. of 6) 

{Preset No. of 7) 

(Preset No. of 8) 

{Preset No. of 9) 
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MONOSTABLE MULTIVIBRATOR ..___J MC14528AL \_ 
MC14528CL --------~ 
MC14528CP 

DUAL MONOSTABLE MULTIVIBRATOR 

The MC14528 provides the function of a dual, retriggerable, re
settable, monostable multivibrator. This device may be triggered 
from either edge of an input pulse, and Will produce an accurate 
output pulse over a wide range of widths, the duration and accuracy 
of which are determined by the external timing components, ex 
and Rx. 

• Separate Reset Available 

• Low Quiescent Power Dissipation - 25 nW@ 5.0 Vdc 

• Diode Protection on All Inputs 

• Triggerable from Leading or Trailing Edge Pulse 

MAXIMUM RATINGS !Voltages referenced to Vss Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage -MC14528AL Voo -t 18 to -0.5 Vdc 
- MC14528CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Vooto-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - MC14528AL TA -55to+125 oc 

- MC14528CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

LOGIC DIAGRAM 
( 1 /2 of Device Shown) 

A 

See Mechanical Data Section for package dimensions. 
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McMOS 
I LOW-POWER COMPLEMENTARY MOS) 

DUAL 
R ETR I GGE RABL E/R ESETT ABLE 
MONOSTABLE MUL TIVIBRATOR 

LSUFFJX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

12 A 

11 ~-...<..:B::..-_., 

Qt-----o 
Co 

130-----~ 

Rx and Cx are external components. 

v 00 "' Pin 16 

V55"'Pin8 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields; how 
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit, For proper 
operation it is recommended that Vin and Vout be con· 
strained to the range Vgg ~(Vin or Voutl ~ Voo· 

Unused inputs must always be tied to an appropriate logic 
voltage level (e.g., either Vss or Vool. 



ELECTRICAL CHARACTERISTICS ~ 
MC14528AL MC14528CL/CP n 

Cx Rx Voo -55°C +25°c +125°c --40°C +25°C +B5°c .... 
Characteristic Figure Symbol pf "' Vd' Min M" Min Typ M" Min M" Min M" Min Typ M" Min Mox Unit ~ 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0,01 0 0.01 0.05 Vd' U1 
10 0.01 0 0.01 0.05 0.01 0 0.01 005 N 

'1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 co 
10 9.99 9.99 10 9.95 9.99 --"- 9.99 10 9.95 

(") 
Noise Immunity• 0 

(Vout ~ 3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vd' ::::i 
(V0 u1 ~7.0 Vdd 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 29 !:!. (Vout 210.5 Vdc) 15 6.75 -"- 6.75 

::::i 
(Vout ~1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 15 2.25 15 Vd' c: 
(Vout ~3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 CD 
(V0ut S-4.5 Vdc) 15 6.75 6.75 0.. 

Output Drive Current 
(VoH = 2.5 Vdd Source 1 loH 5.0 -0.62 -0.5 -2 5 -0.35 -0.23 -0.2 -2.5 -0.16 mAdc 

(VoH "'9.5 Vdc) 10 -0.62 -0.5 -1.1 -0.35 -0.23 -0.2 -1.1 -0.16 
(VoH = 13.5 Vdc) 15 -46 -4.6 

!Vol~ O 4 Vdc) Sink 2 IQL 5.0 0.5 0.4 1.6 0.28 0.23 0.2 16 oo~ I - 1 mAdc 
IVoL · o 5 Vdcl 10 1.1 09 34 0.65 0.6 0.5 3.4 
!Vol= 1 5 Vdcl 15 14 14 

inputCurremt ljn 10 10 pAdc 

Input Capacitance (Vin-. Ol Cin .. 5.0 .. 5.0 pf 

Quiescent Dissipation 3,6 Po 5.0 5.0 0.025 5.0 300 50 0.025 50 -T 700 1 µW 
10 20 0.05 20 1200 200 0.05 200 - 2800 
15 0.25 0.25 

Output Rise and Fall Time•• 
(CL• 15 oFJ 
tr,~f= !1.3 ns/pF) CL+ 12 ns 4.5 tr,tf 15 5.0 5.0 35 175 35 I 200 
tr,tf = (0.64 ns/pF) CL+ 6.0 ns t I 10 25 75 25 110 
tr.If= !0.<18 ns/pF) CL+ 6.0 ns 15 20 20 

-..J [ Qµtpol Ri" •od F•ll Time 

~ 
(CL= 15 pFl 4.5 tr,tf 1000 10 5.0 270 270 

I t 10 240 240 
tO 15 220 220 
-..J 

A or B to a or Q Propagation 
Delay•' ICL = 15 pF) 

lPLH.lPHL = (0. 75 ns/pF) CL+ 163 ns 4,5 tPLH,IPHL 15 5.0 5.0 195 400 195 600 
tPLH.IPHL = (0.39ns/pF) CL t 163 ns f t 10 BO 175 BO 240 

tPLH,lPHL = (0.21 ns/pF) CL+ 42 ns 15 55 55 

ropagat1on ~e ay 1me 
5.0 475 !CL= 15 pFl 4.5 IPLH,IPHL 1000 lf 475 

I 10 230 230 
15 150 150 

Minimum Input Pulse Width 
(CL= 15 pFI (A or Bl 4,5 PW in 15 5.0 5.0 70 150 70 I 240 

I t 10 30 75 30 120 
15 30 30 

1000 10 5.0 70 70 

t I 10 30 30 
15 30 30 

a oe a o""'"' ""'re Wid1h I I 
IC L = 15 pF) 4,5, PWout 

5.0 

I I I I I I I I I 
420 Foe Cx < 1000 pf µre gcoph foe 7,8,9 115 

5 0 I - -

420 I - - - - -

~~6~:~·a~~ ~~r~~~e1. For Cx > • t 10 260 260 
15 225 225 

1000 10 5.0 10 10 

I t 10 
15 

Reset Propagation Delay 
~CL= 15 pF) 4.5 tPLH·tPHL 15 5.0 5 0 160 300 160 450 
fCo toGorOl I t 10 60 150 60 225 

15 40 40 

1000 10 5.0 550 550 

I t 10 300 300 
15 250 250 

.. DC Noise Margin IVNH· VNL) is defined as the maximum voltage change, horn an ideal "1 'or .. 0' input level, that the circuit will withstand before producing an outpu~ state change 

••The formula given is for the typical characteristics only 

• 



• 

MC14528 (continued) 

FIGURE 1 - OUTPUT SOURCE CURRENT TEST CIRCUIT 

~+--<>--I A 

B 

Voo 
16 

Q 

6 

s Vss 

10H 

OPEN 

FIGURE 2 - OUTPUT SINK CURRENT TEST CIRCUIT 

r-+---0---i A 

B 

Voo 
16 

Q OPEN 

FIGURE 3 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

Tl 

A 

B 

Co 

A' 

B' 

Co 

Cx 

Tl 

Pulse A 

Generator 
B 

Pulse 
Co 

Generator 
A' 

Pulse 
B' 

Generator 
Co 

Voo 

T2 T2' Tl' 

Q 

6 CL ::r 
Q' 

CL ::r 
Q' 

CL ::r 
CL ::r 

Vss 

Vin 

Voo = +5.0, +10 or +15 Vdc 

Rx= 500 .n@ v 00 = +5.0 Vdc 

Rx= 1.0 kfl@ v 00 = +10 Vdc 

Rx= 1.5 kfl ® v 00 = +15 Vdc 

•ex= 15 pF *CL= 15 pF or 50 pF 

20 ns 20 ns 

Duty Cycle= 50% 

Voo 

ov 

FIGURE 4 - AC TEST CIRCUIT 

Voo 

•ex = 1s pF 
*CL=15pF 

Rx= 5.0 k!1 

T2 T2' T1' 

Vss 

6 1---0----~CL I 
Q' f--<>--~C L ::r -

CL :I = 
Q' 
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INPUT CONNECTIONS 

CHARACTERISTICS 

tPLH,tPH L,tr,tf, 

PWout. PW;n 

tp LH• tpH L,tr, tf, 

PWout• PWin 

tPLH(R)·tPHL{R)• PW;n 

•Includes capacitance of probes, 
wiring, and fixture parasitic. 

NOTE: AC test waveforms 
for PG 1, PG2, and PG3 on 
next page. 

Co A B 

Voo PG1 Voo 

Voo Vss PG2 

PG3 PG1 PG2 

PG2= -is-
PG3=~ 



MC14528 (continued) 

~ 
5 
z 
0 
;:: 
~ 
~ 

Ci 
~ 
w 

" ~ 
f} 

FIGURE 5 - AC TEST WAVEFORMS 

Voo 

50% 

50% 

*tcycle =PW auto+ tPLHO or PWautO: + tpH LO: 

May be initiated by retrigger pulse on output A or B. 

FIGURE 6 - POWER DISSIPATION CHARACTERISTICS 

10~-~-mm= ..-Y 
t2' .!"'. 15 Vdc...,_;...,, 

1.0 

Voo 5.0 Vdc 

0. 1 
f""-lOVdc 

717 

0.0 1 iZ ~ 

0.00 1 
0.5 1.0 10 100 1000 5000 

I. FREQUENCY {kHz} 

FIGURE 8 - Cx versus PULSE WIDTH@ VDD = 10 v 

100 

50 

20 

3 10 
;: 
Cl 5.0 
3 

Formula for calculating PWout 1n microseconds is as follows: 
l'Wout 0 0.00247 x IRxllCxl ·85 wh'n ex> 1000 pF 

e-~~ 
e-voo = 10 Vdc .L 

~ 
w 
:3 2.0 
=> 
~ 

f-Rx-100k!1 i-- ~ 
::2'.'i LI ~- 1.0 E=:= ioo50k!1 

0.5 

I---
t--0.2 

O.t 
1.0 

10 k!1 
5.0k!1 

Tl 

_, 

8 ..... 

10 100 
Cx, EXTERNAL CAPACITANCE {pF} 

1000 
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FIGURE 7 - Cx versus PULSE WIDTH@ VDD = 5.0 V 100 
50 

Formula for calculating PVv'out in microseconds is as follows: 

20 

]: 10 
0: 

ci 5.0 
3 
w 

PWout 0.00247 x IRxllCxl .BS when ex> 1000 pF 

r---1= V~~: ~~~\de 
y 

r--- !.?: ,,,,,. 

~ 
I-Rx 100 k!1 ..... Yk 
t-- 50 kl1 2~ 

~ 2.0 

t 1.0 

0.5 

0.2 

0.1 
1.0 

t= 10 k!1 

51~ 

J.J. 

~ 

10 100 
Cx. EXTERNAL CAPACITANCE {pFI 

FIGURE 9 - Cx VB•SUS PULSE WIDTH@ VDD = 15 v 

1000 

1oo~~;;;~~;;~~DI 50 ~Formula for calculatina PW0 ut in microseconds is as follows: 

l'Wout, 0 .. 00,1~1. ~ !~xllCxl 25 when Cx> 1000 pF 

20!---+- TA 0 25°c 
.§, 10 t---+-Voo 0 +15 Vdc L. k'.' 

0: !~~~~~~~~~~~~~~~~~~~~~ ci 5.0 _,,,,.. 
3 ~ 

~ 2.01-Rx 100kl1 ,,,,,,_~ 
t i.o l==l= 50 kn a k:'.: ~ 

0.5 
t--t-10k!1 

02 r-----1 5.o kn ~f+f>+-""""'t-._.-++t+Htt--t-H+Htti 
0.1 11 

1.0 10 100 1000 
ex. EXTERNAL CAPACITANCE {pF} • 
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_I MC14529AL 
MC14529CL 
MC14529CP 

\-~~~~~~~~~o-A_T_A_s_E_L_E_c_T_o_R_____J 

Advance Information 

DUAL 4-CHANNEL ANALOG DATA SELECTOR 

The MC14529 analog data selector is a dual 4-channel or single 
8-channel device depending on the input coding. It is constructed 
with complementary MOS (CMOS) enhancement mode devices in a 
single monolithic structure. Applications include various one-of· 
four or one-of-eight data selector functions. 

• Low Quiescent Power Dissipation 

• 10-MHz Operation (typical) 

• 3·State Outputs 

• Linear '"On" Resistance 

• "On'' Resistance 140 ohms typical@ 15 V 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 81 

Rating 

DC Supply Voltage MC14529AL 
MC14529CL/CP 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range - MC14529AL 
MC14529CL/CP 

Storage Temperature Range 

STx STy B A z w 
1 1 0 0 XO YO 
1 1 0 1 X1 Y1 
1 1 1 0 X2 Y2 
1 1 1 1 X3 Y3 

1 0 0 0 XO 
1 0 0 1 X1 
1 0 1 0 X2 
1 0 1 1 X3 

Symbol Value 

Voo 

Vin 

I 

TA 

T51g 

+ 18 to -0.5 
+16 to -0.5 
v 0 o to-0.5 

10 

-55 to +125 
-40 to +85 

-65 to +150 

Dual 4-Channel Mode 
2 Outputs 

Single 8-Channel Mode 
1 Output 

Unit 

Vdc 

Vdc 

mAdc 

oc 

oc 

0 1 0 0 YO I (Zand W tied together) 
0 1 0 1 Y1 
0 1 1 0 Y2 
0 1 1 1 Y3 

0 0 

"' "' 
High 

Impedance 

<P = Oon't Care 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation it is recommended that Vin and 
Vout be constrained to the range Vss ~(Vin or Vout) <Voo· 
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 
either Vss or Vool-

This is advance information and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-CHANNEL ANALOG 
DATA SELECTOR 

OR 
8-CHANNEL ANALOG 

DATA SELECTOR 

.. d .• 
1 1 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 

BLOCK DIAGRAM 

3-State Output Enable 

Strobe X 

6 

3 

4 

14 

13 

12 

11 

Strobe Y 

YO 

Y1 

Y2 

Y3 

v 00 =Pin 16 

Vss =Pin 8 

z 

w 

9 

10 



MC14529 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14529AL MC14529CL/CP 

Vss Voo +25°C +25°c 
Characteristic Symbol Vdc Vdc Min Typ Max Min Typ Max Unit 

Quiescent Dissipation Po - 5.0 - 0.1 - - 0.1 - µW 

- 10 - 0.25 - - 0.25 -
- 15 - 0.4 - - 0.4 -

"ON" Resistance RoN ohms 
(Ve= Voo. RL = 10knl 

( V;n = +5.0 Vdc) -5.0 5.0 - 220 - - 220 -
(V;0 = -5.0 Vdc) - 220 - - 220 -
(V;n =±0.25 Vdc) - 340 - - 340 -
(V;n = +7.5 Vdc) -7.5 7.5 - 160 - - 160 -
(V;n = -7.5 Vdc) - 160 - - 160 -
(V;n =.±0.25 Vdc) - 260 - - 260 -
(V;0 = +10 Vdc) 0 10 - 180 - - 180 -
(V;n = +0.25 Vdc) - 260 - - 260 -
(V;n = +5.6 Vdc) - 260 - - 260 -
(V;0 = +15 Vdc) 0 15 - 140 - - 140 -
( V; 0 = +0.25 Vdc) - 140 - - 140 -
(V;n = +9.3 Vdc) - 180 - - 180 -

,c.."Q N" Resistance "RON ohms 

Between any 2 of 4 circuits in a 
common package 

(Ve= Voo. V;n = ±5.0 Vdcl -5.0 5.0 - 15 - - 15 -
(Ve= Voo. V;n =.±7.5 Vdc) -7.5 7.5 - 10 - - 10 -

2 
XO 

3 
X1 

4 
X2 

LOGIC DIAGRAM 

5 
X3 

14 
YO 

13 
Y1 

12 
Y2 • v 00 =Pin 16 

v 55 =Pins 

11 
Y3 
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,____f MC14530AL 
MC14530CL 
MC14530CP 

\-~~~~~~M~A-JO~R-IT_Y~LO~G-IC~G-A_T_E~ 

DUAL 5-INPUT MAJORITY LOGIC GATE 

The MC14530 dual five-input majority logic gate is constructed 
with P-channel and N-channel enhancement mode devices in a single 
monolithic structure. Combinational and sequential logic expressions 
are easily implemented with the majority logic gate, often resulting 
in fewer components than obtainable with the more basic gates. 
This device can also provide numerous logic functions by using the 
W and some of the logic (A thru E) inputs as control inputs. 

• Single Supply Operation - Positive or Negative 

• Quiescent Power Dissipation= 50 nW /package typical 

• Input Impedance = 1012 ohms typical 

• High Fanout - > 50 

• Diode Protection on Inputs 

• Noise Immunity= 45% of Yoo typical 

Rating Symbol Value Unit 

DC Supply Voltage MC14530AL Voo +18to-0.5 Vdc 

MC14530CL/CP +16to-0.5 

Input Voltage, Al! Inputs Vin v00 w -o.s Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range- MC14530AL TA - 55 to + 125 oc 
MC14530CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

LOGIC TABLE 

INPUTS OUTPUTS 

Inputs A B C D E M..!i. w z 
For all combinations of inputs where three 0 0 1 
or more inputs are logical "O" 

0 1 0 

For all combina'tions of inputs where three 1 0 0 

or more inputs are logical "1 ". 1 1 1 

This device contains circuitry to protect the inputs against damage due to high 
static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to 
this high-impedance circuit. For proper operation, it is recommended that Vin 
or Vout be constrained to the range Vss ~(Vin or Voutl < Voo-

Unused inputs must be tied to an appropriate logic level (e.g., Vss or Voo). 

See Mechanical Data Section for package dimensions 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 5-INPUT MAJORITY 
LOGIC GATE 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

WA 
60-------~ 

4 

10 

11 

12 

13 

Z =Ms 0 W = (ABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+BCE+ 

,--------, BDE+CDE)0W 

As 
Ss 

Cs M5s 
Ds Zs 

Es 

140-~-------' 

W9 

*M5 is a logical "1" if any three or more 
inputs are logical "1". 

0 = Exclusive NOR ::::: Exclusive OR 

TRUTH TABLE 

Ms w z 
0 0 1 
0 1 0 
1 0 0 
1 1 1 

Voo =Pin 16 

Vss =Pin a 



MC14530 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14530AL MC14530CL/CP 

VDD -56°C +25°C +125c:tc -"O"c +25"<: +86"<: 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Mox Min Typ Mox Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 0.01 0 0,01 0.05 0.01 0 o.oi 0.05 
15 0 0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity• 
{Vout 23.5 Vdc) VNL 5.0 1.25 1.25 2.25 1.15 1.25 1.25 2.25 1.15 Vdc 
IVout ~7.0Vdd 10 2.5 2.5 4.50 2.4 2.5 2.5 4.50 2.4 
IVout "1!:10.5 Vdc) 15 6.75 6.75 

1Vout "S:1.5 Vdc) VNH 5.0 1.15 1.25 2.25 1.25 1.15 1.25 2.25 1-25 Vdc 
(V0ut~3.0 Vdcl 10 2.4 2.5 4.50 2.5 2.4 2.5 4.50 2.5 
IV0 u1:S'4.5 Vdcl 15 6.75 6.75 

Output Drive Current 
(VQH = 2.5 Vdc) Source IQH 5.0 -0.62 -0.50 -1.5 -0.35 -0.24 -0.20 -1.5 -0.16 mAdc 
IVoH - 9.5 Vdc) 10 -0.62 -0.50 -1.0 -0.35 -0.24 -0.20 -1.0 -0.16 
IVoH = 13.5 Vdc) 15 -3.0 -3.0 

IVoL - 0.4 Vdc) Sink IQL 5.0 0.50 0.40 0.65 0.28 0.24 0.20 0.65 0.16 mAdc 
(VQL = 0.5 Vdcl 10 1.1 0.90 1.6 0.62 0.60 0.50 1.6 0.41 
IVoL = 1.5 Vdcl 15 6.0 6.0 

Input Current lin 10 10 pAdc 

Input Capactiance Cin 5.0 5.0 pF 
(Vin= DI 

Quiescent Dissipation 1,2 •o µW 
5.0 0.05 0.25 0.05 2.5 
10 0.1 1.0 0.1 10 
15 0.3 0.3 

Output Rise and Fall Time** tr.tf 
ICL = 15 pFI 
tr,tf = (2.5 ns/pFJ CL+ 57 ns 5.0 95 175 95 200 
tr,tf = (1. 13 ns/pF) CL+ 28 ns 10 45 75 45 110 
tr.tf = (0.88 ns/pF) CL+ 16.8 ns 15 30 30 

Turn-On Delay Time** 'PHL 
ICL = 15 pFI 
A,C,W et Voo. B,E at Gnd 
0 = Pulse Generator 
tpHL = (1.6 ns/pF) Cl+ 375 ns 5.0 400 800 400 1200 
tPHL = {0.5 ns/pf) CL+ 172 ns 10 180 360 180 540 
tpH L = (0.36 ns/pf) CL + 105 ns 15 110 110 

Turn-Off Delay Time .... 'PLH 
(CL= 15 pf) 
A,C,W at Voo. B,E at Gnd 
D "' Pulse Generator 
tPLH = (1.5 ns/pf) CL+ 298 ns 5.0 320 640 320 960 
tPLH = (0.5 ns/pF) CL+ 123 ns 10 130 260 130 390 
tpLH = (0.4 ns/pF) Cl+ 84 ns 15 90 90 

Turn-On Delay Time .. 'PHL 
ICL = 15 pFI 
A,B,C,D,E =Pulse Generator 
w at VDD 
TPHL"' (1.4 ns/pFJ CL+ 229 ns 5.0 250 500 250 750 
tPHL = (0.54 ns/pF) CL+ 102 ns 10 110 220 110 330 
tPHL = (0.36 ns/pf) CL+ 85 ns 15 90 90 

Turn-Off Delay Time•• 'PLH 
ICL = 15 pF) 
A,8,C,O,E =Pulse Generator 
Wat Voo 
tPLH = (1.4 ns/pF) CL +179 ns 5.0 200 400 200 600 
tPLH = {0.5 ns/pF) CL+ 83 ns 10 90 180 90 270 
tPLH = 10.4 ns/pF) CL+ 59 ns 15 65 65 

Turn-On, Turn-Off Delay Time--* tPHL· 
lCL = 15 pF) tPLH 
A,B,C,D,E at Gnd 
W = Pulse Generator 
tPHL•tPLH = (1.3 ns/pFl CL+ 155 ns 5.0 175 350 175 525 
tPHL.tPLH = (0.56 ns/pFI CL+ 67 ns 10 75 150 75 225 
tpHL.tPlH = (0.36 ns/pF) CL+ 50 ns 15 55 55 

•oc Noise Margin {VNH· VNLI is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. Standard Family • Noise Margin spec is met for any one input variable tested at a time. 
••The formula given is for the typical characteristics only. 
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MC14530 (continued) 

FIGURE 1 - POWER DISSIPATION TEST 
CIRCUIT AND WAVEFORM 

~---------o Voo 

Pulse 
Generator 

20 ns 20 ns 

16 

._--u--tAA 

~+---0--1 BA 

.---<.>--<CA 

.-+---C>--1 DA 

•----+-+--<>---< EA 

.---0--1 WA 

.---0--1 AB 

._--0--180 

.---u--<Ce 

.---0--1 DB 

'-+--1----C>--I EB 

~--v---<Ws 

-11::-::i r Voo 

V;n---{ __ ~:--It-a 
Cycle 

w 

0 A 

B 

c 
y D 

w 
o---------. 

0 A 

y 

y 

B 

c 
D 

E 

w 

x 

0 
0 
0 
0 
1 
1 
1 
1 

FIGURE 2 - POWER DISSIPATION CHARACTERISTICS 

SEQUENTIAL LOGIC APPLICATIONS 

x 

0 
0 
1 
1 

x 

0 
0 
1 
1 

y 

0 
0 
1 
1 
0 
0 
1 
1 

COINCIDENT FLIP-FLOP 

y On+1 

0 0 
1 a A flip-flop that will change only when both inputs agree. 

0 a 
1 1 

ASTABLE MULTIVIBRATOR 

y 

0 
1 
0 
1 

On+l 
A flip-flop with three output conditions, where the third state is 
in oscillation between "1" and "O". The period of oscillation 
is twice the delay of the gate and the feedback element. 

1 
2T 
2T 
0 

COINCIDENT FLIP-FLOP 

z 

0 
1 
0 
1 
0 
1 
0 
1 

On+l 

0 
On 
On 
On 
On 
On 
On 

1 

The flip-flop changes state only when all "1's" or all "O's" are 
entered. This configuration may be extended by cascading Ms 
gates to cover n-inputs where all inputs must be "1's" or "O's" 
before the output will change. As an example, this configuration 
is useful for controlling an n-stage up/down counter that is to cycle 
from a minimum to maximum count and back again without 
flipping over (from all "1 's" to all "O's".) 
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MC14530 (continued) 

BASIC COMBINATIONAL FUNCTIONS 

,[]kw 
z 
Ms 

0~w z 
-

5 

5-lnput Majority Gates 

3-lnput Majority Gates 

,~w 1 
1 z 

~ . OR3 

0~w 1 
1 z 

~ NOR3 

3-lnput OR Gate 3-lnput NOR Gate 

0 z 1~w 
O ~ AN03 

0 z oww 
O ~ NAN03 

3-1 nput AND Gate 3-lnput NANO Gate 

DOUBLING THE WEIGHT OF INPUT VARIABLE A 
w BY TYING IT TO ANY TWO INPUTS 

z w~ (AB+AC+AD+BCDl@ W 

W CORRELATION OF MULTIPLE SAMPLES 

To~ WITH A TEST BIT 
SO A 
S1 B Z 
52 C Correlation of 60%, 80%, 100% 

S3 0 
S4 E 

To~w To A 
SO B Z 
S1 c 
S2 0 
S3 E 

To A 

The gate will have a "1" output 
if the test bit To matches or cor
relates with 3, 4 or 5 of the sample 
bitsS0-54. 

Correlation of 75%, 100%. 

TO B Z 

To~w 
SO C Correlation of 100% 

S1 0 
S2 E 

5-INPUT MAJORITY LOGIC GATE APPLICATIONS 

Each pa:kage labeled M5 is a single majority logic gate 

using five inputs, A thru E, and one output Z. 

1. Majority Logic Gata Array 
yielding the symetric function 
of 1 thru 7 variables true, out 
of7 inputvariables(X1 ... X7) 

(e.g., if any two-input vuiablas 
are true (logical "1"), Z1 and 
Z2 are true (logical "l"). 

Xl X3 
X2 X4 X5 
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Z7 

ZS 

Z1 
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MC14531AL 
MC14531CL 
MC14531CP 

\_-~~~~~~~~~~P_A_R_l_T_v_T_R_E_E____. 

12-BIT PARITY TREE 
The MC1453112-bit parity tree is constructed with MOS P-channel 

and N-channel enhancement mode devices in a single monolithic 
structure. The circuit consists of 12 data-bit" inputs (00 thru 011). 
an even or odd parity selection input (W) and an output (0). The 
parity selection input can be considered as an additional bit. Words 
of less than 13 bits can generate an even or odd parity output if the 
remaining inputs are selected to contain an even or odd number of 
ones, respectively. Words of greater than 12-bits can be accommo
dated by cascading other MCl 4531 devices by using the W input. 
Applications include checking or including a redundant (parity) bit 
to a word for error detection/correction systems, controller for remote 
digital sensors or switches (digital event detection/correction), or as 
a multiple input summer without carries. 
• Noise Immunity= 45% of Voo typical 

• High Fanout> 50 

• Buffered Outputs Compatible With HTL and Low 
Power TTL 

• Quiescent Power Dissipation - 25 nW typical 

• Variable Word Length 

• Static Operation from de to 5.0 MHz typical 

MAXIMUM RATINGS (Voltages ,efe,enced to Vss. Pin 81 
Rating Symbol 

DC Supply Voltage -MC14531AL Voo 
-MC14531CL/CP 

Input Voltage, All Inputs Vin 

DC Cutrent Drain per Pin I 

Operating Temperature Range TA 
-MC14531AL 
-MC14531CL/CP 

-· 
Storage Temperature Range T stg 

LOGIC DIAGRAM 

DO 7 "---'_,---..__ 

01 6 

02 5 "----'w--, 

03 4 

04 3 

05 2 ~--,..., _/ 

06 1 ...,___.._,---..__ 

D 7 1 5 ~---,...,_____,, 

DB 14 ,-,___cc.r-, 

D9 13 

0 10 1 2 "---'._,--, 

011 11 

Odd/Even W 10 o-----------~ 

See Mechanical Data Section for package dimensions. 

Value 

+18 to -0.5 
+16 to -0.5 

v 00 to -0.5 

10 

-55to+125 
-40 to +85 

-65to +150 

7-206 

Unit 

Vdc 

Vdc 

mAdc 
Oc 

...,,-c 

9 Q 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

12-BIT PARITY TREE 

L SUFFIX 

CERAMIC PACKAGE 
CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 

INPUTS 

DECIMAL 
(OCTAL) 

'-'w'-'-'o"-1'-'1-'--=o-"10'-'-_-'--'0"2J. __ , °o _!____j DO EOU1 v ~;)ENT 

I - -t -

- .•. 

111 

"' 131 
141 
ISi 
161 
171 

8184117770) 
8185 117771) 
8186(17772) 
8187 (17773) 

0 8188 ~17774) 
8189 (17775) 
8190 (17776) 
8191 117777) 

•o"' Even Parity Note_ May redefme to suit application by 

OUTPUT 

o• 

1 '" Odd Parity manipulating Wand/or other available D's. 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vjn and Vout be 
constrained to the range V55 ~ (Vin or 
Voutl ~Voo. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 

Vss or Vool. 



MC14531 (continued) 

ELECTRICAL CHARACTERISTICS 
MC14531AL MC14631CL/CP 

Charactl!f'istic Figure Symbol 
voo,_,,~~~s"~c~t-=~~·2_•_•c~~~1--•-•25~0_c--+~--40°~c~....,,~~·ZSo~c~~-+~+85~-·c~ 
Vdc Min Max Min Typ Max Min Max Min Mix Min Typ Max Min Mmx Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.06 Vdc 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
15 0 0 

"1" Levet 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.9> Vdc 

Noise Immunity• 

IVout ~ 3.5 Vdc) 
(Vout ~ 7.0 Vdc) 
IVout ~ 10.5 Vdc) 

fVout < 1.5 Vdc) 
(V0 ut ~ 3.0 Vdc) 
(Vout ~4.5 Vdc) 

Output Drive Current 

(VoH = 2.5 Vdc) 
fVQH = 9.5 Vdcl 
IVQH =- 13.5 Vdcl 

(VQL = 0.4 Vdcl 
(Vo L = 0.5 Vdcl 
(Vol= 1.5 VdcJ 

Input Current 

Input CapacitancP. 

Vin= 0 

Quiescent Dissipation•• 
(CL= 15 pF, f =a Hz) 

Source 

Sink 

Po = (0.8 mW/MHz) f + 0.000025 mW 
Po= (3.3 mW/MHz) f + 0.00010rrl/IJ 
Po = (7 .5 mW/MHz) f + 0.00023 mW 

Output A ise Time•• 
(CL=15pF) 

tr= (3.0 ns/pFI CL+ 25 ns 
tr== (1.5 ns/pF) CL+ 12 ns 
tr "' ( 1.1 ns/pF) CL + 8.0 ns 

Output Fall Time"• 
(CL= 15 pFJ 
lf = (1.5 ns/pF) CL+ 47 ns 
tf = (0.78 ns/pFJ CL+ 23 ns 

tf = (0.59 ns/pF) CL+ 16 ns 

Turn-Off Delay Time lO'sl u 

(CL= 15 pFJ 
tPLH = (0.95 ns/pFI CL+ 335 ns 
lPLH = (0.50ns/pF) CL+ 130ns 
tPLH = (0.35 ns/pF) CL+ 95 ns 

Turn-On Delay Time (O's) ... 
(CL= 15 pF) 
tpH l = (Q.6 ns/pF J CL + 430 ns 
tPHL = (0.5 ns/pF) CL+ 165 ns 
tPHL = (0.25 ns/pF) CL+ 115 ns 

Turn-Off Delay Time (WJ ... 

(CL= 15 pF) 
tPLH = I0.9 ns/pF) CL+ 195 ns 
tPLH = !0.6 ns/pF) CL+ 75 ns 
lPLH = (0.35 ns/pF) CL+ SS ns 

Turn-On Delay Time (W)•• 
(CL= 15 pFJ 
tPHL = (0.6 ns/pFJ CL+ 240 ns 
lPHL = (0.4 ns/pF) CL+ 95 ns 
lPHL = (0.25 ns/pF) CL~ 65 ns 

10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

VNL 5.0 1.5 1.5 2.25 
10 3.0 3.0 4.50 
15 6.75 

VNH 5.0 1.4 1.5 2.25 
10 2.9 3.0 4.50 
15 6.75 

5.0 --0.62 - -0.5 -1.8 
10 -0.62 --0.5 -1.0 
15 -3.9 

IQL 5.0 0.5 0.4 0. 78 
10 1.1 0.9 2.0 
15 7.8 

5.0 

1.4 
2.9 

1.5 
3.0 

-0.35 
-0.35 

0.28 
0.65 

5.0 - 0.025 - 0.000025 0.025 - 1.5 

If 

tPHL 

10 0.10 0.00010 0.10 6.0 
15 0.00023 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
10 

5.0 
10 
15 

5.0 
10 
15 

70 175 
35 75 
25 

70 175 
35 75 
25 

350 880 
140 350 
100 

440 880 
175 350 
120 

210 500 
85 200 
60 

250 500 
100 200 
70 

1.5 
3.0 

1.4 
2.9 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.23 - -0.2 -1.8 
-0.23 - -0.2 -1.0 

-3.9 

0.23 0.2 0.78 
0.6 0.5 2.0 

7.8 

10 

5.0 

0.25 - 0.000025 0.25 
1.0 0.00010 1.0 

0.00023 

70 200 
35 110 
25 

70 200 
35 110 
25 

350 1320 
140 525 
100 

440 1320 
175 525 
120 

210 750 
85 300 
00 

250 750 
100 300 
70 

•oc Noise Margm (VNH· VNLI 1s defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
""The formula given is far the typical characteristics only. 

9.95 

1.4 
2.9 

1.5 
3.0 

-0.16 
-0.16 

0.16 
0.40 

3.5 
14 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WA VE FORM 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

Signal 
Input 

Data Rate {f) 
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Vdc 

Vdc 

mAdc 

pAdc 

pF 

mW 
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MC14532AL 
MC14532CL 
MC14532CP 

\~~~~~~~~P_R_1_o_R_1T_Y~E-N_co~o-E_R~ 

Advance Information 

8-BIT PRIORITY ENCODER 

The MC14532AL/CL/CP is constructed with complementary MOS 
(CMOS) enhancement mode devices. The primary function of a 
priority encoder is to provide a binary address for the active input 
with the highest priority. Eight data inputs (DO thru D7) and an 
enable input (Einl are provided. Five outputs are available, three are 
address outputs (00 thru 02), one group select (GS) and one enable 
output ( Eoutl. 

• Quiescent Power Dissipation= 0.025µW/package 
typical @ 5.0 Vdc 

• Noise immunity= 45% of VDD typical 

• Diode Protection on All Inputs 

• Low Input Capacitance - 5.0 pF typical 

MAXIMUM RA TINGS (Voltage referenced to Vss. Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage MC14532AL Voo +18 10 -0.5 Vdc 
MC14532CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin Voo to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range-MC14532AL TA -55 to +125 
-MC14532CL/CP -40 to+85 

Storage Temperature Range Tstg -65 to +150 

TRUTH TABLE 

INPUT OUTPUT 

Ein 07 06 05 04 03 02 01 00 GS Q2 Q1 ao 
0 x x x x x x x x 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 x x x x x x x 1 1 1 1 
1 0 1 x x x x x x 1 1 1 0 
1 0 0 1 x x x x x 1 1 0 1 
1 0 0 0 1 x x x x 1 1 0 0 

1 0 0 0 0 1 x x x 1 0 1 1 
1 0 0 0 0 0 1 x x 1 0 1 0 
1 0 0 0 0 0 0 1 x 1 0 0 1 
1 0 0 0 0 0 0 0 1 1 0 0 0 

X "" Don't Care 
This is advance information and specifications are subject to change without notice. 
See Mechanical Data Section for package dimensions. 
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Eout 
0 
1 

0 
0 
0 
0 

0 
0 
0 
0 

McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

8-BIT PRIORITY ENCODER 

••• ~SUFFIX 16 1 

: • 

CERAMIC PACKAGE 1 

CASE 620 P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~(Vin or 
Vout) ~Voo· 

Unused Inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vssor Vool 

10 

11 

12 

13 

4 

BLOCK DIAGRAM 

Ein Eout 

DO 

01 oo 
02 

D3 01 

04 

05 02 

06 

07 GS 

v00 =Pin 16 

Vss =Pin a 

15 

9 

6 

14 



MC14532 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14532AL MC14532CL/CP 

Voo 
-55°C +2s0c +12s0c -40"C +25°C 

Characteristic Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ 

Output Voltage "O" Level Vout 5.0 0.01 0.0 0.01 0.05 0.01 0.0 
10 0.01 0.0 0.01 0.05 0.01 0.0 
15 0.0 0.0 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noise Immunity• 

(Vout#3.5 Vdcl VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
IV out~ 7 .0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 30 4.50 
IV out~ 10.5 Vdcl 15 6.75 6.75 

(Vout~1.5Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 
(V0ut~3.0Vdcl 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
(V 0ut ,,.;;4.5 Vdcl 15 6.75 6.75 

Output Drive Current 

(VQH = 2.5 Vdc) Source loH 5.0 -0.62 -0.5 -1.5 -0.35 - -0.23 - -0.2 -1.5 
(VoH = 9.5 Vdc) 10 -0.62 -0.5 -1.0 -0.35 - -0.23 - -0.2 -1.0 
(VQH"' 13.5 Vdc) 15 -3.6 -3.6 

(VoL = 0.4 Vdcl Sink loL 5.0 0.5 0.4 0.8 0.28 0.23 0.2 0.8 
!Vol= 0.5 Vdc) 10 1.1 0.9 1.2 0.65 0.6 0.5 1.2 
(VQL = 1.5 Vdd 15 7.B 7.8 

Input Current 1in 10 10 

Input Capacitance Gin 50 5.0 
(Vin=O) 

Quiescent Dissipation Po 
(CL=15pF,f0 =0) 

Po= (4.3 mW/MHz) f 0 +0.000025mW 5.0 0.0025 0.000025 0.0025 0.15 - 0.025 - 0.000025 
Po= 119 mW/MHz) f 0 + 0.00005 mW 10 0.01 0.00005 0.01 0.6 0.10 0.00005 
Po = 146.5 mW/MHz) f0 + 0.00035 mW 15 0.00035 0.00035 

Output Rise and Fall Time• .. tr,tf 
(CL= 15 pF) 

tr, tf = 14.5 ns/pFI CL+ 32.5 ns 5.0 100 175 100 
tr, tf = ( 1.0 ns/pFJ CL+ 20 ns 10 35 75 35 
tr. tt = (0.4 ns/pFl CL+ 14 ns 15 20 20 

Propagation Delay Time• .. tPHL· 
(CL= 15 pF) Ein to E0ut tPLH 

tpHL· lPLH = (2.8 ns/pF) CL+ 108 ns 5.0 150 225 150 
tPHL' tPLH = (0.6 ns/pF) CL+ 71 ns 10 BO 120 BO 
tPHL· tPLH = I0.25ns/pF) CL+ 56 ns 15 60 60 

Propagation Delay Time .. • tPHL· 
(Cl= 15 pF) Ein to GS tPLH 

tPHL,1PLH=l2.8ns/pFlCL +78ns 5.0 120 180 120 
tPHL· lPLH = (0.5 ns/pF) CL +51 ns 10 60 90 60 
tpHL· tPLH = 10.25ns/pF) Cl +41 ns 15 45 45 

Propagation Delay Time .. * lPHL· 
(CL= 15 pFI Ein to On lPLH 

tpHL tPLH = (2.8 ns/pF) Cl +183 ns 5.0 225 340 225 
tPHL,tPLH=(0.5ns/pFICL +101 ns 10 110 165 110 
tPHL· tPLH = (0.25 ns/pF) CL+ 76 ns 15 80 BO 

Propagation Delay Time•• tPHL· 
(CL= 15 pF) Dn to On tPLH 

tPHL· tPLH (2.Bns/pFJ Cl +208ns 5.0 250 375 250 
tPHL· fPLH I0.6 ns/pF) CL +111 ns 10 120 1BO 140 
tPHL· tPLH (0.25 ns/pF) CL +86 ns 15 90 90 

Propagation Delay Time•• lPHL· 
(CL= 15 pF) On to GS lPLH 

fPHL· lPLH = (2.8 ns/pF) Cl +183 ns 5.0 225 340 225 
lPHL· lPLH"" {0.6 ns/pF) CL +91 ns 10 100 150 100 
tPHL· tPLH = l0.25ns/pF) CL +66 ns 15 70 70 

•oc Noise Margin IVNH· VNLl is defined as the maximum voltage change from an ideal "1" or "O" input teve! before producing an output state change. 

**The formula given is for the typical characteristics only. 
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Max 

0.01 
0.01 

-

0.025 
0.10 

200 
110 

375 
200 

300 
150 

550 
275 

620 
300 

550 
250 

+85"C 

Min Max Unit 

0.05 Vdc 
0.05 

4.95 
9.95 

1.4 Vdc 
2.9 

1.5 Vdc 
3.0 

-0.16 - mAdc 
-0.16 -

0.16 mAdc 
0.4 

pAdc 

pF 

mW 

- 0.35 
1.4 
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MC14532 (continued) 

FIGURE 1 - TYPICAL SINK AND SOURCE CURRENT CHARACTERISTICS 

Ein 

DO 

D1 

D2 
Switch 

D3 Matrix 

D4 

D5 

D6 

D7 

Eout 

QO 

Q1 

Q2 

GS 

Vout 

External 
Power 
Supply 

VGs = Voo. Vos= Vout VGs = -Voo. Vos= VoucVoo 

Output Sink Current 

Under Test 00 01 02 03 04 05 D6 

Eout x x x x x x x 
QQ x x x x x x x 
Q1 x x x x x x x 
02 x x x x x x x 
GS x x x x x x x 

X = Don't Care 

FIGURE 2 - TYPICAL POWER DISSIPATION TEST CIRCUIT 

VDD 

500 µF :J: 0.01 µF 

Ein Eout 

DO 

D1 QO 

D2 

D3 

D4 

D5 

Pulse D6 

Generator D7 
(f0 ) 

'::' 

PolCL) =Po +5 x 10-3 [CL -15] fo VDD2 

Where: P 0 in mW, CL in pF, v 00 in Vdc, and f 0 in MHz. 

Source Current 

07 Ejn DO 01 02 03 04 05 06 07 Ein 

x a a a a a a a a a 1 
x a a a a a a a a 1 1 
x a a a 0 a 0 0 0 1 1 
x a 0 0 0 a a 0 0 1 1 
x 0 a 0 0 a 0 0 a 1 1 

LOGIC EOUATIONS 

Eaut = Ein •DO• 01 • 02 • 03 • 04 • 05 • 06 • 07 
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ao = Ein • (D1 • 02 • 64 •Os+ 03 • 04 • 06 + 05 •Os+ D7) 

01 = Ein • (02 • 04 • 05 + 03 • [)4 • iJ5 + 06 + 07) 

02 = Ein • (04 +OS+ 06 + 07) 

GS= Ein •(DO+ 01 + 02 + 03 + 04 + 05 + 06 + 07) 



MC14532 (continued) 

FIGURE 3 - AC TEST CIRCUIT AND WAVEFORMS 
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MC14532 (continued) 
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MC14532 (continued) 

APPLICATIONS INFORMATION 

DIGITAL TO ANALOG CONVERSION 
The digital eight-bit word to be converted is applied 

to the inputs of the MC14512 with the most significant 
bit at X7 and the least significant bit at XO. A clock 
input of up to 2.5 MHz (at Voo; 10 V) is applied to 
the MC14520. A compromise between lbias for the 
MCl 710 and ilR between N and P-channel outputs gives 
a value of R of 33 k ohms. In order to filter out the 
switching frequencies, RC should be about 1.0 ms (if 
R ; 33 k ohms, C"" 0.03 µF). The analog 3.0 dB band
width would then be de to 1.0 kHz. 

ANALOG TO DIGITAL CONVERSION 
An analog signal is applied to the analog input of the 

MC1710. A digital eight-bit word known to represent a 
digitized level less than the analog input is applied to the 
MC14512 as in the D to A conversion. The word is 
incremented at rates sufficient to allow steady state to 
be reached between incrementations (i.e. 3.0 ms). The 
output of the MC1710 will change when the digital 
input represents the first digitized level above the analog 
input. This word is the digital representation of the 
analog word. 

DIGITAL TO ANALOG AND ANALOG TO DIGITAL CONVERTER 

Voo Vss 

Clock 
Input 

c E R c E R 

Y2MC14520 Y.MC14520 

01 01 02 03 04 

DO 01020304050607 
Digital Input/Output 

8-BitWord 
Voo 

Stop 
Word Incrementation 

MC14532 to be Converted 

02 01 00 

'--~~----<AX7X6X5X4X3X2X1XO 

~-----'B MC14512 
.__ _____ _,c 

z 

MC1710 R 

1------------__.----n Analog 

Analog 
Input 
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MC14539AL 
MC14539CL 
MC14539CP 

DATA SELECTOR/MULTIPLEXER 

Advance Information 

DUAL 4-CHANNEL DATA SELECTOR/MULTIPLEXER 

The MC14539 data selector/multiplexer is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. The circuit consists of two sections of four in
puts each. One input from each section is selected by the address 
inputs A and B. A "high" on the Strobe input will cause the output 
to remain "low". 

This device finds primary application in signal multiplexing 
functions. It permits multiplexing from N-lines to I-line, and can also· 
perform parallel-to-serial conversion. The Strobe input allows cas· 
cading of n-lines to n-lines. 

• Quiescent Power Dissipation= 30 nW/package typical 

• Noise Immunity= 45% of Voo typical 

• High Fanout - > 50 

• Input Impedance= 1012 ohms typical 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage -MC14539AL VDo +18 to -0.5 Vdc 
-MC14539CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin VDD to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range -MC14539AL TA -55 to +125 OC 

-MC14539CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to+150 oc 

TRUTH TABLE 

ADDRESS DATA INPUTS 
INPUTS X3 X2 Xl XO OUTPUTS 
B A Y3 Y2 Yl YO ST,ST' Z,W 

x x x x x x 1 0 
0 0 x x x 0 0 0 
0 0 x x x 1 0 1 
0 1 x x 0 x 0 0 
0 1 x x 1 x 0 1 

1 0 x 0 x x 0 0 
1 0 x 1 x x 0 1 
1 1 0 x x x 0 0 
1 1 1 x x x 0 1 

X = Don't Care 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL 4-CHANNEL 
DATA SELECTOR/MULTIPLEXER 

...... 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

14 A 

2 B z 
ST 

6 XO 

5 Xl 

4 X2 

3 X3 

A 

B w 9 

15 ST' 

10 YO 

11 Y1 

12 Y2 

13 Y3 

Voo =Pin 16 
Vss =Pin a 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin or Vaut be 
constrained to the range Vss ~ (Vin or 
Voutl ,;;;vDD· 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or VoDI 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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MC14539 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14539AL MC14539CL/CP 

Voo 
-55°C +25°C +12s0c -40°C +25°c +85°C 

Characteristic Figure Symbol Vdc Min Mox Min Typ Ma• Min Mox Min Ma• Min Typ Max Min Max Unit 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc 
10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 
15 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity• 

(Vout ~3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 Vdc 
(V0 ut ~ 7 .0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
fV0 ut )"10.5 Vdcl 15 6.75 6.75 

jVout ~1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 Vdc 
(V0 ut ~3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
ivout ~4.5 Vdcl 15 6.75 6.75 

Output Drive Current 
(VQH = 2.5 Vdc) Source IQH 5.0 -0.62 --0.5 -1.7 --0.35 -0.23 --0.2 -1.7 --0.16 mAdc 
(YQH "'9.5 Vdcl 10 --0.62 - --0.5 --0.95 --0.35 - --0.23 --0.2 -0.15 -0.16 -
(VQH = 13.5 Vdc) 15 -3.6 -3.6 

(VQL = 0.4 Vdc) Sink IQL 5.0 0.5 0.4 0.9 0.28 0.23 0.2 0.9 0.16 mAdc 
(VQL = 0.5 Vdcl 10 1.1 0.9 2.3 0.65 0.6 0.5 2.3 0.4 
(VQL = 1.5Vdd 15 90 9.0 

Input Current lin 10 10 pAdc 

Input Capacitance Cin pF 
(Vin= 0) 

Quiescent Dissipation .. •t Po mW 
(CL= 1!) pF, i =a MHz) 
Po= (2-5 mW/MHz) f +0.0003 mW 5.0 0.00003 0.025 0.00003 0.25 
Po= 110 mW/MHz) f +0.00010 mW 10 0.00010 0.1 0.00010 1.0 
Po= {27 mW/MHz) f +0.00025 mW 15 0.00025 000025 

Output Rise Time*" ,, 
(CL""15pF) 
tr"' (3.0 ns/pF I CL+ 35 ns 5.0 80 175 80 200 
tr= (1.5ns/pF) CL+ 17 ns 10 40 75 40 110 
tr= (1.0ns/pF} CL+ 15 ns 15 30 30 

Output Fall Timeu ,, 
{CL= 15pF) 
tf = (1.5 ns/pF) CL+ 57 ns 5.0 80 175 80 200 
tf = (0.7 ns/pF) CL+ 30 ns 10 40 75 40 110 
tt = W.5 ns/pF) CL+ 23 ns 15 30 30 

Turn·On Delay Timeu tPHL 
X, Y, Input to Output 
(CL=15pF) 
tPHL = (1.6 ns/pF) Cl+ 156 ns 5.0 180 360 180 540 
tpH L = (0.6 ns/pFl cl+ 66ns 10 75 150 75 225 
tPHL = (0.45 ns/pF) CL+ 53 ns 15 60 60 

Turn-Off Delay Time• .. tPLH 
X, Y Input to Output 
(CL"'15pFl 
tPLH = (1.6 ns/pF) Cl t 126ns 5.0 150 300 150 450 
tPLH = (Q.6 ns/pF) CL+ 56m 10 65 130 65 195 
tPLH=(0.45 ns/pF) CL+ 43 ns 15 50 50 

Turn-On Delay Time•* tPHL 
A Input to Output 
(Cl"'15pFi 
tPHL = {1.5ns/pF) CL+ 192 ns 5.0 215 430 215 645 
tPHL = (0.6 ns/pF) CL+ 86 ns 10 95 190 95 285 
tPHL = (0.45 ns/pF) CL+ 63 ns 15 70 70 

Turn-Off Delay Time*• tPLH 
A Input to Output 
(CL=15pFl 
tPLH = (1.5 ns/pF) CL+ 147 ns 5.0 170 340 170 510 
tPLH = (0.6 ns/pF) CL+ 71 ns 10 80 160 80 240 
tPLH = (0.45 ns/pFl CL+ 58 ns 15 65 65 

Turn-On Delay Time ..... 1PHL 
ST Input to Output 
(CL= 15pF) 
tPHL = (1.5 ns/pF) CL+ 68 ns 5.0 90 180 90 270 
1PHL = (0.7 ns/pFJ CL+ 35 ns 10 45 90 45 135 
tPHL = (Q.5 ns/pF) Cl+ 32 ns 15 40 40 

I Turn·Off Delay TimeH tPLH 
1PLH = {1.5 ns/pF) CL+ 68 ns 5.0 90 180 90 270 
tPLH = (0 7 ns/pF) CL+ 35 ns 10 45 90 45 135 
tPLH = (0.5 ns/pF) CL+ 32 ns 15 40 40 

.. DC Noise Margm {VNH. VNLl is defined as the ma;io;1mum voltage change from an ideal "1 'or "O 'input level before producing an output state change. 
HThe formula given is for the typical characteristics only 
tFor dissipation at different external load capacitances refer to corresponding formula; 
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MC14539 (continued) 

FIGURE 1 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

I TEST STROBE A XO 

1 Gnd Gnd P.G 
2 P.G. Gnd Voo 
3 Gnd P.G. Voo 
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MC14539 (continued) 

LOGIC DIAGRAM 

B 
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ST 
1 

15 
ST' 

Transmission Gate 

1 nput to 0 utput is: 

w 

a) A bidirectional low impedance when control input 
1 is a logic "O" and control input 2 is logic "1 ". 

b) An open circuit is when control input 1 is a logic 
"1" and control input 2 isa logic "O". 

I 
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..___J MC14543AL 
MC14543CL 
MC14543CP 

l-~~~~~L_A_T_c_H_1_o_E_c_o_o_E_R_10_R_1_v_E_R~ 

Advance In.formation. 

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER 
for LIQUID CRYSTALS 

The MC14543 BCD-to-seven segment latch/decoder/driver is de
signed for use with liquid crystal readouts, and is constructed with 
complementary MOS (CMOS) enhancement mode devices. The cir
cuit provides the functions of a 4-bit storage latch and an 8421 BCD 
·to-seven segment decoder and driver. The device has the capability 
to invert the logic levels of the output combinations. The phase (Ph) 
blanking (Bl). and latch disable (LD) inputs are used to reverse the 
truth table phase, blank the display, and store a.BCD code, respec
tively. For liquid crystal (LC) readouts, a square wave is applied to 
the Ph input of the circuit and the electrically common backplane 
of the display. The outputs of the circuit are connected directly to 
the segments of the LC readout. For other types of readouts, such 
as light-emitting diode (LED), incandescent, gas discharge, and 
fluorescent readouts, connection diagrams are given on this data 
sheet. 

Applications include instrument (e.g., counter, DVM etc.) display 
driver, computer/calculator display driver. cockpit display driver, 
and various clock, watch, and timer uses. 

• Logic Circuit Quiescent Power Dissipation= 25nW/package typical 
• Latch Storage of Code 
• Blanking Input 
• Readout Blanking on All Illegal Input Combinations 
• Direct LED (Common Anode or Cathode) Driving Capability 
• Pin-for-Pin Replacement for CD4056A (with Pin 7 Tied to Vssl. 

MAXIMUM RATINGS !Voltages referenced to V5s. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage -MC14543AL Voo +18 to -0.5 Vdc 
MC14543CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin v00 to -0.5 Vdc 

DC Current Drain per Pin, All Data Inputs I 10 mAdc 

Operating Temperature Range MC14543AL TA -55 to +125 oc 

MC14543CL/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

Maximum Continuous Output Drive Current IQHmax 10 mAdc 
(Source or Sink) per Output IQLmax 

Maximum Continuous Output Power PoHmax 70 mW 
(Source or Sink) per Output Polmax 

•poHmax = loH IVoH - Vool and PoLmax = 'oLIVoL - Vss> 

This device contains circuitry to protect the inputs against damage due to high static 
voltages or electric fields; however, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high im· 
pedance circuit. For proper operation it is recommended than Vin and Vout be 
constrained to the range V55 ~ (V;n or Vout> ~ Voo. 

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either 
Vsgorv00>. 

This is advance information and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

BCD-TO-SEVEN SEGMENT 
LATCH/DECODER/DRIVER 

for 
LIQUID CRYSTALS 

""f/61 ... 
LSUFFIX 

CERAMIC PACKAGE 
CASE 620 

5 A 

3 B b 

c 
4 0 

6 Ph 

Bl 

LO 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

9 

10 ·l~b 
11 ·Oc 
12 

d 
13 

15 v 00 =Pin 16 

14 V55 = PinS 

DISPLAY 

IOI ll213l'-llSl6l 718l91 
0 3 4 6 8 9 

TRUTH TABLE 
INPUTS OUTPUTS 

lD Bl Ph" D C B A' b ' d ' f g Display 

x 1 0 x x x x 0 0 0 0 0 0 0 Blan~ 

1 0 0 0 0 0 0 1 1 1 1 1 1 0 0 
1 0 0 0 0 0 1 0 1 1 0 0 0 0 1 
1 0 0 0 0 1 0 1 1 0 1 1 0 1 ' 1 0 0 0 0 1 1 1 1 1 1 0 0 1 3 
1 0 0 0 1 0 0 0 1 1 0 0 1 1 4 
1 0 0 0 1 0 1 1 0 1 1 0 1 1 5 
1 0 0 0 1 1 0 1 0 1 1 1 1 1 6 
1 0 0 0 1 1 1 1 1 1 0 0 0 0 7 

1 0 0 1 0 0 0 1 1 1 1 1 1 1 8 
1 0 0 1 0 0 1 1 1 1 1 0 1 1 ' 1 0 0 1 0 1 0 0 0 0 0 0 0 0 Blank 

1 0 0 1 0 1 1 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 0 0 0 0 0 0 0 0 0 B!ank 

1 0 0 1 1 0 1 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 1 0 0 0 0 0 0 0 0 Blank 

1 0 0 1 1 1 1 0 0 0 0 0 0 0 Blank 

0 0 0 x x x x ·- -· 
' ' 1 ' Inverse of Output Display 

Combinations as above 
Above 

X ~ Don•t care 
t - Above Combmations 
• - For liquid crystal readoun. apply a SQuare wave to Ph 

For common cathode LEO reildOtJU. selec1 Ph = 0. 
For common anode LEO readouu. select Ph ,. 1. 

'•,. Depends upon the BCD code applied during the 1 to 0 trans.111on 
of LO 



MC14543 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14643AL MC14543CL/CP 
Voo 

Characteristic Figure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit 

Output Voltage "O" Level 

"1" Level 

Noise Immunity" 
IV 0ut ;;;i. 3.5 Vdc) 
(Vout;;;;, 7.0 Vdc) 
(V 0ut ~ 10.5 VdcL 

(Vout ~ 1.5 Vdc) 

(Vout.:;;;; 3.0 Vdc) 
IV0 ut os;;;: 4.5 Vdc) 

Output Drive Current 
fVoH = 2.5 Vdc) Source 
{VQH = 9.5 Vdc) 
(VQH = 0.5 Vdc) 
(VoH = 13.5 Vdc) 

IVoL = 0.4 Vdc) Sink 

(Vol = 0.5 Vdc) 
{VOL = 9.5 Vdc) 

IVoL = 1.5 Vdc) 

Input Current 

Input Capacitance 

Quiescent Dissipation••t 

(CL = 15 pF, f = 0 MHz) 

Po= (4.8 mW/MHz) f + 0.000025 mW 

Po= (19 mW/MHz) f + 0.00010mW 

.'Jl_ = (43 mW/MHz) f + 0.00023 mW 

Output Rise Time•• 

(CL = 15 pF) 

tr = (3.0 ns/pF) CL + 25ns 

tr= 11.5 ns/pF) CL+ 12ns 
tr = {1.1 ns/pF) CL + 8.0ns 

Output Fall Time 0 

ICL = 15 pF) 

tf = (1.5 ns/pF) CL + 47ns 

tf = (0.75 ns/pF) CL+ 24ns 
lf = to.55 ns/pGI CL + 17ns 

Turn-Off Delay Time•• 

(CL"' 15 pF) 
tPLH = (1.65 ns/pF) CL+ 525 ns 

tPLH = to.65 ns/pF) CL+ 210 ns 

tPLH"' I0.49 ns/pF) CL+ 158 ns 

Turn-On delay Time•• 

(CL = 15pF) 

tPHL = (1.65 ns/pF) CL+ 450 ns 

tPHL = C0.65 ns/pF) CL+ 180 ns 

tPHL = !0.49 ns/pF) CL+ 138 ns 

Minimum Setup Time 

Minimum Hold Time 

Minimum Latch Disable 
Pulse Width (Strobing Data) 

Vout 

IQH 

loL 

Po 

4, 

4a ,, 

4, 

4• 

4b lsetup 

4b 

4o 

5.0 
10 
15 
5.0 4.99 
10 9.99 
15 

5.0 1.5 
10 3.0 
15 

5.0 1.4 
10 2.9 
15 

5.0 -0.62 
10 -0.62 
10 
15 
5.0 0.50 
10 1.1 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 

10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

0.01 
0.01 

0 
4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.50 

6.75 

1.5 2.25 
3.0 4.50 

6.75 

-0.50 -1.9 
-0-50 -1.0 

-9.7 
-3.9 

0.40 0.78 
0.90 2.0 

11.4 
7.8 

10 

5.0 

0.01 
0.01 

4.95 
9.95 

0.05 - 0.01 
0.05 

4.99 
9.99 

o.oi 

4.99 
9.99 

5.0 
10 
15 

1.4 1.5 1.5 2.25 

2.9 3.0 3.0 4.50 
6.75 

1.5 1.4 1.5 2.25 
3.0 2.9 3.0 4.50 

6.75 

-0.35 - -0.23 - -0.20 -1 .9 
-0.35 - -0.23 - -0.20 -1.0 

9.7 
-3.9 

0.28 0.23 0.20 0.78 

0.65 0.60 0.50 2.0 
11.4 
7.B 

10 

50 

0.01 
0.01 

0.025 - 0.000025 0.025 - 1.5 
0.10 0.00010 0.10 6.0 

0.00023 

0.25 
1.0 

0.000025 0.25 
0.00010 1.0 
0.00023 

70 
35 
25 

175 

75 

70 175 
35 75 
25 

550 1100 -
220 440 
165 

475 1100 -
190 440 
145 

40 
15 
10 

-40 
-15 
-10 

125 
50 
40 

80 
30 

250 
100 

-. 

70 
35 
25 

70 
35 
25 

550 
220 
165 

475 
190 
145 

40 
15 
10 

-40 
-15 
-10 

125 
50 
40 

200 
110 

200 
110 

1650 
660 

1650 
660 

120 
45 

80 
30 

375 
150 

"DC Noise Margin (VNH, VNLl is defined as the maximum voltage change from an ideal "1 :: or "O" input level before producing an output state change. 

"•The formula given is for the typical characteristics only. 
tFor dissipation at different external load capacitances refer to corresponding formula· 

PolCLl = Po + ~ x 10-3 (CL - 15pF) Voo2f 

with Pp in mW. Cl in pF. Voo in Vdc, and f in MHz 
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4.95 
9.95 

0.05 Vdc 
0.05 

1.4 Vdc 

2.9 

1.5 Vdc 

3.0 

-0.16 mAdc 
-0.16 -

0.16 mAdc 

0.40 

3.5 
14 

pAdc 

pF 

mW 
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MC14543 (continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE 

CHARACTERISTICS 

1-6.0 
t
z 
w 

"' "' ~ -12 1---f----f---____, _ __, _ _....,,___, _ __, _ _. 

w 
u 

"' :::> 
CJ 

"' ,: 18 f--f--6-""1---t---+--4---+---I 
E 

VDD = 15 Vdc-+--+--+--++--+--1 

vss = o Vdc 
-24~-f---~f-----l~--l~-'~-'-'--'~-' 

-16 -12 -8.0 -4.0 

IVQH -VDol.SDURCE DEVICE VOLTAGE (Vdc) 

< 
-5 
t
z 
w 

FIGURE 2 - TYPICAL OUTPUT SINK 

CHARACTERISTICS 

~ 12 l----l.+---1- _...,...-+-__, 
u 

"" z 
v; 

~ 6.0 t-H!--!-----1----1----1c----t-"---.;l::---t---t 

Po Lmax = 70 mW de 
I I 

Vss = o Vdc 

4.0 8.0 12 16 

(VQL - Vssl, SINK DEVICE VOLTAGE (Vdc) 

CONNECTIONS TO VARIOUS DISPLAY READOUTS 

MC14543 
Output 

Ph 

LIQUID CRYSTAL (LC) READOUT 

MC14543 

Output 

Ph 

One of Seven Segments 

Common 
Backplane 

/ 

Square Wave 

IVss to VDD) 

LIGHT EMITTING DIODE (LEDi READOUT 

Common 

Cathode LED 
Common 

Anode LED 

MC14543 
Output 

Ph 

Vss 

Von 

Note: Bipolar transistors may be added for gain (for v 00 ~10V or lout# 10 mA). 

FLUORESCENT READOUT 

MC14543 
Output 

Ph 

V55 

-= 
Filament 
Supply 

Vss or appropriate 
-= voltage below V55. 

7-220 

INCANDESCENT READOUT 

MC14543 
Output 

Ph 

Vss 

Appropriate 
Voltage 

GAS DISCHARGE READOUT 

MC14543 
Output 

Ph 

-= Vss 

Appropriate 
Voltage 



MC14543 (continued) 

A5 

B 3 

c 2 

D4 

LD 1 

FIGURE 3 - DYNAMIC POWER DISIPATION 
SIGNAL WAVEFORMS 

Inputs Bl and Ph low, and Inputs D and LD high. 
f in respect to a system clock. 

All outputs connected to respective CL loads. 

50% Duty Cycle 

LOGIC DIAGRAM 

7-221 

9 a 

10 b 

11 c 

12 d 

13 e 

15 f 

14 g 

Phase 6 

FIGURE 4 - DYNAMIC SIGNAL WAVEFORMS 

(a) Inputs D, Ph, and Bl low, and Inputs A, B, and LO high. 

c 
1,....------"'""-+----Voo 

"'----Vss 

VQH 

"'-----=~=--!--- VQL 

lb) Inputs D, Ph, and Bl low, and Inputs A and B high. 

LD 

c 

LD 

20ns 
------~J-+--------- VDo 

Vss 

~~~~ gthold VDo 

,, 0% /_ ____ ,, __ '_s_o_% ______ Vss 

For Hold 
-------------""""-;,_----- VoH 

' '----Vol 
For Setup 

(cl Data DCBA strobed into latches 

0 ------Voo 
50% 

------· -~----- Vss 
PWLD • 



• 

MC14549AL 
MC14549CL 
MC14549CP 
MC14559AL 
MC14559CL 
MC14559CP 

SUCCESSIVE APPROXIMATION REGISTERS 

Advance In:formation 

SUCCESSIVE APPROXIMATION REGISTERS 

The MC14549 and MC14559 successive approximation registers 
are 8-bit registers providing all the digital control and storage nec
essary for successive approximation analog-to-digital conversion 
systems. These parts differ in only one control input. The Master 
Reset (MR) on the MC14549 is required in the cascaded mode when 
greater than 8 bits are desired. The Feed Forward (FF) of the 
MC14559 is used for register shortening where End-of-Conversion 
(EOC) is required after less than eight cycles. 

Applications for the MC14549 and MC14559 include finding 
square roots. division, ring counters, serial-to-parallel conversion, 
and analog-to-digital conversion. 

• Totally Synchronous Operation 

• All Outputs Buffered 

• Single Supply Operation 

• Serial Output 

• Retriggerable 

• Compatible with a Variety of Digital and Analog Systems such as 
the MC1408 8-Bit DIA Converter 

• All Control Inputs Positive-Edge Triggered 

MAXIMUM RATINGS (Voltages referenced to Vss- Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage AL Version Voo +18 to -0.5 Vdc 
CL,CP Version +16 to -0.5 

Input Voltage, All Inputs Vin Voo to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA OC 

AL Version -55 to +125 
CL,CP Version -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLES 
MC14549 

SC SC(t-11 MR MR(t-11 Clock Action 

x x x X -,__ None 

x x 

0 0 0 _r- Start 
Conversion 

x 0 _r- Start 
Conversion 

a a _r- Continue 
Conversion 

0 x a x -' Continue 
Previous 
Operation 

X = Don't Care 

t-1 =Stage at Previous Ctock_r-

MC14559 

SC SC(t-11 EOC Clock Action 

x x 
a 

x 

0 a 

a x 

x 

0 _r- Start 
Conversion 

Continue 
Conversion 

Continue 
Conversion 

Retain 
Conversion 
Result 

Start 
Conversion 

Mc MOS 
(LOW-POWER COMPLIMENTARY MOS) 

SUCCESSIVE APPROXIMATION 
REGISTERS 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

BLOCK DIAGRAM 

QQ 4 

Q1 3 
c 

02 

Q3 
SC 

Q4 15 

Q5 14 
10 FF or 

MR# Q6 13 

Q7 12 
D 

EOC 11 

Sout 

Voo =Pin 16 
v88 =Pins 

#For MC14549 Pin 10 is MR input 

For MC14559 Pin 10 is FF input 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric frelds; however, 1t is advised that 
normal precautions be taken to avoid applica
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation, it is recommended that V 1n 
and Vaut be constrained to the range V55 < 
{Vin or Vautl ~ Voo-
Unused inputs must always be tied to an ap
propriate logic voltage level (e.g., either Vss 
or Vool. 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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ELECTRICAL CHARACTERISTICS s: 
MC14549A L/MC 14559A L MC 14549C L ,CP /MC 14559C L ,CP n 

-55°C +25°C +i2s0 c -40°C +25°C +es0 c 
.... 

Voo .i::. 
Characteristic lsvmbol j Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit U1 

Output Voltage "O" Level T V0 ut 1 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc .i::. 
10 0.01 0 0.01 0.05 0.01 0 001 0.05 .CD 
15 0 0 s: "1" Level I 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 Vdc 

10 9.99 9.99 10 9.95 9.99 9 99 10 9.95 n 
15 15 15 

.... 
Noise Immunity* VNL Vdc 

.i::. 
U1 

(V 0 ut ~3.5 Vdcl 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 

~ (V001 ~7.0Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 29 

(Vout ~ 10.5 Vdc) 15 6.75 6.75 n-
VNH Vdc 0 

(V001 <1.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2 25 1.5 :J ..... 
(Vout ~3.0 Vdcl 10 29 3.0 4.50 3.0 2.9 3.0 4.50 3.0 :J 
fVout <4.5 Vdc) 15 6.75 6.75 c 

Output Driv-e Current loH mAdc 
(!) 
a. 

IVoH" 2.5 Vdcl Source 5.0 -0.62 -0.50 -1.7 -035 -0.23 -0.20 -1.7 -0 16 

lVoH = 9.5 Vdc) 10 -0.62 -0.50 -0.9 -0.35 -0.23 -0.20 -0.9 -0.16 

IVoH" 13.5 Vdc) 15 -3.5 -3.5 

loL I I mAdc 

(Vol"' 0.4 Vdcl Sn1k 5.0 1.0 0.80 1.56 0.56 0.46 0.40 1.56 0.32 

IVoL" 0.5 Vdc) IQ Outputs) 10 2.2 1.80 4.0 1.30 1.20 1.0 4.0 0.80 

I 
IVoL" 1.5 Vdcl 15 15.6 15.6 

-..J I I mAdc i\..i 10L 

N (Vol"' 0.4 Vdcl Sink 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 0.16 

w (Vo L = 0.5 Vdc) (Alf other Outputs) 10 1.1 0.90 20 0.65 0.60 0.50 2.0 0.40 

(VOL= 1.5 Vdcl 15 7.8 7.8 

Input Current lin 10 10 pAdc 

Input Capacitance (Vin - 0 Vdc) Cjn 5.0 5.0 pF 

Quiescent Dissipation Po T mW 
ICL" 15 pf, f = OHzl 

5.0 0.5 0.10 0.5 300 0.5 0.10 0.5 7.0 

10 2.0 0.50 2.0 120 2.0 0.50 2.0 28 
15 2.0 2.0 

Dynamic Power Dissipation j Po I T mW 
(Cl= 15pF) (Typical~ 

5.0 Po "' (3.0 mW/MHzl f + 0.1 mW 

10 Po= (12 mW/MHz) f + 0.5 mW 

15 Po"' (27 mW/MHz) I+ 2.0 mW 

Output Rise Time** ,, 
ICL = 15 pFJ 
tr= (3.0 ns/pF) CL+ 25 ns 

I 
5.0 

I I I I 
70 

I 
175 

I I I I I I 
70 I 200 

tr= ( 1.5 ns/pF) CL+ 12 ns 10 35 75 35 110 
tr= (1.1 ns/pF) CL+ 8.0ns 15 25 25 

Output Fall Time"* lf 
ICL = 15 pf) 
tf = (1.5ns/pf) CL+ 47 ns 5.0 70 175 70 200 
lf = (0.75 ns/pFI CL+ 24 ns 10 35 75 35 110 
lf""' (0.55 ns/pF) CL + 17 ns 15 25 25 

(Continued on next page) 
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ELECTRICAL CHARACTERISTICS lcontinuedl 
... 
.i:o. 

MC14549AL/MC14559AL MC14549CL,CP/MC14559CL,CP U"I 
Voo -55°c +25°C +125°C -40°c +25°c +s5°c .i:o. 

Charact.,istic Symbol Vdc Min Max Min Typ Mox Min Max Min Max Min Typ Max Min Max Unit .c.o 
Clock Turn-Off, Turn-On Delay Time"" tPLH· ns 3: 

ICL = 15 pF) To 0 Output tPHL (") 
lPLH.tPHL = (1.8 ns/pF) CL+ 423 ns 5.0 - - - 450 700 - - - - - 450 1100 - - ... 
tPLH,tPHL = (0.8 nsJpF) CL+ 168ns 10 - - - 180 250 - - - - - 180 450 - - ~ 
tfLH,tPHL = (0.6ns/pFl CL+ 126ns 15 - - - 135 - - - - - - 135 - - - U'I 

U"I Clock Turn-Off, Turn-On Delay Time ... tPLH, ns cg 
ICL = 15 pF) ITo Serial Out) tPHL n tfLH·tPHL = (1.75ns/pF) CL+ 0 

424 ns 5.0 - - - 450 700 - - - - - 450 1100 - - :::i 
tfLH.tPHL = !0.70 ns/pF) CL+ !:!. 

isg ns 10 - - - 180 250 - - - - - 180 450 - - :::i 

tPLH,tPHL = (0.53 ns/pFJ CL+ 
c 
('I) 

127 ns 15 - - - 135 - - - - - 135 - - - Q. 

Clock Turn-Off, Turn-On Delay Time~" tfLH· 
ICL = 15 pF) I To ECCi lPHL 
tfLH,tPHL = (1.75 ns/pF) CL+ 

224 ns 5.0 - - - 250 350 - - - - - 250 

I 
750 

tfLH,tPHL = (0.70 ns/pFl CL+ 
89 ns 10 - - - 100 150 - - - - - 100 300 

-...J l tPLH•tPHL"' {0.53 ns/pF) CL+ 

rZ.i 
72 ns 15 - - - 80 - - - - - - 80 

""' 
I SC,D, and MR Setup Time lsetup 

~ ICL=15pF) 
5.0 125 

I 1751 I - I I I I 
125 I 300 

10 50 75 50 150 
15 40 40 

Minimum Clock Pulse Width PWc 
ICL=15pF) 

5.0 350 500 350 600 
10 135 200 135 300 
15 100 100 

Minimum Pulse Width I PW I I I I ns 
ICL = 15 pFI 10,SC,FF or MRI 

5.0 250 375 250 750 
10 100 150 100 300 
15 80 80 

Maximum Clock Rise and Fall Time T .,,., T 

+ 
I I I µ; 

5.0 15 15 
10 5.0 5.0 

Maximum Clock Pulse Frequency I PRF I I I I MH' 
ICL = 15 pF) 

5.0 1.0 1.5 O.B 1.5 
10 2.0 3.0 , .5 3.0 
15 4.0 4.0 

4 DC Noise Margin (VNH· VNL) is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change 
uThe formula given is for the typical characteristics only. 



MC14549, MC14559 (continued) 

Programmable 
Pulse 

Generator 

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

00 

01 
c 

02 

03 
SC 

04 

05 
FF(MRI 

06 

07 
D EOC 

Sout 

Vss 

c 

sc _____ ~ 

D --------j--'-:..C.::.'----" 

Note: Pin 10 = Vss 

TIMING DIAGRAM 

I , I 

~~1w11! 
. i I 

~ - Don't care condition 

I nh - Indicates Serial Out is inhibited low 

• - 08 is ninth-bit of serial information available from 8-bit register. 

Note: Pin 1 O = Vss 
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MC14549, MC14559 (continued) 

OPERATING CHARACTERISTICS 

Both the MC14549 and MC14559 can be operated in 
either the "free run" or "strobed operation" mode for 
conversion schemes with any number of bits. Reliable 
cascading and/or recirculating operation can be achieved 
if the End of Convert (EOC) output is used as the con
trolling function, since with EOC = 0 (and with SC = 1 
for MC14549 but either 1 or 0 for MC14559) no stable 
state exists under continual clocked operation. The 
MC14559 will automatically recirculate after EOC = 1 
during externally strobed operation, provided SC = 1. 

All data and control inputs for these devices are triggered 
into the circuit on the positive edge of the clock pulse. 

Operation of the various terminals is as follows: 

C = Clock - A positive-going transition of the Clock 
is required for data on any input to be strobed into the 
circuit. 

SC= Start Convert - A conversion sequence is initiated 
on the positive-going transition of the SC input on suc
ceeding clock cycles. 

D =Data In - Data on this input (usually from a com
parator in A/D applications) is also entered into the circuit 
on a positive-going transition of the clock. This input is 
Schmitt triggered and synchronized to allow fast response 
and guaranteed equality of serial and parallel data. 

MR = Master Reset (MC14549 only) - Resets all out
put to 0 on positive-going transitions of the clock. If 
removed while SC= 0, the circuit will remain reset until 
SC= 1. This allows easy cascading of circuits. 

FF= Feed Forward (MC14559 only) - Provides register 
shortening by removing unwanted bits from a system. 

For operation with less than 8 bits, tie the output 
following the least significant bit of the circuit to EOC. 
E.g., for a 6-bit conversion, tie 06 to FF; the part will 

respond as shown in the timing diagram less two bit times. 
Note that 06 and 07 will still operate and must be 
disregarded. 

For 8-bit operation, FF is tied to Vss. 
For applications with more than 8 but less than 16 

bits, use the basic connections shown in Figure 1. The FF 
input of the MC14559 is used to shorten the setup. Tying 
FF directly to the least significant bit used in the 
MC14559 allows EOC to provide the cascading signal, 
and results in smooth transition of serial information from 
the MC14559 to the MC14549. The Serial Out (Soutl 
inhibit structure of the MC14559 remains inactive one 
cycle after EOC goes high, while Sout of the MC14549 
remains inhibited unti I the second clock cycle of its 
operation. 

On = Data Outputs After a conversion is initiated 
the O's on succeeding cycles go high and are then con
ditionally reset dependent upon the state of the D input. 
Once conditionally reset they remain in the proper state 
until the circuit is either reset or reinitiated. 

EOC = End of Convert - This output goes high on the 
negative-going transition of the clock following FF = 1 
(for the MC14559) or the conditional reset of 07. This 
allows settling of the digital circuitry prior to the End of 
Conversion indication. Therefore either level or edge 
triggering can indicate complete conversion. 

Sout = Serial Out - Transmits conversion in serial 
fashion. Serial data occurs during the clock period when 
the corresponding parallel data bit is conditionally reset. 
Serial Out is inhibited on the initial period of a cycle, when 
the circuit is reset, and on the second cycle after EOC 
goes high. This provides efficient operation when cascaded. 

FIGURE 1 - 12-BIT CONVERSION SCHEME 

SC 

FF 

From AID 
Comparator 

D 

MC14559 

no nt n2 n3···n1 

~ 

Saut 

EOC 

External 
Clock 1/4 MC14001 

c D Sout 

SC MC14549 
MR 

no n1 02 03 04 05 06 n7 EOC 

Serial Out 
(Continual 
update every 
13 clock cycles) 

MSB To D/A and P3rallel Data 
To DI A and LSB 
Parallel Data 

tCornpletion of conversion 
automaticat1y re-initiates 
cycle in free run mode . 

•FF allows EOC to activate 
as if in 4-stage rngister. 

••cascading using EOC guaranteed; 
no stable unfunctional state. 

Free run mode 

External strobe 
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__ J MC14554AL 
MC14554CL 
MC14554CP 

\--~~~~~~-B-IN_A~R-Y_M_u_L_T_1_P_L_1e_R~ 

Advance In.formation. 

2-BIT BY 2-BIT PARALLEL BINARY MULTIPLIER 

The MC14554 2 x 2-bit parallel binary multiplier is constructed 
with complementary MOS {CMOS) enhancement mode devices. The 
multiplier can perform the multiplication of two binary numbers 
and simultaneously add two other binary numbers to the product. 
The MC14554 has two multiplicand inputs {XO and X1), two 
multiplier inputs {YO and Y1 ), five cascading or adding inputs {KO, 
K1, MO, Ml, and M2), and five sum and carry outputs {SO, Sl, S2, 
Cl [S3), and CO). The basic multiplier can be expanded into a 
straight-forward m-bit by n-bit parallel multiplier without additional 
logic elements. 

Application areas include arithmetic processing {multiplying/ 
adding, obtaining square roots, polynomial evaluation, obtaining 
reciprocals, and dividing), Fast Fourier Transform processing, digital 
filtering, communications {convolution and correlation), and process 
and machine controls. 

• Diode Protection on All Inputs 

• Buffered Outputs Compatible with HTL and Low Power TTL 

• Low Quiescent Power Dissipation - 25 nW typical 

• Straightforward m-Bit By n-Bit Expansion 

• No Additional Logic Elements Needed for Expansion 

• Multiplies and Adds Simultaneously 

• Positive Logic Design 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage - MC14554AL Voo +18 to -0.5 Vdc 
-MC14554CL/CP +16 to --0.5 

Input Voltage, All Inputs Vin v00 to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range TA Oc 
-MC14554AL -55to+125 
- MC14554C L/CP -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

McMOS 
(LOW-POWER COMPLEMENTARY MOS) 

2-BIT BY 2-BIT PARALLEL 
BINARY MULTIPLIER 

- ... 
P SUFFIX 

16 PLASTIC PACKAGE 
1 CASE 649 

L SUFFIX 
CERAMIC PACKAGE 

CASE 620 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vaut be constrained to the range Vss' 
{Vin or Vout) <: Voo. 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
VssorVool. 

BLOCK DIAGRAM EQUATIONS 

14 
13 
15 

12 
10 

2 
3 

v00 = Pin 16 

Vss =Pin B 

11 

9 

4 

S = (X x Y) + K + M 
Where: 
x Means Arithmetic Times. 
+Means Arithmetic Plus. 
S = S3 S2 51 SO, X = X1XO, Y = Y1YO. 
K = K1 KO, M = M1 MO (Binary Numbers). 

Example: 
Given: X = 2(101. Y = 3(11) 

K = 1 (01),M=2(10) 

Then: S = (2 x 3) + 1 + 2 = 9 
S= (10x 11)+01+10=1001 

Note: CO connected to M2 for this size multiplier. 
See general expansion diagram for other size multipliers. 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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ELECTRICAL CHARACTERISTICS 8 
:i 

MC14554AL MC14554CLICP 

UM l .... 
5· 

Voo -65°c +25°C +125°c -40"c •25°C +86°C c: 
Characteristic I Figure I Symbol I Vdc Max Min Typ Min Max Min Mox Min Typ Min 

CD Min Max Max Max CL 

Output Voltage "O" Level T - T Vout 1 5.0 - O.Q1 - 0 0.01 - 0.05 - 0.01 - 0 0.01 - 0.05 Vdc 
10 - 0.01 - 0 0.01 - 0.05 - O.Q1 - 0 0.01 - 0.05 
15 - - - 0 - - - - - - 0 - - -

"1" Level I - I I 5.0 4.99 - 4.99 5.0 - 4.95 - 4.99 - 4.99 5.0 - 4.95 - I Vdc 
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 - 9.95 
15 - - - 15 - - - - - - 15 - -

Noise Immunity* VNL I I Vdc 
!Vaut ;;. 3.5 Vdcl 5.0 1.5 - 1.5 2.25 - 1.4 - 1.5 - 1.5 2.25 - 1.4 
IVout ;> 7.0 Vdcl 10 3.0 - 3.0 4.50 - 2.9 - 3.0 - 3.0 4.50 - 2.9 
IVout? 10.5 Vdc) 15 - - - 6.75 - - - - - - 6.75 

VNH 

I 
I I Vdc 

IVout.;; 1.5 Vdc) 5.0 1.4 - 1.5 2.25 - 1.5 - 1.4 - 1.5 2.25 - J 1.5 

" 
f 

fVout <3.0 Vdc) 10 2.9 - 3.0 4.50 - 3.0 - 2.9 - 3.0 4.50 - 3.0 

~ 
!Vout <4.5 Vdc) 15 - - - 6.75 - - - - - - 6.75 

"" Output Drive Current I lmAdc 
00 (VOH = 2.5 Vdc) Source - IOH 5.0 -0.62 - -0.50 -1.7 - -0.35 - -0.23 - -0.20 -1.7 - -0.16 

IVoH = 9.5 Vdc) 10 -0.62 - -0.50 -0.9 - -0.35 - -0.23 - -0.20 -0.9 - -0.16 
(VoH = 13.5 Vdc) 15 - - - -3.5 - - - - - - -3.5 - -

I lmAdc 
(VoL = 0.4 Vdc) Sink - IOL 5.0 0.50 - 0.40 0.78 - 0.28 - 0.23 - 0.20 0.78 - 0.16 
(VOL = 0.5 Vdc) 10 1.1 - 0.90 2.0 - 0.65 - 0.60 - 0.50 2.0 - 0.40 
IVoL = 1.5 Vdcl 15 - - - 7.8 - - - - - - 7.8 

Input Current - lin - - - - 10 - - - - - - 10 - - - 1 pAdc 

Input Capacitance (Vin = 0 Vdc) Cin - - - - 5.0 - - - - - - 5.0 - - - pF 

Quiescent Dissipation - Po 1 mW 
5.0 - O.Q25 - 0.000025 0.025 - 1.5 - 0.25 - 0.000025 0.25 - 3.5 
10 - 0.10 - 0.00010 0.10 - 6.0 - 1.0 - 0.00010 1.0 - 14 
15 - - - 0.00023 - - - - - - 0.00023 - - -

Total Power Oissipation°t 

I 
1 

I 
PT 

I 
1 mW 

(Dynamic plus Quiescent} 5.0 PT= (1.9 mW/MHz) f + 0.000025 mW 
ICL = 15 pF) 10 PT = 17 .5 mW/MHz) f + 0.00010 mW 

15 PT= (17 mW/MHz) f + 0.00023 mW 

(Continued on next page) 
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ELECTRICAL CHARACTERISTICS (continued) 

MC14654AL MC14654CL/CP 

Voo -Q5°C +250c +1250c -40"c 
Characteristic Figure Symbol Vdc Min Max Min Typ M .. Min Max Min Mox Min 

Output Rise Time*• 2 t, 
ICL = 15 pF) 
tr = (3.0 ns/pF) CL + 25 ns 5.0 - - - 70 175 - - - - -
tr= (1.5 ns/pF) CL+ 12 ns 10 - - - 35 75 - - - - -
tr= ~1.1 ns/pF) CL+ 8.0 ns 15 - - - 25 - - - - - -

Output Fall Time • * 2 !f 
ICL = 15 pF) 

-tf "' (1.5 ns/pF) C}; + 47 ns 5.0 - - - 70 175 - - - -
tf = 10.75 ns/pF) L + 24 ns 10 - - - 35 75 - - - - -
If = 10.55 ns/pFI CL + 17 ns 15 - - - 25 - - - - - -

Turn-Off Delay Time (KO to CO) ... 2 'PLH 
ICL=15pF) 
lPLH = (1.7 ns/pF) CL+ 175 ns 5.0 - - - 200 430 - - - - -

IPLH = 10.67 ns/pFJ CL + 70 ns 10 - - - 80 170 - - - - -
tPLH = (0.50 ns/pF) CL+ 52 ns 15 - - - 60 - - - - - -

Turn-On Delay Time (KO to CO)** 2 tPHL 
ICL = 15 pFI 
lPHL = (1.7 ns/pF) CL+ 190 ns 5.0 - - - 215 430 - - - - -
lPHL = (0.67 ns/pF) CL+ 75 ns 10 - - - 85 170 - - - - -
tPHL = 10.50 ns/pF) CL+ 57 ns 15 - - - 65 - - - - - -

Turn-Off Delay Time (MO to S2) 0 2 'PLH 
ICL = 15 pFI 
lPLH = (1.7 ns/pF) CL+ 525 ns 5.0 - - - 550 1250 - - - - -
'PLH = 10.67 ns/pFI CL + 210 ns 10 - - - 220 500 - - - - -
1PLH = 10.50 ns/pFI CL + 157 ns 15 - - - 165 - - - - - -

Turn-On Delay Time (MO to $2) 0 2 1PHL 
ICL = 15 pFI 
1PHL = 11.7 ns/pF) CL+ 600 ns 5.0 - - - 625 1260 - - - - -
IPHL = 10.67 ns/pF) CL+ 240 ns 10 - - - 250 500 - - - - -
1PHL = I0.50 ns/pF) CL+ 182 ns 15 - - - 190 - - - - - -

*DC Noise Margin (VNH, VNL) is defined as the maximum voltage change for an ideal "1" or "O" input level before producing an output state change. 
,..The formula given is for the typical characteristics only. 
tFor dissipation at different external toad capacitance (CL) refer to corresponding formula: 

PTICLI =PT+ ~x 10-3 ICL - 15 pF) Voo2t 

Where: PT in mW, CL in pF, Voo in Vdc, and f in MHz . 

• 

+25°C 
Typ M"" 

70 200 
35 t10 
25 -

70 200 
35 110 
25 -

200 645 
80 255 
60 -

215 646 
85 255 
65 -

550 1875 
220 750 
165 -

625 1875 
250 750 
190 -

+860c 

Min Mox 

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -
- -
- -

- -
- -
- -

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

s: 
(") .... 
.i::. c.n 
~ 
8 
::i 
!:!". 
::i 
c: 
CD a. 
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MC14554 (continued) 

FIGURE 1 - DYNAMIC POWER DISSIPATION 

SIGNAL WAVEFORMS 

20 ns 20 ns 

Any Output 
(50% Duty Cycle) 

All outputs connected to respective 
CL loads. f = system clock frequency 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

20 ns 20 ns 

Output ----""_._., 
CO or S2 

For KO to CO: 
Inputs XO, Xl, YO, Y1, Kl, and M2 low, and inputs 
MO and M1 high 

For MO to $2: 
Inputs X1, Yl, and KO low, and inputs XO, YO, 
Kl. Ml, and M2 high. 

LOGIC DIAGRAM 

M1 Y1 MO YO 

3 

M M y 

--- x Multiplier Multiplier 

4 Cell Cell 
co c K c K 

s s 

5 
M2 

M y M y 

x 
Multiplier X Multiplier 

Cell Cell 

c K c K 
s s 

6 7 9 
C1(S3) 52 51 

MO--+-----+--. 
y 

x ~--.-. _ _,

KO--+-----+-+------~ 
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XO 

12 
KO 

13 
X1 

10 
K1 

11 
so 

s 

c 



MC14554 (continued) 

Y (n-1} 

M(n-2) 

M(n-1) 

S(m + n-1) S(m + n-2) 

EXPANSION DIAGRAM 

m-Bit by n-Bit Parallel Binary Multiplier (Top View) 

Y and M • 
Y3 Y1 

Y(n-2) M2 Y2 MO 

XO M3 

S(m + n-3) S(rn+2) S (m+1) S(m) 

S = (X x Y) + K + M Where: x means Arithmetic Times. 
+ means Arithmetic Plus. 

S =Sim + n-1) S( m + n-2) • • • S2 S1 SO 

YI 

MO 

M2 

Cl 

S2 

Vss 

X = X(m-1) X (m-2) - - - X2 X1 XO, Y = Y(n-1) Y(n-2) - - - Y2 Y1 YO 

K = K(m-1) K(m-2) - - - K2 Kl KO and M = M(n-1) M(n-2) - - - M2 Ml MO 
(Binary Numbers). 

Number of output binary digits ... m + n 

YO 

XO 

XI 

KO 

so 
Kl 

SI 

YO 

XO 

XI 

KO 

Kl 

YO 

X2 

X3 

K2 

K3 ---~ 

·-·1 : 
YO 

X(rn-2) 

X(rn-1) 

K(rn-2) 

K(m-1) 

S(m-1) S3 S1 
S(m-2) S2 SO 

Number of packages= mxn/4 (For m or n or both odd select next highest even number.) 
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_f MC14555AL 
MC14555CL 
MC14555CP 
MC14556AL 
MC14556CL 
MC14556CP 

\-~~~~-o-E_c_o_o_E_R_Jo_E_M~U-LT_l_P_L_E_x_E_R ........ 

Advance In:formation 

DUAL BINARY TO 1-0F-4 DECODER/DEMULTIPLEXER 

The MC14555 and MC14556 are constructed with complementary 
MOS (CMOS) enhancement mode devices. Each Decoder/Demulti· 
plexer has two select inputs (A and Bl, an active low Enable input 
('El. and four mutually exclusive outputs (00, 01, 02, 03). The 
MC14555 (active high outputs) has the selected output go to the 
"high" state, and the MC14556 (active low outputs) has the selected 
output go to the "low" state. Expanded decoding such as binary-to
hexadecimal (1-of-16), etc., can be achieved by using other MC14555 
or MC14556 devices. 

Applications include code conversion, address llecoding, memory 
selection control, and demultiplexing (using the Enable input as a 
data input) in digital data transmission systems. 

• Diode Protection on All Inputs. 

• Noise Immunity= 45% of Voo Typical 

• High Fanout-> 50 

• Buffered Outputs Compatible With HTL and Low-Power TTL 

• Active High or Active Low Outputs 

• Low Quiescent Power Dissipation - 25 nW Typical 

• Expandable 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 81 -
Rating Symbol Value Unit 

DC Supply Voltage - MC14555AL/656AL 
- MC14555CL,CP/556CL,CP 

Input Voltage, All Inputs 

DC Current Drain per Pin 

Operating Temperature Range-
MC14555AL/556AL 
MC14555CL,CP/556CL,CP 

Storage Temperature Range 

BLOCK DIAGRAM 
MC14555 

2fiao 4 3 B Q1 5 

Q2 6 
1 E Q3 7 

14 

13 

A 

B 

E 

QO 

Q1 

12 

11 

Q2 10 

Q3 9 

2 

3 

14 

13 

15 

v 00 =Pin 16 
v 55 =Pine 

Voo 

Vin 

I 

TA 

Tstg 

+18to-0.5 
+16to-0.5 

Vooto-0.5 

10 

-55to +125 
-40to +85 

-65to +150 

MC14556 

A 

B 

E 

A 

B 

E 

4 

5 

6 

12 

11 

10 

9 

Vdc 

Vdc 

mAdc 

De 

Oc 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

DUAL BINARY TO 1-0F-4 
DECODER/DEMULTIPLEXER 

Jl//fli 
~SUFFIX -CERAMIC PACKAGE ' ' 
CASE 620 16 

1 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 
ENABLE SELECT MC14555 ~4556 

E B A 03 02 0100 19? 02 01 00 
0 0 0 0 0 0 1 1 ; 1 0 
0 0 1 0 0 1 0 1 1 0 1 
0 1 0 0 1 0 0 1 0 1 1 
0 1 1 1 0 0 0 0 1 1 1 

1 x x 0 0 0 0 1 1 1 1 

X ""' Don't Care 

This device contains circuitry to protect the 
inputs against damage due to high static volt· 
ages or electric fields; however, it is advised that 
normal precautions be taken to avoid applic11-
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For 
proper operation it is recommended that Vin 
or Vout be constrained to the range Vss 
.;;;1vin or Voutl .o;Voo-
Unused inputs must always be tied to an approp
riate logic voltage level (e.g .. either V55 or Voci. 

This is advance information on a new introduction and specifications are subject to change without notice. 
See Mechanical Data Section for package dimensions. 

1.n2 



MC14555, MC14556 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14655AL MC14656AL MC14655CL/CP, MC14656CL/CP 

Voo -ss0 c +25°C ~125°c -40°c +25"c 

Characteristic F_.!B!tre ~mbol Vdc Min Mox Min !.YP Max Min Mox Min Mox Min Typ MIX 

Output Voltage "O" Level Vout 5.0 O.o1 0.01 0.05 0.01 0 O.Q1 
10 0.01 0.01 0.05 O.Q1 0 0.01 
15 0 

"1"' Level 5.0 4.99 4.99 5.0 4.95 4.99 4.95 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noise Immunity• VNL 
fV 0ut ~ 3.5 Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
(Vout;;,,7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
(V0ut>10.5 Vdcl 15 6.75 6.75 

VNH 
(Vout < 1.5 Vdc) 5.0 1.4 1.5 2.l5 1.5 1.4 1.5 2.25 
(Vout ~J.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
IVout <;4.5 Vdcl 15 6.75 6.75 

Output Drive Cunent IQH 
~.20 (VoH = 2.5 Vdc) Source 5.0 0.62 - j..o.50 -1.7 - -0.35 - -0.23 - -1.7 -

IVoH = 9.5 Vdcl 10 0.62 0.50 -0.9 - -0.35 - -0.23 0.20 -0.9 
(VoH = 13.5 Vdc) 15 -3.5 -3.5 

loL 
IVQL = 0.4 Vdcl Sink 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
(Vol = o.s Vdcl 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
!Vol = 1.5 Vdcl 15 7.8 7.8 

Input Current ljn 10 llf 
Input Capacitance, Vin= 0 Vdc Cin 

Quiescent Dissipation • • t Po 
ICL = 15 pF, f"' 0 Hz) 
Po= (2.5 mW/MHz) f + 0.000025 mW 5.0 - O.Q25 - 0.000025 0.025 1.5 0.25 - 0.000025 0.25 
Po=' (10mW/MHz) f+ 0.00010mW 10 0.10 - 0.00010 0.10 6.0 1.0 - 0.00010 1.0 
~O = 123 mW/MHz) f + 0.00023 mW 15 - - 0.00023 - 0.00023 

Output Rise Time** 2,3 " ICL • 15 pFI 
tr"' (3.0 ns/pF) CL+ 25 ns 5.0 70 175 70 200 
tr= (1.5 ns/pF) CL+ 12 ns to 35 75 35 110 
tr=(1.1 ns/pF)CL +8.0ns 15 25 25 

Output Fall Time*• 2,3 tf 
(CL= 15 pF) 

tf = ( 1.5 ns/pFJ CL + 47 ns 5.0 70 175 70 200 
tf = (0. 75 ns/pFI CL + 24 ns 10 35 75 35 110 
tf = (0.55 ns/pF) CL+ 17 ns 15 25 25 

MC14655AL MC 14655CL/CP 

Turn-Off, Tum-On Delay Time0 tPLH· 
T 

ICL = 15 pFI tPHL 
tPLH.tPHL = (1.75 ns/pF) CL+ 174 ns 5.0 200 400 200 600 
tPLH.tPHL"" (0.70 ns/pF) CL+ 69 ns 10 80 160 BO 240 
tPLH·tPHL = (0.53 ns/pf) CL+ 52 ns 15 60 60 

MC14556AL MC14656CL/CP 

Turn-Off, Turn-On Delay Time tf>LH• 
ICL = 15 pFI tf>HL 
tpLH.tPHL = (1.75 ns/pF) CL+ 199 ns 5.0 225 450 225 675 
tPLH.tPHL::: (0.70ns/pf) CL +79ns 10 90 180 90 270 
tPLH.tPHL = 10.53 ns/pF) CL+ 60 ns 15 68 68 

•oc Noise Margin (VNH• VNLI is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output state change. 
**The formula given is for the 'typical characteristics only. 
tFor dissipation at different external Load Capacitance {CL) refer to corresponding formula: 

Po (CL)= Po+ 2 x 10-3 (CL - 15 pF) Voo2f 
where: Po in mW. CL in pF, Voo in Vdc, and fin MHz. 
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+B&OC 

Min Mu 

0.05 
0.05 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

~.16 
0.16 

0.16 
0.40 

3.5 
1.4 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

mAdc 

mAdc 

pAdc 

pF 

mW 
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MC14555, MC14556 (continued) 

B 

•Eliminated for MC14555 

LOGIC DIAGRAM 
(1/2 of Dual) 

FIGURE 1 - DYNAMIC POWER DISSIPATION SIGNAL WAVEFORMS 

A Inputs 
(50% Duty Cycle) 

B Inputs 
(50% Duty Cycle) 

Output Q1 

E=O 

av 
\_Voo 

av 
,---,,-----------Voo 

~----------0 v 

All 8 outPuts connect to respective CL loads. 
fin respect to a system clock. 

oa 

01 

02 

03 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 
(MC14555) 

FIGURE 3 - DYNAMIC SIGNAL WAVEFORMS 
(MC14556) 

l l20ns [_F2ans 
90% Voo 

50% 

~:~J- -' L-= 'PHL O V 

-----'~_.g._~ .... % ~:.,L~9~a"'3----==;j-voo 
Output03 71 jl\-av 

--1 t, 1--tf 

Input B 

Input A= v 00 Input E = 0 

Input B 

Output 03 

1 120ns 

90% 
50% 

la% ~'PHL 

90J% 115;.;~"'~"'%'-----~ 
1-- 'f 

Input A= v 00, Input E == O 

av 



"'\ "OR" GATE 

MC14570AL 
MC14570CL 
MC14570CP 

\._ ____ ______. 

QUAD 2-INPUT "OR" GATE 

The MCl 4570 quad 2-input OR gate is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic structure. These complementary MOS logic gates find 
primary use where low power dissipation and/or high noise immunity 
is desired. 

• Quiescent Power Dissipation= 6.0 nW/package typical@ 
Voo = 5.ov 

• Noise Immunity= 45% of Voo typical 

• Diode Protection on All Inputs 

• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MCl 4570AL) 
= 3.0 Vdc to 16 Vdc (MC14570CL/CP) 

• Single Supply Operation - Positive or Negative 

• High Fanout> 50 

• Input Impedance= 1012 ohms typical 

• Logic Swing Independent of Fanout 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 71 

Rating Symbol Value Unit 

DC Supply Voltage - MC14570AL Voo +18 to -0.5 Vdc 
- MC14570CL/CP +16 to -0.5 

Input Voltage, All Inputs V;n Voo to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - MC14570AL TA -55 to +125 oc 

- MC 14570CL/CP -40 to +85 

Storage Temperature Range T stg -65 to +150 Oc 

CIRCUIT DIAGRAM 

4 7 11 
Vss 

See Mechanical Data Section for package dimensions. 
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McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

QUAD 2-INPUT "OR" GATE 

,.~ ... 
1 1 

L SUFFIX P SUFFIX 
CEA AMIC PACKAGE PLASTIC PACKAGE 

CASE 632 CASE 646 

LOGIC DIAGRAM 

12~ 
13 

v 00 =Pin 14 

v88 =Pin 7 

11 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vin and 
Vout be constrained to the range Vss ~ 
(Vin or Vautl.;;;;; Voo· 
Unused inputs must always be tied to an 
appropriate logic voltage revel (e.g., either 
Vss or Vool. • 
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MC14570 (continued) 

ELECTRICAL CHARACTERISTICS 

MC14570AL MC 14570CL/CP 

Voe 
-55°c +25°C +125°C -4o0c +25°C 

Chuacteristic Symbol Vdc Min Max Min Typ Max Min Max Min Mox Min Typ 

Output Voltage ''O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 
10 0.01 0.01 0.05 O.Ql 
15 

"1'" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 

15 15 15 

Noise Immunity• VNL 
IV out"' 1 .5 Vdc) 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
!Vout "3.0 Vdcl 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
1Vout"'4.5Vdc) 15 6.75 6.75 

VNH 
IVout ~3.5 Vdc) 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 
(Vout ~ 7.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 
IV0 ut ;> 10.5 Vdc) 15 6.75 6.75 

Output Drive Current 'OH 
(VQH = 2.5 Vdcl Source 5.0 -0.62 -0.50 -1.7 -0.35 - -0.23 -0.20 -1.7 
(VQH = 9.5 Vdc) 10 -0.62 -0.50 -0.9 -0.35 - -0.23 -0.20 -0.9 
(VQH = 13.5 Vdc) 15 -3.5 -3.5 

'OL 
(Vol= 0.4 Vdcl Sink 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
IVQL 0.5 Vdc) 10 1.1 0.90 2.0 0.65 0.60 0.50 2.0 
(VQL = 1.5 Vdcl 15 7.8 7.8 

Input Current lin 10 10 

Input Cipacitani;e (~ = O Vdcl Sn. 5.0 5.0 

Quiescent Dissipation Per Package Po 
(CL= 15 pF,t = OHz) 

5.0 0.00025 - 0.000006 0.00025 - 0.015 0.0025 - 0.000006 
10 0.001 - 0.000028 0.001 0.06 O.Q1 - 0.000028 
15 0.0001 0.0001 

Power Dissipat1on••t •o 
Dynamic Per Gate Plus Quiescent 
!CL= 15 pF) 

5.0 Po= 0.7 mW/MHz+ 0.000006 mW 
10 Po= 2.8 mW/MHz+ 0.000028 mW 
15 Po= 5.0 mWIMHz + 0.00023 rrNrl 

Output Rise Time .. t, 
ICL = 15pF) 
tr= 14.4 ns/pF) CL+ 23 ns 5.0 90 175 90 
tr= (2.1 ns/pFJ CL+ 11 ns 10 42 75 42 
tr= 11.53 ns/pF) CL+ 7.0 ns 15 30 30 

Output Fall Time .. ,, 
lCL = 15 pFJ 
tf = (2.4 ns/pF) CL+ 34 ns 5.0 70 175 70 
tf = (1.1 ns/pFl CL+ 14ns 10 30 75 30 
tf = (0.8 ns/pFJ CL + 10 ns 15 22 22 

Turn-Off Oelily Time•• tpu-1 
ICL = 15pFI 
tPLH = (2.1 ns/pFl CL+ 69ns 5.0 100 200 100 
tPLH = (0.9 ns/pFI CL+ 32 ns 10 45 90 45 
tPLH = l0.67 ns/pFI CL+ 20 ns 15 30 30 

Turn-On Delay Time•• IPHL 
ICL"" 15pF) 
IPHL "'(1.6ns/pF) CL +86ns 5.0 110 220 110 
tPHL 1:1 (Q.65ns/pF) CL +35ns 10 45 90 45 
IPHL ""(0.42 ns/pF) CL+ 24 ns 15 30 30 

•oc Noise Margin IVNH• VNLl is defined as the maximum voltage change from an ideal "1" or "O" input level before producing an output stage change. 
••The formula given is for the typical characteristics only. 
tFor dissipation at different external load capacitance ICLI refer to corresponding formula: 

P,-ICLI =Po+ 1 x 10~3 !CL -15 pFi Voo2t 

Where: Pi- in mW (Per Gate), CL in pF. Voo in Vdc. and fin MHz . 
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Max 

0.01 
0.01 

0.0025 
0.01 

200 
110 

200 
110 

300 
135 

330 
135 

+as"c 

Min Max Unit 

0.05 Vdc 
0.05 

4.95 Vdc 
9.95 

Vdc 
1.4 
2.9 

Vdc 
1.5 
3.0 

mAdc 
-0.16 
-0.16 

mAdc 
0.16 
0.40 

pAdc 

pF 

mW 

- 0.075 
0.3 

mW 



MC14570(continued) 

FIGURE 1 - CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS TEST CIRCUIT 

A 

B 

A= Pins 1, 6, 8, 13 
B = Pins 2, 5, 9, 12 

FIGURE 2-TYPICAL VOLTAGE AND CURRENT 
TRANSFER CHARACTERISTICS 

FIGURE 3 - TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS versus TEMPERATURE 
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> 4.0 

2.0 

c b a 

10 Vdc 

1-5.0 Vdc 
rl 

1----J b 
c I 

t-------1 a 

Voo=15'J_c 

J25J~ 
1 l 

a. Pin A to Vj0 , 

Pin B to Gnd 

! 
.... 
~ 
"' 8.0 ~ 

b_ Pin 8 to Vin. 2 
Pin A to Gnd 

c. Pin A & Bto Vin 
6.0 ~ 

c 

Unused inputs 4.o E 
connected to Vss. 

2.0 

~ ;:,. 
w 

"' ~ 
c 
> .... 
::> 
:= 
::> 
c 

~ 

1s~~-~--.--~-...,~~~-.-~ 

14 

12 

10 

6.0 

6.0 

4.0 

20 

I--+--+-+--!+ a. TA= +125'C 

10 Vdc b. TA=-55'C 

Unused inputs 
connected to Vss. 

1\,-L j 1 ~ 
0 o 20 4.o s.o ao 10 12 14 

0 
16 10 12 14 16 

V;n. INPUT VOLTAGE (Vdc) V;n, INPUT VOLTAGE (Vdc) 

Pulse 
Generator 

Pulse 
Generator 

FIGURE 4 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

-----50% 

Duty Cycle 

FIGURE 5 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo 

~--.--o Output 
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_f MC14581AL 
MC14581CL 

\-~~~~~-A_R_1_T_H_M_E_T_1c~LO_G~1c_u_N_1_T~ 

4-BIT ARITHMETIC LOGIC UNIT 

The MC14581 is a CMOS 4-bit ALU logic unit capable of providing 
16 functions of two Boolean variables and 16 binary arithmetic 
operations on two 4-bit words. The level of the mode control input 
determines whether the output function is logic or arithmetic. The 
desired logic function is selected by applying the appropriate binary 
word to the select inputs (SO thru S3) with the mode control input 
high, while the desired arithmetic operation is selected by applying 
a low voltage to the mode control input, the required level to carry 
in, and the appropriate word to the select inputs. The word inputs 
and function outputs can be operat?d with either active high or 
active low data. 

Carry propagate (P) and carry generate (G) outputs are provided 
to allow a full look-ahead carry scheme for fast simultaneous carry 
generation for the four bits in the package. Fast arithmetic operations 
on long words are obtainable by using the MC14582 as a second 
order look-ahead block. An inverted ripple carry input ICn) and a 
ripple carry output (Cn+4) are included for ripple through operation. 

When the device is in the subtract mode (LHH L). comparison of 
two 4-bit words present at the A and B inputs is provided using the 
A= B output. It assumes a high-level state when indicating equality. 
Also, when the ALU is in the subtract mode the Cn+4 output can 
be used to indicate relative magnitude as shown in this table: 

Data 
Cn Cn + 4 Magnitude 

Level 

H H Ao<;;B 
Active L H A<B 
High H L A>B 

L L A;e,B 
L L A~B 

Active H L A<B 
Low L H A>B 

H H A;,, B 

FEATURES: 

• Functional Flexibility 

• Low Quiescent Power Dissipation 

• High Noise Immunity= 45% of VoD typical 

• Diode Protection on All Inputs 

• Low Input Capacitance - 5.0 pF typical 

• All Outputs Buffered 

MAXIMUM RA Tl NGS (Voltages referenced to Vss. Pin 121 

Rating Symbol Value Unit 

DC Supply Voltage -MC14581AL Voo +18 to -0.5 Vdc 

-MC14581CL +16 to -0.5 

Input Voltage, All Inputs Vin v00 to -0.5 Vdc 

DC Current Drain per Pin I 10 mAdc -----
Operating Temperature Range - MC14581AL TA -55 to +125 oc 

- MC14581CL -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

See Mechanical Data Section for package dimensions 

McMOS 
(LOW-POWER COMPLEMENTARY MOSI 

4-BIT ARITHMETIC LOGIC UNIT 

Func,;on 1~ 
Select 
Inputs 5 

6 

~f A 21 

19 

···t; B 20 

18 

Carry In 7 

Mode 8 
Control 

L SUFFIX 
CERAMIC PACKAGE 

CASE 684 

BLOCK DIAGRAM 

f'1 

G 
p 

Voo =Pin 24 

Vss =Pin 12 

' l 10 Output 

11 Function 

13 

14 Comparison 

Output 

Ripple 
16 Carry 

Output 

11{ ~~:~ 
15 J g~;;uts 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 

impedance circuit, For proper operation it 
is recommended that Vin and V0ut be 
constrained to the range Vss ~ (Vin or 

Voutl :s;;;voo· 
Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vool 
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ELECTRICAL CHARACTERISTICS 
co a. 

MC14581AL MC14581CL 

Voo -5s0 c +25°C +125°C -40°c +25°c +es0 c 
Characteristic J Figure _l Symbolj Vdc Min M" Mon Typ Mox Min Mox Min Max Min Typ Max Min M11>e l Unit 

Output Voltage "Q" Level T - I Vout f 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 T Vdc 
10 0.01 0 0.01 0.05 0.01 0 0.01 005 
15 0 0 

(Vin "' VDo Vssl "1" Level I 150 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 I Vdc 
10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 
15 15 15 

Noise Immunity" 
(Vout ~3.5 Vdc) VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 I I Vdc 
(V0 u1 ~7.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
fVout ~10.5 Vdcl 15 6.75 6.75 
(V 0 ut ~1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 I Vdc l (V0 ut :!>:3.0 Vdc) 10 2.9 3.0 4.50 3.0 29 30 4.50 30 

"1 (Vout S'4.5 Vdc) 15 6.75 6.75 
.:.., r Output Ddv. Cu.,ent I I mAdc 
:...l \VoH"' 2.5 Vdc) Source 1 IQH 50 -0.62 -0.50 -1.3 -0.35 -0.23 -0.20 -1.3 -0.16 
:0 (VoH = 9.5 Vdc) 10 -0.62 -0.50 -0.9 -035 -0.23 -0.20 -0.9 -0.16 

(VoH = 13.5 Vdc) 15 -3.0 -3.0 

IVoL "'0.4 Vdc) Sink 2 loL 5.0 0.50 0.40 06 0.28 0.23 0.20 0.6 0.16 
IVoL "'o.s Vdc) 10 1.1 0.90 1.6 0.65 0.60 0.50 1.6 0.40 
(VoL = 1.5 Vdc) 15 6.0 60 

Input Current Im 10 10 } pAdc 

Input Capacitance c,n 5.0 5.0 I pF 
\Vin= 0) 

OuieKent Power Dissipation ... 4 Po T mW 
(CL=15pF,f=OHz) 
Po= {2.0 mW/MHz) f + 0.00025 mW 5.0 0.025 0.00025 0.025 1.5 0.25 0.00025 0.25 3.5 
Po= ~9.0 mW/MHz) f + 0 001 mW 10 0.1 0.001 0.1 6.0 1.0 0.001 1.0 14 
Po= (20 mW/MHz) f + 0.004 mW 15 0.004 0.004 

Output Rise and Fall Time*• 3 tr,tf 
ICL,,. 15 pF) 

l :~ l -l l -l l l l tr, tf"' (2.9 ns/pF) CL + 57 ns - -
1100 11751 

- - - -
1100 l 200 tr,tf = (1.5 ns/pF) CL+ 12.5 n5- 35 75 ~~ 110 

tr,tf = ( 1.0 ns/pFl CL+ 10 ns 25 -

(Continued on next page) 

• 
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ELECTRICAL CHARACTERISTICS (continued) 

MC14581AL MC14581CL 

Voo -ss0 c +2s0c +125°C -4o0 c +zs0c 
Characteristic Figure Symbol I Vdc .J Min i Max -! Min -L Typ J Max } Min l Max _j_ Min _j_ Max _j_ Min _J_ Typ l Mu 

Sumin to Sum0ut Delay Time 0 3 tPLH· 
(CL= 15 pF) 

'PHL 15.0 tPLH,tPHL = (1.8 ns/pF) CL+ 623 ns 

I 
-

I 
-

I 
-

I 
650 

I '°00 I 
-

I 
--

I 
-

I tplH,IPHL = (0.8 ns/pF) CL+ 213 ns 10 - - 225 350 -- - -
tPLH,IPHL = (0.6 ns/pF) CL+ 151 ns 15 - - - 160 - - -

Sumrn to P Detay Time•• 3 tPLH· 
!CL= 15 pF) IPHL 
tPLH,tPHL =I 1.8 ns/pF) CL+ 403 ns 

150 I 
-

I 
-

I 
-

I 
430 I 650 I 

-

I 
-

I 
-

I tpLH.tPHL = (0.8 ns/pF) CL +-138 ns 10 - - - 150 225 - - -
IPLH,tPHL = (0.6 ns/pF) CL+ 101 ns 15 - - - 110 - - -

Sumin to G Delay Time .. 3 tPLH· 
(CL= 15 pF) IPHL 
IPLH.lf'HL = ( 1.B ns/pF) CL+ 403 ns 

I ~; I 
-

I 
-

I 
-

I 
430 

I 
650 

I 
-

I 
-

I 
-

I tPLH,IPHL = (0.8 ns/pF) CL+ 138 ns - - - 150 225 - - -
tPLH,iPHL = (0.6 ns/pF) CL+ 101 ns - - - 110 - - - -

Sum in to Cn+4 Delay Time*• 3 IPLH· I ICL = 15 pF) tPHL 
tPLH,tPHL = ( 1.8 ns/pFI Cl+ 533 ns 

I ~~ I 
-

I 
-

I 
-

I 
560 

I '°00 I 
-

I 
-

I 
-

I tplH·tPHL = (0.8 nslpFI CL+ 178 ns - - - 190 350 - - -
tPLH,tPHL = 10.6 ns/pF) CL+ 131 ns - - - 140 - - -

Cn to Sum001 Delay Time•• 3 tPLH• 
(CL= 15 pF) tPHL 
tPlH,tPHL"' !1.B ns/pF) CL+ 298 ns 

11~ I 
-

I 
-

I 
-

I 
325 

I 
450 

I 
-

I 
-

I 
-

I tpLH·tPHL = (0.B ns/pF) CL+ 103 ns - - 115 160 - - -
1PLH.tPHL = (0.6 ns/pF) CL+ 76 ns - - - 85 - - - -

, Cn tOC,,+4Llel avToma 3 tPLH· 
~CL= 15 pF) tPHL 
1PLH,tPHL = (1.8 ns/pF) CL+ 223 ns 5.0 - - - 250 375 - - -
tpLH.tPHL = (0.8 ns/pF) CL+ 78 ns 10 - - - 90 135 - - -
tPLH,1PHL = 10.6 ns/pF) Cl+ 56 ns 15 - - - 65 - - - -

Sumin to "A"" B" Delay Time•• 3 tPLH• 
ICL = 15 pF) 1PHL 
1PLH·lPHL = (1.8 ns/pF) CL+ 873ns 5.0 - - - 900 1500 - - -
tpLH,1PHL = l0.8 ns/pF) CL+ 288ns 10 - - - 300 500 - - -
tPLH•tpHL"" (0.6 m1/pF) CL+ 216 ns \5 - - - 225 - - - -

Sumin to Sum0ut Delay Time•• 3 lPLH• 
(Logic Mode) lPHL 
(CL= 15 pFI 
tPLH.tPHL = (1.8 ns/pF) CL+ 523 ns 

15.0 

I 
-

I 
-

I 
- I 550 I 10

00 I -
I 

-

I 
-

I tpLH,tPHL"' (0.8 ns/pF) CL+ 173 ns 10 - - - 185 350 - - -
tPLH· 1PHL '"' (0.6 nsfpF) CL + 126 ns 15 - - - 136 - - -

•oc Noise Margin IVNH· VNLl is defined as the maximum voltage change from an ideal "1"or "O" inPVt level before producing an output state change. 

**The formula given is for the tvP"=al characteristics only. 

-

I 
-

I 
650 I 2000 

- - 225 700 
- - '60 

-

I 
-

I 
430 I 1300 

- - 150 450 
- - 1'0 

-

I 
-

I 
430 I 1300 

- - 150 450 
- - 110 

-

I 
-

I 
560 I 1700 

- - 190 600 
- - 140 

-

I 
-

I 
325 I 1000 

- - 115 350 
- - 85 

- - 250 750 
- - 90 270 
- - 65 -

- - 900 3000 
- - 300 1000 
- - 225 

-

I 
-

I 
550 I 1700 

- - 185 600 
- - 135 

s: 
(') 
~ 

.i::i. 
CJ'\ 
00 
~ 

n-
0 
::J ..... 
::J 

+as0c c 
m 

Min Mox Unit a. 
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MC14581 (continued) 

FIGURE 1 - TYPICAL SOURCE CURRENT TEST CIRCUIT FIGURE 2 - TYPICAL SINK CURRENT TEST CIRCUIT 

Vout = VoH 

Voo 
SOS1S2S3 

AO 
Voo 

A1 

1'1 b 1'2 

BO 
loH r 81 A=B 

82 Cn+4 

83 Cl Low for 
High for Cn i' all outputs 
all outputs 

MC except Cn+4 
except Cn+4 

External 
Vss Power 

Supply 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

TPjn 

Pulse 
Generator 

See table 
of ac 

characteristics 
fo• 

hookups 

Cl 

Load A 
TPout 

/ 

~PF± 
TP1n 

Load A #1 

Load A 
TPout 

Load A 

Load A 

#2 

Load A TPout 

Load A 

Load A 

Load A 

FIGURE 4- DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Load A 
TPout 

SO S1 S2 53 

AO 
Load A 

TPin A1 

\ 
A2 

Load A 

A3 
Load A 

Pulse Load A 
BO 

/ 

~PF± 

Generator 
81 

Load A 
82 

Duty Cycle = 50% 83 
Cn+4 Load A 

Cl Load A TPin 
Cn p Load A 
MC 

7-241 

External 
Po war 
Supply 

• 



• 

MC14581 (continued) 

FIGURE 5 - AC TEST SETUP REFERENCE TABLE 

AC PATHS DC DATA INPUTS 

TEST INPUTS OUTPUTS TO Vss TOVDD MODE WAVEFORM 

Sumin to Sum out AO Any F Remaining A's 
All B·s Add #1 

Delay Time Cn 

Sumin to P AO p Remaining A's 
All B•s Add #1 

Delay Time Cn 

Sumin to G so Cn+y 
All A's 

Remaining B•s Add #1 
Delay Time Cn 

Sumin to Cn+4 BO G All A's 
Remaining B's Add #2 

Delay Time Cn 

C 0 to Sumout Cn Any F All A's All B•s Add #1 
Delay Time 

Cn to Cn+4 Cn Cn+4 All A's AllEi's Add #1 
Delay Time 

Sumin to A= B AO A-= B All B's 
Cn Sub #2 

Delay Time Remaining A's 

Sumin to Sumout 
All B's Any F Exclusive 

Delay Time All A's M 
OR 

#2 
(Logic Mode) 

BLOCK DIAGRAM BLOCK DIAGRAM 
(ACTIVE LOW) (ACTIVE HIGH) 

3 3 
Function 

Select 4 4 

Inputs 5 5 

6 6 

Voo =Pin 24 
Vss =Pin 12 2 

FD 9 FD 
23 23 

Word A 
21 

1'1 10 

I""""' 
21 F1 

1'2 11 Function F2 
19 19 

F3 13 

22 22 
Word B A 0 B 14 Comparison Output A=B 

20 20 
Cn+4 16 A ipple Carry Output 

18 18 
G 17 } Look-Ahead G 

Carry In 
Carry Outputs 

Mode Control 8 
p 15 8 

p 

TRUTH TABLE 

INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH 

FUNCTION 

SELECT 

S3 S2 S1 SO 

L L L L 
L L L H 

L L H L 
L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

H H L L 

H H L H 
H H H L 
H H H H 

LOGIC 
FUNCTION 
(MC= HI 

A 

AB 

A+a 
Logic "1" 

A+s 
ii 
AG) B 
A+B 
AB 
AG) B 
B 

A+B 
Logic "O" 

AB 
AB 
A 

•Expressed as two's complement 

ARITHMETIC• 

FUNCTION 
(MC= L, Cn = LI 

A minus 1 

AB minus 1 

AB minus 1 

minus 1 

A plus (A+8) 
AB plus (A+Bl 
A minus B minus 1 

A+B 
A plus(A+B) 
A plus 8 

AB plus (A+B) 

A+B 
A plus A 

AB plus A 

AB plus A 

A 

7-242 

LOGIC 
FUNCTION 
lMC=H) 

A 

A+B 

AB 
Logic "O" 

AB 
6 
AG) B 

AB 

A+B 
AG) B 
B 

AB 
Logic "1" 

A+B 
A+B 
A 

ARITHMETIC• 

FUNCTION 
(MC = L, Cn =HI 

A 

A+B 

A+B 
minus 1 

A plus AB 

(A+BJ plus AB 

A minus B minus 1 

AB minus 1 

A plus AB 

A plus B 

(A+B) plus AB 
AB minus 1 

A plus A 

(A+B) plusA 

(A+8) plus A 

A minus 1 

9 

10 

11 

13 

14 

16 

17 

15 



________ ! ) LOOK-AHEAD CARRY BLOCK 
MC14582AL \. _______ ______. 
MC14582CL 
MC14582CP 

LOOK-AHEAD CARRY BLOCK 

The MC14582 is a CMOS look-ahead carry generator capable of 
anticipating a carry across four binary adders or groups of adders. 
The device is cascadable to perform full look-ahead across n-bit ad
ders. Carry, generate-carry, and propagate-carry functions are pro
vided as enumerated in the pin designation table shown below_ 

• High Speed Operation - 115 ns typical 
(from Data-in to Carry-out) 

• Expandable to any Number of Bits 

• Noise Immunity= 45% of VDD typical 

• All Buffered Outputs 

• Low Power Dissipation 

• Diode Protection on All Inputs 

MAXIMUM RATINGS !Voltages referenced to V55, Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage - MC14582AL Voo +18to-0.5 Vdc 
- MC14582CL/CP +16 to -0.5 

Input Voltage, All Inputs Vin voo w -o.s Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range - MC14582A L TA -55to+125 oc 

- MC14582CL/CP -40 to +85 

Storage Temperature Range T stg -65to t150 OC 

PIN DESIGNATIONS 

DESIGNATION PIN NO's FUNCTION 

GO,G1 ,G2,G3 3,1, 14,5 
Active· Low 

Carry-Generate Inputs 

PO.Pi ,P2,P3 4,2, 15,6 
Active-Low 

Carry-Propagate Inputs 

Cn 13 Carry Input 

Cn+x· Cn+y 12, 11,9 Carry Outputs 
Cn+z 

G 10 
Active-Low Group 

Carry-Generate Output 

p Active-Low Group 
Carry-Propagate Output 

See Mechanical Data Section for package dimensions. 

7-243 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOSI 

LOOK-AHEAD CARRY BLOCK 

,lllllllllfll; lllllllf'I 
l6~?t~~1r ~ ,PYffflll ~ 

1 1 
L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 620 CASE 648 

BLOCK DIAGRAM 

13 C1n Cn+x 12 

3 GO 

G1 Cn+y 11 

14 G2 

G3 Cn+z 9 

4 PO 

P1 p 
15 P2 

6 P3 C3 10 

v 00 =Pin 16 

Vss =Pin 8 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vj 0 and Vout be 
constrained to the range Vss ~ {Vin or 
Voutl ~Voo-
Unused inputs must always be tied to an 
appropriate logic voltage tevel (e.g., either 
V55 or Vool. • 
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ELECTRICAL CHARACTERISTICS U1 co 

MC14582AL MC14582CLICP I'.) 

Voo 
-55°C +25°C +125°c -4o0c +25°C +as0 c 0 Characteristic Ftgure Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Uni1 0 

Output Voltage "O" Level Vout 5.0 0.01 0 0.01 0.05 0.01 0 0.01 0.05 Vdc ::i .... 
IV;n = Voo. Vssl 10 0.01 0 0.01 0.05 0.01 0 0.01 0.05 ::i 

15 0 0 c 
"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 4.95 (!) 

10 9.99 9.99 10 9.95 9.99 9.99 10 9.95 a. 
15 15 15 

Noise Immunity .. 
IV out :<!:3.5 VdcJ VNL 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 1.4 I I Vdc 
tVaut ;::1.0 Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 2.9 
IVout ;::10.s Vdcl 15 ..§.75 6.75 

IV out S: 1.5 Vdc) VNH 5.0 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 I I Vdc 
(V 0ut S: 3.0 Vdc) 10 2.9 3.0 4.50 3.0 2.9 3.0 4.50 3.0 
IV out S: 4.5 Vdc) 15 6.75 6.75 

Output Drive Current 
IVoH = 2.5 Vdc) Source 1 IQH 5.0 -0.62 -0.50 -1.3 -0.35 -0.23 -0.20 -1.3 -0.16 I I mAdc 
IVoH = 9.5 Vdc) 10 -0.62 -0.50 -0.9 -0.35 -0.23 -0.20 -0.9 -0.16 
IVoH = 13.5 Vdc) 15 -3.0 -3.0 

IVoL = 0.4 Vdc) Sink 2 IQL 5.0 0.50 0.40 0.6 0.28 -0.23 0.20 0.6 o.16 I lmAdc 
IVoL = 0.5 Vdc) 10 1.1 0.90 1.6 0.65 0.60 0.50 1.6 0.40 

-..J L IVoL = 1.5 Vdc) 15 6.0 6.0 

r:._, l Input Current !.in_ 10 10 IoAdc 

~ I Input Capacitance Cin 5.0 5.0 pF 
~ IV;n = OI 

Quiescent Dissipation•• 4 Po I mW 
ICL = 15 pf, f = 0 Hz) 
Po= (2.5 mW/MHz) f + 0.00005 mW 5.0 0.0025 0.00005 0.0025 0. 15 O.Q25 0.00005 O.D25 0.75 
Po= (11 mW/MHz) f + 0.0001 mW 10 O.Ql 0.0001 0.01 0.6 0.1 0.0001 0.1 3.0 
Po= (25 mW/MHz) f + 0.0003 mW 15 0.0003 0.0003 

Output Rise and Fall Time'"* 3 tr,tf 
ICL = 15 pF) 
tr,tf = 12.9 ns/pf) CL+ 57 ns I ~i I I I I 

100 

I 175 I I I I I I 
100 I 200 

tr,tf = I 1.5 ns/pF) CL+ 12.5 ns 35 75 35 110 
tr,tf= 11.0ns/pF) CL+ 10ns 25 25 

Turn-On, Turn-Off Delay Time 0 3 tPLH· 
ICL" 15 pF) 

'PHL l 1 l 1 1 l 1 l tPHL.tPLH = (1.8 ns/pF) CL+ 253 ns 5.0 - - -
280 l 3751 

- -

I I 
280 I 750 

tPHL,tPLH = (0.8 ns/pF) CL+ 103 ns 10 - 115 150 115 300 
tPHL·tPLH = (0.6 ns/pFJ CL+ 81 ns 15 - 90 90 

.. DC Noise Margin (VNH. VNL) is defined as the maximum voltage change from an ideal ''1" to "O" input level before producing an output state change. 

••The formula given is for the typical characteristics only. 

LOGIC EQUATIONS 

Cn+x = GO+ PO • Cn 
Cn+y=G1 +P1 •GO+P1 •PO•Cn 
Cn+z=G2+P2•G1+P2•P1•GO+P2•P1•PO•Cn 

G = GJ + P3 • G2 + P3 • P2 • Gl + P3 • P2 •Pl• GO 
P = P3 • P2 • P1 •PO 



MC14582 (continued) 

FIGURE 1 - SOURCE CURRENT TEST CIRCUIT FIGURE 2 - SINK CURRENT TEST CIRCUIT 

Cin 

GO 

GI 

G2 

G3 

PO 

P1 

P2 

P3 

Voo 

Pulse 
Generator 

Vss 

-= 

Pulse 
Generator 

16 v 00 

p 

G 

See 
Test 

Table 

External 
Power 
Supply 

G1 

G2 

G3 

PO 

P1 

P2 

P3 

1s v 00 

Cn+y 

Cn+z 

p 

G 

-: 

Vout= VoL 

loL 

External 
Power 
Supply 

FIGURE 3 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

TEST TABLE 

AC PATHS DC DATA 

INPUT OUTPUT To v 55 Tov00 

GO 
PO p R!_maining G·s 

P's, C 0 

GI GO G P·s,Cn 
Remaining 

G·s 
G2 

G3 Cn+z Cn Cn+x• Cn+v P·s G·s 
Cn+z 

PO 

Pl 
Voo 

P2 G Vin 

P3 ov 

VoH 

Vout 

VoL 

FIGURE 4 - DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM 

Voo 

Cin 

GO 
Cn+x 

G1 

G2 Cn+y 

G3 
Cn+z 

PO 

P1 p 

P2 
G 

P3 

CL* 
CL* 

CL* 
CL* 

CL* 
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MC14582 (continued) 

TYPICAL APPLICATIONS 

16-Bit ALU, Ripple Carry 

16-Bit A LU, Two-Level Look Ahead 

32-Bit ALU. Two·Lo;'\.el Look-Ahead Over 16 Bit Groups 

Combined two-level look-ahead and ripple-carry ALU 

MC14582 

64-Bit ALU, Full-Carry Look·Ahead in Three Levels 

A and B inputs and F outputs are not shown (MC14581) 

I 
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MC14583AL 
MC14583CL 
MC14583CP 

\~~~~~~~~~sc_H_M~IT_T_T_R_l_G_G_E_R~ 

Advance Information 

DUAL SCHMITT TRIGGER 
The MC14583 is a dual Schmitt trigger-constructed with comple

mentary P-channel and N-channel MOS devices on a monolithic 
silicon substrate. Each Schmitt trigger is functionally independent 
except for a common 3-state input and an internally-connected Ex
clusive OR output for use in line receiver applications. Trigger levels 
are adjustable through the positive, negative, and common terminals 
with the use of external resistors. Applications include the speed-up 
of a slow waveform edge in interface receivers, level detectors, etc. 

• Quiescent Power Dissipation = 25 nW/package Typical 
• Schmitt Trigger Input Noise Immunity= 

60% of Voo Typical 
• Diode Protection on All Inputs 
• Supply Voltage Range= 3.0 Vdc to 18 Vdc (MC14583AL) 

3.0 Vdc to 16 Vdc (MC14583CL/CP) 
• Single Supply Operation 

MAXIMUM RA TINGS (Voltages referenced to Vss Pin Bl 
Rating Symbol Value 

DC Supply Voltage -MC14583AL Voo +18to--0.5 
- MC14583CL/CP +16to--0.5 

Input Voltage, All Inputs Vin v 00 to --0.5 

DC Current Drain per Pin I 10 

Operating Temperature Range TA 
-MC14583AL -55 to +125 
- MC14583CL/CP -40to +85 

Storage Temperature Range Tstg -65 to +150 

LOGIC DIAGRAM 

Positive A 5 6 Negative A 

>------c 4 Aout 

11 Aout 

~ 
Output Disable 

UnR 
Vdc 

Vdc 

mAdc. 
oc 

oc 

>---+----<> 14 Exclusive OR 

15 

Positive B 3 2 1 Common B 
Negative 

B 

12 Bout 

Voo =Pin 16 
Vss =Pin a 

McMOS 
(LOW-POWER COMPLEMENTARY MOS! 

DUAL SCHMITT TRIGGER 

L SUFFIX 

CERAMIC PACKAGE 
CASE 620 

PSUFFIX 
PLASTIC PACKAGE 

CASE 648 

9 

13 

15 

INPUTS 

A B 
0 0 
0 0 
0 1 
0 1 

1 0 
1 0 
1 1 
1 1 

BLOCK DIAGRAM 

5 6 

Ap05 ANeg Acom 

Ajn 

Bin Bout 
Bpos BNeg Beam 

3 

TRUTH TABLE 

Voo'"" Pin 16 
Vss =Pins 

4 

11 

14 

10 

12 

OUTPUTS 

[)Is l.&= &iut_ ~ ~ 
0 0 R 0 R 
1 0 1 a 1 
0 0 R 1 R 
1 0 1 1 0 

0 1 R 0 R 
1 1 0 0 1 
0 1 R 1 R 
1 1 0 1 0 

R = High resistance at output 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that Vin and Vout be 
constrained to the range Vss ~(Vin or 
Voutl .;;voo-

Unused inputs must always be tied to an 
appropriate logic voltage level {e.g., either 
V55 or Vool. 

© 
0 
0 
1 
1 

1 
1 
0 
0 

This is advance information on a new introduction and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 

7-247 

• 



• 
s: 
(') 
....i. 

~ 
U1 
00 
(.,,) 

n 
0 

ELECTRICAL CHARACTERISTICS ::J 

MC14583AL MC14683CL/CP 

J J =· ::J 
Voo -ss0 c +26°C +t25°c -40°C +25°C •es"c J t: 

Chllrac:teristic lFigur_•lSvmbotj Vdc Min Max Min Typ Mox Min MH Min Mox Mln Typ Mox Min j_ MIX j_ Unit (1) 
c. 

Output Voltage "O" Level T - T Vout -r ~-~ O.Q1 0.00 o.oi 0.05 O.Q1 0.00 0.01 - I 0.05 I Vdc 
0.01 0.00 0.01 0.05 0.01 0.00 0,01 - 0.05 

15 0.00 0,00 

"1" Level 1 I I 5.0 4.99 4.99 5.00 4.95 4.99 4.99 5.00 4.95 
10 9.99 9.99 10.0 9.95 9.99 9.99 10.0 9.95 
15 15.0 15.0 

Noise Immunity* {A and B Inputs) 
(Vout ;> 3.5 Vdc) VNL 5.0 2.0 2.0 3.5 1.9 2.0 2.0 3.5 

I 
-

I 
1.9 I I Vdc 

1Vout::>7.0Vdcl 10 4.0 4.0 7.0 3.9 4.0 4.0 7.0 3.9 
IVout ;;;i.10.s Vdc) 15 10.5 10.5 

(Vout.;;_1.SVdcl VNH 5.0 1.9 2.0 3.5 2.0 1.9 2.0 3.5 2.0 I I Vdc 
IV0 ut ~3.0 Vdcl 10 3.9 4.0 7.0 4.0 3.9 4.0 7.0 4.0 
IV0 ut <;4.5 Vdc) 15 10.5 10.5 

~1seTmmun1ty ~ate-Tnpuf} 
5.0 1.5 2.25 1.4 1.5 1.5 2.25 

I I 
I I (V0ut~3.5Vdc) VNL 1.5 - 1.4 Vdc 

(V0 u1 ;..7.0Vdc) 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 3.0 
...... ~Vout>10.5Vdc) 15 6.75 6.75 

..:,, IV0 ut < 1.5 Vdc) VNH 5.0 0.9 1.0 2.0 0.9 0.9 .LO 2.0 1.0 I I Vdc 

"" IV0 ut :(;3.0 Vdc) 10 0.9 1.0 2.0 0.9 0.9 1.0 2.0 1.0 
00 (V0 ut <:;;4.5 Vdc) 15 2.0 2.0 

r1futpuf1Jr1viCUrrent 
IVoH.; 2.5 Vdcl Source 1 IQH 5.0 -0.62 -0.5 -1.5 --0.35 --0.23 --0.2 -1.5 -0.16 I I mAdc 
IVoH = 9.5 Vdc) 10 -0.62 --0.5 -1.0 -0.35 -0.23 --0.2 -1.0 --0.16 
{VoH = 13.5 Vdc) 15 -3.5 -3.6 

{VoL = 0.4 Vdcl Sink 1 loL 5.0 0.5 0.4 0.8 0.28 0.23 0.2 0.8 0.16 I I mAdc 
IVoL"' 0.5 Vdc) 10 1.1 0.9 1.2 0.65 0.6 0.5 1.2 0.4 
(VoL = 1.5 Vdc) 15 7.8 7.8 

Input Current lin 10 10 - _l pAdc 

lnputCapacitance Cjn TO 0:0 I pie (Vin =0) 

rou11scent:?iss1pat1on -,, l'o 1--lCL=15pF,f=OMHz) 
Po= 12.25 mW/MHz) f + 0.0000025 mW 5.0 0.0025 0.0000025 0.00025 0.015 0.0025 0.0000025 0.0025 0.025 
Po = (9.0 mW/MHz) f + 0.00001 mW 10 0.001 0.00001 0.001 0.06 0,01 0.00001 0.01 - 0.14 
Po= (20.3 mW/MHz) f + 0.0001 mW 15 0.0001 0.0001 

Output Rise and Fall Times•• 4 tr,tf 
!CL= 15 pFI 

l :~ l -l -1 -l 1~~1 -1 -l -1 l l t,,tf = (4.8 ns/pF) CL + 28 ns 100 - -
100 l 350 1 tr,tf=" 11.Sns/pF) CL+ 12.Sns 35 35 150 

tr,tf = (0.8 ns/pF) CL + 8.0 ns 20 20 

(Continued on next page) 
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ELECTRICAL CHARACTERISTICS (continued) 
MC14683AL 

Voo -55°<: +25°C +1250c -«l"c 
Chlract•iltic Fifi.ire ...... , Vdc Min Mox Min Typ Mo• Min Mox Min 

Turn-On. Turn-Off Delay Times .. 4 tPHL· 
Ain• Bjn to Aout• Bout tPLH 
tPHL· tPLH = (3.0 ns/pf) CL + 555 ns 5.0 600 900 
tPHL· tPLH = I0.93 ns/pF) CL+ 186 ns 10 200 300 
tPHL· tPLH"' (0.5ns/pf) Cl+ 127.5 ns 15 135 

Turn-On, Turn-Off Delay Times•~ 4 1PHL· 
Ain· Bin to Aout• Bout tPLH 
tPHL• tfLH = (3.0nslpF) Ct+ 1005ns I 5.0 I -

I I I 
1050 

I 1600 I -

I I tfHL. IPLH = I0.93ns/pFI Ct+ 337 ns 10 350 525 
IPHL· IPLH = 10.5 ns/pf) Ct+ 242.5 ns 15 240 

urn-On, urn-Oft Delay 1mes 4 IPHL• 
Aj0 , Bin to Exclusive OR tfLH 
tfHL, IPLH = (3.0 ns/pf) Ct+ 655 ns 5.0 700 1050 
IPHL· IPLH = (0.93 ns/pF) Ct+ 236 ns 10 250 375 
tfHL• IPLH = (0.5 ns/pf) Ct+ 142.Sns 15 150 

!J.StateTnable Delay T •on 
5.0 560 840 
1q 200 300 
15 120 

3-State Disable Delay 5 toff 
5.0 170 250 
10 60 90 
15 35 

Positive Thrashold Voltage I 3 I Vp I (R1, R2 = 5.0 kn) 5.0 3.25 
10 5.9 
15 8.5 

Negati1Je Threshold Voltage 

T 31 VN T (R1, R2 = 5.0 kn) 5.0 1.75 
10 4.1 
15 6.5 

Hvsteresis Voltage T T VH T IR1,A2=5.0k.OI 5.0 10 1.5 2.2 
10 1.2 1.8 2.7 
15 2.0 

Threshold Voltage Variation I I ~VTT 
A to 8 IR1' R2 = 5.0 kn) 5.0 0.1 

10 0.15 
15 0.20 

•oc Noise Margin IVNH• VNLI is defined as the maximum wltage change from an ideal "1" or "O" input level before producing an output state change. 
When tasting the A and B inputs, connect Positill'8 A, Negative A.and Common A together.and also connect Positive B, Negative B, and Common B together. 

•"'The formula given is for the typical characteristics only . 

• 

I 

s 
(") ..... 
ti;' 
co 
w 
n-
0 

MC141183CL/CP J J ::i 
~-+21i0 c :I +lll"c J ::i 

Mox Min Typ Mmx J. Min _l MIX .l Unit c: 

I I I ns l (1) 

0.. 

600 1500 
200 500 
135 

I I 
1050 I 2600 
350 750 
240 

700 I 1750 
250 625 
150 

560 I 1400 
200 500 
120 

170 1 425 
60 150 
35 

3.25 
I I I I Vdo 

5.9 
8.5 

I I I I Vdo 
1.75 
4.1 
6.5 

I T I Vdo 
0.6 1.5 3.7 
0.72 1.8 4.5 

2.0 

I I I Vdo 
0.1 
0.15 
0.20 
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MC14583(continued) 

FIGURE 1 - TYPICAL OUTPUT SOURCE AND SINK CHARACTERISTICS TEST CIRCUIT 

Voo Vout 

OUTPUT SOURCE OUTPUT SINK 
CHARACTERISTICS CHARACTERISTICS 

Voo TEST { VGs = -Voo 
VALUE Vos= Vout -Voo 

TEST {Vas= Voo 
VALUE Vos= Vout 

Ajn Aout 
SW1 

OUTPUT SWITCH POSITION SWITCH POSITION 

UNDER TEST SW1 SW2 SW1 SW2 

Aout Aout• Bout 1 1 2 2 

Dis © Aout. Bout 2 2 1 1 

Bout 
Exclusive OR 1 2 1 1 

Bjn Bout 
SW2 

Vss External 

Power 

= Supply 

FIGURE 2 - POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 

500µF 

Pulse 
Generator 1 

Pulse 
Generator 2 

1-+--0--iAin Aout 1--0---------~ 

Aautt--o-------~ 

Dis (t) 1--0----~ 

Bout>--<>--~ 

Bin Bout 

Vss 

fout 0 A;n Jl__s-L_ 
fout• Bin 

Po(CL) and Po are in mW 

CL is in pF 
f out is in MHz 

Voo is in Volts 

FIGURE 3- TYPICAL THRESHOLD POINTS 

A - Feedback scheme for independent threshold adjustment: 

R1 
Positive 

Common 

Negative 

B - Feedback scheme for hysteresis adjustment: 

80 

0 70 
0 

~ 
;:: 60 
z 

~ 
g 50 
0 
:c 
~ 40 
c: 
:c 
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-' 30 
~ 

H ~-

1-1 - h t-: .... 

-
- - i-1 - );-1 

Ht- H H 
Vss = o 

Positive:=J 
- - _ vao=5.0V ;;: 

~ 20 
R1 

Common 

Negative 

7-250 

10 
10 20 40' 8 100 

Voo= lOV 

11Jiu111r~ 
1.0 k 10 k 100 k 1.0M 

Al, R2, RESISTANCE (OHMS) 



MC14583(continued) 

FIGURE 4 - SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Pulse 
Generator 1 

Pulse 
Generator 2 

Pulse 
Generator 3 

A out 

Bout 

Bout 

Exclusive 
OR 

Input tr= tf = 20 ns 

Voo 

Ain Aout 

Aout 

Dis © 
8 out 

Bin Bout 

V55 

l 

Note: Dashed lines indicate high output resistance. 
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MC14583 (continued) 

FIGURE 5 - 3-STATE SWITCHING TIME TEST CIRCUIT AND WAVEFORMS 

Voo Voo t,. Pulse 
Generator 1 Ajn Aout 

Aout 
Pulse 

Dis © ~SW Generator 2 
8 out 

Bin Bout rF -=-

TEST SWITCH POSITION 

ton HL 1 

ton LH 2 

toff H L 2 

toff LH 1 

•Metal film,± 1%, 1/4 W or greater 

Vss CL"' 15 pF, which includes test circuit capacitance. 

Ain _/ \ 
Bin _J \ 

Voo 
3-State 

Disable 

Aout 

Switch Position 2 Switch Position 1 

• VoL' and VoH' refer to the levels present as a result of the 1 k ohm load resistors. 
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MC14585AL 
MC14585CL 
MC14585CP 

\ ______ M_A_G_N_IT_u_o_e_c_o_M_P_A_R_A_T_o_R~ 

Advance Information 

4-BIT MAGNITUDE COMPARATOR 

The MC14585 4-Bit Magnitude Comparator is constructed with 
complementary MOS (CMOS) enhancement mode devices. The circuit 
has eight comparing inputs (A3, B3, A2, B2, A 1, B 1, AO, BO), three 
cascading inputs (A<B, A=B, and A>B), and three outputs (A<B, 
A=B, and A>BJ. This device compares two 4-bit words (A and BJ 
and determines whether they are "less than", "equal to", or "greater 
than" by a high level on the appropriate output. For words greater 
than 4-bits, units can be cascaded by connecting outputs (A<BJ, and 
(A=BJ to the corresponding inputs of the next significant comparator, 
(input A>B is connected toa high). Inputs (A<BJ, (A=B), and (A>B) 
on the least significant (first) comparator are connected to a low, a 
high, and a high, respectively. 

Applications include logic in CPU's, correction and/or detection 
of instrumentation conditions, comparator in testers, converters, and 
controls. 

• Diode Protection on All Inputs 
• Noise Immunity= 45% of VDD typical 
• High Fanout >50 
• Buffered Outputs Compatable with HTL and Low Power TTL 
• Low Quiescent Power Dissipation - 25 nW typical 
• Expandable 
• Applicable to Binary or 8421-BCD Code 

MAXIMUM RATINGS (Voltages referenced to Vss. Pin 8) 

Rating Symbol Value Unit 

DC Supply Voltage MC14585AL vDD +18 to -0.5 Vdc 
MC14585CL/CP +16 to-0.5 

Input Voltage, All Inputs Vin VDD to-0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature Range-MC14585AL TA -55 to +125 oc 
-MC14585CL/CP -40 to+BS 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 
INPUTS 

OUTPUTS 
COMPARING CASCADING 

A3,B3 A2, 82 A1,B1 AO, BO A<B A=B A>B A<B A-B 

A3>B3 x x x x x 1 0 0 
A3:::83 A2>B2 x x x x 1 0 0 
A3=B3 A2=B2 Al>Bl x x x 1 0 0 
A3=B3 A2=B2 A1=B1 AO>BO x x 1 0 0 

A3=B3 A2=B2 A1=B1 AO=BO 0 0 1 0 0 
A3=B3 A2=B2 A1=B1 AO=BO 0 1 0 0 1 
A3=B3 A2=B2 A1=B1 AO=BO 1 0 0 1 0 

A3=B3 A2=B2 A1=B1 AO<BO x x x 1 0 
A3=83 A2=82 A1<B1 x x x x 1 0 
A3=B3 A2<B2 x x x x x 1 0 
A3<B3 x x x x x x 1 0 

-X - Don t Care 

This is advance information and specifications are subject to change without notice. 
See Mechanical Data Section for package dimensions. 

7-253 

A>B 
1 
1 
1 
1 
1 
0 
0 

0 
0 
0 
0 

McMOS 
(LOW POWER COMPLEMENTARY MOSI 

4-BIT MAGNITUDE COMPARATOR 

- lllllle , ,r:'fl~~Tn t 
LSUFFIX 1 

CERAMIC PACKAGE 
CASE 620 PSUFFIX 

4 

6 

10 

11 

15 

14 

PLASTIC PACKAGE 
CASE 648 

BLOCK DIAGRAM 

(A>Bl;n 

(A=Blin 

(A<Blin (A>Blout 

AO 

BO 

Al (A=Blout 

Bl 

A2 

B2 tA<B>out 

A3 

B3 

v 00 =Pin 16 

Vss -=Pin s 

13 

12 

This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it 
is recommended that V;n and Vout be 
constrained to the range Vss ~ (Vin or 
Voutl .;;;vDD· 

Unused inputs must always be tied to an 
appropriate logic -voltage level (e.g., either 
Vss or VDDI. • 
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MC14585 (continued) 

ELECTRICAL CHARACTERISTICS 

MC145B5AL MC14585CL/CP 

Voo -ss0 c +25°c +125°C -4o0 c +2s0 c 
Characteristic Figure Symbol Vd< Min Max Min Typ M.x Min M.x Min Max Min Typ 

Output Voltage "O'' Level Vout 5.0 0.01 0.01 0.05 0_01 

10 0.01 0.01 0.05 0.01 
15 

"1" Level 5.0 4.99 4.99 5.0 4.95 4.99 4.99 5.0 
10 9.99 9.99 10 9.95 9.99 9.99 10 
15 15 15 

Noise Immunity* VNL 
Vout ?3.5 Vdc 5.0 1.5 1.5 2.25 1.4 1.5 1.5 2.25 
V 0 ut ;?7.0 Vdc 10 3.0 3.0 4.50 2.9 3.0 3.0 4.50 
Vout ;;10.5 Vdc 15 6.75 6.75 

VNH 
Vout (1.5 Vdc 50 1.4 1.5 2.25 1.5 1.4 1.5 2.25 
Yout <3.0 Vdc 10 2.9 3.0 4.50 3.0 2.9 5.0 4.50 
Vout ,;;4_5 Vdc 15 6.75 6.75 

Output Onve Current loH 
VoH - 2.5 Vdc Source 5.0 -0.62 - -0.50 -1.7 -0.35 - -0.23 - -0.20 -1.7 
VoH = 9.5 Vdc 10 -0.62 - -0.50 -0.9 -0.35 - -0.23 - -0.20 -0.9 
VoH"" 13.5 Vdc 15 -3.5 -3.5 

10L 
Vol= DA Vdc Sink 5.0 0.50 0.40 0.78 0.28 0.23 0.20 0.78 
Vol= 0.5 Vdc 10 1.1 0.50 2.0 0.65 0.60 0.50 2.0 
VQL 1.5 Vdc 15 7.B 7.8 

Input Current l;n 10 10 

Input Capacitance, Vin~ 0 Vdc Cin 

Quiescent Dissipation'"'"t Po 
(CL.,,. 15 pF. f'"' 0 Hzl 

Po = (2.0 mW/MHz) f+ 0.000025 mW 50 - 0.025 - 0.000025 0.025 - 1.5 0.25 0.000025 
Po= !8.0mW/MHz) f+ 0.00010 mW 10 0.10 a 00010 0.10 6.0 1.0 0.00010 
Po"' ( 18 mW/MHz) f + 0.00023 mW 15 0 00023 0.00023 

Output Rise TimeH t, 

!CL= 15 pF) 

t, (3.0 ns/pF) CL+ 25 ns 5.0 70 175 70 
tr= {1.5ns/pF) CL+ 12ns 10 35 75 35 
tr,. (1.1 ns/pF) CL+ 8.0 ns 15 25 25 

Output Fall Time** ,, 
1CL= 15pF) 

If"' (1.5 ns/pF) CL+ 47 ns 5.0 70 175 70 ,, (0.75 ns/pF) CL+ 24 ns 10 35 75 35 
tf = I0.55 ns/pF) CL + 17 ns 15 L5 25 

Turn-Off Delay Time<-4 tPLH 
{CL= 15 pf) 

IPLH '(1.9 ns/pFl CL+ 347 ns 5.0 375 750 375 

'PLH (0.75 ns/pF) CL+ 139 ns 10 150 300 150 
tPLH = (0.56 ns/pF) CL+ 102 ns 15 110 110 

Turn-On Delay TimeH fPHL 
(CL= 15 pFl 

lPHL - {1.9 ns/pF) CL+ 247 ns 5.0 275 750 275 
IPHL"" I0.75 ns/pF) CL+99ns 10 110 300 110 
'PHL' W.56 ns/pFl Cl+ 72 ns 15 80 BO 

.. DC Noise Margin (VNH· VNLl is defrned as the maximum voltage change from an ideal' 1 ''or ''O'' input level before producing an output state change 
.,. .. The formula given is for the typical characteristics only. 

tFor dissipation at different external load capacitances (CL) refer to corresponding formula· 

Po (CL) - ru I 10-3 (CL -15 pf) Voo2 f 

where: Po in mW, CL in pF, Voo in Voo, and fin MHz. 

All outputs connected to respective Cl loads . 

Max 

0.01 
0.01 

-

0.25 
1.0 

200 

110 

200 
110 

1125 
450 

1125 
450 

+as0 c 
Min Max Unit 

0.05 Vd< 
0.05 

4.95 
9.95 

Vdc 
1.4 
2.9 

Vdo 

1.5 
3.0 

mAdc 
-0.16 
-0.16 

mAdc 
0.16 

0.40 

pAdc 

pF 

mW 

3.5 
M 



MC14585 (continued) 

FIGURE 1 - DYNAMIC POWER DISSIPATION 
SIGNAL WAVEFORMS 

20 ns 

20 ns 

A3 

D•'·n-Voo 

03_______________ '\___ Vss 

Inputs (A>B) and (A=B) high, and inputs 82, A2, 81, A1, BO, 
AO and (A< B) low 
f in respect to a system clock. 

FIGURE 2 - DYNAMIC SIGNAL WAVEFORMS 

20 ns 

Voo 

Vss 
tpHL 

90% 
VoH 

VoL 

Inputs (A>B) and (A=B) high, and inputs 83, A3, 82, A2, 81, 
A1, AO, and (A< Bl low. 

FIGURE 3 - CASCADING COMPARATORS 

WORD 
B- 811 810 89 88 87 86 85 84 63 B2 Bl BO 
WORD 
A- All A10 A9 AS A7 A6 A5 A4 

I I I J1 ll 
83 A3 82 A2 81 A1 BO AO cc cc cc 

Output v II /\ 
cc cc cc MC14585 ~ ~ ~ 
v II " 

Inputs 

5 5 5 

1 J 
MC14585 

j j l 
MC14585 

! ! ! 
"' "' "' WORD B = 811 etc. v II /\ 
5 5 5 WORD A= A11 etc. 

Outputs 
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MC14585 (continued) 
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MCM14505AL 
MCM14505CL 

\--~~~~-R-A_N_o_o~M-A_c_c_e_s_s_M_E_M_O~R-Y_, 

64-BIT RANDOM ACCESS READ-WRITE MEMORY 

The MCM 14505 64-bit random access read-write memory is con
structed with MOS P-channel and N-channel enhancement mode de
vices in a single monolithic structure. Fully decoded on the chip, 
this memory is organized as 64 one-bit words (64 X 1 ). Medium 
speed operation and micropower supply requirements make this 
device useful for scratch pad or buffer memory applications where 
power must be conserved or where battery operation is required. 

When used with a battery backup, the MCMl 4505 can be utilized 
as an alterable read-only memory, al lowing the battery to retain in
formation in the memory when the system is powered down, and 
allowing the battery to charge when power is applied. The micro
power requirements of this memory allow quiescent battery operation 
for great lengths of time without significant discharging. 

•Quiescent Power Dissipation= 0.3µW/package typical 
at Voo = 10 Vdc 

•Noise Immunity= 45% of Voo typical 

•Supply Voltage Range= 3.0Vdc to 18 Vdc IMCM14505ALI 
4.5Vdc to 16 Vdc (MCM14505CL) 

• Singfe Read/Write Control Line 

•Wired-OR Output Capability (3-State Output) for 
Memory Expansion 

•AccessTime=180ns typical at Voo= 10 Vdc 

• Write Cycle Time= 275 ns typical at Voo = 10 Vdc 

•Fully Buffered Low Capacitance Inputs 
•Guaranteed Fanout of One Low-Power TTL Gate 

at Voo = 5.0 Vdc (MCM14505AL) 

MAXIMUM RA Tl NGS I Voltages referenced to V55. Pin 7l 

Rating Symbol Value 

DC Supply Volt"!P' MCM14505AL Voo + 18 to -0.5 
MCM.l._4505CL t..Ui...tll._::.ll.!l._ 

Input Voltage, AU Inputs Vin v 00 to -0.5 

DC Cu rt' en t Drain _Q_er Pin 10_ 

Operating Temperature Range - MCM14505AL TA -55 to +125 
- MCM14505CL -40 to +85 

Storage Temperature Range Tstg -65to+150 

See Mechanical Data Section for package dimensions. 

7-257 

Unit 

Vdc 

Vdc 

-1llAd.c:._ 

OC 

oc 

Mc MOS 
(LOW-POWER COMPLEMENTARY MOS) 

64-BIT RANDOM ACCESS 
READ-WRITE MEMORY 

,."f!ffm 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 632 

This device contains circuitry to protect the 

inputs against damage due to high static 
voltages or electric fields; however-, it is ad
vised that normal precautions be taken to 
avoid application of any voltage higher- than 
maximum rated voltages to this high imped
ance circuit_ For proper operation it is re

commended that Vin and Vout be con
strained to the range V55 ~(Vin or V0 ut) 

.;;vool. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.i. either 

Vss or Vool 

BLOCK DIAGRAM 

Address { :~ ~ 
Inputs A 3 4 

A4 11 

A5 12 

Data In 13 

Strobe 5 

64·Word 
By 

1 Bit 
Storage 
Array 

10 Data Out 

CE 1 6 Control 9 R/W 

CE2 8 

v00 =Pin 14 
v55 =Pin 1 • 
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MCM14505(continued) 

ELECTRICAL CHARACTERISTICS 

MCM14505AL MCM14505CL 

+25°C +125°C +25°c 

Charact•istic Figure Symbol Vde Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Umt 

Output Voltage 

Noise Immunity• 

fVout ~3.5 Vdcl 
lVaut ~7.0 Vdc) 
(V 0ut ~ 10.5 Vdc) 

lVout ~1.5 Vdc) 
lVout ::s;,;;3.0 Vdc) 
\Vout ~4.5 Vdc) 

Output Drive Current 

IVoH = 2.5 Vdc) 
IVoH = 9.5 Vdc) 

(VoH = 14 Vdc) 

IVoL = 0.3 Vdc) 
(VQL = 0.5 Vdc) 

!VoL = 1.5 Vdcl 

Input Current 

"O" Level 

"1" Level 

Source 

Sink 

Input Capacitance Address, Data Input, 
Strobe CE1 

(Vin = 0) Read/Write Input, CE2, 

Vout 

Quiescent Dissipation 

Vout 5.0 
10 
15 

5.0 4.99 
10 9.99 
15 

VNL 5.0 1.5 
10 3.0 
15 

VNH 5.0 1.4 
10 2.9 
15 

IQH 5.0 -0.62 
10 --0.50 

15 

loL 5.0 0.30 
10 0.90 

15 

''" 

0.01 
0.01 

Po 5.0 - 0.025 
10 0.8 
15 0.001 

SWITCHING TIMES (CL= 15 pF. tr. tf = 20 nsl 

Min Strobe Down Time 

Address Setup Time 

Data Setup Trme 

Read Setup Time 

Write Setup Time 

Address Release Time 

Data Hold Time 

Read Release Time 

Write Release Time 

Read Cycle Time 

Write Cycle T 1 me 

Read Access Time 

Output D 1sable Delay 

l10%0utputChange lnto 

1.0 k ohm Load) 

1,2 tSTL 5.0 
10 
15 

1,2 tsetup(A) 5.0 
10 
15 

tsetup(D) 5.0 
10 
15 

tsetup(R) 5.0 
10 
15 

tsetup(Wl 5.0 

1,2 trel(A) 

10 
15 

5.0 
10 
15 

lhold{O) 5.0 

trel(R) 

trel(Wl 

tcyc(RJ 

10 
15 

5.0 
10 
15 

5.0 
10 
15 

5.0 
10 
15 

lcyc(Wl 5.0 

1.4 tacc(R) 

10 
15 

5.0 
10 
15 

5.0 
10 
15 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.5 

6.75 

1.5 2.25 
3.0 4.5 

6.75 

--0.5 -1.2 

0.01 
0.01 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.05 
0.05 

4.99 
9.99 

1.5 
3.0 

1.4 
2.9 

0.01 
0.01 

4.99 5.0 
9.99 10 

15 

1.5 2.25 
3.0 4.5 

6.75 

t .5 2 25 
3.0 4.5 

6.75 

- -0.35 - --0.23 -0.2 -1.2 

0.01 
O.Ql 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

-0.16 

0.05 
0.05 

Vdc 

Vdo 

Vdo 

Vdo 

mAdc 

-0.4 -0.75 - -0.30 - -0.19 - -0.16 --0.75 - -0.13 -

-2.0 

0.25 0.35 
0.75 1.2 

4.5 

0.01 100 

4.0 

6.0 

0.00015 0.025 
0.0003 0.10 

400 100 
100 50 

75 

-100 
-40 
-25 

-75 
-15 
-5.0 

-175 
-60 
-40 

80 
25 
11 

15 
10 
5.0 

10 
5.0 
2.5 

-90 
-25 
-10 

5.0 
10 
30 

500 
200 
150 

440 
275 
200 

400 
180 
110 

200 
80 

60 

275 

75 

50 
15 

35 
10 

650 
300 

600 
400 

550 
270 

400 
160 

-2.0 

0.18 0.15 0.35 
0.50 0.6 0.5 1.2 

1.5 
6.0 

0.25 

500 
125 

4.5 

0.01 100 

4.0 

6.0 

0 00015 0.25 
0.0003 1 0 
0.001 

100 
50 
75 

-100 

-40 
-25 

-75 
-15 
-5.0 

-175 
-60 
-40 

80 400 
25 ,, 
15 
10 
5.0 

10 
5.0 
2.5 

-90 
-25 
-10 

5.0 
10 
30 

100 

75 
25 

50 
15 

500 750 
200 400 
150 

440 700 
275 550 
200 

400 650 
180 350 

110 

200 600 

80 
60 

200 

0.10 - mAdc 

0.4 

nAdc 

pF 

7.5 mW 

30 

.. DC Noise Margin !VNH· VNL) is defined as the ma;i.:imum voltage change from an ideal "1 ·or "O" input level before producing an output state change. 
that the circuit will withstand before producing an output state change. 
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MCM 14505(continued) 

FIGURE 1 - READ CYCLE TIMING DIAGRAM 

Address 

Strobe 

TsTH min"" T eye( A) max-tSTL min 

The read/write input can be maintained at a logical "1 ·· 
{high voltage) during a read cycle. 

FIGURE 2 - WRITE CYCLE TIMING DIAGRAM 

Address 

100 

] 
;:= 10 
0 

30 
w 

"' 
"' a.. 1.0 
~ 

fi! 
t; 
x 
~ 0.1 

oi 
0 

0.01 
-60 

Strobe 

FIGURE 3 - MAXIMUM STROBE PULSE WIDTH 
versus TEMPERATURE 

:s 
:::-,,, Voo - 5.0 Vdc 

:"S :s 
i::.. 10 Vdc ~ 

.,., 
b 115Vdc 

= = 
b.. 

-20 20 60 100 

TA. AMBIENT TEMPERATURE l'CJ 

140 

7-259 

TsTH min= tcyc(W) max-TSTL min 

The read/write input can be maintained at a logic "O" 
(low voltage) during a write cycle. If the read/write 
input is maintained at a logic "O" while the strobe is 
a logic "1 '', then the output data w ii I bed isab led (high 
impedance) during the write cycle. 

FIGURE 4 -TYPICAL READ ACCESS TIME 
versus LOAD CAPACITANCE 

o'--~-'-~-'-~--'-~--'-~-'-~--'~~~~-'-~-'--~-' 
0 20 40 60 BO 100 

CL, LOAD CAPACITANCE (pf) • 
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MCM14505 (continued) 

FIGURE 5 - TYPICAL OUTPUT SOURCE 
CAPABILITY versus TEMPERATURE 

FIGURE 6 - TYPICAL OUTPUT SINK 
CAPABILITY versus TEMPERATURE 

Voo-lDS 
Vtnput 

o--- ---
--l l-300ns 

f == 1.0 kHz 

Voo Notes: Voo 
1. Cycle R/W to ground and then to Voo 

prior to measurement to insure turn- ~------..-----. 

Dout 

R/W 

Vin 

Vss 

(a) TA• -55°C 
(bl TA • +25°C --+--+-T
(c) TA• +125°C :< 

~ -2.0 

~ 

VoH 

100 
1% 

External 
Power 

Supply 

E 

on of the device under test. 

2. For the P·channel characteristics, 
Vos= VoH - Voo· 

3. For i:he N..channel characteristics, 
Vos is measured directly. E 

4. For the drain current, Io = 100 Amp 

i3 -4.0f--+--+--+--=,..j.-=1--h~'f--..v-~+--I 
w 
'-' 

"' => 
~ -6.0 

~ Vdc 
~ \-l--t--f::;;;,,.,.=t---+11.,)~"--+-Jf--f---t---\ 

"' -8.0 f--++--="""''--+--:::.,j."""''-117'-'-1'---:f--+-+--I :.: 
9 

Vos. DRAIN VOLTAGE (Vdc) 

2.0 

FIGURE 7 -TYPICAL POWER DISSIPATION 
CHARACTERISTICS 

100 

I 10 
z 

"' ~ 
~ 1.0 
i5 

"' ~ 
~ 
~ 0.1 

F 
I= 

D.01 
0.1 

TA - zs•c 
CL-15pf 

Voo • 15 Vdc 

1.-'!: 

IA 
10 Vdc 

5.0 Vdc,:::j 

l2l 

1.0 10 100 

fsT,STROBE FREQUENCY (kHz) 
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4.0 

Dout 

A/W 

Vss 

Vos=VoL 

100 
1% 

External 
Power 

Supply 

E 

TO 
Vdc 

lal TA • -55'C 
(b)TA •+ZS'C-'t ltlTA•+125°C 

~ srdc -+---+---+---< 

6.0 8.0 10 

Vos. DRAIN VOLTAGE (Vdc) 

1000 



MCM14505(continued) 

FIGURE 8 - FUNCTIONAL CIRCUIT DIAGRAM 

Write Selection Drivers 

1a 1b 2a 2b 3a 3b 4a 4b 

~ 

A4 lJ 

~ 
A1 

0 
c 

~ 
A2 0 

(.) 

"' " A3 ·i A5 

" 

R/W 

Strobe 

L ______ - ___________ _J 

• 
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MCM14505(continued) 

OPERATING CHARACTERISTICS 

In considering the operation of the MCM14505 CMOS memory, 
refer to the functional circuit diagram of Figure 8 and timing 
diagrams shown in Figures 1 and 2. The basic memory cell is a 
cross-coupled flip-flop consisting of two inverter gates and two 
P-channel devices for read/write control. The push-pull cell provides 
high speed as well as low power. 

During a read cycle, when the strobe line is high the write 
selection drivers are disabled and the data from the selected row is 
available on columns 1b, 2b, 3b, and 4b. The A4 and A5 address 
bits are decoded to select output data from one of the four columns. 
The output data is available on the data output pin only when the 
strobe and read/write lines are high simultaneously and after the 
read access time, tacc(R), has occurred (see Figure 1). Note that 
the output is initially disabled and always goes to the logic "O" state 

·(low voltage) before data is valid. The output is in the high· 
impedance state (disabled) when the strobe line or the R/W line is 
in the low state. The memory is strobed for reading or writing only 
when the strobe, CE1, and CE2 are high simultaneously. The R/W 
line can be a de voltage during a read or write cycle anr! need not 
be pulsed, as shown in the timing diagrams. For this case the R/W 
line should be a logic "1" (high) for reading and a logic "O" for 
writing. 

When the strobe line is" high, the column read/write inhibit 
gates and the row decoder inhibit gates are disabled. the selected 

row is in the low state, and the unselected 15 rows retain their 
logic "1" level due to the row capacitance that exists when the row 
decoder inhibit gates are disabled. This capacitive storage mecha
nism requires a maximum strobe width (see Figure 3) equal to the 
junction reverse bias RC time constant. When the strobe is returned 
to a logic "O" the rows are forced to Voo by the row decoder 
inhibit gates (pullup devices). Similarly the column read/write 
inhibit gates {pulldown devices) force the column lines to a logic 
"O" state. 

Two column lines are associated with each memory cell in order 
to write into the cell. The write selection drivers are enabled when 
the R/W line is a logic "O" and the strobe line is a logic "1 ". The 
input data is written into the column selected by the column 
decoder. For instance. if a "1" is to be written in the memory cell 
associated with row 1 and column 1, then row 1 would be enabled 
(logic "0") while column 1b is forced high and column 1a is forced 
low by the write selection drivers_ If a logic "O" is to be written 
into the cell, then column 1a is forced high and 1b is forced low. 
The data that is retained in the memory cell is the data that was 
present on the data input pin at the moment the strobe goes low 
when R/W is low, or when R/W goes high when the strobe is high. 

APPLICATIONS INFORMATION 

Figure9 shows a 256-word by n-bitstatic RAM memory system. 
The outputs of four MCM14505 devices are tied together to form 
256 words by 1 bit. Additional bits are attained by paralleling the 
inputs in groups of four_ Memories of larger words can be attained 
by decoding the most significant bits of the address and ANDing 
them with the strobe input. 

Fan-in and fan-out of the memory is limited only by speed 
requirements. The extremely low input and output leakage current 
(100 nA maximum) keep the output voltage levels from changing 
significantly as more outputs are tied together. With the output 
levels independent of fan-out, most of the power supply range is 
available as logic swing, regardless of the number of units wired 
together. As a result. high noise immunity is maintained under 
all conditions. 

Power dissipation is 0.1 µ.W per bit at a 1-0-kHz rate for a 
5.0-volt power supply, while the static power dissipation is 2.0 nW 
per bit. This low power allows non-volatile information storage 
when the memory is powered by a small standby battery. 

Figure 10 shows an optional standby power supply circuit for 
making a CMOS memory "non-volatile"_ When the usual power 
fails, a battery is used to sustain operation or maintain stored 
information. While normal power supply voltage is present, the 
battery is trickle-charged through a resistor which sets the charging 
rate. Vs is the sustaining voltage, and v+ is the ordinary voltage 
from a power supply. Voo connects to the power pin on the 
memory. Low-leakage diodes are recommended to conserve 
battery power. 

The memory system shown in Figure 9 can be interfaced 
directly with the other devices in the McMOS family. No external 
components are required. 

At the inputs to the CMOS memory, TTL devices can interface 
directly if an open-collector logic gate such as the MC7407 is used 
as shown in Figure 11. Driver circuits are not required since the 
input capacitance is low (4.0 to 6.0 pF). The address. data, and 
read/write inputs do not need to be fast since they can be changed 
for the duration when the strobe pulse is low, tsTL (see Figures 1 
and 2). For high-speed operation, a push-pull driver sho,uld be used 
if more than five strobe inputs must be driven at one time. One 
circuit of the type shown in Figure 11 can be used for every ten 
strobe inputs. 

7-262 

Figures 12, 13, and 14 show methods of interfacing the 
memory output to TTL logic at various memory voltages. If a 
Voo of 5.0 volts is used for slow-speed. low-power applications, 
one transistor and one resistor must be used (Figure 12). The 
MCM14505AL wi II drive one low-power TTL gated irectly. 

If a Voo of 10 volts is used, the output of the memory device 
can fan out to two low-power TTL gates (Figure 13a) or to a 
discrete transistor (Figure 13b). The discrete transistor circuit 
provides higher speed and/or high fan-out. A pulldown resistor 
at the base of the transistor is not needed for fast turn-off because 
of the push-pull output of the memory. Turn-on time of the 
transistor is much faster in Figure 13b since the voltage rise is only 
0.75 volt. The low output capacitance of the MCM14505 means 
that several outputs can be wire-0 Red without significantly de
grading performance. The read access time is increased by only 
20 ns typically for 16 outputs tied together when Figure 13b 
is used. 

Five low-power TTL gates can be driven from the memory 
output if a Voo of 15 volts is used (Figure 14a). Figure 14b 
shows the interface if a discrete transistor is used. The 1-0 kilohm 
resistor in the base is required to insure that not more than 10 mA 
flows through the output as listed in the maximum ratings. If a 
2.0 kilohm collector resistor is used (fan-out = 3). the turn-on 
time of the transistor is only slightly faster than in the circuit 
shown in Figure 13b due to the lower output impedan~ when 
Voo ~ 15 volts. The voltage at the memory data output has to 
rise to only 1.3 volts to insure driving a fan-out of three TTL devices. 

If a 510-ohm collector resistor is used, 20 TTL loads may be 
driven. The read access time is increased about 20 ns when four 
memory outputs are tied together si nee the output voltage must 
rise to 3.7 volts before the transistor can sink the full loL for a 
fan-out of 20 TTL devices. Almost any NPN transistor with a 
minimum beta of 15 can be used for the interface shown in 
Figures 12, 13, and 14 . 

The high source current from the push-pull output stage of the 
MCM14505 makes for a simpler interface circuit since a low source 
current memory requires a differential comparator to achieve high
speed operation. 



MCM14505(continued) 

A 

B 

c 
Address D 

Lines E 

FIGURE 9 - CMOS 256-WORD BY n-BIT STATIC 
READ/WRITE MEMORY 

0----------------+-----------11 
o----------------+..----------t2 
o----------------+-+..----------t3 
o----------------+-+--H>----------t4 
o----------------t-+-Hf..---------t11 MCM14505 

F o----------------+-+-H-+---------112 64-Bit 10 t--i 
G 

H 

0------------------+-+-H-+-+.-------<6 Ram 

o----+--_.-----------t-+-HH-+-+..-------tB 
~---i5 

,----19 

r--i 13 

1 

H-+-IH-+-t----+_,t--+--1 2 
H-+-H-+--+--+--+----i 3 

..+-+-H---+----+_,f--1 4 

l,C>><>-G----, 
t=[>:o-H-----, ._._,_+--->--+--+--<11 

.-+-1---t--+---+---<12 
.-+-+-t++-+-+-t--_,f-+-+--i 6 

---->----+--+--< 8 

..--;--+__, 5 

~9 

MCM14505 
64-Bit 
Ram 

10H 

Data In ~o----------------i11tt111ttt-r---r-11~-~1~3===========:d +-o e-+-H-+-+-+-+---+--+---+--t 1 

H-t-H-+-t----+_,f-+--1 2 
... -+-l-+-+--+--+--1---l 3 

..+-+-H---+----+-1---1 4 

H-+-+---t--+--+--111 
...+-+--+--+--+--t12 

.+--+--+-+--I 6 
9-t-1-+-++-t-+-+-+--t---+-t--< 8 

Dynamic o--------------_,-++-t-HH-+-t-+---.---+---+--15 
StrobSL ~ 9 

~13 

MCM14505 
64-Bit 
Ram 

1 

H-+-H-+-f---+_,t--+--1 2 
.+-H-+-+--+--+--+-_, 3 

H-+-l-t----+--+--+---i4 
tt-+-+---t--+--+--111 MCM14505 

H-+---+--+--t--112 
...+-+-t++-+-+-t--_,t--+-+--i6 

H-+-+-+-H-+-t-+--+--t-t---1 8 
..--+--+__, 5 

Read/Write o----------------iH-+-t-tiH-+-t--t---t--+-t---1 9 
I-- 13 

I I 1 1 1111 I I 
1 1 I J JI II I I 
1 1 I I JI I I I I 
1 I II JI I I I I 

Expand Vertically For n-Bits 
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64-Bit 
Ram 

10H 
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MCM14505 (continued) 

FIGURE 10 - STAND BY 
BATTERY CIRCUIT FIGURE 11 -TTL TO.CMOS INTERFACE 

FIGURE 12 -CMOS-TO-TTL INTERFACE 
FOR Vaa = 5.0 v 

R 

-= 

470 

1/6 Me7407 

FIGURE 13 - CMOS-TO-TTL INTERFACE 
FOR Voo = 10 v 

Voo = 5.0 v 

Dout 
MeM14505 

2.0 k 

TO TTL 
(F.O. = 1) 

2N3904 
or Equiv 

Note: The MCM14505AL will drive one 

low power TTL gate directly. 

a. Using a Low~ower TTL Gate b. Using Discrete Devices 

v00 = 10 v 

Germanium 
Diode 

MeM14505 
Dout 

TTL 
Input: 

To TTL 

(F.O. = 1) 

Voo = 10 v 

MeM14505 

FIGURE 14 - CMOS-TO-TTL INTERFACE 
FOR Vao = 15 v 

Vee 

-= 

2N3904 
or Equiv 

TO TTL 
(F.O. = 20) 

a. Using Low-Power TTL Gates b. Using Discrete Devi<;es 

v00 = 15 v 

Germanium 

Diode 

Dout 
MeM14505 

Low-Power TTL (Maximum= 5) 

Vee 
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v00 = 15 v 

MeM14505 

•2.0 kilohms for F. O,= 3 

*510 ohms for F. O.= 20 

Vee 

-= 

2N3904 
or Equiv 
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MCM14524CL 

Advance Information 

1024-BIT READ ONLY MEMORY 

The MCM14524 is a complementary MOS mask programmable 
Read Only Memory (ROM). This device is ordered as a factory 
special with its unique pattern specified by the user. 

This ROM is organized in a 256 x 4-bit pattern. The contents 
of a specified address(< AO, Al, A2, A3, A4, A5, A6, A7 >l will 
appear at the four data outputs (BO, 81, B2, 83) following the 
negative going edge of the clock. When the clock goes high, the data 
present at the outputs will be latched. The memory Enable may be 
taken low asynchronously, forcing the data outputs low and resetting 
the o.utput latches. This device finds application wherever low power 
or high noise immunity is a design consideration. 

• Diode Protection on All Inputs 

• Noise Immunity= 45% of VDD typical 

• Quiescent Power Dissipation - 11 nW/package typical 

• Single Supply Operation - Either Positive or Negative 

• Memory Enable Allows Expansion 

• Output Latches Provide a Useful Storage Register 

MAXIMUM RATINGS !Voltages referenced to Vss. Pin 81 

Rating Symbol Value Unit 

DC Supply Voltage MCM14524AL Voo +18 to --0.5 Vdc 
MCM14524CL +16 to --0.5 

Input Voltage, All Inputs Vin v 00 to --0.5 Vdc 

DC Current Drain per Pin I 10 mAdc 

Operating Temperature~ MCM14524AL TA -55 to +125 OC 

Range -MCM14524CL -40 to +85 

Storage Temperature Range Tstg -65 to +150 oc 

TRUTH TABLE 

CLOCK ENABLE BO l 81 l 82 l 83 

Voo ---,___ Vss 1 < Add.ress) I <Ad:ress) I< Ad:re'5)l ( Add;ess) 
Vss_/ 

Voo 1 OUTPUT DATA 

LATCHES 

x 0 0 l 0 l 0 l 
X """ Don't Care 

•indicates contents of specified Address will 
appear at outputs as stated above. 

This is advance information and specifications are subject to change without notice. 

See Mechanical Data Section for package dimensions. 
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0 

Mc MOS 
(LOW.POWER COMPLEMENTARY MOS) 

1024-BIT 
READ ONLY MEMORY 

4 

6 

CERAMIC PACKAGE 

CASE 620 

PIN ASSIGNMENT 

BO 

Bl 

82 

83 

A2 

Vss 

16 

15 

14 

13 

12 

11 

10 

9 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid applica
tions of any voltage higher than maximum rated 
voltages to this high impedance circuit. A de
structive high-current mode may occur if Vin or 
Vout is not constrained to the range Vss"'(Vjn 
or Vout) ~ Voo-

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or Vool. • 
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MCM14524 (continued) 

ELECTRICAL CHARACTERISTICS 

Output Voltage 

Noise Immunity• 

{V0 ut ~ 3.5 Vdc) 
(Vout ;;a.7.0 Vdc) 
(Vout ~10.5 Vdc) 

<Vout ~ 1.5 Vdcl 
(V0 ut ..;: 3.0 Vdc) 

(Vout .i;;;,4.5 Vdc) 

Output Drive Current 
IVoH = 2.5 Vdc) 
{VoH = 9.5 Vdc) 
{VoH = 13.5 Vdc) 

{Vo L = 0.4 Vdc) 
{Vo L = 0.5 Vdcl 
(VQL = 1.5 Vdc) 

Input Current 

Characteristic 

Input Capacitance (Alt Inputs) 

(Vin ""0) 

Quiescent Dissipation 

Clock Read Access Delay 
{CL• 15 pF) 

Enable Access Delay 
(CL• 15 pF) 

Output Rise and Fall Time 
(CL• 15 pF) 

Minimum Clock Pulse Width*"' 

Maximum Clock Pulse Width t 

Address Setup Time 

Clock to Enable Setup Ti me 

Clock to Enable Hold Time 

Address Hold Ti me 

Typical Dynamic Power Dissipation 
{CL= 15 pf, All Outputs) 

"O" Level 

"1" Level 

I source 

'sink 

Voo 
Symbol Vdc 

Vout 5.0 
10 
15 
5.0 
10 
15 

VNL 
5.0 
10 
15 

VNH 5.0 
10 
15 

IOH 
5.0 
10 
15 

loL 5.0 
10 
15 

lin 

Cin 

Po 
5.0 
10 
15 

taccc 
5.0 
10 
15 

taCCEn 
5.0 
10 
15 

tr.tf 
5.0 
10 
15 

PWcH 5.0 
10 
15 

PWcL 5.0 
10 
15 

PWcL 5.0 
10 
15 

tsetUPA 5.0 
10 
15 

tsetupc 5.0 
10 
15 

tholdc 5.0 
10 
15 

1holdA 5.0 
10 
15 

Po 

5.0 
10 
15 

MCMl 4524AL/CL 

+25°C 

Min Typ Max Unit 

0 0.01 Vdc 
0 0.01 
0 0.01 

4.99 5.0 
9.99 10 
14.99 15 

Vdc 
1.5 2.25 
3.0 4.50 
4.5 6.75 

1.5 2.25 Vdc 
3.0 4.50 
4.5 6.75 

rnAdc 
-0.6 
-0.33 
-1.5 

0.21 rnAdc 
0.57 
2.6 

10 pAdc 

5.0 pF 

µW 
0.011 50 
0.031 200 
0.066 

ns 
1800 
825 
530 

265 
100 
70 

ns 
170 
75 
55 

130 
60 
60 

1600 
755 
500 

6.5 
1.5 

0.15 

0 ns 

0 

1750 ns 
800 
515 

0 ns 
0 
0 

0 
0 
0 

mW 

Po= {13.5 mW/MHz) f {MHz)+ 0.000011 mW 
Po = {36 mW/MHz) f {MHz)+ 0.000036 mW 
Po = (200 mW/MHz) f {MHz) + 0.000066 mW 

•oc Noise Margin IVNH· VNLl is defined as the maximum voltage change from ail ideal "1" or "O" input level before producing an output state change. 

••The clock can remain high indefinitely with the data remaining latched. 
t1f clock stays low too long, the dynamically stored data will leak off and will have to be recalled. 
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MCM14524 (continued) 

FIGURE 1 -OUTPUT DRIVE CURRENT 
TEST CIRCUIT 

Voo Vout 
16 

c 
E BO 
AO 
A1 81 

Pulse A2 
Generator A3 82 

A4 

AS 83 

A6 
A7 

Vss 
Supply 

Notes: 

1. Source current, address ROM to obtain a "1" 
on all four outputs (BO thru 63). 

2. Sink current, address ROM to obtain a "O" 

on all four outputs (BO thru 83). 

FIGURE 2 - SWITCHING TIME TEST CIRCUIT 
(Refer to timing diagram) 

c 
80 

AO 
A1 81 --0 

Pulse A2 
Generator A3 82 

A4 
A5 83 

~ 
A6 

A7 

Vss 

Note: 

Address ROM to obtain level change when 

clocking any one address line. 

MEMORY READ CYCLE TIMING DIAGRAMS 

a) Using Clock to 

Read Memory 
Address 
Input 

Enable 

Input 

Data 
Output 

b) Using the Enable 

to Read Memory 

Clock 

Jn put 

Enable 
Input 

Data 
Outputs 

Address Valid 

(Address must be fixed) 

20 ns 

in this diagram to read memory 

--------Vo H 
Outputs remain reset 

if clock is high 

*Data outputs always go to the logic "1" state before the data is valid 

betvveen accessing successive "O's" 
••outputs forced to "O" by Enable. 

PWcL-----------.. ~---------
------PWcH ___ __ 

50% 

Data I 
Va I id______.. 

50% 

Access "O" 1-

t In this mode of operation, the negative going edge of Enable 1=The data outputs are valid without the logic '"1" pulse occurring 

should occur on or before the clock negative edge. during the access cycle as shown in a) above. 
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MCM14524 (continued) 

Enable 

A2 

A3 

A4 

A5 

A6 

BLOCK DIAGRAM 

Memory 

Matrix Decoder 

132 x 8) ( 1 of 81 

Address 

(32 x 8) Decoder 
1 of 32 (1 of 8) 

Address 
Decoder 

Address 

132 x 8) Decoder 

11 of 8) 

Address 
132 x 8) Decoder 

( 1 of 8) 

CUSTOM PROGRAMMING 

By the programming of a single photomask for the MCM14524, 

the customer may specify the content of the memory. 

Address In puts: 
Words are numbered 0 through 255 and are addressed using 
sequential addressing of Address leads AO through A7 with AO 
as the least significant digit. 

Logic "O" is defined as a "low" Address input (V1 L). 
Logic "1" is defined as a "high" Address input (V1 HL 

~ w A7 AG A5 A4 A3 A2 A1 
Word 0 0 0 0 0 0 0 0 
Word 1 0 0 0 0 0 0 0 
Word 2 0 0 0 0 0 0 1 

Word 3 0 0 0 0 0 0 1 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

I I I I I I I I I 

Word 255 1 1 1 1 1 1 1 

7-268 

Output 3 

Latch and BO 
Buffer 

Output 4 
Latch and 81 

Buffer 

Output 

Latch and 82 
Buffer 

Output 6 
Latch and 83 

Buffer 

AO 

0 
1 

0 
1 

I 

I 

I 

I 

I 

1 



MCM14524 (continued) 

Two methods may be used to transmit the custom memory 
pattern to Motorola. 

METHOD A: PUNCHED COMPUTER CARDS 

A binary coded decimal equivalent of each desired output may 
be punched in standard computer cards (four cards are required 
for all 256 words) in numerical (word number) order. 64 words 
per card are punched in columns 12 thru 75 using the Binary to 
Hexadecimal conversion table below. Columns 77 and 78 are used 
to number the cards, which must be in numerical order. Please 
use characters as shown in the table when punching computer cards. 

ROM SAMPLE WORD PROGRAMMING FOR PUNCHED CARD 

SAMPLE WORD 
ADDRESS INPUTS OUTPUTS 

WORD 
NUMBER A7 AG AS A4 A3 A2 Al AO 83 82 81 

0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 1 0 0 1 

2 0 0 0 0 0 0 1 0 0 0 1 

3 0 0 0 0 0 0 1 1 0 0 0 
I I I I I I I I I I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 

255 1 1 1 1 1 1 1 1 1 0 1 

WORD NUMBER 

BO 
0 
1 
1 

0 
I 

I 

I 
I 

I 

0 

BINARY TO HEXA
DECIMAL CON

VERSION TABLE 
BINARY 
WORD CARO 

D ESIRED CHARACTER 
0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 

0 1 0 0 4 
0 1 0 1 5 
0 .1 1 0 6 
D 1 1 1 7 

1 0 0 D 8 
1 D 0 1 9 
1 0 1 D A 
1 0 1 1 8 

1 1 D 0 c 
1 1 0 1 D 
1 1 1 0 E 
1 1 1 1 F 

CARD 
CHARACTER 

0 
3 
3 
0 
I 
I 

I 

I 

I 

A 

} 
Shown in columns 

12 - 15 on card 
below 

0 123 4 5 618910 111213 1415 16 1118 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3637 38 3940 414243 « 454647 48 49 50 !'11 5253 54 SS 56 57 ~ 5! 60 GI 112 S3 01 

00000000000100111111111111111111111111111111111111111111111111111111111111101000 
I ll4lllllU111ZllW81111R~DZlnnunnnn~»JIDllMU•"•H•41UUMU•ttaffW~UUWUM51MHMl1llllMUff~nHn11nnMnn11qn• 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22222222222222222222222222222222222222222222222222222222222222222222222222222222 

33333333333311333333333333333333333333333333333333333333333333333333333333333333 

44444444444444444444444444444444444444444444444444444444444444444444444444444444 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

I& 6 u 6 I& &6 6 6 & 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

11811111111888888818118881111188888881818881181888888888888888888888888888188888 

9999999999999999999999999999999999999999999999999999999999999~9999999q99999!9999 
IJJ4~111111111111141!151llllln11UnNisa2rnHKJlllllUU~JIHH••1UUUttUtt~U~S1~~~"9~HUUllO~i'~ri~t1n~11nnu~~11•~· 

GLOBE NO. I STANDARD FORM 5081 
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MCM14524(continued) 

BIT 
WORD 3 2 1 0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

METHOD B: TRUTH TABLE 

Use of the truth table presents a simple and direct way to in out 
the memory pattern desired to Motorola. When filling out the 
table please use a "1" for a high, and a "O" for a low. 

CUSTOM PROGRAM for the MCM14524AL/CL Raad Only Memory 

BIT BIT BIT 
WORD 3 2 1 0 WORD 3 2 1 0 WORD 3 2 1 

51 102 153 

52 103 154 

53 104 155 

54 105 156 

55 106 157 

56 107 158 

57 108 159 

58 109 160 

59 110 161 

60 111 162 

61 112 163 

62 113 164 

63 114 165 

64 115 166 

65 116 167 

66 117 168 

67 118 169 

68 119 170 

69 120 171 

70 121 172 

71 122 173 

72 123 174 

73 124 175 

74 125 176 

75 126 177 

76 127 178 

77 128 179 

78 129 180 

79 130 181 

80 13·1 182 

81 132 183 

82 133 184 

83 134 185 

84 135 186 

85 136 187 

86 137 188 

87 138 189 

88 139 190 

89 140 191 

90 141 192 

91 142 193 

92 143 194 

93 144 195 

94 145 196 

95 146 197 

96 147 198 

97 148 199 

98 149 200 

99 150 201 

100 151 202 

101 152 203 

7-?70 

BIT 
0 WORD 3 2 1 0 

204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 

240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
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