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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. This 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 McMQOS 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
arange 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 paragraphsexplore 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.

Oxide
I Gate I
L
P Channel P
Sourcef~™ = T~ 7] Drain

N-type Substrate

FIGURE 1-1 — P-CHANNEL TRANSISTOR
(PMOS)

A voltage applied to the gate establishes a path
for hole conduction (P-channel) between the source
and drain. Similarly, using a P-substrate with N-
doping for the source and drain results in an
element utilizing electron conduction after gate
turn-on (N-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.
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FIGURE 1-2 — N-CHANNEL TRANSISTOR
(NMOS)
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FIGURE 1-3 — TYPICAL N-CHANNEL
INVERTER
In the circuit, Q2 serves as a fixed load resistor

while transistor Q1 is switched. When Q1 is turned-
on by the input signal, current is drawn from Vpp
dissipating power in Q2. 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 Q1 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, Q1 is
turned-on and Q2 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 results 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.

Vpp(+) o
—e
2
- Q1
—
Ving—J 1L 4
Vouts ] |
Ip — A A

FIGURE 1-4 — TYPICAL COMPLEMENTARY
INVERTER

The CMOS circuit results in a more complex
fabrication process. Figure 1-5 showsa 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.

e
v

P-Tub

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 multivibrator.
Memories constructed for the McMOS family are
listed in the MCM14000 series.
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PoHmax
PoLmax

Pa
PRF

Pr
PTC

PW
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TA
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SYMBOL GLOSSARY

Bandwidth

Input Capacitance

Load Capacitance

Frequency (highest system rate)
Maximum Current Per Pin

Vpp Supply Current

Input Current

Output Source Current (high level state)
Qutput Sink Current (low level state)
Output Current

Vgs Supply Current

Through-Current of McMOS Devices per
Package

Three-State Qutput Leakage Current
Power Dissipation
Maximum Power Dissipation per Package

Power Dissipation Due to Charge and
Discharge of Internal and External Ca-
pacitance per Package.

Maximum Power Dissipation per Qutput
Pin (high level output state)

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

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.
**Pgsitive logic assumed.

t
thold
Ty

tPLH

tPHL

tr
trem
trel
tsetup
t0"H

tH Q"
tqH
tHeqr
VbD
Vin
VNH
VNL
VoH
VoL
Vout
Vs
Vss

"0"or L

“1"or H

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 dc Supply Voltage

Input Voltage

Noise Immunity Voltage Range (high
level)

Noise Immunity 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 dc Supply Voltage

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

**QOne, High, or True Logic State (most
positive level)



ALU
ASCII
BCD
BCDIC
CMOSs
DIP
DTL
EBCDIC
ECL
FET
HTL
IC
LED
LCD
LTTL
LSt
MOSs
MPU
MSi
PROM
RAM
ROM
RTL
SCR
SSi
STRL
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-Threshoid Logic

Integrated Circuit

Light Emitting Diode

Liquid Crystal Display

Low Power TTL

Large-Scale Integration

Metal-O xide-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 Vpp
and Vgg 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 (Vpp — Vgg) 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 (Ig) 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 (Vpp — Vgg) is above the source
voltage (Vg), any on-chip current transient having a

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.

ey |
Bipolar Secondary
Parasitic /Breakdown
Mode
| Low Current
Igt—————— I Junction

:A/ Avalanche
1 o

Vpb
Data Sheet Maximum Supply Rating

Vs

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
—————— bl

Feedback Bias
Linear Amplifier

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, P, (a power
dissipation due to surface leakage currents),
e Pyc (a power dissipation due to switch-
ing through-current), and



o P (a cv2t power dissipation due to the
charging and discharging of internal and
external capacitances).

Total power dissipation P, is the sum of these

basic components and is given by the equation:

Pr=Pao +Pyc+PL

QUIESCENT DISSIPATION

The first power dissipation component, PQ
(quiescent), is a product of the power supply
voltage Vpp, and the leakage current I, (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 CMOQS inverter cross-section
shown in Figure 2-3(b).

Vbb
N »i
. Lgdl
H
—pH

input O Qutput

—a
-
—4

Vgs o (a)

}ﬁ*ﬁ

N-Substrate

(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, Py and P, occur during the dynamic
operation of a CMOS device. The through-current
dissipation P, 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 Iy 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
dimension, etc.) of the MOS transistors.

The through-current ITc hasa peak value which
can be approximated by the equation:

ITcxKg (Vpp — K1)2

where: K is a constant dependent on the N-and
P-channel mobility, geometry, and temperature.
The constant K4 is dependent upon the individual
MOS device thresholds. A typical normalized plot
of this relationship is shown in Figure 24,

5.0 T T T T
—Ta = 25°C
:CL=ODF p
B O 20— t=tf=5us
s F : 4
g 10
- O
o = 7
Z 3
c o 0.5 D
s £ /
ES
éE 0.2
'_
0.1 ,/
0.05
3 5 7 10 15

Voltage, Vpp

FIGURE 2-4 — NORMALIZED PLOT OF THROUGH-

CURRENT VERSUS VOLTAGE

The waveform of the through-currentinrelation-
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.

10

8 10

Vin

FIGURE 2-56 — THROUGH-CURRENT AND
TRANSFER CHARACTERISTICS



The power dissipation, due to through-current
P, 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 Vpp ITc dt.
o

However, I, previously was shown to be:
ITc « KO (Vpp — K1)2.
Therefore:
Prc o fFKVN,

f = frequency,

K = constant (dependent on device
parameters),

N = non-integral number greater than 3.
The second component of the dynamic power

dissipation, Py, 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=1/2CV2
Since the capacitance is alternately charged and
discharged through the CMOS device during one

complete cycle of the input frequency f, the power
P isgiven by the equation:

PL=CVZ.

where:

Thus, the dynamic dissipation increases linearly
with the frequency and load capacitance and also
as the square of the power supply voltage Vpp.
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 Py is negligible. As
the transition times increase, the power (P1c)
increases appreciably and is a complex function of
the transition times and capacitance.

= H g
2 P Ta = +25°CH =
t FH - L
£ m C_ =50 pF AT
7
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FIGURE 2-6 — TYPICAL GATE POWER
DISSIPATION CHARACTERISTICS

25

Figure 2-7 (a through c) shows the relationship
of the power supply current Ipp into the device
and the ground current Igg out of the device as a
function of the capacitance and transition times.
The waveforms in (a) show the currents Ipp, Iss
and Itc for a rise (t;) and fall (tf) time of 10 us
ata 15 pF load. The lesser magnitude of the current
pulses (first pulse of Ipp) represents the maximum
through-current ITc. of the device at a given
voltage Vpp. The increase in amplitude in the
current pulse (Ipp when Vg,¢ goes positive or
Igs when Vgt 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).

Vpo ™) -

Vout L 1
\.

Iss 05 \ \
(o]

(a) Input t,, tf ~10 us
CL = 15 pF
Vbo
Vout \
Vss
2.5
IpD 1.25(+ f

2.5
!ss 1.25 /‘
0 L
(b) Input t., t¢ ~ 400 ns
C_ =15 pF
Vbb
Vout i
vesl I\ \
5.0

IDD 2.5 st \ : \
0 A, ur. N

5.0 3

Iss zz l\ - \ \

(c) Input t,, t ~40 ns
C_ = 65 pF

FIGURE 2-7 — SWITCHING CURRENT
WAVEFORMS




Oscillograph (b) was made with the same 15 pF
load as (a); however, the input transition times
(ty, 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 | pulse is now almost
entirely directed to the load and the dissipation
P1c and is negligible when compared with the
CV2f dissipation P_. 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 and 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:

o 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

o 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 Vpp,
supplied to the McMOS system. The resistor Rg,
is chosen to supply the peak transient current of
the load current, I, (plus the required zener
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current for maintaining its breakdown) when the
input voltage Vg is at the peak value. This design
philosophy assumes the transient portion of the
load current I will 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:

Vglpeak) — Vz

| =
z{max) 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:

q
c=2
VI
where: g = Ip [{pulse width) (N)] + [(Ig) ()],
and V = Vyener — VDD Min.

The required charge g 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 D1. The second component is the product of
the quiescent current i and the non-conduction
time t. Vpp 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
VpD- The zener diode Dz has a breakdown voltage
greater than the battery voltage and is equal to or
less than the maximum Vpp McMOS device ratings.

D1 s

Rs iz +Voo

e _l ‘ McMOS

“ 151130 v Vs ¢ Aoz System

60 Hz)
%Vss
o
FIGURE 2-8(a) — McMOS UNREGULATED

POWER SUPPLY

Rs 'B‘ }VDD
Rechargeab!e + McMOS
| t
(11;3;ov Battery = 7i’°2 System
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 Rg in this
system supplies the average load current ||_ and also
a battery ‘‘trickle-charge” current Ig. Resistor Rg
is calculated by the equation:

5= Vgmax — Vpattery .
ILavg + Ig (“trickle”)

In the event of a power line failure, the McMOS
system can operate for relatively long time 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 dc 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 Rg is again cal-
culated from the dc supply voltage, the average load
current |, 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 Vpp required for the system operating
speed.

Is¢ Rg "
. —_—
High 2 2
Voltage
DC
Supply McMOS
|
z ‘ DZ I C System
° 1

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
package devices are designed to operate over an
extended temperature range of -40°C << Tp <
+85°C (standard commercialrange isonly 0 <Tp <
+70°C). 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 capability of standard McMOS 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:

Ty=Ta+Ppeyc+écal, (1)



or
Ty=Ta +Pp (63a). (2)
where:

Ty = junction temperature,

Ta = ambient operating temperature,

Pp = calculated power dissipation,
6 yc = thermal resistance, junction to case,
0ca = thermal resistance, case to ambient,
0 A = thermal resistance, junction to ambient.

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, 6 CA.

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

64a — °C/Watt | 03¢0 —
{still Air) | °C/Watt
Worst Worst
Package Description | Case | Typical Case
Plastic Dual-In-Line, 200 135 90
14 lead or 16 lead
(Gold Eutectic
Die Bond)
Ceramic Dual-In-Line,}] 155 100 50
14 or 16 lead
(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.

1000 I I I
S Gold E utectic —
E 800 Die Bond
C =
£5% ~ 1T T
E 5 ¥ 600 N[ Ceramic 14-, 16-Pin-
e s ™~ Package
o
E-‘Di’ 5 400 I~
.P 5= L \‘Q
N
$ 200 Plastic ~
o ~14-, 16-Pin Package
(s} 1 | | | |
25 50 75 100 125

Ta. Ambient Temperature (°C)

FIGURE 2-10 — AMBIENT TEMPERATURE
POWER DERATING

150
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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 6ca.

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-channe! 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.

6 T T T
I Vec=Vpp =5V
CMOS
5 T } ' L
125°C-. -55°C
\
- 4—\ L k‘! l//
= i
2 T H
2 CTTL L osoc
13 Tt
v |
B 1
o I l
2 | [k 125°C
| 1 | _25°
1 rm‘:’;-ss%—
ﬂﬁ
i |
0 < i
2

3 4 5
Vin — Volts

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 2-gate 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 acircuit 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:

L= (T)) =1(Tg) eAT/K,

where |} (Tp) is the leakage current measured at
temperature T, K is the constant of the rate of
increase, and the temperature change is AT =
T —To.

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 (SiOp). 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

FIGURE 2-12 ~NORMALIZED PLOT OF TYPICAL
SINK-CURRENT (Ig), SOURCE-CURRENT (lgy),

THROUGH-CURRENT (iyc), SURFACE MOBILITY

(1s), CHANNEL RESISTANCE (R¢), PROPA-
GATION DELAY TIMES (tpy_, tpH). AND

RISE AND FALL TIMES (¢, t¢) versus
AMBIENT TEMPERATURE (Tp)
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For silicon junctions, || doubles approximately
every 10°C, thus making Kgj = 14°C. A CMOS
device that has 5 x 10'9 ampere leakage at room
temperature (25°C) may be expected to have
5x 1076 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 (i, loH),
switching through-current (I¢), propagation delay
(tpHL. tpLH), and output voltage rise and fall
times (t,, tf).
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device 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 Vj, must be confined to
the range of Vgg <X Vi <X Vpp. The input thres-
holds establish the maximum input LOW signal
voltage V|, and the minimum input HIGH signal
voltage VNH. These thresholds are specified as a
dc noise margin and are defined as the maximum



voltage change from an ideal logical “1"" or 0"
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 Vpp
with a typical value of 45% Vpp.

To illustrate, the ideal ‘0O’ and 1" input levels
are Vgg and Vpp, respectively. Therefore (using
positive logic notation), using the formula Vi =
Vgs + 0.3 Vpp equals the guaranteed minimum
maximum input logic *““0"" threshold level, and
ViH is equal to 0.7 Vpp or the guaranteed maxi-
mum minimum input logic ““1"" level. Typical
values are: V| = Vgg + 0.45 Vpp, and V|y =
0.55Vpp.

The calculations relate that if the input level
Vin is in the range Vgg < Vjn < Vgs + 0.3 Vpp.
the output level Vo is guaranteed not to have
changed state and win be within the range of 0.7
Vpp < Vo < Vpp for inverting functions, or
within the range of Vgg <V < Vgg + 0.3 Vpp
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 lj,, 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 Vpp and Vgg 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 Vgg
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 NAND inputs be connected to Vpp and
unused NOR inputs be connected to Vgg. 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 usec 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 gate oxide gegions.
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 McMQOS 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 dc power supplies are
turned-off.

e All unused device inputs should be connected to

Vpp or Vgs.

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 Vpp. 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 Contactto Vpp
30 Voit Breakdown
Input

J
X\ N Substrate \

\
100 V Breakdown \

Same as P-Tub
Diffusion

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

VpD
N+

P—
}—O Qutput
Vgs (}—5

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 Vpp and Vgg, 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 Rg, whose typical value is 1.5 k
ohms, and diodes D1 and D2, which clamp the
input voltages between the power supply pins Vpp
and Vgg. Diode D3 is a useful distributed parasitic
structure resulting from the diffusion fabrication
of Rg.

In addition to circuit isolation, the series re-
sistor Rg 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 Vgg (Vpp — 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
Vpp when Vgg is left open. Both diodes limit the
applied voltages to well within the critical break-
down potentials of the gate dielectric.

Vss

Gate Input
(o]
L
1 l_ I'l1
P+ ' N+ @ AAN P+
P+ Dz _Rs
P- D1 o P- -\
-D3- }
N-Substrate

FIGURE 2-14(a) — PHYSICAL DIAGRAM,

DIODE-RESISTOR INPUT PROTECTION
METHOD

Added Protection Circuitry At
Each External Input lead

Notes:
Rg = 1.5 k{2 Nominal

Avalanche Voltages:

BvVD1=30V
BVD2 =30V
BVD3 =80V

BvVD4 =120V

FIGURE 2-14(b) — 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



to the positive Vpp voltage. The negative portion
of V1 is not limited (the protection diode has not
avalanched) and will go negative with respect to
Vgg by the magnitude of the threshold voltage V.
This effect will cause the time tq to be less than
time ty and will give the output waveform Vg 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 Vpp and Vgg supply voltages. In this
case, times tq and ty 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.

VoD
Vo l l
Vss

Vgg— V-V

VoD -
v2
Vss

Astable Multivibrator

V1 V2 Vo

e

Vbb
V2
Vss

Y th 2

FIGURE 2-15 — WAVEFORM COMPARISON OF INPUT METHODS

Figure 2-16 shows the same astable circuit as
Figure 2-15 with the addition of a compensating
resistor Rg. Besides compensating for input thres-
hold and power supply variation, resistor Rg also
provides isolation from the input protection net-
work. The waveforms illustrate that times tq and t9
are approximately equal and the period T will not
vary (as a function of the type of protection circuit
the input device has).

The inputs to McMOS devices can be driven
with signals outside the range of Vgg to Vpp if a
series resistor is used to limit the current to less
than the 10 mA maximum. However, consideration
must also be given to the increase in rise, fall and
propagation delay times 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.
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FIGURE 2-16 — DIODE-RESISTOR INPUT
METHOD WITH ADDITION OF
COMPENSATING RESISTOR Rg
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INPUT WAVEFORMS

The 10 to 90% maximum clock transition time
for sequential circuits is normally specified in the
5 to 15 usec 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
(t,C) 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.

Datao——
Clocko-

No. 1 e, No. 2
T

t,C g(tpD No.1@ C|_ + thoiq NO.2)

90% -
~—Virigger N©- 2

1 Waveform

' *—:—Vtrigger No. 1
1 |
1 |
I
|

| Data Out
- T tpDNO,1@CL No. 1

|
|
—{ Data Entered No. 2

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

The maximum t,C transition time due to skew
effects could be in the 100 nsec range for the
worst case situation of high speed devices having
maximum allowed 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.

Several of the McMOS counter and shift register
designs incorporate input circuitry havinga Schmitt
trigger type hysteresis which also eliminates the
requirement of a maximum input rise time specifi-
cation. These counters are very useful 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 Vgg 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 white 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 systemsrequiring 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
voitage (Vpg) is equal to the gate-to-source voltage
(Vgg) minus the device threshold voltage (V).

VGsg
i)
- f«—VDs = Vgs — VT
€
2
5 \%
3 GS
3 4
j=d
K
o VG33
Vas,
0 VGS1
0

Drain-To-Source Voltage, |Vpgl

FIGURE 2-18 — OUTPUT DRAIN
CHARACTERISTICS



In 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:

Ip=2K(Vgs — V1) Vps — K VDsz,

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

In the saturated region, the MOSFET 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:

Ip=K(Vgs — VT)2,

The maximum drain current I is almost propor-
tional to the square of the gate-to-source voltage
VGs. In Motorola McMOS logic, the gate-to-source
wvoltage is limited to the power supply voltage
(VDD — Vsgg). 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
259C, 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.

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 limited 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
V@Gs and exits from the saturated region (Vpg =
Vpp) to the non-saturated region (Vpg = 0). This
means that initially the voltage across the capacitor
changes in a linear fashion due to the constant
current Ip(sat). As the drain-to-source voltage Vpg
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 Vpp or Vgg, respectively.

dv
Since the capacitance E is a function of drain

current Ip, 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 maximum 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.

(VoL — Vss). Sink Device Voltage (Vdc)

Curve (a) N-Channel

FIGURE 2-19
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The outputs of a McMOS device consist of a
complementary pair, one device for sourcing current
and another for sinking current. The outputs of a
McMOS device cannot be connectedin 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-in”’ 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 TECHNIQUES

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 logicelements, since McMOS 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 0" 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 I 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 V| input level.

Low-power TTL (LTTL) 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 LTTL
load over the full military temperature range. How-
ever, in most cases, two LTTL 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 LTTL 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 0" 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 Vg level of 0.4 volts is
more than capable of driving a McMOS device
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input to a logical ‘0" level. The major area of
concern is the logic 1" state. The Vop level of
TTL/DTL devices is generally specified at 2.4 volts
while sourcing 400 uA. This is an absolute worst
case bipolar specification and since McMOS inputs
only require about 10 picoamperes drive current,
the typical Von level of a bipolar active pull-up
output driving McMOS would be equal to approxi-
mately two P-N junction voltage drops below V¢,
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 Vg as
shown in Figure 2-20. Resistor values of 2 k ohms
for TTL/DTL (or 3 k ohms for LTTL) provide

satisfactory pull-up and very satisfactory input rise
times to the McMOS 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 dc
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 McMOQOS restricts the
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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 Vpp
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 15 volt logic levels.

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 MHTL generic 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 (ie., VoH = 13.5voltsand Vo = 1.5 volts
for the high and low levels, respectively). Since the
MHTL gate responds only to signals that exceed the
input logic levels (V4 = 8.5 volts and Vy_= 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 MHTL input represents a load
current (Ig) of approximately 1.2 milliamperes.
The McMOS output voltage(Vg ) 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

McMOS TO TTL/DTL

MHTL to McMOS

{15 V to 5 V)

FIGURE 2-21 — INTERFACING CONDITIONS
BETWEEN SYSTEMS AT DIFFERENT
VOLTAGES
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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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(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 ohmsto 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 Vo 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

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

Because McMOQOS 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.

Pulse Shaping

Signal Signal Output
Conditioning Processing Interface
MHTL McMOS MHTL

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 voltagesis 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 -Vgg; Vgs
can be any voltage within the range of the McMOS
device (18 V maximum). The McMOS output
directly drives the MECL 10,000 input. f Vgg 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 (Vgg).

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

pulls the McMOS input to within 800 or 900 mV
of ground. If Vgg = -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 Vgg, 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 Vgg = 0 V,

| 1108
-1.475 =
linH = 265 LA

—

L

I

MC10102

MC10102

-Vss
(b)

X

-0.9 V~| -1.56 V

5.2V
MPS6516

Qut

MECL

-3.64 V =
MC14001

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 (Vg + Vdjode!- The low output
level of —1.7 V typical turns on the transistor and

2-19

Vpp = =13 V and Vg = —27 V. Corresponding
low threshold supplies are Vgg = +6 V, Vpp =
—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 Vgg to Vpp when
driving the high input impedance McMOS logic
function.

The wide supply range of McMOS and the high



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
PMQOS interface.

Another technology commonly used in many
logic systems today are N-channel MOS (NMOS)
devices. NMOS like 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-

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-
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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
Vpp at a positive voltage and Vgg 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 STRL and illustrated in Figure 2-26. This
STRL gate basically consists of a Schottky transistor
and four resistors. Interfacing between McMOS and

R1 R4

R2
fo U

) D
oO—

FIGURE 226 — A BASIC STRL GATE



STRL gate arrays is shown in Figure 2-27. As
shown, the entire system operates with a +5.0 volt
supply . While the STRL input levels are exactly like
TTL, the STRL family exhibits a much lower sink-
ingrequirement lj|. 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. STRL 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 Voy level will be
approximately 4.2 volts rather than the specified
2.4 volts at an |gy of 300 nwA. The worst case
noise margins for the STRL to McMOS interface
are therefore 0.7 and 1.0 volts, high and low
state, respectively.

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 145 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 Rg is dependent upon the
value of the McMOS Vpp operating voltage. If the
supply Vpp is 5 volts, the Rg 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 Vpp voltage of 10 volts is marginal
for operation when Rg = 0 ohms, since the sat-

oo MeMOS to STRL +5.0 STRL to McMOS ~ +5.0
| Vvdc Interface Vdc
45V I 20V 4.2V | 3.5V
03V l 08V STRL 0.5V | 1.5V
= Gate
liny = 100 pA Array I
McMOS l linh = 120 pA I McMOS
I |
FIGURE 2-27 — McMOS — STRL LSI SYSTEMS
INTERFACE
STRL gate arrays are also available with open
collector outputs. When using these devices it is Vpbp Vee
necessary to use an external pull-up resistor and a
suitable value would be approximately 3 to 4 k
ohms. Another of the LS| gate arrays uses low Re
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 McMOS Rg
with McMOS logic in the same manner as LTTL. Div.lce
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 McMQOS
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 (Vpg) are
allowed across the N- or P-channel devices.

2-21

FIGURE 2-28 — McMOS TO DISCRETE
INTERFACE

urated P-channel current in this case (approximately
9 milliamperes), is very close to the allowed 10 mA
device limit. Therefore, in this application a value
of 500 ohms is recommended for resistor Rg. At
15 volts, it is necessary to use a value of approxi-
mately 1 k ohm for resistor Rg 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



drain characteristic curves should be consulted to
select the proper values of current limiting resistors.
Obviously, the choice of pull-up resistor R¢ and
the transistor are based upon the required drive
current level and the hgg versus | 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 LTTL 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 R¢.

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
2N 6055 power Darlington, requires a base current
of 16 milliamperes for a Vg saturation of 2 volts;
to supply this current, the McMOS MC14049 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 Vpp 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 Rg can be
calculated by the equation:

_ VDD —VDs— VBE(sat) — Vdiode

J:]
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

Rg-

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 SCRs 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.

1/6 MC14049
McMOS Driver

100

——
RBl

LOAD

o
Vpp = 10 Vdc

MR751 or
MR 1120

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

INTERFACET INTERFACEZ INTERFACE
NOISE MARGIN LOGIC LEVELS MAXIMUM
INTERFACE B o “r Q" FAN-QUT REMARKS
1.5V 1.5V 3.5V 1.5V >50 5-volt system.
MeMOS-MeMOS 345y [ 30v | 70v |30V >50 | 10-volt system.
45V 4.5V 10.5 V 4.5V >50 15-volt system.
McMOS-MHTL 5.0V 50V 8.5V 6.5V 1
3.0V 3.0V >50 Active pull-up MHTL
MHTL-McMOS 105 Vv 45V
4.0V 40V >50 Passive pull-up MHTL with 2k to 5 k
ohm puli-up resistor
Two-input McMOS NOR gates driven
in parallel will drive two LTTL
loads; .
MeMOSLTTL | 25V | 04V | 20V | 07V ! Four-input McMOS NOR gates driven
in parallel will drive four LTTL
loads.
3k ohm pull-up resistor. Fan-out
LTTL-McMOS 1.1V 1.2V 3.5V 1.5V |See Remarks determined by dynamic
requirements.
McMOS-TTL/DTL 25V 0.4V 20V o8v 2 Buffers only.
2-k pull-up resistor for TTL or open-
collector DTL. Fan-out deter-
TTL/DTL-McMOS 1.1V 1.1V 3.5V 1.5V |[See Remarks mined by dynamic requirements.
3ov | a0v | 30v |90V >s0 |Hign Threshold PMOS (Vss-Vpp) =
McMOS-MOS n aem
25v | 60V | 25V |+10v| >so Lo Threshold PMOS (VssVpp) =
39V 39V 35V 1.5V >50 High Threshold (Vgg-Vpp) = 13 V
MOS-McMOS
3.0V 3.0V 20V 2.0V >50 Low Threshold (Vgg-Vpp) = 10V
Vpp = Ground
McMOS-MECL 0.225 V| 4.325 V| -1.105 V|-1.425 V, 2 .
Vgg = 5.2V
. VDD = Ground R
MECL-McMOS 0.66V*| 1.56 V -1.56 V |-3.64V >50 _ Typical
Vgg = 5.2V
McMOS-STRL 25V 0.5V 20V 08V 2
Fan-out determined by dynamic
STRL-McMOS 0.7 V 1.0V 3.5V 1.5V [See Remarks requirements.

Tinterface Noise Margin
— For 1" column-difference between output high level of one device and input high level of next,
— For "“0" column-difference between output low level of one device and input low level of next.

finterface 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 (tp| H, tpHL. respectively). In ad-
dition, the McMOS devices also have equal rise and
fall times (t,, 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=KgC + Kj.

The formula constants are different for t, tf and
the propagation delay tpy [ = tpH|_. Both Kg and
K1 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 t; and tf when driving
edge-triggered devices, and also to the propagation
delays when operating totally synchronous systems.

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

VOLTAGE EFFECTS

The constants, Kg 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%/°C for temperatures in-
creasing above 25°C.

200 1
o —Tnir= 2‘15°C ;_// 5 Vde =2
Z 160f Rise Time 10 Vdo gt
= = | = = = Fall Time ’,’ //
e § 120 " fad >f15 Vdc |
o8 /- At
32 80 e ///:fk"/‘—
T3 L1 il W
3:'V 40 e e { 10 Vdc—|
& e ol 15 Vdc

0 L |

0 20 60 80 100

C(. 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



THREE-STATE LOGIC AND ANALOG

SWITCHING CONSIDERATIONS

In many system applications, the wire-ORing
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-
ORing 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
“0"" (N-channel transistor ON), a current path exists
from Vpp internally through gate A to the output,
and also into the output of gate B, and finally to
Vgs. 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

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 ““0’' 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 0" 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
isdefined by a three-state leakage current measured
with respect to either voltage supply bus.

(Vpp — Vss)-
Vbp
ﬂ P |
'—_T “ON” BUS
Gate A —o0O Gate B
'..—-
4N
—e
(o]
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

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 (Vgg) of
the N-channel device, and negative with respect to
the substrate (Vpp) of the P-channel device. The
gate is enabled when the gate (G1) of the P-channel
device is at Vgg and the gate (G2) of the N-channel
device is at Vpp. When G2 is at Vgg and G1is at
VpD. the transmission gate is disabled and a resist-
ance greater than 102 ohms exists between input
and output.

FIGURE 2-34 — BASIC McMOS
TRANSMISSION GATE
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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 Vpp and Vgg
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 MOSFETSs are connected
as a standard CMOS inverter. In series with the

inverter are an additional P-channel device to Vpp

and an N-channel device to Vgg. By usinga second
inverter to provide the two phase signals from an
input disable signal, both P- and N-channel series
MOSFET 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 QUTPUTS
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INTERNAL LOGIC TRANSMISSION GATES
The transmission gate is a valuable tool used for
accomplishing many CMOS technology MSI and
LSt 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 ‘0", 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
toa logic 1", TG2and 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 froma “0"" toa “‘1".
With TG3 ON, the logic state of the Master section
(output of gate G1) is fed through an inverter to

the Q output and G3 through an inverter and
finally to the Q output. When the clock returns to
a 0", 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 ‘0" 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 Q. 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.

Master : Slave
|
Set O— T
|
| Q
CcL ;
TG1 { _
Q
Data
cL G4
cL
|a<l TG4
cL
Reset O—
Clock

FIGURE 2-36 — McMOS TYPE D FLIP-FLOP

228




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
(Vpp — Vss), and the load on the output. Rop 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 Ropn versus Vip
curves of the basic transmission gate in Figure
2-34. When Vjp is at or near Vpp, 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 Vi, is at or near Vgg, 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 RQp 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 Vj, is greater for input
voltages between Vgg and the “‘peaking voltage”
than for input voltages greater than the ‘‘peaking
voltage”.

2000
1500 l Modified
Basic 1 Transmission
g Tran|smission FV GG,iti\,
< , o
S 10002 rss=f "/
s N-Channel ,\/’ N /vl
4 Resistance L/ >(
Io & -1
500 N
/,‘f___ e
ot Composite P
o P-Channel Resistance
1 1 1
-6.0 -4.0 -2.0 ] 2.0 4.0 6.0
Vin (Volts)

FIGURE 2-37 — McMOS TRANSMISSION GATES

RN versus Vi,

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 Rop versus Vip
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 (Vpp — Vss)
voltages and decrease as the power supply voltage
is increased to the maximum value. With a 10 volt
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FIGURE 2-38 — MODIFIED McMOS
TRANSMISSION GATE

supply, the change in Ry will typically vary less
than +15% from the nominal resistance — over the
specified range of input voltages (Vgg < Vip <
Vpp). The change in Rgp 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 Vpp =
+5 volts and Vgg = -5 volts, the input analog signal
will swing from -Vjq to +Vgig, where Vg is the
peak amplitude of the analog signal with reference
to ground. Note that the Vsig component must be
restricted to the range of Vgg < Vg < Vpp. 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
VpD = *5, Vgs = -5, Rjpgad = 10 k ohms and a
Vin swing of 5 volts (1.77 VRms) 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

RL
R + RoNn *+ 4 RON.
illustrates this relationship.

Insertion loss is also a measure of the magni-
tude of the Rop value. This parameter is measured
using an input frequency of 1 MHz and various
loads Ry . The insertion loss in dB = 20 log1g
(Vout / Vin). At low values of R (i.e.,, <10 k

RL Vin
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

relationship. The equation,

ohms), Vour = . This equation is valid



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 10g 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 (Vpp and Vgg, respectively), disabling the
transmission gate, applying a signal input forced to
Vpp or Vgs (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
nanoamperes 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 transmission gate
including the gate ON/OFF impedances and asso-
ciated capacitances are shown in Figure 2-39. The
definitions of the circuit elements are:

Ccsy o — control to switch capacitance
in — control input capacitance

Cios — switch feedthrough capacitance

Cis — switch input capacitance

Cos  — switch output capacitance

0331'2 — switch to switch capacitance

Rp — leakage impedance

ROFF — gate OFF resistance

RoON  — 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 Cgg
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 C)og 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 OFF switch
with a sine wave oscillator and increase the
frequency untii the feedthrough reaches a predeter-
mined value (such as -50 dB) and record the
driving frequency.

The capacitance C|Qg 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 = 20log1g (Vout * Vin),
ZL

where Vot = Vip * ﬁ

Control
Input

FIGURE 2-39 — AC MODEL OF
SIMPLE TRANSMISSION GATE
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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 Zy = load impedance,
and Zf = feedthrough impedance.

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

The output capacitance CQg 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
1-707 Ron +RL

Xc=

The output capacitance is typically 5 pF and
with a 1 k ohm load, the bandwidth is greater than
50 MHz. As the load Ry increases in impedance
the bandwidth decreases. With loads greater than
RL
N+ RL
in the relationship of X¢ to RgN-

100 k ohms, the value of R approaches 1

The switch input capacitance C)g is typically 5
pF as was the output capacitance Cpg. 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 Vpp — Vgg 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 dc 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:

oo,

I
In the equation, the component Igp is the active
logic 1" or 0" output level of drive current
available to supply the Iy output leakage current
of disabled or three-state devices connected to the
line. The component I|_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, dc 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, Igp min
=-0.28 mA, I_ = 100 nA and Iy = 3.0 pA. With
such large values, fan-out is normally determined
from switching performance requirements such as
load capacitance and the required operating speed.

N 1.

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 = KgC|_ + K1, where Kg and K1 are constants



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 Cp. 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/Q'y, tHQ", t"*1'H and tH 1.
For the definition and test procedure used for
determining these parameters refer to Chapter 5

entitled Family Data in this book.

The capacitive load effect on the delay times
follows the same relationship (t = KgCp + Kq)
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 (ty#q or ty=g’), the maximum
rise/fall time (t; 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.

Channel (n-1) ~
Enable R
Channel (n) [ \
Enable Z Kso%
Enable |
Puise Width
Channel (n + 1) o /
Enable 50/"7
tgry teq oy
— tqeeq i 0 [~
tr [— —_—] b |—
Bus "
Line 50% FQOA //
Signal 10% A 10%
|
tsetup——-— e la—tho |d—=
Receiver Logic 50% z & 50%
Data Strobe 7 R
Minimum Minimum
~=— Enable to —> Strobe [~—
Strobe Dela Pulse
M width

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

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 POWER DISSIPATION
and the bus will be capacitive. The McMOS inputs Power dissipation in three-state bus systems is a
of the bus receiver logic are also capacitive and will function of the load capacitance, input transition
require very little drive current. In the totally times, frequency, and power supply voltage, similar
disabled mode, high impedance bus lines make the to the relationship found with any standard
receiver inputs very susceptable to both noise and CMOS device. Refer to the section entitled Power
oscillation, similar to open McMOS inputs. This Supply Considerations for power dissipation in-
situation can cause higher than normal receiver formation.
power dissipation and possible input destruction. Shorted bus lines may sometimes occur in a
An obvious solution is to use pull-up/puli-down system. With the exception of CMOS drivers,
resistors on the bus lines. These resistors will have standard device outputs (when operating at 5 volts)
an associated rise time or fall time constant in will not cause serious device damage. At higher
relation to the total bus capacitance. This rise or voltages, excessive currents (design limits are
fall time could present a problem; however, the use 10 mA per output pin) will be realized if the
of resistors also limits the drive capability of the outputs are shorted to Vpp or Vgs. For this
drivers when they are enabled. important reason, the system designer must exer-
An ideal solution is shown in Figure 241. In cise care when using bus systems with lines
this application, the MC14016 Quad Analog vulnerable to shorts. Such systems should be
Switch is used to dynamically pull-up or pull-down carefully staged prior to the initial power-up. One
(depending on desired logic state) the bus lines method would be to use a variable power supply
when all of the driving devices are disabled. The and apply power slowly during the staging phase.

Disable (n-1) O I )

Disable (n) O

Vpp = Pull-up

° ° Vgg = Pull-down
| 1 |
1/2 172 oor
MC14508 MC 14508 % lMC1|4016.
! [} ]
: i i
TBh::el;iSr:::e 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 notes that feature theoretical and practical

descriptions of McMOS device usage. Included also
is a listing of articles containing design information
using CMQS 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. O. Box 20912
Phoenix, Arizona 85036

0000000000000 00000000000000000000000000000000000000000600000000000000000000000

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 doa
great deal to optimize a system design.

AN-703 DESIGNING DIGITALLY-
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 dc.
The interface devices vary from small signal tran-
sistors to power transistors and thyristors using
direct coupling/level translation and optoelectronic
coupling techniques.



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 2% 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

details the construction of a heart-rate monitor
giving a digital indication, beat-by-beat.

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.

AN-715



McMOS PART NUMBER TO APPLICATION NOTE CROSS REFERENCE

Motorola
Part Number

Functional Description

Application Note
AN Number

MC14000
MC14001
MC14002
MC14007
MC 14008
MC 14009
MC14010
MC14011
MC14012
MC14013
MC14015
MC14016
MC14017
MC14022
MC14027
MC14034
MCM 14505
MC14506
MC 14507
MC14508
MC14511
MC14512
MC14517
MC14518
MC14519
MC14522

MC14534
MC14580
MC14583

General Family Information
Dual 3-tnput NOR

Quad 2-Input NOR

Dual 4-Input NOR

Dual Pair and Inverter

Four-Bit Full Adder

Hex Inverter/Buffer

Hex Buffer

Quad 2-Input NAND

Dual 4-Input NAND

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.O.I.

Quad Exclusive OR

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 AND/OR Select

Programmable BCD Divide-by-N
4-Bit Counter

5 Decade Counter
4 x 4 Multiport Register

Dual Schmitt Trigger

35

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

715
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I.—kv.,[l@ Dm @g INTEGRATED CIRCUITS MGM@ S

MC14000 and MC14500 Series Complementary MOS

L SUFFIX P SUFFIX
CERAMIC PACKAGE L SUFFIX PLASTIC PACKAGE
CASE 620 CERAMIC PACKAGE CASE 646
CASE 632
P SUFFIX L SUFFIX
PLASTIC PACKAGE CERAMIC PACKAGE
CASE 648 CASE 684
FUNCTION AND CHARACTERISTICS
Quiescent Power
Dissipation
Tvee oW tye/pkg Pro tion
Vpp=18Vde | Vpp =16 Vde Series Dolay Page
Function -55 to +125°C -40 to +85°C AL cL/cP ns typ Case No.
Dual 3-Input NOR Gate/Inverter MC14000AL MC14000CL/CP 10 50 25 632,646 7-3
Quad 2-Input NOR Gate MC14001AL MC14001CL/CP 10 50 25 632,646 7-7
Dual 4-Input NOR Gate MC14002AL MC14002CL/CP 10 50 25 632,646 7-10
18-Bit Static Shift Register MC14006AL MC14006CL/CP 50 200 80 632,646 7-14
Dual Complementary Pair Plus Inverter MC14007AL MC14007CL/CP 10 50 15 632,646 7-18
4-Bit Full Adder MC14008AL MC14008CL/CP 1000 1000 170 620,648 7-22
Hex Inverter/Buffer MC14009AL MC14009CL/CP 100 500 9.0 620,648 7-28
Hex Noninverting Buffer MC14010AL MC14010CL/CP 100 500 20 620,648 7-28
Quad 2-Input NAND Gate MC14011AL MC14011CL/CP 10 50 25 632,646 7-33
Dual 4-Input NAND Gate MC14012AL MC14012CL/CP 10 50 25 632,646 7-36
Dual Type D Flip-Flop MC14013AL MC14013CL/CP 100 100 40 632,646 7-39
Dual 4-Bit Static Shift Register MC14015AL MC14015CL/CP 10 uW 10 uW 125 620,648 7-43
Quad Analog Switch/Quad Multiplexer MC14016AL MC14016CL/CP 200 200 7.0 632,646 7-50
Decade Counter/Divider MC14017AL MC14017CL/CP 5.0 uW 10 uW 200 620,648 7-56
14-Bit Binary Counter MC14020AL MC14020CL/CP 200 200 140 620,648 7-60
8-Bit Static Shift Register MC14021AL MC14021CL/CP 5000 5000 100 620,648 7-63
Octal Counter/Divider MC10422AL MC14022CL/CP 5.0 uw 10 uW 200 620,648 7-66
Triple 3-input NAND Gate MC14023AL MC14023CL/CP 10 50 25 632,646 7-70
Seven-Stage Ripple Counter MC14024AL MC14024CL/CP 10 10 120 632,646 7-73
Triple 3-Input NOR Gate MC14025A L MC14025CL/CP 10 50 25 632,646 7-77
Dual J-K Flip-Flop MC14027AL MC14027CL/CP 50 200 75 620,648 7-81
BCD-To-Decimal Decoder/ MC14028AL MC14028CL/CP 10 10 57 620,648 7-86
Binary-To-Octal Decoder
Triple Serial Adder (Positive Logic) MC14032AL MC14032CL/CP 1000 1000 90 620,648 7-90
8-Bit Universal Bus Register MC14034AL MC14034CL 5000 5000 175 684 7-94
4-Bit Parallal-In/Parallel-Out Shift Register MC14035AL MC14035CL/CP 100 100 100 620,648 7-99
Triple Serial Adder (Negative Logic) MC14038AL MC14038CL/CP 1000 1000 90 620,648 7-90
12-Bit Binary Counter MC14040AL MC14040CL/CP 200 200 140 620,648 |7.103
Quad Latch MC14042AL MC14042CL/CP 50 500 40 620,648 |7-107
Hex nverter/Buffer MC14049AL MC14049CL/CP 100 500 18 620,648 |7-110
Hex Buffer MC14050AL MC14050CL/CP 100 500 18 620,648 |7-110

(continued)
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WS inTeGrATED cirRCUITS

FUNCTION AND CHARACTERISTICS (continued)

Quiescent Power

Dissipation
Type nW typ/pkg
" Propagation
Vpp=18Vdec | Vpp=16Vde Series Delay Page
Function -55 to +125°C -40 to +85°C AL CL/CP ns typ Case No.

Triple Gate

(Dual 4 Input NAND Gate and 2 Input MC14501AL MC14501CL/CP 10 50 25 620,648 |7-114

NOR/OR Gate or 8 Input AND/NAND Gate)
Strobed Hex Inverter/Buffer MC14502AL MC14502CL/CP 250 2500 20 620,648 | 7-120
Dual Expandable AND-ORINVERT Gate MC14506A L 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 MC14510CL/CP 1000 1000 100 620,648 | 7-140
BCD To Seven Segment Latch/Decoder/Driver 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 Line 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 MC14516CL/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
24 State Frequency Divider MC14521AL MC14521CL/CP 400 400 1700 620,648 [7-178
Programmable Divide By-N- 4.Bit Counter (BCD) | MC14522AL MC14522CL/CP 1000 1000 100 620,648 |7-183
Programmable Divide By-N- 4-8it Counter (Binary) | MC14526AL MC14526CL/CP 1000 1000 100 620,648 |7-183
BCD Rate Multiplier MC14527AL MC14527CL/CP 1000 1000 70 620,648 | 7.190
Dual Retriggerable/Resettable MC14528AL MC14528CL/CP 50 50 80 620,648 | 7-196

Monostable Multivibrator
Dual 4 Channel Analog Data Selector MC14529AL MC14529CL/CP 250 250 - 620,648 | 7-200
Dual 5 Input Majority 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 50 50 80 620,648 |7-208
Dual 4 Channel Data Selector/Multiplexer MC14539AL MC14539CL/CP 100 100 75 620,648 [7-214
BCD To Seven Segment Latch/Decoder/Driver MC14543AL MC14543CL/CP 100 100 220 620,648 [7-218
Successive Approximation Register MC14549AL MC14549CL/CP | 500 uW | 500 uW 180 620,648 |7-222
2 x 2 Bit Parallel Binary Multiplier MC14554A L MC14554CL/CP 100 100 80 620,648 | 7-227
Dual Binary to 1 of 4 Decoder/Demuitiplexer MC14555AL MC14555CL/CP 100 100 80 620,648 |[7-232
Dual Binary t0 1 of 4 Decoder/ MC14556AL MC14556CL/CP 100 100 90 620,648 |7-232

Demultiplexer (Inverting)
Successive Approximation Register MC14559AL MC14559CL/CP | 500 uW | 500 uW 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 MC14585A L MC14585CL/CP 100 100 150 620,648 |7-253
64.Bit Random Access Read Write Memory MCM14505AL | MCM14505CL 300 300 |ReadCvele=150) ., 7257

Write Cycle = 200

1024-8it Read Only Memory MCM14524AL MCM14524CL 31 31 180 620 7265
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WMeMOS Losic biacrRAMS

MC14000
Dual 3-Input NOR Gate plus inverter

MC14001
Quad 2-input NOR Gate

MC14002
Dual 4-Input NOR Gate

1 2
3 3
a 6 2 3
5 1
11 6 5
9
13 . 10 13
1
11
3=1%2 1-2+3+475
Vpp =Pin 14 6=3+4+5 Vpp =Pin 14 Vpp = Pin 14
Vgs = Pin 7 9-=8 Vgg = Pin 7 Vgs = Pin 7
MC14007 MC14011 MC14012
Dual Complementary Pair Plus Quad 2-Input NAND Gate Dual 4-Input NAND Gate
Inverter
14 13 2 1 11 2
Q Q 1
RENLLEN A - o P
== - - :
4
6 p— _ 6 5
12 8 °
[ ‘ 10
oy 9::1:::)F_ 10 13
- 1] = .
1
$ $ 3 12
3 9

2

10

Vpp = Pin 14
Vgg = Pin 7

w
|
.

N

Vpp = Pin 14
Vgg = Pin 7

1 230485

Vpp = Pin 14
Vgg = Pin 7

MC14023
Triple 3-input NAND Gate

1
e
8
3
2
5

1

12 E}E{:::*H—1O

13

9-1¢2.38

Vpp = Pin 14
Vgg = Pin 7

MC14025
Triple 3-Input NOR Gate

QO H W N -~
o ()

o}

O~ o0 N

9=1+2+8

VDD = Pin 14
Vss = pin 7

MC14501
Triple Gate

Use Dotted Connection Externally to
Obtain 8-Input Functions.

1

2

3

a4

1 8-lnput
14 AND

1
15 8-input

NAND

10

Note: Pin 14 must not be used
as an input to the inverter.
Vpp=Pin 16
Vgg=Pin8
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—GATES (continued)

MC14506 MC14507
Dual Expandable AND-OR-INVERT Gate Quad Exclusive OR Gate
Ap 1
Ba 2 ,
ca 3 15 Za Z:D— 3
DA 4 5
EA S o= 6 ﬂ N
Vpp = Pin 16 8
Lo >° Vgg = Pin 8 gmm
14 o 3State 2 1
Output Disable 13
Eg 13 0 7 Zg 3-1@2
Dg 12

cg 11 Vpp = Pin 14

BB 10 e VSS =Pin7
Z-(AB+CD+ E+ 1)
Ag 9
MC14530 MC14570
Dual 5-Input Majority Quad 2-Input OR Gate

Logic Gate

T o—
3
2
5
o
* Z2=Mg Ow=(ABC+ABD+ABE+ACD+ s
ACE+ADE+BCD+BCE+ 8
BDE+CDE)O W o 10
90—‘ Ag 12
100—Bg 13:[>—11
10—
12 3=1+2
13 00—
Vpp = Pin 14
Vgg = Pin 7
14
Wg

*Mg is a logical ‘*1" if any three or more
inputs are logical 1.

® = Exclusive NOR = Exclusive OR

Vpp = Pin 16
Vgg = Pin 8
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—BUFFERS

Dual Type D Flip-Flop

3-State
Output Disable

Inhibit 12 O—4¢ 6 l
—O5 Q1
D1 30— S
+—O07 Q2
D2 60—

R
1

D4 100—:51_09 ot s-———]
s

o S —

Vbp = Pin 16 10__]
Vss “Fin 8 Vpp = Pin 14
Vgg = Pin 7

MC14009 MC14010 MC14049 MC14050
Hex Inverter/Buffer Hex Buffer Hex Inverter/Buffer Hex Buffer
3 ——Do—— 2 3 _{>___ 2 3 —{>o— 2 3 _—D_ >
5 —Do— 4 5 + a 5 —{>o— 4 s 4{ >4
7 —-Do— 6 7 + 6 7 ——% 6 7 __{>__ 6
9—«{>o—10 9+10 9——{>0——10 9__{>‘10
11—{>o—12 11 _ ‘> 12 11—Do—12 11 _{> 12
14——{>o————15 14+15 14—Do—15 14—‘{>—15
Vpp =Pin 16 Vpp = Pin 16 NC =Pin 16 NC = Pin 16
Vss = Pin 8 Vgs = Pin 8 Vss = Pin 8 Vgs =Pin 8
Vee = Pin 1 Vee = Pin Vee = Pin 1 Vee =Pin 1
mc1as02 —FLIP-FLOPS
Strobed Hex Inverter/Buffer
MC14013 MC14027

Dual J-K Flip-Flop

6 —J QF—1
3—ic
5 —K QpP—2

10 —J Qp—15
13—C
11— K Qf—14

Vpp = Pin 16
Vgs = Pin 8
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— SHIFT REGISTERS

MC14006 MC14015 MC14021
18-Bit Static Shift Register Dual 4-Bit Static Shift Register 8-Bit Static Shift Register
7 o] Qi 5
a2 a 9 —{P/S
10—cC Q6—2
Q3 3
30—¢c Q4 p—013 7 —{P1
9 C Q4 10
Q8 p—011 R 6— P2
10——Dp,q 5—P3
Qo f—o012 6— J
— —12
40— ops 4 Pa Q7
Qi13p—o010 13-—{P5
50— Pp10 14— P6
Q17—o08 15 D a1 13 15—1P7
60—Dp14 g8 09 Q2 12 1—iP8 Q8—3
Q3 1" 11—{Dg
1 C Q4 2
R
14————J . =Pin 16
Vpp = Pin 14 Vpp = Pin 16 VVDD=P;:8
Vgg = Pin 7 Vgs = Pin8 S
MC14034 MC14035 MC14517
8-Bit Universal Bus Register 4-Bit Parallel-In/Parallel Out Dual 64-Bit Static Shift Register
Shift Register
A1 A2 A3 A4 A5 A6 A7 A8 1 6 2 5
16 17 18 19 20 21 22 23 0 Pro
10 O——Dp1q
PAr e e Qo|—o
11 O— Q16 Q32 Q48 Q64
De2 7 O—Data
90— A Enable
130 P/ 12 O-~—{Dp3 o1 o015 | 4 O—Clock
100—— Dg (Serial Input) 7 O—p/s 3 O—WE‘
10— A/B
14 0— A/S 40— Q2F——014
1560— C (Clock) o—al
3 K 9 O— Data
Q3 ——013
l: l: IR tl; 6 o—1cro 12 0— Cloek
13 O—— we
8 7 6 5 4 3 2 1 2 0—{T/C R Q16 Q32 Q48 Q64
B1 B2 B3 B4 B5 B6 B7 B8 j
5 O— Vpp = Pin 16
Vpp = Pin 24 Vgg =Pin 8
. Vpp = Pin 16
Vgg = Pin 12 oD
ss=Fi . Veg =Pin8 15 10 14 11
MC 14549/MC14559
Successive Approximation Registers Qo0 —o0 4
Q1 —0 3
70— C
Q2 —0 2
Q3 —O0 1
9 O0— SC
Q4 —0 15 Vpp = Pin 16
as o 14 Vgg = Pin 8
10 0—{ FFor -
MR # Q6 —0 13
6 Q7 —0 12
Oo— D
EOC —O 11
#For MC14549 Pin 10 is MR input Sout 0 5
For MC14559 Pin 10is FF input
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—COUNTERS

MC14017
Decade Counter/Divider

MC14020
14-8it Binary Counter

MC14022
Octal Counter/Divider

100—C Q1}—o09
Clock 14 O— Qo —o03 Qal—o7 Clock 14 o] Qob—o 2
Q1 |—o ast—os QlF—o 1
Q2—o0 4 Q6b—o04a Q2t—o 3
Q3t—o 7
Q3—o7 Q7[—06 Clock 13 Qa
Qal—o 10 ast—o013 Enable 13 © o8 o 11
. o
Clock 13 as o1 Q9pH—012 Qs
Enable Q10 14 o s
as 5 Q11 b—o1s Q7—o 10
R o—
a7f—os Q12 o1 sset 13 Cout b—o 12
a8 9 Q13—02
a9 on 11 0—R a1a}l—os
Reset 15 O—] Cout 0 12
Vpp =Pin 16 Vpp = Pin 16 Vpp = Pin 16
Vgg =Pin8 Vgs =Pin8 Vgg =Pin8
MC14024 MC14040 MC14510 — BCD } Up/D c
Seven-Stage Ripple Counter 12-Bit Binary Counter MC14516 — Binary p/Down Counters
100—c Q1}—o09
10— C —a~0 Q2—07
Q1 12 1o e a1l—os
Q2p—o11 Q3—0s6
Q4}—o0s 5 O0—-dCarry In
Q3—09 asl—o3 90—R a2}—o11
Q4—06 Q6—o02 10 O—— Up/Down
Q5}—O05 Q7—o04 15 O—— Clock Q3t—o014
s Qg—013 a0—pq
Q6}—04
Qo—012 120— P2 Qal—o02
20——R —-o0
Q7 3 Q10——014 130 P3
Q11 p—015 30— pa CL,Y 5
11 0—<R Qi2—01 Qut
Vpp = Pin 14
Vgg=Pin7 Vpp = Pin 16 Vpp = Pin 16
Vsg =Pin 8 Vgg=Pin 8

MC14518 — Dual BCD
MC14520 — Dual Binary

} Up Counters

Clock
3 Q1p——o03
: Q2|—o4
2 ¢ Q3}———o05
Enable A Q4}——o0s6
70 J
Cloc; a1 11
Q2p—012
10 ¢ Q3p———o013
Enable Qa 014
R
150 ] Vpp = Pin 16

Vgs = Pin8

MC14522 — BCD }
MC 14526 — Binary

Programmable
Divide-by-N
4-Bit Counters

130—cF  Qil—o7
30— PE

50— Dp; Q2}—009
110— Dpy

140—|pp; Q3}—o015
20— Dpyg

100—{MR aa}—o1
40— Inhibit

60— C ~gr —=012

Vpp = Pin 16
Vgg =Pin8
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F DECODERS/LATCHES

23

MC14028 MC14042 MC 14508
BCD-to-Decimal Decoder Quad Latch Dual 4-Bit Latch
Binary-to-Octal Decoder

50— Clock Qo 2
60— Polarity Qo O 3
Q1 L—(3 10
40— DO a1 09 1— MR Qo 5
2—— ST
Vpp = Pin 16 70— D1 Q20 1 .
i — 3—{Disable Q1 7
Vgg = Pin 8 az—o0 12
130— D2 4 Do
Q301 6—— D1 Qz2t—9
140— D3 a3—o0 15 8 D2
10— D3 Q3 11
Vpp = Pin 16
Vgg = Pin8
13——‘ MR Qo 17
. 3 14 ST
10 A ao 15 Disable Q1 19
Qi 014 16—— DO
3-8it Q2[—02 18— D1 Q2 21
Binary { 130—8 ail—o 15 | Octal 20 D2
8421 | jnpyes Qal—o1 [ 2509 | Decimal 22——03  Q3|—23
BCD Outputs b pecoded
inputs Q506 Outputs
12 0—C QetH—o07
Q7+——04
Qg b—o09 Vpp = Pin 24
" o a0 5 Vgg = Pin 12
MC14511 MC 14514, MC14515
BCD-to-Seven Segment 4-Bit Latch/4-to-16 Line Decoder
Latch/Decoder/Driver
1 = ===
Vpp = Pin 24 Sol—o9 ABCD
Vgg = Pin 12 51—16-01-\565
70—{A al 513 2 S2F—O0ABCD
1o0—8 bl o012 rlglb S3>j—OABEB
20—cC cl—o1 o _IC A 546—0A805
2 - =
6 0—— D dpb—u010 o D1 SS——O5 éBCE
30— LT et—09 0__24 B SG.-_OA ABCE)
40— 8I f 15 i o2 41016 STRFOABCD
—o° Vpp = Pf"' 16 21 DaLatch C Decoder S8+——O0ABCD
50— LE of—014 Vss=Fin8 soPl oABTD
22 D 2 -
o— b4 s10 -110 ABTD
ST s11 '—-013 ABCD
v o s12—O0ABCD
DISPLA s13—o0ABCD
= ':':l"_’ll:'b 7'5“:" S141—0ABCD
L’l ! L - ! S1I5s—0ABCD
o 1 2 3 4 5 6 7 8 9 Inh
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[ DECODERS/LATCHES (continued)

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

MC14555

Dual Binary To 1-of-4
Decoder/Demultiplexer

MC14556
Dual Binary To 1-of-4
Decoder/Demultiplexer

Vpp = Pin 16
Vgg = Pin8

Vpp = Pin 16

Vgg =Pin8

5 O JA a o9 a 2—A Qr——4 2—-TA ao 4
— QlpP——5 ai1——>5
30— 8 bl—o010 f'slb 3 3—18 ~
c c 11 E a2 © —aE Q2 °
2
] —° e‘ IC —9 a3 7 ! B3b—7
40—D d 12 r
6 O— Ph e —013
7 00— BI1 f——015 Vpp-=Pin16
Vgs = Pin8 _
10— LD 9—o014 S 14 A Qo 12 14 A aop—12
1 b a1b—
13 8 Q 1 13 8 a1 1
DISPLAY Q2 10 G2f—10
- ,— 15—QqE 15— E —
nton a2 l_’l l_, l_l 00 a3t—9 asp—o9
Ul 1\cCia - aia
0o 1 2 3 4 5 6 7 8 9
Vpp = Pin 16 Vpp =Pin16
Vgs = Pin8 Vgs = Pin8
MC14512 MC14519 MC14539
8-Channel Data Selector 4-Bit AND/OR Selector Dual 4-Channel Data
Selector/Multiplexer
14 O0—
15 Disable z|——014 20 -] 2z 07
10 O—— Inhibit 10 ST
9 A zo0}—o010
11 0—A 60O X0
140—g
120—8B 50 X1
6 O—— X0
130—C 4 X2
7 Yo z1b—o 11
10— X0 30 X3
4 X1
20— X1
50—Y1
30— X2 X2
20— —-1
40— X3 v z2 2 L |
50— x4 30— 8 WH—o9
6 O—— X5 180 x3 15 O———f ST
;0—1x6 10— Y3 23013 10 0——— Y0
60— x7 11 00— Y1
12— Y2

130——— VY3

Vpp = Pin 16
Vgg =Pin 8




WeWOS Losic piacrams

—ARITHMETIC FUNCTIONS

MC14008 MC 14032 — Positive Logic } Tri
; riple Full Adders
4.8it Full Adder MC14038 — Negative Logic P
High-Speed
- 5 o— ]
r Parallel Carry 14 Cout A110
8111 00—
Adder 1 —09 S1
Invert 1 7 O0———
B4 15 O Addl —
er
013 sS4
A4 10— 4 —
+ ca A2 130
8212 0
B3 20 Adder Adder 2 —O04 S2
F—~012 Ss3 Invert 2 5 O—
A3 30 3
bes | —
B2 40O
Ad:er 011 s2 A3 15 O
A2 50 8314 O
Adder 3 O 1 S3
fcz Invert 3 20
lock 30
B1 60 Ada Cloc
er | 0510 s1 Carry Reset 6 o—»————l
A1 70 1
Cin 90 * Vpp = Pin 16 Vpp = Pin 16
Vsg =Pin8 Vgg =Pin 8
MC14554 MC 14581 MC 14582
2 x 2-Bit Paralle! Arithmetic Logic Unit Look-Ahead Carry Block
Binary Multiplier
30—m"m————
Function 4 00—
Select
14 0— X0 so—o11 Inputs | 5 O—— 130——{Cjn Cp+x[—012
130— X1 o—g GO
150— Y0 S1—o09 & 3 c
1 0—q +y —o0
10— v1 50 5152 53 G1 Fnry "
120—{KO s2—07 A0 14 0—d G2
20Q Fol—09
100—K1 Fo 5 o——q G3 Cn4zt—o09
20—{MO C1(s3]—06 Word } 23 O-J A1 1010
3 M1 X F1 QOutput 40 dro
s0—M2 col—o4 210942 F2[~O11] Function 2 o—dP1 Flt—o7
190-0 A3 Falo013
o 15 0—Q P2
= Pi 10-d B i -
Voo = Pin 16 A = B0 14 ComPparison 60—dpr3  Gl—o10
Vgg = Pin 8 Word | 220 B1 Output
B |200-q82 covalors gimle
+4 —0 arry .
180~ B3 n Output Vpp = Pin 16
Carry in 70— Cp, Vsg =Pin8
— ”l Look-
Mode go—{mc G[—O17{ Ahead
Control Plo1s5| Corry
Qutputs
Vpp = Pin 24
Vgg = Pin 12
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—MEMORIES

MCM14505
64-Bit Random Access Read-Write Memory
A0 —_—
A1 2
A2 3 64 Word
Address Inputs By
A3 4 1 Bit 10 Data Out
A4 11 Storage
Array
A5 12
DataIn 13
Strobe 5
CE1 6 Contro! 9 R/W
Vpp = Pin 14 CE2 8
Vgg = Pin 7
MCM14524

1024-Bit Read Only Memory

2
Enable o—«Do—Da—
Clock 0—-{>0—T—%

1
15
AO o—-Do—T—Dc
14
A1l O—l )O—T—{ 20—
7 Vpp = Pin 16
A2 O—DO—T% Vss = Pin8
Memory ; Address $— Output 3
A3 9 —l >0 Matrix ! Decod Latch and pP—O© BO
1 (32 x 8) (1 of 8) o Buffer
1
10
Al : . Address — Output a
| (32 x 8) 1 Decoder Latch and p—0 B1
1 10f 32 | ! (1 0f 8) —— Buffer
A5 Addr:ss :
Decoder 1 ; Address p—{ Output 5
12 : (32 x 8) ! Decod Latch and b—o B2
S e 1 e— | BRI | i
1
)
AT g Address L{ output 6
——I >0— (32 x 8) ! Decoder Latch and p—o B3
(10f 8) Buffer
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—SPECIAL FUNCTIONS

Dual Retriggerable/Resettable
Monostable Multivibrator

fode )

>
110 Q
130——?

Rx and Cyx are external components.

Cx Rx
Vbop

VpD
15 14

T1 T2
qQf—010

ol
©

Cp

Vpp = Pin 16
Vgg = Pin 8

MC14016 MC14521 MC14527
Quad Analog Switch 24-Stage Frequency Divider BCD Rate Multiplier
Quad Multiplexer
13
Control 1 O— 2 40_—1
T 0 Out 1 S
In1 0— 9 O—pin1 0ut1-—01 12 O—— Casc Eoutl—o07
Out 2 —O
5 11 O—E;
Control 2 O— 3 Q18 —0 10 Ein
Rate Input 9 O——— Clock
F—0 Out 2 Q19 —o M P c Out—-06
4 6 0—{In2 Q200 12 10 0—sT
In2 o0—
Q21 [—0 13 140—A
6 OutL__os
Control 3 O— o Q22 0 14 50—8
d0out3 Q23 }—0 15 Multiptier 2 c
8 2 O—R Q24 1
In3 0— 30— D 9" —o01
Clear
Control 4
10 13
- —OOut4
Ina Vpp = Pin 16
Vgg =Pin8
Vpp = Pin 14 Vpp = Pin 16
Vgg = Pin 7 Vgg = Pin 8
MC14528 MC14529

Dual 4-Channel Analog Data Selector
or
8-Channel Analog Data Selector

3-State Qutput Enable

Strobex?
6 O- A
70 B
20 X0
z—o09
30 X1
40 X2
5 O X3
E——
14 0——{ Yo
w—O010
13 0——{Y1
12 0——— Y2
11 0——— VY3

15
Strobe Y O

Vpp = Pin 16
Vgg =Pin 8

414




—SPECIAL

FUNCTIONS (continued)

DO
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
Odd/Even W

MC14531
12-Bit Parity Tree

N W s 0N

15
14
13
12
1
10 0——

aQ=p0@®D1@®D2@ ... D11 OW

Vpp = Pin 16
Vgg =Pin 8

MC14532
8-Bit Priority Encoder

50— Ein Eoutf—015
10 0—{ DO
10— D1 Qo[—o09
12 0— D2

s o 130—| D3 Q1—o7
10— D4
20——1 D5 Q2—06
30— D6
4 D7 GsI———o014

Vpp = Pin 16
Vgg = Pin 8

15 O———Bjn

MC14583
Dual Schmitt Trigger

5 6 7

[ 1]

ApPos ANeg ACom
9 O——Aijn 4

Aout
Rout—0 11

13 0—( Dis @F—o014

Boutf——0 10

Bout}—o0 12
Bpos BNeg Bcom

Ll

3 2 1

Vpp = Pin 16
Vgg =Pin8

MC 14585
4-Bit Magnitude Comparator

40— (A>B);,

6 0—(A=B)in
5 O—— (A<B)in (A>Bloyt—013
10H A0
11 0—{ BO
70— A1
90— B1
20— A2
10— B2
15 0— A3
14H B3

(A=B) oyt —o03

(ALB) gyt f—o012

Vpp = Pin 16
Vgs =Pin 8




— PRODUCT PREVIEWS

MC14014

8-Stage Static Shift Register Synchronous Parallel Input/Serial Output

The MC14014 8-stage static shift register finds * Synchron.ous SeriaI. Input/Serial Output
primary use in parallel to serial data conversion, ® Full Static Operation from DC to 5.0 MHz @

synchronous parallel or serial input and serial out- Vpp=10V ) )
put data queueing; and other general purpose @ Q" Outputs from Sixth, Seventh, and Eighth
register applications requiring low power and/or Stages
high noise immunity. e Pin-for-Pin Replacement for CD4014A
Dp1 Dp2 Dpe Dp7 Dpg

p/sH>o_{>GL TL 1 1 %TL

Dso—{ >0 >0 Da D ap---- D Q D 0 D

C|ocko—-l>o——-{>c . . -

Q6 Q7 Q8

MC14046
Phase-Locked Loop

The MC14046 CMOS phase-locked loop con- frequency conversion, and motor control.
tains two phase comparators, voltage controlled L
oscillator (VCO), source follower, and zener diode. ® Low Power Dissipation

Applications include FM and FSK modulation ® Low Frequegcv Drift With Temperature —
and demodulation, frequency synthesis and multipli- 500 ppm/“C

cation, frequency discrimination, tone decoding, ® High VCO Linearity — 1.0% typical
data synchronization and conditioning, voltage-to- ® Pin-for-Pin Replacement for CD4046

r—-r——""">"—""7=-—7— — i |
|
| | seif-gus [# Phase !
Sigi -Bu
Gin O--]-—- Circuit Com;;arator i—t—-O PClgut
|
Phase
'—-1-—() PC2
Comparator out
PCin 2 ;O PCPout
VCOout
VCOip,
' | Voltage- T O R1
| Contralled "—1—0 R2
Oscillator '_t_o Cia
| (vco)
FOcig
' |
* I |
Inh ! Source Follower +HO SFq ¢
|
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— 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 3 —Four-decade counter with divide-
by-ten and roundoff at the front
end

e 3-State Output
e Fully Static Operation
® Pulse Shaping Permits Slow Rise Times On

Inputs
Mode 1 — Test mode P
Mode 2 — Four-decade counter with “half-
pence’’ capability
N V-
- '_'7.*'} ﬁg'*-t'_l_
Error
Clock A O—{ Pulse Shape e
and Error
Clock B O—— Detector
Master
Reset Five Carry
Mode A O—— oOutput =+ 10 Counters Out
Mode B O Control l l l ‘
Scanner ——o0 Qo
Reset Scanner Five o a1
Scanner O Multiplexers —o0 a2
Clock Q3
3-State
Control
S1 83 S5 3-State Control
S2 sa

MC14536

Programmable Timer

The MC14536 programmable timer is a very ® First 8-Stage Bypass Input
flexible 24-stage ripple binary counter with the Set or Reset Function Disables the On-Chip RC
last 16-stages selectable by a four-bit binary code. Oscillator and Allows Very Low Power
Provisions for an on-chip RC oscillator, or an Standby Operation
external clock are provided. An on-chip mono- e Various Pulse-Widths Can Be Obtained By Con-
stable circuit incorporating a pulse-type output necting the Monostable Circuit Pin to An
has also been included. By selecting the appropriate RC Network
output in conjunction with the correct input clock e Clock Input f(max) = 8.0 MHz typical @ Vpp=
frequency, a variety of timing intervals can be 10 Vdc
achieved. e Clock Conditioning Circuit Permits Operation
e 24 Flip-Flop Stages — Will Count From 20 With Very Slow Rise and Fall Times
to 224,
Clock Inh Reset Set Ing
o o Q
Osc Input
L..L L,
Stages
Inq Stages 9 thru 24
1 thru 8 Q9 024
A
OUT" Out2 B o
C Decoder
D
Inp o Monostable
M Multivibrator Out
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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

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

3
*
® Pulse Shaping Permits Slow Rise Times On

scanning clock which drives the multiplexer out- Inputs
Latch
Enable Cip Cig
—O0 Qo
Clock O—
Three Three Mulki Lo Q1
BCD Quad ulti-
+10 Latches plexer a2
Disable O——qCOUNters
——O Q3
Master o l
Reset
Overflow DS1 DS2 DS3

MC14562
128-Bit Static Shift Register

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.
e Fully Static Operation
e Exceedingly Slow Input Transition Rates May

Be Applied to the Clock Input

® 5.0 MHz Operation @ Vpp = 10 Vdc

e Cascadable to Provide Longer Shift Register
Lengths — (1.5 MHz Operation @ Vpp =
10 Vdc)

Data

Clock

Q16

Q32

Q48]

Q64|

Q80

Q96

Q112

Q128

4-1
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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 ~ ® Negative Edge Triggered Counters for Ease of

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.

cascading this device as divide-by-60 counters, Cascading
seconds and minutes can be counted and are ® Pulse Shapers on Counter Inputs Accept Slow
available in BCD format at the circuit outputs. Input Rise Times
An internal monostable multivibrator is included ® Monostable Multivibrator Positive or Negative
whose output can be used as a reset or clock pulse Edge Triggered
Q0al— 0o
Q1
Ca Pulse C ApP—0O BCD
,—:10: g Shaper O2AF——O Out
O3A—-o
R
Resect
R
+5/6 Control O Qog ——->o0
BCD
Q1B -0 Out

Cg Pulse

+5/6 Shaper 02g o)

Mono-
B O 4<4> stable o
) | Multi- P 4> O Cm
l vibrator

[}

A O
MC14571
Quad 2-Input AND Gate ® Quiescent Power Dissipation = 5.0 nW/package
The MC14571 is a quad 2-Input AND gate. typical @ Vpp = 5.0V

These complementary MOS logic gates find primary Noise Immunity = 45% of Vpp typical
use where low power dissipation and/or high noise e Fanout >50

immunity is desired. e Input Impedance = 1012 ohms typical

L]

TTTT

4-19



—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 NAND gate.

® Quiescent Power Dissipation = 25 nW/package
typical

e Noise Immunity = 45% of Vpp typical

e Fanout >50

® Input Impedance = 10'2 ohms typical

___[>o__

>
e

S
o

1 »—

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

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

e 3-State Outputs

e Single Phase Clocking

Enable O—
Write 0 O—
Write 1 O—
Read 05 O—
Read 15 O—
Read O0g O—
Read 15 Q—I
Clock Q=i
DO O—
D10—

D2 O—

D3 0—
3-State A O—4
3-State B O—j

—o0 o,
—0 Qi
—O0 Q24
o a3,
l—o0 QOg
—o0 Qi
—oO Q2g

l—0 Q3

4-20




~—PRODUCT PREVIEWS (continued)

MCM14537
256-Bit Static Random Access Memory e Quiescent Power Dissipation = 10 uW/package
The MCM14537 is a random access memory typical
(RAM) organized in a 256 x 1-bit pattern. The ® Wired-OR Output Capability (3-state output)
circuit consists of eight address inputs (Ap), one for Memory Expansion
data input (Djn), one write enable input (WE), e Output Data Latch Eliminates Need for Storage
one strobe input (ST), two chip enable inputs Buffer
(CEp), and one data output (Dgyt). e Access Time = 700 ns typical @ Vpp = 10 Vdc
e Fully Decoded and Buffered
F—— — e ————— — —— — — — — —
Din O n
! |
CE1 Three-State Enable l
. [ (High Resistance State) l
E2 O——
o |
WE O Write I
: Circuitry |
o | |
A7 o—f |
A6 00—t 10f 16 I
A5 00—t Decoder I
1
A4 0— 16 x 16 x 1 I
l Memory Output [ j | o
A3 Array Latch I out
Az O f 10f 16 |
A1 O } Decoder
A0 O i I
| I
e o e -4

A1
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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 considerations, reliability
factors, input/output 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 all 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.

e Diode Protection on All Device Inputs
® Noise Immunity:
45% of Vpp Typical
30% of Vpp Guaranteed Minimum
o Buffered Output Compatible with HTL or Low
Power TTL
® | ow Quiescent Power Dissipation: 25 nW per
package Typical (Vpp of 5 Vdc)
o 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 dc, functional, and switching parameters. In
addition, all AL category devices receive the
following 100% high-reliability processing steps.

e Internal Visual Inspection:
MIL-STD-883, Method 2010.1B (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:
MIL-STD-883, Method 2009

INPUT CONSIDERATIONS

McMOS logic has high impedance inputs
{typically 10'2 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 Vpp and Vgg
supply voltages are the same. Due to the wide
supply voltage range and high input impedance,

TABLE 5—1 McMOS CHARACTERISTICS AND CATEGORIES

Characteristic

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 +85°C -40°C to +85°C

Package Type

Hermetic Ceramic

Hermetic Ceramic Plastic

Processing Level

100% Hi-Rel

Industrial Industrial




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 Vpp minus Vgg on either side of the supply
voltages (Vgg and Vpp) 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, LTTL, RTL, or
TTL), a specific fan-out should be assigned. For
LTTL, the McMOS fan-out is equal to one over
temperature (Vpp = 5 Vdc). For HTTL, the
McMOS fan-out is equal to one over temperature
(Vpp = 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 Cy . 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 McMQOS 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
Vgg or Vpp). 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
[ie., (Vgg — 05 V) < (Vi or Vgue) < (Vpp +
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 Vpbp +18 to -0.5| +16 to -0.5 Vdc
Input Voltage, All Inputs Vin Vppto-0.5 — Vdc
DC Current Drain per Pin | 10 — mAdc
Operating Temperature Range Ta -55to +125| -40 to +85 °c

AL Series

CL/CP Series
Storage Temperature Range Tstg -65 to +150 — °c

*Voltage referenced to Vgg.

TABLE 5-3 — ELECTRICAL CHARACTERISTICS

o
ELECTRICAL CHARACTERISTICS Ta=25C

Vpp AL Series CL/CP Series
Characteristic Symbol Vde Min Typ Max Min Typ Max Unit

Operating Power Supply Volitage Vpp - 30 — 18 3.0 — 16 Vdc

Output Voltage Vout Vvde
(Vin = Vpp or Vss) “0" Level - — —  |Vss+0.01 - — Vgs +0.01

“1"" Level — |vpp-0.01 - - Vpp -0.01 - -
Noise Immunity* “0" Level VNL — | 30% Vpp | 45% Vpp - 30% Vpp | 45% Vpp - Vdc
“1" Level VNH — |30% Vpp | 45% Vpp - 30% Vpp | 45% VDD - Vdc

Output Drive Current

P-Channel (Isorce) IoH mAdc
(VoH = 2.5 Vdc) 5.0 -05 =17 - -0.2 -1.7 -
(Vo = 9.5 Vdc) 10| -05 -09 - 0.2 —09 -
(VoH = 135 Vdc) 15 - -35 - - 35 -

N-Channel (lgjny) loL mAdc
(VoL = 0.4 Vdc) 50| 04 08 - 0.2 0.8 -
(VoL = 0.5 Vdc) 10| o9 1.2 - 0.5 1.2 -
(VoL = 1.5 Vde) 15 - 78 - - 7.8 -

Input Current lin - - 10 — - 10 - pAdc
(Vgs <Vip <Vpp)

Input Capacitance (Vj, = 0) Cin - — 5.0 — - 5.0 - pF

Quiescent Dissipation Pp mw
Gates 5.0 - 0.000025] 0.00025 - 0.000025| 0.0025

10 - 0.00010 | 0.0010 - 0.00010 0.010
15 - 0.00025 — = 0.00025 -
Dual Flip-Flops 5.0 - 0.000025( 0.005 — 0.000025} 0.05
10 - 0.00010 | 0.02 — 0.00010 0.2
15 — 0.00025 — — 0.00025 —

Output Rise and Fall Times (10-90%) trtf ns

(CL = 15 pF) 5.0 - 70 175 - 70 200
10 - 35 75 - 35 110
15 — 25 — — 25 —

Gate Turn-On Delay, Turn-Off Delay (50% |tpH.tpLH| 5.0 - 60 75 - 60 100 ns
of input waveform to 50% of output 10 - 25 50 — 25 160
waveform) (C) = 15 pF) 15 - 12 - 12 —

Clock Repetition Rate (C|_ = 15 pF) PRF MHz
Flip-Flops 5.0 25 4.0 — 1.0 4.0 -

10 7.0 10 - 5.0 10 -
15 - 13 - - 13 -
Counters, Registers 5.0 15 3.0 - 1.0 3.0 -
10 3.0 5.0 - 20 5.0 -
15 — 8.0 - — 8.0 —

*DC Noise Margin (VNH, VN L) is defined as the maximum voltage change, from anideal “'1"" or 0" input level, that the circuit will
withstand before producing an output state change.
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loH- Source Current (mAdc)

loH. Source Current (mAdc)

loH Source Current (mAdc)

TYPICAL McMOS GATE CHARACTERISTICS

Figures 5-1 through 5-11 illustrate typical McMOS family gate characteristics.
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FIGURE 5-1 — Vgg = -5.0 Vdc, Vpp = 5.0 Vdc
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Power Dissipation Per Gate (mW)
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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.

i L 1 ! L
! I I I !
Min Min Typ Ma x Max
CL/CP AL Value AL cCL/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 (Vpp)

The range of voltages applied between the Vpp
supply pin and the Vgg 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
=0.5 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.

5-8

INPUT VOLTAGE RANGE (ALL INPUTS) (Vin)

For either of the AL or CL/CP category
devices, the input voltage should not exceed the
Vgg and Vpp supply voltages by more than 0.5
volts [i.e., (Vgg—0.5 V) < Vyn < (Vpp+0.5 VI)I.
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 (1)

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 (Tp)

The maximum ambient temperature range with
the device operatingois -55°C to 125°C for the AL
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 (Tgg)

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 (Pgymax,
Pomax and Pppmax)

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 Vpp and Vgg
supply pins prevents any device from dissipating
the maximum rating of the package and integrated
circuit die. On a per pin basis, Pgymax and
PoLmax can be used to determine the required
source and sink conditions given by oy (Vo —
Vpp) and lgL (VoL — Vss), respectively. On a
per package basis, Pppmax can be used to deter-
mine the required supply conditions given by Iy,
(Vpp — Vgs), where Vpp and Vgg are the supply
voltages, and Ixx is the associated supply current
Ipp or lsg, 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.



FAMILY 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, dc noise immunity,
output drive and input currents, input capacitance,
and transition times.

OUTPUT VOLTAGE (Vgy¢)

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 Vgg or Vpp 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 (VL AND VyR)

The dc noise immunity is defined as the input
voltage range from an ideal “1’" or "0 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 Vpp minus Vggs. Typically, the range is as large
as 45% of Vpp minus Vgg. The outputs are
considered not to have changed their states if the
voltage output levels are within a range of 30% of
Vpp minus Vgg from the supply voltages Vpp
and Vgg. Figure 5-13 illustrates typical McMOS
family inverting and non-inverting functions.

OUTPUT DRIVE CURRENTS (Igq AND 1g})

The output drive current is the sourcing current
(lon) with the output high, or the sinking current
(Iop) 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., Vgg and Vpp). 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°C) that occurs
with all CMOS devices.

INPUT CURRENT (l;,)

Input current is defined as the current that
flows with the application of a Vgg or Vpp
voltage level at the input. The main contribution of
this current, typically 10 pA (corresponding to a
10"2 ohm resistor with 10 volts in parallel),
corresponds with the diode protection circuit used
at the device input.

INPUT CAPACITANCE (Cj,)

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

RISE AND FALL TRANSITION TIMES (t, AND
tf)

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

(a) Inverting Function

Vout l VoD

30% Vpp
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l

30% Vpp
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f 0 Vin
—]

VNL |— —a| VNH |—

30% Vpp Max 30% Vpp
45% Vpp Typ 45% Vpp

(b) Non-Inverting Function
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FIGURE 5-13 — TYPICAL McMOS INVERTING
AND NON-INVERTING FUNCTIONS



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 (Pq)

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 Vpp supply device pin multiplied by the
supply voltage (Vpp minus Vgg). 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 (Pp AND
PyicL])
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 dc component previously mentioned.
Total power dissipation is defined as the product
of the average transient and dc currents flowing
into the device Vpp supply pin times the supply
voltage (Vpp — Vgg). 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
Vpp to Vgg supply pins. It has been previously
shown that the total dissipation is given by the
formula:

PT(CL) = (Cekt + Cioads) VDD + Pa.,

where: Ccky¢ is the total effective capacitance of
the internal circuit, Cjoggs is the total effective
external load capacitances, Vpp is the supply
voltage (Vgg = 0 V dc), f is the highest frequency
(usually the system clock), and Pq is the quiescent
dissipation.

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

Pp = (S mW/mHz) f + Pq,
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) = Pp+ N x 1073 (CL ~15 pF) Vpp2,

where: PT(CL) is the total dissipation with load
values of CL, Pp is the first equation for 15 pF
values which must be substituted for P7(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 P.

PROPAGATION DELAYS (tp_ 4 AND tpH)

Propogation delay pairs are usually specified on
all data sheets. The turn-off (tp| ) and turn-on
(tpH) 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 foad 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 (60% 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 (PWmin
AND PWpymin)

The minimum pulse widths, as with propaga-
tion delays, are usually given as pairs, although
they may be defined equal in value. PW min 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. PWpmin is
identical with PW)_ 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/ (PW|_min +
PWpmin)]. 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/ (PW) max + PWymax)]. The maxi-
mum limit is specified for this parameter on the
individual data sheet.

MAXIMUM CLOCK PULSE WIDTHS (PW|_max
AND PWpmax)

PWimax is the low portion of the clock
pulse and is the interval measured from the
50% points of one pulse edge to the other.
PWpmax is identical to PW| max 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

this parameter on the individual data sheet.

MAXIMUM CLOCK PULSE RISE AND FALL
TIMES (t,max AND tgmax)

Transition times refer to the rise and fall times
of the signal waveshapes applied to the inputs
(usually the clock input). 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 (tgepyp)

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 (tpo)g)

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 (tyg))
See Minimum Setup Time.

REMOVAL TIME (tem,)
See Minimum Setup Time.

ACCESS TIME (t,¢c)

A term used in memories (RAMs or ROMs) 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 (tgyc)

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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l——!nput Rise and Fall 20 ns

90%
Information 50%

Qutput

Vo (low)

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

Vpp (high)

Input
Information

VSS (IOW)

Vpp (high)

Clock or

Strobe ;
Vgg (low)

VOH (high)
Qutput

VOL (low)
t tf
Note: Information is accepted during each positive clock signal transition in this case.

FIGURE 5-15 — SYNCHRONOUS CIRCUIT
WAVESHAPES AND TIMING PARAMETERS




THREE-STATE PARAMETERS

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 (t7gy,
tyr g, teqH, AND ty-9-)

The t+gvy and ty~g- (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 Vgg and a 1 k ohm resistor connected in
series with Vpp. The t“q- and te 479 (designat-
ing high to three-state, and three-state to high

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 Vgg, and a 1 k ohm resistor
connected inseries with Vgg.Figure 5-16 illustrates
typical three-state propagation delay waveshapes
and a corresponding circuit.

THREE-STATE LEAKAGES (1)

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 Vpp 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 Vgg applied to the
output and the input combinations applied to the
circuit that would normally force the output high.
Both conditions are performed under Vpp supply
voltages of 5 and 10 volts.

] onns ~

~=—20 ns

Vbb

f 90%
Qutput Disable 50%

et

10%

Vss

Output (Case 1)

. R R

90%

Qutput (Case 2)

<—tH“O“--‘
VoD

90%

~1V@Vpp=5V
{%2V@VDD=1OV

X3VE@Vpp=5V
{QGV@VDD=1OV

Outputs Outputs Outputs
Connected Disconnected Connected

O—1
Other | O—»=

Output R = 1k

VDD for to'H and tH0"

Input | o> IC With

3-State

Output Disable O—=|

JECL: 15 pF

Vgg for teeqeg and tyyeqer

FIGURE 5-16 — THREE-STATE PROPAGATION
DELAY WAVESHAPE AND CIRCUIT



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 MIL-STD-806(c). Table 54 lists and
illustrates the McMOS logic functions, symbols,
and their truth tables. In addition, Table 54 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

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

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
mission

MOS device.

The horizontal
lines are connected to the drains and

sources of those two MOS devices.

Logic Function

Logic Symbols

Truth Tables

X {><> f X
Inverter of1
110
Y X|f Y X|f
0 0j)0 0 0f{1
X
AND and NAND X—
G g 0 1/0 0 1|1
aves Y Y 1 oflo 1 0]1
1 111 1 1(0
Y X|f Y X|g
% X 0 0|0 0 0|1
OR and NOR Gates v f g 0 141 0 110
Y 1 0]1 100
1 111 1 1]0
Y X|f Y X]|g
) X o ofo 0o 01
| X
Exclusive f g 0 1|1 o 1|0
OR and NOR Gates Y v 1 0l 1 olo
1 110 1 111
C D|Q C D|Q
D—D Qp—aQ D—iD ar—aQ 1 1
D Flip-Flops O—[ 0|0 -\_0 [¢]
(Clocked Delay) ] al—a c al—a 1 1
c—c ar—a c-Qc arF—a ?_/' 1)1 ’\_0 11
1
Positive Edge Negative Edge XO X1y 0_/_ X1y
Entr Entry
v X =Don'tCare Y =No Change
Y X
00 Z}Bidirectional Open
B 0 1|z P
Transmission Gate X f 10
1 1

<‘XX>—<|

0
7 }Bidirectional Short

Z = Three-State

514

trans-
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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.

NANANAY

1.

e

2.

ALSINIRRRININIY

i A i

NOTES:

L SUFFIX
CERAMIC PACKAGE
CASE 620

LEADS WITHIN 0.13 mm (0.005) RADIUS i
OF TRUE POSTIION AT SEATING PLANE

AT MAXIMUM MATERIAL CONDITION.
PKG.INDEX: NOTCH IN LEAD

NOTCH IN CERAMIC OR INK DOT.

[ ] i

A

PLANE

Wk
B A

SEATING ~~IMi=—

L MILLIMETERS INCHES

T DIMT MIN T MAX | MIN | MAX
c A | 1905 19.94] 0750 0.785
1 B 6.10 | 7.49] 0240 0.295
c - 508] - | 0200
D 0.38 ] 053] 0.015] 0.021
F 1401 1781 0.055] 0.070

G 2.54 BSC 0.100 BSC
H 0.51 1.14 | 0.020 ] 0.045
J 0.20 | 0.31] 0.008 | 0.012

K 254 | - 100 -

L 7.49 | 8.89 | 0.295 | 0.350 |

M - 150 - 150

N 0.51 ] 1.02] 0020 0.040

L SUFFIX
_ CERAMIC PACKAGE
CASE 632
14 8 {
B P
1 7 l
-’-”--—D —I LF
NOTES:
I A | ~ L 1. DIMENSION “L" TO CENTER OF
| | 1 LEADSWHEN FORMED PARALLEL.
(632:02).
l c 2. DIM“A” AND “B" (632-04) DO NOT
INCLUDE GLASS RUN-QUT.
- [ 3. DIM “L” TO (NSIDE OF LEADS
N (MEASURED 0.51 mm (0.020) BELOW
. i BODY) (632-04)
i Vo ™M
L
Hl—~lGl—  lseating X J/\\
PLANE MILLIMETERS | INCHES MILLIMETERS] _ INCHES
DIM ["MIN | MAX MIN | MAX DIM[ MIN | MAX | MIN MAX
A [168 {199 | 0.660 | 0.785 A | 19.05 | 19.94| 0750 | 0.785
B | 5.50 | 7.11 | 0.220 | 0.280 B | 610 7.49]0.240 | 0.295
C | - [s08| - .200 3 | 508 - 200
Devices packaged in Case 632 fall D Oggﬂ 0-%34 0.015 gg E ?ig 0.58 flg;g -g%g
within one of the given sets of dimen- ['; 0'24543& 0.[[1]??0 BSC G 753 lecﬂ 0‘0100 BSC
sions. Further identification is available 0.203] 0.381] 0.008 | 0.015 W | 191 2.29]0.075 ] 0.090
254 | — [o0100] - J | 020 0380008 |0015
upon request. L | 76285 | 0.30085C K[ 250 - 0000 -
M| - 50 - 155 ] [ L [749 | 8690295 [ 0350
N | 051 | 0.6 | 0.020 | 0.030 W - 150 | — | 150
Pl - .25 | - 0325 N | 051 1.02] 0020 | 0.040
CASE 632-02 CASE 632-04




MECHANICAL DATA (continued)

P SUFFIX
PLASTIC PACKAGE

A AN AN A AN A CASE 646
7 d 1 NOTES:

. B 1. LEADS WITHIN 0.13 mm
Q (0.005) RADIUS OF TRUE
& POSITION AT SEATING

8
PLANE AT MAXIMUM
I vV Y Y Y Y VW MATERIAL CONDITION.
LP DIMENSION “L" T0
MILLIMETERS] __INCHES
CENTER OF LEADS [MIN [ MAX [ MIN | MAX

WHEN FORMED
18.16 | 18.80 | 0.715 | 0.740

PARALLEL
.10 .60 | 0.240 | 0.260
.06 | 4.57 | 0.160 | 0.180

N

9
2

2021 1,52 1 0.040 | 0.060

1

U Y S e L

M=

| T
-
o|ul2Z|Z || X|—=|x(o|n|o|ojm(>
| feoleol
I~ N
Slz
N O
ol [N=
] =1
o =10
1.
E=1 = Y
M ey o]
o =l

P SUFFIX
PLASTIC PACKAGE
ﬁﬁﬁﬁﬁﬁﬁf:j CASE 648
| NOTES:
- B 1. LEADS WITHIN 0.13 mm
@) ‘ (0.005) RADIUS OF TRUE
i ', POSITION AT SEATING
T PLANE AT MAXIMUM
VA [“LHL"J WY MATERIAL CONDITION.
F 2. DIMENSION “L" TO MILLIMETERS] __INCHES
CENTER OF LEADS oM i T ax T TN T MAx
P, A WHEN FORMED
PARALLEL 2070 | 21.34 | 0.815 | 0.840
10| 6.60 ] 0.240 | 0.260
4.06 | 457 | 0.160 | 0.180 |
L 0.38 | 051 | 0.015 | 0.020
1.02 .52 | 0.040 | 0.060
250 B5C 100 BSC

1.32 | 1.83 | 0.052 | 0.072
0.20 | 0.30 | 0.008 | 0.012
292 | 343]0.115]0.135
7.37 | 7.87 | 0.290 | 0.310
- 100 - 100

38 fo@‘ 0.015
76 1 0.020 | 0.030

Jﬂﬁﬁﬂﬂﬁﬁﬁ%ﬁ%ﬁ

L. —l ok ...“.D SEATING e eyl

P|vZ R x|=(xo(no|ow|>

L SUFFIX

gonnnnonnonnnag CERAMIC PACKAGE
CASE 684

NOTES:
B 1. LEADS WITHIN 0.13 mm
(0.005) RADIUS OF TRUE
POSITION AT SEATING
PLANE WITH MAXIMUM

LJ 50 0 5 6 O 6 0 0 \_| MATERIAL CONDITION.
2. LEAD NO. 1 CUT FOR
IDENTIFICATION, OR

BUMP ON TOP.

A | 3.DIM “L” TO CENTER MILLIMETERS| _INCHES

OF LEADS. (MEASURED DIM [ MIN | MAX | MIN | MAX
Pes Baein020 BELOW A |29.34] 30.86] 1.155] 1.215 ]

¢ 8 | 1270 | 14.22 | 0,500 | 0.560

& C | 3.05] 394 0.120] 0.155

i 0 | 038 0.51] 0.015] 0.020

L = r F_| 089 1.40] 0.035] 0.055

1 JJL o K J G 2.54 BSC 100 BSC
, H 89| 1.40] 0.03 ] 0.055

— L [ 1

Gl w-—p F ‘I " ] 20| 0.30] 0.008 0.012

—f —H SEATING PLANE B K | 292 368 0115, 0.145
L [ 74.86 | 15.62 | 0.585 | 0615

M| — [0 | — | 180

N | 051 1.02] 0.020] 0.040

6-4



PIN ASSIGNMENTS

MC14000 MC14001 MC14002
Dual 3-Input NOR Gate Plus Quad 2-Input NOR Gate Dual 4-Input NOR Gate
Inverter
\ J
1 cINC Vpp = 14 1 In 14 Vpp =214 1 ] Outp Vpp 314
2t NC In3g 213 20 In 2 In2p =313 2[:{1n1A Outg 313
3CIn1a In2g 312 3] outp In1p 312 3 In2p In 4g 12
4T in2p In1g = 11 4T Outg Outp f— 11 4T in3p In3g 311
5Cin3, Outg F3 10 50 in1p Outg 10 5CIn4p in2g 310
6CJouty  outcfo 6Cin2g  In2cf39 6 | NC In1g 9
7 Vgs n1c8 7 vgg In1cfF38 7 T3 vgg NC s
MC14006 MC14007 MC14008
18-Bit Static Shift Register Dual Complementary Pair Plus 4-Bit Full Adder
Inverter
U S
~ ~ 1 A4 v 1
1 =Dp1 Vpp =14 1 D-Pg Vpp = 14 DD =16
2 c|NC QafF—13 2 srg D-PA =13 2c5es B4 15
3 c Qo =12 3cGateg  Outc =12 3EqA3 Cour (=14
4 = Dpg a8 11 4snNg SPc a1 40482 sap=1s
5 CDpyg c13fF310 5C{D-Ng Gatec 3 10 50 A2 S3f—12
6 C—{Dp1g T =T 6 Gatey,  SNcfT9 6 481 s2—n
7 ] vgsg 017 s 7 g vgg D-Np T8 709 A1 S1f(=10
8 vss Cinf—9
D = Drain
S = Source
MC14009 MC14010 MC14011
Hex Inverter/Buffer Hex Buffer Quad 2-Input NAND Gate
\J N\
1t Vce Vpp 116 1 v Vpp 16
ce bb L= 1LIVN Vpp = 14
2 Outp Outg 315 2 COoutp Outg 315 — 13
2
3CIn 14 In1F314 3CTin1p In 14314 :ln2A |n2D.-:J12
3 In1
4t outg NCED 13 4 Toutg NCcE13 ‘:O‘“A "o .
4
5Cin1g Outg F312 5 CJin1g outg 3312 Outg o“tD;
5 =10
6 C outg n1g 3311 6 Coute in1g F211 Inig Outc
6 —in2g In2cF39
7gIn1¢ Outp 310 7Min1¢ Outp =10
Y — — 7 Mvgs in1cf—8
VSS |n1D 9 8 VSS lh1D ;9

NC = No Connection
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PIN ASSIGNMENTS (continued)

MC14012

Dual 4-Input NAND Gate

MC14013
Dual Type D Flip-Flop

MC14015
Dual 4-Bit Static Shift Register

A\ U
1 —{outa Vop = 14 1aa Vop = 14 1Cs Vopf=16
2cin1s  Outg 213 20, ogb= 13 2004g Dgf—15
3cin2s  Indg 12 scca Gg = 12 3003a Rgf—14
at=In35  In3g 11 atRr, cgf 11 404024 Qlgf13
5CIn4,  In2g 310 5 C{Dp Rg = 10 5H01a Q2gf—12
6 I NC In1g F339 6 sp D9 6 CRA Q3g 11
7] Vsg NC 8 7 Tvgs =T 76HDa Qaa =10
BE:VSS Ca o
MC14016 MC14017 MC14020
Quad Analog Switch/Quad Decade Counter/Divider 14-Bit Binary Counter
Multiplexer
\J/ /]
~ 1= a5 VppF 16 112 v 16
10qin 1 Vpp = 14 pD — DD
2 a1 R 15 2 —a13 Q11515
2 —out1 Control 1313 — — — L =
3o cpF=14 314 a1 14
3 q0ut2 Control 4 12 — — o>
a2 eEfF313 406 13
a{in2 N S c — fo¥:] )
5 = a6 12 5 a5 12
5 C]Control 2 Cut4 110 — c°“t: = Q91
11 1
6 Control 3 Out3 39 6': Q7 09:' 6 o7 R 11
7 a3 afF=10 74 110
7 Vssg In3F—438 Q c
8 vgg asf—l9 8 Cvgg Q139
MC14021 MC14022 MC14023
8-Bit Static Shift Register Octal Counter/Divider Triple 3-Input NAND Gate
-\ \J
1 P8 \% 16 1 Q1 v 16
. op B3 — DD = oy P Voo b 14
206 P7 315 2— Qo0 RFE15
2 In 24 In3c 413
308 P6[F14 3cg Q2 Cr14
3Cdin1g In2c 312
4cpa P5 13 4 Q5 CE 13
5 5 a6 c - 4L':ln23 In1c—11
—r3 a7 =12 — 12
— out sc{in3g  OutcfF10
6 C]p2 pg 11 6 NC Q4 11
6 OutB Outp ;9
7P cE=10 70 a3 Q7310
7 Vss In35 I8
83 vgg p/s F39 8 vgs NC g

NC = No Connection
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PIN ASSIGNMENTS (continued)

MC14024

Seven-Stage Ripple Counter

MC14025
Tripte 3-Input NOR Gate

MC 14027

Dual JK Flip-Flop

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

Triple Serial Adder
(Positive Logic)

./

1 cC ~ VppE= 14 1 In1a \erD 14 1 8A Vpp 316
2R NCED 13 201In2a In3c = 13 20H0a Nl
3t a7 Q1= 12 ac—{In1g In2ck= 12 3tHca Qg 14
a— a6 Q2= 11 ac—In2g In1cE 11 4 Ra Ce =13
5 ] 05 NC =3 10 5= In3g outc 310 5 Ka Rg (=12
6 ] o4 Q39 6 ] Outg outpa 19 :’z;‘\ 'jBE:;
7 0 vgs NCET 8 7 vss In3s 38 A B

8 vgg sg 9

MC14028 MC14032 MC14034

8-Bit Universal Bus Register

NS
1 88 Vpp =324
U, " 2 C4B7 A8 (123
1 Q4 Vpp[=3 16 1S3 Vpp 216 3CB6 A7 322
2 Q2 Q34315 2c—tnv 3 A3[15 4 C3BS A6 21
3 Qo Q1014 3cdc B34 5 C1B4 AB[120
4] Q7 gfE—13 4cs2 A2 13 6 C1B3 Ad4[119
5 Q9 I ==1F: 50 Inv 2 B2 =112 7 82 A3 18
6 ] o5 D311 si Carry Reset B1[—11 8 CIB1 A2117
7 C3 a6 AE310 7 inv 1 A1 3310 9 A Enable A1 16
8 T4 vgg o8 19 8 1 vgg s1 39 10 EHpg C1s
11 CHA/B A/SFT14
12 Hvgg PISFT13
MC14035 MC14038 MC14040
4-Bit Parallel-In/Parallel Out Triple Serial Adder 12-Bit Binary Counter
Shift Register (Negative Logic)
\/ \/ Y4

Ll s 010} Vpp 16 1S3 Vpp = 16 1CJo12 Vppf—=16
22— T/C Q1 15 2cInv 3 A3[— 15 206 Q11315
3cg K Q2 14 3C3c B3|/ 14 3C3aos5 Q10314
a3y Q3 113 4 Cs2 A2 13 4 a7 o813
S5CR Dp3 412 5CHlInv 2 B2 [ 12 504 Q9312
6 c Dpp 11 6 T Carry Reset B1 [ 11 6 T3 R 11
7 T p/S Dpq 410 7 3Inv 1 A1 3 10 7 Cdo2 ckF310
8 [ Vss Dpg g 8 C3vgg S1/19 SEVSS Q139

NC = No Connection
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PIN ASSIGNMENTS (continued)

MC14042 MC14049 MC14050
Quad Latch Hex Inverter/Buffer Hex Buffer
\J ./ -
1 a3 Vpp 316 1 C3Vee NC 16 1 .t Vecc NCF— 16
2 cjao Q3 3315 2 Couty Outg 315 2 | Outp Outg 315
3 C4ao D3 14 3 CHin1y In 1 314 3 Cinp In1g 314
4 T po D2 313 4 THoutg NC 313 4 Outg NC [ 13
5 4c Q2 312 5 Cdin1g Outg 12 SEIN1B Outg 3 12
6 T} Polarity Q2 311 6 Coutc In1g F311 6 jOutC In1g B3 11
7 t9o1 a1 210 7 =in1¢ outp F310 7 TIn1¢ outp 3 10
8 Vss a1 o 8 Mvss In1p 99 8 T vgs n1pF3 9
MC14501 MC14502 ) MC14506
Triple Gate Strobed Hex Inverter/Buffer Dual Expandable AND-OR-INVERT
Gate
\J \JS \J
1C0qIn1x Vpp > 16 1 —] D3 Vppl= 16 1 :AA Vpp (316
2 Iin 2, Outc 415 2 —j a3 D6F— 15 2 ] Ba Zp 315
3 qIn3, Outc 14 3 —{ D1 Q6 14 3 gca Disable F 14
4 THIn 45 Outp 113 4 —] Disable D513 4 ] Dy Eg 13
5 ]In 1¢ in2g 112 5 Q1 Inh[—3 12 5 CJ Ep Dg 3312
6 CHin 2¢ In1g 311 6 D2 Qs 1 6 C Inh cg 311
7 tin 3¢ Outg 310 7 Q2 D433 10 7 .4z Bg =10
8 Cvgg In4c 9 8 0 Vss Q439 8 [ vgg Ag 9
MC14507 MC14508 MC14510
Quad Exclusive OR Gate Dual 4-Bit Latch BCD Up/Down Counter
“\S
1 MRy Vpp 3 24
2 CJSTa Q3g [ 23 s
1r:vn1AuvDD:|14 ZEDISA 033222 1B PF VDDE‘G
2 Cin 2, In2p =13 PoA 025:]21 24 ¢ °
3 ] outy In1p =312 R e b2g — 20 3 P4 ozgm
4 = outy ot = 11 6 CO D1y Qig[— 19 P s p3 13
5 in1g outc 110 VEmA D1B§ 1® s Carryin  P2F12
6 =in 2 i 8:D2A QOB:17 6 T4 a1 Q211
7 T vgg In1c§8 S T19%a b0 10 7 = Gy owe /D 210
; 10 & b3, DISF=3 15 8 T vgg P s
11 a3, sTgf— 14
12 T vgg MRg— 13

NC = No Connection
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PIN ASSIGNMENTS (continued)

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

MC14512
8-Channel Data Selector

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

—
1cgsT Vpp 24
o v 2 D1 inh F23
1 VppE= 16 1 = X0 Vppf—16 3 D2 D4 322
2 g¢C fE— 15 2 X1 DISE3 15 4 cs7 b3 F 21
8 g4 3 %2 zpo14 5 Cs6 $10 320
4 38BI afF—13 4 3 x3 ck=a13 6 s s11E319
5 . LE b2 5 x4 B 12 7 tsa ss 18
6 4P cEan 6 CX5 AE” 8 —s3 se =17
7 A d 310 7 X6 Inh 10 9 ts1 s14 316
8 [ Vss e 9 8 L3 vgg X739 10 s2 s15 15
11 =3s0 s1214
12 Tvgg s13[313
MC14515 MC14516 MC14517
4-Bit Latch/4-To-16 Line Decoder Binary Up/Down Counter Dual 64-Bit Static Shift Register
NS
1 ¢ ST VppE— 24
2 —1 D1 Inhp— 23 Y A— ——
3 — D2 D4l— 22 1 CPF Vpp = 16 13 Q16, Vpp 316
4 s7 D3 21 2 o4 cE 15 2 ] 48, Q1653315
5 | s6 s10b— 20 3qP4 o314 3 wEL Qasg 14
6 — s5 s113 19 4 p1 P31 13 4actcy WEgfF—13
7 0 s4 s8b— 18 5 T3 Carry [n P2/ 12 364, CgfF—12
8 —is3 sob— 17 6 a1 Q2311 6 32, Q64ag 311
o st s14F 16 7 ] Carry Out U/D 3 10 7 C3Dp Q32g 10
10 . s2 s15 15 8 3 vgs RFDe 8 Fqvgs D9
11 = so s1233 14
12 T vgg S13F3 13
MC14518 MC14519 MC14520
Dual BCD Up Counter 4-Bit AND/OR Selector Dual Binary Up Counter
\J/ 4 \J
T ¢ca Vbp =3 16 1 g v3 Vpp =3 16 13 ca Vpp 3 16
24 Ea RepF= 15 2 ] x2 X3 3 15 2 Ep Rg 3 15
3 Qla Q4g 3 14 3 v B[ 14 == FoR Y Q4g 314
4 g Q24 Q3g [ 13 4 T3 x1 z3 313 at3 a2, 03g 13
504 @3a Q2g [ 12 55\(1 z2 (312 5 C4 a3, Q2g 312
6 1 Q4p Qg n 6 X0 z1 3n 6 T aap Q1g 3 11
7 4 Ra Eg = 10 78 vo zo =33 10 794 Ra Eg — 10
8 L3 Vss R = 8 T vgg ARl 8 T vgg cg o

NC = No Connection
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PIN ASSIGNMENTS (continued)

MC14521
24-Stage Frequency Divider

MC14522
Programmable Divide-By-N-4-Bit
BCD Counter

MC14526
Programmable Divide-By-N-4-Bit
Binary Counter

\J \J S
1 ] Q24 Vpp =316 = Vobp 16 1 a4 Vpp b= 16
2R Q23115 2 . Dpg Q3= 15 2 £ Dpy Q3p— 15
3] vgg Q22314 3 CJPE ngF: 14 3 cJPE Dp3z =3 14
4 out2 Q21313 4 . Inh CF [ 13 4 . Inh CFET 13
5 CHvpp' Q20112 5 CDpq 0" 3 12 5 C Dpq “0" 3 12
6 Cdin2 Q19 311 6 CJcC Dpp [ 11 6 CJc Dpp 33 11
7 T out 1 018 10 7t MR 3 10 7 = o1 MR 3 10
8 T vgg Rl ==L 8 L vgs Q29 8 [ vgg Q23 9
MC14527 MC14528 MC14529
BCD Rate Multiplier Dual Retriggerable/Resettable Dual 4-Channel Analog
Monostable Multivibrator Data Selector
—\/ ~ ~
L men = Vpp E 16 13 T1a Vpp = 16 1 —STx Vpp B 16
2 ¢ BFEJ 15 2 T2 TigkE= 15 2 — X0 STy 4 15
3 b A4 3 cJCDp T2gF— 14 3 g X1 YO 14
4 s Clear F 13 4] AA cogpbm 13 4 . x2 Y13
5 CJOut Casc 3 12 5 Ba AgfF—m 12 5 X3 Y2 3 12
6 2 out Ein 2 11 6 Lo, Bg/ 1 6 A Y3 3 11
7 T Egut ST 310 7 €5 Qp Qg3 10 7 B w 3 10
8 L3 vgg Clock F3 9 8 [ vgg Qg9 8 T vgg z g
MC14530 MC14531 MC14532
Dual 5-Input Majority Logic Gate 12-Bit Parity Tree 8-Bit Priority Encoder
\ U I
1 dAA Vppf— 16 1 E3D6 Vpp =316 1 ] D4 Vpp 216
2 CdBa zgF3 15 2 ps D7 =215 2 . D5 Eout = 15
3 HMca wgf—= 14 30pa D814 3 T D6 Gs 14
4 Mo, Egf— 13 4 D3 D9 13 4 5 o7 D3 13
5 CHEA Dgf— 12 5 Cp2 D1o0fF—12 5 T3 Ein D2 F=12
6 Twp cgF= 11 6 CD1 D11 =211 6 T a2 p1 =11
7 &z, Bg— 10 7 Mo w210 7 'écn po 10
8 Tvgg Ag 9 8 Fqvgg a9 8 Vss Qo 9

NC = No Connection




PIN ASSIGNMENTS (continued)

MC14539
Dual 4-Channel Data

MC14543

BCD-To-Seven Segment Latch/

MC14549

Successive Approximation

Selector/Multiplexer Decoder/Driver Register
e 1% ]
1 8T, Vopl= 16 1LD Vpp = 16 1= a3 VppEa 16
2 B ST 15 2—c fF= 15 2 . Q2 Q415
3|:1x3 A3 14 3B g 14 3 . a1 Q5[ 14
4 T x2 Y313 4cgp e[ 13 4 T Qo Q613
5 X1 Y2112 5CHA dfF312 5 C Sgut Q73312
6 3 xo0 Y133 1 6 Cph c/ M1 6 b EOC[ 11
7z YO 10 7 COBi b[E3310 7c MR [ 10
8 T vgg w9 8 Tvgg a39 8 Vgs scFJo9
MC 14554 MC 14555 MC 14556
2 x 2-Bit Parallel Binary Dual Binary to 1-of-4 Decoder/ Dual Binary to 1-of-4 Decoder/
Multiplier Demultiplexer Demultiplexer
./ ./
1 g1 Vopp= 16 1 gE, Vpp =316 1 CJEa Vpp 3 16
2 | Mo YOl 15 2 A Egf=15 2 3 Ap EgF— 15
3 g M1 X0[—3 14 3 CIBp Ag[—314 3E:BA Ag 314
4 ] co X1/ 13 4 Qo Bg 123 4 T3 G0, Bg = 13
5 M2 KOF— 12 5 CJQlp Q0g 312 5 C3Q1, Qog [ 12
6 ] C1(s3] so— 11 6 CJ a2, Qg 3 11 6 02, B1g 111
7 C1s2 K110 7 T35 Q3 Q2 310 7 THQ3, Q2g 10
8 [ vgg s1[=o9 8 [ vgg Q3g 39 8 T vgg Q3g [ 9
MC14559 MC14570 MC14581
Successive Approximation Quad 2-Input OR Gate 4-Bit Arithmetic Logic Unit
Register
]
1 380 Vpbp 3 24
2 A0 A1 23
~ U —is3 B1 22
1 Q3 Vpp [ 16 v 3 o
1 Cin1, DD 14 4 ts2 A2 3 21
2 jQ2 Q44315 A
2 CIn 2y In2pE=313 5 g1 B2 I 20
3 a1 Q53 14
3 Qut InipFE4a12 A3 19
400 Q6D 13 — A 6 tso _
4 L—Toutg Outp 11 7 =3cq B3 18
5 1 Sout Q7312 —
5 C—in1g Outc 110 8 {mc G 17
6 4D EOC[— 11 —
70dc¢c FE310 ° " 28 In2¢—19 9 CFo Cn+4 [ 16
F
7 Evgg In1cfF—s8 10 CF =2 15
8 ] vgg scF—9 _ —
11 C3F A=B[J14
12 VSS F3 3 13

NC = No Connection




PIN ASSIGNMENTS (continued)

MC14582

Look-Ahead Carry Block

MC14583
Dual Schmitt Trigger

MC 14585
4-Bit Magnitude Comparator

64-Bit Random Access
Read Write Memory

1
2
3
4
5
6
7 3

A0
A1l
A2
A3
ST
CE1

Vss

VoD
Din
A5
A4
out
R/W
CE2

—— 14
= 13
12
11
F 10
Fg
s

1024-Bit Read Only Memory

N000ang

< P O W W @ MO
&wwm—\o:

Vbp
A0
A1
A7
A6
A5
A4
A3

— 16
15
14
13
12
1
10
o9

U/ S
1 —4G1 Vpbp 16 1 = Bcom VDb 16 1 s vop [ 16
2 —P1 P2—15 2 —BNeg Bin F— 15 2 a2 a1 15
3 —Go G214 3 —Bpos + 14 3 A= Blou ez 14
4 PO Cin 313 4 ] Aout Dis =313 AT a>e,  a>el, 313
5 —G3 Chtx 312 5 — Apos Bout 312 5 CJa<ein (A<Bloy, 3 12
6 —P3 Cphty 3311 6 | ANeg Aout 1 11 6 -8Bl 80 [ 11
7 c9F G310 7 T3 Acom Bout 3310 7 A a0 =310
8 L3 Vss Cn*tz 9 8 CJVss Ain 309 8 C]vss g1 39
MCM 14505 MCM14524

NC = No Connection
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____)/ MCl4000AL‘\\

“NOR"” GATE

MC14000CL
MC14000CP

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 Vpp 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 = 1072 ohms typical

Logic Swing Independent of Fanout

Symmetrical Qutput Resistance — 750 ohms typical
Pin-for-Pin Replacement for CD4000A

® & o 0 o o

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL 3-INPUT “NOR* GATE

PLUS INVERTER
14 14
! 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

This device contains circuitry to protect
the inputs against damage due to high static

Itages or electric fields; however, it is

Rating Symbol Value Unit advised that normal precautions be taken
— MC14000AL V +1 -0. V to avoid application of any voltage .higf\er
DC Supply Voltage — MC14000CL/CP oD ”: :2 0: de than maximum rated voltages to this high
—— imped circuit. For proper operation it
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc is“—recommended that Vi, and Vouy be
DC Current Drain per Pin | 10 mAdc constrained to the range Vgs < (Vi or
Operating Temperature Range — MC14000AL TA 5510 +125 oc Vout) SVpD-
— MC14000CL/CP -40 to +85 Unused inputs must always be tied to an
Storage Temperature Range Tstg -65 to +150 oc appropriate logic voltage level (e.g., either
Vgs or Vpp)
CIRCUIT SCHEMATIC
LOGIC DIAGRAM
1411 1213 8 (Positive Logic)
Vpbp9 9 ¢ ¢
I .
a4 6
X 2 zx A x %z Fy . _:_,3:>‘*"
11
30 —
5 ] =D
40 |:j |:| WE,_OQ 13
5o ] j=— 8 —Do—— 9
R I R (B | 1 J7 7 — 6= 3445
_l::I J,:i J:ﬁ J:l _I:i LJ::1 _1:1 °-8
Vpp = Pin 14
Vss l o 1 Vgg=Pin 7
7 6 10

See Mechanical Data Section for package dimensions.
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L

ELECTRICAL CHARACTERISTICS

MC14000AL MC14000CL/CP
vpp |_-55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol| Vdc | Min | Max { Min | Typ { Max | Min | Max | Min | Max | Min Typ | Max | Min | Max Unit
Output Voltage Q' Level 12,3 Vout 5.0 - 0.01 - 4] 0.01 - 0.05| - 0.01 - o] 0.01 - 0.05 Vde
10 - 0.01 - 0 0.01 -~ 005| - 0.01 - 0 0.01 - 0.05
5| - | - -JTo|-|-]-1=-1-1=]o}]-1-1-=
1" Level 5.0 | 499 - | 499| 50 — | 495 - | 499 - 499| 5.0 - 4.95 - Vdc
10 {999 - |999] 10| - |995| — |999| - |999] 10| - | 995 -
15 | — — - 15| - | - - - - _ s -] - -
Noise Immunity *
(Vout = 3.5 Vdc) - vne | 50| 15| - | 15228 - | 14) — | 15| - | 15225 - | 14| - Vde
(Vout 2 7.0 Vdc) 10| 30| - | 30j45| - | 29| —~ | 30| - | 30| 45| - | 29| -
{Vout = 10.5 Vdc) 15 | — - - | 675 — - - - - — | 675] - - —
(Vout S 1.5 Vele) VNH [ 50| 14| — | 15]225] — | 15| — | 14| - | 15] 225 - | 15| - | Vde
{(Vout < 3.0 Vde) 10| 29| - 0} 45| - 30| - |29 - | 30|45( — | 30| -
(Vout 4.5 Vdc) 15 —~ - —- | 6.75| — - - - - - | 675| = - -
Output Drive Current
(VoK = 2.5 Vdc) Source 4 IoH 5.0 | -0.62 - -0.5| -1.5 - |-0.35 - |-023 ~— -0.2| -1.5 - | -0.18] — mAdc
(VoH = 9.5 Vdc) 10 [-062] — -05| -1.0 - |-035 - |-0.23 - -0.2} -1.0 ~ [-0.18[ -
(VOH = 13,5 Vdc) ) -] -] -]-36] - | - | -| -] ~| ~|-38] -] -] -
{VoL = 0.4 Vdc) Sink 5 loL 50| 05 - 04| 08 - 028 - | 023 - 02| 08 - | 0.16] - mAdc
(Vo = 0.5 Vdc) 10|11 -] 09| 12| - |oes| —| 06| - | o5| 12| —| 04| -
(VoL = 1.5 Vdc) 15 - - - 7.8 - - - - - - 7.8 - - -
Input Current - lin - - — - 10 — — — — — — 10 — — — pAdc
Input Capacitance - Cin - - — 5.0 — — — — - - 5.0 — — - pF
(Vin=0)
Quiescent Dissipation 78 Pp 50| — | 0258] - [0.005 025| - 15 - | 025 — |0.029 25 - 75 W
(C|=50pF) 10 - 1.0 — 0.01| 1.0 - 60 — 10 - 0.05| 10 - 300
15 - — - 0.05 - - — — - - 0.26) — — —
Output Rise Time** 6 tr ns
(CL=15pF), t; = (2.5 ns/pF) C_+62ns 5.0 - - - 100} 175 = — - - - 100| 200 - -
ty =(1.5ns/pF) C_+12ns 10 - - - 35 75 - — - - - 35 | 110 - -
ty = (1.1 ns/pF) C|_+8.0ns 15 - - - 25 - - - - — - 25 - - -
Output Fall Time** 6 tf ns
(CL =15 pF) tf = (2.0 ns/pF) C|_+ 70 ns 5.0 - — - 100 | 175 — - - - — 100{ 200 - -
tf = (1.0 ns/pF) C|_+ 20 ns 10 - - - 35 | 75 - - - - - 35 | 110 - -
t§ =(0.9ns/pF) CL+ 11 ns 15 - — - 25 - - - — - - 25 - - -
Turn-On Delay Time** 6 PHL ns
(CL =15 pF) tpH = (1.0 ns/pF) C_+45ns 5.0 - - - 60 75 - - - - - 60 | 100 - —
tpHL = (0.5 ns/pF) C_+ 16 ns 10 — - - 25 50 - - - - - 25 60 - —
tpHL = (0.4 ns/pF) C_+12 ns 15 — - - 18 - -~ - - - - 18 - - -
Turn-Off Delay Time** 6 tPLR ns
(C = 15 pF) tpLH = (1.0 ns/pF) C_ + 46 ns 50| — - -~ | e | 78| - - -1 - - | sof 100 - | -
tpLH = (0.5 ns/pF) C|_+ 16 ns 10 - - - 25 | 80 - - - - - 25 | 60 - -
tpLH = (0.4 ns/pF) C|_+ 12 ns 15 - - - 18 - - - - - - 18 - - -

*DC Noise Margin (VNH. VNL! is defined as the maximum voltage change from an ideal 1" or 0" input level before producing an output state change.
**The formula given is for the typical characteristics only.
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MC 14000 (continued)

FIGURE 1 — CURRENT AND VOLTAGE TRANSFER
CHARACTERISTICS TEST CIRCUIT

Note: Unused inputs grounded

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT
TRANSFER CHARACTERISTICS

16

8.0

6.0

Vpp =15 Vdc
14 G TA=25°C‘_—
) e\ |
+ L
> 12 a Onelgqutonly—-
w and inverter
2 10 10Vde \ b Twoinputs  _]
pa ~3 a -
5 \ ¢ Three inputs
2 50 N
. c
g
8.015.0Vd
3 ¢ 1 /‘\,In =15 Vde
g 40 4 |
> ip =10 Vde
2.0 N -
N,
0 \\ N
0 20 40 60 80 10 12 14 16

Vin, INPUT VOLTAGE (Vdc)

FIGURE 4 — TYPICAL QUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

I1p, DRAIN CURRENT (mAdc)

FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE

16 T T T T
Vop =15 Vde Unused inputs
14 \ dto —
Vss.
g 12 N | |
& 10 Vde ‘ a TA=+1250C |
= " b Tp=-550C
2 \ afib
> 80
-
F~d ajlb \
=
3 60 5.0 Vdc
Y
. T
ajb
20
0 P
20 40 60 80 1 12 14 16

Vin, INPUT VOLTAGE (Vdc)

FIGURE 5 — TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

FIGURE 6 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse
Generator

Output

—] l—-—zo ns ——| |=— 20 ns

Output

90%

PHL PLH

Lo AT

7-5

Voo

input 50%
J 10% Ke——— OV

90% VowH




MC14000 (continued)

FIGURE 7 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

0.01 uF
Vbb Ceramic

(50% Duty Cycle)

FIGURE 8 — TYPICAL GATE POWER
DISSIPATION CHARACTERISTICS

_ Ta =+25°C B T
z CL=50pF 7
= === (L =25pF A Al 2
= U i 4 7
[=2RY | 511N nused inputs '
© EE d to ?
- £
w i Vss- - 2% FTHT
< . vz 3 T
5] Vpp = 15 Vdc 4 Pg 4 o110 Ve
=
<
= - AT
>
Z A AT PTTTTI
L
£ o 7 Y, 0 Vde
2 e
2
8 -
"
0.0 1
05 1.0 10 100 1000 5000

f, FREQUENCY (kHz)

NOTE: All unused inputs should
be returned to Vpp or
Vgg as appropriate for
circuit application.
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_I MC14001AL L

“NOR"” GATE

MC14001CL
MC14001CP

QUAD 2-INPUT “NOR"” GATE

The MC14001 quad 2-Input 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

s desired.

Quiescent Power Dissipation = 10 nW/package typical
Noise Immunity = 45% of Vpp typical
Diode Protection on All Inputs

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

Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14001AL)
= 3.0 Vdc to 16 Vdc (MC14001CL/CP)

McMOS

(LOW-POWER COMPLEMENTARY MOS)

QUAD 2-INPUT “NOR"” GATE

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

14 14
1 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632 CASE 646

Rating Symbol Value Unit
DC Supply Voitage MC14001AL Vbbb +18 to 0.5 Vdc
MC14001CL/CP +16 to -0.5
Input Voltage, All Inputs Vin Vpp to-0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range—MC14001AL TA -55to +125 oc
—MC14001CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 °c
CIRCUIT SCHEMATIC
VoD
30 014010
i . o— i o
10 ] I 8
20 :j [:l -09
Ly Ui g &=
60~ - ’ { 13
|- [
50 :] I: —012
],__l»— I_41
A . | S -
_]:3 .J::i

FL f::l_
4&L l? 1

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
1o avoid application of any voltage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that V;, and Vg, be
constrained to the range Vgg < (Vi or
Vout! €Vpp-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgg or Vpp)

LOGIC DIAGRAM
POSITIVE LOGIC

Yy

3=771

Vpp =Pin 14
Vgs =Pin 7

See Mechanical Data Section for package dimensions.
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MC14001 (continued)

ELECTRICAL CHARACTERISTICS

MC14001AL MC14001CL/CP
Voo -55°C +25°C +125°C -40°c +26°C +859C
Characteristic Figure | Symbol | Vdec | Min Max Min Typ Max Min [ Max | Min { Max | Min Typ Max | Min | Max | Unit
Output Voltage Level 123 | Vour | 50) — | 0.01 - 0 0.01 - |oos| - {o01]| - o Joo1| — |o005] vde
1| - [oo1 | - 0 001 | - |oos[ - o001 — o foo1| - foo0s
5] - - - 0 - -1 -1-1-1- 0 - -1 -
“1" Level 5.0 4.99 - 4.99 5.0 - 495| — [4981 - |499 5.0 - |495] - | Vdc
10| 999| - 9.99| 10 - | oss5| - |999] - |999] 10 - |oes| -
151 — - - 15 — - -1 -1 -1-= 15 -1 -1 =
Noise Immunity* - VNL Vde
(Vout 3.5 Vde) 50| 15 - 15| 225 - 14 - (15 - |15 228 | — | 14| -
(Vour>7.0 Vdc) 10 30 - 30| 450 - 29| - | 30| - |[30] 450 | — | 29| -
{Vout = 10.5 Vdc) 15| - — - | 6715 - - |-l -{-]1-1l86m [ -|-|-
VNH Vdc
(Vgut < 1.5 Vdc) 50 1.4 - 15 225 - 1.5 - 1.4 - 1.5 2.25 - 1.5 -
(Vour < 3.0 vde) 10| 29 - 30| 4s0 - 30| - | 29| - | 30| 450 | - | 30| -
(Vout < 4.5 Vdc) 5] - - - | 675 - - -] -{ -{-1s6m|-1-]-
Output Drive Current - lon mAdc
(VoH = 2.5 Vdc) Source 50|-062| - [-050 -17 - |-035( - lo23f - foz20f -17 | - lo1e| -
(VoH = 9.5 Vdc) 10 |-0.62 - -0.50| -0.9 - -035 ]| - [-0.23] - [-0.20] -09 - F0.16| —
(Vou = 13.5,Vdc) 5| — — - | -3s ~ - -1 -1 -1= -3.5 - -1 -
(Vor = 0.4 Vdc) Sink oL 5.0| 0.50 - 0.40( 0.78 - 028 - |023 - [020] 078 - (016} — |mAdc
(VoL = 0.5 Vde) 10 1.1 - 0.90 2.0 - 065| — {060 — | 050 20 - |040| -
(Vor = 1.5 Vdc) 15 - - — 78 - - — - - - 7.8 - — -
input Current — lin - - — - 10 — - ~ — ~ - 10 -1 - — _|pAdc
Input Capacitance (Vin = 0 Vdc) ~ Cin - - — — 5.0 = - -1T-1T-1T- 5.0 - -1 -
Quiescent Dissipation ** 4 PqQ mwW
Per Package
5.0 — 10.00025| - }0.0000250.00025| - |0.015| — |00025| — |[oO. 0 — | 0.075
10 - 0.001 - 0.0001 0.001 - 10.060 — | 0.01 - 0.0001 {0.01| — | 0.30
15 - - — ] 0.00023 - - - - - — ]0.00023 | — - -
Total Power Dissipation 4 Pp mw
(Dynamic Plus Quiescent)
(CL = 15 pF)
Per Package 5.0 Pp = (2.0 mW/MHz) f + 0.000025 mW
10 Pp = (8.0 mW/MHz) f + 0.00010 mW
15 Pp = (18 mW/MHz) f + 0.00023 mW
Output Rise Time** 5 tr ns
{C =15 pF)
1= (3.0ns/pF) C_+ 25 ns 5.0 - - - 70 175 - - - - - 70 200 - -
t, = {1.5ns/pF) C| +12ns 10 - - - 35 75 - - - - - 35 110 - -
;= (1.1ns/pF) C_+8.0ns 15 | — - — 25 - - -1 -] -1 - 25 - | -1 -
Output Fall Time** 5 t ns
(€ = 15 pF)
tf= (1.5ns/pF) C|_+47 ns 5.0 - - - 70 175 - - - - - 70 200 - -
t5= (0.7 ns/pF) C_+ 24 ns 10 - - - 35 75 - - - - - 35 10| — -
t1=(0.55 ns/pF) C|_+ 17 ns 15 - — — 25 — - — — - - 25 — - =
Turn-Off, Turn-On Delay Time 5 | tpLn. ns
(CL=15pF) tPHL
tpLH. tpHL = (1.8 ns/pF) C| + 33 ns 5.0 - - - 60 7 - - - - - 60 100 - -
TPLH, tPHL = (0.73 ns/pF) C_+ 14 ns 10 - - - 25 50 - - - - - 25 60 - -
tPLH. tpHL = (0.60 ns/pF) C_+ 10 ns 15 - - - 19 - - - - - - 19 - - —

*DC Noise Margin (VyH, VNL) is defined as the maximum voltage change from an ideal “1" or “0"

**The formula given is for the typical characteristics only.
refer to

tFor dissipation at different external load

formula: P (CL)=Pp +4x 1073 (C|_ - 15pF) Vpp2f

‘input level before producing an output state change.

Where: Pp in mW, C|_in pF, Vpp in Vdc, and f in MHz
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MC14001(continued)

Vout, OUTPUT VOLTAGE (Vde)

FIGURE 1 — CURRENT AND VOLTAGE TRANSFER
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT
TRANSFER CHARACTERISTICS

Voo = 15 Vde Ta = +250C
1 -~ Unused input __|
\ \ connected to
Vss.
12 \ ] t
10 Vde a Oneinput only
10 \ b Both inputs —
8.0 \ 8.0
\ ‘\ b a
8050 vdc Y 6.0
blaj 7] | W15 vde
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i
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Vin, INPUT VOLTAGE (Vdc)
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FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE
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FIGURE 4 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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__f MC14002AL L

“NOR"” GATE

MC14002CL
MC14002CP

DUAL 4-INPUT “NOR" GATE

The MC14002 dual 4-input NOR gate is constructed with MOS
P-channel and N-channe!l 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 Vpp 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 = 1012 ohms typical

Logic Swing Independent of Fanout
Pin-for-Pin Replacement for CD4002A

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL 4-INPUT “NOR” GATE

14
! 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

Rating Symbol Value Unit
DC Supply Voltage — MC14002AL Vpp +18t0 -0.5 Vdc
— MC14002CL/CP +16 10 -0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — MC14002A L Ta -55t0 +125 oc
— MC14002CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 °c

CIRCUIT SCHEMATIC

Voo

TM
50 z :[ —09
40 ]:’M “"[;‘I 010
30 ]l £] —O 11
20 —I"j"“ L_E_:.[ -0 12

1 .
J B LTLTL

1
—
11
i

UJTJ

iy

e,
&

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 V5 and Vg, be
constrained to the range Vgg < (Vj, or
Vout) <VpD-

Unused inputs must always be tied to an
appropriate logic voltage level {e.g., either
Vgg or Vpp!

LOGIC DIAGRAM
POSITIVE LOGIC

© o s W~

1
12

1=2+3+4+5

Vpp = Pin 14
Vss=Pin 7

See Mechanical Data Section for package dimensions.
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MC14002 (continued)

ELECTRICAL CHARACTERISTICS

MC14002AL MC14002CL/CP
Vpp b 557C +25°C +125°C -40°c +25°C +859C
Characteristic Figure | Symbol| Vdc | Min Max Min Typ Max Min | Max | Min Max Min Typ Max Min | Max | Unit
Output Voltage 0" Level 123 Vour | 50| — | 001 - ) 0.01 - Joos| - | oot ~ ) 0.01 - [ 00s] vac
10 - 0.01 - 0 0.01 - 1005| - 0.01 - 0 0.01 - 0.05
15 — - - 0 - — - - — - 0 - -
17 Level 5.0 | 4.99 - 499| 50 - 495| - [a.99 - 499 s0 495 - | vdc
10 (999 - 999| 10 - 995 - |999 | - 999| 10 - 995 -
15 | — - - 15 - - - - - 15 - -
Noise Immunity* - VL Vde
(Voyr = 3.5 Vde) 50 1.5 - 15 2.25 - 14 o 15 - 15 225 - 14
(Voyr =7.0 vdce} 10 3.0 - 3.0 4.50 - 29 - 30 N 3.0 4.50 29 -
(Vout = 10.5 vdc) 15 | — - - 6.75 - - 675 - -
VNH Vdc
(Vout < 1.5 Vdc) 50 1.4 - 15 225 15 14 - 15 225 15
(Voyur <3.0 Vdc) 10 2.9 - 3.0 450 3.0 29 3.0 4.50 30
(Voyt 4.5 Vdc) 15 - - - 6.75 - 6.75
Output Drive Current - IoH mAdc
(Von = 2.5 Vdcl Source 5.0 |-062 - -0.50 -1.7 -0.35 - 023 - -020f{ -1.7 -0.16 -
(VoH = 9.5 Vdd) 10 |-062 - -050| -09 - 03s| - lo23 -020| -09 -0.16
(Voy = 13.5 Vdc) 15 - 35 - - - 35 -
oL mAdc
(VoL = 0.4 Vdc) Sink 50 | 050 040| 078 028 023 020| 078 0.16
(Vo = 0.5 vdc) 10 1.1 - 0.90 2.0 065 060 - 050 2.0 0.40
(Vo = 1.5 vde) 15 - - 7.8 - - - 7.8
Input Current - lin - - - 10 - - 10 pAdc
Input Capacitance (V,, = 0 Vdc) - Cin - - - - 50 - 50 - pF
Quiescent Dissipation ** 4 Pq mw,
(CL=15pF,f=0Hz)
5.0 - |0.00025 - |0.000025|0.00025 - {0015 0.0025 - 10.000025 { 0.0025 0075
10 - 0.001 - 0.0001 0.001 - (0.060| - 001 0.0001 0.01 - 0.30
Per Package 15 - — — | 0.00023 - - - - ] 0.00023 - -
Total Power Dissipation 4 P mw
(Dynamic Plus Quiescent)
(C = 15 pF)
5.0 Pp (1 0 mW/MHz) f + 0.000025 mW
10 Pp (4.0 mW/MH2z) f + 00001 mW
Per Package 15 Pp = (9 0 mW/MHz) f + 0 00023 mW
Output Rise Time** 5 T ns
(CL = 15 pF)
t = (3.0ns/pF) C_+ 25ns 5.0 - - - 70 175 - - - - 70 200 -
tr = (1.5ns/pF) C_+ 12ns 10 - - - 35 75 - - - 35 110 -
t = (1.1ns/pF) Cy_+8.0ns 15 - - - 25 - 25 - -
Output Fall Time** 5 tf ns
(CyL = 15pF)
t¢ = (1.5 ns/pF) C_+ 47 ns 5.0 - o - 70 175 - - - 70 200 -
tf = (0.75 ns/pF) C + 24 ns 10 - - - 35 75 - . —- - - 35 110 - -
tf = (0.55 ns/pF) C_ +17 ns 15 - - - 25 - - - - 25 - — -
Turn-Off, Turn-On Delay Time 5 | tpLH. ns
(CL = 15pF) tPHL
tpLH. tPHL = (1.8 ns/pF) C_ + 33 ns 50| - - - 60 75 - | - - 60 100 -
tpLH. tPHL = (0.73 ns/pF) C_ + 14 ns 10 - - - 25 50 - - - 25 60 - -
tpLH. tPHL = (0.60 ns/pF) C|_+ 10 ns 15 - - 19 - - - - 19 - N

*DC Noise Margin (V. VN isdefined as the maximum voltage change from an ideal 1" or “0” input level before producing an output state change

**The formula given is for the typical characteristics only.
tFor dissipation at different external load refere 10 corr formula
Pr(CL) =Pp+2x1073(C-15pF) Vpp2f
Where: P1, Pp in mW, C|in pF, Vpp in Vdc and f in MHz




MC 14002 (continued)

FIGURE 1 — CURRENT AND VOLTAGE TRANSFER
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT FIGURE 3 — TYPICAL VOLTAGE TRANSFER
TRANSFER CHARACTERISTICS CHARACTERISTICS versus TEMPERATURE
16 —T e 1 —
Vpp =15 Vde A= ‘2.5 C Vpp =156 Vdc Unused inputs
Unused inputs "
14 — 14 to —
connected to Vss
—_ Vss. - i
§ 12 d 2 53 = 2 n X |
= a a Oneinputonly b4 2
] 0 10 Vde c b Twoinputs | E & 10 Vde a Tp=+1250C
< ¢ Three inputs = = 0 b Ta=-550C |
5] d Four inputs w 2 \ allb
> H—t 40 > 80
2 A\ 15 vde 3 5 a JY
= L 30 Z E 60
H T \ s 3 5.0 Vdc “
= \ o =
H - 20 5 2w =
N0 Vde b \&
X \K‘1 ' 20
\
8 |
NN \\L L o 0
0 20 40 60 80 10 12 14 16 20 40 60 80 10 12 14 16
Vin, INPUT VOLTAGE (Vdc) Vin, INPUT VOLTAGE (Vdc)
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MC 14002 (continued)

FIGURE 4 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

VoD 0.01 uF Ceramic

90% 9
50% 50%
10%  10%

z 50%

v

FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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( MC14006A|_1 SHIFT REGISTER

MC14006CL
MC14006CP

18BIT STATIC SHIFT REGISTER McMOS
. . . . (LOW-POWER COMPLEMENTARY MOS)
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 18-BIT STATI I
the fourth and fifth stages. This makes it possible to obtain a shift C SHIFT REGISTER
register of 4, 5, 8, 9, 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.
® OQOutput Transitions Occur on the Falling Edge of the
Clock Pulse L SUFFIX
. o . CERAMIC PACKAGE
® Quiescent Power Dissipation = 0.05 uW/package typical CASE 632
® Fully Static Operation
® 8-MHz Shift Rate typical
@ Can be Cascaded to Provide Longer Shift Register Lengths
® Pin-for-Pin Replacement for CD4006A
P SUFFIX
PLASTIC PACKAGE 4
CASE 646
1
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)
Rating Symbol Value Unit
DC Supply Voltage —MC14006A L Vpp +18 to -0.5 Vdc
—MC14006CL/CP +16 to -0.5
Input Voltage, All Inputs Vin Vpp t0-0.5 Vdc Dn C |Qp+1
DC Current Drain per Pin | 10 mAdc T(Rslll“‘;:: ‘;‘I:SGL)E o|——_| o
Operating Temperature Range—MC14006A L TA 55 t0 +125 oc TN !
—MC14006CL/CP -40 to +85 X | ~—"1|Qp
Storage Temperature Range Tstg -65 to +150 °c X = Don’t Care
BLOCK DIAGRAM
1 13 4 1 12 s 10 6 8 9
Dpq mj T:)ps QSI Q9 fpm Q13 ijm onI QliT
D D . [>) D D . D
Vpp = Pin 14 4 4 1 4 4 1
Vgg = Pin7 Stages Stages Stage Stages Stages Stage
- fc f c FC J—C l_ :
Clock 3 o-o[> . . ¢ . .

LOGIC DIAGRAM
(ONE REGISTER STAGE)

o

D+1

#Inverter used only on the first stage of
each four-stage element.

*Transmission Out Input to output is
Gate " v (A) A bidirectional low impedance when control input 1 is "‘low’’
and control input 2 is “‘high”’.
2 (B) An open circuit when control input 1 is “high” and control
() input 2 is “low’".

See Mechanical Data Section for package dimensions.



MC 14006 (continued)

ELECTRICAL CHARACTERISTICS

MC14006AL MC14006CL /CP
Voo -65°C +25°C +1250C -40°C +25°C +85°C
Characteristic Figure|Symbol [ Vde | Min | Max | Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max | Min | Max | Unit
Output Voltage "0 Level — | Vour | 50 — |oo1 | - 0 | oot — | 005 - |00t — | 0 001 [ — | 005 [Vdc
10 - oo | - o | oot - |oos|{ - |oo01 - 0 0.01 - | oos
15 - - - [ - - - - - - 0 - - -
“1" Level 50 |499 | - [ 499 | 50 - |a9s| - fa99 | - |a99 |50 - laes| -
10 fo999| - | o999 10 - |99 | - o909 | - |99 | 10 - |oes| -
15 - - - 15 = - - - - - 15 - - -
Noise Immunity * - | vno Vvde
(Vout 235 Vdc) 50 | 15 - 15 | 225 | — 14 - 15 15 |22 - 14 -
(Vout >7.0 Vdc) 10 30 - 30 | 450 | - 29 - 30 - 30 |as0 - 29 -
(Vout >10.5 Vdc) 15 - - - |6 | -~ - - - - - |68 - - -
VNH Vdc
(Vout 1.5 Vde) 50 | 14 - 15 | 225 | - 15 - 14 - 15 |25 - 15 -
(Vout <3.0 Vde) 10 29 - 30 | 450 | - 3.0 - 29 - 30 |as0 - 30 -
(Vout 4.5 Vdc) 15 — - - 6.75 - - - - - - 6.75 - - -
Output Drive Current
(VoH = 2.5 Vdc) Source 1 ion {50 f062| - |05 | 15| - |-03| - |-023 02 |-15 - o1 | - |mAde
(VoH = 9.5 Vdc) 10 |o062| - |05 | -1t0| - [-035| - [-023]| - -02 |-10 - |06} -
(VoH = 13.5 Vdc) 15 - - - 36 | - - - - - |-38 - - -
(VoL = 0.4 Vdc) Sink 2 lo. |50 |05 - 04 | 08 - oz | - | o2 02 |o0s8 - o1 — | mAde
(VoL = 0.5 Vdc) 10 1.1 - | o9 1.2 - |oss| - 06 - 05 |12 - |oa -
(VoL = 1.5 Vdc) 15 - - - 78 - - - - - - 78 - - -
Input Current - lin - - — - 10 - - - - - - 10 - - — pAdc
Input Capacitance = Cin = = = = 50 = = = = = 50 = = = oF
(Vin =0)
Quiescent Dissipation 34| Pp |50 - 25 - |ooxs| 25 - 150 | - 25 — foos | 25 - 350 | uW
10 - 10 - 005 | 10 - 600 | - 100 - Jo2 |10 | - | 1400
15 - - - 035 | - - - - - — lom - - -
Output Rise and Fall Times**(Cp = 15 pF)| & Tt ns
tr.tf = (4.8 ns/pF) C_+ 28 ns 50 - - - 100 | 175 - - - - - {100 | 200 | - -
tr.tf = (2.5 as/pF) C_+ 125 ns 10 - - - 35 75 - - - - - 35 10 | - -
trtf = (22 ns/pF) C_+2.0 ns 15 - - - 15 - - - - - - 15 - - -
Turn-Off and Turn-On Delay Times®* 5 | tpLH. s
(C = 15pF) PHL
tPLH.IPHL = (5.0 ns/pF) C_ + 175 ns 50 - - - 250 | 400 | - - - - - |2s0 | so00 - -
PLH.IPHL = (2.4 nsipF) Cp_ + 44 ns 10 - - - 80 145 | - - - - - 80 | 250 - -
tPLH.IPHL = (2.0 ns/pF) C|_ + 30 ns 15 - - - 60 - - - - - 60 - — -
Minimum Clock Pulse Width PWe | 50 = = ~ 100 | 200 | - = - = =100 | 250 = = ns
10 - - - 60 70 - - - - - 60 125 - -
15 — — — 40 - - - - — - 40 - _ -
Maximum Clock Pulse Frequency PRF | 5.0 - - 25 | 50 - = - - — 20 |50 — - = MHz
(CL = 15pF) 10 - - 7.0 8.3 — - - - 4.0 83 - — -
15 — — — 12 — — — — — — 12 — — -
Maximum Clock Pulse Rise and Fall Time #| w1 | 5.0 - - 15 - - - - - 15 - - - - s
(C = 15 pF) 10 - - 15 - - - - - - 15 - - - -
Setup Time 5 | twetup | 50 = = - 50 | -15 = = = = = 50 0 = = s
(CL = 15pF) 10 - - - -15 | 50| - - - - - -15 0 - -
15 - - - -8.0 - - - - - - -80 - - -
Hold Time 5 | tho | 5.0 - - - 75 180 | -~ - - - 75 | 220 - - ns
(CL = 15pF) 10 - - - 25 90 - - - - 25 | 110
15 - - - 20 - - - - - ~ 20 - — -

*DC Noise Margin (Vi V) is defined as the maximum voitage change from an ideal “1” or “0” input level before producing an output state change.
**The formula given is for the typical characteristics only.
# When shift register sections are cascaded, the maximum rise and fall times of the clock input should be equal to o less than the rise and fall times of the data outputs driving data inputs,
plus the propagation delay of the output driving stage for the output capacitance oad.

FIGURE 1 — TYPICAL OUTPUT SOURCE CURRENT FIGURE 2 — TYPICAL OUTPUT SINK CURRENT
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT
Vop = -Vas Vout Vpbp = Vgs Vout

—o—p
—o—o
—o—o
—o—* T IoH oL
External External
Power Power
Supply Supply
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MC 14006 (continued)

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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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;, and Vg, be
constrained to the range Vgg < (Vi or
Vout) <Vpp-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp!




MC 14006 (continued)

FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Vbbb

%14
Pulse

Generator ——O—{Clock Q4
1 as
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Dp1 as
D,
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Y//7) output state can change since data previously clocked in might be in either state.

Vob
Clock \_/—\‘
Vss
thold “*1" thold"'0”"
tsetup 1" tsetup"O”‘1
Vbbb
Data
Vss
tPLH—~ tPHL—~ -
4-Stage | v
Output 90% OH
50%
Q4, a8, 10% i ——VoL
Q13,Q17 ‘r__l - tpe] |—
tPLH PHL
5-Stage 90% b VoH
Output 50% [
Q9, Q18 10% I VoL
1
tr~| tf"‘ ~—

NOTE: All unused inputs should be returned to
Vpp or Vgg as appropriate for circuit
application.




____//' MC14007AL \\¥

MC14007CL
MC14007CP

COMPLEMENTARY PAIR

access to each device.

Diode Protection on All inputs

Noise Immunity = 456% of Vpp typical

DUAL COMPLEMENTARY PAIR PLUS INVERTER

Quiescent Power Dissipation = 10 nW/package typical

Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14007AL)

The MC14007 multi-purpose device consists of three N-channel
and three P-channel enhancement mode devices packaged to provide
These versatile parts are useful in inverter
circuits, pulse-shapers, linear amplifiers, high input impedance ampli-
fiers, threshold detectors, transmission gating, and functional gating.

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL COMPLEMENTARY PAIR
PLUS INVERTER

FIGURE 1 — TYPICAL POWER DISSIPATION CHARACTERISTICS

10

1
CL=15pF 1K5V[d|i

1, FREQUENCY (kHz)

s [F———ci=50pF s
E 0 10 Vde = £
=
= T
Z 1920
a 1
= £
a2 = ad
) 5.0Vde T
o
5 2 1
g 1)
001 =
o £ =
7 I
2l i
1) T
0.001 1f i
[N 10 10 100 1000

3.0 Vdc to 16 Vdc (MC14007CL/CP) "o 14
® Single Supply Operation = Positive or Negative !
® Symmetrical Output Impedance — 200 ohms typical @ 10 Vdc L SUFFIX P SUFFIX
’ ) CERAMIC PACKAGE PLASTIC PACKAGE
Pin-for-Pin Replacement for CD4007A CASE 632 CASE 646
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7) SCHEMATIC
Rating Symbol Value Unit 14 13 2 ] 1
DC Supply Voltage — MC14007AL Vpp +18 to -0.5 Vdc Qo 9 ‘f Q T
— MC14007CL/CP +16 to -0.5 >
Input Voltage, All Inputs Vpp to-0.5 Vdc ‘ »—] r—l
DC Current Drain per Pin 10 mAdc 6 + L 12
Operating Temperature Range— MC14007AL -55to +126 oc 4 }C
— MC14007CL/CP 40 to +85 == :
Storage Temperature Range Tstg -65 to +150 °c ' '_1 j
s L5 4
7 8 3 4 5 10 9

Vpp = Pin 14
Vgg = 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 it
is recommended that Vj, and Vg, be
constrained to the range Vgg < (Vi or
Vout! <VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp)

See Mechanical Data Section for package dimensions.

7-18




MC 14007 (continued)

ELECTRICAL CHARACTERISTICS

MC14007AL MC14007CL/CP
vpp | 85°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol| Vdc | Min | Max | Min | Typ | Max | Min | Max| Min [ Max [ Min | Typ [ Max | Min | Max Unit
Output Voltage “0"" Level - Vout 5.0 - 0.01 - 0 0.01 - 0.05 - 0.01 - 0 0.01 - 0.05 Vde
10 - {001} — 0 {o001| - |008] - |o0.01 - 0 | 0.01 - | 0.05
s |- -f-]o}-|-Joos| ~| -] -]o0o])~1]- -
1" Level 50 |499| - [499( 50 - 495 — | 499| ~ [|499| 50 - 495 - Vde
10 {9.99| - f9.99] 10| - foos5| — |999| - |999]| 10 | - [995| —
15 | — - |- 15 | — - - - | - - |15 | — - —
Noise immunity*
{Vout = 3.5 Vdc) - VNL 5.0 1.5 - 15 )225| — 1.4 - 15 - 15 |2.25 - 1.4 - Vdc
(Vout = 7.0 Vdc) 10 | 3.0 - 3.0 {450] — 2.9 - 3.0 - 30 (450 — 2.9 -
{Vout = 10.5 Vdc) 15 - - - 6.75 - - - - - - 8.75 - — —
(Vout = 1.5 Vdc) VNH | 80 |14 ] — |15 225 — |15 | - | 14| - 15 |225) — |15 | — Vdc
(Vout = 3.0 Vdc) 10 29| - [30|450( — |30 -] 29| - |30]as0| - |30] -
(Vout = 4.5 Vde) 15 — — — |6.75] — - — - — — |675| — _ —
Output Drive Current 10H mAdc
(Vo =2.5 Vdc) Source 2 50 |-1.75) - [-14 |40 - |10 - |-13] — |-1.1|40]| —- |[-09
(Von = 9.6 Vdc) 10 j-1.85) — -1.11-25 - 075 — |-0.65} — [-055{-25 - 045 -
(VoH = 135 Vdc) B -] - ]=-]90]l-|-]-]1-]-]1-190]-1]-1-
(Vo =04 Vde) Sink 3 loL | 50 fors| — (o6 |10] — o4 | - |035| - |03 |10 - |024] — | mAde
(Vo = 0.5 Vde) 0 [16| - (1325} — Jogs| ~ | 12|~ |10]2s 08| -
(VoL = 1.5 Vdc) Y3 I S U PP R R I R N B R S RN
Input Current - lin - - - - 10 - - - - - - 10 - - — pAdc
Input Capacitance - Cin = - - - 50 | — - - - - 5.0 - - - pF
Vin=0
Quiescent Dissipation (C; = +15 pF)
Pp = (1000 uW/MHz) f + 0.005 uW 1.4 Pp 5.0 - 0.25 — |0.005] 0.25 - 15 - 25 — 005} 25 — 75 mi
Pp = (4000 uW/MHz) f + 0.01 uW 10 - 1.0 - ]001{ 10 - 60 - 10 - (005 10 - 300
Pp = (9000 uW/MHz) f + 0.025 uW 15 - - — |0.025| — - - - - - 0.25 - - -
Qutput Rise Time** 4 1 ns
(CL = 15 pF)
tr=(1.2ns/pF) CL + 17 ns 5.0 - - - 35 75 - - - - - 35 | 100 | — -
tr = (0.5 ns/pF) C_+ 125 ns 10 - - - 20 | 40 - - - - - 20 | 50 - -
tr= (0.4 ns/pF) C|_ + 11 ns |- |- ]=-1w|-|-1-1-1=-1~-1w]-1-1-
Qutput Fall Time** 4 f ns
(CL = 15 pF)
4= (1.5 ns/pF)Cy_+ 125 ns 5.0 - - 35 75 - - - - - 35 100 - -
t;={0.5 ns/pF) C|_ + 125 ns 10 | - - |-]204{4 |- | -] - |-1]-20]s0 |- -
tf = (0.4 ns/pF) C|_+9.0 ns s |- |- |||~ |-]=-1=-1=-1=-11w]-1-1-
Turn-On Delay Time** 4 tPHL ns
(CL = 15 pF)
tpHL = (1.0 ns/pF) C_+ 15 ns s0 |- |- (- f3]eo |- -1 - -1~ 1Js]»n|-1-
tpH = (0.3 ns/pF) C_+ 10.5 ns 10 - - - 15 | 40 - - - - - 15 | 50 - -
tpyL = (0.2 ns/pF) C|_+9.5 ns w |- -]-|2!-|-|-1-1-4{-1m2|-1- -
Turn-Off Delay Time** 4 tPLH ns
(Cp = 15 pF)
tpLH = (0.5 ns/pF) C|_+ 225 ns 50 |- |- |- (30 |60 |- - |- t3o|»m |- -
tpLH = (0.2 ns/pF) C|_ + 12 ns 10 - - - 15 | 40 - - - - - 15 | 50 - -
tpH = (0.15 ns/pF) C_+ 9.0 ns 15 - - - 12 - - - - - - 12 - - ~

*DC Noise Margin (VNH. VL) is defined as the maximum voltage change

an output state change.

**The formula given is for the typical characteristics only.

from an ideal

1% or 0"

" input level, that the circuit will withstand before producing

Note: Allunused inputs mustbe returned to either Vpp or Vgg as appropriate for the circuit application.
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MC14007 (continued)

FIGURE 2 — TYPICAL OUTPUT SOURCE CHARACTERISTICS

FIGURE 3 — TYPICAL OUTPUT SINK CHARACTERISTICS

Vobp =-Vas

O Vps =VoH - VbD

All unused inputs cannected to ground.

All unused inputs connected to ground.

Ip, DRAIN CURRENT {mAdc)

0 20 ; T
2 VGs = 15 Vde
= b
40 (lc —] T / ¢ A
VGS:'S‘uvﬂb e /V % [ﬂ ///1 Vdc
= prr"] -
st AT G /] s o JJIE
¢ Th=+1250C A A)7 g V 7/ 4D
c V =1 = 550
a4 i) /4% e
/ b// < \( § / / ¢ TA=+1250C
v

-10 vd -15 Vd 5
Rl —— 2 4 o = a0 ot s0vae

'/ / A : c ] |
-20 )/ / 0 ]

-10 8.0 60 20 20 0 0 20 4.0 6.0 8.0 10
Vps, DRAIN VOLTAGE {Vdc) Vps, DRAIN VOLTAGE (Vdc)
FIGURE 4 — SWITCHING TIME AND POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
20 ns ~—1 !-« 20 ns
90% Voo
500 uF Vin 50%
10% ov
PHL PLH
Pulse 90% VpbD
Generator Vout ?gé
ov

-
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MC 14007 (continued)

APPLICATIONS

The MC14007 dual pair plus inverter, which has access to all

FIGURE 6 — 3-STATE BUFFER

itselements offersa number of unique circuit applications. Shown
are a few examples of the device fiexibility.

FIGURE 5 — 2-INPUT ANALOG MULTIPLEXER

———8 A

& B

— c
Input ‘-—-—(>o—

+Vpp

TZ
Disable 3 O—————]
o od

1

1
-
Input 10 3——4312 Output
—
9

R —
Disable 6 0———')—}
7

INPUT | DISABLE | OUTPUT

1 0 ]
o 2] 1
X 1 Open

X = Don’t Care

8 A
]
12 ” 9
—O—1
1 B8
b
2
3
O
Voo 5 'f a4
18 O c
i 1
13
Input
6 8 10
7QVss

INPUT | OUTPUT CONDITION
1 A =C,B =Open
0 A =B,C=0pen

Substrates of P-channel devices internally connected to Vpp;
Substrates of N-channel devices internally connected to Vgg.

FIGURE 7 — AO! FUNCTIONS USING TREE LOGIC

Voo —_—
14 Out = A+BeC

i
i

10 12 }1
B -8 Qutput
sL

=3
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ADDER

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 Sumin to Sumoyut
® Low Power Dissipation — 1.0 uW typical @ 10V

® Diode Protection on All Inputs

® All Outputs Buffered

® Pin-for-Pin Replacement for CD4008A

McMOS

(LOW-POWER COMPLEMENTARY MOS)

4-BIT FULL ADDER

CERAMIC PACKAGE

L SUFFIX P SUFFIX

BLOCK DIAGRAM

High-Speed

r Parallel Carry
B4 15 O l

A4 10O

—————0 14 Cgoyt

Adder 013 sa
beo
B3 2 0O— Adder ’—_012 s3
A3 30- 3
{cs

B2 4 O——

Adder 011 s2
A2 5 O- 2

9C2
B1 6O

Adder 010 s1
Al 7 O— 1

J Vpp =Pin 16
Cin 90 Vsg = Pin 8

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8) CASE 620 CASE 648
Rating Symbol Value Unit
DC Supply Voltage — MC14008A L VpD +18 to -0.5 Vdc
-MC14008CL/CP +16 to -0.5
Input Voltage, All Inputs Vin Vpp to-0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range — MC14008A L Ta -55to +125 oc
-MC14008CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 °c

TRUTH TABLE

(One Stage)

Cin B A |Cout] S
o] [¢] o ¢} (o]
0 o] 1 0 1
0 1 o o 1
0 1 1 1 [
1 [¢] o [¢] 1
1 0 1 1 0
1 1 o 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 Vj, and Vg,t be
constrained to the range Vgs < (Vj, or
Vout! <VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vpp).

See Mechanical Data Section for package dimensions.

7-22
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MC 14008 (continued)

ELECTRICAL CHARACTERISTICS

MC14008AL MC14008CL/CP
Vbp 5°C +250C +125°C -40°C +25°C 5°C
Characteristic Figure | Symbol Vde Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level = Vout 50 —~ oo - o Joor| - Joos | - foor | - 0 001 | - [o0s | vdc
10 - 0.01 b 0 0.01 - 0.05 - 0.01 - o 0.01 - 0.05
1" Level 5.0 499 - 4.99 5.0 - 495 - 499 - 499 5.0 - 4.95 -
10 o999 | - l999 |10 - |995| - loos | - {999 |10 - Joo95 | -
Noise Immunity* - VAL 5.0 15 - 15 225 - 14 - 15 - 15 225 - 1.4 - Vdc
10 30 - 3.0 450 - 28 - 30 - 30 450 - 29 -
15 - - - 675 | - - - - - - {675 - ~ -
VNH 5.0 14 - 15 225 - 15 - 14 - 15 226 - 15 - Vdc
10 29 - 30 |450 | - 30 - 29 ~ {30 |as0 | - | 30 -
15 - - - s | - - - - - - e85 - ~ -
OQutput Drive Current 1
(Vop = 2.5 Vde) Source loH 50 |-062| - 05 |-15 - o3| - lo23| - |02 |15 - |0, ) - mAdc
(VOH = 9.5 Vdc) 10 |-062| — 05 [-1.0 ~ {038 - |w023| - |-02 |-10 - |0t | -
(Vop = 135 Vdc) 15 - - - |30 - - — - - -3.0 - — -
(VoL = 0.4 Vda) Sink 2 lou 5.0 05 - 04 | 06 - 0.28 - 0.23 - 02 | 06 - | o8 - mAdc
(Vo = 0.5 Vdc) 10 11 - 09 |16 - 065 - 06 - 05 16 - 04 -
(VoL = 1.5 Vdc) 15 - - — |so0 . - - - - — 6.0 _ _ .
Input Current — lin - — — 10 - — — — — — 10 — - - pAdc
Input Capacitance (Vip = 0} = Cin
Cin Input - - - - 10 - - - - - - 10 - - - pF
All other inputs — - - - |50 - - - — - - 5.0 - - -
Quiescent Dissipation — Po 5.0 - 25 — oz 25 _ 1500 — 250 - 0.25 250 — 3500 W
10 - |00 - |10 | 100 ~ |eoo0o | - |00 | - 10 [ 1000 | - |14000
15 — - ~ lao - — _ - - - 4.0 - - -
Output Rise and Fall Time ** 5 .t ns
(Cy =15 pF}
trtf = (29 ns/pF) C_ + 57 ns 50 - - - |10 [175 - - - - - 100 | 200| - -
tetf = (1.5 ns/pF) C_+ 12,5 ns 10 - - - 35 75 - - - - - 35 1Mo | - -
tr.tf = (1.0 ns/pF) C + 10 ns 15 - - - 2 - - - - - - 25 - - -
Sum In to Sum Out Delay Time®* PHLPLH ns
(Cp =15 pF) 5
TPHLAPLH = (1.8 ns/pF) C|_+398 ns| 50 - - ~ a4 |750 | - - - - - 425 | 1200] — -
tPHLtPLH = (0.8 ns/ pFICL + 158 ns 10 - - - |10 |20 | - - - - - |10 | a0 | - -
tpHL.tPLH = (0.6 ns/pF) C_+ 116 ns 15 - - - 125 - - - - - 125 - - -
Sum In to Carry Out Delay Time** 5 tPHLAPLH. ns
(CL =15 pF)
tpHL. tpLH = (1.8ns/pF) C + 223ns 5.0 - - ~ |20 |s00 | - - - - - |20 800 | — -
tpHLtPLH = (0.8 ns/pF) C+103ns 10 - - - 115 200 - - - - - 15 240 | - -
tpHLAPLH = (0.6 ns/pF) C(+81 ns 15 - - - | %0 - - - - — - 90 - | - -
Carry Into Sum Out Delay Time** 5 tPHLAPLH ns
(Cp_ =15 pF)
tpHL. tPLH = (1.8ns/pF) C|+293ns 50 - — - 320 650 - — - - - 320 1000 - -
tPHL, tpLH = (0.8ns/pF) CL+113ns 10 - - - |18 |25 | - - - - - |18 300]| - -
tpyL, tpLH = (0.6ns/pF) Cp_ +86 ns 15 - - - |95 - - - - - - 95 - - -
Carry Into Carry Out Delay Time** 5 tPHL,PPLH ns
(CL =15 pF)
tpHLPLH = (1.8ns/pF) C| +88ns 50 - - - ns | - - - - - | s 00| — -
tpHL. tpLH = (0.8ns/pF) C +33 ns 10 - - - |48 75 - - - - - a5 9| - -
tpHL. tpLH = (9.61s/pF) C| + 26 ns 15 - - - |3 - - - - - - 35 - | - -

*DC Noise Margin (Vi Vi) is defined as the maximum holtage change from an ideal “1"" or 0"

**The formula given is for the typical characteristics only.

FIGURE 1 — TYPICAL SOURCE CURRENT
CHARACTERISTICS TEST CIRCUIT

input level before producing an output state change.

FIGURE 2 — TYPICAL SINK CURRENT
CHARACTERISTICS TEST CIRCUIT

Vop = -Vas

80 Vgg

16
y—O—— B4 sS4
y—O—oq A4
—O—— B3 S:*)—‘O—!>
—O0——— A3
—O—— B2 s2—0—o
—O——A2
¢+ o—1{B1 s1 ——o—i
—O0——1 A1
—0—Cin Cout

Vout

1!

loH

External
Power
Supply

Vobp = Vas
16
—0—184 s4
—O0—— A4
—O——B3 SB—O—L
—O0—— A3
—O——B2 S2——0—=0
y—O0— A2 ]7
—O0——{B1 Ss1
—o— A1
—0——Cin Cout
89 Vgg

Vout

 J

loL

External
Power

Supply
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MC 14008 (continued)

FIGURE 3 — DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo

Pulse
Generator

FIGURE 4 — TYPICAL POWER DISSIPATION
CHARACTERISTICS

FEF TA = 25°C Voo = 15 Vde THIEZ= =
1 il
_ ; 110 vde H i
£ 1 | % i
E CL=15 pFR =
5 o
= AN
& ' pY
] ==y = ===
= ~ ~ 15 pF
'; A A all [
7

€ o -
S

FHE—

R

0.001
05 1.0 10 100 1000 5000

f, FREQUENCY (kHz)
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MC 14008 (continued)

FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Voo

B4 sS4—O0—
—o—( A4
+—o0—B83 s3I —O0—
—0— A3

H o le2  s2
—O0—— A2 T~
L4+—-o—B1 s1 1 FC'-
=
—O—A1
Pulse CL

Generator [ [ © Cin Cout cL
CL

L_
<
0w
7]
[3)
At
I
11,
.

!——20 ns ———* l=—20 ns
c 0% X Voo
in 50% N
—10% k ov
- TPHL — tPLH
90% VoD
S1-54 50%
10% ov
] L—tf —4 ety
Voo
Cout 50%
— 4 ov
1 tPLH —1 =tPHL
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MC 14008 (continued)

FIGURE 6 — LOGIC DIAGRAM
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Cout
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A3
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A2
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MC 14008 (continued)

TYPICAL APPLICATION

FIGURE 7 — USING THE MC14008 IN A 16-BIT ADDER CONFIGURATION

Word A + B Inputs
AL

Al— — — B4 Al —— — B4 Al — — — B4 Al — — — B4

I N N S R N B

. hi Chij Chi
Cin Ch1|p Cout —{Cin C2np Cout—Cin 3lp Cout —Cin 4 P Cout

|||—l

TTTL TT1L TT1] [1T1]

— v

Y
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 V is:

tp total = 115 + 125 + 90 = 330 ns typ
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MC14009AL

BUFFERS

MC14009CL
MC14009CP
MC14010AL
MC140100L
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).

@ High Current Sinking Capability

® Quiescent Power Dissipation= 50 nW/package typical

8.0 mA minimum @ VoL =0.5Vand Vpp=10V

e Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14009/10 AL)
3.0 Vdc to 16 Vdc (MC14009/10CL/CP)

¢ Wide CMOS-to-Bipolar Conversion Range —

The MC14009 also provides the invert function.

McMOS

(LOW-POWER COMPLEMENTARY MOS)

HEX BUFFERS

Inverting — MC14009AL/CL/CP
Noninverting — MC14010AL/CL/CP

All P-Channel substrates = Vpp

All N-Channel substrates = Vgg

From MCMOS operating with specified supply voltage range 160
to TTL or DTL operating with +3.0 V to +6.0 V supply. ! L SUFFIX
Conve;sion with logic output levels > 6.0 V is permitted if CERAMIC PACKAGE
Vce < Vpp. CASE 620
@ Pin for Pin Replacement for CD4009A — MC14009 16
CD4010A — MC14010 1
P SUFFIX
PLASTIC PACKAGE
MAXIMUM RATINGS (Voltages referenced to Vgg, Pin8) CASE 648
Rating Symbol Value Unit
DC Supply Volitage (Vcc SVpp) —AL Version Vpp +18to0 -0.5 Vdc
CL,CP Version +16to -0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin* | 10 mAdc
Operating Temperature Range —AL Version Ta -55to +125 °c
CL,CP Version -40 to +85
Storage Temperature Range ‘ Tstg -65 to +150 oc LOGIC DIAGRAMS
*Buffered Outputs may supply higher current.
CIRCUIT SCHEMATIC MC14009 MC14010
(1/6 OF CIRCUIT SHOWN)
3—‘D°— 2 3—{>—2
MC 14009 MC14010 :
5—Do—4 5—D__.4
Vbb  Vee Voo Vee
o o]
7——[>0—e : 7—-D—s
= Q —]Ltl = = r]::J o—{>o—10 s—L>—10
o ) [>
1 12 n__{ > 12
— +—
= | = % Ll:— 14——' >o— 15 14——-’ >—15
V. V.
1°ss 'S Vpp = Pin 16 Vpp = Pin 16
= = Vgs = Pin 8 Vgg = Pin 8
Vee = Pin 1 Ve = Pin 1

See Mechanical Data Section for package dimensions.

7-28




MC14009, MC14010 (continued)

ELECTRICAL CHARACTERISTICS

MC14009/10AL MC14009/10CL/CP
Voo | Vec -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbot | vdc vde  {Min [Max [Min | Typ ] Max | Min | Max | Min | Max | Min | Typ | Max | Min | Max | Unit
Output Voitace 1.23 Vout Vdc
MC14009
(Vin = 5.0 Vdc) 50 5.0 ~ Joor| - | o Joor| - joos| - Joo1| - | o |oo1] - Joos
{Vin = 10 Vdc) 10 10 -~ joor] - o foor| - Joos| - Joor] - | o Joor| - }oos
{Vin = 15 Vdc) 15 - -l -1-1° e e el e - L - | -
MC14010 0" Level
(Viq = 0 Vde) 5.0 5.0 — joor | - | o foor| — foos| - Joo| - | o |oo1] - Joos
(Vin = 0 Vdc) 10 10 - joor | - Jo joor| - foos| - Joor| - | o |oor] - Joos
{Vin =0 Vdc) 15 - -l -{-Jol-ft-1-1-4-1-]Joj-1-1-
MC14008 - Vdc
(Vin =0 Vdlc) 50 50 |499| - lago|s0| - l495| - |as9| - |a99| 50| - |aes| -
(Vin =0 Vde) 10 10 |og9} - Jose| 10| - |o9s| - }o99| - |es9| 10 | - |9es} -
(Vin =0 Vdo) 15 - -y --ts| -1 -1-1-1-t-1st-1-1-
MC14010 1" Level
(Vip =5.0 Vde) 5.0 50 (499 — f499{50f - [495] — la99| - [499]| 50| - f495| -
(Vin = 10 Vde) 10 10 f999| - |oss| 10 995| — log9| - [999] 10 | - |9os5| -
(Vin = 15 Vdc) 15 - -4 -1]1-Inst-t-]-}1-1-f{-4ms)-1]-1-
Noise Immunity* - VL Vdc
MC14009
(Vour 235 Vdc) 5.0 50 [10)] - J1o)20f - oo - J1o}] - Jrof20] - Joo} -
(Voyr 27.0 Vdc) 10 0w {20} - J20]30) - j12| - f20] - f20]30]| - |19] -
(Vgye 210.5 Vdc) 15 15 - -t - Jas)] -} -1 -]1-]1-]-las} -1 -1-
(Vout <1.5 Vdcl VNH 5.0 50 14| - |15 [225] - [15] - [1a] - |15 [225] - [15] - [ vec
(Voyt $3.0 Vdc) 10 0 |29| - J30o|as| - {30 - |29] - [30fas| - |30]| -
(Voyt 4.5 Vdc) 15 15 - - 1-ler| - | -} - | -] - |-1ler| - | -]
MC14010 VNL Vdc
(Vout <1.5 Vde) 50 50 {15} - |15 J225) - f14 ) - |15] - |1s)225) - |14} -
(Vgut $3.0 Vdd) 10 10 30| - |30 |4a5] - J29) - |30] - [30]4as5| - J29] -
(Vour S4.5 Vde) 15 15 -1 - t-—ders] - | -t -1-1-1-1er} -1-1-
(Vout 23.5 Vdel VNH 50 50 |14 - |15 |225] - [15] - [1a] - [is]2zs] - [1s] - [ vee
(Vgyt 7.0 Vde) 10 10 29 - |30 fas|{ - {30] - [29] - |30fas5] - |30} -
(Voue 2105 Vo) 15 15 - |- {-Jems} - | -} -] -1 -]-1]6r5] - -] -
Output Drive Current
5 IoH mAdc
(VoH = 2.6 Vdc) Source 5.0 50 |-185] - p12slarsf - |09 - 15| - frasjarsp - |0 -
{VOH = 9.5 Vdc) 10 10 |-09) - |o6]|-08| - |o04a| - |072] - |06|-08]| - |048] -
(Vom = 135 Vdc) 15 15 - - 1-dsof -t -1-1-1-[-101s0f-1-1-
6 oL mAdc
(VoL = 0.4 Vdc) Sink 5.0 50 |[375] — |30 a0} - |21 - |36] - |30ol4ao| - |24] -
(VoL =05 Vde) 10 10 10) - Jsofwo| - |se| - |os| - |so] 0] - Jea] -
(VoL = 1.5 Vdc) 15 15 - - - |35} - - - - - - |3 ] - = -
Tnput Current = o = = N I L N A I N L — | pAdc
Input Capacitance MC 14009 - Cin - - - - - 10 - - - - - 10 - - - pF
(Vin =0l MC14010 - — - |- 1-Jso} -1 -]1-1- —|so] - | -1 -
Quiescent Dissipation 7 ) 50 = — |75 | - Joos| 16] - |00 - | % | - |[0156] 158 | - [210 | »w
10 - - |50 |- Jo1jso| - |30} -]s0 |- |os]so| - |700
15 - - - 1-Jos} ~§ | -} -] - |-Jossj | -} —
Turn-On Delay Time** 4 tPHL s
(€L = 15 pF)
MC14009
0.16 ns/pF) Cp_+ 12ns 50 50 -l -1-fm}ss ) -]1-1-1-t-]w|m]-1]-
0.10 ns/pF) C( + 8.0 ns 10 10 - -1~ oo} | -|- -l - oo | -] -
tpHL = (0.08 ns/pF) CL + 6.0 ns 15 15 - -4-fro] -f{-{-1t-1-{-1wof-1-1-
10 50 -l-{-lsof{=s|-|~-]-}~-]-]so}ss|-]-
15 5.0 -l -1-so} 2 |-1-1-1-1]-]se}-1-]-
MC14010
tpHL = (0.38 ns/pF) CL + 19 ns 50 50 -l-1-Il=s]ssl-]1-]-|-]-|])w|-1-
0.08 ns/pF) C_ + 19 ns 10 10 -}l -J-Jo)0|-}-}-]-]-|2}fae}| -] -
tpHL = (0.06 ns/pF) Cp_ + 14ns 15 15 -{-1-1s]-1-1t-1-1-t-ts|-1-1-
tpHL = (0.08 ns/pF) Cp + 14 ns 10 50 -l -1-tms]>s{-]-}-1-1-]mns}s|-1]-
tpH| = (0.09 ns/pF) Cy +9.0 ns 15 5.0 -l -f-Jw] -}-]1-]-1-1=-tw]-]-1-
TurnOff Delay Time** 4 PLH ns
(C( =15 pF)
MC14009/10
tpLH = (1.0 ns/pF) Cy_+ 36 ns 5.0 50 -l -1-Jso]se{-|-]-]-]-]|s0}wo}-]-
tpLH = (0.40 ns/pF) C|_ + 19 ns 10 10 -t -]-Js]s|{-|-1-}-1-]zs}m]-]-
tpLH = (0.34 ns/pF) Cp_ + 15 ns 15 15 -t -1-12o|-{-1-1-]1-1-pb2o]-1-1-
tpLH = (0.36 ns/pF) Cp_ + 20 ns 10 50 -t-]-}|s|o|-1-}|-]-]-|s]e|-]-
tpLH = (0.16 ns/pF) Cp_ + 18 ns 15 50 -t -)-J2of-f-1-t-1-1-12]-]-1-
Output Rise Time** 4 tr ns
(CL = 15 pF)
MC14009 -
tr = (2.4 ns/pF) Cy_+ 44 ns 50 50 - |- -|so)s{ - -} -] -]-|8 w0 -] -
tr = (1.00s/pF) C_+ 20 ns 10 10 - -1-f3]wo|-}-1-]1-1-}|3sfo] -] -
t = (0.62 ns/pF) C_ + 20 ns 15 15 - - 1-Jeo} -t -1-1-1-|-}}]-]-1}-
MC14010
tr = (1.6 ns/pF) Cy_ + 56 ns 50 5.0 - - {eofs| - | - -] -]-]68 {0 -] -
t = (0.76 ns/pF) Cy_+39ns 10 10 -l - j-fsofwo| - -|-]-|-]sefro|-1{-
t = (0.6 ns/pF) € + 21 ns 15 15 - - ]-Jsol -t -1-1-1-1-{3]-]-1-
Output Fall Time ** 4 % ns
(CL = 15 pF)
MC14009
t¢ = 0.22 ns/pF) C_ +9.0ns 50 5.0 -1 -1-1w3} sl -|-1-|-]-113]e]-1|-
t = (0.10 ns/pF) C(_ + 7.0 ns 10 10 - - - 9.0 40 - - - - - 9.0 | 50 - -
t¢ = (0.07 ns/pF) C_ + 6.0 ns 15 15 -l - -1ro}l -1 -1-1-1--}ro]l-1-1-
MC14010
t = (0.20 ns/pF) Cy_+ 22ns 5.0 5.0 -l - t-f2s]|as| -] - -l -} -] | -] -
t = (0.07 ns/pF) Cp_ + 15 ns 10 10 -t -]-1w]aw]|-|- -} - -] | -] -
t = (0.07 ns/pF) Cy_ +9.0ns 15 15 -l - ]-fwo] -]-1- -l -l-]w]-1-1-
“DC Noise Margin (Viyp. VNL) is defined as the maximum voltage change, from an ideal 1" or "0 nput level before producing an output state change.

**The formula given s far the typical characteristics only.
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MC 14009, MC14010 (continued)

FIGURE 1 — CURRENT AND VOLTAGE TRANSFER
CHARACTERISTICS TEST CIRCUIT

#Invert on MC 14009 only

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT TRANSFER CHARACTERISTICS versus TEMPERATURE

MC14009
16
Veo = VDD = 16 Vde L 5 T
aTp=+1 = p—
I, . b Ta = +259C \ Veg=5.0vde
= b ¢Ta =-550C = = 40 aTa= +!22°E_
2 w3 g bTA = +250C
= ZFvee-vpp c i s AT A= 550 _|
= M - < b
w =10V £ &
< z < 39 ¢ C
5 - g 5 30
S 0 1N = =3 \ \ \
> I 4 Vo @vee=Vop=15V 203 g
5 vee = VoD / \ z § " :/v_ a \
5[50y T I I = 5 —\c AN
b a \| _~lp@vgp=vpp=50V DD °© V
24 : S < 0= I \\ S\\vonﬂs Vdc
| b ~ N
¢ / N ~~ 5.0 Vdc 10 Vd
0 / - ~~ 0 o
] 40 8.0 12 16 20 3.0 50 3.0 [
Vin, INPUT VOLTAGE (Vdc) Vin, INPUT VOLTAGE (Vdc)
FIGURE 3 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE
MC14010
16 | VeC=Vpp =15V 50 /1
— a Tp =+125°C b <a N
= b Ta =+25% l‘ = 40 -
‘;; 12f—cTA=-55°C ] g a b .
o Y P — .
g ¢=Vpp=10V =
g 230
S g a b s
5 A‘rc '5
g & 20 Vpp = 5.0 Vdc VpD =10 Vde Vpp = 15 Vdc —|
> Vee = Vpp =5.0 =)
o o
< = T T
s 40 a 3 l Ve = 5.0 Vde
> > 10|
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¢ Tp=-550C
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0 20 40 6.0 8.0 10 0 2.0 40 6.0 8.0 10
Vin, INPUT VOLTAGE (Vdc) Vin, INPUT VOLTAGE (Vdc)
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MC14009, MC14010 (continued)

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

20 ns '-— 4‘ f=— 20 ns

\Y

It 50% X oo
Vpp Vee npu 50% E
— 10% k ov
16 1 tPH L —= —— tPLH

V,

90% f— YOH
Pulse ,# Vout Output 50%
Generator Vin - u MC 14009 10%
VoL
80 Vss CL -1 l""f - =t
I tpLH— PHL
— = Vo
- - Output 90%
MC14010 — 50%

#Invert on MC14009 only — 10% V)

oL
t e t
FIGURE 5 — TYPICAL OUTPUT SOURCE CHARACTERISTICS FIGURE 6 — TYPICAL OUTPUT SINK CHARACTERISTICS
MC14009 MC14010 MC14009 MC14010
+Vpp = Ve = +Vpp = Vce +Vpp =Vce
O

Vps =VoH ~ VoD

0 T T
a Tp=-550C
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29 ./ N AT
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Vpp =50 Vde {b // P // // /// Vout=VDs |
60 04 = - 1
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I ¥ 7

N
N

IoH, OUTPUT SOURCE CURRENT (mAdc)

lgL, OUTPUT SINK CURRENT (mAdc)

a
. y /5= b Q -
. k ) 20 Vpp =5.0Vde
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o | | A V07
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MC 14009, MC14010 (continued)

FIGURE 7 — TYPICAL DYNAMIC POWER DISSIPATION CHARACTERISTICS

Vpbp =Vce o

0.01 uF
Ceramic

Vin O

Pp, POWER DISSIPATIUN (mW)

20 ns r-— —.-I te=— 20 ns
A\
90% bo
10% N ov
50% Duty Cycle
2 U7 A H
Z A
L -
4
01 2~ 1
Z T PtL T
A > 1
* A 1 "s A }
e
R 5.0 Vd 5 pF
oo . ———C=50pF
H Alt unused inputs H
7 to VssH
0.001 [ T IIf
1.0 10 100 1000 10000

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 Vi, and Vg, be
constrained to the range Vgg < (Vi or
Vout! <VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp!
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_f MC14011AL \

“NAND"” GATE

MC14011CL
MC14011CP

QUAD 2-INPUT “NAND” GATE

is desired.

Quiescent Power Dissipation = 10 nW/package typical
Noise Immunity = 45% of Vpp typical
Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14011AL)
3.0 Vdc to 16 Vdc (MC14011CL/CP)

Single Supply Operation — Positive or Negative
High Fanout — > 50
Input Impedance = 1012 ohms typical

Logic Swing Independent of Fanout

e & o o o

Symmetrical Output Resistance — 750 ohms typical

The MC14011 quad 2-input NAND 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

McMOS

(LOW-POWER COMPLEMENT ARY MOS)
QUAD 2-INPUT “NAND” GATE

14
14
1 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

Rating Symbol Value Unit
DC Supply Voltage MC14011AL Vbp +181t0 -0.5 Vde
MC14011CL/CP +16 t0 -0.5
input Voltage, All Inputs Vin Vppto-0.5 Vde
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range —~MC14011AL Ta -55 to +125 oc
—MC14011CL/CP -40 to +85
Storage Temperature Range Tsg -65 to +150 °c

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;, and Vg, be
constrained to the range Vgg < (Vi or
Vout) <VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vggor Vpp).

CIRCUIT SCHEMATIC

30 1;/%0 010
% [“]?L]i ji_jl Er ¥ Er %
m t
| a0
% jg x —lg Ep i rE_:ﬂ ;
6 O | —o13
50 Jé] EL 012
44.) {/gs 4)”

LOGIC DIAGRAM
POSITIVE LOGIC

Vpp =Pin 14
Vs =Pin 7

See Mechanical Data Section for package dimensions
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ELECTRICAL CHARACTERISTICS

MC14011AL MC14011CL/CP
Vpp |_-58°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol | Vdc | Min | Max [ Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max | Min | Max [ Unit
Output Voltage 0" Level Vout 5.0 - |001| — 0 |001| - |005| — |0.01| - 0 |001| — |0.05]Vde
10 - | 001} — 0 001 - |005| — |001]| - 0 |001] — ]0.05
“1" Level 50| 499 — |499| 5.0 — | 495 — | 499 — |499| 50 - | 495] —
10 [ 999 — |999| 10 — | 995| — [999( — |999( 10 - | 995 —
Noise Immunity*
(Vout =>3.5 Vdc) VnL | 80 16} — | 15225 — | 14| — | 18| — | 165|225 — | 1.4 | — | Vdc
(Vout =>7.0 Vdc) 10 | 3.0 - 30| 45 - 2.9 - 3.0 - 30| 45 - 29 -
{Vout < 1.5 Vdc) VNH 50| 1.4 - 156|225 — 1.5 - 1.4 - 15225 — 1.5 — | Vde
{(Vout <3.0 Vdc) 10 | 29 - 30| 45 - 3.0 - 29 - 30| 45 - 3.0 -
Output Drive Current
(VOH = 2.5 Vdc) Source 1 IOH 50 [-062] — [-05|-156| — [-0.35( — [-0.23| - [-0.2]-1. - [-0.16] — [mAdc
(VoH = 9.5 Vdc) 10 |-062| - |-05(-10| - {-035| — [-0.23| — |-0.2 (-1 - |-0.16| -
(VoL = 0.4 Vdc) Sink 2 loL 50| 05 - 04| 08 - 028 — |023| — 02| 08 — | 0.16| — |mAdc
(VoL = 0.5 Vdc) 10| 11 - 09 | 1.2 - | 065 — 0.6 - 05| 1.2 - 0.4 -
input Current lin - - - - 10 - - - - - - 10 - — — | pAdc
Input Capacitance Cin - - - - 50| - - - - - - 50| - - - pF
(Vi =0)
Quiescent Dissipation Pp LW
(CL=15pF)
5.0 - 1025 — (0005|025 - 15 - 10258( - ]0.025| 256 - 75
10 - 1.0 - 1001} 10 - 60 - 10 - [005] 10 — | 300
Qutput Rise and Fall Time 3 tetg ns
(CL =15 pF)
5.0 - - - 100 { 176 — - - - — 100 | 200 [ - —
10 - - - 35 75 - - - - - 35 | 110 | — -
Turn-On, Turn-Off Delay Time 3 tPHL, ns
(CL=15pF) tPLH
5.0 - - - 60 75 - - - - - 60 [ 100 | - -
10 - - - 25 50 - - - - - 25 | 60 - -

*DC Noise Margin (VH, VNL) is defined as the maximum voltage change from an ideal 1" or 0"’ input level before producing an output state change.
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MC14011 (continued)

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL OUTPUT §

INK

CHARACTERISTICS TEST CIRCUIT

PULSE o tPHL -
GENERATOR
0% 90%
QUTPUT (8) 50%
10%

0% 10% 1

PLH

—

4 14 |
loH ves oL
= Vout Vout
7 7
All unused inputs All unused inputs
connected to ground. VGs connected to ground.
0 10 + T
N [ [oLE s ve
Al T b -~
20 Vs =-5.0 Vdc) = 80 /a/ Vs =10 Vde
s a - - V7.
g Z < b
E a TA=-550C - // / = I | A
Z 40f—b Ta=+250C / g 6o
= 0
= ¢ Tp=+1250C = a Ta=-550C
3 c f / 8 / b Ta = +250C
= 60 z 40 ¢ Ta=+1250C
A e 4 I /4 2 T
- -10 Vde b ¢ F 5 35
-15 Vde a
S 80 — R~ b - < 20 b )50 Vdc
—"’{ A A / A T g |
a
-10 - // /a 0
-10 -8.0 -6.0 -4.0 -2.0 0 0 2.0 40 6.0 8.0 10
Vps. DRAIN VOLTAGE (Vdc) Vps, DRAIN VOLTAGE (Vdc)
FIGURE 3 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
20 ns —-IZD ns[-—
90% 90%
INPUT (A) 50% 50% Voo

Voo

{
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—f MC14012AL \ “NAND" GATE

MC14012CL
MC14012CP

DUAL 4-INPUT “NAND"” GATE MCMOS
The MC14012 dual 4-input NAND gate is constructed with MOS
P-cl:lannel and N-channel enhancement mode devi.ces ina sfngle mono- (LOW-POWER COMPLEMENTARY MOS)
lithic structure. These complementary MOS logic gates find primary » "
use where low power dissipation and/or high noise immunity is DUAL 4-INPUT “NAND" GATE
desired.
® Quiescent Power Dissipation = 10 nW/package typical
® Noise Immunity = 45% of Vpp typical
® Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14012AL) 14 | 14
= 3.0 Vdc to 16 Vdc (MC14012CL/CP) 1 1
® Single Supply Operation — Positive or Negative
® Hi L SUFFIX P SUFFIX
High Fanout — > 50 CERAMIC PACKAGE PLASTIC PACKAGE
® |nput Impedance = 1012 ohms typical CASE 632 CASE 646
® Logic Swing Independent of Fanout
® Symmetrical Output Resistance — 750 ohms typical
This device contains circuitry to protect
the inputs against damage due to high static
MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 7) voltages or electric fields; however, it is
advised that normal precautions be taken
Rating Symbol Value Unit to avoid application of any voltage higher
N than maximum rated voltages to this high
DC Supply Voltage xg::ggé::lcP Voo :}g :g _%55 Vde impedance circuit. For proper operation it
- - ~ is recommended that V;, and Vg, be
Input Voltage, ‘.\" lnpu-ts Vin Vppto-08 Vde constrained to the range Vgg < (Vi or
bC Cultrent Drain per Pin 1 10 mAdc Vout! <VpD-
Operating Temperature Range MC14012AL Ta -55 to +125 oc Unused inputs must always be tied to an
MC14012CL/CP -40 to +85 appropriate logic voltage level (e.g., either
Storage Temperature Range Tstg -65 to +150 °c Vss or Vpp)
CIRCUIT SCHEMATIC
LOGIC DIAGRAM
VoD POSITIVE LOGIC
114 13
[e] T C?
1;411:’1::12:4 I:IFL’KLKEK 2
1T M en & &N . ‘
11701 prerlr :
I..4 5
9
—
20 l:l FEI 09 10
13
1= | n
30 :] E 010 12
- P
4 0 IEr [:L o 1=2¢3e4e5
IH '-*'L Vpp =Pin 14
b ] DD =Fin
7 5 O F l 4 -012 Vss = Pin 7
7
vss

See Mechanical Data Section for package dimensions.
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ELECTRICAL CHARACTERISTICS

MC14012AL MC14012CL/CP
Vob -55°C +250C +125°¢ -40°c +25°C +85°C
Characteristic Figure | Symbol Vde Min | Max [ Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max | Min [ Max Unit
Output Voltage 0" Level Vout 5.0 - |001| - 0 (001| — | 005 — (001 - 0 |001| — |005 | Vdc
10 - (o001}] - 0 |001] - [005] -- |00t — 0 |001} - | 005
1" Level 5.0 499| - | 499| 5.0 — | 495 — | 499 - | 499| 5.0 — | 495 -
10 999| — | 9.99| 10 — | 995 — [9.99] - [999]| 10 - | 995 -
Noise Immunity*
(Vout = 3.5 Vdc} VNL 5.0 1.5 - 16| 225 - 14 - 1.5 - 15| 225 - 1.4 - Vdc
(Vout 7.0 Vde) 10 | 30| - |30|45| - |29 -|30] - [30]45]| - 29| -
(Voyt S 1.5 Vde) VNH 5.0 14| - | 15225 - | 18| - | 14| — | 165|225 - | 15| — | Vdc
(Vout < 3.0 Vdc) 10 29| - | 30| 45| -~ | 30| — | 29| - |30| 45| - | 30| -
Output Drive Current
(VoH = 2.5 Vdc) Source 1 {OH 5.0 -0.62| - 05| -15| - |-0.35 — |-0.23 - -0.2| <15 - |-0.16] — mAdc
(VOH =9.5 Vdc) 10 -0.62| — -05| -1.0] - |[-035 - |-0.23] - -0.2| -1.0| — |[-0.18 —
(VOL = 0.4 Vdc) Sink 2 loL 5.0 05 - 04 | 08 - (028 — |023| - 021} 08 - 016 -— mAdc
{VoL = 0.5 Vdc) 10 11 - 09| 12 — | 065 - 0.6 - 05| 1.2 - 0.4 -
Input Current lin — - — - 10 - - - - - - 10 - - - pAdc
Input Capacitance Cin — - - - 5.0 - — — — - — 5.0 — — — pF
Quiescent Dissipation 3 Pp W
(CL=15pF) 5.0 -~ | 025 - |0.005 025 - 15 - | 025 -- |0.025| 25 - 75
10 1.0 - 0.01| 1.0 — 60 - 10 - 0.05| 10 - 300
Output Rise and Fall Time 4 tr tf ns
(C=15pF) 5.0 - - - | 100 175 - - - - - 100 | 200 | - -
10 - - - 3| 75 - - - - - 3% | 110 - -
Turn-On, Turn-Off Delay Time 4 tPHL.tPLH ns
(CL = 15pF) 5.0 - — - 60 75 - - - — — 60 75 - —
10 — - - 25 | 50 - - - - - 25 | 50 - -

*DC Noise Margin {(VyH, VNL) is defined as the maximum voltage change from an ideal “1"* or 0’ input level before producing an output state change.
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IgH, DRAIN CURRENT {mAdc)

MC 14012 (continued)

FIGURE 1 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS TEST CIRCUIT

All unused inputs
connected to ground.

FIGURE 2 — TYPICAL OUTPUT SINK
CHARACTERISTICS TEST CIRCUIT

All unused inputs
connected to ground. =

0 10 T T
! ! ( ; a/LE D 15 Vde
= - a
20 VGS = -5.0 Vde z _ - T /L/ _7\/65 ~ 10 Ve
( = 2 / b
= E
a Tp=-550C /// E / o A
-40}—1b Tp=+250C L S 60
¢ TA=+1250C // w a Ta= -850
o«
o : v/ 3 b TA=+250C
6. = 0 ¢ Ta=+1250C
/ /N : U
50 ‘”’V“§h € N %-wvuc 9 20 a |y
- o .
— G b }540 Vdc
—"1 /4/ A /4 |
a
-10 / /// /a 0 l
-10 -8.0 -6.0 -4.0 -20 0 0 20 4.0 6.0 8.0 10
VOH. DRAIN VOLTAGE (Vdc) VoL, DRAIN VOLTAGE (Vdc)
FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
Voo 0.01uF Ceramic
Vin
— 20 ns

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

PULSE
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) . I .
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FLIP-FLOP

MC14013CL
MC14013CP

DUAL TYPE D 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 Q). 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 Vpp typical

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14013AL)

Single Supply Operation
Toggle Rate = 10 MHz
Logic Edge-Clocked Flip-Flop Design —

positive-going edge of the clock pulse.
® Pin-for-Pin Replacement for CD4013A

= 3.0 Vdc to 16 Vdc (MC14013CL/CP)

Logic state is retained indefinitely with clock level either high
or low; information is transferred to the output only on the

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

14 1a
1 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, 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 it
is recommended that V;, or Vy,¢ be
constrained to the range Vgg < (Vi or
Vout! <Vpp-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vpp!

X = Don’t Care
t = Level Change
« = Invalid Condition

Rating Symbol Value Unit
DC Supply Voltage MC14013AL Vbp +18 to -0.5 Vdc
MC14013CL/CP +16 to -0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range — MC14013AL Ta -55 to +125 oc
— MC14013CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
TRUTH TABLE
INPUTS OUTPUTS
cLock’ [paTa | ReseT| serv Q a
- ] 1] (4] 0 1
W 1 0 1 [
N\ x [} 0 Q Q g:mqa
X X 1 1] 0 1
x X 0 1 1 4]
X X 1 1 . .

BLOCK DIAGRAM

]

>

L

9 D ab——13
11 —c Qf— 12
R

o— ]
Vpp = Pin 14
Vgsg = Pin7

See Mechanical Data Section for package dimensions.
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MC14013 (continued)

ELECTRICAL CHARACTERISTICS

MC14013AL MC14013CL/CP
-55°C +25°C +125°C —40°C +25%C +85°C
Characteristic Fig.| Symbol| Vdc| Min| Max| Min Typ Max| Min | Max| Min | Max| Min Typ Max| Min| Max| Unit
Output Voltage “0"" Level 1 Vour | 50] - |o01] — o [oo01] —]oos] - |o01| - o |[o0o01] - | 008 vdc
10| - |00t - o |[o0o01| - (o005 - [o001] — o |o001] - 005
15 -~ - - 0 - - - -1 - o [ e
“1" Level - 50| 499 - | 499! 50 — | 49s| — | a99] — | 499] s0 — | 495 —
10 [ 9.99) — | 999] 10 — | 995 — | 999 - |999 10 — | 985 —
15 - - | - 15 - -1 -1 -1 -1 - 15 - -1 -
Noise Immunity*
(Vout 3.5 Vdc) - | vne | 50| 15| —| 18] 228 | — | 14| —| 15| - | 15| 228 | — | 14| — | vde
{Voyt 7.0 Vdc) 10| 30 - 3.0 4.50 - 29 - X - 3.0 4.50 - 29 -
(Voye >10.5 Vdc) 5| - | - -] e | - -| -| -| -] - 6715 | — -
(Vour <1.5 Vdc) -1 vnu| 50| 14| -] 15| 225 | - | 15| - | 14] — | 18] 225 | — ]| 15] — | vde
{Vout 3.0 Vdc) 10| 29 - 3.0 4.50 - 3.0 - 29 - 3.0 450 - 3.0 -
Vot <4.5 Vdc) 5| - - -| 6| | -| -| -| -| - emw| -] —| -
utput Drive Current
(VoH = 2.5 Vdc) Source - IoH 50062 — | -05| -17 - |-035) — 1-0.23] - |-0.2f -17 — |-0.16f — | mAdg
{VoH = 9.5 Vdc) 10 |-062 — | -05| -09 - |-0.35| - [-0.23 - |-0.2}y -09 - |-0.1 -
(VoH = 13.5 Vdc) 15 - - - -3.5 - - - - — — -35 — — —
VoL = 0.4 Vdc) Sink - oL 50| 05 - 0.4 0.78 - | 028 — | 023} - 0.2 0.78 — | 0.16] — | mAdc|
(VoL = 0.5 Vdc) 10 11 - 08 2.0 - | 065 — 06 - 0.5 20 - 0.4 -
(VOL = 1.5 Vdc) 5 - - | - 7.8 - - = -1 -1 - 78 - -1 -
“Tnput Current = Tin — — — — 10 — - — - — — 10 - - — | pAdc
Input Capacitance - Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vi =0)
Quiescent Dissipation**1 1 Pp mwW
(CL=15pF, f=0Hz)
Pp = (2.0 mW/MHz) f = 0.000025 mW 5.0 — |0.0058 - |0000025(0.005| - 03 - 0.05{ — |0000025| 0.05| - 0.7
Pp = (8.0 MW/MHz) f = 0.00010 mW 10 — | 0.02f - |0.00010{ 0.02) - 1.2 - 0.2 — |0.00010 | 0.2 - 2.8
Pp = (18 mW/MHz) f = 0.00023 mW 15 - - — | 0.00023| - - - - - — | 0.00023{ - — -
Output Rise Time*" 1 1 ns
(CL = 15 pF)
3.0 ns/pF) C_ + 25 ns 5.0 - - - 70 175 - - - - - 70 200 - -
1.5 ns/pF) C + 12 ns 10 - - - 35 75 - - - — - 35 110 —
t,= (1.1 ns/pF) C|_+8.0ns 15 - - - 25 - - - - - — 25 — — —
Output Fail Time** 1 tf ns
(CL = 15 pF)
1.5 ns/pF) C|_+47 ns 50 - - - 70 175 - - - - | == 70 200 - -
0.75 ns/pF) C|_ + 24 ns 10 - - - 35 75 - - - - - 35 110 - -
t§=(0.55 ns/pF) C_+ 17 ns 15 - - - 25 - — - - - - 25 - - -
Turn-Off Delay Time** (C to Q) 1 tPLH ns
(C_= 18 pF)
tpLH = (6.0 ns/pF) C_+ 10 ns 5.0 - - - 100 300 - - - - - 100 350 - -
tpLH = (2.4 ns/pF) C|_+4.0ns 10 - - - 40 10| - - - - - 40 126 — -
tpLH = (1.8ns/pF) C|_+3.0ns 15 - - - 30 - - — - - — 30 - — -
Turn-On Delay Time** (C to Q) 1 TPHL ns
(CL =15 pF)
5.0 - - - 125 300 - - - - - 125 350 | — -
10 - - - 50 110 - - - - - 50 125 - -
tpHL (2.0 ns/pF) C(_ + 10 ns s - | -] - 40 - -1 -1 -1-=-1- 40 - -] -
Setup Times 1 | tsetup H s
tewpt] 50 — | — | 60| 40 - -1 -1 -1-1120]| 40 -1 -1 -
TPH o - =l 2f w0 | - -] -] -] <-]3]| w0 |-} -]-
s - -] - 75 -l -1 -1 -1-1 - 7.5 - -] -
Clock Pulse Widths 1 PWcH,| 50| - - | 200 125 - - - - - | s00 125 - - - ns
(C_ =15 pF) pweL | 10 - | - | 80 50 - -1 -1 -1-110]| s0 -1 -] -
15| — | - | - 40 - -l -{=-1-1- 40 - -1 -
Clock Pulse Frequency 1 PRF MHz
(CL = 15 pF) sof - | - | - 40 25 - -} = -] - 40 10| - | -
1wl - - - 10 |l - -1 -1-1- 10 50| - | -
15| - | -] - 13 - -1l -1 -1- 13 e
Clock Pulse Rise and Fall Times - trtf 5.0 - - - - 15 - - - - - - 15 - - Hs
w0l - -] - - 50| - | - - - | - - 50| - | -
5| - | - | - - - -l -l -1-1-= - - -1 -
Turn-Off Delay Time (S to Q) 2 tPLH ns
(CL =15 pF) 50| - - - 90 30| - - - - - 920 3%0 | - -
0] - | - - 18 1mo| - | - - - - 18 125 | — -
150 - | - | - 14 - -l -1 -1-1=- 14 - -1 -
Turn-On Delay Time (R to Q) 2 PPHL ns
{CL=15pF) 5.0 - - - 120 300 - - - - - 120 350 - -
10 - - - 30 110 - - - - - 30 125 - -
15 - — — 25 - - — — = — 25 - - -
Set and Reset Pulse Widths 2 PWg, ns
(CL = 15pF) PWR | 50| - | — | 280| 125 - -1 -] -] -|s00]| 125 -1 - -
10| - | - [100]| so -1 - -1 -1-112s| =0 - -] -
s - | -] - 40 -1 -1-1-1-1- 40 e

*DC Noise Margin (VNH, VNL) is defined as the maximum voltage change from an ideal

**The formula given is for the typical characterusucs only.
refer to cor

tFor dissipation at different external load

formula:

PplCL) = Pp + 2x 1073 (Cy_ - 15 pF) Vpp2F
Where: Pp in mW, C_in pF, Vpp in Vdc, and f in MHz.

Dynamic Power dissipation tested under worst case 0-1-0-1 pattern with 15 pF loads on all four outputs

““1" or 0" input level before producing an output state change.

7-40



MC14013 (continued)

LOGIC DIAGRAM
(1/2 of Device Shown)

T :{>_oo

c —
Q
[}
c
e A
Transmission Gate
A | CHARACTERISTICS
o Bidirectional Open Circuit
1 Bidirectional Short-Circuit A

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS
(Data, Clock, and Output)

1 90% Vob
PRF = f 10%

R=0,§S=0

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS
(Set, Reset, and Output)

20 ns I‘— —D~I lﬂ—ZOns

\"
20% [a]s]
50%
S
PWg
R

D=0,C=0




MC14013 (continued)

APPLICATIONS

n-STAGE SHIFT REGISTER

p——D a D a ——=— —D a}—=a

[» c a r c
Clock O- _

ol
l
|
|
)
[o]]

BINARY RIPPLE UP-COUNTER (Divide-by-2")

=]l

—{ D Q—l D o——l— D QpF———>0a
Clock c 6——] Cc —J — C

N —— i ——
T Flip-Flop

MODIFIED RING COUNTER (Divide-by-(n + 1))

I—c a rc a J——c a
Clock O- —_
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_f MC14015AL \

SHIFT REGISTER

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. |t 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 uW/package typical
Noise Immunity = 46% of Vpp 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.

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL 4-BIT STATIC
SHIFT REGISTER

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, 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 Vi, and Vgt be
constrained to the range Vgg < (Vj, or
Vout! <VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgg or Vpp)-

Rating Symbol Value Unit
DC Supply Voitage MC14014AL VpD +18 t0 -0.5 Vde
MC14015CL/CP +16 t0 -0.5
Input Volitage, All Inputs Vin Vpp to-0.5 Vdc
DC Current Drain per Pin ] 10 mAdc
Operating Temperature Range—MC14015AL Ta -55 to +125 °c
—MC14015CL/CP -40 to +85
Storage Temperature Range Tsig -65 to +150 oc
TRUTH TABLES
CLOCKED OPERATION DIRECT OPERATION
(SYNCHRONOUS) (ASYNCHRONOUS)
D | Qy | Qp+1 R | Q
5] ] 3] o Q
o 1 o] 1 0
1 o i C =D = Don't Care
1 1 1
Qn+1 = Dp, R=0

BLOCK DIAGRAM

Qo p——5
7 —D

Qlp— 4

Q22— 3
g—C

R Q3p— 10

QopP—13
15 —— D
Q1p—12
Qp—- 11
1—-C
R Q3[— 2
PR
Vpp = Pin 16
Vgg =Pin8

See Mechanical Data Section for package dimensions.
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ELECTRICAL CHARACTERISTICS

MC14015AL MC14015CL/CP
VoD -65°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit
Output Voltage “0" 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 - 0.0 - 0.01 - 0 0.01 - 0.05
1" Level 5.0 499 - 499 50 - 495 - 4.99 - 499 5.0 - 495 -
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 - 9.95 -
Noise Immunity*
(Voyt 3.5 Vdc) VL 5.0 15 - 15 225 - 14 - 1.5 - 1.5 2.25 - 14 - vdc
(Voyut 2 7.0 Vdc) 10 30 - 30 45 - 29 - 3.0 - 3.0 45 - 29 -
(Vout < 1.5 Vde) VNH 5.0 1.4 - 15 225 - 1.5 - 14 - 15 2.25 - 15 - Vdc
{Vout 3.0 Vdc) 10 29 - 3.0 45 - 3.0 - 29 - 3.0 45 - 3.0 -
Output Drive Current
(VoH = 2.5 Vdc) Source 1 1OH 5.0 -0.62 - -0.5 -15 - -0.35 - -0.23 - -0.2 -1.5 - - - mAdc
(Vo = 9.5 Vdc) 10 -0.62 - -0.5 -1.0 - -0.35 - -0.23 - -0.2 -1.0 - - -
(VoL = 0.4 Vdc) Sink 2 loL 5.0 0.5 - 04 08 - 0.28 -~ 0.23 - 0.2 0.8 - - - mAdc
{VoL = 0.5 Vdc) 10 1.1 - 09 1.2 - 0.65 - 0.6 - 05 1.2 - - -
Input Current lin - - - - 10 — - - - — - 10 - - - pAdc
Input Capacitance Cin - - - - 5.0 - - - - - — 5.0 - - = pF
{Vin = 0)
Quiescent Dissipation 3 PD uW
(CL = 15pF)
5.0 25 - 25 25 - 1500 - 250 - 25 250 - 3500
10 - 100 - 10 100 - 6000 - 1000 - 10 1000 - 14000
Output Rise Time 4 1% ns
(CL=15pF)
5.0 - - - 126 300 - - - - - 125 400 - -
10 - - - 50 126 - - - - - 50 150 - -
Output Fall Time 4 tf ns
{CL = 15pF)
5.0 - - - 125 300 - - - - - 125 400 - -
10 - - - 50 125 - - - - - 50 150 - -

(Continued on next page)
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ELECTRICAL CHARACTERISTICS (continued)

MC14015AL MC14015CL/CP
Vpp -55°C +25°C +128°C -40°C +25°C +85°C
Characteristic Figure | Symbol | Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit
Turn-On Delay Time a4 TPHL ns
(CL = 15pF)
5.0 - - - 300 750 - - - - - 300 1000 - -
10 - - - 125 225 - - - - - 125 300 - -
Turn-Off Delay Time 4 tPLH ns
(C =15 pF)
5.0 - - - 300 750 - - - - - 300 750 - -
10 - - - 125 225 - - - - - 125 225 - -
Clock Pulse Width 4 PWc ns
(CL = 16 pF)
6.0 - - 400 300 - - - - - 500 300 - - -
10 - - 175 75 - - - - - 200 75 - - -
Clock Pulse Frequency * 4 PRF MHz
50 - - 1.6 20 - - - - - 1.0 20 - - -
10 - - 3.0 6.0 - - - - - 25 6.0 - - -
Clock Pulse Rise and Fall Times 4 [P Hus
(CL = 15 pF)
5.0 - - - . 15 - . - - - - 15 - -
10 - - - - 15 - - - - - - 15 - -
15 - - - ~ 15 - - - - - - 15 - -
Set and Reset Propagation Delay Times - PHL. ns
(C = 15pF) tPLH
5.0 - - - 500 750 - - - - - 500 1000 - -
10 = - - 125 225 - - - - - 125 300 - -
Set and Reset Pulse Width - PWs R ns
(C_ = 15 pF)
50 - - 400 100 - N - - - 500 100 - - -
10 - - 100 50 - - - - - 125 50 - - -
Setup Time 5 tsetup ns
(C = 15pF)
50 - - - 100 350 - - - - - 100 500 - -
10 - - - 50 80 - — ~ - — 50 100 - —

*DC Noise Margin (V. Viy) is defined as the maximum voltage change from an ideal 1" or ''0"" input level before producing an output state change.
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MC 14015 (continued)

FIGURE 1 — TYPICAL OUTPUT FIGURE 2 — TYPICAL OUTPUT
SOURCE CHARACTERISTICS SINK CHARACTERISTICS
E VDD = VGS Vps
Voo
O 00 —0
P ) O
C
EXTERNAL R EXTERNAL
POWER POWER
O—=QVss 5 oVss
Preset Q0 to a logic “'1” level. = SUPPLY Vps = E-Vpp ?_ SUPPLY

’ T I P " ] /VG'=15\/tac l

10 Vdc

\Tlgs = -I&U Vg fe—t | ,// ] ’

8.0
TA = +250C 4
40 /| /

6.0 / / ; |

™~
N,
=

4.0

1p, DRAIN CURRENT (mAdc)
A,
Ip, DRAIN CURRENT (mAdc)

LA ] » B

T 8.0 6.0 a0 20 2.0 40 6.0 8.0
Vps, DRAIN VOLTAGE (Vdc) Vps, DRAIN VOLTAGE (Vdc)

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

PULSE
= GENERATOR
I
1
L

CERAMIC INPUT i
2

i
SYNCI
'0_———] | DATA X
PULSE .o__l_ I CL INPUT

— GENERATOR C a3 Ic :]‘
1 R CL CL t
L Vss

VARIABLE
WIDTH
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MC 14015 (continued)

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

?VDD
PULSE
1 GENERATOR D Q0 fo————"—""—
1 2 CL
afo——)
CL

syncl

@fo———r
l PULSE . o
— GENERATOR [——O— 03
1 R o o
Vss

tr=tf <20ns

CPW = CPWH = 50% Duty Cycle

t i
T — voo

90%

DATA
INPUT 50%
10% oV
t+
Voo
cLock
INPUT
— 0V
ao

FIGURE 5 — SETUP AND HOLD TIME TEST CIRCUIT AND WAVEFORMS

o

PULSE

{-— GENERATOR ((11(: DE—
SYNC| © Lo

! PULSE ° e

L —{ GENERATOR }—0—]

1
i Vvss

)
[=}
[
")lj
=]
R

CLOCK
INPUT

Tsetup

thold

———-Vpp
DATA r
INPUT
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CIRCUIT SCHEMATICS

8v-L

SINGLE BIT

V([')’[]
T 5| e 5
RS *'j'—l;; Mi==N|[ 1= |12 [
Clock —g—g } :}.0 ._J.
- L |__J —— g ——i
Iy (o2l | U gl JTF;L HemU s e
8
DATA INPUT BUFFER RESET INPUT BUFFER CLOCK INPUT BUFFER
VoD Voo Voo
JF Y % Y ¥

Ualao i : } > Data to Reset o J Reset to Clack o Clock
In First Bit In 4 Bits In to 4 Bits
Vvss

vss Vss
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MC 14015 (continued)

o —) - o)

LOGIC DIAGRAMS
SINGLE BIT
C ¢ O 0
i . To D of
Next Bit

O —

T>o
) Do
Rt
o

(b)

N
Reset Vs
c )
_ Input to Qutput is:
C
(a)  Abidirectional short circuit when control input 11is “*Low’”
c and control input 2 is “High”".

TG = Transmission Gate

An open circuit when control input 1is “High" and control
input 2 is “Low".

COMPLETE DEVICE
5 4 3 10
a0 a1 P a3
DATA INPUT BUFFER
D
7o———-{>o—[>c b a D@ D D a
c 5——J c ﬁ——J c 6——J c a
CLOCK INPUT BUFFER | R R R R
90— {><> . . '
R
so———{:xy——{:>cf
RESET INPUT BUFFER 13 12 n 2
a0 02 Y a3
DATA INPUT BUFFER
)
mo———{>x»—{>>> b a D a b a 0
C d—J c 6—J [ E—J c a
) CLOCK INPUT BUFFER I N r" R 8 R
10— {>c ? .
R Vpp =Pin 16
14c»————{:>x>———{:>x>447 Vgg = Pin 8
RESET INPUT BUFFER
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( \ ANALOG SWITCH/MULTIPLEXER
MC14016AL

MC14016CL
MC14016CP

QUAD ANALOG SWITCH/QUAD MULTIPLEXER

The MC14016 quad bilateral switch is constructed with MOS P-
channel and N-channel enhancement mode devices in a single mono-
lithic structure. Each MC10416 consists of 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 Qutput Voltage Ratio — 65 dB typical
Quiescent Power Dissipation = 0.1 uW/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, ARQN <60 £2 for Vi, = Vpp to
Vss

Low Noise — 12 nV/ «/ Cycle, f = 1 kHz typical

Pin-for-Pin Replacement for CD4016A

McMOS

(LOW-POWER COMPLEMENTARY MOS)

QUAD ANALOG SWITCH
QUAD MULTIPLEXER

L SUFFIX
CERAMIC PACKAGE
CASE 632

P SUFFIX |
PLASTIC PACKAGE 14
CASE 646 1

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

Rating Symbot Value Unit
DC Supply Voltage — MC14016AL Vbp +18 to -0.5 Vdc
— MC14016CL.CP +16 to -0.5
Ve Vpp to -0.5 Vde
Input Voltage
Vin Vpp to Vss Vdc
Output Voltage Vout Vpp to Vgs Vdc
Operating Temperature Range — MC14016AL TaA -55 to +125 oc
— 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 voitages or electric fields; however, it isadvised 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 Vi,
or Vgt is not constrained to the range Vss X Vi, or Vot S Vpp.

BLOCK DIAGRAM

13
Control 1 O— 2
1 F—OOut 1
In1 O—
5
Controi 2 O— 2
a 0 Out2
in2 0—
6
Control 3 0— °
s —OOut3
In3 O—
12
Control 4 O—
10
11 —OO0ut4
In4 O—

Vpp = Pin 14
Vgs =Pin 7

CIRCUIT SCHEMATIC
(1/4 OF DEVICE SHOWN})

a, VDD Out

,I!

| S
ct,m,o,o_M_J»J:} F’jf

LOGIC DIAGRAM
(1/4 OF DEVICE SHOWN)

Control

Logic Diagram Restrictions In
Vss <Vin <Vpp
Vss <Vout <VpD

Vecontrol | Vin 1© Vgut Resistance

Vss >109 Ohms typ

Vbp 3 x 102 Ohms typ

See Mechanical Data Section for package dimensions.
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MC14016 (continued)

ELECTRICAL CHARACTERISTICS

MC14016AL MC14016CL/CP
vss | Voo -55°C +25°C +125°C -40°c +25°C +85°C
Characteristic Figure | Symbol | Vdc Vde Min | Max { Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max | Min | Max | Unit
Output Voltage "0 Level 1 Vout 0.0 5.0 - 0.01 - o 0.01 - 0.05 0.01 - 0 0.01 - 0.05 | vdc
10 0.01 - o 0.01 - 0.05 - 0.01 o 0.01 0.05
15 — - - o] - - — — — — 0 — - —
1" Level 0.0 5.0 499 - 499 | 5.0 - 495 - 499 - 499 | 50 - 4.95 - Vdc
10 9.99 - 9.99 10 9.95 - 9.99 - 999 10 - 9.95 -
15 - - = 15 = = - — - - 15 - -
Noise Immunity *
(Voue = 3.5 Vde) 2 vyL | 00 | 50 - 09 | 15 - - - - - |09 |15 - - - | vde
(Vout = 7.0 Vde) 10 ~ {09 |15 - 09 | 15 - - -
(Vout = 10.5 Vde) 15 - - - 1.5 - - - - - E 15 — - -
Vouz = 1.5 Vde) vne | 00 | 50 | - - | 20|30 - - - - - |20 [30 | - - - | vee
(Vout = 3.0 Vde) w0 | - - | 60|80 | - - - - - |60 |80 | - -l -
(Voyt = 4.5 Vdc) 15 - - - 13 - - - - - - 13 - - -
Output Drive Current 3 10H 0.0 mAdc
(VOH = 2.5 Vdc)  P-Channel 5.0 -09 - -0.7 | -25 - -05 - -0.7 - -05 | -25 - -0.3 -
(VoH = 9.5 Vdc) 10 -08 - 071 -19 -05 -08 - -05 | -19 -0.4 -
(VoH = 13.5 Vdc) 15 - - — -58 - — -58 - - -
(VoL = 0.4 Vdc)  N-Channel oL 50 | 0.18 015 | 0.4 - | o013 0.12 0.15 | 04 0.10| - |mAdc
(VoL = 0.5 Vdc) 10 08 0.7 19 - 05 0.7 06 19 - 04 -
(VgL = 1.5 Vdc} 15 - 5.8 - - - - | s8 - - -
Input Current (Control Input) - lin - - — 10 — B - - - - 10 - - — [ pAde
Input Capacitance - Cin 0.0 pF
Contral _ . 5.0 - _ _ - 50
Switch Input - - - - 5.0 - - - - 5.0 - - -
Switch Output - - - 5.0 - - - — - 5.0 - - -
Feed Through - — 0.2 - - - - - 02 - -
Quiescent Dissipation 45
(CL=15pF.f=0) Pa - 5.0 - 5.0 0.1 5.0 - 300 - 50 - 0.1 25 - 80 nW
10 - 10 - 0.2 10 600 - 10 - 0.2 50 - -
15 - - - 0.4 - — — - - — 04 - — -
Total Dissipation
(CL =15pF)T 45 Pp - 5.0 Pp = (0.10 mW/MHz)  + 0.0005 mW mW
10 Pp = (0.45 mW/MHz) f + 0.002 mW
15 Pp = (0.9 mW/MHz) f + 0.006 mW
“ON"* Resistance 6,712 | Ron —‘ ohms
(Ve = Vpp. R = 10k}
{Vijn = +5.0 Vdc) -5.0 50 - 600 300 660 - 960 ~ 610 - 300 660 840
(Vin = -5.0 Vdc) - 600 - 300 660 - 960 - 610 - 300 660 840
Vijn = £0.25 Vdc) - 600 280 660 - 960 - 610 - 280 660 840
(Vin =+7.5 vdc) -75 75 - 360 - 240 400 - 600 - 370 - 240 400 ~ 520
{Vyn = -7.5 Vde) - 360 — 240 400 - 600 - 370 240 400 - 520
{Vin = £0.25 Vdc) - 360 - 180 400 - 600 - 370 180 400 - 520
{Vin = +10 Vdc) [ 10 - 600 - 260 660 960 610 - 260 660 - 840
{Vjn = +0.25 Vdc) - 600 260 660 - 960 - 610 - 260 660 - 840
Vi = 15.6 Vdc} 600 310 660 - 960 - 610 - 310 660 - 840
(Vin = +15 Vdc) ] 15 - 360 260 400 600 - 370 260 | 400 - 520
(Vin = +0.25 Vdc) - 360 260 400 600 - 370 260 400 - 520
Vin = +9.3 Vdc) - 360 300 400 600 - 370 300 400 - 520
A "ON" Resistance - ARoN ohms
Between any 2 of 4 circuits in a
common package
(V¢ = VpD. Vin = +5.0 Vdc) 50| 50 - 15 - - - - - 15 - - -
(Ve = Vpp. Vin = +7.5 Vde) 75| 15 - - 10 - - - - . 10 - R _
Vin t0 Vo Propagation Delay Time 8 tpLH. | 00 | 5.0 - 15 | 30 - 15 | 45 ns
(VG = Vpp, CL = 15 pF, tPHL 10 - - 70| 10 - - - 70| 18
RL = 1.0kQ) 15 - 6.0 - 6.0
Turn-On Delay Time,Control toOutpuf 9 tpuL. | 00 | 5.0 - 25 60 - - - 30 90 - - ns
(Vi < 10 Vde, C|_ = 15 pF, tPLH 10 - 16 30 - - - 16 30 -
Ry = 1.0kQ) 15 - - 12 - - - - - - 12 - - -
Crosstalk, Control to Output 10 - 0.0 =y
(V¢ = Vpp. CL = 15 pF, 5.0 - - 30 - - - - - - 30 - - -
Rin = 1.0k, Roye = 10k82) 10 - 50 - - - 50 - -
15 - - 100 - - 100 — -
Crosstalk between any two switches
(R = 1.0k, f = 1.0 MHz, - - 5.0 - -80 - - -80 - - dB
Voutt
crosstalk - 20log
"Vourz
Maximum Control Input - 0.0 MHz
Pulse Frequency
(CL = 15pF, R = 10kQ) 5.0 - 5.0 - - - - 5.0 - - -
10 - - - 10 - - - - - 10 - -
15 - - 12 - - - - 12 - - -

*DC Noise Margin (V. Viy( ) is defined as the maximum voltage change, from an ideal "

NOTE: Ali unused control inputs must be returned to Vpp or Vs
as appropriate for the circuit application.
TFor dissipation at different external load capacitances refer to corresponding formula
PT(CL) =Pp +2x 1073 (Cy - 15pF) Vpp 2t
Where: P, Ppy in mW, CL in pF, Vpp in Vdc and f in MHz

1
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MC 14016 (continued)

ELECTRICAL CHARACTERISTICS {(continued)

MC14016AL MC14016CL/CP
vss | Voo -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol { Vde | Vde | Min | Max | Min | Typ | Max [ Min| Max [ Min| Max | Min| Typ | Max | Min | Max | unit
Noise Voltage 11,15 - 0.0 nv/
(Vg =Vpp. f= 100 H2) 50 | - - - 24 - - - - 24 - - - | Jvee
10 - - 25 - - - - - 25 -
15 - - - 30 - - - - - 30 - - -
(Ve = Vpp. f = 100 kHz) 50 | - - - 12 - - - - - - 12 - - -
10 - - - 12 - - — - - - 12 - - -
15 - - - 15 - - - - - 15 - - -
Sine Wave (Distortion) 14 B -5.0 [ 50 - - - o | — - - - - - | o | - - — %
(Vin = 1.77 Vdc RMS
Centered @ 0.0 Vde,
Ry = 10k, f = 1.0kHz)
Input/Output Leakage Current nA
(Ve = Vss)
Vi = +5.0 Vdc) 50| 50| - - ~ |x0.001 125 | - - - - - |z0001| 125 | - -
(Vi = -5.0 Vdc) -5.0 | 50 - - [x0.001f 125 | — - - - - |+0.001| 125 | - —
{Vin = +7.5 Vdc) -15 | 715 - - — | +100]| - - - - - - | z1w00]| — - - pA
Vi, = -7.5 Vde) -15 | 75 - - — | +100] - - — — | +1w00 | - - -
Insertion Loss 13,14 - -5.0| 5.0 dB
(Ve = Vpp. Vin = 1.77 Vde
RMS centered @ 0.0 Vdc,
%
f= 1.0 MH2, 1gss = 20 Logjg ~22%)
Vin
R =1.0kQ - - - | 23 - - - - - | 23 - - -
- - -l 02| - - - - - | o2 - - -
- - - | o1 - - - - -] o1 - ~
- - - | o0s | - - - - - - | oos | - -
Bandwidth (-3 dB) 13,14 Bw | 50| 50 MH2
VG = VpD. Vin - 1.77 Vde RMS
centered @ 0.0 Vdc)
R - 1.0k 54 - - 54 - - -
R = 10 k92 a0 - 40 -
Ry - 100 k2 - 38 - 38 -
R = 1.0MQ - - - 37 - - - - 37 - -
Feedthrough v 1 - -5.0| 5.0 kHz
(Vg = Vgg, 20 L out _
c=Vss 20Logyg
Vm
-50dB)
Rl - 1.0k 1250 - - 1250 |~ - -
RL = 10k 120 | - - - - 140 | - - -
R = 100kQ - 18 - - - - - - 18 - - -
RL = 1.0M - -~ 20 - - - - 2.0 - -
FIGURE 1 — OUTPUT VOLTAGE FIGURE 2 — NOISE IMMUNITY FIGURE 3 — OUTPUT DRIVER CURRENT
TEST CIRCUIT TEST CIRCUIT TEST CIRCUIT
Vc=Vp
VOU[ D
'p
V¢ Is
Vin Vx
Vgg = 0.0V Vin
ss = 0.
Vss Vbb
T T Measurement Vin Vx
VNL = Vg when ig = 10 A
P-Channel v \%
Vss Vop VNH = VDD — Ve when Ig = 10 gA DD | “out
N-Channel Vss Vout
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RON, “ON" RESISTANCE (ohms}

MC14016(continued)

FIGURE 4 — QUIESCENT POWER DISSIPATION
TEST CIRCUIT

Vob

©

Vbp ¢ Vout

Toall
Pulse 4 circuits Control

10 k

fe =

Generator Input
v L_

||}—(f>—

Pp=VpD*'D

FIGURE 5 — TYPICAL POWER DISSIPATION PER CIRCUIT
(1/4 OF DEVICE SHOWN)

10,000 =
If Vpp = 16 Vdc 3 10 Vde =]
_ LT = 50g 1 a 7 7
3 [ | 5.0 Vde.
3 1000 |5 e =22
3
2 =
= p
S
[ A4
2 100 2 =
a 5 Zz
o
& -
=
2 A
S 10
£ B
H=
»a
10 LWL~
50k 10k 100 k 1.0M 0M 50M

fe, FREQUENCY (Hz)

TYPICAL RN versus INPUT VOLTAGE

FIGURE 6 — Vgg =-5.0V and -7.5 V

700 T T
RL =10k —
600 Ta=250C
500
400 Ve =Vpp =5.0Vde
V§s =-5.0 vdc
300 ~—" —
— —
200 e ]
Vg =Vpp =175 Vdc
Vs =-7.5 Vdc
100
0
-0 -80 -4.0 0 4.0 8.0 il

Vin, INPUT VOLTAGE (Vdc)

FIGURE7 ~ Vgg=0V

700 . I I

500 Vgs = 0 Vdc
= RL=10kQ
E Ta=250C
T
w
o
=
< a0
» Ve =Vpp=10Vde
2 —
300 ] — \\
g ~ N
Y200 o Ve =Vpp = 15 Vde
3
E

100

0
0 20 6.0 10 1a B2

Vin, INPUT VOLTAGE (Vdc)
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MC14016 (continued)

FIGURE 8 — PROPAGATION DELAY TEST CIRCUIT
AND WAVEFORMS

FIGURE 9 — TURN-ON DELAY TIME TEST CIRCUIT
AND WAVEFORMS

te—20 ns
20 ns I‘_ _-I v
90% oo
Vin 50% 10%
6
1o% Vss
tPLH PHL
Vout 50%

FIGURE 10 — CROSSTALK TEST CIRCUIT

NOISE VOLTAGE (nV/J/CYCLE)
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v
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MC14016(continued)

FIGURE 12 — Rgy CHARACTERISTICS

TEST CIRCUIT

FIGURE 13 — TYPICAL INSERTION LOSS/BANDWIDTH

CHARACTERISTICS

20
LTI
0 R( =1 M and 100 kQ
5 10k
@ N
g 10k I )
Vout = q }
S 40 -3.0d8 (RL = 1.0 M) =TSN
RL = IR N
V¢ = -3.0dB (R = 10k<) >‘
P Lot faeen
= 60 —T—Ttt+ttH —
= = -30dB (RL = 1.0ke2)
S 80 1l
2 8
z
v.
n -]U
12
10k 100 k 10M 10M
fin, INPUT FREQUENCY (Hz2)
FIGURE 14 — FREQUENCY RESPONSE TEST CIRCUIT FIGURE 15 — NOISE VOLTAGE TEST CIRCUIT
Out
Quan-Tech
Ve - voo toae
or Equiv

Vin Q(j_
—— —2.5 Vdc
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_J MC14017AL \

610)

UNTER

MC14017CL
MC14017CP

decimal time period.

DECADE COUNTER/DIVIDER
The MC14017 is a five-stage Johnson decade counter with built-

Fully Static Operation

DC Clock Input Circuit Allows Slow Rise Times
Carry Out Output for Cascading

12 MHz (typical) Operation @ Vpp = 10 Vdc

Divide-by-N Counting when used with MC14001 NOR Gate

Pin-for-Pin Replacement for CD4017A

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
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.

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

McMOS

(LOW-POWER COMPLEMENTARY MOS)
DECADE COUNTER/DIVIDER

16 4

CERA

L SUFFIX
MIC PACKAGE

CASE 620

16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648

Rating Symbol Value Unit
DC Supply Voltage —MC14017AL Vpp +18 to -0.5 Vdc
— MC14017CL/CP +16 to 0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin 1 10 mAdc
Operating Temperature Range Ta oc
—MC14017AL -55 to +125
— MC14017CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 °c

Clock
14
13

Clock
Enable

Reset

LOGIC DIAGRAM

2 6

1
;Q5 Q1 Q7

Q3

Vbbb

[sNeX32]
"ol o

FUNCTIONAL TRUTH TABLE
{Positive Logic)

CcLocK DECODE

CLOCK ENABLE RESET | OUTPUT =n

o X [o] n

X 1 o n

X X 1 Qo
-~ 0 0 n+1
~~ X 4] n

X . (4] n

1 N [¢] n+1

X = Don’t Care

1f n <5 Carry = 1’

*, Otherwise = "0’

BLOCK DIAGRAM

Clock 14 O—

Clock .
Enable 3
Reset 15 O—

Qo

Q2
Q3
Q4
Qs
Qé
Q7
Q8
Q9

Cout

—o03
—o02
—oO 4
—o0 7
—o0 10
01
—o05
—oO 6
—o09
—-0 11
—>0 12

Vpp = Pin 16
Vgg = Pin8

See Mechanical Data Section for package dimensions.
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MC14017 (continued)

ELECTRICAL CHARACTERISTICS

MC14017AL MC14017CL/CP
Vob -55°C +25°C +125°C -40°Cc +25°C +85°C
Characteristic Figure | Symbol | Vdc | Min | Max | Min Typ Max | Min |Max [ Min | Max | Min Typ Max | Min | Max | Unit
Output Voltage “0" Level Vout | 50| — |001]| — o | oot - foos| — [oo01]| - [ 001 — | 005 vdc
10 - | 001 — o 001y — f0085| — J0.01| — o 0.01 - | 0.05
5 - | -] = 0 -l -1=-1=-1=1- o [ I
1 Level 5.0 | 4.99| — 4.99 5.0 — 495 | — 495 — 4.99 5.0 - 495 —
10 [9.99| — |9.99| 10 — |995| — |99s5| — [999 | 10 - |99s| -
5| - | - | - 15 - -f1-1-1-1- 15 -1 - -
Noise Immunity*
(Vout =3.5 Vdc) VNl | 50| 15 15 | 2.25 - |14 |- |15] - |15 |22 - { 14| —| vde
(Vout=7.0 Vdc} 10 | 3.0 - 3.0 45 - 2.9 -~ 3.0 - 3.0 4.5 - 29 -
(Vour =105 Vde) s -\ -]1-tens| - | - |-{-]~-]-lerm | —| -] -
(Vout S 1.5 Vde) VnH | 5.0 | 14 15 | 225 — |15 | - 14| - {15 | 225 — | 15| — | vde
(Vout <3.0 Vde) 10|29 - | 30| 45 — 130 |- |29| - |30 | 45 - | 30| -
(Vout <4.5 Vdc) 5| - - | -Jens| - | -|-]-|-|- 16| -| -]-
Output Drive Current
(VoH = 2.5 Vdc) Source 1 foH 5.0 [-0.62 -05 -15 - |-035 | - [-0.23] - -0.2 -156 - |-0.16] — |mAdc
(VoH = 9.5 Vdc) 10 |-0.62| — |-05 -1.0 - 1-035| - |-023] - |-02 | -1.0 - |-0.16] —
(Vohn = 135 Vdc) 15 -~ - - -3.6 - - - - - - -3.6 - - -
(VoL = 0.4 Vdc) Sink loL 5.0| 05 - 0.4 08 - 0.28 - 0.23| - 0.2 0.8 - 0.16| — |mAdc
{Vor = 0.5 Vdc) 10 1.1 0.9 1.2 - 0.65 - 06 - 0.5 1.2 - 0.4 -
(VoL = 1.5 Vdc) 15 - - - 78 - - - - - - 7.8 - - -
input Current lin - - - - 10 — - - - — - 10 - - — | PAdc
Input Capacitance Cin - -1 -1 - 5.0 -1 - 1= -1 - 1- 5.0 - - — | eF
(Vin =0)
Quiescent Dissipation (C_ = 15 pF) 2 Pp mwW
Pp = (0.7 mW/MHz) f + 0.0015 mW 5.0 — |0.025{ — 0.0015{ 0.025{ — 15 - [025] — 0.0025 | 0.25| - 35
Pp = (2.2 mW/MHz} f + 0.005 mW 10 - | 010| - 0.005 | 0.10| — 6.0 - 1.0 - 0.01 1.0 - 14
Pp = (4.36 mMW/MHz)f + 0.01 mW 15 - - - 0.01 - - - - - - 0.02 - - -
Output Rise and Fall Time 3 trtf ns
(C_ =15 pF)
.t 4.8 ns/pF) C_+ 28 ns 5.0 - - - 100 175 - - - - - 100 200 - -
.1 = (2.5 ns/pF) C_+ 12.5 ns 10 - - - 35 75 — - - - - 35 10| — -
trtf = (2.2 ns/pF) C|_+ 2.0 ns 5 - | - | - 20 - - | - - -1 - 20 - -1 -
*Turn-On, Turn-Off Delay Time 3 tPHL. ns
(C = 15 pF) Reset to Decode Output tPLH
tPHL.tPLH = (2.0 ns/pF) C_ + 420 ns so| - | - | - 450 | 80| - | - | - | - | - | 450 {1200 - | -
PHL.tPLH = (0.9 ns/pF) C_ + 186.5 ns 10 - - - 200 400 - - - - - 200 500 - -
tPHL.tPLH = (0.7 ns/pF) C_+ 109.5 ns 15 - - - 120 - - - - - - 120 - - -
Turn-On, Turn-Off Deiay Time 3 tPHL. ns
(CL = 15 pF) Clock to Coyt PLH
tPHL.tPLH = (2.0 ns/pF) C_+ 320 ns 5.0 - - - 350 550 | — - - - - 350 700 - -
PHLPLH = (0.9 ns/pF) C_ + 111 ns ol - | -1 - 125 | 280 | - | — - -1 - 125 | 300 | - -
tPHL.tPLH = (0.7 ns/pF) C|_ + 74.5 ns 5 - | - | - 85 -l - -1-1-1- 85 - - -
Turn-On, Turn-Off Delay Time 3 tPHL. ns
(Cy = 15 pF) Clock to Decode Output WPLH
tPHL.tPLH = (2.0 ns/pF) C(_ + 455 ns 50| — | - | - ags [ 730 — | - | - | - | - 485 | 940 - -
tPHL.tPLH = (0.9 ns/pF) C|_ + 166.5 ns 0] - | - - 180 | 30| - | - | - | - | - 180 | 400| - | —
PHLPLH = (0.7 ns/pF) C_ + 1145 ns 5] - | - | - 125 - -1 - - -1 - 125 - - -
*The clock input has an improved noise immunity of typically 60% of Vpp from either input fevel.
FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS TEST CIRCUIT
Voo
Vss Clock
Enable ° oUTPUT ouTPUT
SINK DRIVE | SOURCE DRIVE
—oO
Clock to
—oO .
A DECODE (S11to0 A) desired
) (o}
Vpp—o0 s1 OUTPUTS outputs
~——O0—{Reset —o (110 B)
Vgs _9_0 s1 —o Clock to 5
o Carry thru 9 S1to A
(S1to B)
° vVes = Voo ~ Voo
Q9p—o0 E:ternal Vps = Vout Vout- VDD
— o0—{Clock l—o0 ower
Cout Supply
1
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MC 14017 (continued)

ELECTRICAL CHARACTERISTICS (continued)

MC14017AL MC14017CL/CP
Voo -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure| Symbol Vdc | Min | Max | Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max | Min | Max | Unit
Turn-Off Delay Time 3 PLH ns
(CL = 15 pF) Reset to Cqy¢ 50 | — - — | 30| 750 | — - - - — | 350 | 1000} - -
tpLH =(2.0nspF)Cy +320ns 0 - - | —-|1285]20 | - | - |- - | -]1286({300]| - | —
tpH = (0.9 ns/pF)Cy_+ 111.5 ns, 15 _ _ _ 80 _ — — _ _ — 80 —_ — -
tpLH = (0.7 ns/pF)Cy +695 ns
Minimum Clock Pulse Width 3 PWc ns
Nep = Pcp 50 | — - — | 100 200 | — — - - - [ 100|250 | — -
10 - - - 42 | 70 - - - - - 42 | 100 - -
15 — - - 30 — — - - - — 30 — — —
Maximum Clock Frequency 3 PRF MHz
50 [ — - 25| 50| - - - - - 20 50| - - -
0| -] - |70} 12| - | - - - - |50} 12| - - -
s |- -} -{w®| -|-1-1-1-1-]1w®]~-]-1] -
Minimum Reset Pulse Width 3 PWR ns
5.0 - - — | 200( 330 | — - - - — | 200 | 500 - -
10 - - - | 100 165 | — - - - - | 100} 250 ([ — -
15 — — - 75 — — — — — — 75 - - -
Reset Removal Time 3 trem ns
50 | — - - | 300)| 500 | - - - - - | 300|750 [ — -
10 - - - | 100) 200 | - - - - - [ 100} 275 | — -
15 — = — 80 - - — - - - 80 - - -
Maximum Clock Input Riseand| 3 trtf Hs
Fall Time 5.0 - - - o {100 | - -
(CL = 15 pF) 10 No Maximum Limit - - - o 100 - -
15 — - — had - — -
Clock Enable Setup Time 3 tetup ns
(CL = 15 pF) 50 | — - - | 175 300 | — - - - - | 1751700 [ - -
10 - - - 75 | 150 - - - - - 75 | 300 - -
15 - - - 52 - - - - - - 52 - - -
Clock Enable Release Time 3 trel ns
(C =15 pF) 5.0 - - — | 260| 405 | — - - - - | 260 700 | - -
10 - - - | 100) 200 | - - - - - | 100 | 300 | - -
15 - - - 70 - - - - - - 70 - - -

NOTE: All unused inputs should be returned to either Vpp or Vgg as appropriate for circuit application.

FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT

TVDD
500 uF 7~ @ ‘L 0.01 uF
j_: Ceramic
) =
QO H—O0——
Q1 —oO
——O—{Clock Enable Q20O
Q3 —O
Q4 —o0——
——O— Reset Q5 —O
Q6 —0—
Q0
Pulse fe
Generator Clock o8 —O—m——
Q9 —O——
Cout j
7 gvss TTCL FFCL AR CLARCL FRCL ARCL AR OL RCL AR CL ARCL ARCL
—.L 11fc Vpp? 3
= Pp(C)=Pp+ [C_-18] ———— 107" mw
where: 10
Ppin mw, Cy in pF, fcin MHz, and Vpp in Vdc.
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MC14017 (continued)

FIGURE 3 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS

Q2 j—j\k I v & Vo\ll.OH
PLH F\J:THL t,_—-l ]._I [ von

Q3 50% m VoL
tPLH I]jJQTHL ‘f_’l I*"' “_tf_ Von

ot PLH—] |'_’i "_tPH" t'_"l I‘t!:-' I-;l I-—‘PH:VOL
as 7 _—1 \ ‘ - f-"b‘ —VoVLOH
‘PL'H l‘""‘l I—_B:"/leli tr—--“——i”——tf von

06 10% VoL
tr‘tau-l It:T’t'f‘PHl. VoH

a7 I Vou

. [
PLH = { VoH
i °

a8 v
T et ——4] = oL
PLH —] L—fPHL

t

VoH

Q9

-\r; VoL
— TPHL tr—t—i | -——I TPLH
Cout PLH P —VoH
‘}__—tf VouL
tr

Thisdevice 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 Vi, and Vot be constrained to the range Vgg <<(Vin or Vqut) <Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgg or Vpp).
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COUNTER

__f MC14020AL X

MC14020CL
MC14020CP

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-

e ® o o o

quency-dividing circuits.

Fully Static Operation
Quiescent Power Dissipation = 50nW/package typical @Vpp = 5.0V
Noise Immunity = 45% of Vpp 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 @ Vpp = 15V
Pin-for-Pin Replacement for CD4020A

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

McMOS

(LOW-POWER COMPLEMENTARY MOS)

14-BIT BINARY COUNTER
16 16
1
L SUFFIX !
CERAMIC PACKAGE P SUFFIX
CASE 620 PLASTIC PACKAGE
CASE 648

TRUTH TABLE

CLOCK RESET | OUTPUT STATE
J 0 No Change
o 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
Rating Symbol Value Unit to avoid application of any voltage higher
than maxi rated voltages to this high
DC Supply Voltage MC14020AL Voo *1810-05 vde im| r;dan:m:ij::uit Forv roger of erationgit
MC14020CL/CP +16 10 -0.5 impecance - or proper op
is recommended that V;, and V., be
Input Voltage, All Inputs Vin Vppto-05 Vde constrained to the range Vgg < (V; or
DC Current Drain per Pin | 10 mAdc Vout) <Vpp-
Operating Temperature Range— MC14020AL Ta -55to +125 °c Unused inputs must always be tied to an
— MC14020CL/CP -40 to +85 appropriate logic voltage level (e.g., either
Storage Temperature Range ng -65 to +150 oc Vss or VDD"
LOGIC DIAGRAM
Qa1 Q4 Q5 Q12 Q13 Q14
9 7 5 1 2 3
Clock 10 ’-—cc aQ ——dc Q c Q -——c a c a Cc Q
c a Jc a c _af—--—c al—c apl—c
R R R R R
Reset T 1 R J I T
1
7 Q6 = Pin 4 Q9 = Pin 12 Vpp = Pin 16
Q7 = Pin 6 Q10 = Pin 14 Vgs = Pin 8
Q8 = Pin 13 Q11 = Pin 15

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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MC 14020 (continued)

ELECTRICAL CHARACTERISTICS

MC14020AL MC14020CL/CP
Voo -65°C +25°C +126°C -40°¢ +25°C +85°C
Characteristic Figure | Symbol | Vdc [ Min [ Max | Min Typ Max | Min | Max | Min | Max | Min Typ Max | Min | Max | Unit
Output Voltage 0" Level - Vout 5.0 - | 001 — [ 001} — |005| - | 0.01 - o 0.01 — | 0.05| vdc
10 - 1001 - 0o 001} - |005| — [0.01] - 0 001| - {005
15 | - - - - - - -1 -1 - - - [ -
17 Level 5.0 499 - | 499 50 —~ |aes|{ — |ag9| — |4a99| 50 -~ |a95| - |[vde
10 (999 - [999] 10 - |995| - |999| — |999] 10 - |o9s5| -
15 | — -1 - 15 - -] - - - - 15 - — —
Noise Immunity® - VNL
Vout 3.5 Vde 50| 15| - | 18] 225 - | 14| - | 15| - | 18] 228 - | 14| - | vde
Vout 22 7.0 Vdc 10 3.0 - 3.0 4.50 - 29 - 3.0 - 3.0 4.50 - 29 -
Vout 2 10.5 Vdc 15 | — - - 6.75 - - - - - - 6.75 - - -
Vout < 1.5 Vde VNH 5.0 1.4 - 15 2.25 - 15 - 14 - 1.5 225 - 1.5 - Vdc
Vout < 3.0 Vde 10 | 29 - 3.0 4.50 - 3.0 - 29 - 30| 450 - 3.0 -
Vout < 4.5 Vdc 5| -| -| - | 678 - -] =|-=1 -1 -1 618 - -1 -
Output Drive Current toH mAdc
(VOH = 2.5 Vdc) Source - 5.0 |-062] - | -05 -17 - |-035| - |-0.23| - |-02 -1.7 - [-0.16] -
{VoH = 9.5 vdc) 10 |-062f - | -05 -09 - |-0.35] - |-023 - |-02 -0.9 - |-0.16] -
(VOH = 13.5 Vdc) 15 - - -35 - - - - - - -35 - - -
(VoL = 0.4 vVdc) Sink - loL 50| 05 - 0.4 0.78 - (028 - |023] - 0.2 078 - 0.16] - |mAdc
(VgL = 0.5 Vdc) 10 1.1 - 09 20 - | 065 — 0.6 - 05 20 - 0.4 -
(VoL = 1.5 Vdc) 5 -] -] - 78 -l -1 -1-1-1 - 78 [ R
Input Current - tin - -1 - - 10 - -1 =1 - - - 10 - - — |pAdc
Input Capacitance - Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vin=0)
Quiescent Dissipation® *T 1 Py mwW
(C=16pF,f=0H2)
Pp = (1.2 mW/MHz) f + 0.00005 mW 5.0 | — |0.025| - |0.00005|0.025| - 15 - | 025} - [0.00005 0.25| - 35
Pp = (5.0 mW/MHz) f + 0.0002 mW 10 - | 010 - 0.0002 [ 0.10( - 6.0 - 1.0 - 0.0002 1.0 - 14
Pp = (13.5 mW/MHz) f + 0.005 mW 15 - - — | 0.0008 - - - - - - | 0.0005 - - -
Output Rise Time** 2 tr ns
(C =15 pF)
t = (3.0ns/pF) C_+ 35 ns 5.0 - - - 80 178 | - = - - - 80 200 — -
t = (15 ns/pF) C_+12ns 0] - -] - 35 5| - - - - - kS 1mo| - | -
t;= (1.1 ns/pF) C +8.0ns 15| - -] - 25 - - -] -1 -1 - % - | -
Output Fall Time** 2 % ns
(CL = 15 pF)
t¢= (1.5 ns/pF) C|_ + 57 ns 50| - | - | - go | 15| - | - | -] -] - go | 200| - | -
tf = (0.75 ns/pF) C_+ 24 ns 10 - - - 35 75 - - - - - 3B 110 - -
t¢ = (0.55ns/pF) C_+ 17 ns 15 - - - 25 - - - - - - 25 - - -
Clock Turn-On, Turn-Off Delay Time** 2 PHL, ns
(CL = 16 pF) tPLH
Ciock to Q1
tPHL. tPLH = (1.75 ns/pF) C|_ + 324 ns 50| - | - | - 3% |e00| - | - | -| -| - | 350 | 60| - | —
tpHL. tPLH = (0.70 ns/pF) C_ + 130 ns | -] -] - 140 |25 — | - | | = -] 10 | 250 - | -
tPHL. tPLH = (0.53 ns/pF) C_ +92ns 15 - - - 100 - - - - - - 100 - - -
Clock to Q14
PHL. tPLH = (1.75 ns/pF) C|_+ 2774 ns 5.0 - - - 28 56 - - - - - 28 8.4 - - us
PHL. tpLH = (0.70 ns/pF) Cy_+ 990 ns 10 | - - - 1.0 20| - - - - - 1.0 30 — -
tPHL, tPLH = (0.53 ns/pF) C|_ + 592 ns 15 - = - 0.6 - - - - - - 06 - - -
Reset Turn-On Delay Time** - PHL ns
(Cy = 15 pF)
Reset on Qp
tpHL = (1.75 ns/pF) C_ + 514 ns 50| - | - | - | 40 f3000|] - | - | -~ | - | - | s40 |3800| - | -
tpH = (0.70 ns/pF) C + 190 ns 10 - - - 200 775 | — - - - - 200, | 900 - -
tpHL = (0.53ns/pF) C|_+ 162 ns 15 - - - 160 - - - - - - 160 - - -
Minimum Clock Pulse Width - PWc 5.0 - - - 140 335 - - - - - 140 500 - - ns
(Cy =15 pF) 10 - - - 55 125 - - - - - 55 165 - -
15 - - - 38 - - - - - - 38 - - -
Maximum Clock Pulse Frequency - | PRE [ 50| - — ] 15| 385 -1 -1 -1-1-1]10] 3s - -] - [mHz
(C =15pF) 10 - - 4.0 9.0 - - - - - 0 9.0 - - -
15 - - 13 - - - - - 13 - - -
Maximum Clock Rise and Fall Time - | tts | 580 - -1 - o 100 — | — | us
(CL = 15 pF) 10 NO MAXIMUM LIMIT - - - oo 100 - =
15 - - - © - - —
Minimum Reset Putse Width - | pwg | 50| -| -] -] 320 [2s00f - | - | - | -| -] 320 [3000f —| - | ns
(C =15 pF) 10 - - - 120 475 | — - - - - 120 550 - -
15 - - - 80 - - - - - - 80 - - -

*DC Noise Margin (VNH, VNL) is defined as the maximum voltage change

**The formula given is for the typical characteristics only.
i (C) refer to corr

tFor dissipation at different external load

from an ideal 1" or *"0" input level before producing an output state change.

PRICL) =Pp +1x 1073 (Cy -15) Vpp?2 f where:
Pp in mW, Cy_in pF, Vpp in Vdc, and f in MHz.

formula:
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MC 14020 (continued)

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
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FIGURE 3 — TIMING DIAGRAM
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SHIFT REGISTER
____//' MC14021AL \\\

MC14021CL
MC14021CP

8-BIT STATIC SHIFT REGISTER
McMOS

The MC14021 8-bit static shift register is constructed with MOS

P-channel and N-channel enhancement mode devices in a single (LOW-POWER COMPLEMENTARY MOS)
monolithic structure. This shift register finds primary use in parallel
to serial data conversion, asynchronous parallel input, serial output 8-BIT STATIC SHIFT REGISTER

data queueing; and other general purpose register applications requir-
ing low power and/or high noise immunity

® Asynchronous Parallel Input/Serial Qutput
® Synchronous Serial Input/Serial Output
e Full Static Operation from DC to 7.0 MHz
® Q" Outputs from Sixth, Seventh, and Eighth Stages 16 16
® Pin-for-Pin Replacement for CD4021A L SUFFIX 1 PSUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)
TRUTH TABLE

Rating Symbol Value Unit
DC Supply Voitage MC14021AL Vpp +18to0 -0.5 Vde
TION:
MC14021CL/CP +1610-05 SERIAL OPERATIO
Input Voltage, All Inputs Vin Vpp t0-0.5 Vdc Q6 Q7 Q8
DC Current Drain per Pin | 10 mAdc t |CLOCK|Dg|P/S|| t=n¥6|t=nt7|t=n+8
Operating Temperature Range ~MC14021AL Ta -55to +125 o¢c n:1 ﬁ ? g (1) ; :
—MC14021CL/CP -40 to +85 2l _r—|oo 0 1 0
Storage Temperature Range Tstg -65 to +150 oc 3] /—11]0 1 o 1
—~_ | x| o Qa6 Q7 as

PARALLEL OPERATION:

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 CLOCK | Dg | P/S | Dy “Qm
taken to avoid application of any voltage higher than maximum rated voltages X X 7 ) 0
to this high impedance circuit. For proper operation it is recommended that X X 1 1 1
Vin and Vot be constrained to the range Vsg <X (Vin or Vout) <Vpp- *Q6, Q7, & Q8 are available externally
Unused inputs must always be tied to an appropriate logic voltage level (e.i., either X = Don’t Care

Vgs or Vpp-

LOGIC DIAGRAM

P1 P2 P3 P6 P7
Q7 06 05 Q14 015 —{>°—
P/S I

Dg D er—p oF—p or——-—--—p o—]D Q

C C c [« 6—’ c a
10 , , [
2

Clock

Vpp = Pin 16 P4 =Pin 4
Vgg = Pin 8 P5 = Pin 13

Q6

See Mechanical Data Section for package dimensions.
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MC 14021 (continued)

ELECTRICAL CHARACTERISTICS

MC14021AL MC14021CL/CP
Vpp|__-58°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure { Symbol | Vdc | Min | Max| Min Typ Max [ Min | Max | Min | Max | Min Typ Max | Min | Max | Unit
Output Voltage “0 Level - Vout | 50 - | 0o1f — 0 001y - | 005§ — {001} — 0 001} — | 0.05{ Vdc
10 - | 001} - 0 001 — | 005| - |0O01| — 0 001} — | 0.05
15| — - - 0 - - - - | - 0 - - -
1 Level - 50| 499 - | 499 5.0 - {495 — 499y — 1499 | 50 - |495| — | Vvdc
10 { 999 - | 999 10 — | 995 — [999] — 999 10 - |995f -
15 — — — 15 - — —~ — - - 15 - — —
Noise Immunity* = VNL Vdc
(Voyr 2 3.5 Vde) 50| 15| - | 15 | 225 -1 14| - |15 — |15 [225 - (14 -
{Voyt 7.0 Vdc) 10| 30! - | 3.0 | 450 - 129 - 30| - |30 [450 - {29 -
(Voyt =105 Vde) 15 - - - 6.75 - - - - - - 6.75 - - -
VNH Vdc
(Vout 1.5 Vde) sof 14f - [ 15| 225 - |15 - | 14| - |15 |22 - |15f -
(Vour 3.0 Vdc) 10 29 - 3.0 4.50 - 3.0 - 29 - 3.0 4.50 - 3.0 -
{Voyt < 4.5 Vdc) 15 - - - 6.75 - - - - - - 6.75 - - -
Output Drive Current - lOH mAdc
(VOH = 2.5 Vde)  Source 50 (-062| - |-050 | -1.3 - |-035 — 023 - (020 | -13 - {016 —
(VoH = 9.5 Vdc) 10 |-062| - |-0.50 | -0.75 - [-0.35 - }0.23| — |-0.20 |-0.75 - 016 -
(Voh = 13.5 Vdc) 15 - - - -35 — — — - — — -35 - - -
(VoL =04 Vvdc)  Sink loL 50| 050/ - | 040 | 06 - 1028 -~ [023] — (020 | 06 — |0.16{ — [mAdc
(VoL = 0.5 Vdc) 10 1.1 - | 090 1.1 - | 065 - 060 — 0.50 11 - (040 -
(VgL = 1.5 vdc) 15 - - — 75 - — - — - - 75 - - -
Input Current - lin - - - - 10 - - - - - - 10 - - — | pAdc
Input Capacitance (Vj, = 0 Vdc) - Cin - - - - 5.0 - - - - - - 5.0 - - - pF
Quiescent Dissipation 1 Pa mwW
(CL=15pF,f=0H2)
50| - |0025f - |0.0015|0.025 - 15| — | 025 — 00025 025 — | 35
10 - 0.1 - 0.005 0.1 - 6.0 - 1.0 - 0.01 1.0 - 14
15 = — — 0.01 — — — — — — 0.02 — — —
Total Power DissipationT - PD mw
(Cy = 15 pF) 5.0 Pp = (1.2 mW/MHz) f + 0.0015 mW
10 Pp = (10.1 mW/MHz) f + 0.005 mW
15 Pp = (12.1 mW/MHz) f + 0.01 mW
Qutput Rise Time 2 t ns
(CL =15 pF)
50 -~ - - 100 300 - - - - - 100 400 | — -
0| - -] - 50 25| - | - | - | - - 50 10| — | -
15 — — — 25 — - — — — - 25 - — —
Output Fall Time 2 tr ns
(CL =15pF)
50} - - - 100 30| - - - - - 100 200 | — -
10 - - - 50 1251 — - - - - 50 10 — -
15 - = — 25 - - - - - - 25 - - -
Turn-On, Turn-Off Delay Time 2 tPHL. ns
(CL =15 pF) tPLH
50| - - - 200 7501 - - - - - 200 | 1000 - ~
10 - - - 100 225 - - - - - 100 300 - -
15 - — — 65 — — = — — = 65 - — —
Clock Puise Width 2 PWC ns
(CL =15 pF)
5.0 - - — 150 400 — — - - 150 500 - -
10 - - - 75 175 - - - - 75 200 - -
15 — — — 50 - - - — — - 50 - — —
Clock Pulse Frequency 2 PRF MHz
{Cp =15 pF)
5.0 - - 15 3.0 - - - - - 1.0 3.0 - - -
10 - - 3.0 7.0 - - - - -~ 25 7.0 - - -
15 - = - 10 = — - - — ~ 10 — — -
Clock Pulse Rise and Fall Time 2 it us
(CL =15 pF) Vpp = 5.0 to 15 Vdc) - -1 -1 18 - - =1 -1 -1 -1 - -1 -1 -
Parallel/Serial Control Pulse Width 2 PWh ns
{C =15 pF)
50 - - - 150 400 - - - - - 150 500 | — —
10 - - - 75 175 - - - - - 75 200 - -
15 - - - 50 - - - - - - 50 - - -
Setup Time 2 tsetup e
(CL =15 pF)
50 - - - 150 300 - - - - - 150 300 | - -
10 - - - 50 80 - - - ~ - 50 100 - -
15 - - - 30 - - - - - - 30 - -

*DC Nowse Margin (VyH. VL) 15 defined as the maximum voltage change from an ideal "1" or “0" input level before producing an output state change.
1For dissipation at different external load capacitances refer to corresponding formula:

Pr(CL) = Pp + 1073 (C - 15 pF) Vpp2f

Where: P1, Pp in mW, C_in pF, Vpp in Vde, and f in MHz
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MC14021 (continued)

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

500 uF 7R
Pulse °
Generator O0—
1 o
T Clock Input 50%
| —0— I
! —o— !
| — Variable Delay
! Sync :
: Ps . Data I nput | 50%
| —0—1{ P6 TCL
i r—o— P7 Variable ‘,l
Pulse P—o—P8 a8 Width
Generator —O—Dg
i h
Vss I
+ L L L 1
FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
swi1
{r2 2]| hZOnS 4’1 F~——20ns
Pulse Vbp Vpbo
Generator —w Par.allel or 90%
1 | | Serial Data 50%
— |1 11 Input 10% x oV
| | 2 | P/S
| I c Q6
| b |
| 1 —o—{ P1
\
P |2 2 | t-o—{ P2 Clock or P/S bo
Generator F—O"L'o_—_::‘j“o"—\ —-o—1 P3 Input
2 1 1 :‘ Pa Q7p—o——o |
= PS5 I Ccp
o—re !
o—p7 | Q
| | Output
| -0—| P8 o8 | =
| L--Lo—— Dg |
Switch Position 1 = Parallel In | !
Switch Position 2 = Serial In : Ves sw2 ll tr tf
| | CPW| = CPWy = 50% Duty Cycle
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____,{f MC14022AL \\¥

COUNTER

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.

McMOS

(LOW-POWER COMPLEMENTARY MOS)
OCTAL COUNTER/DIVIDER

Fully Static Operation

DC Clock Input Circuit Allows Slow Rise Times

Carry Out Output for Cascading

12 MHz (typical) Operation @ Vpp = 10 Vdc

Divide-by-N Counting when used with MC14001 NOR Gate
Pin-for-Pin Replacement for CD4022A

16 16
1 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

FUNCTIONAL TRUTH TABLE
(Positive Logic)

CLOCK
CLOCK ENABLE RESET | OUTPUT =n
[o] X o n
X 1 o n
b o 4] n+1
~_ X 0 n
1 - o n+1
X - [ n
X X 1 Qo

Don’t Care

Rating Symbol Value Unit
DC Supply Voltage — MC14022AL Vpbp +18t0 -0.5 Vdc
— MC14022CL/CP +16t0 -0.5
tnput Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range Ta oc
— MC14022AL -55 to +125
— MC14022CL/CP -40 to +85
Storage Temperature Range Tstq -65 to +150 °c
LOGIC DIAGRAM
11 1 5 7
Q4 Q1 Q6 Q3
Clock
14
13 Carry
Clock Vbp C are{4C QH-|YHC Q! C Q 12
Enable C _{|dc _| Cc _ Cc _|
D_Q D_Q D_Q D_Q
Vss R R R R
15 °
7
Qo Qs Q2 Q7
2 4 3 10

BLOCK DIAGRAM

Clock 14 o] Q—o 2
Qi H 1
Q2t—o 3
Q3—o 7

Ciock 13 Qa

Enable °c m
Qs5+—o 4
Q6—o s
Q7—o 10

Reset 15 O—f C
out —o 12

Vpp = Pin 16

Vgg ~Pin8

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 Vi, or Vg,: be
constrained to the range Vgg << (Vi or
Vout! <VppD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgg or Vpp)

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
Vpp |_-55°C +25°C +125°C -40°C +25°C +80°C
Characteristic Fig. Symbol Vde | Min | Max | Min Typ Max | Min | Max | Min | Max | Min Typ Max | Min | Max | Unit
Output Voltage "0 Level - Vout 50 - {001 - 0 0.01 - 0.05| - |[0.01 - 0 0.01 - 0.05] Vdc
10 - 0.01 - [ 0.01 - 005 - 0.01 - o 001 - 0.05
15 - - 0 - N - - - 0 - -
“1" Level 50 |499] - |493| 50 495| - fa95| - |499| 50 495 -
10 (999 - |999 10 995! - |9.95 9.99 10 - 9.95| —
15 = - 15 - - 15 -
Noise Immunity*
Vot 3.5 Vdcl - VL 50 | 15| - {15 | 225 - | 14| - {15 - |15 ]| 225 - 14| - | vde
Voot 7.0 Vde) 10 130 - | 30] a5 - | 29| - [ 30| - |30 a5 - |29 | -
(Vgyr =105 Vdc) 15 | - - | - | &8 -1 -1 - - - | &3 - - | -
(Vour <1.5 Vdc) - VNH 50| 14| ~ |15 | 225 - |18 - 14| - |15 | 225 ~ |15 ] - |vde
(Vout 3.0 Vde) 10 |29 - | 30| 45 - | 30| - |29 30 | 45 - 30| -
(Vour 4.5 Vdc) 15 - 6.75 - - - ~ 6.75 -
Output Drive Current
(Vou - 2.5Vdc)  Source 1 104 50 |-062 - |05 ] -15| - |035f - |023| - |02 | 15 016 - |mAde
(Vo = 9.5 Vde) 10 |-062( - [-1.0 -1.0 -0.35 -0.23| - |-0.2 -1.0 -0.16
(VoH = 13.5 Vdc) 15 - - -36 - - - - -3.6 - -
(VoL -0.4Vdc)  Sink 1 oL 50 | 05| — |04 | 08 - |o28| - o023 02 | 08 - |06 - |mAdc
(VoL = 0.5 Vdcl 10 |11 - |os | 12 ~ |oes| - los| - {05 | 12 - |oa | -
(VoL = 1.5 Vde) 15 - 78 - 78 - - -
Input Current [ - - — - 10 - - - - - — 10 - - — [pAdc
Input Capacitance Cin - -1 - 50 - - E 50 - - oF
(Vin = 0)
Quiescent Dissipation (C_ = 15 pF}** 2 Pp mwW
Pp = (0.58 mW/MHz) f + 0.0015 mW 5.0 - 10.025| - 0.0015| 0.025| - 1.5 - 1025 0.0025| 0.25§ - 35
Pp = (1.8 mW/MHz) f + 0.005 mW 10 - |00 - 0.005| 0.10 - 6.0 10 0.01 10 14
Pp = (3.6 mW/MHz) f + 0.01 mW 15 - - — 0.01 - - - ~ - - 0.02 - - -
Output Rise and Fall Time** T, U ns
(Cy = 15 pF)
tr, ¢ = (4.8 ns/pF) C_ + 28 ns 5.0 - - - 100 175 - - - - 100 200 - -
15ns/pF) C +125ns 10 - = - 35 75 - - - 35 110 -
0.8ns/pF) C +8.0ns 15 - 20 - - - - 20 -
Turn-On, Turn-Off Delay Time*~ PHL. tPLH ns
(C_ = 15 pF) Reset to Decode Output
tPHL. tPLH = (20 ns/pF) C_ + 420 ns 50 | - - 450 | 800 | - 450 | 1200 -
tPHL. tPLH = (0.9 ns/pF) C_ + 186.5 ns 10 - - 200 | 400 | - 200 | 500 | -
tPHL. tPLH = (0.7 ns/pF) C_+ 109.5 ns 15 - - - 120 B e - 120 E - -
Turn-On, Turn-Off Delay Time" * PHL. PLH ns
(CL = 15 pF) Clock to Coyy
tPHL. tPLH = (2.0 ns/pF) C_ + 320 ns s0 | -~ | - | - 350 | 550 - | - | - E 350 | 700 -
tPHL. tPLH = (0.9 ns/pF) C + 111.5 ns 10| - - - 125 | 280 - | - | - | - - 125 | 300 | - -
PHL. tPLH = (0.7 ns/pF) Cp_ + 74.5 ns LT I R 85 - - B 85 -
Turn-On, Turn-Off Delay Time*~ tPHL. tPLH ns
(C_ - 15 pF) Clock to Decode Output
tPHL. tPLH = (2.0 ns/pF) C_ +455ns 50| - | - ags | 730| - | - | - -] - ags | 940 -
tPHL. tPLH = (0.9 ns/pF) C_ + 166.5 ns 10| - - ~ 180 | 360 | - - - - - 180 | 400 | - -
tpHL. tpLH = (0.7 ns/pF) C+ 114.4 ns 15 | — - — 125 - - - - - ~ 125 - ~ -

*The clock input has an improved noise immunity of typically 60% of Vpp from either input level
“*The formula given is for the typical characteristics only.

FIGURE 1 — TYPICAL OUTPUT SOURCE AND OUTPUT SINK CHARACTERISTICS TEST CIRCUIT

Vbb

Ci Qo
Vsg ock O

Enablegq}—o

Vop——A Q2+——-o0
Q3}l—o
——0—— Reset Q4 }—o0
s1 Q5 F—o

Vss —— 8B
Q6 ——o0
Q7 —o0

—o0——Clock

I I CO ut

o Vout

External
Power
Supply
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Output Output
Sink Drive | Source Drive
Clock to desired
Output
Outputs (S1 to A) (S1 to B)
Clock to 5
Carry thru 7 S1to A
(S1 to B)
Vs = Vob -Vob
Vs = Vout Vout -VDD




MC 14022 (continued)

ELECTRICAL CHARACTERISTICS (Continued)

MC14022AL MC14022CL/CP
Vpp |__-55°C +25°C +125°C -40°c +25°C +85°C
Characteristics Fig. Symbol Vdc [ Min | Max | Min Typ Max | Min | Max | Min | Max | Min Typ Max | Min | Max | Unit
Turn-Off Delay Time 3 tPLH ns
(C = 15 pF) Reset to Coyr
tpLH = (2.0 ns/pF) C|_ + 320 ns 50 | — 350 | 750 | — - - - - 350 | 1000 | — -
tpLH = (0.9 ns/pF) C + 111,65 ns 0| - -] - 1256 {280 | - | — | - - 125 | 300 | - | -
tpLH = (0.7 ns/pF) C|_ +69.5 ns 15 - | - - 80 - - =-1-1- - 80 - | - -
Minimum Clock Pulse Width 3 PWc ns
5.0 - - - 100 200 - - - - - 100 250 - -
10 | - - - 42 70 | - - — - - 42 100 | — -
LT I e 30 - -l - -] =1-= 30 e
Maximum Clock Frequency 3 PRF MHz
5.0 - - 25 5.0 - - - - - 20 5.0 - - -
10 - - 7.0 12 - - - - - 5.0 12 - - -
5 - -] - 16 - -l =-l=-1-1- 16 - | - -
Minimum Reset Pulse Width 3 PWR ns
5.0 - - - 200 330 - - - - - 200 500 - -
10 - - - 100 1865 - - - - 100 250 - -
s | - -1 - 75 - -1 = -1 - | = 75 -1 - -
Reset Removal Time 3 trem ns
5.0 - - = 300 500 - - - - - 300 750 - -
10 - - - 100 200 - - - - - 100 275 - -
15| - | -] - 80 - -1l -1-1-1- 80 - -1 -
Maximum Clock Input Rise and 3 e, tf us
Fall Time 5.0 - - - il 100
(C_=15pF) 10 No Maximum Limit - - - had 100
15 - — - oo -
Clock Enable Setup Time 3 tetup ns
(CL=15pF) 5.0 - - - 175 300 - - - - - 175 700 - -
10 - - - 75 150 - - - - - 75 300 - -
5 -] -] - 52 - |- - - - | - 52 -] - -
Clock Enable Release Time 3 trel ns
{CL = 15pF) 5.0 - - - 260 405 - - - - - 260 700 - -
10 - - - 100 200 - - - - - 100 300 - -
15 -1 -1 - 70 - -1 - - -1 - 70 -1 -1 -
NOTE: All unused inputs should be returned to either Vpp or Vgg as appropriate for circuit application.
FIGURE 2 — TYPICAL POWER DISSIPATION TEST CIRCUIT
TVDD
500 uF A~ e 0.01 uF
i Ceramic
o)
Qo —oO
Q1 —oO
Clock Enable Q2 —0
Q3 +—0—
Q4 +—O-
——O— Reset Q5 —O0—
Q6 —O0—
o
Pulse fe Clock a7
Generator - oc Cout p—O0——
S . — 4 L L
lvss chLc,_ Lc,_‘-\cl_,“c,. CL7RCL A<CL 7/=CL
<

Po(CL) = Pp + 1073 {cL - 15

9 fv
8

Ppin mW, CL in pF, Vpp in Vdc, and f. in MHz.
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FIGURE 3 — AC MEASUREMENT DEFINITION AND FUNCTIONAL WAVEFORMS
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_f MC14023AL \

“NAND"" GATE

MC14023CL
MC14023CP

TRIPLE 3-INPUT “NAND"” GATE

The MC14023 triple 3-input NAND 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 Vpp 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 = 1072 ohms typical

Logic Swing Independent of Fanout
Symmetrical Qutput Resistance — 750 ohms typical
Pin-For-Pin Replacement for CD4023

MAXIMUM RATINGS (Voltages referenced to Vgs, Pin 7)

Rating Symbol Value Unit

DC Supply Voltage MC14023AL Vob +18 t0 -0.5 Vdc
MC14023CL/CP +16 to -0.5

Input Voltage, All Inputs Vin Vpp to-05 Vdc

DC Current Drain per Pin | 10 mAdc

Operating Temperature Range — MC14023AL Ta -55 to +125 °c
—MC14023CL/CP -40 to +85

Storage Temperature Range Tstg -65 to +150 °c

McMOS

(LOW-POWER COMPLEMENTARY MOS)
TRIPLE 3-INPUT “NAND" GATE

14
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

LOGIC DIAGRAM
(Positive Logic)

1
=
8
3
e
5

11

12 %:}»—m

13

9-7+2.8

CIRCUIT SCHEMATIC

6 Voo

X . . T14

O ©

.

_
_

TTT

b

T

L

]

-l
_]

Q
°

PLITLIfYIa

L ITL IT T |

) il I ]
]
w0 | IS |

See Mechanical Data Section for package dimensions.
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ELECTRICAL CHARACTERISTICS

MC14023AL MC14023CL/CP
Voo -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure | Symbol | Vde | Min | Max | Min | Typ | Max| Min | Max | Min | Max |Min [ Typ | Max | Min | Max | Unit
Output Voltage "0 Level Vout 5.0 - 0.01 - 0 0.01 - (o005 - 0.01 - 0 0.01 - | 0.05{ Vde
10 - 0.01 - o 0.01 - 0.05) -~ 0.01 - 0 0.01 - 0.05
1" Level 501|499 - 499 ( 5.0 - 495| - 1499 - 499| 50 - 495| —
10 | 999} - 9.99 [ 10 - 995| —~ ]19.99| - 8.991 10 - 9.956| —
Noise Immunity *
(Vout 3.5 Vdc) vne | 80| 15| - |15 228 - | 14| — | 15| - |16|225| — | 14| - |vdc
(Vout =7.0 Vdc) 10 of - |30]|45| - | 29| - |30] - |30 a5 - | 29| -
(Vout <1.5 Vde) van | 650] 14 ] - |15 225 — [ 15| — [ 14] = [1s]228] = [ 16] — [Vde
(Vout <3.0 Vdc) 10 29 - 3.0 | 45 - 0 - 29 - 30| 45 - 0 -
Output Drive Current
(VoH = 2.5Vdc) Source 1 IoH 50 |-0.62( - |-05 }-15 - }-035| - 1-0.23| - |-0.2|-15 - |-0.16| — |mAdc
(VoH = 9.5 Vdc) 10 |-062| - |-05 |-1.0 - |-035| ~ |-023} - |-0.2]|-1.0 - 1-0.16| —
(VoH = 13.5 Vdc) 15 - - |-38 | - - - - - - |-38| - - -
(VoL = 0.4 Vdc) Sink 2 oL 50| 05 - 04 | 08 - 028 — (023 - 02} 08 — 1026 — [mAdc
(VoL = 0.5 Vdc) 10 | 1.1 - 09 |12 ] - | 065| ~ 06 | - 05§12} - | 04| -
(VoL = 1.5 Vde) 15 | ~ - - |78 | - - - - - - | 78| - - -
Input Current Tin [ =T - T =T -1 =1T=Tw0] =1 =1< Jpade
Input Capacitance Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vin = 0)
Quiescent Dissipation 3 Pp m
5.0 - 0.26| — pPO005|0.25| - 15 - 0.25 | - ]0.025| 2.5 - 75
10 - 10 - 0.01 |10 - 60 - 10 - 0.05| 10 - 300
Qutput Rise Time 4 ty ns
(CL = 15 pF)
5.0 - - - 100 (175 - - - - - 100 | 200 - -
10 - - - 35 | 75 - - - - - 3 |10 - -
15 - - — 15 - - - - - - 15 - - -
Output Fall Time 4 tg ns
(CL = 15 pF)
5.0 — - - 75 | 175 - - - - - 75 | 200 - -
10 - - - 25 7% - - - - - 25 | 110 - -
15 - - - 14 - - - - - = 14 - - -
Turn-On Delay Time 4 tPHL ns
(CL - 15 pF)
5.0 - - - 60 75 - - - - - 60 100 - -
10 - - - 25 | 50 - - - - - 25 | 60 - -
15 - - - 12 - - - - - - 12 - - -
Turn-Off Delay Time 4 TPLH ns
(CL - 15 pF)
5.0 - - - 60 75 - - - - - 60 | 100 - -
10 - - - 25 50 - - - - - 25 60 - -
15 - - - 18 - - - - - - 18 - - -

*DC Noise Margin (VnH, VN 15 defined as the maximum voltage change from an ideal *1" or 0" input level before producing an output state change.
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MC 14023 (continued)

FIGURE 1 — TYPICAL OUTPUT FIGURE 2 — TYPICAL OUTPUT
SOURCE CHARACTERISTICS SINK CHARACTERISTICS
Vob = -Vas Vop = Vas
14
1oH 14 oL
Vout Vout = Vps
7 7 Vss
Vss =
Vbs = Vout ~VDD
All unused inputs connected to ground. All unused inputs connected to ground.

0 10 - T
EENE of oL Lrs v
Ve 50'vu JIE ] /j
= . 6 = -5.0 vde o -10vd
3 20 H | T 80 / o «7—VGS 10 Vde
£ ZT /4 < 1/
= a Tp=-550C - £
T -40f—b Ta=+250C o Wi / Z 50 / ¢
o
= ¢ Ta=+1250C / < _
E = a TA=-550C
3 3 / b Tp=+250C
Z 60 =, :( / = 41250
= = 40 c Ta=+1250C
: 27 2
£ 10 Vde b c 7 } B
2 80 — § b /> ssve 3 2 ”I — —
: g b ¢ 5.0 Vdc
— A A } 3 ‘ |
a
-10 A /// /a 0 I
-10 8.0 6.0 40 2.0 0 0 2.0 40 6.0 8.0 10
VOH, DRAIN VOLTAGE (Vdc) VgL DRAIN VOLTAGE (Vdc)

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Vobp 0.01 uF Ceramic
—=f }=—20ns

—v
Vin | fsow po
Vin
7 10% |
{

cL ov
'pp Isoom::[ (50% Duty Cycle) | ~—20ns

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORM

20 ns —— f—

Input (A) 50%
—10%
Output tPPHL- f—
Pulse (B)
Generator |
90%
Output (B)
tf b
This device contains circuitry to protect For proper operation it is recommended
the inputs against damage due to high static that Vi, and V¢ be constrained to the
voltages or electric fields; however, it is range Vgg < (Vjp or Vout) <Vpp.
advised that normal precautions be taken Unused inputs must always be tied to an
to avoid application of any voltage higher appropriate logic voltage level (e.g., either
than maximum rated voltages to this high Vgs or Vpp)-

impedance circuit.
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COUNTER

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 Vpp), however the
Clock input has a typical noise immunity of 70% of Vpp with no
maximum Clock input rise or fall time. The output of each counter

stage is buffered.

Diode Protection on All Inputs

8-MHz Operation @ Vpp = 10 Vd

Clock Input

Noise Immunity = 45% of Vpp typical

c typical

® Pin-For-Pin Replacement for CD4024A

Quiescent Power Dissipation = 0.01 uW/package typical

Output Transitions Occur on the Falling Edge of the Clock Pulse

Exceedingly Slow Input Transition Rates may be Applied to the

McMOS

(LOW-POWER COMPLEMENTARY MOS)

SEVEN STAGE
RIPPLE COUNTER

14

14
! 1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

This device contains circuitry to protect the
inputs against damage due to high static volt-
ages or electric fields; however, it is advised that

Rating Symbol Value Unit normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
DC Supply Voltage - MC1402:/C\ L/ P Voo *1810 -05 Vde voltages to this high impedance circuit. For
— MC14024CL/C +16 to -0.5 proper operation, it is recommended that Vi,
Input Voltage, All Inputs Vin Vpp t0-0.5 Vde or Vgt be constrained to the range Vgg <(Vip
DC Current Drain per Pin 1 10 mAdc or Vout) <Vpp-
Operating Temperature Range — MC14024AL TaA -55to +125 oc Unuse.d Inlpu!s rnou;:t alv:la‘\//sl b(e tied »t‘z:nvap-
— MC14024CL/CP 40 10 +85 propriate logic voltage level (e.g., ei Ss
or Vpp)
Storage Temperature Range Tstg -65 to +150 oc
LOGIC DIAGRAM PIN ASSIGNMENT
1
Clock c ar—c Q
./
1] Clock  Vpp[—14
— — 2 ] Reset NC[—13
R Q R Q
” IC '_Ho 3C— Q7 Q1312
Reseto—{></ + ac— a6 Q2N
5C—] as NC 110
6] Q4 Q3™ 9
70—] Vss NCETY 8
12 1 4 3
Q1 Q2 Q6 Q7 Voo = Pin 14
V. =Pin 7
Q3 = Pin 9 ss
gg - 2';: g NC = No Connection

See Mechanical Data Section for package dimensions.
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MC14024 (continued)

ELECTRICAL CHARACTERISTICS

MC14024AL MC14024CL/CP
Vop|__-55°¢ +25°C +125°C -40°C +28°C +85°C
Characteristic Figure| Symbol| Vdc| Min | Max [ Min | Typ Max | Min | Max | Min [ Max | Min| Typ Max | Min | Max | Unit
Output Voltage “0" Level Vout | 50| - [001] - 0 001 - [oos] = [oo1| - o 0.01 — [0.05] vde
0| - lool| - 0 0.01 - (005 - lo001| - 0 0.01 ~ {005
15 - | - | - 0 - -l -1 - -1- o - - -
“1" Level 50| 499 - |499/ 50 - 495! — |a99 - |a99 50 - 495| -
10| 999 — |999] 10 - 995 — [999| — |999 10 - 9.95| —
LE3) I E 15 - B e 15 - - -
Noise Immunity =
(Vgyut 3.5 Vdc) Vae | 501 151 - | 15} 225 - 14| - 15 — [ 15 225 - 14| — |vdc
(Vgut =>7.0 Vde) 10| 20| - | 30 450 - 29| - 0| — 0| 450 - 29| -
(Vou: 10.5 Vdc) 15— | - 6.75 - -1l -1 -1-1-1 =8 - - | -
(Vout <1.5Vde) Vnn | 50f 14| — | 15[ 225 - 15 - [14] - | 15[ 225 - 15| — [ vdc
(Vgur 3.0 Vde) 0] 29| - o| 450 - of - |20} - o 450 - ol -
(Vut <4.5 Vdc) s - | - | -] 678 - - -1 -] -|-| e - -1 -
Output Drive Current
(VoH = 2.6 Vde) Source 1 oy | 50[-062] - l-05| -15 - |-03s| - |023 - |020 -15 - |-018| - [mAdc
(Von = 9.5 Vdc) 10 |-062| - |-05| -10 - |35 - (023 - |02 -10 - |18 —
(VoH = 13.5 Vdc) 15 - | -1 -] -36 - e e e B B - X - -1 -
(Vo = 0.4 Vdc) Sink 2 lo. | 50| 050/ - |o040| 080 - 028 - |023| - u.zg 0.80 - 060 — |mAdc
(VgL = 0.5 Vdc) 10 | 1.10) — 1090 1.20 - 065{ - |060| — {050 120 - 040! -
(VoL = 1.5 Vde) s — | - | -] 78 - -l - - -] -] 78 - - -
Input Current lin - - - - 10 = = - - — - 10 - - — | pAdc
Input Capacitance Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vin =0) 1
Quiescent Dissipation™ " 3 Pp W
(CL =15 pF,f =0 Haz)
Pp = (0.645 MW/MHz) f + 0.0025 uW 50| - |025] - 100025 | 025 - |15} - | - | -| 00025 | 25 -1 75
P = (2.5 mW/MHz) f +0.01 uW 0 - 10] - | oo 10 - |60 | - | - | - 0.01 10 - | 300
Pp = (5.6 MW/MHz) £ + 1.0 W s - | - - | 10 = N I S R 1.0 - R
Output Rise and Fall Time** 4 et ns
(CL =15 pF)
4.3 ns/pF) C_ + 35 ns 50| - | - | - 100 175 R e e e A 100 200 - -
1.5 ns/pF) C + 125 ns w0l - | - - 35 75 - -1 -1-9- 35 110 - -
(0.47 ns/oF) Ci +8.0 ns 5 - - | - 15 - e e e N 15 - -1 -
Turn-On, Turn-Off Delay* 4 | teHL. ns
(Cy = 15 pF) (Clock to Q1) tPLH
tpHL. tPLH = (2.7 ns/pF) C|_ + 284.5 ns 50| - | - | - 325 400 - -1 -1-1- 325 500 - -
tpHL. tPLH = (1.6 ns/pF) C|_ + 96 ns ol -1 - - 120 150 - -1 -1 -1= 120 180 - =
tPHL, tPLH = 1.2 ns/pF) C + 72 ns s - - | - 90 - - - - =-q- 90 - - -
Turn-On, Turn-Off Delay** a4 | tpuL. ns
(CL =15 pF) (Clock to Q7) LA
tPHL. tPLH = 2.7 ns/pF) C|_ + 959.5 ns 50{ ~ | - | -] 100 | 200 - -} - | - | —| 100 | 300 - | —
tPHL. tPLH = 1.6 ns/pF) C|_ + 376 ns | - | - | - 400 545 - -1 =1 -1~ 400 750 - -
tpHL. tPLH = 1.2 ns/pF) C_ + 282 ns s - -] - 300 - -l -1 -1 -1- 300 - - | -
Reset Delay Time*®* 4 R ns
(C_ =15 pF) (Reset to Qn)
TPHL. tPLH = (2.7 ns/pF) C_ + 459.5 ns 50| - | - | - 500 700 - -1 -1 -1- 500 800 - | -
tPHL. tPLH = (1.6 ns/pF) C_ + 226 ns FI T I I 250 350 - -] -1 -1- 250 400 - -
TPHL. tPLH = (1.2 ns/pF) C_ + 162 ns s - | - 180 - - - -] - - 180 - - -
Minimum Clock Pulse Width a4 | Pwg ns
NCP = PCP = PW¢ sof - | - - 200 330 o e N 200 500 - -
ol - - - 60 125 -l - -] ~-1- 60 165 -] -
s - | - | - 40 - - -{ -1 -1- 40 - - | -
Minimum Reset Pulse Width a | pwg ns
s0f — | - | - 375 500 - -1 -1 -1- 375 600 - -
0 - -] - 200 300 -0 - -1 -1- 200 350 - -
5 - | - | - 150 - - -] - - - 150 - - | -
Reset Removal Time 4 trem ns
so| - | - | - 250 375 - -1 -1-1- 250 625 -] -
| - -] - 75 110 - -1 -1-1- 75 190 - -
5] - - 50 - - - -1 -1- 50 - - | -
Maximum Clock Input Rise and Fall Times Tt us
5.0 -1 - - o 100 - -
10 No Maximum Limit - -1 - o 100 - -
15 = = - had - — —

*DC Noise Margin (V. VL) is defined as the maximum voltage change from an ideal “1” or 0" 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 FIGURE 2 — TYPICAL QUTPUT SINK
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT
Voo VoL = Vout Vpp VoH = Vout
Voo
c Qn c Q,
R 'oH R loL
External E xternal
CountQptoa Vss Power Vss Power
logic 1" level. = Supely L Supply
FIGURE 3 — POWER DISSIPATION TEST CIRCUIT
Voo
0.01 uF
500 uF ' TCeramlc
Pulse Fc c a1
Generator

P (CL) = Pp+(C -15) fec Vpp2 x 1073 mw

CL is in pF, fC isin MHz, Vpp is in Vdc, and Ppis obtained from
= the Electrical Characteristics table.

TRUTH TABLE

CLOCK RESET STATE

o [o] No Change

0 1 All Outputs Low

1 0 No Change

1 1 All Outputs Low
f o No Change
_/—‘ 1 All Outputs Low
TN 2] Advance One Count
\ 1 All Outputs Low
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FIGURE 4 — FUNCTIONAL WAVEFORMS

w SN NSNS SRS

trem

Reset (2'_——\

-

Vpo
50%

lpLHl——l l<- — I;—tFLHL_‘I |

»ltm[«

Ao Jie Kﬁ_\i‘\ﬁKf—\fﬂL_ T:’f

—» tR2

tR3|<—
‘—_—{VOH
VoL

tRarq—
VoH

a1l (12) - ,
‘r-—-»‘ — '4— — ld—tPHl_z ‘f—I
tPLH2 - - - j—— —_
90% \ OH
50% \
10%
Q2 (11) - - - - VoL
t,—.{ — — I<—‘PHL3
PLH3 - - _——
Q3 (9) - - - -
tr—>| — —| tPHL4
PLHA - - -
Q4 (6) - l - -
—-' - tPHLS l‘—
tPLHs
f —\501 -\_ —\ﬁ_
Qs5  (5) - = - tPHLE
tr—>| L— — |<— }1—
T
PLH6 00%
50%
Q6 (4) 10%
x,—»‘ tpLH? ‘PHL IH— tg
Q7 (3 — - - - - —Rdfl;’ _j%f— -
tr-—" tf "—

Input t, and tf = 20 ns
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__f MC14025AL \

“NOR"” GATE

MC14025CL
MC14025CP

TRIPLE 3-INPUT “NOR” GATE

The MC14025 tripte 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 = 456% of Vpp typical
Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14025AL)
= 3.0 Vdc to 16 Vdc (MC14025CL/CP)

Single Supply Operation — Positive or Negative
High Fanout — > 50

Input Impedance = 1072 ohms typical

Logic Swing Independent of Fanout

Symmetrical Output Resistance — 750 ohms typical
Pin-for-Pin Replacement for CD4025A

MCMOS

(LOW-POWER COMPLEMENTARY MOS)
TRIPLE 3-INPUT “NOR” GATE

14”Hiiii§ 14“&'%%5;;’
1 1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 7)

LOGIC DIAGRAM
(Positive Logic)

Vpp = Pin 14
Vgg = Pin 7

9=1+2+8

This device contains circuitry to protect

»

Rating Symbol Value Unit the inputs against damage due to high static
DC Supply Voltage —MC14025AL Vpp +18 t0 -0.5 Vde voltages or electric fields; however, i: is
—MC14025CL/CP +16 10 -0.5 adv:seq that r\ormal precautions be t? en
to avoid application of any voltage higher
Input Voltage, All Inputs Vin Vbpto-0.5 Vdc than maximum rated voltages to this high
DC Current Drain per Pin | 10 mAdc impedance circuit. For proper operation it
i i ded that Vi, and V, be
Operating Temperature Range —~MC14025A L Ta -565to +125 oc is recommen in out
—MC14025CL/CP _40 to +85 constrained to the range Vgg < (Vi or
o) Vout) <VpD-
Storage Temperature Range Tstg -65 to +150 C Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp)-
CIRCUIT SCHEMATIC
g 2 1 Voo 13 12 11
] 4 14 T o
X % % X x % £ % %
3 —
l | T
-

[

o
s

See Mechanical Data Section for package dimensions.
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ELECTRICAL CHARACTERISTICS

MC14025AL MC14025CL/CP
vpp| _ 55°C +25°C +125°C -40°c +25°C +85°C
Characteristic Figure | Symbol| Vdc | Min |Max |Min| Typ | Max |[Min [Max | Min |Max | Min| Typ | Max | Min |Max | Unit
Output Voltage “0" Level | 1,2,3 5.0 - (001 | - 0 001 | — (005 — |0.01 | — 0 |001| — [005] Vdc
) Vout | 10 - 001 | — 0 0.01 — 005 | — |0.01 - o | 001 — |0.05
1" Level 50 | 499 | — (499 50 — |495| — |499| — [499]| 5.0 — | 495 | — Vdc
10 {999 | — 999 10 — [995| — 999 | — [9.99] 10 — [ 995 | —
Noise Immunity* ~ Vdc
(Vout 2 3.5 Vdc) VnL [ 50 | 15 - 15] 225 | — 14 | — 15 - 161225 | - 14 | —
{Voyt =27.0 Vdc) 10 3.0 - 30| 45 - 29 | - 30 | - 30| 45 - 29 | -
(Vout 1.5 Vde) VNH |50 | 1.4 - 15226 | — 15 | — 14 | — 15] 225 | — 15 | — Vdc
(Vout 3.0 Vdc) 10 29 - 30| 45 - 30 | — 29 | — 30| 45 — 30 | —
Output Drive Current 10H mAdc
(Vout = 2.5 Vdc) Source 4 50 | -062| — |-05|-15 - |-0.35] — [-0.23| - -0.2f{-15 - | -0.16f —
(Vout = 9.5 Vdc) 10 | -062| — |[-05| -1.0 - |-035| — |-0.23] — |-0.2]-1.0 - | -0.16| —
{Vout = 13,5 vdc) 15 - - | -36 - - — - — — | 3.6 - - -
(Vout = 0.4 Vdc) Sink 5 loL | 5.0 05 | — 041 08 - 0.28| — 0.23| — 0.2]08 - 0.16 | — | mAdc
(Vout = 0.5 Vdc) 10 1.1 - 09 1.2 - 065 — 06| — 05] 1.2 - 04 | —
(Vout = 1.5 Vdc) 15 - - - 178 - - - — - - 178 - -
Input Current - lin - - - - {10 - - - - - - | 10 - - — | PAdc
Input Capacitance - Cin - - - - |50 - - - - - - | 5.0 - - - pF
(Vin =0)
Quiescent Dissipation Pp (5.0 — [0.25 | — 0.005 | 0.25 - |15 — 1025 | — |0.025 | 25 - 75 iy
10 - |10 - 10.01 1.0 — | 60 - 110 - 10.05 10 - | 300
Output Rise Time 9 ty 5.0 - - — | 100 175 - - - | - — | 100 | 200 - - ns
(CL =15 pF) 10 - - - |35 75 - - - | - - 135 110 - -
15 — - — 15 -~ - — - - — 15 — — —
Output Fall Time 9 tf 5.0 - - — | 100 175 - - - | - - | 100 | 200 - - ns
(CL =15 pF) 10 - - - {35 75 - - - | - - | 35 110 - -
15 - - - |20 - - - - | - - | 20 - - -
Turn-On Delay Time 9 tpHL |5.0 - - - | 60 75 - | - - |- - | 60 100 - - ns
(CL=15pF) 10 - — - 125 50 - — - | - - |25 60 - —
15 — — - | 12 - — — - | - — | 12 — — —
Turn-Off Delay Time 9 tpLH |5.0 — - — | 60 75 - - - | - - | 60 100 — — ns
(C = 15pF) 10 - - - 125 50 - | - - | - - | 25 60 - -
15 - - - | 18 - - | - - | - - | 18 - - _

*DC Noise Margin (VyH, VL) is defined as the maximum voltage change
from an ideal 1" or 0" input level before producing an output state

change.
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MC 14025 (continued)

FIGURE 1 — CURRENT AND VOLTAGE TRANSFER

CHARACTERISTICS TEST CIRCUIT

FIGURE 4 — TYPICAL SOURCE CURRENT
CHARACTERISTICS TEST CIRCUIT

FIGURE 2 — TYPICAL VOLTAGE AND CURRENT

Vout, OUTPUT VOLTAGE (Vdc)
o
2

~

>

5
o

P
o

~
o

o

TRANSFER CHARACTERISTICS

Vpp = 15 Vde |
3 Unused Inputs  —
\ Connected to Vg
b
= ; = ?ne Ilnput Only+
= Two Inputs
10 vde c = Three Inputs
a
AR "
3
Ex 30
5.0 Vdc L4 5 Vdc
3 ™ |
b 4 \ | 20
3 \ 10 vde
JUUNANS
N
Do ~
0 20 40 60 80 10 12 14 16

Vin, INPUT VOLTAGE (Vdc)

FIGURE 3 — TYPICAL VOLTAGE TRANSFER
CHARACTERISTICS versus TEMPERATURE

Vout. OUTPUT VOLTAGE (Vdc)

T T
Vop =15 vde Unused inputs
14 to —f
N Vss.
12 |
N 10 Vdc \ a Tp=+1250C |
™ \\ b Ta=-550C
\ allb
8.0
!
0
SO vae “
a0l—t
allb \\
20
0!
20 40 60 80 10 12 14 16

Vin. INPUT VOLTAGE (Vdc)

Ip, DRAIN CURRENT (mAdc)

VoL, DRAIN VOLTAGE {Vdc)

0
e
1 L I
Vs = -5.0 Vde
5 20 s
< ( yd .
£ oC /
2 -0 50¢ o |
= 2500
2 ., : /]
1/ avd
==
[=]
= Tovde G o ~47 7 15 va
S -80 = b
- /
a
0 , /
-10 -8.0 -6.0 4.0 2.0 0
VOH, DRAIN VOLTAGE (Vdc)
FIGURE 5 — TYPICAL SINK CURRENT
CHARACTERISTICS TEST CIRCUIT
OVpp = Vas
O Vps = Vout
All unused inputs connected to ground.
10 T -
[ L |
a
. 80 VGs = 10Vde
8 / Y/ v
i
=) / 5
&
= a TA=-550C
a3 b Ta=+250C
= 40 ¢ TA=+1250C
= 1
=
iy
- ] 1
e tjs.o Vdc
7 - 1
0 |
0 2.0 4.0 6.0 8.0 10



MC14025 (continued)

FIGURE 6 — TYPICAL GATE POWER
DISSIPATION CHARACTERISTICS

FIGURE 7 — TYPICAL GATE POWER
DISSIPATION CHARACTERISTICS

'D T B S = ‘|ﬂ 2500
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FIGURE 8 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM
{(50% Duty Cycle)
FIGURE 9 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
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____,/' Mc14027Alﬂ\\

FLIP-FLOP

MC14027CL
MC14027CP

DUAL J-K FLIP-FLOP

The MC14027 dual J-K flipflop 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

McMOS

(LOW-POWER COMPLEMENTARY MOS)

DUAL J-K FLIP-FLOP

advantage.

® Quiescent Power Dissipation = 50 nW/package typical

® Noise Immunity = 46% of Vpp typical

® Diode Protection on All Inputs

® Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14027AL)

Single Supply Operation — Positive or Negative
Toggle Rate = 8.0 MHz typical

Logic Swing Independent of Fanout

Logic Edge-Clocked Flip-Flop Design —

positive-going edge of the clock pulse.
® Pin-for-Pin Replacement for CD4027

= 3.0 Vdc to 16 Vdc (MC14027CL/CP)

Logic state is retained indefinitely with clock level either high
or low; information is transferred to the output only on the

16
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, 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 Vi, and Vgt be
constrained to the range Vgg < (Vi or
Vout! <VDD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp).

Rating Symbol Value Unit
DC Supply Voltage MC14027AL VoD +18t0 -0.5 Vdc
MC14027CL/CP +1610 -05
Input Voltage, All inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin | 10 mAdc
[Operating Temperature Range MC14027AL Ta -55to +125 oc
MC14027CL/CP -40 to +85
Emrage Temperature Range Tstg -65 to +150 °c
TRUTH TABLE
Synchronous Asynchronous
J K {Qn| Qn+1 R s a | a
o O |9 ©n 1 3] 0 1
1 o [s) 1 o] 1 1 0
1 ) 1 1 1 1 1 1
0 1 0 0
0 1 1 0
1 1 Q 1
1 1 1 0

BLOCK DIAGRAM

s

6 —J Q 1

3—c

5 —K Qp—2
R

S

10 J Qpl—15

13— C

11 —K Qfl—14
R

Vpp = Pin 16
Vgg = Pin8

See Mechanical Data Section for package dimensions.
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MC14027 (continued)

ELECTRICAL CHARACTERISTICS

MC14027AL MC14027CL/CP
-55°C +25°C +125°C -40°C +25%C +85°C
Characteristic Figure | Symbol [ Min | Max| Min | Typ | Max | Min | Max [ Min | Max | Min | Typ | Max| Min | Max Unit

Output Voltage = Vdc
{Vpp = 5.0 Vdc) 0" Level VoL - 0.01] - ] 0.01 - 0.05| - 0.01| - o 001} - 0.05
{Vpp = 10 Vdc) 001} - 0 0.01 - 005| - 0.01| - o 0.01 - 0.05
(Vpp =5.0 Vdc) 1" Level Vou | 499 - 499| 5.0 - 495 - 499 | - 4991 50 - 495( - Vdc
(Vpp = 10 Vdc) 999 - 999 10 - 1995 - 999| - [999| 10 - | 995

Noise Immunity - Vdc
{Vpp = 5.0 Vde) VL 15 - 15 {225 - 14 - 1.5 - 16 [ 225 - 14 -

(Vpp = 10 Vdc) 3.0 - 30| 45 - 29 - 3.0 - 30| 45 - 29 -
(Vpp = 5.0 Vde) v | 14| - [ s 225 - (18| - | 1a| - [ 15]228) - | 15| - Vdc
(Vpp = 10 vdc} 29 - 30| 45 - 3.0 - 29 - 0| 45 - 0 -
Output Drive Current mAdc
{VoH = 2.5 Vdc, Vpg = 5.0 Vdc) Source a lon |-062[ - -05)-15| - }-035| — [|-0.23| — -02) -15( - |-0.16f -
(VOH = 9.5 Vdc, Vpg = 10 Vdc) 062 - |-05]|-10| - }o3s| - |-023] - [-02|-10] - |-018] —
(VoL = 0.4 Vdc, Vg = 5.0 Vdcl Sink 5 oL 05 - 04 | 08 - |028| - 023} - 02| 08 = 016} — mAdc
(VoL = 0.5 Vde, Vpg = 10 Vdc 11 - o9 12| - |oes| - fo6| - [05] 12| — | 04| ~

Tnput Current = Tin = = [0 - = = = = — [ 10] - = = pAdc

Tnput Capacitance = Cin pF
(Vin=0 -l - 50| - | - - - -1-|5s0| - -] -

Quiescent Dissipation 23 Pp W
(Vpp =5.0 Vdc) - 5.0 - |0.025| 5.0 - 300 - 50 - 0.05 50 - 700
(Vpp = 10 Vdc) 20 - 0.05| 20 - 1200 - 200 - 02| 200} - | 2800

Output Rise Time 6.7 tr ns
(CL=15pF, Vpp ~ - - | 100] 175 - - - - ~ | 100| 200{ - -

(C_ = 15pF, Vpp = -y -3l - - -4 -1-13|1m0 -] -

Output Fall Time 6.7 tf ns
(CL =15 pF, Vpp = 5.0 Vdc) - - - | 100} 175 | - - - - ~ | 100| 200{ - -

(C[_ =15 pF, Vpp = 10 Vdc) - - fss|ln|-f-|- - - 3| ol - | -

Turn-On Delay Time 6.8 PHL ns
(CL - 15 pF. Vpp - 5.0 Vdc} - - {ws0fzs0| - - - -1 -1]1s0]| a0| - | -
(CL_=15pF, Vpp = 10 Vdc) - - 75 | 119 - - - - - 75 150 -

Turn-Off Delay Time 6.8 toLn ns
(CL = 15 pF, Vpp = 5.0 Vdc) - - - 150 | 300 - - - - - 150f 400| - -

CL =15 pF, Vpp = 10 Vdc) - - |75 | 1o| - - | - - - 75| 150 - -

Min Clock Pulse Width 6 PW ns
(CL = 15 pF, Vpp = 5.0 Vdc) - - | 125 300 - - — | — | 128| 400 - | -

(Cp_ =15 pF. Vpp = 10 Vdc) -~ | - |so|1w00| - | - - -] -] s0| 150 - -

Max Clock Pulse Frequency 6 PRF MHz
(CL = 15 pF, Vpp = 5.0 Vdc) - -l |30] - - ~-{f-|~-1]10|30 | -] -

(C_= 15 pF, Vpp = 10 Vdc) -lasfso| - | -] -] -] ~-]30]| 80 | -} -

Clock Pulse Rise and Fall Times 6 t, tf us
(C = 15 pF, Vpp = 5.0 Vdc) - -] 18] - S e I A R I - -1 -1 -

(C_ = 15 pF, Vpp = 10 Vde) ~lso| = | | - | =| = | - s0] - I I

Set and Reset Propagation Delay Times - tPHL.PLH ns
(CL =15 pF, Vpp = 6.0 Vdc) - | - | 178 225{ - - - - | - | 178 30| - -
(CL = 15 pF, Vpp = 10 Vdc) - - | 75| 10| - -] - - ~ 1 75| 1s0| -~ -

Set and Reset Pulse Width = PW ns
(Cp = 15 pF. Vpp = 5.0 Vdc) ~| - {125 200 - | - - -] - 125 300 -| -

(CL_= 15 pF, Vpp = 10 Vdc) - - 50| 80| - | - - | - -1 s0| 120f - | -

Setup Time =] tsetup ns
(CL_ = 15 pF, Vpp = 5.0 Vdc) - [ 70| 10| - - - - ~| 70| 200| - _

(C = 16 pF, Vpp = 10 Vdc} - - 25 50 - - - - - 25| 75 - -

“DC Noise Margin (V. VNL) is defined as the maximum voitage change
from an ideal 1" or “'0" 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 AND PROCEDURES

Vs o— 1slvDD
S
Vy J
al—
Ve c
al—
Vi K
R
VR [
8 lvgg

V¢ = 500 kHz, 50% duty cycle

square wave, t- = t+< 20 ns

Note: Unused inputs connected to Vgg.

1. Clock Input: VR = Vg = Vi min (worst “0").
Vj=V=Vpp- VNH min (worst “1").

a. Vih Lo Increase V¢ 0" state level until toggling action stops.
b. Vin H: Decrease V¢ 1" state level until toggling action stops.

. J, K Inputs: VR = Vg = VN min
a. Vi Lt (J) Vi ="1" Increase Vj 0" state level until toggling

b. Vin H: (J) Vi ="1" Decrease V ;1" state level until

action begins.

(K) Vj="1"Increase Vi 0" state level until

toggling action

begins.

toggling action stops.

(K) Vj="1" Decrease Vi “'1" state level until

toggling action stops.

3. Set, Reset Inputs: Vj= Vi =Vpp- VnH Min

a. Vi L: Increase VR or Vg 0" state level until toggling

b. Vip H: Decrease VR or Vg 1" state level until toggling

action stops.

action begins.

FIGURE 2 — POWER DISSIPATION
TEST CIRCUIT

Ve

Vbp
— T16
s - 0.01 uF
J Ceramic
c a N
e 5__1_ ES
c
18 Vs;:[:: =
500 pF 7= ( )lop
= Ivel=vpp

Vg = 50% duty cycle
square wave, t- = t+<{ 20 ns

FIGURE 4 — TYPICAL OUTPUT SOURCE
CHARACTERISTICS
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FIGURE 3 — TYPICAL POWER

DISSIPATION CHARACTER ISTLCS
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= +1CL = 15 pF, i a
s T o SN A T 2
z 1.0 | | g NP2 s -
o 10k
N S = i
= 4
A Sl ,5“:; D22 2 il
) ~ ™N\/VDD = 5.0 Vde
=4
S 01 pmeblef 5 S, - 30pF
§ 15 pF
a8 Z 6.0 pF |
o Iy _ 9
= 0.01 : = TA*2‘5 Cx
2 i Vi =
B 2
S P | k
oo gz [ 1] L !
05 10 10 100 1000 5000
f, FREQUENCY (kHz)
FIGURE 5 — TYPICAL OUTPUT SINK
CHARACTERISTICS
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MC 14027 (continued)

FIGURE 6 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

r— fvee

S

i Q—T
c

V¢ = 500 kHz, 50% duty cycle
t =1+ 20 ns

Voo

FIGURE 7 — TYPICAL RISE AND FALL TIMES versus FIGURE 8 — TYPICAL TURN-ON AND TURN-OFF DELAY
LOAD CAPACITANCE 250 CHARACTERISTICS
250 T
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Z t 1
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@ | // A @ -
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FIGURE 9 — SETUP TIME TEST CIRCUIT AND WAVEFORMS
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MC14027 (continued)

Set O

CIRCUIT SCHEMATIC

(1/2 OF DEVICE SHOWN)

<
[eXv)
o

=

cL

=2 [Jl

1

]

i
= B

CL

) o
1 L
| Tl gy |

T L
LT AL |

N PSR A | I =) P v F e HE b H
At E AR AL AN
: ¥ i
Vo l ]Jl
J |
” iHI Clock o li o i - 4J—_|

Vob

1

LOGIC DIAGRAM

(1/2 OF CIRCUIT SHOWN)

Reset o

cL cL

Clock o—‘>o—1—{>o——j

Input to Output is:
(a) A bidirectional short circuit when control input 1 is

““Low’’ and control input 2 is “"High"".

TG = Transmission Gate In

(b) An open circuit when control input 1 is *'High’ and

control input 2 is ““Low"’,

TG —Out
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MC14028AL \

DECODER

MC14028CL
MC14028CP

BCD-TO-DECIMAL DECODER
BINARY-TO-OCTAL DECODER

The MC 14028 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 “0"". 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 Vpp 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 lllegal Input Combinations

Pin-for-Pin Replacement for CD4028A

McMOS

(LOW-POWER COMPLEMENTARY MOS)

BCD-TO-DECIMAL DECODER
BINARY-TO-OCTAL DECODER

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voitages referenced to Vgg, Pin 8)

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is

Rating Symbol Value Unit advised that normal precautions be taken
to avoid application of any voltage higher
DC Supply Voltage — MC14028AL Voo +1810-0.5 Vvde than maximum rated voltages to this high
— MC14028CL/CP +1610-0.5 impedance circuit. For proper operation it
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc is recommended that Vin and Vot be
- constrained to the range Vgg < (Vjp or

DC Current Drain per Pin | 10 mAdc Vout! < Vpp-
Operating Temperature Range — MC14028AL TA -55t0 +125 oc Unused inputs must always be tied to an
— MC14028CL/CP -40 to +85 appropriate logic voltage level (e.g., either

Storage Temperature Range Tstg -65 to +150 oc Vss or Vpp!-

BLOCK DIAGRAM
TRUTH TABLE
INPUT OUTPUT
( 10 A Qo 3 D C B A]Q908Q7Q6Q5Q4Q3Q2Q1Q0
0 00 OO O OOCOOOUO OO 1
14

Q1—o 0001/00000000O0T1oO0
3.Bit Q2p—o02 001 0j000O0OO0COO0OT11TO0O0
Binary 4 130—]8 azb—o 15 gzt;lded 001 1/0000001000
8421 | |nhput Decimal 0O 1 0 0/00O0OO0OTTOOOO
sco { U Q401 | outputs § pecoded 0101/0000100000
Inputs as—o06 Outputs 0110/00010000T0GO0
12 c a6 7 0O 11 110 01 00 00O0OO0
10000 1 00O0O0OOOO
Q7—oa4a 100 1/1 0000 O0OOGOO
agfb—o9 101 0|0 00 00O0O0O0OTG O
101 1|0 00 00 O0O0O0O0O
L 110—D Q9 5 110 0/0 0000O0O0OO0UOOUO
110 1]00 00 00O0O0UO0O0
111 000 0000O0O0O0OO O
111 110 00 00 0O0O0 OO

Vpp = Pin 16
Vgg = Pin8

See Mechanical Data Section for package dimensions.
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L8-L

ELECTRICAL CHARACTERISTICS

MC14028AL MC14028CL/CP
Vpo -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Figure| Symbol [ Vdc Min Max Min Typ Max Min Max Min Max Min Typ Max Min Max Unit
Output Voltage 0" Level Vout | 6.0 - 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 - 0.05
15 - - - 0 - - - - - - 0 - - -
1" Level 5.0 4.99 - 499 5.0 - 4.95 - 4.99 - 499 5.0 - 4.95 - Vde
10 9.99 - 9.99 10 - 9.95 - 9.99 - 9.99 10 - 9.95 -
15 - - - 15 - - - - - - 15 - - -
Noise Immunity* VNL Vde
(Voyt >3.6 Vde) 5.0 15 - 15 225 - 14 - 15 - 15 2.25 - 14 -
(Vout »7.0 Vde) 10 3.0 - 0 450 - 2.9 - 3.0 - 3.0 450 - 2.9 -
(Vout >10.5 Vdc) 15 _ - = 675 _ = - = _ = 6.75 _ = -
VNH Vdc
(Vout < 1.5 Vde) 5.0 14 - 15 2.25 - 15 - 14 - 15 2.25 - 15 -
{Voyt <3.0 Vdc) 10 2.9 - .0 450 - 3.0 - 29 - 3.0 450 - 30 -
(Vout 4.6 Vdc) 15 - - 6.75 - - - - - - 6.75 - - -
Output Drive Current 10H mAdc
(Vo = 2.5 Vde) Source 5.0 -0.62 - -050 | -1.8 - -0.35 - -0.23 - -020 | -1.8 - -0.16 -
(Vop = 9.6 Vdc) 10 -0.62 - -050 | -1.0 - -0.35 - -0.23 - -020 | -1.0 - -0.16 -
(VoH = 13.6 Vdc) 15 — - - -3.9 — —~ - — - - -39 — - —~
. loL \ mAdc
(VoL = 0.4 Vdc) Sink 5.0 0.50 - 040 | 078 - 0.28 - 0.23 - 020 | 078 - 0.16 -
(VoL = 0.5 Vdc) 10 1.1 - 0.90 2.0 - 0.65 - 0.60 - 0.50 20 - 0.40 -
(VoL = 1.5 Vdc) 16 - — - 7.8 - - - - - - 7.8 — — -
Input Current lin - — - — 10 — - - - — - 10 - — - pAdc
Input Capacitance Cin — — — — 5.0 — — — — — — 5.0 — — - pF
(Vin = 0)
Quiescent Dissipation** t 1a ) mW
(CL =15 pF, f= 0 Hz)
Pp = (1.3 mW/MHz) f +0.000025 mW 5.0 - 0.025 —  |o.000025{ 0.025 - 15 - 0.25 - |0.000025| 0.25 - 35
Pp = (5.0 mW/MHz) £ +0.000010 mW 10 - 0.10 - |0.000010 0.10 - 6.0 - 1.0 ~ |o.000010f 1.0 - 14
Pp = (11.5 mMW/MHz) f + 0.00023 mW 15 — — - 0.00023 — — — — - - 0.00023 - - -
Output Rise Time** 1b t ns
(Cy =15 pF)
tr = (3.0 ns/pF) C_+ 25 ns 5.0 — — — 70 175 - - - — - 70 200 — —
tr=(1.5ns/pF) C_+12ns 10 - - - 35 75 - - - - 35 110 - -
tr=(1.1ns/pF) C|_+8.0ns 15 - - - 25 - - - - - - 26 - - -
Output Fall Time** 1b tf ns
(CL =15 pF)
tf= (1.5 ns/pF) C_+47 ns 5.0 - - - 70 175 - - - - - 70 200 - -
t§=10.77 ns/pF) C|_+ 23 ns 10 - - - 35 75 - - - - - 35 110 - -
t¢= (059 ns/pF) C|_+ 16 ns 15 -~ - - 25 - - - - - — 25 - - -
Turn-Off Delay Time** 1b tPLH ns
{C_ =15 pF)
tpLH = (1.7 ns/pF) C|_+ 120 ns 5.0 - - - 145 480 - - - - - 145 700 - -
tpLH = (0.8 ns/pF) C|_+45 ns 10 - - - 57 180 - - - - - 57 290 - -
tpLH = (0.47 ns/pF) C_ + 40 ns 15 - _ _ 47 _ _ _ ~ — - 47 — - -
Turn-On Delay Time** 1b tPHL ns
(CL =15 pF)
tpHL = (1.0 ns/pF) C_+ 226 ns 5.0 - - - 240 480 - - - - - 240 700 - -
tpH = (0.67 ns/pF) C|_+90 ns 10 - - — 100 180 - — _ — - 100 290 - -
tpHL = (0.33 ns/pF) C|_ + 60 ns 15 —~ - - 65 - - - — - — 65 — —~ -

*PC Noise Margin (VNH, V() is defined as the maximum voltage change from an ideal 1" or "'0" input level before producing an output state change.
**The formula given is for the typical characteristics only.
tFor dissipation at different external Load Capaci
Pp(CL) = Pp + 10-3(Cy_ - 15 pF) Vpp2f

where: Pp in mW, C_in pF, Vpp in Vdc, and f in MHz.

{Cy) refer to

po

ing formula:

(panunuod) gZoyL N



MC 14028 (continued)

FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

All outputs connected
to respective C| loads.

Output

LOGIC DIAGRAM
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MC 14028 (continued)

APPLICATION INFORMATION

Expanded decoding can be performed by using the MC14028
and other McMOS Integrated 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

“redefined output numbers’’ needed for the proper code. Forex-
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 1-0of-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.

AND TRUTH TABLE CODE AND REDEFINED
OUTPUT NUMBERS
Inputs Decimal
el Kl
i ~ «Zleslale sl
D c E A INPUTS OUTPUT NUMBERS a8las|E|EEl2|]
<Sles] 88|29
D[ciB|A|15[14]13]12]11j10[9]|8|7|6|5|4[3]|2|1]|0] @ M
olofo[ofo|ofo[ofo]ofofofofo[o]ofofo]o|1] o 0 ofo
ofolo[r|ofo]ojojo|ojojojo|ofojofofo1|o] 1 1 1{1
oloj1|ofofojo|ojolo|ojo|o|o|o|ofo|1|o|o] 2 3 o 22
[ ojoj1}1/ojojojojo|o|o|ojojo]jo]o|1]ofofo] 3 2o |3 |3
D [ B A [3) C B A of1]o|o]|ojofofofofo]o[o]oofof1]o]ofofo] 4 7 1 [aTla
of1fo|r|ojofo|ofol|ofojojofo|1|ojo|ojo|o| & 6 |2 3
MC14028 MC14028 ofi1f1|o|ojolo|ofo|ofoflojof1|o|o|afo|o]a] & a |3 |1 a
of1[1]|1|o]ojo|ofojofo|[ofj1|o|o|o|ofo|o|o] 7 5 |a |2
Q9 - - - - - - Qo Q9 - - - —----Q0 1|0{ofofo|o|o]|ofo|ojo|1|ofo|o|ofofo|ofOo| 8 15 [ 5
ll l] 1{ofof1f{ofojo|ojo|o|[1|0]|o|o|o]|ofo]jofolo]| o 14 |6 5
1fof1|ofofofojofo|1]ojo|ofojo|ofe|o]o|o| 10| 12|7 |9 6
s — - - _ . 8 g m o 0 1/ofl1|1|ojo|o|of1]ofof[o|o|o|ojo|ojo|ojo| 11| 138 5
1{1|o|o|e|ofo[1|o|o[ofofofo|o]ofafo]o]o] 12] &8 [o |5 |s
1l1(o|1]oloj1|o|o|ojo|jo{ojo|o|o|ojo|o|O} 13| 9 6 |77
Output Numbers 1|1|1|o|of1jofo|o]|ojo|olofo|ofolo]jo{ofo]| 1a| 11 8 (88
i[1f1|1[1|ojo|ofo]|ofojolofo|o]|o|o]o|o|o]| 15| 10 7 |o|e
FIGURE 3 — SIX-BIT BINARY 1-OF-64 DECODER
inputs
A B C D E F Inhibit
7 ? T T (No Selection)
A B C D
MC14028
Q0 - - - - Q9
! [ T 1
T ) T T Y
) - Y h D - T ) ¢ I I
T 1T ) N | T T 1 T 17 T 11 11 1
A B CD A B CD||lA BCD A B CD||lA B CD A B A B CD
MC14028 MC14028 MC14028 MC14028 MC14028 MC14028
Q9| [Q0----- Q9| [@o---_— Q9| |ao Q0----- Q9
| L J—— g T L JE—
23 24 31 32 39 a0 56 63
*1/6 MC14009 N .
64 Outputs (Selected Output is High)
FIGURE 4 — DECIMAL DIGIT DISPLAY APPLICATION
Appropriate Appropriate
A Qo —o° Voltage Voltage
Qa1 ° Neon Incandescent
Q2|—o Display T Display
o—B Q3 r——o
Q4 —o
MC14028 Qs °
o—-cC Q6 —o
Q7 t—o
Q8 t—o 9 2 1 3}
o—D
Q9 |—o---- - —_———
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ADDERS

MC14032AL

MC14032CL
MC14032CP
MC14038AL
MC14038CL
MC14038CP

Advance Information l

McMOS

(LOW-POWER COMPLEMENTARY MOS)

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,

TRIPLE SERIAL ADDERS

Positive Logic — MC14032
Negative Logic — MC14038

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 dc to 5.0 MHz
16 ° 16
e Buffered Outputs 1 1
® Single-Phase Clocking L SUFFIX P SUFFIX
. P . . CERAMIC PACKAGE PLASTIC PACKAGE
® Quiescent Power Dissipation = 0.25 uW/package typical CASE 620 CASE 648

@ Vpp = 5.0 Vde

® Pin-for-Pin Replacement for CD4032A and CD4038A

BLOCK DIAGRAM

MAXIMUM RATINGS (Voitages referenced to Vgg, Pin 8)

[
I
|
|
t

Invert o ———

Carry
Reset

(ONE SECTION AND COMMON INPUTS SHOWN)

rol

BoO

|
|
|
|
|

Carry
Reset

To
Next
Stage

Clock o—{ >o-{ >o- { :

Invert 0t{>$

D Q

C

A110 00—
i i 8111 0—ri
Rating Symbot Value Unit ' o Adder 1 0 st
nvert o—
DC Supply Voltage ~MC14032AL/038AL Vpp +181t0 -0.5 Vdc
—MC14032CL,CP/038CL,CP +16t0 -0.5
Input Voltage, All inputs Vin Vppto-0.5 Vdc A2 13
i i A 82120
DC Current Drain per Pin 1 10 mAdc , 22 Agder 2 @52
nvert
Operating Temperature Range— Ta oc L
MC14032AL/038AL -55t0 +125 Vpp = Pin 16 T
MC14032CL,CP/038CL,CP -40 to +85 Vss = Pin8 1
o A3 15
Storage Temperature Range Tsig -65to +150 C Trao
831
Adder 3 —01 S3
invert 3 2
This device contains circuitry to protect the cwrcuit. For proper operation it is recom- Clock 3 O—
inputsaganst damage due to high static volt mended that Vin or Vg be constramed to
ages or electric fields; however, it is advised the range Vss < (Vyn or Vou) < Vpp. Carry Reset 6 S
that normal precautions be taken to avoid Unused inputs must always be tied to an
application of any voltage higher than max appropriate logic voltage level (e.g.. either
imum rated voltages to this high impedance Vgs or Vpp!
LOGIC DIAGRAMS
MC14032 MC14038

To
Next

Stage

This isadvance information on a new introduction and specifications are subject to change without notice.

See Mechanical Data Section for package dimensions.
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MC 14032, MC14038 (continued)

ELECTRICAL CHARACTERISTICS

MC14032AL/MC14038AL MC14032CL,CP/MC14038CL CP
vpp |__85°C +25°C +125°C -40°C +250C +85°C
Characteristic Figure Symbol Vdec | Min | Max [ Min | Typ | Max | Min | Max | Min | Max | Min | Typ [ Max | Min | Max | Unit
Output Level “0” Level Vout 50 — |001 - 0 }o001 — |005| — 0.01 - 0 0.01| — 0.05
10 - {001 - 0 | 001 - (005{ — j0.01 - 0 0.01} — 0.05
5 - - -fo|-|=-|=-|=-]-]-fo)]-]-]-] Ve
50) 499 - | 498 50 - - — 1499 — | 499] 50 - |4.95 -
"1 Level 10 [ 999 — |[999| 10 - (495 — |999 - | 999| 10 - |9.95 -
15 — - = 15 — | 995 - — = 15 = - =
Noise Immunity* VNL Vdc
(Vout 3.5 Vde) 50| 15| - | 15|22 — | 14| - | 15| - | 15]|225] - |14 —
(Voyut 7.0 Vdc) 10 | 30 - 30| 450| - 29 - 30 - 30| 450 — 29 -
(Vout =10.5 Vdc) 15 - - - | 675] — - — - - - 1675] — - =
(Vout <1.5 Vdc) VNH 50| 1.4 - 15| 225 — 15 - 1.4 - 15 [ 225} — 15 - Vdc
(Vout 3.0 Vdc) 0 | 29 - 3.0 450 - 3.0 - 29 - 30| 450f - 3.0 -
(Vout <4.5 Vdc) 15 - - - | 675 - - - - — — 1675 — - -
Output Drive Current 1 I0H mAdc
(VoH = 2.5 Vdc) Source 50 (062 - | 05[-13| - 035 — |023] - |-02|-13]| - |-016] -
(Vo =9.5 Vdc) 10 (062 - [ -05|-09 - |035| - |023f - [ -02|-09] - [-0.16] —
(VoH = 13.5 Vdc) 15 — - - |30 - — - - - - 180 - = -
(VoL = 0.4 Vdc) Sink 2 oL 50|05 - [ 04|06 - [o28] — [023] — | 02| 06| - |016] - | mAdc
(Vo = 0.5 vdc) 10 1.1 - 09| 16 - |o65| — 0.6 - 05| 16 - 04 -
(VoL = 1.5 Vde) 5| -|-|-l60] - | - | -] -] -] -—Je0) | -] —
Input Current lin - - - — 10| — — - - - - 10 - - = pAdc
Input Capacitance Cin - - - - 5.0 - - - - - - 50 - - - pF
(Vin =0}
Quiescent Dissipation (C_ =15 pF) 3 Pp W
PD = (3.5 mW/MHz) C|_+ 0.00025 mW 5.0 - 25 - |025| 25 - - - | 260 - | 025} 260 — | 3500
Pp =(14 mW/MHz) C_+0.001 mW) 10 - 100 - 10100 | - - - |1000| - 1.0 {1000{ — [14000
Pp =(30 mW/MHz) C_+0.002 mW) 15 — — — — — — - - - - = - - -
Qutput Riseand Fall Time** Tt ns
(C( = 15 pF)
.t = (3.0 ns/pF) Cy_+30ns 5.0 - - - 75 | 175 - - - - - 75 | 200 - -
tr.t; = (1.5 ns/pF) C + 125 ns 10 - - - 35 75 - - - - - 35 110 - -
trts = (1.0 ns/pF) C +10ns 15 — — — 25 — — - — — — 25 — — —
Turn-On and Turn-Off Delay Time** 4 PHLPLH ns
(CL =15 pF)
A.B or Invertto Sum
tpHL.tPLH=(1.8ns/pF) C_+198ns so| - | - | - l2s|1m00| - | — | - | - | - |25|w00| - | -
tpHLtPLH=(0.8ns/pF) C_ +78ns wo| -t -] -|e|2| -|-| -] - -9 {300]-|-
tPHLPLH=(0.6 ns/pF) C+61 ns 5| - - -=f70] -|-1-|-]-|-1mo([=1-]-=
Clock to Sum
tPHLPLH = (1.8ns/pF) C| +423ns 50 | — - — | 450 |2200| — - - - — | 450 |2400) — -
tPHLtPLH =(0.8ns/pF) C|_+138ns w|-| -| -|wmofs0o| - | - -] -| -|wo|leo| - | —
tpHL.tPLH=(0.6 ns/pF) C_ +106 ns w5 | - | - | - |Jms| - | -] - -] -]ns| - | -] -
Input Setup Time # 4 teetup so| - | - =00 -] = -1 =] =T1-10]10]-1]- ns
ol -] -f{-jof|ww|-|-|-]=|-(o0ofw]-|-
sl -1 -1 -]lol-1-1-1-1-1l-1ol=-1-1-=
Maximum Clock Pulse Frequency PRF 50 - - 15| 40 - - = - - 10| 40 - - - MHZ
(CL=15pF) 10 - - 30| 10 - - - - - 25 | 10 - - -
15 - - - 12 = - - - - - 12 - - -
Maximum Clock Rise and Fall Times .t 5.0 - - 15 - - - - - - 15 - - - - us
| -| -] -|-|-|-1-]1-fs|-1=-1]1-1-=
sl -]1-1l-1-1-f{-J-1-4-f1-]-1=-01=-1=
*DC Noise Margin (V. VL) is defined as the maximum voltage change from an ideal 1 or “0"" input level before producing an output state change.
**The formula given is for the typical characteristics only.
#1nput 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, or Reset. (Negative transition for
MC14038).
TIMING DIAGRAMS
MC14032 MC14038
+—Word 1 + Word 2——F—Word 3 + Word 4 — ——Word 1 + Word 2 ——+~— Word 3 + Word 4 —
P | " ; i , Lo
A R R . =
B - LT L | R . B (I L
c1hh meuw‘\fm_r\_m c U HI\JH‘U"LFL
Inv | | ! | ] | j ] '_ Inv ! i 4
ceR—1 | | | - | " i I CR _| t 1| — —
1 1
SRR ey N gy oy I oy ey By B s —ﬁ_—“—ﬂ'_"—#—‘—ﬂw_h—l_ ‘T_
True Sum ————Complemented Sum : TrueSum } Complemented Sum-—
Word 1: 0.0111100 = +60 Word 3: 1.1011011 = -37 Word 1:  1.1000011 = -61 Word 3: 0.0100100 = +36
Word 2: 0.0110010 Word 4:  1.1001110 = -50 Word 2: 1.1001101 = -51 Word 4:  0.0110001 = +49
0.1101110 1.0101001 = -87 1.0010000 =-112 0.1010101 = +85

Note: Unused input pins must be connected to either Vpp or Vgg.
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MC14032, MC 14038 (continued)

FIGURE 1 — TYPICAL OUTPUT SOURCE TEST CIRCUIT FIGURE 2 — TYPICAL OUTPUT SINK TEST CIRCUIT
Vps = VoH — Vpp Vps = VoL
Vpp = — Vas VoH Vpp = Vas VorL
[ [
Vbbb Vbp
A1 S1—o0— A1 S1p—0—
—Oo——81 —O——81
O——Inv 1 O—inv 1
—1—O—4 A2 —1—O—— A2
00— B2 —O0—— B2
K
o O——Inv2 32—-——-0—0\-—4 kc 0——{Inv 2 52—0—0\—4
? L —O—— A3 ? -—4—0——/A3
—O0—— B3 T —O—— B3
O—Inv3 loH O——inv3 C>|o|_
-O—— Clock —O—— Clock
—O— CR S3—o0— —O——CR sS3p—o—
External External
Vss Power Vss Power
Supply Supply

FIGURE 3 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS

500 pF 7

20 ns 20 ns

Clock 50%

Inv 1
A2
Programmable B2 width

Variable

Pulse
Generator

lnv2 S2—0—
A3

B3
p—O——inv 3
—O——Clock
—O——CR S3

% Vss
1 B

|
o’
-

Yl
7

i

(2]
-

Ui
|
Ui
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MC14032, MC14038 (continued)

FIGURE 4 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Voo

—O—— A1 S1—0—

-O—— Inv 1

-O—— A2
Programmable o B2
Pulse

Generator o Inv2 s2 °
A3

—O0—— B3
——O——Inv3
Clock

CR s3 —0]

AY!

E

L

AL
7

IF

MC14032

. r———wo \_——/_—\ /—VpD
__/ 50% / oy

B / \ /f 50% Yoo

oV

~—tsetup

Vob
Clock

50%

ov

l——tPHL

=\ VoH

VoL

Voo

ov

50%

Voo

ov

VoH

VoL
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____jr MC14034AL \\>

BUS REGISTER

MC14034CL

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

McMOS

(LOW-POWER COMPLEMENTARY MOS)

8-BIT UNIVERSAL BUS REGISTER

conversions.

e Bidirectional Parallel Data Input

® Quiescent Power Dissipation = 5.0 uW/package typical
@ Vpp = 10 Vdc

e Noise Immunity = 45% of Vpp typical

o Diode Protection on All Inputs

® Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14034AL)
= 3.0 Vdc to 16 Vdc (MC14034CL)

@ Static Operation 0 to 5.0 MHz @ Vpp = 10 Vdc
e Single Supply Operation = Positive or Negative
® Pin-for-Pin Replacement for CD4034A

CERAMIC PACKAGE
CASE 684

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 12)

BLOCK DIAGRAM

A1 A2 A3 A4 A5 A6 A7 A8
16 17 18 18 20 21 22 23

DIT DT

90— A Enable
130—P/S

100—— Dg (Serial Input)
110—A/B

140— A/S

150—1 C (Clock)

i: lx l: L: ltlt lx !

8 7 6 5 4 3 2 1
B1 B2 B3 B4 B5 B6 B7 B8

Vpp = Pin 24
Vgg = Pin 12

Rating Symbol Value Unit
DC Supply Voltage MC14034AL Vpbp +18 to -0.5 Vdc
MC14034CL +16 t0 -0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range—MC14034AL Ta -55 to +125 oc
—MC14034CL -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 Vi, and Vgt be
constrained to the range Vgg < (Vj, or
Vout) SVpD-

Unused inputs must always be tied to an
appropriate logic voitage level {e.g., either
Vggor Vpp)-

See Mechanical Data Section for package dimensions.
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MC14034 (continued)

ELECTRICAL CHARACTERISTICS

MC14034AL MC14034CL
vppl__55°C +25°C +125°% -40°Cc +26°C +85°C
Characteristic Figure | Symbol| Vdc| Min | Max | Min | Typ] Max| Min| Max| Min|] Max| Min| Typ| Max| Min} Max| Unit
Output Voltage “0" Level - Vout | 50| — oot} — | o }oo1] - |oos| -] o001} -| o o001 —|o0os| va
10| - |oot|] -] ofoo1|] - foos| —[oot] -| o001 —|oo0s
sl - -1 -}of| - -} -] -} -foof-1}-1]-
“1"” Level 50)] 499 - |499] 5.0 — | 495] — | 499] -— | 499] 50 - | 495 -
10 | 999| - |o99f 10| - |o995] — [oe9a] - | 999l 10| - |99s] -
sf - -t -1 -] -1 -1 -1 -]1-1s]-1-1-
Noise Immunity* - VNL Vde
(Voyr 3.5 Vdc) 501 15 - 156|225 - 14 - 15 - 15| 2.261 - 14 -
{Voyt 7.0 Vde) 10| 3.0 - 30 |450f - 29 - 3.0 - 3.0| 450f - 29 -
(Voyt > 10.5 Vdc) w| - | - | - e - | -| - | -] -] -|s63s] - | =] =
VNH Vde
(Vout 1.5 Vde) 50| 14 - 15| 225 - 15 - 14 - 15] 225 - 15 -
(Vout <3.0 Vde) 0| 29| - |30]|450 - | 30| - | 29| - | 30f450] - | 30] —
(Vout <4.5 Vdc) 5| - | - | -|ems -| -| -] -| -] -jems| -| -] -
Output Drive Current - IoH mAdc
(VoH = 2.5 Vdc) Source 501-062f - |-05 - 1-03§ - |-023 -} -02]| -15) — |-0.16] —
(VQH = 9.5 Vdc) 10 |-0.62] — |-05 - |-039 - |-023 - | 02| -10| - [-0.16] -
(VoH = 13.5 Vdc) 15 — — - - - - — - ~ | -3.6 - — -
- loL mAdc
(Vo =0.4 vdc) Sink 50| 05 - 04| 09 - | 028 - 023 - 02| 09 - | o018 -
(Vo = 0.5 vdc) 10 11 - 09 | 23 - | 0651 — 06 - 05| 23 - 0.4 -
(VoL = 1.5 Vdc) 15 — - - 7.8 - — - — - — 7.8 - — —
Input Current ~ lin -~ - — - 10 ~ — = - — — 10 - - - pAdc
Input Capacitance - Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vin=0)
Quiescent Dissipation 12 b 50| - |0025] — Jooot§oo028 — | - | —] -] = Jooord 0.25] — | 35| mw
0| -f{o1| - foood or| —| - | —=| =] - foo08 10| — | 14
5] - - | —foog — | —| —| | - —Joorgl — | —| -
Output Transition Times* 34,5 trtf ns
(CL =15 pF)
A Data Output, B Data Output
tr,tf = (1.9 ns/pF) C| + 47 ns 50| — - - 75| 175 - - - - - 75 | 200 — -
tr,tf = (1.0 ns/pF) C|_ + 20 ns 0w - - | =315 - -| -] - -3 -] -
.15 = (0.7 ns/pF) C_+ 15 ns 15 — - - 25 - — — — — - 25 — — —
Turn-On Turn-Off Delay Time** 345 tPLH. ns
(CL =15 pF) PHL
A (B) Synchronous Parallel Data Input,
B (A) Parallel Data Output
tpLHtPHL = (0.9 ns/pF) C| + 459 ns 50| — [ - | - 470940 - | - | - | =] - |a70]|1200] —
PLH. tPHL = (0.4 ns/pF) C_+ 169 ns 10 - - — |175{ 350} - - - - — | 175) 480 | - -
tpLH.tPHL = (0.3 ns/pF) C L+ 121 15 - - - |125| — - - - - - (125] — - -
Turn-On, Turn-Off Delay Time** tPLH. ns
(CL=16pF) PHL
A (B) Asynchronous Parallel Data Input,
B (A) Parallel Data Output
tPLHAPHL = (1.2 ns/pF) C + 432 ns 50| — | - | — |4s0]900f - | - | - | —| - |4s0|1350] — | -
tPLH.tPHL = (0.5 ns/pF) C|_+ 143 ns w| - | - |- |m1o|30| - - -] -] - |150|450]| - | -
tPLH.tPHL = (0.4 ns/pF) C_+ 104 ns 15 — ~ - | 110} - - — — — - | 110} — — —
Minimum Clock Pulse Width PWc 5.0 - - - 170| 340 - - - - - 170 | s00 - - ns
(CL = 15 pF) w| - | -|-]7n| 2} -|-|-] -] -172]20]| -] -
15 = — - 55 = = - - = - 55 = = -
Clock Pulse F PRF 5.0 - - 15| 25 - - - - - 10| 25 - - - MHz
(C_ = 15pF) 10 - - 3.0 | 6.0 - - - - - 25| 6.0 - - -
15 — = - 8.0 - - - = - — 8.0 - - -
Maximum Clock Pulse Rise and Fall Time trtf 5.0 - - 15 - - - - - - 15 - - - - us
(CL=15pF) 10 - - 15 - - - - - - 15 — - — —
A, B Input Setup Time tewp | 50| — | - [ - |3 0] - -] -] =] -3 1w -] = ns
(C|_=15pF) 10 - - - 15 30 - - - - - 15 45 - -
15 — — — 12 - - = - - - 12 — - —
Minimum High Level AE, P/S, A/S Puise PW 5.0 - - - 200} 400 - - - - - 200 { 600 - - ns
Width 10 - - — 90 | 180 - - - = - 90 | 270 - -
(CL = 15 pF) 15 - - - 80 - - - - - - 80 - - -

*DC Noise Margin (Viyy, VL) is defined as the maximum voltage change from an ideal 1" or /0" input level before producing an output state change.
**The formula given is for the typical characteristics only.

TRUTH TABLE

“A” Enable] P/S | A/B} A/S | MODE OPERATIONT
0 [0] [¢] X Serial Synchronous Serial data input, A and B parallel data outputs disabled.
0 o] 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.
Q 1 0 1 Parallel B _Asynchronous Parallel data inputs, A-Parallel data outputs disabled.
0 1 1 0 Parallel A-Parallel data inputs disabled, B-Parallel data outputs, synchronous data recirculation.
(0] 1 1 1 Parallel A-Paraliel data inputs disabled, B-Parallel data outputs, asynchronous data recirculation.
1 [o] 1] 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 1] 0] Parailel | B-Synchronous Paraliel data input, A-Parallel data output.
1 1 Q 1 Parallel B-Asynchronous Parallel data input, A-Parallel data output.
1 1 1 0 Parallel A-Synchronous Parallel data input, B-Parallel data output.
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 inputis low in the parallel mode.
During transfer from parallel to serial operation, A/S should remain low in order to prevent Dg transfer into flip-flops.
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MC 14034 (continued)

LOGIC DIAGRAM

A1 A2 A3A4A5A6A7 A
16 17 18 19 20 21 22 23
R S PARKEEY
i { 1 =
1 n
i i | ﬁ—
v v
1 DD 1 | DD
A Enable 9 °—D9 ' ﬁ : { | 3
| |
I g— P l =
I { I::l |1 I "D lg
| = [ 1 Flip- =
|| e oo [ | Flop
A/B 11 —{ - | L I —*o Fiip-Fiop r: l' : :
Serial No—o 1] J 6 Stages D Q
Data '°$ — ! il —t 111 (Sameas | N [cmCs
Parallel 13 1 [ Stage 1) |
Serial = ool e L) 1! i
| U M LA Cs™ 11y I
Ll CT ————— = | L
| 2 T
Asyn/Syn 14 B I Voo : : :5
yn/Sy : :— { | |
4 | | jam]
Clock 15 ! | = II | | [ |
< 1 | 1
1 | = I L =
1o ——our S e T
2 8 6 54 3 2 1

7
B2B3B4B5B6B7 B8
Transmission Gate

Input to Output is

(a) A bidirectional low impedance when contro! 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.”"

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS

Voo
o
A1 A2 A3 A4 A5 A6 A7 A8
-0—] Voo
AE Clock
—0— \
P/S ss
o0—{Dg
Programmable L—O— A/B
Pulse )
Generator p———O— A/S s Voo
© Vss
B1 B2 B3 B4 BS5 B6 B7 B8 20ns 20 ns
Vss (1’ J’
PWcH = PWg = 50% Duty Cycle
CL
= = le
- L
—~ cL
T e
T e
~ cL
™ CL
T e
=~
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MC 14034 (continued)

FIGURE 2 — TYPICAL POWER DISSIPATION

CHARACTERISTICS

5 =
58 ma
. 7
:
= =
= 1 ™ 5.0 Vdc 1
= | I - Z 1
& I 10 Vd
8 1.0 B o “
o HH La
o
] 7
g - T
e V1
o 01 %
a 3 T
5 2 =Y T
a — . 1and 0
7 attern C{_ on all outputs.
0.01 L i 111
05 1.0 10 100 1000 5000

f, INPUT CLOCK FREQUENCY (kHz)

FIGURE 3 — PROPAGATION DELAY AND TRANSITION
TIMES WAVEFORMS

Input
A(B)

PROPAGATION AND TRANSITION TIME TEST CIRCUITS

FIGURE 4 — A SYNCHRONOUS DATA INPUT, B PARALLEL
DATA OUTPUT AND SETUP TIME

FIGURE 5 — B SYNCHRONOUS DATA INPUT, B PARALLEL
DATA OUTPUT AND SETUP TIME

v Vpo
[E33AA5AAA | [
A1 A2 A3 A4 A5 A6 A7 A8 A1 A2 A3 A4 A5 A6 A7 A8
p—1+O— A Enable A Enable
-—t1-0—1 P/S —O— P/S
Prog;z':;r:ab!e r"'oj Dg Prog;aur;'osr:able _0_1 Ds
Generator L od s Generator o am
-0 A/S -0 A/S
o C c
B1 B2 B3 B4 B5 B6 B7 BS B1 B2 B3 B4 B5 B6 B7 B8
g T !c = Q]
h ) - - - .
:l:c'“ Vss
APPLICATIONS
FIGURE 6 — 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT,
SERIAL IN/PARALLEL OUT, SERIAL IN/SERIAL OUT REGISTER
Voo Vbp
? (B B I B ? BEEERER
A1 A2 A3 A4 A5 A6 A7 A8 A1 A2 A3 A4 A5 A6 A7 A8
A Enable A Enable
1p/S Serial P/S
SD:':' > Ds MC 14034 Data bs
Vobp o— A/B Voo A/B
—{ A/S —{as
+1CB1 B2 B3 B4 B5 B6 B7 B8 r’cm B2 B3 B4 B5 B6 B7 B8 Serial
'EREERER EREERERE s
P/S >— -
Ars H>— -
Clock - -
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MC 14034 (continued)

FIGURE 7 — SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS

Shift Left Qutput

A Enable )—9 _
i >c > AE
= P/S
Shift Left/
Shift Right Shift Right
ddddd tdddddd ™
] |
X A1 ) Ag]
Leml AE
Register 1 P/s P/S
Shift Right MC14034” % o
Input S S Register 2
| /e | a/e MC14034
= A/S = A/S
Clock p C B1 BFJ C B1 B8
[
Shif
i ¢ apupe p— - | b1 4 o) o) ¢ Lef“:‘;u‘.
A/S Parallel \_ ! > A/S
Entry 7 A/
Clock
o — AE
A1l A8 A1 A8
L AE Lasi AE
P/S P/S
_—*Ds Register 3 _—™Ps Register 4
- MC 14034 = MC 14034
]— A/B |—-— A/B
A/S A/S
| ¢ B1 B8 | ¢ B81 B8
Vpp Vob

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
are not required.

*Shift left input must be disabled during parallel entry.

associated logic
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SHIFT REGISTER

MC14035CL
MC14033CP

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 Dpg 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-paralle!l 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 @ Vpp = 10 Vdc

e & & & o ¢ o o o o

McMOS

(LOW-POWER COMPLEMENTARY MOS)
4BIT
PARALLEL-IN/PARALLEL -OUT

SHIFT REGISTER

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

Rating Symbol Value Unit
DC Supply Voltage —~MC14035AL Vpp +18 to -0.5 Vdc
—MC14035CL/CP +16 to -0.5
Input Voltage, All Inputs Vin Vpp to -0.5 Vde
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range—MC14035AL Ta -55 to +125 oc
—MC14035CL/CP -40to +85
Storage Temperature Range Tstg -65 to +150 °c

BLOCK DIAGRAM

9 O—Dpg
10 O——Dp1

Qol—o1
11 0—Dpy

12 O—Dr3 a1}—o1s
70—P/S

40— Q2F—o014

3 0—(gK

Q3 —O013
6 O—{Clock

20—T/C R

so—

Vpp = Pin 16
Vgg = Pin8

TRUTH TABLE

INPUTS ty, OUTPUT
[+ J 4 R Qo
/| o o o )
x = Don’t Care
://__ [1, ; g g_g :: :; P/S = 0 = Serial Mode
T/C =1 = True Outputs
| 1 1 4] 1
| x| x | 0o} cotm-n
x x X 1 0

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 Vi, and Vg, be constrained to
the range Vsg < (Vin or Vout) <VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vgs or Vpp).

See Mechanical Data Section for package dimensions.
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MC 14035 (continued)

ELECTRICAL CHARACTERISTICS

MC14035AL mC1 L/CP
Voo -65°C +259C +125% -40°C +259C +85°%
Characteristic Figure [Symboll  Vde| Min | Max | Min | Typ | Max | Min | Max | Min [ Max | Min | Typ |[Max | Min | Max | unit
Output Voltage “0" Level - | Vou| 50| - 0o01| — o [oo1f -~ loos| - [oo1| - | o 0.01 - 005 | Vde
10 001 - 0 joo1| - [o005| — [001] — | 0 0.01 - 0.05
15 - | = 0 ~ ~ — - - -1 0 - - -
“1" Level 50| 499 | - |499] s50 | — | 495 499) - | 499 50 - 495 | - Vdc
0] 99| - [999| 10 - | 995 | - 999 - | 999] 10 - 995 | -
15 — - - 15 - - - - - - ] 15 - - -
Noise Immunity" - | VL Vde
(Voyy 3.5 Vde) 50| 15 - 15| 225 | — 14| - 15 | - 15 | 225 | — 14 -
(Voue 7.0 Vde) 0| 30f - | 30| 450 | — 29 - 3.0 - | 30| as0 | - 29 -
(Vgyt 105 Vde) 15| - - - 675 | — - - - - - | 6m | - — -
VNH Vde
{Vout < 1.5 Vde) 50| 14 - 15| 225 | — 151 - 14 - 15| 225 | - 15 -
(Vout < 3.0 Vdc) 10| 29 - | 30| 450 | — 30| - 29 | - 30 | 450 | — 3.0 -
(Vout < 4.5 Vdc) 15| — - ~ 675 | — - - - - - | 875 | - -
Output Drive Current mAdc
(Vo = 2.5 Vde) Source - |ion | 50f-062( - |-050( -17 | - |-038| - [-023| - |-020{ -1.7 | - [-016]| -
(VoK = 9.5 Vdc) 10 |-062| - |-080] -09 | — [-035| - [-023{ - |-020 -09 | - [-0.16 | -
(VoH = 13.5 Vdc) 5| — - - 35 | — - - - - -1 35 | - - -
(VgL = 0.4 Vdc) Sink loL | 5.0/ 050 - | o40f o078 | - 02| - |0z | - | o020 o078 | — 016 | -
(Vg = 0.5 Vde) 10| 11 - |os0] 20 | — o065 - |oe0| - |osof 20 | - 040 | - mAdc
(Vg = 1.5 Vdc) 15| - - | - 78 | — - - - - - 78 | - - -
Input Current - lin - - - — 10 - - — - - - 10 - - = pAdc
Input Capacitance {Vip, = 0 Vdc) - Cin -1 - - — 5.0 - - - - - - | 50 - - - pF
Quiescent Dissipation **1 - Pq mw
(CL=15pF, f = OHz) 50| - |o0025( - 0025 | - 15 - oz | - 0.26 - 35
0] - 010| - |00001 | 010 | - 6.0 - 10 - |00001 | 1.0 - 14
5| - - ~ [0.00023] — - - - - ~ |0.00023 ~ -
Power Dissipation - [ mw
(Dynamic plus Quiescent
(Cy = 15 pF) 5.0 Pp = (3.25 mW/MH?2)  + 0.000025 mW
10 Pp = (13 MW/MH2) f + 0.0001 mW
15 Pp = (30 mW/MHz) f +0.00023 mW
OutputRise Time®* - t ns
(CL=15pF)
=(3.0 ns/pF) Cy_+ 25 ns 50| — - - 70 | 175 | - - - - - 70 | 200 | - -
1.5 ns/pF) C_ + 12 ns 10 | - - - 35 75 - ~ - - - |3 | 110 - -
ty =(1.1 ns/pF) C__ + 8.0 ns 15| - - - 25 - - - - - - | 2 - - -
GutputFall Time ** = t ns
(Cp=15pF}
t = (1.5 ns/pF) C_+ 47 ns 50| - - - 70 | 175 | - - - - - 70 | 200 - -
t§=(0.75 ns/pF) C_+ 24 ns 10 | - ~ - 35 7% - - - - -~ | 35 | 110 - -
tf =(0.55 ns/pF) C_ +17 ns 15 | - - - 25 - - - - - - 25 ~ - -
Clock to Q or Q Propagation Delay Time** 1 PLH ns
(CL=15pF) PHL
PLHAPHL = (1.75 ns/pF) C + 223 ns 50| — - - | 280 | s00 | - - - - - |20 | 700 | - -
tpLH.tPHL = (0.70ns/pF) C( + 89 ns 10| - - - { 100 | 200 | - - - - - |00 [300 | - -
tpLH,tpHL = (0.53 ns/pF) C + 67 ns 15 | - - - 75 - - - - - - 75 - - -
Reset 10 Q or Q Propagation Delay Time** - tPHL ns
{Cy_= 15 pF) PLH
TPLHPHL = (1.76ns/pF) C|_ +223 ns 50| — - - 250 | 500 | - - - - - | 250 | 700 - -
tPLH.tPHL = (0.70 ns/pF) Cp_ + 89 ns 10 | - - 100 | 200 | -~ - - - ~ 1100 | 300 - -
TPLHIPHL = (0.53 ns/pF) C_ + 67 ns 15 | - - - 75 - ~ - - - - 75 - - -
Minimum Clock Pulse Width 1 PWC ns
(CL_= 15 pF) 5.0 | - - - 135 | 335 | - - - - -~ | 135 | s00 - -
0 | - - - a5 165 | - - - - e | 250 [ - -
15 | - - - 40 - - - - - - | 40 - - -
Minimum Reset Pulse Width - PWg ns
(CL_ = 15 pF) 50 | — - - 80 | 400 | - - - - - | 80 | 500 - -
10 | - - - 40 | 175 | - - - - - | 40 | 200 - -
15 | - - - 35 - - - - - - 35 - - -
Maximum Clock Pulse = | tets us
Rise and Fall Time 5.0 No Maximum Limit 100 | o - - -
10 100 | = - -
15 100 [ = - - -
Maximum Clock Pulse Frequency 1 PRF MHz
(CL = 15 pF) 50 | - - |15 ] 25 - - - - - 10 |25 - - -
0| - - |30 | 60 - - - - - 20 |60 - - -
B | - - - 10 — - - - - - |10 - - -
JK Setup Time 1 tsetup "
(CL = 15pF) 50 | - - - 120 | 500 | - - - - - j120 | 750 | - -
0| - - - 50 | 200 | - - - - - | s0 | 250 | - -
15 | - - - 30 - - - - - - 30 - - -
P/S Control Setup Time 1 tsetup ns
(C = 15 pF} 50 | - - - 25 | 500 | - - - - - 25 | 750 - -
0 [ - - - 10 | 200 | - - - - - 10 | 250 | - -
15 | - - 75 - - - - - - |78 - - -
Parallel Input Setup Time 1 tsetup ns
(C_ =15pF) 50 - - ~ 90 | s00 | - - - - - |90 {750 - -
10| - - - 20 | 200 | - - - - - 20 | 250 | - -
15 [ - - - 15 - - - - - 15 - - -

*DC Noise Margin (ViyH, VL) is defined as the maximum voltage change from an ideal “1” or *"

**The formula given is for the typical characteristics only.

tFor disipation at different external Load C:

Pr(CL) = Pp +2x 1073 (C|_ - 15 pF) Vpp2F
where: P in mW, C_in pF, Vpp in Vdc, and f in MH2

(CL) refer to

formula
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MC14035 (continued)

FIGURE 1 — TIMING DIAGRAM

Serial [nput

Reset O

Clock O

Clock 50% {_\_/,_\___/ \
Input PWc
1/PRF
— 50%
J-K
Input tse(upH f— - tsetupL
P/S 50%
t,
Input setupH
50%
Dpo
Input 1 Ty
— — tsetupH - = tsetupL
a1 90%
10% 50%
T/C Input Low
Reset Input Low tpH L — tpLH tPHL — tpLH —
APPLICATION DIAGRAM
Shift Left/Shift Right Register
—CO Q0 Left Shift
Serial Output
O Q1
—0O Q2
Left Shift
Serial Input
\
2P O Q3 Right Shift
T Serial Output
16 15 14 13 12 11 10 9
Vpp Q1 Q2 Q3 Dpz Dpz Dpq Dpg
@ TIC K R ¢ ps Vss
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Vob
Right Shift —
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MC 14035 (continued)

Z O/L

©
(8}

Xy

x 10—

o—
[ o

o
18

PeeAl

L S/d

6 Odag

oilda

11 2da

z1 €dag

%é%i%:

WYHOVIQ 21901

|IH|II

7-102



___./( MCl4040ALﬁ\\

MC14040CL
MC14040CP

COUNTER

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-
This part is designed with an input wave shaping

lithic structure.

circuit and 12 stages of ripple-carry binary counter.
advances the count on the negative-going edge of the clock pulse.
Applications include time delay circuits, counter controls, and fre-

quency-driving circuits.

McMOS

(LOW-POWER COMPLEMENTARY MOS}
12-BIT BINARY COUNTER

The device

16
Fully Static Operation !
Qui S : L SUFFIX
uiescent Power Dissipation = 50 nW/package typical @ CERAMIC PACKAGE P SUFFIX
Vpp=5.0V CASE 620 PLASTIC PACKAGE
® Noise Immunity = 45% of Vpp typical CASE 68
® Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC14040AL) TRUTH TABLE
=3.0vd V —
) 3.0 Vde to 16 Vdc (MC14040CL/CP) CLOCK '] RESET | OUTPUT STATE
® Low Input Capacitance = 5.0 pF typical 7 o No Change
® All 12 Buffered Outputs Available -~ 0 Advance to next
. state
® Common Reset Line X 1 All Outputs are low
o 13 MHz Typical Counting Rate @ Vpp =15 V X = Don't Care
® Pin-for-Pin Replacement for CD4040A

MAXIMUM RATINGS (Voltages referenced to Vgg, 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

Rating Symbol Value Unit to avoid application of any voltage higher
DC Supply Voitage MC14040AL VpD +18 t0 -0.5 Vdc than maximum rated voltages to this high
MC14040CL/CP +16 10 -0.5 impedance circuit. For proper operation it
; X v is recommended that V;, and V., be
nput Voltage, All Inputs in Vppto-05 Vvde constrained to the range Vgg < (Vi or
DC Current Drain per Pin ) 10 mAdc Vout)! S Vpp-
Operating Temperature Range— MC14040AL Ta -551t0 +125 oc Unused inputs must always be tied to an
—MC14040CL/CP -40 to +85 appropriate logic voltage level (e.g., either
Storage Temperature Range Tstg -65 to +150 oc Vgg or Vpp)-
LOGIC DIAGRAM
Qa1 a2 a3 Q1o Qi a1z
9 7 6 14 15 j1
Clock 10
—dqC Q (o} Q c Q -——qcC Q c Q C Q
¢ aot——4c at—c at—--—¢ ap—c oat—c
R R R R R
~ [ L
Reset O—Do—-{>¢, . _
11 L
Q4 =Pins5 Q7=Pind VDD=Fin 16
Q5=Pin3 Q8=Pin13 Vg = Pin8
Q6=Pin2 Q9=Pin12 S

See Mechanical Data Section for package dimensions.
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MC14040 (continued)

ELECTRICAL CHARACTERISTICS

MC14040AL MC14040CL/CP
-55°C +26°C +126°C -40°c +25°C +85°C
Vop T
Characteristic Figure| Symbol| Vdc | Min | Max | Min Typ Max [ Min | Max | Min | Max | Min Typ Max | Min{ Max| Unit
Output Voltage “0" Level — | Vour | 50| — | 001| - o | 001 - [oos| - |oo1| — o [ oot| - | 0.08| vac
10 - | o001 - o 001 - |005| — |001| — 0 001| — | 0.05
s - - - - -1 -1 -1 -1 -1 - - - -1 =
1 Level 5.0 | 499 - | 499 5.0 — | 495 — 499 - | 499 5.0 - 1495 -
10 | 999 - | 9.99 10 - | 995 — |999| - |9.99 10 - 1995 -—
s - | - | - 15 - -] -1 -1-1- 15 -1 -1 -
Noise Immunity* - VNL
(Vour 3.5 Vde) 50 (15| - | 15| 225 | — | 14| - | 15| — |15 22| - |14 — | vdc
(Vout=7.0 Vdc} 10 | 30 - 3.0 450 - 29 - 3.0 - 3.0 4.50 - 29 -
(Vout>>10.5 Vdc) 5| -| -} -|6mw| - | - | - | -|-|-1|emn]| -|-| -
(Vour <1.5 Vde) Vg | 50| 14 - | 15| 225 - 15| - 14| - | 18| 225 — 15| — | vae
(Vour 3.0 Vde) 10 [29] - |30 450 | - {30| - |20 - |30 450 - |30 -
(Vour <4.5 Vdc) 5| -| - | - | 675 - -l - =1=1=-168m - | - -
Output Drive Current 10H mAdc|
(VoH = 2.5 Vdc) Source - 5.0 |-062| - |-05 -17 - |-0.35 | - [0.23| - [-02 -1.7 - F0.16f -
(VoH = 9.5 Vdc) 10 |-062| - |-05 -09 - |-035| - }0.23} - |-0.2 -09 - [0.16 -
(Von = 13.5 Vdc) 15 - - - -35 - - - - - - -35 - - -
(Vo = 0.4 Vdc) Sink - loL 50| 05 - 04 0.78 - (028 - 023 - 0.2 0.78 - 10.16] — [mAdc
{Vo = 0.5 Vdc) 10 | 11 - 09 20 — | 065) — 0.6 - 05 2.0 - 04 -
(VoL = 1.5 Vdc) s - -] - 7.8 -l -1-1-1-1- 7.8 - -1 -
input Current - lin - - - - 10 - - - - - - 10 - - — | pAdc
input Capacitance - Cin - - - - 5.0 - - - - - - 5.0 - - - pF
(Vin =0)
Quiescent Dissipation® *T 1 Pp mw
(CL=15pF. f=0Hz)
Pp = (1.2 mW/MHz) f + 0.00005 mW 5.0 — ]0.026| - [0.00005| 0.025| — 15 - 1025| — ]0.000 025 | - 35
Pp = (6.0 mW/MH2) f + 0.0002 mW 10 - |010]| - |00002| 0.10 — 6.0 - 1.0 - 10.0002| 1.0 - 14
Pp = (13.5 mW/MHz) f + 0.0005 mW 15 - - - | 0.0008 - - - - - — | 0.0008 - - -
Output Rise Time** 2 tr ns
(CL =15 pF)
3.0ns/pF) C + 36 ns 5.0 - - - 80 175 - - - - - 80 200 | — -
te=(15ns/pF) C +12ns 10 - - - 35 75 - - - - - 35 110 - -
ty = (1.1 ns/pF) C_+8.0ns 15 - - - 25 - - - - - - 25 - - -
Output Fall Time** 2 13 ns
(CL=15pF) R
tf = (1.5 ns/pF) C_+57 ns 5.0 - - - 80 175 - - - - - 80 200 - -
t¢ = (0.75 ns/pF) C_+ 24 ns 10 - - - 35 75 - - - - - 35 110 | — -
tf = (0.55 ns/pF) C|_+ 17 ns 15 - - - 25 - - - - - - 2 - - -
Clock Turn-On, Turn-Off Delay Time*®* 2 tPHL, ns
(Cp =15 pF) PLH
Clock to Q1
tPHL. tPLH = (1.75 ns/pF) C_ + 324 ns 50| - - | - |30 |700]| -] - - -1~ |30 |1080] -] -
tPHL. tPLH = (0.70 ns/pF) C_+ 130 ns 0| - - -1 |2]|-|-|-]-|-}140]a]|-] -
tPHL. tPLH = (0.53 ns/pF) C|_ + 92 ns 5| - - | - | 100 -l -4 =-1-1-1- 1100 - -] -
Clock to Q12
tPHL. tPLH = (1.75 ns/pF) C|_ + 2474 g so|l - | - | - 25 | s0| - | - | - | - | - 26 | 75 | - | -
tpHL. tPLH = (0.70 ns/pF) C_+ 890 ns 10 - - - 09 1.8 - - - - - 09 27 - -
tpHL. tPLH = (0.53 ns/pF) C|_ +492ns s - - |- 05 - -1 =-1-1-1- 05 - |- -
Reset Turn-On Delay Time** tPHL ns
(C =15 pF)
Reset on Qp
tpHL = (1.76 ns/pF) C|_ + 514 ns so| - | - | - 540 (1080 - | — | - [ - | - | s40 | 1620] - | -
tpHL = (0.70 ns/pF) C|_ + 190 ns 1w| -] - -] 20 |a0| - |-|-]|-1]- 200 | 600 | - | -
tpHL = (0.53 ns/pF) Cy_ + 152 ns 5 - | - | - 160 - -1 -1-1-1- 160 - -1 -
Minimum Clock Pulse Width — [ PWg | 50] - | - | - | 140 [ B0 — | - | -] = | - | @0 [ 3] -] =]
(C =15pF) 10 - - - 55 100 - - - - - 55 150 - -
15 - - - 38 - - - - - - 38 - - -
Maximum Clock Pulse Frequency - PRF 5.0 - - 2.0 35 - - - - - 15 35 - - — | MHz
{CL =15pF) 10 - - 5.0 9.0 - - - - - 35 9.0 - - -
R LT IR A 13 -l -0-1-1-1- 13 - -1 -
Maximum Clock Rise and Fall Time - tr, tf 5.0 - - - o 100 - - us
(C =15 pF) 10 NO MAXIMUM LIMIT - - - oo 100 - -
15 - - - = - - -
Minimum Reset Pulse Width - PWR 50 — - - 320 640 | — - - - - 320 960 | — - ns
{C =15 pF) 10 - - - 120 240 - - - - - 120 360 | — -
15 - - - 80 - - - - - - 80 - - -

*DC Noise Margin (VNH, VNL) is defined as the maximum voitage change

**The formula given is for the typical characteristics only.
tFor dissipation at different external load capacitance (C ) refer to corresponding formula:
PpI(CL) = Pp + 1 x 1073 (C_-15) Vpp? f where:

Pp in mW, Cy in pF, Vpp in Vdc, and f in MHz.

from an ideal 1" or *
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MC14040 (continued)

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

500 uF 7 20 ns r=—20 ns
90% Vbo
Clock 50%
10% S
Pulse 0 50% Duty Cycle
Generator
FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS
Voo
; Clock
Pulse 0
Generator c o
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MC 14040 (continued)

FIGURE 3 — TIMING DIAGRAM
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Reset |
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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 Q5, Q10, Q11, and Q12 division by
3600 is accomplished. The MC 14040 decodes the counter
outputs, produces a single output pulse, and resets the
binary counter. The resulting output frequency is 1.0
pulse/minute.

Vop
1.0M MC14040 .
—%—- I ¢ as 1.0 Pulse/Minute
120 Vac 220 pF I Qo0 2 12 output
60 Hz =+ a11 —O—JF——J Mc14012 MC14012 —0
0—1 R Q12 ——O————l——

Vss

H—o—
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MC14042AL

J

LATCH

MC14042CL
MC14042CP

Advance Information

QUAD LATCH

The MC14042 quad latch is constructed with MOS P-channel and

McMOS

(LOW-POWER COMPLEMENTARY MOS)

QUAD LATCH

N-channel enhancement mode devicesin a single monolithic structure.
Each latch has a separate data input, but all 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 Q and
Q during the clock level which is determined by the polarity input.
When the polarity input is in the logic 0" state, data is transferred
during the low clock level, and when the polarity. input is in the

logic 1"

Buffered Data Inputs

Common Clock

Positive or Negative Edge Clocked
Qand Q Outputs

Double Diode Input Protection

No Limiton Clock Rise or Fall Times

state the transfer occurs during the high clock level.

16
1
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgs, 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

- N impedance circuit. For proper operation it
Rating Symbol Value Unit is recommended that Vi, and Vgt be
DC Supply Voltage MC14042AL VoD +18to -0.5 Vde constrained to the range Vgg < (Vi or
MC14042CL/CP +16 to -0.5 Vout) <VpD-
Input Voltage, All Inputs Vin Vpp to-0.5 Vdc Unused inputs must always be tied to an
DC Current Drain per Pin | 10 mAdc appropriate logic voltage level (e.g., either
Vgs or Vpp).
Operating Temperature Range MC14042AL TaA -65to +125 °c SS 0D
MC14042CL/CP -40 to +85
Storage Temperature Range Tstg -65 to +150 °c PIN ASSIGNMENT
S
LOGIC DIAGRAM
1 o3 Vop 16
2 a0 Qaf—1s
. DO(:—D_ Laten [ 9@ 3C—]ao D314
C'ockf(;:n > 1 - 4 c—po D213
Polari 0 ao _
olarity ° 3 5 ] Clock Q212
6 —— Polarity Q2f—n
D10———-I>— ———o a1 7 — D1 Q1= 10
Latch —
! azc ' 8 ] Vss a3 9
— ——-——g Q1
D2 o——-|> o0 a2
13 Latch 11
3 TRUTH TABLE
T J 302 cLock | poLariTY| a
Vpp = Pin 16 0o [+] Data
Vgg = Pin 8 o] Latch
ss=rn D3 0—[> -0 Q3 L 22
14 Latch 1 1 1 Data
L] 4 L o4& - 1 Latch
15

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 CHARACTERISTIC!

MC14042AL MC14042CL/CP
Vpp |_55°¢C +25°C +125°C -40°c +25°C +85°C
Characteristic Figure | Symbol | Vdc | Min | Max | Min Typ Max | Min | Max | Min | Max | Min Typ Max | Min | Max | Unit
Output Voltage 0" Level - Vout Vdc
(Vin = Vss, Vpp! s0| - (o01] — 0 001| — {005 - |o0o01| — 0 0o1| - | 005
10 - Jo01| — [} 001} — J005| — |001| — o 001 - | 005
5| - - |- 0 -l -1-=-1=-1-1- 0 - - -
17" Level - 5.0 (499 — (499 5.0 — |495| — 1499 - 1499 50 — {495 — | Vdc
10 {999 — [9.99 10 - |995( — |999| ~ 999 10 - | 995 -
15 - | - | - 15 - - -] -1 -1- 15 - | - -
Noise Immunity* - VNL Vdc
(Vgyt >3.5 Vdc) 50/15| — [15] 228 | — [1a| - | 15| - |15 | 225 | — | 14| -
(Vout 27.0 Vdc) 10 | 3.0 - 3.0 450 - 29 - 3.0 - 3.0 450 - 29 =
(Vgyt =105 Vdc) 5| - | - | -]emw | - | -] -] -] -}{-]lemw| -{ -] -
- VNH Vdc
(Vgyt < 1.5 Vdc) 50| 1.4 - 15 2.25 - 15 - 14 - 15 225 - 15 -
(Vout 3.0 Vde) 10|29 - |30| 450 | - |30 - | 29| - [30] 450 | - | 30] -
{Voyt <4.5 Vdc) 15 - — — 6.75 - - - - - - 6.75 - - -
Output Drive Current
(VoH = 2.5 Vdc) Source - loH 5.0 |-062 — [-050| -1.7 - 1035 - |[-0.23] - (-0.20| -17 — |-0.16] - |mAdc
{(Vou .5 Vdc) 10 (-062| - |-050f -15 - |-035| — |-023[ - |-0.20] -15 - |-0.16) -
(Von = 13.5 Vdc) 15 - — - -35 - — — — — — -35 — — —
(VoL = 0.4 Vdc) Sink - oL | 50|os0] - [o40] 10 — [o28] - Jo23] - Joz0[ 10 — [o16] - [mag(]
{VoL = 0.5 Vdc) 10 1.1 - {0980 22 - 065| — | 060 — |050 22 - 0.40 -
(Vg = 1.6 vdc) 15 - - - 78 - - - - - - 78 - - -
Input Capacitance - lin - - - - 10 - — - - - — 10 — — — | pAdc
Input Capacitance - Cin - - - - 5 - - - - - - 5 - - - pF
{Vin =0 Vdc)
Quiescent Dissipation - Pp mwW
(CL =15 pF, f = 0 Hz)
5.0 — {0.025( — |[0000025|0.025| - 15 - |025| — [0.00025| 0.25| - 35
10 - 0.05| — ]0.00005| 0.05 - 5.0 - 05 - 0.0005 | 05 - 14
15 - — - 0.0002 - - - = - - 0.002 - - =
Typical Dynamic Power Dissipation - Pdyn mW
(CL = 15 pF)
5.0 Pgyn = (1.5 mW/MHz) f +0.000025 mW
10 Pdyn = (6.0 MW/MHz) f + 0.00005 mW
15 den = (20 mMW/MHz2) f + 0.0002 mW
Output Fall Time** 1a 1 ns
(CL = 15 pF)
tf = (1.5 ns/pF) Cy_ + 47 ns so| - | - | - 720 |ws| - |- -1 -1- 70 {200f - | -
t = (0.75 ns/pF) C_ + 24 ns 1wl -] - - 35 s - -1 - -] - 35 10| - -
tf = (0.55ns/pF) C_+ 17 ns 15 - - - - - - - - - - - — - -
Output Rise Time"* 1a tr ns
{Cp =15 pF)
tr = (3.0ns/pF) C|_+ 25 ns 5.0 - - - 70 175 - - - - - 70 200 - -
tr=1{1.5ns/pF) C_+12ns 10 - - - 35 75 - - - - - 35 110 - -
tr = (1.1 ns/pF} C_+8.0ns 15 - - - - - - - - - - — - - -
Minimum Clock Pulse Width 1b W ns
(C =15 pF)
5.0 - - - 150 250 - - - - - 150 350 - -
10 - - - 50 75 - - - - - 50 175 - -
15 | - - — - — - - - — — ~ — - -
Maximum Clock Rise Time 1b e
5.0
10 NO LIMIT
15
Hold Time 1b thold ns
(CL =15 pF)
5.0 - - - 50 100 - - - - - 50 125 - -
10 - - - 25 50 - - - - - 25 60 - -
15| - | - | - — - -1-1-1-1- — - - -
Setup Time 1b tsetup ns
(CL =15 pF)
5.0 - - - o 50 - - - - - 0 50 - -
10 - - - 0 30 - - - - - 0o 30 - -
15 - - — 0 — — - — — — Y — - —
Turn-On, Turn-Off Delay Time 1a tPHL. ns
(CL=15pF) DtQ tpLH
5.0 - - - 120 300 - - - - - 120 400 - -
10 - - - 40 125 - - - - - 40 200 - -
15 - - - 30 = - - - - - 30 - - -
(CL =15 pF)  Clock to Q 1a tPHL. ns
PPLH
so| - | - | - w0 [300| - | - | - [ - | - 160 [400| — | -
10 - - - 75 125 - - - - - 75 200 - -
15 - - - 50 - - - - - - 50 - — -
(CL=15pF) DwQ 1a TPHL. ns
PLH
5.0 - - - 150 300 - - - - - 150 400 - -
10 - - - 60 125 - - - - - 60 200 - -
15 — — — 40 — — — — — — 40 = - -

*DC Noise Margin (Vp, V) is defined as the maximum voltage charge from an ideal "1” or ““0"" input level before producing an output state change.
**The formula given is for the typical characteristics only.
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MC14042 (continued)

FIGURE 1 — AC TEST CIRCUIT AND TIMING DIAGRAM

20* ns

Cilock Input
P.G. 1

Data Input
P.G.2

Q OQutput

A\
(a) DO
160
s 20 ns
Clock Qof—0 2 Data Input
Polarity Qo 3
Pulse 4 Q1—O 10
Generator Do 31—O039 0o
7 utput
D1 Q201
13 a2—0 12
D2
14 Q3 O 1 —
Q Output
D3 a3z—=o0 15 ®
80 Vgg
(b) Voo
16 Q
Pulse
Generator Clock Qo —0 2
L—0O— Polarity Qo 3
Pulse Q1 —o0 10
Generator Do Q1 pb—O0 9
D1 Qz[—O0 1
Qz2H—012
D2
Q3p—01
D3 a3—o0 15
8 Q Vss

*Input clock rise time is 20 ns except for maximum rise time test.
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MC14049AL
MC14049CL
MC14049CP
MC14050AL
MC14050CL
MC14050CP

BUFFERS

ply voltage for logic-level conversions.

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,
Vce. The input-signal high level (V|H) can exceed the V¢ sup-
Two TTL/DTL loads can
be driven when the devices are used as CMOS-to-TTL/DTL conver-
ters (Ve =5.0V, VoL < 0.4V, IgL = 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

MC14010 Respectively

McMOS

(LOW-POWER COMPLEMENTARY MOS)

HEX BUFFERS
Inverting — MC14049AL/CL/CP
Noninverting — MC14050AL/CL/CP

—

L SUFFIX

CERAMIC PACKAGE

CASE 620

P SUFFIX
PLASTIC PACKAGE
CASE 648

MAXIMUM RATINGS (Voltages referenced to Vgg, 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 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 Vgg or
Vee)

Rating Symbol Value Unit
DC Supply Voltage AL Version Vee +18 to -0.5 Vdc
CL,CP Version| +16 to -0.5
Input Voltage, All Inputs Vin +18 to -0.5 Vdc
DC Current per Input Pin lin 10 mAdc
DC Current per Output Pin lout 45 mAdc
Operating Temperature Range AL Version| TA -55 to +125 oc
CL,CP Version| -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
Maximum Dissipation per Package Pp See Figure 1
CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)
MC14049 MC 14050
Vee
I I - L
y § ]E q U
_l' Vss = Vss

LOGIC DIAGRAMS

MC14049 MC14050
3_‘{>°—2 3———-|>72
5—{>0—4 5_.D_4
7—‘ So—— 6 7——{ >—6
9~—~[>0——10 9—{>—1o
11——! So— 12 11__{ > 12
14—(>o—15 14—{>—15

NC = Pin 16 NC = Pin 16

Vgg = Pin 8 Vss = Pin8

Ve = Pin 1 Vee = Pin 1

See Mechanical Data Section for package dimensions.
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MC14049, MC14050 (continued)

ELECTRICAL CHARACTERISTICS

MC 14049/050AL MC14049/060CL/CP
Vee | __-88°C +25° +125°C -40°C +25°C +85°C
Charscteristic Figure | Symbol | Vdc [ Min | Max [ Min | Typ | Max | Min | Max | Min | Max | Min | Typ | Max| Min | Max | Unit
Output Voltage 0" Level 2.3 Vout Ve
MC14049
5.0 - 0.01| — 0 001} - | 005 - |00 - 0 001 - | 0.05
10| -joo1f—1J0 001 - foos| - Joo1| - | o [oo1] - |o0o0s
s -] -]-1¢° - -1 - - - - |0 - N
50 | - (001 - [ O 001{ - {oos| - [001| - {0 | o001 - {o00s
10 | - {001f — |0 |oo1| - Joos| - foo1] - |0 }too1|] - [005
s -| -] -]o0 - | - - - - - lo [ R
1" Level Vdc
50 |499f - |4.99] 50 ~ |a95| - [499] - [499]s50 | - | a95| -
10 [ 9.99) - |9.99] 10 - |99es| - |999| - |999| 10| - |995| -
-1 - ~-1]-11s - - - - - - - - -
MC14050
(Vin = 5.0 Vdc) 50 |499| - |499| 50 ~ |a9s| - |499| - 499|550 | - |ass| -
in = 10 Vdc) 10 | 999 - |9.99] 10 - |99s| - [99d| ~ |999| 10| - | 985 -
(Vin = 15 Vde) - =1 -1=-11 - - - - - | - 171 - -1 -
Noise Immunity 3 VNL Vdc
MC14049
(Vout 3.5 Vdc) 50 | 16) — | 15f228) - [ 15| - |15 - [ 15|225| - | 14) -
{Vour 7.0 Vde} 10|30 - |30] 45| - {28! - [30] - | 30| 45| - | 29| -
(Vour 2105 Vdc) 15 - - 675 - - - - - - | 675 - - -
(Vout < 1.5 Vde} VNH 50 [ 14f - 15225 - |15} ~ |14 - | 15225 - | 15| - [vde
(Vout <3.0 Vdc) 0|29 - |30f4a5] - [30] - |20f - |30 45| - o| -
{Vour €4.5 Vde) 15 - 6.75| - - - - - 675 - | - | -
MC 140850 VNL Vdc
(Vout < 1.5 Vde) 50 | 15| ~ | 15| 228| - | 14| - [15] - |1s5]228) - | 14| -
(Vour 3.0 Vde) 10| 30| - (30|45 - [29| - |30 - {30 45| - | 29} -
(Vour <4.5 Vde) 15 | - - | - [se7s] - - - - - - |em| - -1 -
(Vour 3.5 Vdc) VNH 50 | 14f - 15225 - [15]| - | 14| - | 15225 - | 15| - [vde
(Vout> 7.0 Vde) 10 | 29 - | 30|45 - |30] - |29 - |30] 45| - |30] -
Vgt 3105 Vdcl s - -] - || -} -] - - - - e - | - | -
Output Drive Current
6 loH mAdc]
(Vou - 255 Vde) Source 50 [-185) - |-1.29 25| - |-09| - |-18| - |-125 25| - | 10| -
10 |-185 -12q 25| - |-08| - [-15] - |-128] -25 “1of -
L I D e 11 e - - - ) I e
7 oL ‘mAdc]
(VoL = 0.4 Vdc) Sink 50 (375( - 32| 60| - (21| - [36] - | 32] 60| - | 25 -
(Vo = 0.5 Vde) 10| 10| - |80} 16 -~ |s6| - | 98| - |80 18 - | 68| -
(Vg = 1.5 Vde) 15 - | -] - 4 - - - - - - | 40| - - -
tnput Current B lin — - - [ -] 10 - B - - | - 10 - -1 = [rAde
Input Capacitance MC14049 Cin - - -1 -1 10 - - - - 1w - - pF
MC14050 - | - |50 - - - - - |50 -
Quiescent Dissipation (per package) (5] 5.0 - |15 005| 15 | - | 100 15 | - | 015 15 - | 210 | aw
| -fs0| -] o1} 50 300 - [ 50| - | 05| s0 - | 700
15 - 0.15 - - - - - | 08s
Dynamic Power Dissipation (per Buffer)** Pdyn mw
(CL =15 pF) (Typical)
5.0 Py = (0.6mW/MHz) f + 0.00001 mW
10 Pdyn = (3.0mW/MHz) f + 0.00002 mW
15 Pgyn = (6.0mW/MHz) f + 0.00003 mW
Turn-On Defay Time T MC14049 8 PHL ns
(CL = 15 pF)
tpHL = (0.38ns/pF) C_ + 25ns 5.0 30 | 55 | - - - -1 3 0] -] -
tpHL = (0120s/pF) C + 17 ns 10 -1 -] 18] 30| - - - -1 18| 4| - | -
tpHL = (0.11ns/pF} CL + 11 ns 15 = - - 12 -~ - - - 12 - —
MC14050
tpHL = {0.2ns/pF) Ci + 45 ns 5.0 - - 48 10 - - - - - 48 130 - -
tpHL = {0.12ns/pF) Cy_ + 20ns 1wl - - - 21| 85| - - - - - | 2| 60| -
tpHL - (0.04ns/pF) CL_ + 19ns 15 - - 19 - - - - - - 19 - - -
Turn-Off Delay Timet MC14049 8 PLH ne
(CL = 15 pF)
tpLH ~ (0.38ns/pFIC + 25ns 5.0 31-] 80 | - - ~ ] 31 120] -
tpLH = (0.2ns/pF) Cp_ + 20ns o - - -] 23] 8 |- - - - - 23| 60| - | -
tpLH = (0.11ns/pF) C + 18 ns 15 - -] e - - -l - | 19| - [
MC14050
tpLH = (0.33ns/pF) Cp + 53ns s0 | - | - | - s8] 140} - - - - ~ | ss| 200 ~| -
tPLH = (0.19ns/pF) C_ + 24ns 10 - - -] 27| 8 | - - - - -] 27f1w00] ~ | -
tpLH = (0.06ns/pF) C_ + 20ns 15| - - -] 3] - - - - - | -j 3] - -1 -
Output Rise Time T MC14049 8 T ns
(Cp = 15pF)
t, = (0.81ns/pF) C_ + 22ns 50| - | - | -] 23] w00}| - - - - - | 23] w0 - | -
te = (0.31ns/pF) C_ + 23ns 10 - - - | 28| 60 - - - | 28] 100} - -
t, = (0.27ns/pF) Cy_ + 21ns 15 - - 25 - - - N x| - -
MC14050
t = (0.7ns/pF) C_ + 20ns 50 | - | - 21 | 100 | - - - ~ | 21| 160 - | -
tr < (0.36ns/pF) C_ + 10ns w0 - - 15| 60 | - - - - 5] 100 - | -
t = (0.22ns/pF) C_ + 11ns 15 | | - | 14 B _ _ - _ 14| - - -
Output Foll Time T MC 14049 ) T ns
(Cy = 15 pF)
0.31ns/pF) Cp_ + 16ns 50 | - | - | - | 2| a | - - - -] -] 20| 60| - | -
(0.12ns/pF) C_ + 12ns 0| - - | -| 14| 4| - - - - - | 1a| s - | -
t5 = (0.1ns/pF) C + 10ns 15 - 11 — - . - - 1 - -
MC14050
1 = (0.2ns/pF) Cy_ + 20ns 50 | - | - | -2 |4 | - - - - 23| 60 -
t = (0.06ns/pF) C|_ + 14ns 0| -] - 15 | 40 - - - 1560 | - | -
' = (0.035ns/pF) Cy_ + 13ns 15 - - -] 13 - - - - - 13- -

*DC Noise Margin is defined as the maximum voltage change Vi (down from a Vg level input ) and VL (up from a ground level input) before producing an output state change.

**For dynamic power dissipation per package. use the formula Pgyn (CL. VCC, ) = Pp + 103 (C| - 15 pF) Voe2f where P is in mW, CLin pF, VG in volts, fin MHz, and all
dyn (CL. Ve L cc D L cc

outputs driving C

1 Equations shown are for typical values only
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MC 14049, MC14050 (continued)

FIGURE 1 — AMBIENT TEMPERATURE POWER DERATING
1000

o
=]
=]

Pp MAXIMUM POWER DISSIPATION (mW)

=
3 =~
&
= I
m4our Cerami
a eramic
\ L
Plastic
200 [~ <
\
<
0
25 50 75 100 125 150

TA AMBIENT TEMPERATURE (0C)

FIGURE 2 — TYPICAL VOLTAGE TRANSFER CHARACTERISTICS versus TEMPERATURE

MC14049 MC14050
10 10 I ,
Vee =10 Vde N Vee =10 Vde
N
5 80 = 80
g g Ta=1250C | | -55°C
w Ta = 1250¢ |f | -550C o
< 60 < 60
= 5.0 Vdc o
s :
st
2 40 2 a0 5.0 vde
-550
s 50C 2
E 1250¢C 3
=20 = 20
J 1250¢ |}-55°¢
0 \\ 0 J
0 20 4.0 6.0 8.0 10 0 2.0 40 6.0 8.0 10
Vin INPUT VOLTAGE (Vdc) Vin INPUT VOLTAGE (Vdc)
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MC14049, MC14050 (continued)

FIGURE 3 — TYPICAL OUTPUT SOURCE CHARACTERISTICS

IgH QUTPUT SOURCE CURRENT (mAdc)

MC14050

Vps = Vou ~ Vob

A a7
P
A/
— 1 A
|10 Vdc ——
15 Vdc
-10 -8.0 -6.0 -4.0 -2.0 0

Vos DRAIN-TO-SOURCE VOLTAGE (V)

FIGURE 4 — TYPICAL OUTPUT SINK CHARACTERISTICS

MC14049 PV,

1oL OUTPUT SINK CURRENT (mAdc)

Vee MC14050

160

T T
Vgs =15 Vde

120

80

Vgs =10 Vde

AN

NEAN

40 /

Caution: Max Package dissipation
must be observed.

5.0 Vde

[

0 2.0

40

6.0 8.0 10

Vps DRAIN-TO-SOURCE VOLTAGE (Vdc)

FIGURE 5 — SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

Pulse
Generator

#lnvert on MC14049 only

20 ns —’l r"— 20 ns
Input 30% ’S Vobp
50% H
— 10% X ov
TP —e —— tpLH
90% r_"" VoH
Output 50%
MC14049 10% v
t I"' “ltr e oL
PLH— tPHL,,
OH
Output _gg:
MC14050
— 10% v
N oL
4 e s
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MC14501AL

TRIPLE GATE

MC14501CL
MC14501CP

TRIPLE GATE

DUAL 4-INPUT “NAND"” GATE
2-INPUT “NOR/OR"” GATE
8-INPUT “AND/NAND” GATE

The MC14501 is constructed with MOS P-chann
enhancement mode devices in a single monolithic

el and N-channel
structure. These

complementary MOS logic gates find primary use where low power

dissipation and/or high noise immunity is desired.

Noise tmmunity = 45% of Vpp typical
Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc (MC1

Quiescent Power Dissipation = 10 nW/package typical

4501AL)

= 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

McMOS

(LOW-POWER COMPLEMENTARY MOS)

TRIPLE GATE
DUAL 4-INPUT “NAND"” GATE
2-INPUT “NOR/OR” GATE
8-INPUT “AND/NAND"” GATE

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8)

16 16

1 1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE

CASE 620 CASE 648

Rating Symbol Value Unit
DC Supply Voltage MC14501AL VDD +18 to -0.5 Vdc
MC14501CL/CP +16 10 -0.5
Input Voltage, All Inputs Vin Vppto-0.5 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range— MC14501AL Ta -55 to +125 oc
— MC14501CL/CP] -40 to +85
Storage Temperature Range Tstg -65 to +150 oc
CIRCUIT SCHEMATIC
Vooo1e Voo
1}_]:1 AHJ]LIJ 1g_|:l o kR
13 (10) |
Lt 3 3 :Il ° o :]
®) 1 :] 14
” 20 ':1 L q_tﬂ% v
DD
l Vss 16
© 3 :' }—o
15
(5) 40~ | v i
SS

VssO8
Numbers in parenthesis are for second 4-input gate.

LOGIC DIAGRAM
(POSITIVE LOGIC)

Use Dotted Connection Externally

1
2

R ; 13
4 g

1

. 15 (NAND)
[:'"'!

2
5
6 l
10
7
9

- o

Vpp = Pin 16
Vgg = Pin8

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

See Mechanical Data Section for package dimensions.
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MC14501 (continued)

ELECTRICAL CHARACTERISTICS

MC14501AL MC14501CL/CP
Vpp | -55°C +25°C +125°C -40°C +25°C +85°C
Characteristic Pinun Symbol | Vdc [Min | Max [ Min Typ Max | Min | Max | Min | Max | Min Typ Max | Min | Max Unit
Output Voltage “0" Level |3.45] Voue | 50 | — Jo0o1| — [) 001| — |oos| - [oo1] — 0 001 — Joos | vdc
10 | - |oo1| — 0 001| - |oos| - Joo1| — o 001 — |oo0s
15 -1 -] - 0 -l -1 -1-1-1- 0 -1 -] -
“1" Level 5.0 |499| — |499| 50 — |a9s| - fa99| - |a99| 50 - | 495{ -
10 [999]| — }999| 10 — |99s] — |o99f — |s99| 10 — |o9s| —
B -] -1 - 15 - -1 -1-1-1- 15 - -1 -
Noise Immunity*
(Vouy 3.5 Vde) vae | s0|18| -] 15| 228 - | 14| - |15 - | 15| 228] - | 14] - vde
(Vout > 7.0 Vde) 10 |30)] - | 30| a5 - | 29| - ]30] - 45 - | 29| -
(Vout >>10.5 Vdc) 5| -] -| -1} 675 - -1 -1-1-1-1s6m1s] -| - -
(Vout < 1.5 Vdc) VNH 50 | 1.4 - 1.5 225 - 15 - 1.4 - 1.5 225 - 1.5 - Vdc
(Vout <3.0 Vdcl 10 29 - 30 45 - 0 - 29 - 3.0 4.5 - -
(Vout <4.5 Vdc) 15 - - - 6.75 - - - - - - 6.75 - - -
Output Drive Current 1oH
(VOH = 2.5 Vdc)  Source 1 50 |-062] — | 05| -15 — |-0.35] 0.23] - |02} -15 - |-0.16f - mAdc
(VOH = 9.5 Vdc)  NAND 10 |-0.62| - | 05| -10 - |-035 - (-0.23] — [-02 -1.0 - [-0-161 —
(VoH = 13.5 Vdc) 15 — — - -3.0 - = - - - - -3.0 - - -
(VOH = 2.6 Vdc) NOR 6 5.0 |-0.84] — | 0.7 -3.0 - -0.5 - |-0.36] — |-03 -3.0 - |-0.24] - mAdc
(VoH = 9.5 Vdc) 10 [(-0.84] — [ -0.7 -1.5 - 0.5 036 — [-03 -1.5 - |-0.24] -
(VoH = 13.5 Vdc) 15 — — — -6.0 - - - — - - -6.0 - - -
(VoH =2.5Vdc) NOR- 8 5.0 18| - | -15 -5.0 - -1.0| - |-072] - |-06 -5.0 -0.49] — mAdc
(VOH =9.5Vdc) Inverter 10 18f{ — | -15]| -3.0 - -1.0 - |0.72) — |06} -3.0 - |-0.49] -
{(VoH = 13.5 Vdc) 15 — = — -12 - — — — — — -12 — — -
(VoL = 0.4 Vdc}  Sink 2 oL 5.0 .5 0.4 0.8 - | o028 - Jo23| — 0.2 0.8 - | 016} - mAdc
(Vo - 0.5 Vde) NAND 10 1.1 - 09 1.2 - 065 — 0.6 - 0.5 1.2 - 04 -
(VoL = 1.5 Vde) 5 - - | - 6.0 -l -1 -1-1-1- 6.0 - -1 -
(VoL = 0.4 Vde) NOR 7 50 |0.62| - 05 1.0 - 1035 - 0.3 - 10.25 1.0 - 017 - mAdc
(Vo = 0.5 Vdc) 10 |1.36| - 11 23 - 0.8 - |072) - 0.6 23 0.49| -
(VoL = 1.5 Vde) 15 | - | - 10 - - - -1 -1- 10 - - -
(VoL =0.4 Vdc) NOR- 9 5.0 | 0.74] - 06 1.3 - 04 — |036| — 0.3 1.3 - | 0.24