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COS/ MOS Integrated Circuits

This DATABOOK contains complete data and
related application notes on COS/MOS digital
integrated circuits presently available from RCA
Solid State Division as standard products. For ease
of type selection, functional diagrams are shown
on pages 8-18. Data sheets are then included in
type-number sequence, followed by output-drive-
current test-circuit connections, terminal-
assignment diagrams, and dimensional outlines for
all types, by application notes in numerical order,
and finally by a comprehensive subject index.

To simplify data reference, data sheets are arranged
as nearly as possible in numerical sequence of
device type numbers. Because some data sheets
include more than one type number, however,
some types may be out of sequence. |f you don’t
find the type you're looking for where you expect
it to be, please consult the Index to Devices on
page 7.
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RCA Solid State
Total Data Service System

The RCA Solid State DATABOOKS are supplemented throughout
the year by a comprehensive data service system that keeps you
aware of all new device announcements and lets you obtain as much
or as little product information as you need — when you need it.

New solid-state devices and related publications announced during
the year are described in a newsletter entitled “What’s New in Solid
State”. If you obtained your DATABQOOK(s) directly from RCA,
your name is already on the mailing list for this newsletter. If you
obtained your book(s) from a source other than RCA and wish to
receive the newsletter, please fill out the form on page 4, detach it,
and mail it to RCA.

Each newsletter issue contains a ‘’bingo’’-type fast-response form for
your use in requesting information on new devices of interest to you.
If you wish to receive all new product information published
throughout the year, without having to use the newsletter response
form, you may subscribe to a mailing service which will bring you all
new data sheets and application notes in a package every other
month. You can also obtain a binder for easy filing of all your
supplementary material. Provisions for obtaining information on the
update mailing service and the binder are included in the order form
on page 4.

Because we are interested in your reaction to this approach to data
service, we invite you to add your comments to the form when you
return it, or to send your remarks to one of the addresses listed at
the top of the form. We solicit your constructive criticism to help us
improve our service to you.



Order Form for ““What’s New in Solid State”
and for further information on Update Mailings and Binders

Please fill out just one copy of this form, and mail it to:
(a) from U.S.A. and Canada:
' RCA Solid State Division

Box 3200
Somerville, N. J., U.S.A. 08876

A (b) from Latin America and Far East:

RCA Solid State
International Sales .
Somerville, N. J., U.S.A. 08876

(c) from United Kingdom, Europe, Middle East, and Africa:

RCA Limited o RCA s.a.
Sunbury-on-Thames or 4400 Herstal
Middlesex TW16 7HW, England Liege, Belgium

O Please add my name to the mailing list for “What's New in Solid State’’
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Index to COS/MOS Integrated Circuits

{Circuits marked with an asterisk (*) are also available in chip form.

A data sheet on COS/MOS IC chips, File No. 517, is available on request.)

Type No.

* CDA000A
* CD4001A
* CD4002A
* CD4004A
* CD4006A
*» CD4007A
* CD4008A
» CD4009A
+ CD4010A
» CD4011A
+ CD4012A
» CD4013A
« CD4014A
* CD4015A
+ CD4016A
* CD4017A
* CD4018A

+ CD4019A .

* CD4020A
* CD4021A
* CD4022A
* CD4023A
* CD4024A
* CD4025A
* CD4026A
* CD4027A
* CD4028A
* CD4029A
* CD4030A
* CD4031A
* CD4032A
* CD4033A
* CD4034A
* CDA4035A
* CD4036A
* CD4037A
* CDA4038A
* CD4039A
* CD4040A
* CD4041A
* CD4042A
* CD4043A
* CD4044A
* CDA4045A
* CD4046A
* CD4047A
* CD4048A
* CD4049A
* CD4050A

CD4051A

CD4052A

CD4053A

Description

Dual 3-input NOR gate plus inverter
Quad 2-input NOR gate

Dual 4-input NOR gate

Replaced by CD4024A Series
18-stage static shift register

Dual complementary pair plus inverter
4-bit full adder with parallel carry
Hex buffer/converter (inverting)

Hex buffer/converter (non-inverting)
Quad 2-input NAND gate

Dual 4-input NAND gate

Dual D" flip-flop with set/reset
8-stage static shift register

Dual 4-stage static shift register

Quad bilateral switch

Decade counter/divider

Presettable divide-by*'N* counter
Quad AND-OR select gate

14-stage binary/ripple counter

8-stage static shift register

Divide-by-8 counter/divider

Triple 3-input NAND gate

7-stage binary counter

Triple 3-input NOR gate

Decade counter/divider

Dual J-K master-slave flip-flop
BCD-to-decimal decoder

Presettable up/down counter

Quad exclusive-OR gate

64-stage static shift register

Triple serial adder (positive logic)
Decade counter/divider

MS1 8-stage static shift register

4-stage parallel in/out shift register
4-word x 8-bit RAM (binary addressing)
Triple AND-OR bi-phase pairs

Triple serial adder (negative logic)
4-word x 8-bit RAM (word-line addressing)
12-stage binary/ripple counter

Quad true/complement buffer

Quad clocked “D" latch

Quad 3-state NOR R/S latch

Quad 3-state NAND R/S latch
21-stage counter

Micropower phase-locked loop

/ ble multivil
Expandable 8-input gate

Hex buffer/converter (inverting)
Hex buffer/converter (non-inverting)
Single 8-channel multiplexer
Differential 4-channel multiplexer
Triple 2-channel multiplexer

Page No.

32
32
32
39
44
50
56
56
63
63
70
76
81
86
94
99
104
109
14
119
63
124
32
130
139
145
150
157
162

130
173
181
188
195
168
188
200
205
212
216
216
222
- 227
234
245
252
252
259
259
259

-

-

-

-

-

-

-

-

*

-

-

-

»

-

»

-

»

-

»

»

*

Type No.

CD4054A
CDA4055A
CD4056A
CD4057A
CDA4059A
CDA4060A

CD4061A
CD4062A
CD4063B
CD4066A
CD40678
CD40688
CD40698B
CD40708B
CD4071B
CD40728
CD4073B
€D40758
€D40768
CD40778B
C€D40788
cD40818
€D40828
CD40858
€D40868

CD4089B
C€D40938
CD40948
CD40958

CD4096B
CD40978

CD40988
CD40998
€D45028B
CD4511B
CD4514B

CD45158B

CD4518B
CD4520B
CD45278
CD4532B
CDA4555B

CD45568

Description Page No.
4-line liquid-crystal display driver 267
BCD-7-segment decoder/driver 267
BCD-7-segment decoder/driver 267
LS| 4-bit arithmetic logic unit 273
Programmable divide-by-N counter 285
14-stage ripple-carry binary counter/divider

and oscillator 291
256-word x 1-bit static RAM 298
200-stage dynamic shift register 305
4-bit magnitude comparator 313
Quad bilateral switch 319
16-ch 1 iol P} Itipl 326
8-input NAND gate 329
Hex Inverter 334
Quad exclusive-OR gate 340
Quad 2-input OR gate 342
Dual 4-input OR gate 342
Triple 3-input AND gate 348
Triple 3-input OR gate 342
4-bit D-Type register with 3 state outputs 354
Quad exclusive NOR gate 340
8-input NOR gate 357
Quad 2-input AND gate 348
Dual 4-input AND gate 348
Dual 2-wide 2-input AND-OR-INVERT gate 362
Expandable 4-wide 2-input

AND-OR-INVERT gate 368
Binary rate multiplier 374
Quad 2-input NAND Schmitt Triggers 378
8-stage shift-and-store bus register 384
Gated J-K M-S Flip-Flop

{non-inverting J&K inputs) 386
Gated J-K M-S Flip-Flop

(inverting & non-inverting J & K inputs) 386
Differential 8-channel multiplexer/
demultiplexer 326
Dual monostable multivibrator 388
8-bit addressable latch . 392
Strobed hex inverter/buffer 394
BCD to 7-segment latch decoder driver 398
4-bit latch/4-to-16 line decoder

(high on select) 401
4.bit latch/4-t0-16 line decoder

(low on select) 401
Dual BCD up counter 407
Dual binary up counter 407
BCD rate multiplier 413
8-input priorty encoder a7
Dual binary to 1 of 4 decoder/

demultiplexer (high on select) “19
Dual binary to 1-of-4 decoder/

419

demultiplexer {low on select)
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COUNTERS
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DISPLAY COUNTERS/DECODERS/DRIVERS/ENCODERS
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MULTIPLEXERS
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ARITHMETIC CIRCUITS
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MEMORIES
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File No. 768
RATE MULTIPLIERS
S——4 s ——a
casc 12 casc 42
. En-4 7 _Eout ey 4 7 _Eour
RATE INPUT 2| RATE INPUT -2
CLOCK _ 19 6_out cLocK 1o 6_ouT
ST — A0
a8 5 OUT 2 14 5 OUT
-2 g5
MULTIPLIER - 2 | | "o" MULTIPLIER . 2 | |
3 3
cLear —23] cLear —3]
Vop =16 Vpp=16
Vgg=8 Vss=8
92Ccs-22914
CD45278B €D4089B
BCD Rate Mulitiplier Binary Rate Multiplier
Preliminary Preliminary



NEW PRODUCTS PROGRAM

The CD Preliminary COS/MOS types listed below are some of the devices scheduled for introduction during 1975.
Logic diagrams and terminal assignment diagrams are shown following the listing.

Additional types will also be announced throughout the year. For information concerning announcement dates and
product availability®, contact your RCA representative or supplier, or watch for announcement in the RCA Solid State
Announcement Newsletter “What’s New In Solid State” referred to on the inside front cover of this DATABOOK.

Preliminary
CD Type

CD4508B

CD45108B

CD45168B

CD40100B
CD40101B
CD40102B
CD401038B
CD40104B
CD401058
CD40106B
CD401078
CD40108B
CD40181B
CD40182B
CD40192B
CD401938
CD40194B

Circuit Description

Dual 4-Bit Latch

4-Bit BCD Up/Down Counter

4-Bit Binary Up/Down Counter

32-Bit Left/Right Shift Register

9-Bit Parity Generator & Checker

Presettable 8-Bit BCD Down Counter

Presettable 8-Bit Binary Down Counter

Three State 4-Bit Left/Right Shift Register

4-Word X 4-Bit FIFO Buffer

Hex Schmitt Trigger Inverter

Dual 2-Input NAND Buffer/Driver

4 X 4 Multiport Register

4-Bit Arithmetic Logic Unit

Look-Ahead Carry Block

Synchronous 4-Bit BCD Up/Down Counter (Dual Clock)
Synchronous 4-Bit Binary Up/Down Counter (Dual Clock)
4-Bit Left/Right Shift Register

*Because of the wide interest in COS/MOS parts, RCA reserves the right to limit sample quantities.

Similar
Industry
Type

MC14508
MC14510
MC14516

T

4 13 SHIFT
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4 x 4 Multiport Register 4-Bit Left/Right Shift Register Shift Register
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COS/MOS Design and Operating Considerations

The information on the following pages serves as a brief
introduction to COS/MOS specifications, ratings, and perform-
ance characteristics. This information is included to help the
user avoid problems in connection with over-all systems
design. COS/MOS operation, design, and layout fundamentals
are discussed in detail in the RCA COS/MOS Integrated
Circuits Manual, CMS-271.

Maximum Ratings
The maximum ratings for all the COS/MOS devices included
in this book are as follows:

Characteristic Symbol “A” Series “B” Series Unit
Supply Voltage Vpp— *15t0-05 +I8t0-0.5 Vdc
Vss
Input Voltage,
All Inputs A\ Vgg <Vi<Vpp Vde
Device Power
Dissipation per
package Pp 200 mW
Operating-Temperature
Range: T
Ceramic Packages -55to+125 °cC
Plastic Package -40 to +85 °c
Storage-Temperature .
Range: Tstg -65 to +150 C
Lead Temperature
(during soldering)
at a distance of
1/16£1/32 inch
(1.59£0.79 mm)
from case for
10 sec. Tiead +265 °C

Operating Supply-Voltage Range

COS/MOS integrated circuits are specified in one of two
supply-voltage ranges: ‘“A”-series devices operate from 3 to 15
volts, and “B”-series devices from 3 to 18 volts. Logic systems
occasionally experience transient conditions on the power-
supply line which, when added to the nominal power-bus
voltage, could exceed the safe limits of circuits connected to
the power bus. Recommended supply-voltage ranges which
realistically assess these conditions are 4 to 12 volts for
“A”-series devices, and 4 to.15 volts for “B”-series devices.

The recommended maximum power-supply limit is substan-
tially below the minimum primary breakdown limit for the
devices to. allow for limited power-supply transient and
regulation limits. The minimum recommended supply voltage
of 4 volts also takes into account transient and regulation

limits. In addition, circuits that operate in a linear mode over a
portion of the voltage range, such as RC or crystal oscillators,
often require a supply voltage of at least 4 volts.

Power Dissipation

Power dissipation in a COS/MOS device is composed of two
terms, quiescent (dc) dissipation and dynamic (ac) dissipation,
PQ and P, respectively. Quiescent dissipation, generally
varying from a few nanowatts for small devices to tens of
microwatts for large devices, is due to a combination of
leakage effects comprising parasitic junction diodes (normally
reverse-biased) and surface effects. Dynamic dissipation is
comprised of two elements: (1) “through”-current that exists
during the transition from one logic level to the other, when
both N-MOS and P-MOS devices are momentarily conducting
simultaneously, and (2) power-supply current required to
charge the node and output capacitance during switching.

The first component (internal switching) of dynamic
dissipation is usually negligible compared to the component
associated with charging capacitance, particularly for systems
with fast rise and fall times. As transition times increase,
however, through-current increases appreciably and the total
current is a complex function of the transition times and
capacitance.

In most circuits, the ac dissipation (Pac) in watts is equal to
Co VDDZ f, where Cy is the effective output capacitance
(including load capacitance) in farads, Vppy is the supply
voltage in volts, and f is the frequency in Hz. Because the
output capacitance must be charged from Vgg to Vpypy once
each period, dynamic dissipation increases linearly with
frequency and load capacitance, and as the square of the
supply voltage Vpp. Each COS/MOS data sheet includes a
curve showing dynamic power dissipation as a function of
frequency. Fig. 1 shows switching current and voltage
waveforms for different values of load capacitance and input
rise and fall times.

Sy Noise Consideration:

In general, COS/MOS devices are much less sensitive to
noise on power and ground lines than bipolar logic families
(such as TTL or DTL). However, this sensitivity varies as a
function of the power-supply voltage, and more importantly as
a function of synchronism between noise spikes and input
transitions. Good power distribution in digital systems
requires that the power bus have a low dynamic impedance;
for this purpose, discrete decoupling capacitors should be
distributed across the power bus.

Power-Source Rules

The safe operating procedures listed ‘below can easily be
understood by reference to the basic COS/MOS inverter and
its gate-oxide protection network plus inherent diodes, as
shown in Fig. 2.

1. When separate power supplies are used for the COS/MOS
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COS/MOS Design and Operating Considerations

DD

Vout

(@) INPUT t;, t=10 us
=15 pF

Igg 1.25 ‘\

{b) INPUT t,, tg =400 ns

CL=15 pF

Ipp 25

Iss 25

(c) INPUT t, tf =40 ns
C=65pF

92CM-25118

Fig. 1—-Switching-current

device and for the device inputs, the device power supply
should always be turned on before the independent input
signal sources, and the input signals should be turned off
before the power supply is turned off (VSS <V < Vppas
a maximum limit). This rule will prevent over-dissipation and
possible damage of the D2 input-protection diode when the
device power supply is grounded. When the device power
supply is an open circuit, violation of this rule can result in
undesired circuit operation although device damage should not
result; ac inputs can be rectified by diode D2 to act as a power
supply.

2. The power-supply operating voltage should be kept safely
below the absolute maximum supply rating, as indicated
previously.
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3. The power-supply polarity for COS/MOS circuits should
not be reversed. The data sheets state that the positive (Vpp)
terminal should never be more than 0.5 volt negative with
respect to the negative (Vgg) terminal (Vpp — Vgg > -0.5 V).

(f+ VoD

n-SUB
n-SuB
oz]k o2k Aoz
ot [l p ot
INPUT R '—l QUTPUT
O— % GATES 0

o
:t" r T N

~Vss

92C5-25104
Fig. 2-COS/MOS inverter.

This absolute maximum rating means that reversal of polarity
will forward-bias and short the structural and protection diodes
between Vpy and Vgg.

4. V, should be equal to or greater than Ve for
COS/MOS  buffers which have two power supplies (in
particular, for CD4009A and CD4010A COS/MOS-to-TTL
“down”-conversion devices). .

5. Power-source current capability should be limited to as
low a value as reasonable to assure good logic operation.

6. Large values of resistors in series with Vpp or Vgg
should be avoided; transient turn-on of input protection
diodes can result from drops across such resistors during
switching.

Gate-Oxide Protection Networks

A problem occasionally encountered in handling and testing
low-power semiconductor devices, including MOS and small-
geometry bipolar devices, has been damage to gate oxide
and/or p-n junctions. Fig. 3 shows the gate-oxide protection
circuits used to protect COS/MOS circuits from static
electricity damage. ICAN-6218 gives further information on
protection circuits. Although these circuits are included in all
COS/MOS devices, the handling precautions discussed in
ICAN-6218 and in ICAN-6000 should be observed.

Input Signals and Ratings

1. Input signals should be maintained within the power-
supply voltage range, Vgg < Vi < Vpyp. In applications such
as astable and monostable multivibrators, input current can
flow and should be limited to the microampere level by use of
a resistor in series with the input terminal affected.

2. All COS/MOS inputs should be terminated. When
COS/MOS inputs are wired to edge card connectors with
COS/MOS drive coming from another PC board, a shunt
resistor should be connected to Vpypy or Vg in case the inputs
become unterminated with the power supply on.
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Fig. 3—Protection circuits used in
input protection;
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COS/MOS devices: (a) normal gate

(b) CD4059A and CD4050A gate input

input-output protection; (d)

9.

active (inverter) output protection.

3. When COS/MOS circuits are driven by TTL logic, a
“pull-up” resistor should be connected from the COS/MOS
input to 5 volts (further information is given in ICAN6602).

4. Input signals should be maintained within the recom-
mended input-signal-swing range.

Output Rules

1 The power dissipation in a COS/MOS package should not
exceed 200 milliwatts. The actual dissipation should be
calculated when (a) shorting outputs directly to Vppy or Vgg,
(b) driving low-impedance loads, or (c) directly driving the
base of a p-n-p or n-p-n bipolar transistor.

2. Output short circuits often result from testing errors or
improper board assembly. Shorts on buffer outputs or across
power supplies greater than 5 volts can damage COS/MOS
devices.

3. COS/MOS, like active pull-up TTL, cannot be connected
in the “wire-OR” configuration because an “on” P-MOS and

n “on” N-MOS transistor could be directly shorted across the
power-supply rails.

4. Paralleling inputs and outputs of gates is recommended
only when the gates are within the same IC package.

S. Output loads should return "to a voltage within the
supply-voltage range (Vpp to Vgg).

6. Large capacitive loads (greater than 5000 pF) on
COS/MOS buffers or high-current drivers act like short circuits
and may over-dissipate output transistors.

7. Output transistors may be over-dissipated by operating
buffers as linear amplifiers or using these types as one-shot or
astable multivibrators.

Noise Immunity

The complementary structure of the inverter, common to
all COS/MOS logic devices, results in a near-ideal input-output
transfer characteristic, with switching point midway (45% to
55%) between the 0 and 1 output logic levels. The result is
high dc noise immunity.

Fig. 4 illustrates minimum and maximum transfer character-
istics useful for defining noise immunity for an inverter and a.

non-inverter. The noise-immunity voltage (Vyyp , V) is that
noise voltage at any one input which will not propagate
through the system. Minimum noise immunity is 30% of the
supply voltage (20% for some buffer types). Some noise-
immunity definitions are given below:

Vi, max = the maximum input voltage at low-level input
for which the output logic level does not change state.

Vg min = the minimum input voltage at high-level input
for which the output logic level does not change state.

YNLEVIL

VN VDDVH

Voy min = minimum high-level output voltage (logic 1
level) for rated Vyyp (for an inverting logic function) or Vyyy
(for a non-inverting logic function).

Vi max = maximum low-level output voltage for rated
Vng (for an inverting logic function) or Vi (for a
non-inverting logic function).

Noise immunity .increases as the input noise pulse width
becomes less than the propagation delay of the circuit. This
condition is often described as ac noise immunity. (Further
information on noise immunity is given in ICAN-6176.)

» P
g 3
T Voo > Voo

VoH Vou
> MIN > MIN
2 s |
w w 1
<]
g 2 |
a 4
<] 3 I
> > |
5 VoL 5 VoL |
& MAX a max L
3 2
S vy - | vy = 3 l‘—VNL"' ’i VNH

Vss ViL Vi Voo Vss VI Vi Voo
MAX  MIN MAX MIN
INPUT VOLTAGE (V1) —VOLTS  INPUT VOLTAGE (V1) — VOLTS
(a) (b)
92Cs-25103

b

Fig. 4—Mini and transfer for (a) inverting
logic function, and (b) non-inverting logic function.
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COS/MOS Design and Operating Considerations

Clock Rise- and Fall-Time Requirements

All COS/MOS clocked devices have maximum clock rise-
and fall-time ratings (normally 5 to 15 microseconds). With
longer rise or fall times, a device may not function properly
because of data ripple-through, false triggering problems, etc.
Long rise and fall times on COS/MOS buffer-type inputs cause
increased power dissipation which may exceed device capa-
bility for power supplies above 5 volts.

Parallel Clocking

Process variations leading to differences in input threshold
voltage among random device samples can cause loss of data
between certain synchronously clocked sequential circuits, as

shown in Fig. 5. This problem can be-avoided if the clock rise
time (t,CL) is made less than the total of the fixed
propagation delay plus the output transition time of the first
stage, as determined from the device data for the specific
loading condition in effect. Schmitt Trigger circuits such as the
CD4093B are an ideal solution to applications requiring
wave-shaping.

Three-State Logic

Three-state logic can be easily implemented by use of a
transmission gate in the output circuit; this technique provides
a solution to the wire-OR problem in many cases.

CASCADING WITH SLOW CLOCK
CAN CAUSE ERROR

0 o

cL.

0 Qp

Voo
0-7Vpp
cL o.3vop |
|

SWITCHING POINT=0.3 VDD

—————— —PROPER
G2 SWITCHING POINT = 0.7 Vpp
ERROR

Fig. 5-Error effect that results from a slow clock in cascaded circuits.
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COS/MOS Family Characteristics

Overview

CD4000A Series — RCA COS/MOS types designed for
3-to-15-volt operation; all package styles

CD4000B Series — RCA COS/MOS types designed for
3-to-18-volt operation; all package styles

CD4500B Series — RCA COS/MOS types similar to industry

4500-series types designed for 3-to-18-volt operation; all

package styles

Packages

Dual-inline Plastic — suffix AE or BE (-40°C to +85°C
operation)

Dual-in-line Ceramic — suffix AF or BF (-55°C to +125°C
operation)

Dual-in-line Welded-Seal Ceramic — suffix AD or BD (-55°C
to +125°C operation)

Flat-Pack Ceramic — suffix AK or BK (-55°C to +125°C
operation)

Chip Form — suffix AH or BH (-55°C to +125°C operation)

Features
Ultra-Low Quiescent Power:
0.005 to 0.05 uW typical for SSI at V=5V
0.1 to 0.5 uW typical for MSI at Vp =5V
Wide Output-Voltage Swing when Driving COS/MOS:
High-level output — typically Vppy
Low-level output — typically Vgg
High Noise Immunity:
45% of Vpp typical
30% of VDD guaranteed on most devices
High Fan-Qut Driving COS/MOS: greater than 50
Input Current: +10 pA typical
Standard Input-Protection Circuit: double diode clamps
plus series resistor
Low Input Capacitance: 5 pF typical

Static Electrical Characteristics

Quiescent Device Current (lL). The quiescent current is the
levice current drawn by an IC in the steady-state condition
vith no load on the output. The IC inputs are tied either to
he positive (Vpp) terminal or the negative (Vgg) terminal
vhen quiescent current is measured.

Most devices exhibiting typical or “low” leakage currents at
oom temperature (25°C) are dominated by p-n junction
eakage. For these devices, Iy doubles approximately every
11°C. Devices exhibiting leakage currents close to the
maximum rating are dominated by surface leakage and will not
enerally follow an exponential characteristic, ie., surface
eakage current will usually increase at a considerably slower
ate than junction leakage as the temperature is increased.

Typical and minimum values for I} are given on individual
COS/MOS data sheets. For “B”-series devices, these values are
tandardized for SSI types and for MSI types. Quiescent-

device-current test circuits are also shown on the individual
data sheets.

Output Voltage Levels (Vg; and Vgy). Vgp is the
logic-“0” or low-level output voltage. Vyyy is the logic-“1” or
high-level output voltage. V(3; and Vgy are specified under
no load with inputs set at Vpypy or Vgg (i.e., noise-free input
conditions). Values for both “A”-series and *“B”-series devices
are as follows:

Low-Level Output (VOL):
Typical value at+25°C .............. Ground (Vgg)
Maximum value at -40°C/-55°C .............. 0.01V
Maximum value at +85°C/+125°C ............ 0.05V
High-Level Output (VQH):
Typicalvalueat25°C .......... ... .co...l Vpp
Minimum value at -40°C/-55°C . ...... (Vpp — 0.01V)
Minimum value at +85°C/+125°C .. .. . (Vpp — 005 V)

Voltage and Current Transfer Characteristics. Curves of
voltage and current input/output characteristics are given in
the individual data sheets for inverter, gate, and buffer devices.

DC Noise Immunity (Vyyy and Vyg). Noise-immunity
definitions were covered previously. Values for both “A”-series
and “B”-series devices are given below:

YN : . .
Vbb Vo (min.) VL (at 25°C)
Inverting Inverting |
SSI Devices  MSI Devices| 1P Max:
S 3.6 4.2 225 1.5
10 7.2 9.0 45 30
15* 10.8 13.5 6.75 —
VNH .
VbD VYo, (max.) Vng (at 25°C)
Inverting Inverting
SSI Devices ~ MSI Devices E’ Max.
“A” Series “B” Series
5 0.95 1.4 0.8 225 15
10 29 2.8 1.0 45 3.0
15% 4.2 1.5 6.75 -

*Specified for “B” series only.

Noise-immunity test circuits are shown on individual device
data sheets.

Output Drive Current (IpN and IpP).. IpNis. the output
sink current (existing in the N-MOS device) when the P-MOS
device is “off” and the N-MOS device is “on”, i.e., logic “0”
state. IpP is the output source current (existing in the P-MOS
device) when the N-MOS device is “off” and the P-MOS device
is “on”, ie., logic “1” state. Qutput-drive-current values are
given in the individual data sheets. For CD4000B- series
devices, these values are standardized as follows:
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O o] O
CHARAC | o ypoy | VO | VDD L —597C B i UNITS
TERISTIC Volts | Voits | Min. | Typ. | Max.| Min. | Typ. | Max.| Min. | Typ.| Max.
Output Drive
Current:
0.4 5 0.5 — — 0.4 0.8 — 0.3 — —
N(g':::)"e' N [05 |10 [ 11| - [ —T09[ 18 | - [065] — | — | ma
15 | 15 | - | - | — | 3 3 — | - S -
2.5 5 -2 - - |-1.6] -3.2 - |=115f - -
P-Channel IpP 4.6 5 —-05 | — — |-04] -0.38 — | -03 [ - — mA
(Source) 9.5 10 | -1.1 — — |—-09] -1.8 — |-065] — —
135 | 15 — 1 -] -1 -3] -6 | - = =1 =
Output Drive
Current:
0.4 5 0.45 - — 0.4 0.8 — | 0.36 — —
N-Channel 0.5 10 1 — — 0.9 1.8 — 1 0.75 -} - mA
(Sink) N s = | = =13 16 | =1-1-1-
a 26 [ 5 [-18] — [ - [-161-32 1 - |-13] - | ~
P-Channel IpP 4.6 5 |-045{ — | — |-04 | -08 — |-036] - — mA
" (Source) 9.5 10 -1 — - |-09 ] -1.8 — |-075] — —
13.5 15 — — — -3 —6 — - — -

These charts show that at +25°C drive-current limits are the
same for all package styles, i.e., they are standardized for all
packages. “B”-series drive-current characteristics curves are
also standardized. CD4500B-series devices have the same IpN
characteristics, but in some devices the IpP capability differs
from standard CD4000B-series standards, although it is
identical with similar 4500-series industry types. Figs. 6 and 7
show the normalized variation of output currents (source and
sink currents) with respect to temperature and voltage for
typical “B”-series devices.

Fig. 8 shows a typical test setup for output drive current.
The input switches S1, S2, S3.. Sy are set to positions (or, in
sequential logic, sequenced to positions) which will cause the
output terminal under test to be at the desired logic level (*“0”
for IpN, “1” for IpP). Output switch S4 is positioned to
connect an ammeter from the output terminal under test toa
separate power source which is to be set to the 'V, value
specified in the applicable data sheet. Drive current is
measured by means of meter M1. Test-circuit connections for
individual COS/MOS devices are given in the Appendix.

OUTPUT VOLTAGE (Vg) = 0.5 V OUTPUT VOLTAGE (Vp)=Vpp=-0.5 V :r—IF i i
TIITTITTITTTITTITITTITIT I T
2.5 2 15 JSUPPLY VOLTAGE (Vpp)=10 V, I5 V
Z 5 a
= a
muEN
; i
w_
£%, )
HG z2 ! !
5= e au s v
T Lz P S
cZ &
o SV o T
o = N3 =T
NS L] 3° IENEEN
2 o 10V, 15V
< T 5 '
3 05 0V, 15V g
g z
o
Ll 9, L1l
75 -5 -25 O 25 50 75 100 125 = -50 - 0 25 50 75 100 125
AMBIENT TEMPERATURE (T ) — °C AMBIENT TEMPERATURE (T5) — °C
92Cs-25110 92¢5-2511

Fig. 6—Variation of normalized sink current (/ DN) and source current

(1 pP) with temperature.
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Fig. 7—Variations of normalized sink current (IpN) and source
current (IpP) with supply voltage.
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Fig. 8—Output-drive-current test circuit.

Input Current (Ip). Input current Iy is the current measured
in an input pin with the input voltage at Vppy or Vgg; it
consists only of leakage current existing primarily in
protection-circuit diodes.

I (typ)=%10 PA for “A” and “B” series COS/MOS

Iy (max.) = £ 1 pA for “B” series COS/MOS at T = 25° C,
Vpp=15V
Fig. 9 shows a typical test setup for input current. Switches
S1, 82, S3... Sy are set to positions which connect the input

Voo
DUT
—O
INPUTS _IO
|
1
OUTPUTS :
1
|
I
E
O
Vss
92CS-25105

Fig. 9—Input-current test circuit.

terminal under test through current meter M1 to either VDD
or Vgg (determined by position of S4). Input terminals not
under test are connected to Vgg- Output terminals are open.
Input current is indicated by meter M1.

Threshold Voltage. Threshold voltages of n- and p-channel
devices generally range from 0.7 to 2.8 volts, centered around
1.5 volts. Noise-immunity specifications, which are shown on
all COS/MOS data sheets, provide the necessary controls on
device thresholds and are generally useful for commercial
applications purposes. Values of threshold voltage are specified
for high-reliability COS/MOS devices, and are shown in the
High-Reliability Devices DATABOOK, SSD-207. Detailed
circuits and connections for: threshold -voltage tests are also
shown in SSD-207.

Dynamic Electrical Characteristics

For “A”-series COS/MOS devices, dynamic electrical charac-
teristics are measured at VDD =5Vand 10V, T A= 25°C, CL
=15 pF and input t. and t = 20 ns. Typical temperature
coefficient for dynamic characteristics is | 0.3%/°C | (negative
for maximum clock frequency, positive for other time
parameters).“B”-series devices are measured at VDD 5V, 10
V,and 15V, TA=25 C,Cy,=50pF, and input t and t¢= 20
ns. Figs. 10-12  show the normalized variation of transmon
time (trpygand tygy) and propagation delay time (tppyp
andtpy ) with respect to temperature and voltage for
“B”-series devices.
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Fig. 12—Variation of delay time (tpy;, and

tpy ) with supply voltaye.

Waveforms for measurement of dynamic characteristics are
shown at right.  Typical curves of dynamic characteristics are
given in the individual data sheets. For CD4000B-series
devices, values for transition time (tyyy and typy) are
standardized, as shown below:

Vpp ) Typ. Max. Units
5 100 200 ns
10 50 100 ns
15 40 80 ns

Curves of transition time ds a function of VDD are also
standardized for these devices, as shown in Fig. 13.
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ORDERING

INFORMATION CD4000A and CD4000B Series

COS/MOS IC’s are available in a wide PACKAGE Suffix Letters
variety of package designs. These pack- Welded-Seal Ceramic Dual-In-Line b
ages are identified by Suffix Letters indi- Prastic Duak-in-Line e
cated in the chart shown at right. When Ceramic Dual-in-Ling F
ordering COS/MOS devices, it is impor- Ceramic Flat Pack X
tant that the appropriate suffix letter be [cnip H
affixed to the type number of the device TO-5 Style T
required.

COS/MOS PACKAGES AND LEAD FORMS

\m\ A
'E\\. ALY
H-1383R1 H-1703 H-1757 H-1803
14-Lead 16-Lead 24-Lead 28-Lead
Flat Pack K" Flat Pack K" Flat Pack “K" Flat Pack “K”

Sl

== 00
' H-1682

g !
H-1663

H-1644

i

14-Lead Welded-Seal

Dual-in-Line
Ceramic D"

24-Lead Welded-Seal
Dual-in-Line
Ceramic “D"”"

H-1517

14-Lead Dual-in-
Line Plastic “E"

16-Lead Welded-Seal
Dual-in-Line

. Ceramic “D"

28-Lead Welded-Seal

Dual-in-Line
Ceramic D"

H-1786

16-Lead Welded-Seal
Dual-in-Line
Ceramic D"

14-Lead
Dual-in-Line Ceramic “F*

H-1622

16-Lead Dual-in-
Line Plastic “E"

16-Lead Welded-Seal
Dual-in-Line Side-
Brazed Ceramic "“D*

H-1807

16-Lead

Dual-in-Line Ceramic “F”

H-1463

12-Lead
TO-5 " T"
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File No. 479

Digital Integrated Circuits
Monolithic Silicon

CD4000A,CD4001A
CD4002A,CD4025A

Types
COS/MOS NOR Gates
R = T (Positive Logic)
Special Features
® Medium speed operation. ..... tpqL = tpLH = 25 ns (typ.)
atCy =15 pF
® Low “high”- and “low"-level output impedance. .. ... 50002
and 20052 (typ), respectively at Vpp — Vgs = 10 V
Dual 3 Input
plus Inverter CD4000AD, CD4000AE, CD4000AF, CD4000AK
CD4000A Quad 2 Input CD4001AD, CD4001AE, CD4001AF, CD4001AK
Dual 4 Input  CD4002AD, CD4002AE, CD4002AF, CD4002AK

Triple 3 Input CD4025AD, CD4025AE, CD4025AF, CD4025AK

The combination of these devices and the RCA NAND can account for appreciable package-count savings in various
positive logic gate types CD4011A, CD4012A, and CD4023A  logic function configurations.
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Fig.1.1—Schematic diagram for type CD4000A.
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CDA4000A, CD4001A, CD4002A, CD4025A
e el
6__ P P l_______8
& o Lz, 3
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Fig.1. 2—Schen:astsic diagram for
type CD4001A.
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Fig.1.3—Schematic diagram for type CD4002A.
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Fig. 1.4—Schematic diagram for type CD4025A.
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CDA4000A, CD4001A, CD4002A, CD4025A - File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs_ C e h s et e I Vss < V| < VDD’
{Recommended DC Supply Voltage (Vpp — Vgs) 3to15V)
LIMITS CHARAC
CD4000AD,CD4001AD,CD4002AD ,CD402SAD, TERISTIC
TEST CDA4000AK,CD4001AK ,CD4002AK CD4025AK, CURVES
CHARACTERISTIC | SYMBOL | conpiTioNs CD400DAF CD4001AF.CDA002AF CDA025AF UNITS | & TEST
Vo | VoD —55°C 25°C 125°C CIRCUITS
[Volts] Volts] Min.| Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device 5| - - 1005 | - | 0.001}0.05 - - 3 uA
Current L — —
10| - - Joa - | 0.001}0.1 6
Quiescent Device P 5 | - - _|0.25 — ] 0.005 |0.25 - - 15 W
Dissipation/Package | PO ) 10 _ _ 1 — loo1 1 — — 60
Output Voltage: v Vivop | s | - | - foor | - | o Jooi | - | - foos| 15
Low-Level ot 00A [0 -] - [oo1 | -] o oot | - | - |oos 16
Vi=Vss 5 |a99| — - Jago | s - Jasos | - -1y .
High- | Vi .
fohLevel OH 100 [10 |egs| - | - |oso |10 | - [ees | - | -
Noise Immunity 36| 5|15 - - 15 2.25 - 14 - -
VNL - - v -
- (Any Input) 7.2| 10 3 - - 3 45 - 29 - -
For Definiti lo=0 -
See Appendix 095 5 |14 - - 15 225 - 15 - -
VNH v =
2.9] 10 |29 - - 3 45 - 3 - -
Output Drive Current: iy 04s] 5 |05 - - 0.40 1 ~ lo.z28 - “da 18
f =
N-Channel oN e Y ol - - oo [2s [ - Joes [ - | - 1.106
25# 5 |-062| - - |05 -2 - 035 | - - 19
P-Channel P [vi=vss ‘ mA 1110
95|10 |-062] - - 0.5 -1 - -0.35 - - .
input Current 4 - - - - 10 - - - - pA -
A ‘Maximum noise-free low-level Bipolar output voltage.
# Minimum noise-free high-level Bipolar output voltage. ¢ See Appendix.
HHHERE AMBIENT TEMPERATURE HHHHHHHHH
HLLELELL L LT (Tp) =25°C FHHH suPpLY voLts
ISUPPLY VOLTS (Vpp) = 15 s L Vop! = 15
15 oy o Voo - DD!
HHH H 11T
T 11 T
12.5 \i 125 T]A]*lzs’c o
X v _12sFHTA"
) | ° E HHHHIN- 55 ¢
> N | 10 B 1
o H g sieaic:
] g 3 Loah
1 T
; 5 75 125 <o \HHH
g E )l
3 RS I
35
u 1 |
S Hi HN 125 N
L+ 11 1T
1T T TT
1N I INEEI 1T
[} 2.5 5 7.5 10 125 15, o 2.5 7.5 0 12. 15
INPUT VOLTS (Vy) INPUT VOLTS (vy)
92Cs-17779 92C5-17780
Fig.1.5—~Min. & max. voltage transfer charac- Fig.1.6—Typ. voltage transfer characteristics

teristics. as a function of temp.



File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4000A, CD4001A, CD4002A, CD4025A

.. VSSSVISVDD,

(Recommended DC Supply Voltage (Vpp — Vgg) .« .. ...... 3t015V)
LIMITS CHARAC
. TERISTIC
TEST _ CD4000AE, CD4001AE, CD4002AE, CD4025AE CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST
o | VoD -40°C 25°C 85°C CIRCUITS
'olts] Voitg Min. | Typ. | Max. | Min. | Typ. | Max: | Min. | Typ. | Max Fig. No.
Quiescent Device 5 - - 0.5 - 0.008 0.5 - - 15
Current n LA
v 0] - - 5| - |oood 5 - - 30
Quiescent Device 51 - | -] 25| - |oo2s|2s - | - Bl
Dissipation/Package | PD 0 _ _ 50 ~ o005 |50 _ _ 300 "
Output Voltage: v Vi=Vpp 5 - - | o001 - o (oot - - loos| 15
Low-Level oL 10=0A 0| - - oo | - o oo | - R YT 16
Vi=Vss 5 | 499 - - | 499 5 - 4.95 - - v .
igh- 1] B .
High-Leve VoH 10=0A 10 (999 [ - — [o9o [ 10| - Joeos| -
Noise Immunity v 3.6) 5|15 - 1.5 225 14 v B
(Any Input) N 72[10] 3 3 |45 29
- 10=0
For
See Appendix v Q95| 5 |14 - 1.5 225 15 v _
NH 2.9| 10|29 - 3 4.5 3
Output Drive Current: 0.4+ 5 |0.35 - - 0.3 1 - 0.24 - - 1.8
N-Channel IoN  [Vi=VoD| mA IR
nne! 05 072 | - ~ o6 |25 | - Joas | - -
25¥ 5 jo3s | - - lo3 |2 - |oza | - - 19
P-Channel IpP Vi=Vss mA ¢
95) 10 [0.3 - ~ }-0.25 |-1 - 0.2 - - -
Input Current W - - - - 10 - - - - pA -
A Maximum noise-free low-level Bipolar output voltage.
#Minimum noise-free high-level Bipolar output voltage. 4 See Appendix.
AMBIENT TEMPERATURE (‘r,‘)szs'ci AMBIENT TEMPERATURE (Ty) = 25°C
NSRRI E TYPICAL TEMPERATURE COEFFICIENT FOR Ip=~03%/°C
5 LU LLLLLLL INRENREN} T 1T TTTTTTITC
UPPLY VOLTS (Vpp) = | 1 T T
T T T T
Yoo G IS RO O
o 25
023 14 12.5 2 & 2°[[TIGATE - 70 - SOURCE VOLTS (Vgg) = 15
> vr & o T
Al olo §| |B EEs:
2 10 o g W 20 1
] fi = 3
N < =4
> o4 —._/ 3 3
5 7.5 = 1 75 3 2 sHH
= H ” z z flobe i dvoo
H — z I Vi
©  sHAL ! 00 D 5 3 Z w0 P )
1 o = e T Vos
H | H musn-—g' )
2.5 oH ] 2.5 5 GatE "I~
I .
T at aas 5 INPUTS Vg
{1 TTN T T =N
1T 1T 1 I
0 25 5 75 10 125 I5 o 25 5 75 10 125 15
INPUT VOLTS (Vy) DRAIN — TO ~— SOURCE VOLTS (Vpg)
92¢s-17778 020517777
Fig.1.7—Typ. current & voltage transfer Fig.1.8~Typ. " ! drain ch istics.

characteristics.
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CDA4000A, CD4001A, CD4002A, CD4025A File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS at T = 25°C, C; =15pF, and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CD4000AD, AF, AK TERISTIC
CD4001AD, AF, AK | CD4000AE,CD4001AE
CHARACTERISTIC | SYMBOL | CONDITIONS. | cD4002AD, AF, AK {CD4002AE, CDo25aE |UNITS | CURVES
' : CD4025AD, AF, AK | & TEST
Vbp CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Propagatnon Delay Time:. 5 - 35 50 | — 35 80
High-to-Low Level tPHL 0 ~ py 20 ~ p ps ns 1.13
5 - 35 95 | — | 35 | 120
Low-to-High Level tPLH 0 ps 5 25 &5 ns 1.13
Transition Time: 5 - 65 125 - 65 200
High-to-Low Level TTHL 10 _ 35 | 70| - 35 | 115 ns 1.14
. 5 - 65 | 175 | — 65 | 300
Low-to-High Level tTLH 0 ~ 5 75 1 38 125 ns 1.14
Input Capacitance . Ci Any Input - 5 — - 5 - pF -

DYNAMIC ELECTRICAL CHARACTERISTICS (Driving TTL,DTL) AT T =25°C, Vpp—Vss =5V CL- SpF

TEST CONDITIONS LIMITS : o TYPICAL
) CD4000AD, AF, AK CHARAC-
CD4001AD, AF, AK| CD4000AE,CD4001AE
CHARACTERISTIC SYMBOL » CD4002AD. AF. AK| CDA002AE CD4025AE UNITS | TERISTICS
: Driving |cD4025AD, AF, AK : CURVES
TTL,DTL{ Min. | Typ.|Max. | Min. | Typ. [ Max. Fig. No.
- Med. _ — -
Propagation Delay Time: R = 2k$2 Power 35 - 35
High-To-Low Level | PHL L ne .18
igh-To-Low Leve Ry =20k fow | 135 | - | - 35 -
Med.
Ry = 2k§2 - 15 - - 15 —
Low-To-High Level tpLH L Power ns 116
R 20k$2 ',;gx/ver - 20 | - - 20 _
. Ro-2ksy | Med o f _ tao | - f - |40 | -
Transition Ti THL ns
ransition Time
TLH R = 20kQ2 :;gxer - Ja | - | - 40 _

DRAIN-TO-SOURCE VOLTS (Vpg)
-15 -5 -0 -75 -5 -25 o - AMBIENT TEMPERATURE (Ty) = 25°C HTTH

T TYPICAL TEMPERATURE COEFFICIENT FOR Tp = -0.3% /°C 131
l4¢VDD @ —5 5 TIT I|lH|H‘[‘II|I|L|_JLjI[Jr
Ve )] -25 : ATE - TO - SOURCE VOLTS (Vgg) = |
= a8 =
" Vps g 12,5
—_— -5 ; 4
9
OTHER -GATE =0 = 5 10
| [ o un
INPUTS s E 5
3 2 75 5
T g = -
H -10 @ > AR a R I CD4000AD, CD4000AK
o7 @ 2 i 10117 CDA0OIAD, CD400IAK
ATE TO SOURCE VOLTS (Vgg) = =15 -1 a E 54 H 1 CD4002AD, CD4002AK
-12.59 ° T cp402540, CD40254K
H 1014 CD4000AEY
2.5 4 TT CD400IAE | _ _ _
H H CD4002AE
AMBIENT TEMPERATURE (Tp) = 25°C N H 5 n CD4025AE
TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3% /°C [ o 25 75 10 125 15
DRAIN — TO ~ SOURCE VOLTS (Vpg)
92¢5-17776 92cs-17853
Fig.1.9-Typ. p drain ch. istic Fig.1.10—-Min. drain istics.
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File No. 479 CD4000A, CD4001A, CD4002A, CD4025A
DRAIN-TO-SOURCE VOLTS (Vpg)
_i5 -0 - AMBIENT TEMPERATURE (T4 ) = 25°C
C04000AD) RS LOAD CAPACITANCE (C|) = I5 pF
CD4000AK inuan| a (Sl
CD400IAD -10] a
CD400IAK T -
CD4002AD =10
CD4002AK 50
CD4025AD o =
CD4025AK, 2 "
= : <
CD4000AE’ z =L a0
CD40OIAE | ... - z I
CD4002AE = a
¢ c 3
; =3 —I"ac
] &
E s~
(2]
=
GATE -TO- S| = <
10]
-75
0 o 15 20
SUPPLY VOLTS (Vpp)
92CS-17844 92C5-19866
Fig.1.11—Min. p-ch. I drain Fig.1.12-Typ. propagation delay time vs. Vpp.
AMBIENT TEMPERATURE (Ta) = 25°C m AMBIENT TEMPERATURE (Tp) =25°C
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES TYPICAL TE?PE.RAYURE COEFFICIENT FOR ALL VALUES
50| OF Vpp *0.3% /°C 300 | OF Vpp=0.3%/°C

2
L
z
]
g
3
f
o
z
a
< 100
w
H =
v SUPPLY VOLTS (Vpp) * 51 5
E T 8
o AT -t
g paasals
z 50 i
=3 =
5 =

H 15

H e —1
§ m: 7 = ] Tl
1
o - HHHF T
TTTHT 11 1T
o 0 20 30 40 50 60 70 80

LOAD CAPACITANCE (C }—pF
92C5-17781

Fig.1.13—Typ. propagation delay time vs. C[.
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|

T

=}

2

S

2 200

5 SUPPLY VOLTS (Vpp)=5

- T

w

Y T

=

z

o

= 100 T

2 »

3 EEEr L=

L = e !

T I

i T T
H T T
OO T 1

o

10 20 30 40 50 60 70 80

LOAD CAPACITANCE (C{)—pF
92C€Ss- 17782

Fig.1.14—Typ. transition time vs. Cf.

Fig.1.15-Typ.low-level propagation delay
time vs. C — driving TTL & DTL.

SUPPLY VOLTS (Vpp) =5 SUPPLY VOLTS (Vpp) =5
AMBIENT TEMPERATURE (Ty) = 25 °C H AMBIENT TEMPERATURE (Ty) = 25°C

2 50| TIPICAL TEMPERATURE COEFFICIENT FOR! 1 60| TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES
] ALL VALUES OF Vpp=0.3 %/°C TS <+ |oF Vop=0.3%sec
- AT =
=) a
=z IHI«JCH \«°v&‘__' - 50 i
- Ha s 3\ -~ T
= ST () w o
] 23 = LoAO
Y ?0\“?« F 40 <
% 5 %
@ o
o u 30
3 3
g ]
5 s0 £
< =
a <
o a
4 g w0

a

o 0 20 30 40 50 60 70 80 90 ° 0 20 30 40 50 60 70 80
LOAD CAPACITANCE (C ) — pF LOAD CAPACITANCE (C, ) —pF
92CS-17783 92CS-17784

Fig.1.16—Typ. high-level propagation delay
time vs. C_ — driving TTL & DTL.
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CD4000A, CD4001A, CD4002A, CD4025A File No. 479
a Voo
AMBIENT TEMPERATURE (Ta) = 25 °C Voo 14
1
- o
3 2
1 104 . 5
= 4
& -0 S:Do—_o EXAMPLE
W 03 77 llo, ExampLe . EXamPLE
5 [ suprLy vouTs (vVpp) - IS IL INPUTS | 1o, TLINPUTS
] 02! ol “r i S _O
a | 9
o
z sivate 5 u
g 0 % L ﬁ's 3 °
& 7
2 Ziz 2T 7
a - - —_— =
! - LOAD CAPAGITANCE (EL),;';: 1 1 PIN CONNECTIONS h
~ T T Ty MEASUREMENT  TOVpp o GHD I, PIN CONNECTIONS
HH ] oveors Elals 4571213 MEASUREMENT TOV To GND
INPUTS 2 412,814 357,11, TSeg
102 103 104 105 108 107 INPUTS 3 513,814 347,12 NeuTS 2
INPUT FREQUENCY (f}) —Hz 92C5-17865 92€5-20729 92Cs-20730

Fig.1.17 — Typ. dissipation characteristics.

EXAMPLE
INPUTS | I

I PIN CONNECTIONS
MEASUREMENT ~ TO Vpp  TOGND
INPUTS | 29,14 3,45710,,12
INPUTS 2 3,04 2,4,59,11
INPUTS 3 41,14 2,3,5,9,00,12
INPUTS 4 112,14 2,3,4,9,10,1

92C5-20731

Fig.1.20 — Quiescent device
current test circuit
for CD4002A.

Vop
SVOR IOV

o—QI15V OR3V

92CS -20734RI

Fig.1.23— Noise immunity
test circuit for CD4001A.

Fig.1.18 — Quiescent device
current test circuit
for CD4000A.

Voo
o
6. EXAMPLE
O INPUTS I T,
04
1 PIN CONNECTIONS
MEASUREMENT 7O Vpp IO GND
INPUTS | 1,3,11,14 2,4,5,7,8,12,I13
INPUTS 2 340204 13,57.811,13
INPUTS 3 8534 L2372

‘)0—03A5V0R7V

92C$-20732
Fig.1.21 — Quiescent device

current test circuit
for CD4025A.

Vop
5VORIOV

14
3
12

n
0

9
8

js.svon7v
lI.SV OR3V

92CS - 207 35R|

~N oo s un—

Fig.1.24 — Noise immunity
test circuit for CD4002A.

Fig.1.19 — Quiescent device
current test circuit
for CD4001A.

3
4
I

L50R3.8V
(Vpp*5V)

L

3VOR TV
(Vpp*10 V)

92Cs-20733

Fig.1.22 — Noise immunity
test circuit for CD4000A.

35VORTV Voo

j).w ORIOV

IL.5VOR 3V

FEEEYX L

92CS— 20736RI

Fig.1.25 — Noise immunity
test circuit for CD4025A.
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Digital Integrated Circuits

Monolithic Silicon

CD4006AD, CD4006AF
CD4006AE, CD4006AK

! 4 13
o fons

S a 12,
°2 ours
cLock 3|

4

5

Special Features

04 &

Applications

CDA4006A types are comprised of 4 separate “’shift register’’
sections; two sections of four stages and two sections of five
stages with an output tap at the fourth stage. Each section
has an independent “single rail’’ data path.

A common clock signal is used for all stages. Data is shifted to
the next stage on negative-going transitions of the clock.

. D+!
o |54

- IF 4thOR

cL cL 5th STAGE

TRUTH TABLE FOR SHIFT REGISTER STAGE

[ ot 0+l

o A o NC=NO CHANGE
X=DON'T CARE

1 \ I 43 LEVEL CHANGE

x A NC

92Cs-17887

Fig.3.1—Logic diagram and truth table (one register stage)
for type CD4006A.

10-73

= Time delay circuits

COS/MOS 18-Stage
by Static Shift Register

& Fully static operation
® Up to 5 MHz shifting rates

= Permanent register storage with clock line ““high” or “low” — — — no
information recirculation required

® Serial shift registers

o Frequency division

Through appropriate connections of inputs and outputs,
multiple register sections of 4, 5, 8, and 9 stages or single
register sections of 10, 12, 13, 14, 16, 17 and 18 can be
implemented using one CD4006A package. Longer shift
register sections can be assembled by using more than one
CDA4006A.

NOTE: ALL "P"—UNIT SUBSTRATES
ARE CONNECTED TO Vpp

ALL “N"~UNIT SUBSTRATES

ARE CONNECTED TO Vgg

92CS-17894

Fig.3.2—Schematic diagram (one register stage)
for type CD4006A.
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CD4006A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Al inputs . . .. ..o vttt n i e ieaeene e Vss<V;<Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . . .. .. ... 3t015V)

LIMITS ] CHARAC-
TERISTIC
TEST CD4006AD, CD4006AK, CD400GAF CURVES
CHARACTERISTIC | SYMBOL | onnimions UNITS | g TEST
Vo | voo —55°C 25°C 125°C CIRCUITS
Volts| Voits| Min.| Typ.| Max. | Min. Typ. | Max. [ Min. | Typ. | Max Fig. No.
Quiescent Device | 5 - - 05 - 0.01 05 - - 30 A a1
u .
Current L 0] - | - 1] - oot 11 - | - | 60
Quiescem_Device P 5 - - 25 - 0.05 25 - - 150 W
Dissipation/Package D 0 _ — 10 _ 01 0 ~ ~ 500 H
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
) VoL v -
Low-Level 10 - - |0.01 - 0 (001 - - 0.05
5 [499 | - - |a99 | s - |49 | - -
High-Level VoH v -
10 {999 | - - 999 | 10 - foegs | - -
Noise Immunity 08 5 |15 - - 15 225 - 14 - - v
(Any Input) VNL 1 (103 - - 3 |as - |29 - -
. 3.12
For Definition, 42| 5 |14 | - - |15 228 | - |15 - -
; v v
See Appendix NH 9 |10 |29 | - _ 3 | a5 ~ |3 _ _
Output Drive Current: N 0.5 5 |0.155 - - 0.125| 0.25 - 0.085( - - A 33
- m
N-Channel o o5 | 10 |031] - | - |o25|05 | - |oars| - _ 3s¢
o Chanm o 45| 5 0125 - - |01 J-01s | - |o007 | - - N 34
.Channe! m,
nn D 95 | 10 |-025| - = oz [o03 — o1a | - Z 36
input Current W - - - - 10 - - - - pA -

# See Appendix.

DRAIN-TO-SOURCE VOLTS (Vpg)

-5 —i0 ¢ -5
12[AMBIENT TEMPERATURE (Tp) =25°C AMBIENT TEMPERATURE (Ty)=25°C
TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICENT
FOR Ip=-0.3%/°C FOR Ip=-0.3%/°C

10 -2
g CE VOLTS (Vgs)=15 10 °
s 4=

@

8 i
& w
w a
e :
kL 3
= 2
= b3
I o
K3 o
o

2

i
) 5 10 15
DRAIN-TO-SOURCE VOLTS (Vpg) .
D) Jacs-i7ear 92€S-17843
Fig.3.3—Typ. h: / drain istic Fig.3.4—Typ. p-ch: I drain istics.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs .. .. ....................... Vgg<V, <Vpp!
(Recommended DC Supply Voltage (Vpp—Vgg) -........ 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CDA4006AE CURVES
CHARACTERISTIC | SYMBOL | (onniTions UNITS | g TEST
Vo | voo —a0°C 25°C 85°C CIRCUITS
Volts| Voits| Min. | Typ. | Max. [ Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - - 5 - | 003 5 - - 70 A a1
It X
Current L 0 — — 0 — 005 10 — - 130
Quiescent Device P 5 - - 25 - 0.15) 25 - - 350 W
SSeen [ u -
Dissipation/Package D 10 _ _ 100 _ 05 | 100 - — | 1400
Output Voltage: 5 - - oo - 0 |001 - - 0.05
VoL \ -
Low-Level 0] - - |oot| - 0 |00t - - | 00s
5 | 499 - - | 4.99 5 - 495 - -
High-Level VOH v -
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity v 08 5 15 - - 15 225 - 1.4 - - v
(Any Input) NL 1 10 | 3 - - 3 45 - 29 - -
. 3.12
For Definition, 42 5 14 - - 15 2.25 - 15 - -
See A i) v \
€ Appendix NH 9 1029 | - | - 45| - |3 - Z
Output Drive Current: 1o 0.5 5 | 0.072 - - | 006 | 025 — 0.048] - - A 33
- m
N-Channel 0 o5 |10 a1 | - | - o125 05| - [ot0] - = 35¢
o.Channet . 45 | 5 (-006 | - -~ |-005 |-0.15| - {-004 | - il 34
-Chal
e o 95 | 10 [-012 | - ~ o1 [-03 | - [-o08| - - 369
Input Current Iy - - - - 10 - - - - pPA -

* See Appendix.

DRAIN-TO~SOURCE VOLTS (vps)
-10 5

. -15 o
3%32332:? 1+ GATE-TO-SOURCE VOLTS (Vgs)=15 AMBIENT TEMPERATURE (Tp)=25°C SEsEsaasse:
CDI0OCAE — — — TYPICAL TEMPERATURE COEFFICIENT =
2.5 Hi i FOR Ip=-0.3%/°C H

’ i } P 05
= —10 -
‘:: [=}

2 H
o Fo '
« / w
w [+
3 g
2 8 | 152
) 2 2
3 b -
= - t =]
= : : E
E HH 10 {CD4006A E
« H | I

05 i 25
& AMBIENT TEMPERATURE (Tp)=25°C o ’
5HTYPICAL TEMPERATURE COEFFICIEN
H HH FOR Ip=-0.3%/°C 3
[ 10 15
DRAIN-TO-SOURCE VOLTS (Vpg)
92C5-17840 92Cs-17842
Fig.3.5—Min. n-ch / drain ch. istics. Fig.3.6—Min. p-ch. / drain ch istics.
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DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 25°C, C| = 15 pF,and input rise and fall times =20 ns except t,CL,tCL
Typigal Temperature Coefficient for all values of Vpp = 0.3 %/°C (See Appendix for Waveforms)

LIMITS CHARAC-
TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4006AD, CD4006AK CD4006AE UNITS | CURVES
CD4006AF & TEST
Vop CIRCUITS
(Volts) | Min. | Typ.| Max. | Min. | Typ. | Max. Fig. No.
X tPHL= 5 - 250 | 400 | — 250 | 500
Propagation Delay Time ns 3.7
PLH 10 - 125 | 200 | — 1256 |250
t = 5 - 250 | 400 | — 250 |500
Transition Time THL ns 3.8
tTLH 10 - 125 | 200 | — 125 [250
Minimum Clock twi= 5 |- |20|s00 |- |200 |80 | _
Pulse Width r twH 10 - 100 | 200 | — 100 | 250
Clock trcL= 5 |- | -] 15|~ il B _
Rise & Fall Time tcL* 10 - - 5 | — - 5
5 - 50 80 | — 50 |100
Set-Up Time ns —
10 — 25 40 | — 25 50
Maximum Clock fcL 5 1 26| — | 0625 | —
F MHz 3.10
requency 10 25 51 — | 2 5 —
Input Capacitance Cy glaggklr;sgst - 35’ - - 30 - pF —

* 1f more than one unit is cascaded t{CL should be made less than or
equal to the sum of the fixed propagation delay at 15pF and the
transition time of the output driving stage for the estimated capac-
itive load.

H :;A’:::E:: ::::::::3:: (crg)E- Fz: °c i AMBIENT TEMPERATURE (Tp)=25°C
3 u ICIENT HTYPICAL TEMPERATURE COEFFICIENT
I‘ 600 FOR ALL VALUES OF Vpp = 0.3 %/°C ., 600F{FOR ALL VALUES OF Vpp=0.3%/°C
E t i HH
z ! = T
" 500 T 2 SRgYL)
z N E oD
& WO . 2 T
w 400 JoV 3 Wt
= 3 = S
= o
% H
33 = ma EnEEEE.
8 HH 1oL 2 H IOLLHFF
F4 - et L L] ? é}
o 2 -t SRy ERE (= T 1sEEL
= - 15 L i 1
13 3 1T
= u
< - = u ana
§ T P oo bt
x 11 - 1
& HH H HEETT
11 1 T 1T 1T
1T 1 18 1T 1T
0 0 20 30 40 50 60 70 80 o 30 4 € 70
LOAD CAPACITANCE (C)—pF 92¢5-17804 LOAD CAPACITANCE (CL)—pF ..

Fig.3.7—Typ. propagation délay time vs. C. Fig.3.8—Typ. transition.time vs. C(.
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File No. 479 CD4006A
AMBIENT T (Tp) =25°C
AMBIENT TEMPERATURE (T)=25°C LOAD CAPACITANCE (C ) = I5 pF
= ALTERNATING “0" 6 T
|”~ AND 1" PATTERN /‘ " 1T
10 o H 7
< ~ [
= v N
@ 103 A g 4 4
z g
5 af 2
T 2 €3
@ 10 — -
a 2
§ yuid 2
2 o AT & §
ya .
ramn, a 3
- // ——C_=15pF
, 7 —=- C_*50pF
’ 0 0 15 20
2 3 4 5 6
0 1o I 1o 1o SUPPLY VOLTS(Vpp) s2Cst9667
INPUT FREQUENCY (1) — Hz 52¢5 17937
Fig.3.9—Typ. dissipation characteristics. .
Fig.3.10— Typ. input clock frequency vs. Vpp.
ov
I 5V OR 10V
@ | .
£)
L50R 3V 2 13
& s, 2 13 SO
© 3 12 3.5 0R7vO~0 s " ==
- i Sz Hs u 5 10
5 10 g 9
6 9 With Sq at ground, clock unit 18 times 8
— 7 8 by connecting Sy to pulse generator. = 92C5-17500R1
Return Sy to ground and measure leak-
age current. Repeat with S at Vpp.
. Fig.3.12—Noise immunity test circuit,
Fig.3.11—Quiescent device current test current. 9

92CS-17899

+i0v

|
S
|

@—4—_—.—-$
—@—
Cs

IcUT

s —OT1TC "1

e — e

B

*P/0 CD4000 A

OR EQUIVALENT

(ALL UNUSED INPUTS IN THIS
PACKAGE SHOULD BE GROUNDED)

Sp IN PRESET PUTS ICUT IN ALL"1's" STATE.
S IN TEST WHEN MAKING DISSIPATION MEASUREMENT.

92LM — 202IRt

Fig.3.13—Device Dissipation Test Setup. 43




File No. 479

Digital Integrated Circuits

Monolithic Silicon

CD4007AD, CD4007AF
CD4007AE, CD4007AK

.z o COS/MOS Dual Complementary
Pair Plus Inverter
P) P P
6 .é 3 .?IP 10 12 Special Features
Na é N = Medium speed operation. . . tpH| = tpLH = 20 ns (typ.) at C|_= 15 pF
= Low “high”- and “low"-output impedance. . . . . 50052 (typ.)
atVpp —Vss =10V
7 4 9
Terminal No. 14 = Vpp Applications
Terminal No. 7 = Vgg uE ly high-input i f amplifiers; inverters, shapers, linear
amplifiers, threshold detector

CD4007A types are comprised of three N-Channel and three More complex functions are possible using multiple packages.
P-Channel enhancement-type MOS transistors. The transistor Numbers shown in parentheses indicate terminals that are
elements are accessible through the package terminals to connected together to form the various configurations listed.
provide a convenient means for constructing the various For proper operation Vgg < \7 < Vpp must be satisfied.
typical circuits shown in Fig.4.1.

o) Triple Inverters ¢ [: E s ::45)2:;,)‘(:)13) e) High Sinh-CuLfcn' Driver ((?'1?'114?,?;(;?3%;2);
e (OPTIONAL vpp PULL-UP)
l: 92¢5- 13330 "_'J
b) 3-Input NOR Gate . (13,2); (1,1 ’* >
3@0_0.2 (12,5,8); (7,4,9)

92¢5-13349

c) 3-Input NAND Gote

— )- e
. (1,12,13); (2,14,11); —
2 2 (4,8); (5,9
92C5-15348 .
. i v, - 92¢5-15330
d) Tree (Relay) Logic 00 (13,12,5); (4,9,8%
(14,2); (1,11, .
ID-‘-- = f) High Source-Current Driver
_.,‘“ Voo (6,3,10); (13,1,12) Voo
. ® (14,2,11); (7,9)
= Lt >
our Az #e
AQ— L=
] -Oout
U= U ]

A—[ =8
@ T_I
Oﬁ l._.q c {OPTIONAL VggPULL-DOWN)
—

l Loss
”-ll.'L P'Uﬂlg SUBSTRATES Vss 92C5-15327
ARE CONNECTED TO Vpp c.i
ALL N-UNIT_SUBSTRATES OUT Vpp)=C+ 4B
RE COMNECTED 10 Vgg 07 (vgg)sCA+CB

Vss  ozcs-is329

F/g. 4.1—Sample COS/MOS logic circuit arrangements using type CD4007A.
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CD4007A

File No. 479
STATIC ELECTRICAL CHARACTERISTICS (All inputs . . . ... e Vgg< V< Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . .. ...... 3t015V)
LIMITS CHARAC-
CDA4007AD, CD4007AK, CD4007AF TERiSTIC
TEST . . CURVES
CHARACTERISTIC | SYMBOL | onoimions UNITS | @ TesT
Vo |Vop -55°C 25°C CIRCUITS
olts | Volts| Min.| Typ.| Max. | Min. | Typ. | Max. | Min Max. .Fig. No.
Quiescent Device \ 5| - | - Joos — 10001005 | - s
Current t w| -] - Joa - Jooo1foa | - 5] )
Quiescent Device 5 - - 0.25 - 10.005 |0.25 - 15
Dissipation/Package | PD o 1 = ~ ] - i Y . n 50 uw -
Output Voltage: v 5 - - 0.01 - 0 0.01 - 0.05 v 42
Low-Level oL w| -] - Joor | - o loor | - 005 43
44
it Love v 5 |a99 ] - - |ag9! s - |a9s .- v 15
-Level
ke OH 10 [eos| - [ - Jaso 10 | - Joss B 16
Noise Immunity v 36| 5|15 | - - |15 2257 - |14 I
(Any Input) NL 72|10 |3 R 3 a5 | - |29 } -
. : 416
For Definition. 095 5 |14 | - | - |15 |228 | - |15 -
See Appendix VNH v
29110 |20 | - - BERERE -
Output Drive Current: Vi=vpp|044 5 075 | - - o6 1 - |oa - 474
N-Channel IpN os| 10 116 _ _ 1.3 25 _ 0.95 _ oA 4.9
- 5% L. ~ | - |-1a |4 R -
P-Channel ipp | VIVss{289 5 (178 3.&130 R
95| 10 }1.35 | - - |af2s | - |ors - -
Input Current " - - - - 10 |- - - PA -

A Maximum noise-free low-level Bipolar output voltage.

#Minimum noise-free high-level Bipolar output voltage.

g) High Sink- and Source-Current Driver

(6,3,10); (14,2,11);

Voo
(7,4,9); (13,8,1,5,12) T
[ J
| ]
— I —
— —
— —
— f—
[ — L—-l
92Cs-15328 VSS

9 See Appendix.

h) Dual Bi-Directional Transmission Gating

(1,5,12); (2,9);

(11,4); (8,13,10); (6,3)

CLOCK

IN
(oum @~

Fig.4.1—Sample COS/MOS logic circuit arrangements using type CD4007A.

ouT
(N

ouT,
—@(INZ)

92CS-15347
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CDA4007A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ... ..........oou.n.. ..... Vgg< V| <Vpp)
(Recommended DC Supply Voltage (Vpp ~Vgg). . . .. ... .. 3t015V)
LIMITS CHARAC-
CD40OTAE TERISTIC
© TEST CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST
o Vo |{Voo —a0°c 25°%C 85°C CIRCUITS
olts | Volts| Min. | Typ. | Max. | Min. | Typ. l Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device s -] - Jos | - [ooog0s I 15
Current s 0 = - 7 - 0,008 3 - — 30 HA 4.15
Quiescent Device 5 - - 25 - |0.025| 25 - - 75
Dissipation/Package | PD 0 - = ) Y 0 — — 300 uw -
Output Voltage: v s| - | - o0 | - oloor | - | - |oos| 42
Low-Level oL w| - | - Tem| - | ooor | - | - | oos 4.3
T - 44
High-Level v 5 | 499 - | - |499 5 - 495 - - v 45
-Level
9 OH 101999 | - | - ]999| 10| - 995]| - - 4.6
Noise Immunity v 36| 5 |15 | - - |15 . 225 - [1a | - -1,
(Any Input) N 2211 {3 - - 3 45 - 29 - -
L 4.16
For Definition,
" . 5 {14 - - 15 225 - 15 - -
See Appendix VNH 0.95 ,[ v
29|10 |29 | - | - | 3 45| - |3 - -
Output Drive Current: vi=vppload s |03 | - | - o3 1] - |o2a| - - .
N-Channe! IpN 0s| 10 |12 _ - 1 25 | - los |- - o a90*
~Ves | 2! 1.3 - - fa1 . ]-a - |08 - -
P-Channel p | VIVSs|2s s 48y
95| 10 }0.65 - - |-0.55 {-2.5 - |-0.45 - - -
Input Current N - - - - 0 | - - - - pA -
4AMaximum noise-free low-level Bipolar output voltage. . i
# Minimum noise-free high-level Bipolar output voltage. See Appendix.
@
< S i
2|
| o2 ‘rbl

DIODE BREAKDOWNS

* STANDARD COS/MOS

DI=N*TO P WELL RESISTOR-DIODE
D2 = P* TO SUBSTRATE GATE-PROTECTION
R=1—5KQ NETWORK 92CM-22244

Detailed schematic diagram showing input, output, and parasitic diodes.
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File No. 479 CD4007A

DYNAMIC ELECTRICAL CHARACTERISTICS at T =25°C, Cy = 15 pF and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp = 0.3 %/°C (See Appendix for Waveforms)

LIMITS CHARAC-
TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4007AD, CD4007AK CDA4007AE UNITS | CURVES
CD4007AF & TEST
VbD CIRCUITS
(Volts) { Min. | Typ. | Max. | Min. | Typ. | Max. -Fig. No.
Pro;ﬁgz;]tioneela Tirre: 5 - 35 60 | — 35 75
igh-to-Low Leve tPH ns
¢ - 10| -[2 [ 4| -]2] s0 an
4.13
5 - 35 60 | — 35 75
Low-to-High Level tPLH ns
10 - 20 40 | - 20 50
Transition Time: 5 — 50 7% | - 50 | 100
High-to-Low Level THL 10 _ | 30 20| -l a0 s0l ™
4.12
L High L 5 - 50 75 - 50 | 100
ow-to-High Level tTLH ns
L 10| - |30 4| - ]3] so
Input Capacitance C| Any Input — 5 — - 5 - pF —_
FHHH AMBIENT TEMPERATURE AMBIENT TEMPERATURE (Tp) »25°C
A T (Tp) =25°C
5 JSUPPLY VOLTS (Vpp) = 15 Vi
Il
FEEuasags . ! Yo
2. g——{><>—¥;°
> A nun o' s
T £
2 & H 5 :
S g 12 N\
= oy =
; - -
3 HS E 8 3 A= SINGLE INPUT ONLY| |
TN ] B~ TWO INPUTS ONLY
35 I 6 C — THREE INPUTS
2.5 4 * OTHER INPUTS
H ! SWITCHED TO GROUND
TH 2 e Y]
© 25 5§ 75 10 125 I5
INPUT VOLTS (Vy) o 2.5 5 7.5 10 125 15
9205-17785 INPUT VOLTS (V1)
Fig.4.2—Min. & max. voltage transfer charac- 92¢s- 17867
teristics for inverter. Fig.4.3—Typ. voltage transfer characteristics
AMBIENT TEMPERATURE (Tp) =25 °C for NOR gate.
TTTTTTTIT
NN NENERS
A-SINGLE INPUT ONLY] FHEH suPPLY voTs|
B~TWO INPUTS ONLY 5 Vo) * 15
C—THREE INPUTS H TTITT
SUPPLY VOLTS % OTHER INPUTS HHTINGHH
< 16 (Vpp)=15 H SWITCHES TO Vpp _2sHFHTA125°C
2, R 2 HHFHRHNG 55 °¢
8 N o bR
g2 8 1) s 0 T
> A Vo 2 =55 °Cc H
5 1s z T
z ! RN 5 75 125 o0
2 8 T N8B 3 HN
o s 1T 2
A o H-H
3 5 1 ST
4 Voo T 55°
AC T§- 55 °Cryr
T A N 2.5 o é { i |
2 ! H 254
k. : Tt T
75 0 HH H e
: ) 0 25 7.6 10 125 15
INPUT VOLTS (V)
2517786 INPUT VOLTS (vg) s2cs-17780

Fig.4.4—Typ. voitage transrer characteristics Fi ..
ig.4.5~Typ. volt:
for NAND gate. 9. yp. rage transfer characteristics

as a function of temp. 47
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DRAIN MILLIAMPERES (Ip)

X
n

AMBIENT TEMPERATURE (Tp) = 25°C
TEMPERATURE COEFFICIENT FOR Ip =~ 0.3% /°C

T T
T T
T T
T I
I I

S (Vgs) = 15
1T

o 25 5 75 10

1 S-T

i =t
Vas -;_L

TERM.[? TO GND.

CONN. |14 TO 3

125 5

DRAIN — TO — SOURCE VOLTS (Vpg) 92¢5-17866

Fig.4.7—Typ. h. / drain

DRAIN MILLIAMPERES (Ip)

S

~N
)

o

E

n
)

AMBIENT TEMPERATURE (Tp) = 25°C
TYPICAL TEMPERATURE COEFFICIENT FOR Ip = -0.3% /°C
T3] L L LT T TTTT T

T T
\TE - TO - SOURCE VOLTS (Vgg) = I!

pjuu

H CD4007AD,CD4007AK wmme
5 T CD400TAE == = =
T
7.5 10 125 15
DRAIN — TO — SOURCE VOLTS (Vpg)
92Cs-17872

Fig.4.9—Min. n-ch: I drain ch,

AMBIENT T 7y = 2s°cf
RS SERNNEENNREGERS}
5 TV T T TT
UPPLY VOLTS (Vpp) = |
T
7 ol
2.5 : 14 11 Vpp|25E
c g
10| V. o
2 10 o+ ) Volio &
i< o H
S 15 k] K <
s 7.5 < 75 3
g M 70—09 z
z
o H - 3
5 1 VO— <
\ Q) 5
I Y 1p—— g
25 OEEN TERM. 3 86 70 GND.|
s am u!
0 2.5 75 10 125 15
INPUT VOLTS (Vy)
92Cs-17787
Fig.4.6—Typ. current and voltage transfer
characteristics for inverter.
DRAIN —T0O = SOURCE VOLTS (Vpg)
=15 125 -0 -75 -5 -25 0
~Voo HHH
f 1T
29— T
O]
3 oS g 3
v Z
Gs 1 l Y z
hi X 1T -5 =
= R 1T -
TERM. [14 TO GND. T T £
CONN.( 7 TO 3 A B
NN ~203
[] GATE - TO— SOURCE VOLTS (Vgg) = - 15 [1] E
&
25 ~
-
2
AMBIENT TEMPERATURE (Tp) = 25°C I
TYPICAL TEMPERATURE COEFFICIENT FOR Ip = - 0.3% /°C[T1T]
92CsS-17788
Fig.4.8—Typ. p-ch: I drain ch:
DRAIN - TO = SOURCE VOLTS (Vpg)

—i75 -5 —125 -10 -75 ~5 -25 o0
[OTIITITTTTITITTTTCIT T InREl
[-CD4007AD,CD4007AK H -5 {ﬁ
[FCD4007AE == o e o= e [ = H_2s

( T |
10 H o
2
v >
1 | z
! =
H
siiin= £
ETTT E
HAMBIENT TEMPERATURE (T,) = 25 °C - o
HTYPICAL TEMPERATURE COEFFICIENT &
[FOR Ip=-0.3% /°C -12.5 5
I T =~
1 T
I T P —15
I INEEEED )
L LT TT
ATE — TO — SOURCE VOLTS (Vgg) = =151
VT T T LI T L LT —175

PROPAGATION DELAY TIME (tpHL=®tpLH) — ns

92C5-17854RI

Fig.4.10—Min. p | drain iStics.

48

G
o

8

AMBIENT TEMPERATURE (Tp) =25°C
TYPICAL TEMPERATURE COEFFICIENT FOR
ALL VALUES OF Vpp=0.3%/°C

8

=s8

et

1
I
Il
I

T
1 117 IEEENI
T

5
T
T T
T T
I T
10 20 30 40 50 €0 70 80
CAPACITANCE (Cy ) — pF
92CS-17789

Fig.4.11—Typ. propagation delay time vs. CL.
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AMBIENT TEMPERATURE (Ty) »25°C T L, | AmmENT T (Tg)=25 °C
H TYPICAL TEMPERATURE COEFFICIENT FOR . T LOAD CAPACITANCE (C) ) *15 pF
,LJ 150 [ ALL VALUES OF Vpp=0.3%/°C e e 150
E T z
- T 2
" 1 H
z 2
= 100 = u 100
- H SUPPLY VOLTS {Vpp)* H
= T TH %
= 1T T o
3 i L= 4
E } 10 z
% 50 L f S so
z | His 3
o 1 o
= - g €D4007,
r g 0400745
- T & imuE A
T |IENEEERE
T |IENERENE
TTTTT T
20 30 40 5 60 70 80 ) 5 0 15 20
CAPACITANCE (C| ) — pF SUPPLY VOLTS (Vpp)
92CS-17790 92CS-17846RI
Fig.4.12—Typ. transition time vs. Cy. Fig.4.13—Max. propagation delay time vs.

Voo

AMBIENT TEMPERATURE (Tp) = 25 °C lov
108
£ :
1 0% 14 [
I3
a P
w03 P l
e 10 P P P
& [ supPLY VOLTS(Vpp) =I5 Z P A — = =
[ 3 ol A4 &l b
w02 7 [
g 5 1303 510 12
3 Z /5‘ 8 5 —o
g o % L X N
a HIn Hn =
g " . [
s “ LOAD CAPACITANCE (C{ ) *I5pF = 1 [ A [
C|*50pF === 3
iRl R
7 a 1
102 103 0% 105 108 107 =
INPUT FREQUENCY (f}) ~Hz 92€5-17865 9265-17901
Fig.4.14—Typ. dissipation characteristics. Fig.4.15—Quiescent device current
test circuit.
5VOR IOV
(@]
E [ 14 ’—4
35VOR 7V 2 3
O_o'\o— 3 12
O—o — 4 "
1.5VOR3V 5 10—
K S 91—
@ 7 8

92CS - 17902RI

Fig.4.16—Noise immunity test circuit.
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Digital Integrated Circuits

Monolithic Silicon

CD4008AD, CD4008AF
CD4008AE, CD4008AK

HIGH SPEED|(CARRY-

Co
PAR CARRY [ GUT)

8i
—l SUM Sa
a;

Ci

j SuM S3

Special Features

COS/MOS Four-Bit Full Adder
With Parallel Carry Out

] sum Sz =. MSI complexity on a single chip. ..... 4 Sum Outputs plus parallel
Carry-Output
s = High speed operation. . .... Carry-In to Carry-Out delay, tpHL,
|SUM ' tpLH =45nsat C_ =15 pF
—— Applications TRUTH TABLE
(CARRY-IN)
= Binary addition/arithmetic units Ai|Bi|CiflCofsuM
ofo}o ol o
CD4008A types consist of four full-adder stages with fast 0' ? g g :
look-ahead carry provision from stage to stage. Circuitry is [ I PSS I P
included to provide a fast “‘parallei-carry-out’ bit to permit ofofiflo] ¢
high-speed operation in arithmetic sections using several vjojprpryo
CD4008A’s. CD4008A inputs include the four sets of bits to NN
be added, A1 to A4 and B1 to B4, in addition to the ““Carry -

In” bit from a previous section. CD4008A outputs include
the four sum bits, S1 and S4, in addition to the high-speed
“‘parallel-cary-out’’ which may be utilized at a succeeding
CD4008A section. :

HIGH SPEED e
o
(CARRY-OUT)

El
PARALLEL CARRY

9
c;O—
(CARRY- IN)

TERMINAL No.16=Vpp, TERMINAL NO.8 =Vgg

92C5-15842

Fig.5.1—Logic diagram for type CD4008A.
50

Ai3-ie —
B13-16) —={cp4008D }S13-16
—

‘Co 1pd1Si=Co)+31pg (Ci-Co)* 255

tpd (Si-Co)+ 21pd(Ci-Col+ tpg (Ci- So)= 530

Ci
}Co 1pd'Si-Colt 2154 (Ci-Co) = 160+ 2(50)=210

Ag.i2 — )

.51 —=|cpacosD Sg-12  tpalSi-Col* 154 (Ci=Col+ tpg(Ci-Sq1=490
Ci
Co 1pd{Si-Col# 1pg (Ci-Col= 165

As-g| — —

858 ——{CD4008D Ss5-8 1pd (Si-Col# 154 (Ci-Sg)= 445

Ci
Co  1pq(Si-Co)=120

cDa008D [

I

Vss

S|-4 tpd (Si-So)=325

NOTES
ALL A" 8"B" INPUT BITS OCCUR AT t:0
ALL SUMS SETTLED AT t=530ns
CL=15pF, TA=+25°C,Vpp-Vsg* + IOV

92CS-17761

Fig.5.2—Typical speed characteristics of a 16-bit adder.
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CD4008A

File No. 479
STATIC ELECTRICAL CHARACTERISTICS (Allinputs . .. .. .. . Vgg<V,<Vpp!
(Recommended DC Supply Voltage (Vpp — Vgg) . .. ... ... 3t015V)
LIMITS CHARAC-
y TERISTIC
TEST CD400BAD, CD4008AK , CD400BAF CURVES
CHARACTERISTIC [ SYMBOL | (ounimions UNITS | g TEST
Vo Voo -559C 25°C 125°¢C CIRCUITS
Voits{ Volts} Min.| Typ.| Max. | Min. Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - - 5 - 103 5 - - 300 A 58
Current L 01 - — 10 _ o5 10 - - 600 ’
Quiescent Device P 5 - - 25 - 1.5 25 - - |1500 w
escent. p -
Dissipation/Pack age 0 0 ~ - 100 ~ 00 - " Te000
Dutput Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
. vou v -
Low:Level 0| - - |oo1 o |oo1 - |oo0s
5 [499 | - - 499 | 5 - |a9s | - .
High-Level VOH \ —_—
10 | 9.99 - - 9.99 10 995
i i 09s| 5 [15 - 15 | 225 - e -
Noise Immunity VAL v
(Any Input) 29|10 |3 - - 3 |45 - |29 - - o
For Definiti 5.9
See Appendix VNH 36| 5 |14 - 15 225 15 - - v
722110 (29 - - 3 45 3 - -
Output Drive Gy Tos [ 5 o3| - [ - [o2s|os | - [oirs| - -
Current Output
1N 05 | 10 093 - - 075 | 15 - 053 - - A
N-Channel s} Som m
Ovtpot | 3 5 |o.012 - - 0.01 | 0.2 - |o.007| - -
3 10 [ 0.31 - - 0.25 | 0.5 - 0.175| - - .
Cary Tas [ s lom| - |- Jozs [os |- TJoirs|- -
Output
95| 10 093 | - - 10.75 |-1.5 - }0.53 | - -
P-Channel IoP 5 mA
m | 2 | 5 [oo12{ - |- -0.01{-02 |- fooo7f - |-
Output
7 10 }0.185| - - 0.15 0.3 - 0.105} — -
Input Current N - - - - 10 - - - - pA -
L) "
See Appendix
Z g 1T
w AMBIENT TEMPERATURE (Tp) =25°C 2 l= w:IcEArf TEEMPERATURE ég&)- 2EsN~‘ H
Z TYPICAL TEMPERATURE COEFFICIENT 3= FICIENT
2 » 600| FOR ALL VALUES OF Vpp =0.3%/°C S of 1500|FOR VALUES OF Vpp=03%/°C s
I
g g5 ]
= 500 73
&> 52
4 [N éif
@ :
g..: 400 H 33 1000 e
< g ] T
< @ eL T
=2 300H 2% u I r
37 Ta 3
DS 2
o 200 E g
52 o 500
o - ¥
5‘:‘ 1001 :" 3 et
: i ir e
3 HH 3 THHHH HHH
o 10 20 40 50 60 70 80 o 10 20 30 40 S0 60 70 80
LOAD CAPACITANCE (€| )— pF LOAD CAPACITANCE (C)— pF
92Cs- 17822 92Cs-17823

Fig.5.3—Sum-in to carry out propagation

delay time vs. Cf.

Fig.5.4—Sum-in or carry-in to sum-out propa-

gation delay time vs. Cy.
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CD4008A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . .......... T Vgs <V <Vpp!
(Recommended DC Supply Voltage (Vpp—Vgg) . ........ 3t015V)
LIMITS CHARAC:
. . TERISTIC
CHARACTERIST! TEST e . Ae T CURVES
ERISTIC | SYMBOL | o o\oicone UNITS | & TEST
Vo {Voo —40°c 25°C 85°C CIRCUITS
Voits| Volts} Min. | Typ. | Max. | Min. | Typ. [ Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - - 50 - 05 50 - - 700 A 8
Current L 0 - = 100 ~ 1 100 ” _ 1400 .
Quiescent Device ’ 5 - - 250 - 25 | 250 - - | 3500 w
NS u -
Dissipation/Package D 10 - | - fro00 - 10 [1000 - - [14000
Output Voltage v 5 - - 001 0 |00 - - 0.05 v _
Low-Level oL 10 - - oo - 0 o001 - - 0.05
5 | 499 - .- 499 5 - 495 - -
High-Level VOH v -
10 | 999 - - 999 10 - 8.95 - -
Noise Immunity VN 095 5 |15 - 15 225 - 14 - - v
(Any Input) N 29|10 |3 - 3 a5 | - |29 | - - R
For D 5.9
See Appendix Vi 36 5|14 - - 15 225| - 15 - - v
72|10 |29 - - 3 45 - 3 - -
Output Drive Carry Tos [ s [oass| - | - [o013]|os | - [o10s] - -
Current Output
1N 05| 10 [ 06 - - 0.5 15 - 04 - - A
N-Channel - m
° ogem |3 |5 [0009] - | - |o007] 02| - Jooos| - | -
3 10 [0.24 - - 0.2 G5 - 0.16 - - .
OCal"v 45| 5 [0.155| - - |o013]o0s | - [o0108] - | -
utput
95| 10 (06 - - -05 |[-15 - -0.4 - -
P-Channel 0P 5 mA
Omp':‘n 2 | 5 |-0.008f - - |-0007]-0.2 | - |-0.005 - -
7 10 (0.12 - |- -0.1 |-0.3 - 1-0.08 - -
Input Current [ - - - - 0] - - - - PA -
4 See Appendix
2 AMBIENT TEMPERATURE (Ty) = 25°C - AMBIENT TEMPERATURE (Tp) =25°C
s .—L ;‘;sc:tLTs‘:ALDLEEI;Ag:RvE C?gF}FJ/CI/E'PéT [ LOAD CAPACITANCE (Cy ) =15 pF
5 2 300 op=% 1 600
IN ES
5 2
I 5'.250 + 50
: 2
3% : £
S ¢ 200 o = 400
E o H
o~ =
< 2 -
© T 150 ‘:‘:\- g 3 ]
i:’ ) = '—g: 8 CD400BAE
T = 100 n - Z 2 TTTT
F ! S e RN
z T i s 11T T
© g S°H =] & 100HcD4008AD,cD4008AK
a m = HH ] T m;
EREAENEEEEREN 4 AR i
5 'Ill)'lZDllISlO ol = 5 = 5 T T
o 5 10 15 20
LOAD CAPACITANCE (C) )—pF SUPPLY VOLTS (Vpp)
92517824 oo 92C5-17864RI
Fig.5.5—Carry-in to carry-out propagation Fig.5.6—Max. propagation delay time vs. Vpp
delay time vs. C(. for carry-in to carry-out.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, C|_ = 15 pF and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms)
LIMITS CHARAC-
TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CDA008AD, CD4008AK CDA4008AE UNITS | CURVES
N CDA4008AF & TEST
Vbp CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max Fig. No.
Propagation Delay Time: 5 — | 900 [1300]| - 900 (2000
At Sum Outputs; ns
From Sum Input 10 — | 325 | 500 — (325 | 650 54
5 — | 900 [1300| — | 900 |2000
From Carry Input ns
10 — | 325 | 500 — | 325 | 650
tPHL.
t; 5 — | 320 | 600 — | 320 | 800
At Carry Outpu tPLH ns 53
From Sum Input 10 | - [120 | 200| - | 120 | 240
5 — | 100 | 175{ — | 100 | 200
From Carry Input ns 5.5
10 - 45 75 - 45 90
Transition Time: 5 | - |1250 |2200] - [1250 |2000
At Sum Outputs ns -
tTHL. 10 — | 550 | 900 — | 550 {1100
TLH 5 — | 125 | 225 — | 125 | 290
At Carry Output ns -
10 - 45 75| - 45 90
Input Capacitance Cy Any Input - 10| — - 10 | — pF -
108 [AMBIENT TEMPERATURE (Tp)=25°C |
-
2 10°
1
f=} 1 e
i’ 104 =
I3 )
X o oZ A Th | 16
g 103 Wi = 2 18
> “??\:‘ = 3 14
g 4 -// W A>> 4 13
& 102 2 v 5 12
@
1] 6 11
o T 7 10
[ 8 9
§ LOAD CAPACITANCE (CL)=I5pF.
,// —‘—CL-SOpF. ) )
T T T 10
l 10 2 10 10
INPUT FREQUENCY (fg) —kHz
92CS-17825RI = 92CS~17903
Fig.5.7—Typ. dissipation characteristics. Fig.5.8—Quiescent device current test circuit.
1.5V OR 3V
16
e 3—05 V OR 10V
14
35VORTV 13

@~ Os N

92CS -17904R2

Fig.5.9—Noise immunity test circuit.
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"I:T-_:I_
6 =
o A
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Vss
7 - T
o -
9
O — -
SN

ALL P UNIT (iF) SUBSTRATES CONNECTED TO Vpp DRAIN 8 SOURCE REGION WIDTHS:3 MILS

ALL N UNIT (=) SUBSTRATES CONNECTED TO Vsg DRAIN 8 SOURCE REGION WIDTHS:I0 MILS

DRAIN 8 SOURCE REGION WIDTHS ON ALL
OTHER DEVICES = I.1 MIL

Fig.5.10—Schematic diagram.
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08 ol =0a 20a
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. S e S
S C 1 C 1
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Fig.5.10 — Schematic diagram.
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Digital Integrated Circuits

Monolithic Silicon

CD4009A,CD4010A

Types

C

TIYY VY
TTYTYT

CD4009A

CD4010A

COS/MOS Hex Buffers/Converters

Inverting Type: CD4009AD, CD4009AE, CD4009AK
Non-Inverting Type: CD4010AD, CD4010AE, CD4010AK

Special Features (Each Buffer)

& High current sinking capability. . . . ..
Vpp=+10V

Applications

®m COS/MOS to DTL/TTL hex converter

= COS/MOS current “sink”” or ““source” driver

8 mA (min.) at Vo =0.5 V and

8 COS/MOS logic-level converter
® Multiplexer—1to 6 or 6 to 1

CAUTION:
Vce VOLTAGE LEVEL MUST BE EQUAL TO OR LESS THAN
Vpp. FOR 10.5- TO 15-VOLT SUPPLIES, Coap MUST BE

EQUAL TO OR LESS THAN 5000 pF.

CD4009A types may be used as a hex COS/MOS inverter, a
COS/MOS to DTL or TTL logic-level converter, or a COS/MOS
current driver.

The CD4049A and CDA4050A are preferred Hex Buffer
replacements for the CD4009A and CD4010A, respec-
tively, in all applications except multiplexers.

0 =0,
ne O3 I 2 _
, € K=E
Vee O—
GNDO—-—G-
16 14 15
vpp O— £ L:F 9255-4140R2

Fig.6.1—Logic diagram for types CD4009A.

56

CD4010A types may be used asa COS/MOS to DTLor TTL
hex converter or a COS/MOS current driver.

Conversion ranges are from COS/MOS logic operating at +3
V to +15 V supply levels to DTL or TTL logic operating at
+3 V to +6 V supply levels. Conversion to logic output levels
greater than +6 V is permitted providing Vcc(DTL/TTL) £
Vpp(COS/MOS).

o J=D
NC O—'—3 e 1" 12 KeE
1
VecO—
8
N0 O o 1a " 9255-4142R2
vop O— F LeF

Fig.6.2—Logic diagram for types CD4010A.
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INPUT

It

Voo

T Voo vee

:[ e
4 [
— —

GND

L
7T

1T

O

_ SUPPLY

Vss =

=

uTPUT —LI—"CC
GND

CONFIGURATION.
HEX COS WOS TO DTL OR TTL
CONVERTER (INVERTING)
WIRING SCHEDULE:
CONNECT Vce TO DTL OR
TTL SUPPLY.
CONNECT Vpp TO COS HOS

Fig.6.3—Schematic diagram tor types CD4009A.

1 of 6 identical stages.

INPUT

Il

QO Voo QO vee

Ry

L

CONFIGURATION

ouTPUT J—L— vee
— GND

HEX COS MOS TO DTL OR TTL
CONVERTER (NON-INVERTING}

WIRING SCHEDULE

CONNECT Ve TO OTL OR

veg = TTL SUPPLY

CONNECT Vpp TO COS MOS

SUPPLY.

Fig.6.4—Schematic diagram for types CD4010A.

1 of 6 identical stages.

CDA4009A, CD4010A

AMBIENT TEMPERATURE (Ta)=25°C T} —— pax.
g ——=MIN.
vi [ Vo
) e TEST Ven=5 ° 4 \
= 3 CONDITION: *CC > {
(2l
5 : 5
2 e 3
=
I=4 >
2 % £
2 3 2
18 0 &)
Nn |
I Al
1 IRY
— N |
=l
2\
i { |m Bl 51 gl
4 6 8 10 12 14
o 4 6 8 10 12
INPUT VOLTS (V}) \NPUT VOLTS (v})
92C5-20067 92C5-17837
Fig.6.5—Min. & max. voltage transfer charac- Fig.6.6—Typ. voltage transfer characteristics
teristics — CD4009A. as function of temp. — CD4009A.
AMBIENT TEHPERATURE (T) = 25°C
AMBIENT TEMPERATURE (T )225C COLLECTOR SUPPLY VOLTS (Vec) = +5
COLLECTOR SUPPLY VOLTAGE (Ved=5V DRAIN SUPPLY VOLTS (Vpp) = + 10
ORAIN SUPPLY VOLTAGE (Vppl=5V 5
' o :
1 1T
-~ 5 I -
o ~ 4 v
2 v, D 3 3 |
[ 4
5 5
E 23
5
.
e’ £
3 "
2 MIN H A,
T
1
1
) [ 2 0 4 6 8 1

3 4 5
INPUT VOLTS (V[)

92€$-19955

Fig.6.7—Min. & max. voltage transfer charac-
teristics (Vpp = 5) — CD4010A.

INPUT VOLTS (vy)

Fig.6.8—Min. & max. voltage transfer charac-

teristics (Vp=10) — CD4010A.

925S4195R1
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CDA4009A, CD4010A - File No. 479

STATIC ELECTRICAL CHARACTERISTICS(Allinputs . .. ........................ Vgg<V1<Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . - . ... ... 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4009AD, CD4009AK, CD4010AD, CD4010AK s CURVES
CHARACTERISTIC SYMBOL| CONDITIONS UNITS | g TEsT
Vo [Vop —55°C 25°C 125°C CIRCUITS
Volts| Volts[ Min.[ Typ.] Max. | Min. [ Typ. [ Max. | Min. T Typ. [ Max.| Fig. No.
Quiescent Device , 5 -~ - 03 | - 001} 03 - - 20 A 22
. K
Current: t 0 |- |- 05 | - 00| os | - | - 30
Quiescent Device 5 - - 15 - 0.05( 15 - - 100
A fp W -
Dissipation/Package 10 _ _ 5 _ 01 5 _ _ 300
Qutput Voltage: 5 - - 001} ~ 1] 001] - - 0.05
VoL 4= v
Low-Level w0 |- |- 001| - o | o001 - | - 0.05 65
through
5 499| - - 4.99 5 - 495 — - 640
High-Level VoH v
10 999| — - 9.99| 10 - 9.95| — -
Noise Immunity . 3.6
(Any Input) 5 1 = - 1 2.25| 0.9 - =
CD4009A 7.2
10 | 2 - - 2 45| _ Lol - _
Ve 0.95
- 5 15 | - - 1.5 2.25] 14 | - | v
CD4010A 2.9
10 | 3 - - 3 45 | - 29 | - = 6423
0.!
9 S 1.4 - - 1.5 2.25 — 1.5 — — v
CD4009A 2
10 2.9 - - 3 45 | — 3 — -
v,
NH
3.6 5 1.4 | — - 1.5 2.25| - 1.5 — -
CD4010A
721490 | 29| - - 3 a5 | - 3 - -
Output Drive Current: , 04 5 3.75] - - 3 4 - 21 - - A 612
N-Channel N o5 10 | 10] - - 8 0| - | 56]- 1™ e ®
25 5 |-1.85] — - -1.25| -1.75| - 09 | - -
P-Channel IpP mA 'Y
95 {10 |09 | - - -0.6 -08 - 04 | - -
Input Current ] - - - - 10 - - - - pA -

4 See Appendix.

AWBIENT TEMPERATURE (T)) = 25°C f H == (Tp) +125°C
COLLECTOR SUPPLY VOLTS (Vec) = +5 i
DRAIN SUPPLY VOLTS (Vpp) = +15 H
4 4 P
~ M
s 5
= =
g . 3 3
3 > 3 3
z I MAX. [
5 2
2 = ol
'é 3 5
T 1
[} 2 4 3 8 - 10 ] " ] i) 12 "
INPUT VOLTS (V) 9SSR INPUT VOLTS (V)) STAI%RL
Fig.6.10—Typ. voltage transfer characteristics
Fig.6.9—Min. & max. voltage transfer charac- as a function of temperature —
teristics (Vpp = 15) — CD4010A. CD4010A.
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STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4009A, CD4010A

Vgs< V)< Vpp)

(Recommended DC Supply Voltage (Vpp —Vgg). . ... ..... 3toa15V)
LIMITS CHARAC-
TERISTIC
TEST CD4009AE, CD4010AE onis | CURVES
CHARACTERISTIC SYMBOL CONDITIONS & TEST
Vo |Vbp —40°c 25°C 85°C CIRCUITS
Volts| Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device 5 - - 3 0.03] 3| - - 42 A
Current: " 0 | - B 5 005 s - | - 70| * 622
Quiascent Device 15 - 0.15] 151 - - 210
Dissipati o uw -
issipation/Package 10 50 05 sof - - 700
Output Voltage: 0.01 0 0.01 - - 0.05
VoL \
Low-Level 10 001 of{oor| - - 0.05 65
through
499 4.99 - 495( - - 640
High-Level VOoH \
10 9.99 9.99] 10 9.95 - -
Noise Immunity ¢
(Any Input) 36 |5 1 1 2.25 -_|os - -
CD4009A
7.2 {10 | o 2 45 - 119 - -
VL
0.95| 5 15 1.5 | 225 1.4 - — v
CD4010A
29 110 | 3 3 las 29 | - - 6.:23
0.95| 5 1.4 3 2.25 1.5 _ — v
CD4009A
2 110 | 29 3 |as 15 | - -
VNH ]
36| s 14 3 | o225 5 | -
CD4010A
72|10 | 29 3 4.5 - s - -
Output Drive Current: 04 5 3.6 - - 3 4 - 24 - -
IpN mA | 642 o
N-Channel o5 [10 | 96| - - 8 w| - | 84 - - 6.3
25| 5 | -15 - - 291780 - | - -
P-Channel ipP mA ¢
95 |10 | -072] - - 06)-08| - | -048 - -
Input Current ] - - - - 10 - - - - pA -
® See Appendix.
AMBIENT TEMPERATURE (T4 )=25°C
AMBIENT TEMPERATURE (Ta) = 25°C TYPICAL TEMPERATURE COEFFICIEN
2 | LOAD CAPACITANCE (Cy) = I5pF :
| 300 100! :
B T o 58
g ) 2N
=, (=]
gg o 80
- 200 CD40I0AD, CD40I0AK (tp i) ]
H T $ o
- CDAOI0AE (tp ) T K s
3 TTTTTT T T T T rTT =
a CD40I0AD,CD40I0AK (tpyy ) H
s D COadioRE T = w0
2 100 . T FITTTIT 3 75
3 ZO T o
=3 N~ INEEEN]
g =) i = 20 :
e
- T
IEENEEEREANENNEE)
O T H
0 10 15 o a 8 0 12 1a
SUPPLY VOLTS (Vpp = Vec) 92Cs-17858 DRAIN -TO-SOURCE VOLTS (vpg) 92Cs-17838

Fig.6.11—Max. propagation delay time vs. Vpp — CD4010A.

Fig.6.12—Typ. n-ch

I drain

— CD4009A, CD4010A.

59



CD4009A, CD4010A

File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, C = 15 pF, and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp ='0.3%/ °C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST : TERISTIC
CDA4009AD, CD4009AK CD4009AE
CHARACTERISTIC SYmBOL CONDITIONS | cD4010AD,CD4010AK CDA4010AE UNITS | CURVES
& TEST
Voo CIRCUITS
. (Volts)| Min.| Typ. | Max. |Min. | Typ. | Max. Fig. No.
Propagation Delay Time: N 5 - 15 55 - 15 70
High-to-Low Level tPHL - eI T — [ 10 ] a0| - | 10] 40
ns 6.14
Vpp= 10V _ _
Vo= 5V 10 25 10 35
Low-to-Hidh Level . v v 5 - 50 80 | - 50 | 100
ow-to-High Level =
¢ PLH CCmO0I g — 25 | 55| - | 25 | 70] s 6.15
Vpp = 10V -1 1| 3|-|15] 4
Vee= 5V
Transition Time: v v 5 - 20 45 - 20 60 6.18
R t = ns .
High-to-Low Level THL €c= VDo, 1 16 20 | - 16 50
Low-to-High Level vee=V ~ 1 80 {1251 - | 80 | 160 6.19
ow-to-High Level T = ns X
: LH CCm¥BO o I~ 50 [100 [ - | 50 | 120
Input Capacitance CD4009A - 15 - - 15 -
(Any Input) 8l pF -
CD4010A - 5 - - 5 -
AMBIENT TEMPERATURE (T5)=25°C [ 2 AMBIENT TEMPERATURE (Ty )=25°C
IBEERANN [lJI_I[ T ,L TYPICAL TEMPERATURE COEFFICIENT
e T sH ¥ | FOR ALL VALUES OF Vpp=0.3%/°C
}rjﬁo\-‘f__—-u == &
- s\‘& E
2% A > 80
] a
x 40 o
3 soHHH 3
z £ 40 N oD e
g g ot
1 @ 3 10
10 -7 20 =
=
HH S eae: Hit
Tt T
° 0 s b o 20 40 0 8 100
DRAIN-TO-SOURCE VOLTS (Vpg) LOAD CAPACITANCE (cL)—PF 0265-17870

Fig.6.13~Min. n

92CS-17876

drain

Fig.6.14—Typ. high-to-low level propagation
delay time vs. C; — CD4009A,

CD4010A.



File No. 479 CD4009A, CD4010A

- AMBIENT TEMPERATURE (Tp)=25°C ::Aglgf 7YEMPER“URE (Ta)= 25 °C
H ICAL TEMPERATURE COEFFICIENT COEFFICIENT
1 ?o: ALL VALUES OF Vpp0.3%/°C FOR ALL VALUES OF Vpp * 0.3%/°C
T 250 50 et
a 1 T
= 2 :
g : g:
F 200 : B 40
% 3~
3 : £ -
: : g & 2 o
g o - hE JF <2
E ot Y- o
F i i Uy
o T e T ") 43
% 100 : ﬁ\“oﬁ‘ ; g 20 =

§ OV T S T
g SupP i
g H 5 15
U so [ 10 2 :
x 15
]
T 1

g5t
o 20 40 60 80 100 0 20 40 60 80 100
LOAD CAPACITANCE (C( }— pF LOAD CAPACITANCE(C| )— pF
92CS-17873 92CS-17874

Fig.6.15—Typ. low-to-high level propagation

delay time vs. C — CD4009A,

Fig.6.16—Typ. high-to-low level propagation
delay time vs. Cy_ (driving TTL,

Fig.6.17—=Typ. low-to-high level propagation
delay time vs. Cy (driving TTL,

DTL) — CD4009A, CO4010A.

g

AMBIENT TEMPERATURE (Tp)=25°C

TYPICAL TEMPERATURE COEFFICIENT FOR
03 %/°C

ALL VALUES OF Vpp =

CD4010A. DTL) — CD4009A, CD4010A.
?_Mmsu'r TEMPERATURE (T) = 25 °C AMBIENT TEMPERATURE (Tp) =25°C
YPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT
FOR ALL VALUES OF Vpp = 0.3 %/°C e
00 > '|‘ 10| FOR ALL VALUES OF Vpp =0.3%/°C
o
Za x
o |= F
[
<« 8 ~ 80
0T w
£5 z
ca (=
g2 > z
w 60 N S 60
X 2 =
0
> 2 ) g
Y, K39” H
§2 a0 £ 40
o o
b i
g H
20! T 20 0
H T
3 t
o 20 40 60 80 100 o 20 40 60 80 100
LOAD CAPACITANCE (Cy )—pF LOAD CAPACITANCE (C )= pF
92Cs-17875 92Cs-17877

Fig.6.18—Typ. high-to-low level transition time
vs. Ci. — CD4009A, CD4010A.

AMBIENT TEMPERATURE (Tp) = 25°C.

LOAD CAPACITANCE (Cy ) = 15pF

300

92CS-17871

Fig.6.19—Typ. low-to-high level transition time

vs. Cf — CD4009A, CD4010A.

-
€ w
2
1 i
I T
2 el
= K3
o 400 “;
= 4
g
=z i 3 = 200 CD4009AD, CDA00IAK (tpy)
9300 N = LA PR R RNy =
c W 9% ~ CD4009AE (tpyy) [ITT
2 5 & TTTTTTI T Il
K < a CD4009AD, CD4009AK (1
= 200 CiaPee =] T TITT LIty
@ = i = 7 (tpuy)
S 100 N T JAERER!
o1 '; VERRERI
H HiH 2 <8 L
+ 100 < S TS
@ o
E3 o
= o R RN R RERE
jENENNNEEERNNEEE
INEENNNEENRERNE
20 40 80 100 ) 10 15
LOAD CAPACITANCE (C\)— pF SUPPLY VOLTS (Vpp = Vec)

92C5-17857

Fig.6.20—Max. propagation delay time vs.

Vpp — CD4009A.
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1048]- AMBIENT TEMPERATURE (Tp)=25°c[ T 74 7

POWER PER INVERTER/BUFFER-uW

L

LOAD CAPACITANCEI(C| )=ISpF
e e C| 250 pF ] |

0 | [T |
2 4 68 2 4 68 2 4 68
10 2 103 0*
INPUT FREQUENCY (fé) kHz
92C5-19807
Fig.6.21—Typ. dissipation characteristics —
CDA4009A, CD4010A.
ov S5VORIOV
[ 16 35V
2 15 ;”2, [ 6 +
3 14 2 15
I a 13 O—s 3 14 v
= *—i5 12 15V 4 13 OUTPUT
6 1" OR —15 12
. 10 2v 6 "
8 9 7 10
8 9
92C5-19806 92CS - 19805RI
Fig.6.22 — Quiescent dissipation test circuit. Fig.6.23 — Noise immunity test circuit for CD4009A.
5VORIOV
35V

wowm ~o
<=<T ;a

R

92CS - 24423

Fig.6.24 — Noise immunity test circuit for CD4010A.
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Digital Integrated Circuits

Monolithic Silicon

CD4011A,CD4012A,CD4023A

COS/MOS NAND Gates
[ (Positive Logic)

A—1 14-voo
B_z% ’I_!—N
3 2, Quad 2 Input « « « CD4011AD, CD4011AE, CD4011AF, CD4011AK
Dual 4 Input « « « CD4012AD, CD4012AE, CD4012AF, CD4012AK

LEF Triple 3 Input « « « CD4023AD, CD4023AE, CD4023AF, CD4023AK
c-—’-l ?.l:LL
6 S ¢

Special Features

P ° e @ Medium speed operation. . . . .. tPHL = tpLH = 25 ns (typ.)
at C_ =15 pF
CD4011A 8 Low “high"-and “low""-level output impedance. .. ... 400 and 80052 (typ.)

respectively at Vpp — Vgg =10V

The combination of these devices and the RCA NOR

Jositive logic gate types CD4000A, CD4001A, CD4002A, I i 14 voo ,
ind CD4025A can account for appreciable package-count . A
;avings in various logic function configurations. A—2 2« a—3
58— 112y o2

Voo 4 . 4

P P P P
= =N ‘1:1 we—*! o | E
.j '_L ’1 j ves—T| K<EFGH 18 _nc 7 e 8
Nl L0 s Vss— J=R-B-C ¢
20~ s 5 CD4012A CD4023A
'O 15 14
: n e

an
HZ
-
diu:

i

-

H:T

-

]

-
TL_l_
t IFED

L7
itk

]
|
i

FRETHEF TR ETIE
j_l—

ELF]
Lﬂg

“UEH
i
L

LN
no— IE
I= 2

20 C
VssO
7
92CS-15970 VSS
Fig.7.1 — Schematic diagram for type CD4012A. Fig.7.2 — Schematic diagram for type CD4011A.
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CD4011A, CD4012A, CD4023A

STATIC ELECTRICAL CHARACTERISTICS (All inputs

File No. 479

Vss<V;<Vpp)

(Recommended DC Supply Voltage (Vpp —Vgg). . .. ... ... 3to15V)
LIMITS CHARAC-
TERISTIC
TEST CD4011AD, CD4011AK, CD4011AF, CD4012AD, CD4012AK, CUAVES
CHARACTERISTIC [SYMBOL| o onnitions CDA012AF, CD4023AD, CD4023AK, CDA023AF UNITS | & TesT
Vo (VoD -55°C 25°C 125°C CIRCUITS
Volts | Voits] Min.| Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max, Fig. No.
Quiescent Device 5 - - 0.0 - | 0.0010.05 - - 3
Current L 0] - | - Joa “Tooorjor | - [ = | s] }
Quiescent Device 5 - - 0.25 - | 0.005 |0.25 - - 15
Dissipation/Package | PD PP - ; “Too1 7 — — P uw -
Output Voltage: v s|- |- Joon | - | o Joor |- |- Joos| 74
Low-Level oL 0] - | - |oor | — | o oot | — | — |oos 75
4 5 1499| - | - |a99| s | - |ags | - -y 76
High-Level Vo 0 |oge| - | - |999 ] 10 | - |ess | - | - 77
Noise Immunity v 36 | 515 | - | - |15 225 | - |14 | - -1
(Any Input) N 72 [ 103 - - 3 |45 - |29 - - B
For Definiti
See Appendix Vo 095| 5 |14 | - | - |15 225 | - |15 | - -1y ~
20 |10 [29 | - | - 3 | as [ O _
Output Drive Current cosoralos| s 031 | - | - Jozs|os | - |oirs| - | -
CD4023A
. wloe2| - |- |os o6 | - Jo3s | - | -
N-Channel N |Series {05 mA
cpao12alos| s 015 | - | - fo12 [o2s | - Jooss| - | - .
Series  los| 10 foar | - |- [ozs Jos | - foars| - | -
P-Channel 1P 45| s o3 | - [ - lozs |05 | - Joars| - - | ma
o5/ 10 fors |- |- o6 |12 - loa |- -
Input Current N - - - - 10 - - - - PA -
€ See Appendix.
OVoD
=inl= = = ini=inich
o[ 1% [ 1= R T[T 122
— l——j 6 — | — 0
’——-}—87 out T
3 | N | l N I | N OV
O—s o fo! 5
N N N
4 2 12
O— ' 5 O |5 O l 5
N N N
[ 8 13
O ‘ O l o ‘
7
-OVss
92CsS-17188
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Fig.7.3 — Schematic diagram for type CD4023A.



File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4011A, CD4012A, CD4023A

et e VgLV <Vpp)
(Recommended DC Supply Voltage (Vpp—Vgg) --....... 3t015V)

LIMITS CHARAC-
TERISTIC
TEST CDA011AE, CD4012AE, CDA023AE CURVES
CHARACTERISTIC [SYMBOL|  conniTiONs UNITS | & resT
Vo | VoD -40°C 25°C 85°C CIRCUITS
Volts | Voltsi Min. | Typ. | Max. [ Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device ' 5 - - 05 - 0.005 0.5 - - 15
Current L 0 — - s - 0009 5 - - 30 HA
Oui'es«_:entADcvice P 5 - - 25 - 0.029 2.5 - - 75 w
Dissipation/Package D 0 ~ ~ 50 ~ 0.05] 50 _ _ 300 H
Output Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05 74
vVo. v
Low-Level 0| - - oot} - |-0 oo - - | 005 75
High-Level v 5 (499 | - - | 499 s | - |a9s | - -1y 7.6
igh-Level .. .
OH 10 |999 | - | - |ess [ 10| - |99s| - _ 77
Noise Immunity 36 5 (15 - - 15 2.25 - 14 - -
VNL v -
(Any Input) 72| 10 |3 - - 3 |45 ] - |29 - -
For b 0.95
; . 5 [14 - - |15 [225] - |18 - -
See Appendix VK v _
29|10 |29 - - 3 |as| - |3 _ Z
Output Drive Current cosoriaos| s [oas| - | - foi2|os | - |o -l -
CD4023A
; 10 [0.3 - - | 025 | 0.6 - 0.2 - -
N-Channel IpN | Series | 05 mA
CD4012A| 05( 5 (0.072 - - |006 | 025 - 0.05 - - °
Series 05| 10 [0.155 | - - |01z [os | - Joaos| - -
P-Channel IoP 45| 5 [0.145 | — - [0.12 {-05 - -0.095| — - mA
9.5| 10 035 | - - |-03 |-1.2 - -0.24 | — -
Input Current h - - - - 10 - - - - pA -
# See Appendix
iﬁ”i”””i“m AMBIENT TEMPERATURE HHHHH
Ta) =25°C m Ts
PPLY VOLTS (Vpp) * 15 A seaaal Vo1
15y e Voo 0D
smEa 1T anEe IERENE
T T T
T 11 T
2. v E Yo _2sHTas 5%
-~ o T
> i ° 2 |
- H = £ ofFFHo
= » M1
g
> =
= 2
a
: 5
5 -
5
2.5
H 1
! 1 1T
i 1T
0O 25 5 75 10 125 15 10 125 15
INPUT VOLTS (Vq) INPUT VOLTS (Vg)
I 92CS-17791 I 92C5-17780

Fig.7.4—Min. & max. voltage transfer charac-

teristics.

Fig.7.5—Typ. voltage transfer characteristics
as a function of temperature.




CD4011A, CD4012A, CD4023A

File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C, Cy = 15 pF, and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp = 0.3 %/°C  (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CD4011AD, AF, AK CD4011AE TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS . CD4012AD, AF, AK CD4012AE UNITS | CURVES
1 CD4023AD, AF, AK CD4023AE & TEST
Voo CIRCUITS
(Volts) | Min. | Typ. |Max. | Min. | Typ. | Max. Fig. No.
Propagation Delay Time: 4 5 - 50 7% | - 50 | 100 ns 7.13
Low-to-High Level PLH 10 — % | 40| — 25 | 50 7.19
High»to-Lg\{v1 |/.xeve|d 5 - 50 755 | — 50 | 100 7.14
CD4 an ns
CD4023A Series 10 - 25 40 | — 25 50 7.19
e e teHL
) 5 - 100 | 150 | — 100 | 200 7.15
CDA4012A Series ns
10 - 50 75| - 50 | 100 7.19
Transition Time: 5 - 75 1100 | — 75 | 125
-to-Hi tTLH ns 7.16
Low-to-High Level 10 — 20 60| — 20 75
High-to-Low Level 5 - 75 | 125 | — 75 | 150
CD4011A and ™ prt 0] ™ 7.17
3A i - A
CD4023A Series tTHL
s 5 — | 250 | 375 | — | 250 | 500 718
4012A Series ns .
co 10 - 1256|200 } — | 125 | 250
Input Capacitance Cy Any Input - 5| — - 5| — pF -
AMBIENT TEMPERATURE (Tp) = 25°C - AMBIENT TE - 25°C]
5 |SUPPLY VOLTS (Vpp) = +15 "/T"lr:mj:ﬁ_*'f*_’”g mEaEamEEEsnEE Hi
! T 4 ! SUPPLY VOLTS (Vop) = |
I T - Voo G
3 12.5 5D >O|z.5 , ,4§ 12.5 =
- saall) : PN =TS L \ v, &
g b 2 10 olio w
g H ¢ N JolE
£ 75 aHb 575 :ZE X Voo 7dVss 75 é’
E § g Yo o?:'ﬁa z
3 s o=l INPUT 5 N 15— INPUTS |5 &
b=2 INPUTS O Voo s
25 ¢=3 INPUTS vs s ..
. d=4 INPUTS : n :
CjALL OTHER INPUTS TO Vpp Hrs et i‘\u\ﬁi“w
S5l bunas nasss naase [
) 75 10 125 15 o 2.5 T
INPUT VOLTS (Vp) 92¢s-17868 INPUT VOLTS (V) rcs 11702

Fig.7.6 — Typ. multiple input switching
transfer charact. for CD4012A.
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~ Fig.7.7 — Typ. current & voltage transfer

characteristics.



File No. 479 CD4011A, CD4012A, CD4023A
DRAIN- TO - SOURCE VOLTS (Vps)
=15 -10 -5 0
AMBIENT TEMPERATURE (Ty) = 25 °C I 3 H
TYPICAL TEMPERATURE COEFFICIENT m|
15|FOR Ip=-0.3% 7 °C 14 (o T Franmanl
Ves = T
& V=
g E Vos 2 o 9
» 1 1 >
w LITL L-—=__._7/ zZ
& -TO- (Vgg) =15 -~
£, GATE - TO - SOURCE VOLTS (Vg oThER Sre oz
H It INPUTS GROUNDED £
E H
1 =
E et S iEiaaseaannanase 03
= T 15H-H CECTT T 2
=z cHH L T T L CLLL - GATE - TO - SOURCE VOLTS (Vgg) = IS ]
g 0 I |ENSERENEEEEER] a
55 122 CDAONAD,CDAONAE Bg
——— [~ CD40IIAK, CD4023AD
L - CD4023AE, CD4023AK
H ,°“" CD40I2AD.CDAOI2 AMBIENT TEMPERATURE (Tp) =25°C
S - } D ao2aDicDq0I2AE, TYPICAL TEMPERATURE COEFFICIENT FOR Ip ==03%/°C
I
o

10 15
DRAIN - TO - SOURCE VOLTS (Vpg)

92CS-17793
92CS-17850
Fig.7.8-Typ. h I drain ch. Fig.7.9~Typ. p-ch. I drain istics.
AMBIENT TEMPERATURE (T, )= 25°C an HH
TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-03%/°C ] H
6 T TTT 3 !
T 13T T
L T
25 = i GATE - TO - SOURCE VOLTS (Vgg )= 15
g g :
« T
x 4 w2
g § s
E = s
= 3
43 T T 2
H H T T = ] CD40I2AD
z 1 1 z ! CD40I2AK
g 2 t t g I
S "I 1 8 0 — — — — CD40I2AE
w -——[CD4°”AD'°D"°“AK 3 T T TITIITIIIT
| P €D4023AD,CD4023AK E ! | AMBIENT TEMPERATURE (Tp) =25 °C
] — e [ co4011AE A ~THHH TYPICAL TEMPERATURE COEFFICIENT
3 CD4023AE : | FOR Ip=-0.3%/°C
0 5 0 - 15 5
DRAIN - TO ~SOURCE VOLTS (Vpg) SOURCE - TO - DRAIN VOLTS (Vpg)
92C5-17847 92CS-17851
Fig.7.10—Min. n-channel drain ch istics Fig.7.11—Min. n-channel drain ch. istics
— CD4011A & CD4023A. — CD4012A.
DRAIN - TO ~ SOURCE VOLTS (Vpg)
-15 -10 -5 o
AMBIENT TEMPERATURE (Tp)=25°C T 5 AMBIENT TEMPERATURE (T,)=25°C |
IYPICAL TEMPERATURE corricien HEEH TYPICAL TEMPERATURE COEFFICIENT |
FOR‘;D--O 3%/ :EF%HEL: ,'o_ r" 1 2 |50|FOR ALL VALUES OF Vpp=0.3%/°C I
T T T |
INEEE NN 10 —
T T -y fl
maansn: 5 g
. 1 @ :‘,n
1T u
T T Y
& £ 1o _z:ﬁ
- < >
ATE - T0 - SOURCE VOLTS (Vgg) = I E = SUPPLY VOLTS (Vpp) =5 L
T -102 8 IT
BRI = . =
2z
CD4011AD, CD4OIIAK E 2 H
——— | CD4012AD,CD40I2AK & s S°HtH 1oL
CD4023AD,CDA023AK K pe
o uEan
CDA4OIIAE -5 £ H ?
— —= |- CDA4OI2AE SN n
CD4023AE T T T T
. 1T 11T 11T I T
o 0 20 30 40 5 6 70 80
02C5-17849 LOAD CAPACITANCE (€| ) —pF
Fig.7.12—Min. p drain istics. Fig.7.13—Typ. low-to-high level propagation

delay time vs. Cy .
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File No. 479

CD4011A, CD4012A, CD4023A

AMBIENT TEMPERATURE (T,) =25°C
TYPICAL TEMPERATURE COEFFICIENT

AMBIENT TEMPERATURE (Ty) =25°C
TYPICAL TEMPERATURE COEFFICIENT FOR

-
;=' 300 | FOR ALL VALUES OF Vpp =0.3% /°C § 300| ALL VALUES OF vpp=0.3%/°C
~ "o
2 2
K =
F 200 . 200
z < Vop) =
- LT
I 8
z SUPPLY VOLTS (Vpp) =5 3 gEEaa
£ HH 1 5 H H Sagnse 1
< 100 H H HEEES 3 100 it o] ! H
b L1 HFT % TT H rl =222
] T 1o L S ! T s B
14 1NN Il L o e i
FH - .--# HH H et ———#_-
s 5 T 1T muE 1T TT
T 1 T i T1 1
T 10T 1T 1T 11T 11 11
0 0 20 30 €0 70 80 ) 10 20 30 40 5 60 70 80
LOAD CAPACITANCE (Ci)— pF LOAD CAPACITANCE (C ) —pF
92CS-17795 92CS-17796

Fig.7.14—Typ high-to-low level propagation
delay time vs. Cf — CD4011A,

Fig.7.15—Typ. high-to-low level propagation

& CD4023A. delay time vs. C. — CD4012A.
11T
H AMBIENT TEMPERATURE (T,) = 25°C
TYPICAL TEMPERATURE COEFFICIENT
150 300( FOR ALL VALUES OF Vpp =0.3%/°C
H 2
] oy |
T S ]
=) 2 z
g _\‘”r - T < 500
g ) A u SUPPLY VOLTS (Vpg) =5
£ v, sEiEeissRinetis - T
z 0% T1 § ! ! 1
E H = p A T ]
73 H 23 10 1
Z soPH 2 2 100 i R easans
@ 1T 1] 1T o FHis
=3 H an T H =d ; g 8
AMBIENT TEMPERATURE (Tp) = 25°C = ne
1 ITYPICAL TEMPERATURE COEFFICIENT K masESumnn:
HHH 'FOR ALL VALUES OF Vpp=0.3%/°C H HHH H
1T 1 SEEANEEBRAN T
0 10 20 30 40 50 60 710 80 o 10 20 30 40 50 60 70 80
LOAD CAPACITANCE (C|) —pF LOAD CAPACITANCE (C\) — oF
92Cs-17797 92¢S- 17798
Fig.7.17—Typ. high-to-low level transition
Fig.7.16—Typ. low-to-high transition time time vs. C — CD4011A &
vs. CL.- CD4023A.
AMBIENT TEMPERATURE (Tp) =25°C HH @ AMBIENT TEMPERATURE (Ta) =25°C
TYPICAL TEMPERATURE COEFFICIENT FOR {11 2 LOAD CAPACITANCE (Ci) =I5 pF
600| ALL VALUES OF Vpp = 0.3% /°C - ! e00
x
H 2
H 1T -
T s00 4 500
> L
E w
| 400 HsuPPL D Y 400
< F
H >
= 300 HEH ﬁ 5 300 CDA0I2AD, AE
g ? é e 'PL‘"i i 1T
= F ?' 3 T
] 2 BEES 2 200 ALL OTHER
H - K TYPES tpiH,TPHL
- ] g p
= & 100 HTHTRE RS T
1 o 1T 1 o
1 11
1 11101 JITTTR I
40 5 60 70 80 o 5 10 15 20
_LOAD CAPACITANCE (C) —pF . SUPPLY VOLTS (Vpp) s2cs-1TeaBRt

Fig.7.18—Typ. high-to-low level transition
time vs. Ci — CD4012A.
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Fig.7.19—Typ. propagation delay time vs.
Voo :



File No. 479

CD4011A, CD4012A, CD4023A

Voo
AMBIENT TEMPERATURE (Tp) = 25 °C
105 V!
E 3 o
I§|o4 i D_ EXAMPLE
> I INPUTS |
@
>3 —
s —{ SUPPLY VOLTS(Vpp) =15, =
- oA 2 10,
& 102 o
z 75,
o A
E 10 ALl 73 LIPS}
a 2 A
s 1A LOAD CAPACITANCE (Cy ) *I5pF —— 1|
| C *50pF === ]
C T T T T T T =
[Nl I PIN CONNECTIONS
102 103 104 105 106 107 MEASUREMENT 7O Vpp TO GND
INPUT FREQUENCY (f)) —Hz 92CS-17865 INPUTS | 1,5.8,12,14 2,6,7,9,13
INPUTS 2 2,6,9,13,14 1,5,7,8,12
Fig.7.20—Typ. dissipation characteristics. . - 9_205.2_073_7
: Fig.7.21—Quiescent device current
test circuit for CA4011A.
Voo
SVORIOV
5VORIOV
EXAMPLE O
35VOR7V I INPUTS |
35VOR7VO
ISVOR 3V
+ 1.5V OR 3VO—o
c IL 511
= MEASUREMENT TO Vpp _TO GND
INPUTS | 2,9,14 3,4,5,7,10,11,12
INPUTS 2 3,10,14 2,4,5,9,11,12
INPUTS 3 4,11,14 2,3,5,9,10,12
92CS-20738RI INPUTS 4 5,12,14 2,3,4,9,10,11

Fig.7.22—Noise-immunity test
circuit for CD40711A.

92C5-20739

Fig.7.23—Quiescent device current
test circuit for CD4012A.

92CS - 20740RI

Fig.7.24—Noise-immunity test
circuit for CD4012A.

Voo

20

5VOR IOV

6 ~ EXAMPLE Q

=0 WeuTs T, 35VORTV

10

O

1.5V OR 3V 1
<4 DVM
I PIN CONNECTIONS —

MEASUREMENT TOVpp IO GND =
INPUTS | i3J1,14  2,4,57,8,12,3
INPUTS 2 2,4,2,14  1,3,5,7,8,1,13
INPUTS 3 8,5,13,14  1,2,3,4,7,11,12 92CS - 20742RI

92CS-20741

Fig.7.26—Noise-immunity test
circuit for CD4023A.

Fig.7.25—Quiescent device current
test circuit for CD4023A.
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File No. 479

Digital Integrated Circuits

Monolithic Si

licon

CD4013AD, CD4013AF
CD4013AE, CD4013AK

Dual ‘D’-Type Flip-Flop
With Set-Reset Capability

Special Features

= Static flip-flop operation. . . ... retains state indefinitely with clock level
either “high” or “low”
® Medium speed operation. .. ... 10 MHz (typ.) clock toggle rate at
Vpp —Vss=10V
® Low “high”- and “low” output impedance. . . ... 400 and 20052,
" respectively at Vpp — Vgg =10 V
Applications
®u Registers, , control circuits

CD4013A 'types consist of two identical, independent  toggle applications. The logic level present at the ‘D

data-type flip-flops. Each flip-flop has ind_Ependent data, set,
reset, and clock inputs and ‘“Q"” and ‘‘Q"” outputs. These

devices can be used for shift register applications, and, by  pendent of the clock and is accomplished by a high |
connecting ““Q” output to the data input, for counter and  the set or reset line, respectively.

TRUTH TABLE
e o _ ce [ D[R |[S Q@
SET c MASTER SECTION i SLAVE SECTION _jojo o fo |1
! T rjolo |1l
59 O— 16 o x|ofofalQ
o %— cL X X1 0 (0 |1
; ? X xX|o0 1 1 0
X X1 1 1
6 |~ T
¥ < s
Y « v + = LEVEL CHANGE
a c BUFFERED OUTPUTS X = DON'T CARE CASE

m o—Do—l—Do—L
@

TERMINAL 14 = Vpp
TERMINAL 7 = GND

70

Fig.8.1—Logic diagram and truth table (one of two identical flip-flops).

" input

is transferred to the Q output during the positive-going
transition of the clock pulse. Setting or resetting is inde-

evel on

NO
CHANGE

Q
4{>°_0 vi3 %% = FF1/FF2 TERMINAL ASSIGNMENTS

9255-4366

10-73



File No. 479 CD4013A

HSET
68 O

MASTER SECTION SLAVE SECTION

<
o
<
5}
S

DI

'

i

Vss

I IIT»

ki

¥

]
—
TF
¥
—
i
—

a
=]

gl

I‘—‘t

T

212

of

—

TTs «IF

ALL P-SUBSTRATES ( .‘5 ) CONNECTED TO Vpp
ALL N-SUBSTRATES ( J'.;. ) CONNECTED TO Vgg
by

% FF1/FF2 TERMINAL ASSIGNMENTS

— —1
«—TF

925M.4387R1

Fig.8.2—S ic di (1 of two i ical flip-
flops).

DRAIN — TO — SOURCE VOLTS (Vpg)
0 =5

S 0
1T
AMBIENT TEMPERATURE (TA) = 25°C L
TYPICAL TEMPERATURE COEFFICIENT -5
30| FOR Ip=-0.3%/°C -5
- o
3 25 . 10 3
- IGATE - T0- SOURCE VOLTS (Vgg) = 15| z
W 20 L= = -5 ,§
g c
3 ATE - TO - SOURCE VOLTS (Vgg) = - 15 [ ﬁ
= 7 m
z [ b
10 =)
g 5
5
AMBIENT TEMPERATURE (Tp) = 25°C
> TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3 % / °C
) 10 15
DRAIN — TO — SOURCE VOLTS (Vpg) 92517801
92CS-17800
Fig.8.3—Typ. n-ch, / drain istics. Fig.8.4—Typ. p-ch: | drain ch istics.
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CD4013A v File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ... ............. ce..-.. Vgg<V,;<Vppl
(Recommended DC Supply Voltage (Vpp — Vgg) - - - - - .... 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4013AD, CD4013AK, CD4013AF 1o | cunves
CHARACTERISTIC | SYMBOL | o ounimions UNITS | ¢ TesT
- Vo | VoD -55°¢ 25°C 125°C CIRCUITS
Voits | Voits] Min.| Typ.| Max. | Min. | Typ. [ Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device \ 5 - - 1 - | 0.005 1 - - 60 A 89
Current L 0 _ _ 2 _ 0.005 2 _ _ 120
8.7
Quiescent Device P 5 - - 5 - | 0.025 5 - - 300 W
Dissipation/Package (3] 0| - _ 2 “Toos 2 | - = 11200 8.9
Output Voltage: 5 - - 0.01 - 0 |00 - - 0.05
voL v -
Low:Level 0| - - (oot - o |00t - - |o00s
) 5]a99| - | - Jaoo| 5 | - Jaes| - | - |
High-Level VoH 0 |o9a| - | - |eee| 0 | - [ess| - [ -
i i 5 |15 - - 15 225 - 14 - -
Noise Immunity VaL 08 4 v 8.10
(Any Input) 10{ 10 |3 - - 3 45 - 29 - -
For Definition,
See Ap, lix Vi 42 5114 - - 15 225 - 15 - - v 8.10
90| 10 |29 - - 3 45 - |3 -] -
Output Drive Current: 0.5 5065 | - - 05 1 - 035 - -
mA
N-Channel 'oN o510 [15] - [ - 1025 | - foms) - | - .
45 5 [-0.31 - - -0.26 [-0.5 - |-0175] - -
P-Channel IpP mA
95| 10 |08 - - 065 |-1.3 - 045 | — -
Input Current " - - - - 10 - - - - oA _
’Se_;T\ppendix

DRAIN - TO - SOURCE VOLTS (Vpg)

-15_-125 -0 -7.5 -5 -25 0
I | BESEE T 11T
AMBIENT TEMPERATURE (Tp) = 25°C NNy SR PEERS SONE pu S Benpt sann
TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3% CDA0I3ADLOAOBAK ===+ s }.5{ muuy
S TTIIT “”LH'?'HHHHHI{ — ?MOBAE_—.TL,JJ .‘.A. i ‘-:F
1 It T a! " P nee =1
- E - 70 - SOURCE VOLTS (V 5 ! : o
Bl2s - T T T T -253
(=] TTTTTTTT TTT (' 4 z
8 €D4013AD,C =
10 c in: ES
g - T aase c
: T i i e -
3 s 15V + GAT £ Ves) * -15, i PR
5 - N T T HE G Da V4 1 m
H RS : T I S B D V.8 T ES
z e T NSNS SSRGS DETN RARS S S RE RER v 4 1 m
s LI AMBIENT TEMPERATURE (TA)225°C  —i]+ 11 : i hid
5 S T TYPICAL TEMPERATURE COEFFICIENT = : &
sy ov FOR Ip=-0.3 %/°C A pane e 2
A1 Crr T TT T 1
25 e ; T Fl_7s
11 I + poe -+ -t e
HEHE ) H e e s e R I H I
) 25 5 75 10 125 15
DRAIN — TO — SOURCE VOLTS (Vpg) 92€5-17856
92CS-17855
Fig.8.5—Min. h / drain istics. Fig.8.6—Min. p-ch / drain
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File No. 479 CD4013A

STATIC ELECTRICAL CHARACTERISTICS (Afl inputs . .. ... .. ..ovvonnnee..n..... Vgg< V< Vpp
(Recommended DC Supply Voltage (Vpp ~Vgg) ......... 3t015V)

LIMITS CHARAC-
TERISTIC
CHARAC TEST CDA013AE 15 | CURVES
HARACTERISTIC SYMBOL CONDITIONS UNI & TEST
Vo | VoD —-40°C 25°C 85°C CIRCUITS
Volts | Volts] Min. | Typ. | Max. | Min. | Typ. [ Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device 5| - | - f _ joorf 1w ] _ | _ | 140
Current s 7 89
Y - - 20 - 0.02] 20 - - 280
8.7
Quizscant Device P 5 - - 50 - 0.05( 50 - - 700 w
issipati 0 W)
Dissipation/Package D 10 _ _ 200 _ 02 | 200 _ _ 2800 89
Output Voltage: s | - - loor| - ofoor | - | - | oos
VoL \ -
Low:Level 0| - - o0 | - o |0.01 - - | oo0s
. 5 [ 4.99 - - | 4.99 5 - 4.95 - -
High-Level VOH \J -
10 | 9.99 - - | 999 10 -~ 9.95 - -
Noise Immunity 08| 5 (15 - 15 225) -~ 1.4 - -
VNL IS SRR SRS S —d v 8.10
(Any Input) 10{ 10 |3 - 3 45 ~ 29 - T’ -
For Definition, 5 5
See Appendix Vi 4.2 L i L L il V) 8.10
9.0]| 10 | 29 - - 3 3 - -
Output Drive Current: 0.5 5} 0.35 - - 03 1 - 0.24 - -
mA
N-Channel IDN os[1wfo72| - | - o6 [25| - |05 | - -
.
45| 5 |-017| - - |-014 1-05 | - [-0.12f - -
P-Channel IpP 0 mA
95| 10 |-04 - - 1-033|-13 - -0.27 - -
Input Current [ = - - - 10 - - - pA -
#See Appendix )
AMBIENT TEMPERATURE (Tp)=25 °C [ AMBIENT TEMPERATURE (T5) = 25°C
INPUT 1,14 220 ns TIITTTI i ri ﬂ LOAD CAPACITANCE (Cy ) = 15 pF
?.m‘ LOAD CAPACITANCE (Cy ) =15 pE} W
B x
? LA 3
T LT A 4 s0eF =
w3 SUPPLY_VOLTS (Vpp) =151 |A 15 pF L
s o < TTT >
H o~ 5 10
I Z 15 pF z
= A s A E
4 g
Y 02 N A 11l o g
z
=3 o 5
2 P 4 A A [
a - =
@ |0 -ild 1
@ 1
o & o
’ 3 A
1T
11
v H
102 103 10* 10° 108 107 ° 10 15 20
INPUT FREQUENCY (f})—Hz SUPPLY VOLTS (Vpp)
92CS-17802RI 92Cs-19868
Fig.8.7—Typ. dissipation characteristics. Fig.8.8—Typ. clock frequency vs. Vpp.
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CD4013A

File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS AT Ty = 25°¢, Cy =15 pF, and input rise and fall times = 20 ns except t,CL, t;,CL
(See Appendix for Waveforms) N

Typical Temperature Coefficient for all values of Vg = 0.3%/°C

LIMITS CHARAC-
. . TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4013AD,CD4013AK CDA4013AE UNITS | CURVES
’ & TEST
Voo CIRCUITS
(Volts) | Min.| Typ.| Max. [ Min. | Typ.| Max. Fig. No.
"| CLOCKED OPERATION
tPHL= 5 - 150 | 300| - 150 | 350
Propagation Delay Time: ns -
tPLH 10 - 75 | 110} — 75| 125
tTHL= 5 - 75 | 125 | — 75| 150
Transition Time ns -
R TTLH 10 - 50 70| - 50 75
Minimum Clock Pulse twi= 5 - | 125]200] - | 125|500 | _
Width twH 10 | - | 50| 8] - | 50/ 100
Clock Rise & "trcL= 5 - -1 1] - -1 15 | s _
Fall Time tCL 10 - _ 5 —_ - 5
5 - 20 0| - 20 50
Set-Up Time ns -
10 - 10 20| - 10 25
Maximum Clock fcL 25 4 -1 4 -1 wHz 88
Frequency 10 10 _ 5 10 _
Input Capacitance Ci Any Input - 5 - - 5 - pF
SET & RESET OPERATION
Y = 5 175 | 300 175| 350
Propagation Delay Time: PHL(R) ns -
TPLH(R) 10 75 | 110 75| 125
Minimum Set and Reset | tWH(S), 5 125 | 250 125| 500 ns _
Pulse Widths WH(R) 10 50 | 100 50| 125

* |f more than one unit is cascaded in a parallel clocked operation, t;CL should be made less than or equal to the sum of the
fixed propagation delay time at 15 pF and the transition time of the output driving stage for the estimated capacitive load.
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14
13
12
"

10

~ow dun-—

92C€S-1790%5

ov

Test performed with
the following sequence
of 1’5 and “O's".

cg D s R
0 1 0 1
o o 1 1
o o 1 o
1 0 1 [

Fig.8.9—Quiescent device current test circuit.

e

5V OR IOV

~oo duNn-—

14
13
12
n
10

9

8

92CS-17906

Fig.8.10—Noise immunity test circuit.

AMBIENT TEMPERATURE (Ta)=25°C

TYPICAL TEMPERATURE COEFFIC!ENT FOR

ALL VALUES OF Vpp=0.3 % /°C

o
Q

n
=3
-3

\
A |
T oX

3
=1

1Y

1
T
o

PROPAGATION DELAY TIME (1pL tprL )

10 20 30 40 50 60 70 80 90

LOAD CAPACITANCE (C()—pF

92Cs-19093

Fig8.11—Typ. propagation delay time vs. C.

100

AMBIENT TEMPERATURE (Ta)=25°C

TYPICAL TEMPERATURE COEFFICIENT FOR

ALL VALUES OF Vpp=03 % /

ns

8
S

5

TRANSITION TIME (tTH = tTLn)

L

T

o
[
o
5
FY
o

LOAD CAPACITANCE (Cy)—pF

Fig.8.12—Typ. transition time vs. Cy.

50 60 70 80 90

92Cs-19094

100

CD4013A
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File No. 479

Digital Integrated Circuits

Monolithic Silicon

. CD4014AD, CD4014AF
CD4014AE, CD4014AK

CDA4014A types are 8-stage parallel-input/serial output regis-
ters having common Clock and Parallel/Serial Control inputs,
a single Serial Data input, and individual parallel “Jam’
inputs to each register stage. Each register stage is a D-type,
master-slave flip-flop. In addition to an output from stage 8,
“Q" outputs are also available from stages 6 and 7.

Parallel as well as serial entry is made into the register
synchronous with the positive clock line transition and under
control of the Parallel/Serial Control input. When the

PARALLEL
NS

pAR.IN. VDD COS/MOS 8- stage
12345678 Static Shift Register
elfbeee | e SYNCHRONOUS PARALLEL OR SERIAL INPUT/SERIAL OUTPUT
gggT_s Special Features )
sIERJ_ . £ ® Medium speed operation. .. ... 5 MHz (typ.) clock rate at Vpp — Vsg = 10 V
' o _25 4 = Fully static operation
12 w
eLoer] " § ® MSI complexity on a single chip. ..... 8 master-slave flip-flops plus output
2% buffering and control gating
Applications
], = Synchronous parallel input/serial output data queueing
_ .vss. B ® Parallel to serial data conversion ® General purpose register

Parallel/Serial Control input is “low"’, data is serially shifted

into the 8-stage register synchronously with the positive

transition of the clock line. When the Parallel/Serial Control

input is “high”, data is jammed into the 8-stage register via

the parallel input lines and synchronous with the positive

transition of the clock line. Register expansion using multiple
" CDA4014A packages is permitted.

PARALLEL
SERIAL
CONTROL °
SERIAL
INPUT

cLock O——D:
0

TERMINAL NO. 16 = Vpp
TERMINAL NO. 8 = GND

76

9255 4152R1

3 2 2
Q-8 Q7 Q-8

Fig.9.1 — Logic block diagram.
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PARALLEL SERIAL
ONTROL

Voo

0.

: SP
9

PARALLEL
INPUT -1

TRUTH TABLE

Q

T At i

_/‘ X 1 0|0 0 0

/| x 1 1{0] 1 0

| 1 of1] o 1
x| 1] 1

S |o o Ix|x| 0o jon
] o x| x] 1 o

\ X X X X Q Qn (:nonncey

A

X *DON’T CARE CASE = LEVEL CHANGE

“
o

o

Hl=l

i i }5 = = s =
; | Eaniianiins Han® 4
q_, Vs q | rs; c l_ oL 1_ Ejl LT
Voo Vs I a Voo Vs
cLock ~| é a a ﬂ D—iL } l
0 J = | I_I |
ﬂ I a ALL “P"'-UNIT SUBSTRATES ARE CONNECTED | |
Vss ;;: P':"-um SUBSTRATES ARE CO'TI |
Vss Vs

9.2—Schematic diagram — CD4014A.

Vss

BUFFERED OUTPUT

FOR STAGES 6, 7,8

CD4014A

TO STAGE 2

|
|
|
|
|

:}J—O 0-t6, 70t B

Q I @ 1203

Vss

|

2541439
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CD4014A.

STATIC ELECTRICAL CHARACTERISTICS (All inputs

File No. 479

e et i VSSSVISVDD)

(Recommended DC Supply Voltage (Vpp — Vgg). - - - - - .. 3to15V)
LIMITS CHARAC-
TERISTIC
TEST CD4014AD, CD4014AK, CD4014AF CURVES
CHARACTERISTIC | SYMBOL | (o\ni e UNITS [ & TEST
Vo |Vop -55°C 25°C 125°C CIRCUITS
Volts | Volts] Min.| Typ.| Max. | Min Typ. [ Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device \ 5| — - 5 - 0.5 5 - - 300 A
Current L 0 — — 20 - 1 0 — — 500 9.7
Ouigsgen(‘Device P 5 - - 25 - 25 25 - - 1500 w
Dissipation/Package 8] 0 _ — 100 _ 0 100 _ _ 6000 H -
Output Voltage: 5 - - 0.01 - ) 0.01 - - 0.05
VoL A -
Low-Level 0| - - |oo - o |oo1 | - - Joos
5 [499 ]| — — |499| s - |a95 | -
High-Level VOH v -
. 10 | 9.99 - - 9.99 10 - 9.95 -
Noise Immunity ) 08 | 5|15 - — |15 [225 | = |14 -
VNL v
{Any Input) 10 |10 |3 - - 3 |as — 29 —
it 9.8
For Definition, 42| s (14| — | = |15 f225| - |15 | =
See Appendix VNH v
9.0 | 10 |29 - - 3 a5 - 3 -
Output Drive Current: 0.5 5 [0.15 - - 0.12 | 03 - 0.085( —
IpN mA
N-Channel P os |10 031] - | — [ozsfos | — [oars| -
P-Channel 45| 5|01 | — | — |oos|-016 | — |-0085 — ¢
IpP mA
95 | 10 {025 | — - -0.20 {-0.44 - -0.14 | —
Input Current N - - - - 10 - - | = - pA
@ See Append_ix
10° | AMBIENT TEMPERATURE (Tn)=25°C AMBIENT TEMPERATURE (Tp ) =25°C
| ALTERNATING "0" > LOAD CAPACITANCE (Cy ) = 15 pF
E AND “I" PATTERN v 1T
L 108 . 2
| 3
5 3 2
~ T
w 104 - i‘j /A
; / g 7
=] w
& 13 3
> ¢
S w
2
3 =
5 g
5 - B
['4 5 - §
Y0 4 . 3
§ LOAD CAPACITANCE (C)=I5pF o
——==C{ =50pF
[T T T II T TT7
| 10 102 10® 10* 0 20
INPUT CLOCK FREQUENCY (f¢) — kHz SUPPLY VOLTS(Vpp) 02519867

9.3 — Typ. dissipation characteristics.
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9.4 — Max. input clock frequency vs. Vpp




File No. 479 CD4014A

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ......................... Vgg<Vy<Vpp)
(Recommended DC Supply Voltage (Vpp —Vsg) --....... 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4014AE CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST
Vo (Voo -40°C 25°C 85°C CIRCUITS
Volts | Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device . 5 - - 50 - (05 | SO - - 700 '“A 07
Current L 10 _ - [0 | - 1 [ 100 - — | 1400 )
"Quiescent Device 5 - - 250 - 25 |250 - - 3500
Dissipation/Package Pp 0 — — 1000 ' 10 |ooo - ~T1a000 Hw -
Output Voltage: 5 - - 0.01 - 0 {0.01 - - 0.05
VoL v -
Low-Level 10 - - 0.01 - 0 |0.01 - - 0.05
Hiah-Level v 5 | 499 - - 4.99 5 - 4.95 - - v
ah. _
gn-keve OH 10 | 999 | - ~|eea | 10| - Joos | - -
Noise Immunity . 0.8 5115 - 15 225 - 14 - -
VNL Y
(Any Input) 10|10 |3 3 a5 - |29 - -
N 9.8
For Definition, 42 | 5 |14 - s 225 - s | - -
See Appendix VNH v
9.0 | 10 | 29 - - 3 45 - 3 - -
Output Drive Current: 05 5 | 0072 - - 0.06 | 03 - 0.05 - -
IpN mA
N-Channel o os|1w o2 | - | = Jo1 [os| - [oos| - -
P-Channel 45| 5 [-006 | - - |-005 [-006] - |-004| - - ®
IpP mA
95 | 10 {-0.12 - - |-01 -0441 - -0.08 - -
Input Current b - - - - 1 - - - - PA
A4 See Appendix
2 AMBIENT TEMPERATURE (T ) =25 °C /..0NT TEMPERATURE (Ty) = 25°C
| TYPICAL TEMPERATURE COEFFICIENT FOR - TYPICAL TEMPERATURE COEFFICIENT FOR
T 600| ALL VALUES OF Vpp=0.3%/°C T 600 ALL VALUES OF Vpp * 0.3% / ¢
]
5 an E
" INE 2
H i 500
S
= 3 ‘\-5 H BECam ‘f
A T
ot o
- w *
> = D
% 3000H F 300 x5 >
= B z g
_f S o
3 [o== maEaan E Pai
3 - { @ 200 - \o -
5 BSesaaess ' 2 H pyisee
2 151 L
< e @ 1 =o -
5 100N - H o
t 1T - T
i1 1 1TTT In N 11T 1T
Ty 1117 11T 1 1 NN 1T
IREEN 1TTTT 1T TV T T T 1T 1T
o 10 20 30 40 50 60 70 80 ) 10 20 30 40 5 60 70 80
LOAD CAPACITANCE (C()—pF LOAD CAPACITANCE (C ) — pF
92CS-17807 92CsS-17808
9.5 — Typ. propagation delay time vs. Cy . 9.6 — Typ. transition time vs. Cy .
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CD4014A File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 250cC, C_ = 15 pF, and input rise and fall times = 20 ns except t,CL, t;CL
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C_. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CD4014AD TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4014AK CDA014AE UNITS | CURVES
CD4014AF & TEST
Vbp < CIRCUITS
(Volts) | Min.| Typ.| Max. | Min. | Typ.| Max. Fig. No.
X tPHL= 5 - 300| 750 | — 300 | 1000
Propagation Delay Time: ns 9.5
PLH 10 - 100.| 225} — 100| 300
= 5 - 150 | 300 | — 150 | 400
Transition Time tTHL ns 9.6
TLH 10 - 75| 125 | — 75| 150
Minimum Clock Pulse wL= 5 — | 200| 500| — | 200 830 _
Width tWH 10 | - [ 100]175| — | 100| 200
troL’= 5 - - 15 - - 15
Clock Rise & Fall Time | "C- s -
- | #eo 10 - - 15| — - 15
5 - 100 | 350 | — 100| 500
Set-Up Time ns -
10 - 50 80| — 50| 100
Maximum Clock fcL 5 1 25 —|o6 | 25 = MH
Frequency ’ z -
10 3. 5 - |25 5 -
Input Capacitance Ci ANY INPUT - 5 - - 5 - pF -

* If more than one unit is cascaded in a parailel clocked operation,
t,CL should be made less than or equal to the sum of the fixed
propagation delay time at 15pF and the transition time of the
output driving stage for the estimated capacitive load.

ov
@
b o
aRe)
iy G
o | 2 s SV OR IOV
S2 3 14 —
o 4 13 - _J 1 3.5V OR 7V
102 o 5 12 1 4 a, 0
5% | L7 o o1 5
M1 s, —18 9 7 ¢4
L, = = s
o — 6
= Sj 37
- 8
92Cs-17907 _E
= 1.5V OR 3v
Test performed with the following 92€S-17908

sequence of *“1's’ and ’0's""
S4 S3 S3 S4 S

?:sr:‘t 01100 9.8—Noise immunity test circuit.
Test 0 1 1 1 O
Test 1 0 0 0 O
Test 1 0 1 1 1
Test 1 0 0 0 1

9.7—Quiescent device current test circuit.
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Digital Integrated Circuits

Monolithic Silicon

CD4015AD, CD4015AF
CD4015AE, CD4015AK

COS/MOS Dual 4- Stage

be
SO e W AR Static Shift Reagister
cocka =2 |, 1o With Serial Input/Parallel Output
RESETA —24—

Special Features

pATAp—2 = Medium speed operation. . .... 5 MHz (typ.) clock rate at Vpp — Vsg =10 V
cLockg —1 = Fully static operation
RESETy —2 ® MSI complexity on a single-chip. ..... 8 master-slave flip-flops plus output
buffering
Applications w Serial to parallel data conversion
| Serial-input/parallel put data q i "G | purpose regi

RCA CD4015A types consist of two identical, independent,  data input is transferred into the first register stage and
4-stage serial-input/parallel-output registers. Each register has  shifted over one stage at each positive-going clock transition.
independent “’Clock” and “Reset” inputs as well as a single  Resetting of all stages is accomplished by a high level on the
serial ““Data” input. Q" outputs are available from each of  reset line. Register expansion to 8 stages using one CD4015A
the four stages on both registers. All register stages are package, or to more than 8 stages using additional
-D-type, master- slave flip-flops. The logic level present at the =~ CD4015A s is possible.

@
-
w
s

<
|
o
o
L
©
o
]
o
)
©
o

4= LEVEL CHANGE
X= DON'T CARE CASE

0 _ o _ o _ o
a a a a
R R R
@0 1'>c TRUTH TABLE
. o LR || o
3 > [>
Qs 98 03 Qg il 0101 O
13 2 n 2 Val 0| 1 | Qpp
—\_ X 0 Q U [Sance
X X 1 0 0
DBO-DO—OD_D qQ| o a D a D Q
K 1 J 1 1 1

TERMINAL NO. 16 = Vpp
TERMINAL NO. 8 = GND
Rp
"
925541552

. Fig.10.1—Logic diagram and truth table.
974 81




CD4015A

STATIC ELECTRICAL CHARACTERISTICS (All inputs . .

File No. 479
Vgs <V <Vpp)

(Recommended DC Supply Voltage (Vpp —Vgg). . .. ... .. 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4015AD, CDA015AK, CD4015AF CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS | o TEST
Vo |Vop -55°C 25°C 125°C CIRCUITS
Volts | Volts| Min.| Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
i i 5 - - 5 - 0.5 5 - - 300
0.(1;31{:::: Device I HA 106
10 - - 10 - 1 10 - - 600
Quiescent Device b 5 - - 25 - 25 25 - — | 1500 w
Dissipation/Package D 0 _ — 100 _ 10 100 _ — 6000 H -
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
VoL v .
Low:-Level 10 - - 0.0t - 0o 0.01 - - 0.05
5 |4.99 - — 4.99 5 -~ 4.95 - -
High-Level VOH \ -
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity 0.8 5 |15 - - 15 225 - 14 - -
VNL \2
(Any Input) 1010 (3 - - 3 |45 - 29 - -
For De/m/t/?n, 4.2 s |14 _ _ 15 225 _ 15 _ _ 107
See Appendix VNH v
9.0} 10 |29 - - 3 45 - |3 - -
Output Drive Current: 05| 5015 - - |012 {03 — |o0o08s| — -
ipN mA
05 | 10 {031 - - 025 | 05 - 0.175| - -
P-Channel p 45 5 |-0.1 - - -0.08 [-0.16° - |-0.0585] - - ¢
Ip mA
95 | 10 |-0.25 - - -0.20 |-0.44 - -0.14 | — -
Input Current N - |- - - 10 - - - - PA
& See Appendix.
AMBIENT TEMPERATURE (Tp) =25°C 1 2 AMBIENT TEMPERATURE (Tp) =25°C
LOAD CAPACITANCE (C| ) = I5 pF | TYPICAL TEMPERATURE COEFFICIENT FOR
s n, 5 600] ALL VALUES OF Vpp=0.3%/°C
£ a
2 ] -+ M HH
~ 5 4 4 500) T
g H / g T Be=tan
s ~ «5 L=
5 a " 15\ D“ B
z 4 4 40 ps] NOV
g g i
g % 7
£3 F{ o oo
5 ° Emag
R 3 j1oLHH R
x I3 e T
° 2 1001 -t #
& i 1T
11 17 1T 17
T RN
InuEni IR 11T
) [ 5 20 o 10 20 30 40 50 60 70 80
SUPPLY VOLTS(vpp) LOAD CAPACITANCE (C|)—pF
92Cs-19867 9205-17807

Fig.10.2—Typ. clock frequency vs. Vpp.

82

Fig.10.3—Typ. propagation delay time vs. C(.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . .. .. ... ... ... ... Vgs < Vi <Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg) - - - - . . . .. 3to15V)
LIMITS CHARAC-
TERISTIC
TEST CD4015AE CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS | & TEesT
Vo |Vop -40°c 25°C 85°C CIRCUITS
Volts | Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. [ Max. Fig. No.
Quiescent Device \ 5 - - 50 — |05 50 - - 700 A 106
Current t 0| — | - [w00] — | 1 |00 | =] - |1400 :
Oui'es(:ent'Device P 5 - —_ 250 — |25 | 250 - — | 3500
Dissipation/Package D 10 _ ~ 7000 ~ 70 11000 = — 4000 uw -
Output Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
Vou v -
Low-Level 10 - - oo | - o [o.01 - - | o00s
. 5 | 499 - - | 4.99 5| - |a9s - -
High-Level VOH \ -
10 | 9.99 - - | 9.99 10 - 9.95 - -
Noise Immunity 08| 5 |15 = - |15 225 — |14 - -
VNL v
(Any Input) 10|10 [3 - -1 3 Jas| = T29 - -
For Definition, 107
See Appendix VNH 42 5 |14 - - {15 [ 225 = |15 - -1y
9.0 10 29 - - 3 4.5 - 3 - -
Output Drive Current: 05| s | 0072 - -~ |oo6| 03| - [o005| — -
IpN mA
. 05 | 10 | 0.12 - - 0.1 0.5 - 0.08 - -
P-Channel InP 45| s |-006 | - | - |005|-016] - |-004| - - ¢
D mA
95 | 10 | -0.12 - - |-0.1 -0.44| — -0.08 - -
Input Current I| - had - - 10 - - - - pA
4 See Appendix.
AMBIENT TEMPERATURE (Tp) = 25°C 10® :’f-ﬁgg;ATVElr:‘ZEfoAIURE (Ta)=25°C
- TYPICAL TEMPERATURE COEFFICIENT FOR S P
7 600| ALL VALUES OF Vpp=0.3% / °C z o8 AND 1" PATTERN "
+ 1 H—
500 2 I ! 4
Fha w 10? \“\5 = =
o ] Lo 10 —
T a 2~
Fa00 5 S 2
™ aj & 0 0??\:‘
H N oD > o =y
- 300 s e 1
z O g 3
o X352 & 102 4
= L) - = I i
@ 200 T N T wm 5 — -~
Z H . \S ot x =
[ ! T =T £ 10 e
b :%_ aa 3 == LOAD CAPACITANCE (C)=I5pF
1 1 T H ——==C|*50pF
H H | I I N N I
0 10 20 30 40 50 60 70 80 ) 10 102 10 o
LOAD CAPACITANCE (C ) — pF INPUT CLOCK FREQUENCY (f¢ ) — kHz
92Cs-17808 92CS-17806R2
Fig.10.4—Typ. transition time vs. Cf. Fig.10.5—Typ. dissipation characteristics.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 25°C and C_ =15pF
Typical Tempeiature Coefficient for all values of Vpp = 0.3 %/°C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST 'CD4015AD TERISTIC
CHARACTERISTICS |SYMBOLS |  conDITIONS CDa015AK CDA0TSAE UNITS | CURVES
CDA4015AF & TEST
VoD CIRCUITS
(Volts) | Min.| Typ.| Max. | Min.| Typ.| Max. Fig. No.
CLOCKED OPERATION
t = 5 - 300| 750 | — 300 | 1000
Propagation Delay Time. PHL ns 10.3
tPLH 10 - 100 | 225 | — 100| 300
tTHL= 5 | — | 150 300| — | 150] 400 )
Transition Time ns 104
tTTLH 10 - 75| 125 | — 75| 150
Minimum Clock Pulse twe= 5 - 200 | 500 | — 200| 830 ns
Width tWH 10 | — [ 100]| 175] — | 100| 200
t, = 5 - - 15 | — - 15
Clock Rise & Fall Time rCL s
tCL 10 - - 15 | — - 15
5 - 100 | 350 | — 100 | 500
Set-Up Time ns
10 - 50 80) — | 50| 100
Maximum Clock foL 5 1 25 - |06 | 25 — MHz
Frequency 10 | 3| s| -|25| 5| -
Input Capacitance Ci - 5 - - 5 - pF
RESET OPERATION
-— 7 —
Propagation Delay Time | PPHL(R) 5 300 | 750 300) 1000 ns
10 - 100 | 225 | — 100| 300
Minimum Set and Reset | , 5 — | 200) 500, — | 200) 830 .
Pulse Widths WHIR)
10 - | 100175 | — | 100| 200

* If more than one unit is cascaded in a parallel clocked operation,
t,CL should be made less than or equal to the sum of the fixed
propagation delay time at 16pF and the transition time of the
output driving stage for the estimated capacitive load.

Test performed with the following
sequence of “1's’’ and "“0's"”

$18; S3

1 -——_——I
o sy [ 16 @— ov Test 0 1 0
! 2 s Don‘t Test 0 0 1
‘I’ 2 DO Don'tTest 1 0 1
0ow2 : :z| Don't Test 0 O 0
3 T 0 Don'tTest 1 0 O
= L 2 Don't Test 0 0 1
92€5-17909 Test 1 O 1
Don'tTest 0 0 O
Test 1 0 O

Fig.10.6 — Quiescent device current test circuit.
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Voo
SVORIOV
A5VOR7V

16
15
14
13 DVM

O—o
I5VOR3V

EREREX N
S
l

92CS-17910RI

Fig.10.7 — Noise immunity test circuit.

. e

DATA

TO DATA INPUT
OF STAGE NO. 2

|
|
u |
S B A
Voo |__TCL :ﬁvm —Jc ;Er
L

ALL P SUBSTRATES ARE CONNECTED T0 Vpp 92SM-4443R1
ALL N SUBSTRATES ARE CONNECTED TO Vgg

Fig.10.8 — Schematic diagram.
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Digital Integrated Circuits

Monolithic Silicon

CD4016AD, CD4016AF
CD4016AE, CD4016AK

' COS/MOS Quad Bilateral Switch
IN. -
5164 For Transmission or Multiplexing of Analog or Digital Signals
2
o Special Features
out. 3 = Wide range of digital and analog signal levels —
Digital or analog signal to 15 V peak
s'sl': 4 Analog signal £7.5 V peak
) m Low “ON" resistance—
conT. 5| 300 £ typ. over 15Vp,.p signal input range, for Vpp — Vsg =15 V
B
® Matched switch characteristics —
CONT. 6] 409 typ. difference between RQp values at a fixed bias point over 15 Vp.p
¢ signal input range Vpp — Vgs = 15V .
ves 1 . ) u High “On/Off" output voltage ratio —65 dB typ. @ fjs = 10 kHz, R = 10kQ
= High degree of linearity —< 0.5% distortion typ. @ fis = 1kHz,
Vis =5Vp.p, VDD—Vss 2 10V, R = 10k
Applications u Extremely low “OFF" switch leakage resulting in very low

= Analog signal switching/multiplexing

offset current and high effective “OFF" resistance —
10 pA typ. @ Vpp —Vgs =10V, Tp =25°C

Signal gating Modulator
Squelch control Demodulator u Extremely high control input impedance (control circuit
Chopper Commutating switch isolated from signal circuit) — 1012 typ.
' ® Digital signal switching/Multiplexing ® Low Ik b itches —
® COS/MOS logic implementation ’ —50 dB typ. @ fis = 0.9 MHz, R = 1 kQ
® Analog-to-digital & digital-to-analog conversion = Matched i :_""": to signal-outp -
= Digital control of frequency, impedance, phase, and i put signal
analog-signal gain = Transmits freauencies up to 10 MHz

86

14 I
CONTROL ’ ’
VOLTAGE (V)
P P - 3
Voo 3* » * -
50— 6 ’ 20—
[
SS i_l ﬁ"
INPUT SIGNALS (Vis) 0
TERMINAL Nos. 1,4,8,11 1
19 IN/OUT LT - 8 IN/OUT
QUTPUT SIGNALS (Vo) ’_1_1 ﬂm v J_1
TERMINAL Nos. 2,3,9,10 ss
——| DU |—— —l N By |-—- W By |—-1
il;rnu 3 00UT/IN :I?u"r/m 10 & QUT/IN

SWITCH A SWITCH B SWITCH C * SWITCH D
92SM -3838R2

x

L3

NOTE: All switch P-charinel substrates are internally connected to terminal No. 14.
All switch N-channel substrates are internally connected to terminal No. 7.

NORMAL OPERATION:

Control-Line Biasing .
Switch “ON": V¢"1" = Vpp SIGNAL-LEVEL RANGE: Caution:
Switch “OFF": Vc"0" = Vgg VssLVisLVpp

If Vs exceeds Vpp, input currents

Fig.11.1—Schematic diagram. must not be allowed to exceed 5 mA.
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= 4
S o

OUTPUT SIGNAL VOLTS (Vpg)
~
Ll

SUPPLY VOLTS: Vpp = +15; Vgg * O

AMBIENT TEMPERATURE (Ta) =25°C

0 12.5
INPUT SIGNAL VOLTS vis)

92C5-17880

Fig.11.2—Typ. “ON" characteristics for 1 of

4 switches with Vpp= +15V,
Vss=0V.

CD4016A

SUPPLY VOLTS: Vpp = +10; Vgg

AMBIENT TEMPERATURE (TA)'Zﬁ'C

OUTPUT SIGNAL VOLTS {Vpg)
[}

4 8 10
INPUT SIGNAL VOLTS (Vig)

92Cs-17833

Fig.11.3-Typ. “ON" characteristics for 1 of

4 switches with Vpp= +10V,
Vss=O0V. .

SUPPLY VOLTS : Vpp=+5; Vgg =0

AMBIENT TEMPERATURE (Ty) =25°C

o

1
|
1
T
g

Ny

>

o

~

OUTPUT SIGNAL VOLTS (Vgs)

I
1T

T

o 1 2 4 5
INPUT SIGNAL VOLTS (Vig)
92Cs-17834
Fig.11.4—Typ. “ON” characteristics for 1 of
4 switches with Vpp= 5V,
Vss=0OV.
6| SUPPLY VOLTS: Vpp=+5;Vgs=-5

AMBIENT TEMPERATURE (Tp)=25°C [
~ i
$* i
2
a2
B
g ;
o :
s © :
=
2
a
5-2
3-

-2 [} 2 4
INPUT SIGNAL VOLTS (Vig)

92Cs-17836

Fig.11.6—Typ. “ON” characteristics for 1 of

4 switches with Vpp= +5V,
Vss=-5V.

SUPPLY VOLTS: Vpjy=+15; Vgg *-75

AMBIENT TEMPERATURE (Tp)*25°C H

n
o

]
~
o

OUTPUT SIGNAL VOLTS (Vog)
o

-5 3
Vos
= R
=75 -5 -25 o 25 5 75
INPUT SIGNAL VOLTS (Vig)
92€5-17835
Fig.11.5—Typ. ““ON"’ characteristics for 1 of
4 switches with Vpp= +7.5V,
Vgs=-7.5V.
SUPPLY VOLTS: Vpp = + 25V; Vgg = =25V
AMBIENT TEMPERATURE (Tj) = 25°C
)
EXS
[
g
>
:
®» 0
E rl Vis
5. |
(=]
dlag - 5
1
H Ve
1 'os
Ry
HH = "
- - = 0 -1 2 3
INPUT SIGNAL VOLTS (Vg) 5265-17839

Fig.11.7—Typ. “ON" characteristics for 1 of

4 switches with Vpp= +2.5V,
Vss=-2.5V.

87



CD4016A File No. 479

ELECTRICAL CHARACTERISTICS (Allinputs . . . ... .. .. ... ... Vgs<V < Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg) . .. ... ... 3to15V)
LIMITS
CD4016AD_CDA4016AK, CD4016AF
UNITS
CHARACTERISTIC SYMBOL TEST CONDITIONS r—:‘so—é—rﬁc—‘ 1259C .
Typ. T™Max. Typ. | Max.| Typ. |Max.
i issipati VOLTS
Q“'es‘;e":(o's”pat“’" TERMINALS  APPLIED
per Fackage Voo 4 - 310
All Switches “OFF” Vss 7 GND -] s]oi]s -~ 300 | ww
Ve 5,6,12,13  GND
Vi 1,481 < s0
Voo 23,910 <40
Pr
VOLTS
TERMINALS APPLIED
Voo 14 +10
All Switches “ON" Vss 7 GND - s | o1]s - ]300 | uw
Ve 5.6,12,13  +10
Vig= Vps 14.811 < w0
SIGNAL INPUTS (V;,) AND OUTPUTS (V)
Ve - Voo| Vss Vi
V75V 120 | 360 | 200| 400]| 300 60
7 5v -185v  [-78V 120 | 360 | 200| 400] 300| 600| £
2025V | 130 | 77 280 850] 470 | 123C
+5V 130 | 600 250] 660] 400 960
ksv -5V _5V 130 | 600 | 250] 660] a00]| 960
; . =0.25v__| 325 187 580 2000] 900 [ 2600
‘a8, " R Q
'ON"’ Resistance on  |Ry = 10K¢ ey 1207 36 200] 400] 300 600 o
kisv ov +025v_| 1201360 | 200| 400] 300] 600
9.3V 150 | 775 | 300] 850] 490 | 1230
10V, 130 600 | 250 660] 400 | 960
k1ov ov w025V | 130 600 | 250] 660] 400 960 £2
5 6V 300 [1870 | 560)2000] 880 | 2600
A"ON" Resistance 7
sV |-715v  |#75v - - 0] - - | -
Sine-Wave Response R, = 10k ) a
(Distortion)po R SV fsvieet] - = [ 0ad - f - =] %%
[ )
Yoo VcVss Vs
Input or Output - T 1 - - | si100] - - -
Leakage—Switch "OFF* SV -75V 78V pA
(Effective “OFF" - . A
Resistance) BV -5V 5V - - | |8 - | -
Frequency-Response- Ve =Vpp*® *5V.Vgg= -5V
Switch “ON" Voo -l - a0 - - |- | M
(Sine Wave Input) AL ke 2"L"‘Jw\,—';: -8
Vpp = *0V. Vs Vee=- 5V
v, sVipi [ VoD c* Vss
Feedthrough e v
Switch “OFF" ) 20 Log ,0\—,‘“-= - 5008 - - 1251 - - = | MH:
15
VAl Vgp= 5V,
Crosstalk Between Any 2 Ry = Tkid ¢ \?D(e;-v e sy
of the 4 Switches V(A= c YssT _ - loo | - N I I
_ V(B
(Frequency at —50 dB) 5V ipp) 20 Log 1o s 5008
Vls(Al
Capacitance Input Cis  [Vop=*6V.Vc=Vss= -5V -1T-1++1-1-1-
Output Cos _ - |- a4 - - |- | eF
Feedthrough [c, ¢ -]l -102| - -] -
Propagation Delay Ver Vpp* *10V.VggT GND.Cy < 150F.
Signal Input to tod V\g = 10V (square wave). - - 0 | - - - | ns
Signal Output 1,= 1= 20 ns (input signal)
® +t10x10~3

3 * Limit determined by minimum feasible leakage measurement for automatic testing.
A Symmetrical about 0 volts

88



File No. 479 CD4016A

ELECTRICAL CHARACTERISTICS (Allinputs . .. ... ........... Cee i e... Vgg<V <Vpp!
(Recommended DC Supply Voltage (Vpp - Vgg) - .. ...... 3t015V)
LIMITS
CHARACTERISTIC SYMBOL| TEST CONDITIONS )W— CDZ;‘?SAE sgoc—PPNITS
Typ. [Max. | Typ.|Max.| Typ. |Max.
N . s VOLTS
0“'“;9“;0"’“’“'“ TERMINALS APPLIED
per Fackage Voo ] +10
All Switches “OFF" Vss 7 GND -]l s]or|s | -] 8| uw
Ve 5,6,12,13  GND
v, 1481 <o
. Voo 239,10 =410
T
VOLTS
TERMINALS APPLIED
Voo 13 +10
All Switches “ON"* Vss 7 GND - 5 015 - | 80 | wW
Ve 5.6,12,13  +10
14,8H1 < +10
SIGNAL INPUTS (V) AND OUTPUTS (V)
Ve - Vop| Vss Vis
75V 130] 370| 200 400| 260| 520
7 5v _15v [-78V 130] 370] 200 400] 260 | 520] £
£0.25V 160] 790] 280 ] 850] 400 |1080
Y 150] 610[ 250 660] 340 | 840
Lsv 5V "5V 150] 610] 250 | 660] 340 8s40]|
. . =025V | 370] 1900] 580 [ 2000] 770 | 2380
“ON" Resistance Ron  [Ru= 10k 15V 130] 370 200 | 400] 260 | 520
sy ov +0.25V 130] 370[ 2007 400] 260 520] 2
9.3V 180| 790] 300 | 850] 400 [ 1080
10V 150] 610] 250 | 660} 340 [ 840
b1ov ov 025V | 150] 610] 250 660 340 840]| 2
56V 350 1900] 560 | 2000| 750 | 2380
A”ON” Resistance sy lorsv |s78v - - wl| - S
Between Any 2 ARon Y S5V |25V SN N T e gy RV
of 4 Switches
Sine-.Wave_Response R =10k {2 sv _sv svipp® | - _ 0a| - _ | o
(Distortion) 1,02 1kHz °
Voo VecTVss Vi
Input or Output - o - - | +100| - - -1 pa
Leakage—Switch “OFF* +715V. -75V +7.5V
(Effective “OFF"" . A
Resistance) BV -5V 5V - - o6 |+125| - -
Frequency-Response- Ve =Vpp*® *5V.Vgs= -5V
Switch “ON"" Voo - - | - - - | MH.
(Sine Wave Input) Re: 2 20 Logyg K: -348
Vop - '5V.Ves Vggm - 5V
v, SView | VoD c* Vss
Feedthrough ' v
Switch “OFF"” 20 Log 1o 4= - 5048 i IR BT I R I AL
s .
VAlA) Vo= 5V,
Crosstalk Between Any 2 Ry =tk ¢ ‘?%n Vews —5v
of the 4 Switches V(A= c EO | - 1oo ] - - | = | mue
- v_.(8) g
(Frequency at —50 dB) Ve |20 Loy IOVJ‘(E: ~ 5048
Capacitance Input Cis Vpp =*5V.Ve=Vgg= -5V - - 3 | - R
Output Cos - - a] - - - | oF
Feedthrough Cos - - 0.2 - - -
Propagation Delay Ve Vpp*® *10V.Vsg® GND.C, < 150F
ngnal Input to tod Vs = 10V (square wave). - - 0| - - - | ns
S_lgnal O"'tp"'t L=t = 20 ns (iInput signal)
® +10x10~3

5 * Limit determined by minimum feasible leakage measurement for automatic testing.
4 Symmetrical about 0 volts
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ELECTRICAL CHARACTERISTICS (Allinputs . .. .......... e . Vgs< Vy <Vpp
(Rgcommended DC Supply Voltage (Vpp —Vgg) - -« - - -« - 3to15V)
LIMITS
CDA4016AD, CDA016AK , CD4016A F
CHARACTERISTIC SYMBOL
TEST CONDITIONS 555 T 20C 255C UNITS
Min. [Typ. JMax. [Min. ] Typ.[Max. [Min. [ Typ. [Max
CONTROL (V()
Vpp—Vgg=15V.10V,
. *
Switch Threshold Voltage™ | v, /N < 5V; I,g=10uA 07|~ 290815 |27(02| — |24 V
Vis= Voo V- Vee = 10V,
Input Current 'c 00" 7SS -1 -1- —f{#0| - | -] - =] 0A
Ve= Voo ~Vss
Average Input Capacitance | C¢ - - - - 5| — | -] - - pF
Crosstalk (Control Input Voo~ Vss= 10V- R =10k82 y v
to Signal Output) Ve = 10v L 1T i i IR il B I Rl B
{square wave) B
Turn “ON" <
Propagation Delay tpdC | te=te=20ms IV, S10V.C =150F [ I I R 70 (N N R R BN
Vpp = 10V.Vgg=GND R = 1ki
Maximum Allowable C = 15pF
Control Input Vom 10V.( ) =] =f{-(vw]=-]-]-|-] W
Repetition Rate 'c = 10V (square wave :
1,=1=20ns
TYPICAL “ON" RESISTANCE CHARACTERISTICS
CHARAC- SUPPLY LOAD TYPICAL
TERISTIC*| CONDITIONS CONDITIONS CHARAC-
R = 1kQ R = 10k | Ry =100kQ | TERISTIC
Voo | Vss |VALUE[ V;; [VALUE| Vi, |VALUE| V;; |CURVE

Wl W@ | @ | | @ | o | FieNo.
200 | +15 | 200 | +15 | 180 | +15
200 0 200 1] 200 0 1.2
RON(max.) +15 0 300 +11 300 +9.3 320 +9.2
290 +10 | 250 +10 240 +10
290 0 250 o 300 0 13
Ron(max)| +10 | 0 |500 |+7.4 | 560 | +6.6 | 610 | +55
860 +5 470 +5 450 +5
600 o 580 0 800 (1] 1.4
RON(max.) +5 0 1.7k +4.2 7k +2.9 33k +2.7
200 +15 200 +15 180 +15

R 475 | -75
ON 200 |-75 | 200 [-75 | 180 [-75 15
Ronmex]| +75 | 75200 | 025| 280 | 25 | 400 | 0.5 |

260 +5 250 +5 240 +5

Ron 45 | 0

Ron +0 | o0

Ron +5 0

Fon 8 )-8 G =85 [ 20 | -5 |20 | -5 116
Ronmex)| +6 | — 5 | 600 | *025| 580 | 0.25| 760 | *0.25

590 | +25 | 450 | +25 | 480 | +25
Fon 25 | 25 25 | 520 | 25 | 520 | —25 17

Rop(max.)| 425 | -2.5 232k | +0.25| 300k | $0.25( 870k | *0.25

* Variation from a perfect switch; Ry = 082.

20



File No. 479

CD4016A

ELECTRICAL CHARACTERISTICS (All inputs

Vss< Vj <Vpp!

(Recommended DC Supply Voltage (VDD VSS) ..... 3t015V)
LIMITS
CDA4016AE
CHARACTERISTIC SYMBOL TEST CONDITIONS —a0°C r 259C ] —&5% | unITS
Min. ITvp. |Ma)(4 'Mm. ITyp4 |Mu.J Min. TTyp. [Max
CONTROL (V)
. . VDD-VSS=15V,1OV,
Switch Threshold Voltage VN . 5V 1,g=10uA _ _ |- los|1s|l27] - 1 v
v.Sv,
s~ "DD Voo- Veg = 10V.
Input Current I D<Dv Ss [ I I E0) DS A R R Y
Ve™ Voo ~Vss
Average Input Capacitance | C¢c - - - — 5| — - - | = of
Voo =10V,
Crosstalk (Control Input oo™ Vss R, =10Kk$2 -l =l so] =} =1 =] =] mv
to Signal Output) Vg=1ov L
(square wave).
Turn “ON"’ oy - <10V.C, =150F _ _ - - 2] — - - -
Propagation Delay tpdC o= YT 20ns [V, (S10V.C =150 ns
Allowabi Vpp* 10V.Vgg= GND.R| = 1k§2
Maximum Allowable =
C = 15pF _ _ _ _ wl - _ _ _ M
Control lnPUt V= 10V (square wave)
Repetition Rate C .
t,=tg=20ns

il

OUTPUT SIGNAL VOLTS (Vps)
[=]

ve=+sv |
e ~1|—o<}:|
N P N

Vos
R =I0K
P 4 6
INPUT SIGNAL VOLTS (Vis)
92C5-16072

Fig.11.8—Typ. “ON"’ characteristics as a
function of temp. for 1 of 4
switches with Vpp=+5V,

Vss=-5V.

[SUPPLY VOLTS: Vpo=+5, vssus
CONTROL VOLTS (V¢)=-5

~ INPUT SIGNAL VOLTS (Vis)=5 Vp-p SINE WAVE (177 RMS)
2 30k LOAD CAPACITANCE (cu-cnxmag +CMETER=2.3+2.5+48 pF
= FIXTURE AND METER NULLED O
[ C105(¢ixTuRE) 08P
525 4o mevourmeren 37
o H | BOONTON RADIO
2 H _9_ MODEL 91-CA -
E g S s
$ 20014 RV ARy 39 2

s N S / z
@ B SN o <]
H 5 3 5 g
= o e q—l-«u.s 3
I X )
& B
[ 45 <
-
2
a
'é s A 51

&
3
. :
107 | 0 102 03 04
INPUT SIGNAL FREQUENCY (fig) kHz
92CS-16079

Fig.11.9~Typ. feedthru vs. freq. — switch
“OFF”,
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: ] -5 C105°0-8pF R F. VOLTMETER
SUPPLY VOLTS:Vpp=+5; Vgg=~5 T T 110 SUPPLY VOLTS: Vpp=+3,VSs* 108
INPUT SIGNAL VOLTS (Vig)* 5 Vp_p SINE WAVE (177 RMS) INPUT SIGNAL VOLTS {Vis): 5 vP-P r=db==1  MODELOl-cA C
% 30} FIXTURE AND METER NULLED OUT 355 SINE “"VE(.I';S (R").w ! OR EQUIV.
oo bt CONTROL VOLTS (Ve [ —?—- Vos
e F Ve-vou #LOAD CAPACITANCE = (CFix *CMETER)" _ IPT
5 a2sf 37 23+42.5:48pF 4
2 :st Vis () N T - Vis N 1o (RMS)
3 g & S
5 e0f pLd P 2 Vervon A o
e I Ka 1K z Voo = = |
r 3
g I = L e U L |
15 V.. RF.VOLTMETER 153 2 20— -
2 b VerVs B VOLTMETER 2 2 [~ LOAD RESISTANCE (R,)= IM2 ]
S £ MODEL 91-CA £ . -3d8
2 N OF EQUN 455 33 lokR ronss L
5 4 8z | Tiooka
3 P Vos (8) on | 1
5 5 Ka KQ. Y 51 5 E
) 1 L L / g 3
of 2 OF 4 SWITCHES | | §
Pl e
o5
o 1 10 102 103 o4 o [ 10 ‘ 100
INPUT SIGNAL FREQUENCY (fjg}— kHz INPUT SIGNAL FREQUENCY (f),) MHz
92CS-16080 92CS-16070

Fig.11.10~Typ. crosstalk between switch
circuits in the same package.

Ve=Voo
O

Ve Vi v,
oD Yis fos

Y
tr=tfs
100ns

T
e

15 p,_.:[ I0KQ

ALL UNUSED TERMINALS
ARE CONNECTED TO Vss

92CS-16086

Fig.11.12—Test circuit for square wave
response.,

SCALE: X=0.2ms/DIV Y =2.0V/DIV
VDD = V¢ =+7.5V, Vg§ = -7.5V, RL = 10K
CL=15p

fis=1KHz Vis=5Vpp

DISTORTION = 0.2%

Fig.11.14—Typ. sine wave response of Vpp=
+7.5V, Vgg=-7.5V.

SCALE: X =100 ns/DIV
Y=5.0V/DIV

Fig.11.17—Typ. square wave response at
Vpp= V= +15V, Vgs=Gnd.

92

‘Fig.11.11—Typ. switch frequency response
— switch “ON".

ALL UNUSED TERMINALS
ARE CONNECTED TO Voo

92CS-16071
Fig.11.13—""OF F” switch input or output
leakage test circuit.

SCALE: X =0.2ms/DIV Y = 2.0 V/DIV

VDD =VC=+5V, Vgg=-5V, RL= 10KQ

cL=15pF
fis=1KHz Vis=5Vpp
DISTORTION = 0.4 %

Fig.11.15—Typ. sine wave response of Vpp=

+5V, Vgs=-5V.

SCALE: X =100 ns/DIV
Y=5.0V/DIV

Fig.11.18—Typ. square wave response at
Vpp=Vc= +10V, Vss= Gnd.

SCALE: X=0.2ms/DIV Y =20V/DIV
Vpp = V¢ = +2.5V, Vsg =-2.5V, R|_ = 10KQ
CL=15pF
fis=1KHz V|g=5Vpp
DISTORTION= 3 %
Fig.11.16—Typ. sine wave response of Vpp=
+2.5V, Vsg=-2.5V.

SCALE: X =100ns/DIV
Y=2V/DIV

Fig.11.19—Typ. square wave response at
Vpp= V= *5V, Vss= Gnd.
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Ve

«lov, Ve
A e ]
treif= 20ns

Vie F Vos Vos WITH TEST UNIT

M (1 SWITCH OF CD4016A
PLUGGED IN TEST
ke k@ FIXTURE)

Vs FIXTURE ALONE
(NOUNIT...TERM
57T0 3 OF SOCKET)

ALL UNUSED TERMINALS
ARE CONNECTED TO V,

92Cs-16087

Vc =10V PER DIV.
VOs = 0.2V PER DIV,
t = 100ns PER DIV.

Fig.11.20—Crosstalk-control input to signal

output.

Vpp=+Iov

+10V,

Vos

'59F]: 10k

ALL UNUSED TERMINALS
ARE CONNECTED TO VSS

B 92Cs-16085
Fig.11.21—Propagation delay time signal
input (V)g) to signal output

(Vos).
REP, :
RAT
Y _/PG/-\
tr=1£=20ns

Vpp=+10vV

10
oL

tr=1f=20ns

ALL UNUSED TERMINALS

ARE CONNECTED TO Vgg 92Cs-16089

Fig.11.23—Max. allowable control-input
repetition rate.

Voo

14

3

VTHN

Vpp*+Iov

+0V,
o= -
Ir1f=20ns Vos
IokQ
ALL UNUSED TERMINALS
ARE .CONNECTED TO Vss
92¢s-16088

Fig.11.22—Turn-on propagation delay-contro!
input.

Vpp=*5V

MEASURED ON BOONTON
CAPACITANCE BRIDGE
MODEL 75A (IMC)

'—I'_._ O.luF

Vg5V
O—

Vis --—C-;o-sj Vos

1
Cis = *Cos
Vggz-5V 1 1
ss L 4
ALL UNUSED TERMINALS
ARE CONNECTED TO Vss
92C5-l60°|.

Fig.11.24—Capacitance Cips and CQs.

PINS 5,6,12
70 GND

92CS-17927R2

Fig.11-25—Switch thresholf voltage —N-channel

test circuit.
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Digital Integrated Circuits

Monolithic Silicon

CD4017AD, CD4017AF
CD4017AE, CD4017AK

CD4017A types consist of a 5-stage Johnson decade counter
and an output decoder which converts the Johnson binary
code to a decimal number. Inputs include a ‘‘Clock”, a
“Reset”’, and a ‘‘Clock Enable’’ signal.

The decade counter is advanced one count at the positive
clock signal transition if the clock enable signal is “low’’.
Counter advancement via the clock line is inhibited when the
clock enable signal is “high”’. A ‘high” reset signal clears the
decade counter to its zero count. Use of the Johnson decade
counter configuration permits high speed operation, 2-input
decimal decode gating, and spike-free decoded outputs.
Anti-lock gating is provided, thus assuring proper counting
sequence. The 10 decoded outputs are normally ““low’ and
-go “high” only at their respective decimal time slot. Each

s N

COS/MOS Decade

5 MHz (typ.) at Vpp — Vs =10 V

y on a single chip. decade counter plus 10 decoded outputs

®m Decade counter/decimal decode display applications

.VDD Ins
2o’ Counter/Divider
oy
croeLY H) Plus 10 Decoded Decimal Outputs
cLock 13/ |7 oge| o
ENABLE P E] )
ReseT— s Special Features
Fse] o
|5 v & u Medium speed operation
=7 § = Fully static operation
S uou
TQJ ® MS! complexit
—'9"
" L
ey Applications
ouT
Vss ls
= = Freq y division

® Counter control/timers

® Divide by N counting
N =2 — 10 with one CD4017A and one CD4001A
N > 10 with multiple CD4017A’s

® For further application information, see ST4166
“COS/MOS MSI Counter and Register Design &
Applications”

decoded output remains “high” for one full clock cycle. A
carry-out (COUT) signal completes one cycle every 10 clock
input cycles and is used to directly clock the succeeding
decade in a multi-decade counting chain.

g

g g

q 1

7

B CLOCK ENABLE

S e
IL—;I_GH (] c;aj c;“- c:u [
R [ + ®

D>

RESET

TERMINAL NO. 8= GND = Vsg
TERMINAL NO. 16 » Vpp

~CH e

|l

" ssuen

Fig.12.1 — Logic diagram.
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CD4017A

AMBIENT TEMPERATURE (T3) = 25°C

@ TYPICAL TEMPERATURE COEFFICIENT FOR
RESET | | 1500[ALL VALUES OF Vpp = 0.3% /°C
CLOCK ENABLE /\ ;
R | T\ .
x
" l_\-— a
U ! = 1000 T L
"2 7\ 7\ = SUPPLY VOLTS (Vpp) = 5
F | T
I\ I % + &
el 1
T\ &
s I\ é So0R
& Fra é 10
a B 11
/M S I
7 7 4 T 05 1
o M TIT1 H T AT
s 16 20 30 40 50 & 70 80
9 I\ LOAD CAPACITANCE (C_) — pF
amy oot e e 920517626
SR Fig.12.3—Typ. propagation delay time vs.
Fig.12.2 — Timing diagram. Cy for decoded outputs.
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Fig.12.4—Typ. propagation delay time vs. Cf. Fig.12.5 — Typ. transition time vs. Cy for
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Fig.12.6—Typ. transition time vs. Cy_ for
carry output.

Fig.12.7 — Typ. clock frequency vs. Vpp.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ......................... Vgg<V;<Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . .. ... ... 3t015V)

LIMITS CHARAC-
CDA4017AD, CD4017AK, CD4017AF TERISTIC
TEST 4 . CURVE
CHARACTERISTIC SYMBOL CONDITIONS UNITS &TESTS
Vo | VDD -55°C 25°C 125°C CIRCUITS
Volts | Volts| Min. | Typ.] Max. | Min. | Typ.| Max. | Min. | Typ. | Max, Fig. No.
Quiescent Device 5 - - 5 - 03 5 bl - 300
Current v o= = [0 [ = los [w [ = [ = [eo “ | ™
Quiescent Device 5 - - 25 - 15 25 - - 1500
Dissipation/Package PD 0 _ _ 100 _ s | 100 — _ uw -
Output Voltage: v 5 - — [001 - 0 0.01 - - 0.05 v
Low-Level ot 0| - — {001 - 0 |oo1 - - |oo0s5
5 499 | — | — {499 | s | - Jags | — | —
High-Level VoH \ -
10 |9.99 | - — 999 | 10 - |ogs | — | =
Noise Immunity v 08| 5 [15 - - |15 |225 | — |14 - -1
(Any Input) NL 10| 10 |3 | - 3 [as - |29 - -
For Definition, 12.10
See Appendix Vi 421 5 114 - | = |15 |25 | = |15 - =l Y
9.0 | 10 |29 - - 3 45 - |3 - -
Qutput Drive Current: gecodedwo,ﬁ 5 lo0.06 - - 0.05 | 0.1 — 10.035| — -
ueutsfos [10 Joaz [ — [ — [oa [oa - loo7 | — | —
N-Channel IpN mA
Carry |05 5 |0.185 | — - 0.15}0.4 — 10.105| - -
[Output
vPt Jos {10 foas | — | — [oas] s - jozs | — | - R
45 | 5 |00375 — — 1003 [-0075 | — |0021] — -
. Putputslgs (10 Joa2 | = | —. |01 |02 - too7 | - | =
P-Channel IpP mA
Carry  |4.5 5 |-0.185 | — - |-0.15 |-0.4 — |-0.105| - -
Puteut o5 150 |0as | — | - |0.35 | 1 — Jos | -] -
Input Current ) L - - - - 10 - - - - pA -
® See Appendix.

10% [AMBIENT TEMPERATURE (Tp)=25°C
INPUT t,=t¢=20ns

z
1 08

|

;é y

= 09 ) P

w 10 oS S

g o>

Q 4 &

g o a4

? Z1 <%

e Pl

£ 02 P

a — =z

L~ P i) E= il

w9 _ 11 .

H == "———— LOAD CAPACITANCE (CL)*ISpF

——==Cy *50pF

1 LI T T TITF T 111
10*

10 102 10®
INPUT CLOCK FREQUENCY (fcy ) — kHz
92CS-17829R!

Fig.12.8-Typ. dissipation characteristics.
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STATIC ELECTRICAL CHARACTERISTICS (All inputs .
(Recommended DC Suoply Voltage (Vpp ~Vgg). . .. .. ... 3t015V)

Vss<Vj<Vpp)

CD4017A

LIMITS CHARAC-
TERISTIC
CHARACTERIS’ TEST CoAmTAE CURVES
ISTIC | SYMBOL | . npiTiONS UNITS | g TEST
Vo |VoD -40°C 25°¢ 85°C CIRCUITS
Volts | volts| Min. | Typ. | Max. | Min. | Typ. [ Max. [ Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - — 50 ~ |05 50 - - 700 WA 129
Current t Wl = | = [00] = 100 | — | - | 1400 :
Quiescent Device P 5 - - 250 — 125 250 — - 3500 w
issipation/P nv -
Dissipation/Package D 0 — _ 17000 ~ 10| 1000 _ — ha.000
Output Voltage: 5 - - 0.01 - 0 [0.01 - - 0.05
VoL 4 v -
Low-Level 10 - — oo | — 0 001 - — | oo0s
. 5 | 499 - - | 499 5 — (495 - -
High-Level VOoH v -
10 | 999 - - 1999 10 | — |99 - -
Noise Immunity v 0.8 51|15 - - |15 225 — 14 - - v
(Any Input) NL 10| 10 |3 — — 3 | a5 | — |29 - -
For Definition, 12.10
See Appendix VNH 4.2 5|14 - - |15 2.25( - 15 - il Y
9.0 |10 |29 - - 3 45 - 3 - -
Output Drive Current: Decoded|0.5 5 | 003 — — | 0025| 0.1 — 0.02 - -
Outputs
05 |10 | 0.085| — — | 007 | 04 - 0.055| — -
N-Channel IpN mA
Carry |05 5 | 0.095) — — | 008} 04 — | 0065] — -
[Output
05 |10 |03 - — | o025 1 — |02 - - .
Decoded|45 | 5 |.0018[ — — 1-0015/-0075| — |-0012 — -
Puteutslgs 10 [-0085( — | — [-007 [02 | — [00s5 — | —
P-Channel IpP mA
ICarry  {4.5 5 |-0.095 — - |-0.08 |-0.4 -~ |-0.065 - -
Putewt o5 150 |03 | - | — o028 |1 | - |02 | = | -
Input Current L - - - - 10 - - - - pPA -
¢ See Appendix.
5VORIOV
Test performed with the following _ 3gRV
sequence of “1’s and *‘O’s*’ at each stage. '2 16 7V
[ s. * 3
2 1 S2 S S1 Sz 83 10 |a
3 1 1 1 0 1 o ANY 15V
4 o 0 [ [ o o ouTpuT(3
o 1 o o 1 o 6 3V
s
6 [ ] 0 0 (] o 7
7 o 1 0 0 1 o 8
8 0 0 o o o o
L o 1 o

92¢5-17911

Fig. 12.9—Quiescent device current test circuit.

Fig.12.10—Noise immunity test circuit.

92CS~-179I2RI
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CD4017A

File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°c, C_ =15 pF, and input rise and fall times = 20 ns except t,CL, t,CL
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C . (Ses Appendix for Waveforms)

LIMITS CHARAC-
TEST CD4017AD TERISTIC
CHARACTERISTICS | SYMBOLS | conDITIONS CD4017AK CD4017AE UNITS |CURVES
CD4017AF & TEST
Vbp ' CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
CLOCKED OPERATION
Propagation Delay Time: 5 — | 350 | 1060 - 350 | 1300 ns 124
Carry Out Line toyL = 10 - | 125 250 — | 125| 300 }
. .(PLH 5 — | 500 | 1200f - | 500 | 1600
Decode Out Lines ns 123
10 -~ | 200 ; 400| - | 200 500
Transition Time: 5 - [ 100 | 300| - | 100 | 350 ns 1256
Carry Out Line TTHL = 10 - 50 150 - 50| 200 i
TLH 5 - | 300 900| - | 3001200
Decode Out Lines ns 12,5
10 - | 125, 350| - | 125} 450
T
Minimum Clock twe = 5 — | 200: 500| - | 200| 830 ns _
Pulse Width tWH 10 - [ 100} 170f = | 100| 250
- §| —| -1 18] ] - 15
Clock Rise & Fall Time wCL = - == us -
- cL 10 -1 - 18] -] =] 15
Clock Enable Set-Up . 5 - | 175] 500) - | 175] 700 ns _
Time 10 - 75 200 - 75| 300
i 5 25 - 06| 25 -
Maximum Clock fCL' MHz _
Frequency 10 3 5 - 2 5| —
Input Capacitance < Any Input - 5 - - 5| — pF -
RESET OPERATION
Propagation Delay Time: 5 - | 350 1000f -~ 350 | 1300 ns _
To Carry Out Line 10 - | 125| 250 - 125| 300
t
PHL(R) 5 — | 450 1200 - | 450| 1600
To Decode Out Lines ns -
10 — | 200| 400/ — | 200| 500
Reset Pulse Width L 5 - 200] S00f — | 200] &0 ns
ulse -
) WHIR) 10| -] 100| 16s] — | 100 250
5 —| 300| 750 - | 300 1000
Reset Removal Time ns -
10 - | 100| 225{ -~ | 100; 275
* Measured with respect to carry output line
cLOCK Cout
'CLOCK " FORN=¢
ENABLE CD4OITA RESET f=CLOCK = N
oLl :
2 L) When the Nth decoded output is reached (Nth clock pulse)
N DECODED i
OUTPUTS 0 DECODED QUTPUT ALTERNATE Coyr the S-R flip flop (constructed from.two NOR gates of the
FORN =2 7010 CD4001A) generates a reset pulse which clears the CD4017A
PR SR S = cLock N to its zero count. At this time, if the Nth decoded output is
1CD400TA greater than or equal to 6, the CoyT line goes “high” to
clock the next CD4017A counter section. The “0” decoded

1
|
I
!
|
|
|
|
i

q
1
1
|
|
1
|
1
I
i
|
1
J

9285-4537R1

Fig. 12.11—Divide by N counter (N <10) with N decoded outputs.
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output also goes high at this time. Coincidence of the clock
“low’ and decoded “0" output “low" resets the S-R flip
flop to enable the CD4017A. If the Nth decoded output is
less than 6, the CoyT line will not go “high” and, there-
fore, cannot be used. In this case ‘0" decoded output may
be used to perform the clocking function for the next count-.
er.
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Digital Integrated Circuits

Monolithic Silicon

CD4018AD, CD4018AF
CD4018AE, CD4018AK

Voo

JAM
INPUTS

COS/MOS
Procsettable Bivide-By-'N’ Counter

CD4018A types consist of 5 Johnson-Counter stages,
buffered Q outputs from each stage, and counter preset
control gating. “‘Clock”, “’Reset”, *‘Data”, ’Preset Enable’,
and 5 individual *“Jam" inputs are provided. Divide by 10, 8,
6, 4, or 2 counter configurations can be implemented by
feeding the 05 Qa, 03 02 a1 signals, respectively, back to
the Data input. Divide-by-9, 7, 5, or 3 counter configurations
can be implemented by the use of a CD4011A gate package

-

J Special Features
Ehaace B-a ® Medium speed operation. ..... 5 MHz (typ.) at Vpp — Vgs =10 V
cLock 14 FeGa| & = Fully static operation = MSI complexity on a single chip
oata L 16 g3 §
& Applications
RESET - -3 H ® Fixed and programmable divide-by-10, 9, 8, 7, 6, 5, 4, 3, 2 counters
=35 ® Fixed and programmable counters greater than 10
v 1a ® Prog ble decad s ® Frequency division
= Divide-by-“N" s/freq y synthesizers LI control/timers

to properly gate the feedback connection to the Data input.
Divide-by functions greater than 10 can be achieved by use
of multiple CD4018A units. The counter is advanced one
count at the positive clock-signal transition. A “high’” Reset
signal clears the counter to an “all-zero’” condition. A “high’’
Preset-Enable signal allows information on the Jam inputs to
preset the counter. Anti-lock gating is provided to assure the
proper counting sequence.

(s

tﬁ

0 E
PRESET

ENABLE

"

Ry u;

Lﬂ_—

F(TJ

_

TERMINAL NO. 16 = Vpp
TERMINAL NO. 8 « GND

X. X,

b o o al b 0
c c 1 c
0 g
R Ry R Ry Ry Ry
L L
Yo X1} nOu 130 G
979 TRY

Fig.13.1 — Logic diagram.
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CD4018A
STATIC ELECTRICAL CHARACTERISTICS (All nputs . L. Vss <V <Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg). - - - . .. ... 3to15V)
_ L [— .
LIMITS CHARAC-
TERISTIC
TEST CD4018AD, CD4018AK, CD4018AF CURVES
CHARACTERISTIC | SYMBOL | (onniTioNs UNITS | & TesT
Vo |Voo -55°C 25°C 125°C CIRCUITS
Volts| Volts| Min.{ Typ.]| Max. | Min. | Typ. | Max. | Min. | Typ. | Max|| Fig. No.
Quiescent Device 5| - - 5 - 03 5 - - 300
Current L o= — m — o3 o = —Te00 LA 139
Quiescent Device P 5 - - 25 - |15 25 - -~ |1500 W
issipation/Pack 5000 | ¥ -
Dissipation/Package D 0 _ _ 100 _ 5 100 _ _
Output Voltage: 5 - - 0.01 - ] 0.01 - - 0.05
VoL \ -
Low:Level 10| - - (001 - 0o |00t - - o005
5 | 499 - - 4.99 5 - 4.95 - -
High-Level VOoH v -
10 |,9.99 - - 9.99 10 - 9.95 - -
Noise Immunity 038 5 [15 - - 15 225 - 14 - —
VNL v 13.10
(Any input) | B 10} 10 |3 - - 3 45 - 29 - -
For Definition. 42| s 5 |22
. . 14 - - 5 - 15 - -
See Appendix VNH v -
90 10 |29 | - - 3 |as - I3 - _
Output Drive Current: - 0.5 5 0.18 - - 0.15 | 0.4 - |o108] —~ -
Qg ;
0.5 | 10 |0.45 - - 0.35 1 - 0.25 - -
N-Channel IpN — mA ¢
102)05 | 5 |0o6 | - - 0.05 | 0.1 - |0035] - -
Q3Q4]05 | 10 025 | - -~ |02 foa - |01a | - -
65 45 5 0.185| — - -0.15 0.4 - 0.105| — -
95| 10 (045 | — - r0.35 | -1 - .25 | — -
P-Channel 0P — mA 3
G102|45| 5 too7s| - |- 006 015 | - J004 | — -
G3Q4f95[ 10025 | - |- |02 |osa |- tora |- |-
Input Current N . 10 - - - - pPA -

®See Appendix.

(“DATA™ INPUT TIED TO G5 FOR DECADE COUNTER CONFIGURATION)

cLock mxmmmmhmw\mxr\‘mmr\mpmmmmv

RESET T\

PRESET /1

Jom

Jomg .
Jom3 DON'T CARE UNTIL “PRESET"" GOES HIGH

9255-4148R2

Fig.13.2 — Timing diayrém.
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STATIC ELECTRICAL CHARACTERISTICS (All inputs . . . . .. .. ... i Vgs < V) <Vpp!
(Recommended DC Supply Voltage (Vpp — Vgg). . « . . . . ... 3t015V)
LIMITS CHARAC:
TERISTIC
TEST CD4018AE . T CURVES
CHARACTERISTIC | SYMBOL | conniTiONS UNITS | & TEST
Vo |Vob —40°c 25°C 85°C CIRCUITS
Volts| Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - - 50 - 05 50 - - 700 A
Current L o T T T =TT =T 3 Theo T =T = 500 139
Quiescent Device b 5 - - 250 - 2.5 250 - — | 350 W
escent, > r -
Dissipation/Package D 0 _ _ 1000 —_ 10 |1000 — ~ 14000
Output Voltage: 5 - - 0.01 - 0 |[0.01 - - 0.05
vou v e
Low-Level 10 - - 0.01 - 0 |001 - - 0.05
5 4.99 - - 499 5 - 4.95 - -
High-Level VOH \2 -
10 | 999 [ -~ - 999 10 - 9.95 - -
Noise Immunity 08 5 15 - - 15 225 -~ 14 - -
VNL v 13.10
(Any Input) 10{10 |3 - - 3 45 - 29 - -
For Definition, 42
X . 5|14 - - 15 225 - 15 - -
See Appendix VNH v -
9.0) 10 | 29 - - 3 45 - 3 - -
Output Drive Current: 0095| — —~ | 008 ]| 04 - 0065 — -
a5 05 5 . I .
05|10 (03 - - 0.25 1 - 0.2 - - .
N-Channel 1N — mA ¢
Q1Q2|05 | 5 [003 | ~ - | 0025] 01 ~ |o002 | — -
Q3Q4|05 | 10 [018 | = - |ows|o0a| = [012] — -
5 45| 5 |-0005] = — |-008 |-04 | ~ |-0065 — =
5
95| 10 |03 | - ~ {025 | 1] - [o2 |- -
P-Channel P — mA .
Qq,Q2,145 5 |0035| - - |-0.03 |-0.15| — -0.024| - -
Q30495 10 {-0.18 | — ~ [-015 [-04 | — ]-002| ~ —
Input Current N - - - - 10 - —_ - - PA -
‘sge Appendix
AMBIENT TEMPERATURE (Ta) = 25°C AMBIENT TEMPERATURE (T ) = 25°C T ms
e TYPICAL TEMPERATURE COEFFICIENT FOR 2 TYPICAL TEMPERATURE FOR ALL H H
| 1500[ALL VALUES OF Vpp = 0.3% /°C 1 so0| VALUES OF vpp = 0.3%/°C sus
E 3 HH
g R T
7 +, 500 Imap
Y 2 o
—"x' :,“L <5 \"“‘)
< 1000| HF ™ oA
= SUPPLY VOLTS (Vpp) = 5 = =
. t i H -
> = >
3 | 2
o g
5 500} F 200 \0 ottt
= E =TT
< I m=== 15
P 10 N e | 1]
§ T H % 100 FHEEEET
& H 1T
a n - VSHHHPHAHH e H HH HH
TTT IEERANNE IRNENN N AR IT TTiT 1T
[} 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
LOAD CAPACITANCE (C| ) — pF LOAD CAPACITANCE (C ) — pF
92Cs- 17826 92¢s-17827
Fig.13.3—Typ. propégation delay time vs. Cy, Fig.13.4—Typ. propagation delay time vs.
for decoded outputs. Cy_ for Qs output.
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AMBIENT TEMPERATURE (Tp)=25°C (Ty) = 25°C
TYPICAL TEMPERATURE COEFFICIENT FOR TYPICAL TEMPERATURE COEFFICIENT
21500| ALL VALUES OF Vpp=0.3 %/°C 300
| 2
= |
2 E
uy J-_'
1000 ¥ *,200 .
B C|E il
W L] = \
= 3 o\ w e
= \‘.‘g\ o = e T
3 ot e - i~ 1 -
2 500 ES S 100 o
] =
2 mt === 2 1507
= H L= E -
= !
# = 15
) HHH
T 1 IEEEE] T 171
i It T T 1T
o o 20 30 40 5 6 70 80 K 30 40 50 60 70 80
LOAD CAPACITANCE (C|)—pF LOAD CAPACITANCE (Cy )— pF
92¢s-17828 92C5-17679
Fig.13.5—Typ. transition time vs. C[_ for Fig.13.6—Typ. transition time vs. Cy_ for
decoded outputs. Qg output.
AMBIENT T (Tp) =25°C S |AMBIENT (Ta)=25°C
LOAD CAPACITANCE (Cy ) = 15 pF © INPUT |,:'a,-zo ns i
T z
K] i’ 1 108
E ] 1 =
1 4 ® Pa
5] 7 = o8 &s\f’/ P
e A <] N
5 < RS
z g s 2
3 g o B
& 3 > 1 2
& 2 A T IEA i
5 g 102 H -~
2. a >
< 5 - B
g - A Z
=1 W oo ¥ > i
3 § ~ LOAD CAPACITANCE (CL)=I5pF|
7 == =—CL *50pF
[« L1 I 1 T I I O A I
[ 0 15 20 2 3 @
1 10 10° 10 10°
) SUPPLY VOLTS (Vpp) 92C5-19867 INPUT CLOCK FREQUENCY (¢ ) — kHz
i : 92Cs-17829RI
Fig.13.7—. Typical clock frequency
:vs. Vpp, Fig.13.8—Typ. dissipation characteristics
'
S 1»—@—— v
1
ol 5VOR 10V
: A, Test performed with
i ! the following sequence 35VOR 7V
2 15 of 1's” and "'O’s" at .
3 14 each stage. [ 6
& O—o 2 15
35VOR7V
o St S2 S3 S4 S5 Se S7 1.5V OR 3V 3 14
7 1o 0110000 4 13 o—QI1.5V OR 3V
8 ol 11100 11 5 12
101.01 11 6 "
0100100 7 19
60100 101 8 9 T0
1001110 ouThuT
= 0001000
000O0O0OO0O =
920517913 4 5 0 0 1 0 O 925~ 17914RI
00O0O0OGOT1TO0O
000O0OOO O
Fig.13.9 — Quiescent device current test circuit. Fig.13.10 — Noise immunity test circuit.
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, C|_ = 15 pF, and input rise and fall times = 20 ns except t;CL,t;{CL

Typical Temperature Coerficient for all values of Vpp = 0.3%/°C (See Appendix for Waveforms)
LIMITS CHARAC-
TEST CD4018AD TERISTIC
CHARACTERISTICS | SYMBOLS | conDITIONS CD4018AK CD401BAE UNITS {CURVES
CD4018AF & TEST
Vpp CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. |Typ. | Max. Fig. No.
CLOCKED OPERATION
Propagation Delay Time: 5 - | 350 | 1000 - | 350 | 1300 13.4
— - ns X
To Qg Output tpyL = 10 - | 125, 250 - | 125| 300
'PLH 5 — | 500 | 1200 - | 500 | 1600 :
To Other Outputs — ns 13.3
.10 - | 200]| 400| - | 200 | 500
Transition Time: 5 - {100 300 - | 100} 350
_ —_—— : -~— ns
To Qg Output tTHL = 10 - 50 150 - 50 | 200 13,6
TLH 5 - ]300 900| - | 3001200
To Other Outputs o ns 135
10 - | 1256 350 - | 125| 450
Minimum Clock twi = 5 — | 200 S00| - | 200| 830
" ns —
Pulse Width twH 10 - | 100 170| - | 100| 250
Clock tecL = 5 - - 15 - - 15 us _
Rise & Fall Time tcL 10 - - 15 - - 15
5 -] 175 500 - | 175| 700
Data Input Set-Up Time ns -
10 - 75 200| - 75| 300
Maximum Clock . 5 1 25 - 06! 25| - MH
Frequency CcL 10 3 5 - 2 5| - z
;
Input Capacitance C, Any Input - 5 | - - 5( - pF -
PRESET* OR RESET OPERATION
Propagation Delay Time: 5 - | 350 I 1000 - 350 | 1300
- t , ns
To Qg Output PLH(R) 10 - | 125 250 - 125| 300
PHL(PR) = 5 - | 500 | 1200 — | 500| 1600
To Other Outputs ns —_
PLH(PR) 10 — | 200| 400f — | 200 500
Preset or Reset WH(R)- 5 — 200 500 — | 200| 830
. ns -
Pulse Width "WH(PR) 10| -1 100| 165] — | 100{ 250
Preset or Reset 5 — | 300| 750f — | 300| 1000
y ns —
Removal Time 10| -| 100| 225| — | 100] 275
*At Preset Enable or Jam Inputs.
B e a5 GPERATION OIvIoE BY .7|/z cosoa OMOE B3
DIVIDE BY 10 s N S g o-YREAER. -
DIVIDE BY 8 G4 | CONNECTED | NO EXTERNAL = | CONNECTED BACK TO "DATA" 1 |
DIVIDE BY 6 3 | S REQUIRNEED“ s b (SKIPS “ALL- 15" STATE) — t
DIVIDE BY 4 a ‘ @ ______ i}
CONNECTED BACK_TO "DATA"
Dlvmﬁ-s: _?/_z_cga_o_ng __ mvmz_a_v _|5/_2_CE422‘____ (SKIPS “ALL-Is" STATE)
[N f' 1 @ [
H CONNECTED BACK TO "DATA" H 1 CONNECTED BACK_TO "DATA"
1 (SKIPS "ALL-I's* STATE) ~ (SKIPS "ALL- 's" STATE)
Lo - | CE R 925~ 170TIRI

Fig.13.11 — External connections for divide by 10,9,8,7,6,5,4,3 operation. 103
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Digital Integrated Circuits

Monolithic Silicon

CD4019AD, CD4019AF
CD4019AE, CD4019AK

Ko Kb Voo COS/MOS Quad
9 |ia [
nals AND-OR Select Gate
4
1 }_ &0“.
84— Special Features
A33- | EDS
83—34 I . ® Medium-speed operation. . . ... tPHL = tpLH = 50 ns (typ.) at C|_ = 15 pF
a2 | P4 AgKa+B4Ky D, L
B3 ! ! Applications
[ 10
Ay '3‘ [ 0 = AND-OR select gating
81 = Shift-right/shift-left registers
i\?ss = True/complement selection
, u AND/OR/Exclusive-OR selection

CD4019A types are comprised of four “AND-OR Select”  selection of either channel A or channel B information, the
gate configurations, each consisting of two 2-input AND control bits can be applied simultaneously to accomplish the
gates driving a single 2-input OR gate. Selection is ac-  logical A + B function.

complished by control bits K4 and Kp. In addition to

a

_]

e flnadil

=

T
L o
A

9255-4417

Fig.14.1—Schematic diagram for 1 of 4 identical stages.
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TYPICAL CD4019A APPLICATIONS

REGISTER

REGISTER

(Ke) SELECT
seLeCT “B" REGISTER
“A" REGISTER
out out out out
1 2 3 4 925 H2RL
Fig.14.2—AND/OR select gating.
SHIFT
Joo | cerrweur
hd
(Kp)
SHIFT
RIGHT
SELECT
r
|
! SHIFT
! RIGHT
H OUTPUT
I
|
LCD4013 OR EQUIV.
9255-4421R1
Fig. 14.3—"Shift left/shift right”’ register.
it B it n
! h |
L L L
| i 1
| 1 I
' e | O |
1 H I 1
Leom3_ o _iicoons_ | or}eouy. | b
[ B el ks Sntttets i s B %)
(Ko) V[ 1 T b "7 COMPLEMENT
TRUE 1 | SELECT
SELECT 1 |
1 |
1 i
I
i i
] i
] I
1 i
L_f coomvo__ d
ot ouT ouT our
1 2 3 4 TR

Fig.14.4 — “True” complement” selector.
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CD4019A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ... ............ . Vgg<V<Vpp!
(Recommended DC Supply Voltage (Vpp—Vgg). - - . - - .. .. 3to15V)
TimiTs J CHARAC.
TERISTIC
TEST CD4019AD, CD4019AK, CD4019AF CURVES
CHARACTERISTIC SYMBOL CONDITIONS ] UNITS | o tgsT
Vo {VoD -55°C 25°C 125°C CIRCUITS
Volts | Volts] Min.| Typ.|[ Max. | Min. | Typ. | Max. | Min. | Typ. [ Max. Fig. No.
Quiescent Device 5 - - 5 - {0.03 5 - - 300
Current 8 uA 14.10
0] - |-- 10 o 0 | - - 600
Quiescent Device 5 - - 25 — |05 25 - - 1500
Dissipation/Package PD 0 — _ 100 ~ los 100 _ N 6000 W -
Output Voitage: 5 - - 0.01 - 1] [sXe}} - - 0.05
VoL \ -
Low:Level 0| - - |00t - o |[oo - - 005
5 | 499 - - 499 5 — 4.95 - -
High-Leve! VOoH \Z -
10 1999 | — - 9.99 10 - 9.95 - -
Noise Immunity 095| 5 |15 - - 15 225 - 14 - -
VNL v
(Any Input) 29|10 |3 - - 3 45 - 29 - -
For D 14.11
3.6 5|14 - - 15 2.25 - 15 - -
See Appendix VNH v
72110 {29 - - 3 45 - 3 - -
Output Drive Current: 05 5 |06 - - 045| 09 | - 030 | - -
\ IpN . mA
N-Channe 05|10 |09 | — - o5 | 15| - |0BS| - -
.
P-Channel IoP 45 5 |-0.31 - - -0.25 | -0.5 - -0.175| — - mA
95| 10 |-095| - - -0.7 -15 - -0.5 - -
Input (;urrenl h - - - - 10 - - - - PA =
4 See Appendix.
A8 A2 B A3 By At By
I ! 1
h h !
cowon 1 coom ! : CDe00t i
OR EQUIV. : | OREQUIV. : | OREQUV. !
1! 1 !
1! i 1
JL St J
S S == A
€DA001 OR EQUIV.

6

1 ko]

(]

4 9255 4RI

Fig.14.5 — AND/OR Exclusive-OR selector.
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File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4019A

Vgs < Vi< Vpp)

(Recommended DC Supply Voltage (Vpp — Vgg) . . . . . .. .. 3t0o15V)
LIMITS CHARAC-
TERISTIC
TEST .CD4019AE 5| cunves
CHARACTERISTIC SYMBOL CONDITIONS UNITS | ¢ tEST
Vo | VoD -40°c 25°C 85°C CIRCUITS
Volts | Volts| Min. | Typ. | Max Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Devic , 5 - - 50 - 0.1 50 — - 700 A 14.10
Current . L 10 _ _ 100 — | 02 | 100 - — | 1400 ‘
Quiescent Device 5 -~ - 250 - 05 | 250 - - 3500
Dissipation/Pack age PD 0 ” — 171000 = 2 11000 = 13000 W -
Qutput Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
VoL v -
Low-Level 10 - - | 000 - 0 |00l - - 0.05
v 5 | 499 - - 4.99 5 - 4.95 - - v
High-Level § -
ey oH 10 909 | - | — 999 10| — [e9s | - | =
Noise Immunity v 095 5 |15 | - - 15 225 - 14 - - v
(Any Input) NL 29| 10 |3 - - 3 45 - 29 - -
For Definition, 14,1
3.6 5114 - - 15 225| - 1.5 - -
See Appendix VNH v
72) 10 | 29 - - 3 45 - 3 - -
Output Drive Current: 05 5 | 037 - - | 030]| 10 - 023 - -
N-Channel IoN - mA
Channe 05|10 | 08| - — |oes | 15| - [ 05| — - R
-0. - — |-012 |-05 — |-0.095| - -
P-Channel 1oP 45 5 |-0145 mA
95| 10 |-06 - - |05 -5 - 04 - -
Input Current [ - - - - 10 - - - - pA -
*See Appendix.
e AMBIENT TEMPERATURE (Ty) = 25°C AMBIENT TEMPERATURE (T) = 25°C
] TYPICAL TEMPERATURE COEFFICIENT FOR ALL - TYPICAL TEMPERATURE COEFFICIENT FOR ALL
[~ 300 | VALUES OF Vpp = 0.3% /°C §300| VALUES OF Vpp = 0.3% /°C
5
a —
- A
.. 2
0 B
Fs "
> z
[ 200 Feoo SUPPLY VOLTS (Vpp) =
= - TT TT
= SUPPLY VOLTS (Vpp) = ¥ N
% T =T F T
2 g e
° =
5 1 3 a5 =H £ 0ot -
= ; £ e
< H 15 L] _:EE L
2 H T T T = P .
> i T T T H It
T TIT T T T TTT I
o 10 20 30 40 50 60 80 o 10 20 30 40 50 60 80
LOAD CAPACITANCE (Cy) = pF 92¢5-17830 LOAD CAPACITANCE (C| )—pF
92Cs-17831

Fig.14.6-Typ. propagation delay time vs C.

Fig.14.7—Typ. transition time vs. Cr.
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CD4019A" File No. 479
DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 250°cC, Cy_ = 15 pF, and input rise and fall times = 20 ns
Typical Temperature Coefficient for all values of Vpp = 0.3 %/°C (See Appendix for Waveforms)
LIMITsS CHARAC-
: TEST TERISTIC
CHARACTERISTICS | SYMBOLS | conpiTiONs — |CDAVISADCDACIOAK|  CDAOISAE  |UNITS | CURVES
& TEST
VoD CIRCUITS
(Volts) | Min. | Typ. |Max. | Min. | Typ. | Max. Fig. No.
tPHL. 5 - 100 | 225 — 100 { 300 14 6
P tion Delay Time: ns :
ropagation Detay HIme: | oLk 0 | - | s0| 100 — | sof 125
- t , 5 - 100 | 200| - 100 | 275
Transition Time THL ns 14.7
tTLH 10| - | 40 65| - | 40| 80
0wt Canaci All Aand B Inputs | — - | - s
nput Capacitance p -
put Lapacitan G KA and Kg Inputs — 12| — - 12 —
AMBIENT TEMPERATURE (TA) =25°C 10° |AMBIENT TEMPERATURE (Tp)=25°C
2 LOAD CAPACITANCE (Cy ) = 15 pF
| e00 A
T [ 011
z s s
2 500 h - e Eaipt <
Z ? 103 o e
§ 40 z P2 P
S & 10?2
a |t
é 300 }g\ 7 > ; >
] H L
Z 200 N = 10 =7 =
g 2 PEF
g :%' CDAO0ISAE s =
g 100 1 LOAD CAPACITANCE (C)=I5pF
€ ,CD4019AK —=—=——C =50pF
HHHHHH 10" M T T 1T TT1T
° 10 15 I 102 10° 10°
SUPPLY VOLTS (Vpp) NPUT FREQUENCY (fg) — k
92s-17852 NPUT FREQUEN ¢ " 92CS-17832RI

Fig.14.8—Max. propagation delay time vs Vpp.

‘ _J @— ov

—

PERFORM LEAKAGE
TEST AT EACH INPUT
CAOANDITION

ONOG D wN—

92CS-17915

Fig.14.10—Quiescent device current test circuit.
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Fig.14.9—Typ. dissipation characteristics per output.

35V
OR

S5VORIOV

R

92CS~17916RI

Fig.14.11—Noise immunity test circuit.



File No. 479

Digital Integrated Circuits

Monolithic Silicon

CD4020AD, CD4020AF
CD4020AE, CD4020AK

COS/MOS
) e LS 14-Stage Ripple-Carry
|
INPUT 7
7 a4 - a =
Coas | Binary Counter/Divider
——Q
(6 a5 |a
=9 [u
ﬁ:::’ H Special Features
1 ~
" Iﬂ:i = Medium speed operation. . . ... 7 MHz (typ.) at Vpp — Vgg =10 V
RESET| ‘_'°'; ® Low “high”- and “low’"-level output impedance. . .... 1000%2 (typ.) at
8 Vpp —Vss=10V
v}s 8 MSI complexity on a single chip. ..... 14 fully static, master-slave stages
®m COS/MOS gate-input loading at both Reset and Input-pulse lines

CD4020A types consist of a pulse input shaping circuit, reset
line driver circuitry, and 14 ripple-carry binary counter

Applications

stages. Buffered outputs are externally available from stages

state by a high level on the reset inverter input line. Each

Frequency-dividing circuits
Time-delay circuits
Counter control

o
1, and 4 through 14. The counter is reset to its “all zeroes'’ a
[ ]
-

counter stage is a static master-slave flip-flop. The counter is

Lo . Counting functions
advanced one count on the negative-going transition of each

input pulse.
INPUT
SHEER
- Oq
¢ ¢
INPUTS TO
MASTER ¢
SECTION 2nd STAGE
¢ _
Q
o A
- Q) ouT* @R
RESET

@ R *HIGH DOMINATES (RESETS ALL STAGES)

AACT!SON ‘OCCURS ON NEGATIVE GOING TRANSIYION OF INPUT

E. COUNTER ADVANCES ONE BINARY COUNT ON EACH
STAGE 1 NEGATIVE ¢ TRANSITION (16,384 ToTAL BINARY COUNTS).
¢ ¢ 92CM- 16017

Fig.15.1 — Logic diagram for 1 of 14 binary stages.
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CD4020A

File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs

Vss < V< Vpp)

(Recommended DC Supply Voltage (Vpp — Vgg) . . . . ... .. 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CDA4020AD, CD4020AK, CD4020AF CURVES
CHARACTERISTIC | SYMBOL | (ovn s ove UNITS | & TEST
Vo |Vop -55°C 25°C 125°C CIRCUITS
Volts| Voits] Min.{ Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. [ Max Fig. No.
Quiescent Device 5 - - 15 - |05 15 - - 900 15.11
Current v wl - -1=] -1 m| = | < [woo]| ¥ ’
Quiescent Device 5 - - 75 — |25 75 — - 4500 15,10
Dissipation ‘Pack age PD 0 — — 250 — 0 250 ” ~ 15000 Hw d
Output Voitage s - | - |oo - o loor | - - |oos
VoL \% -
Low Level 10 - - 0.01 - 0 0.01 - - 0.05
5 | 499 - - 4.99 5 - 4.95 - -
High-Level VoH \% -
10 | 9.99 - - 9.99 10 - 9.95 - -
- - . - |ha - | - :
Noise Immunity Vnt 08 5 |15 1.5 2.25 1 v 15.12
(Any Input) 1.0 10 |30 - - 3 |45 - |29 - -
For Definition, 4.2 5 |14 - - 15 225 - 15 - -
See Appendix V] - ' v 15.13
NH 9.0| 10 |29 - - 45 - 130 - -
Output Drive Current N 05f 5 |0.09 - - |o.075{ 0.2 - 005 | - - A
o .
N-Channel e 05| 10 ]0185] — | = o5 ] 0a | — Jo105] — | -
*
45| 5 |-0.11 — - |-009 |-025 | - }0.065]| — -
P-Channel IpP mA
95| 10 0.25 - - J-020 | -05 - }0.14 - -
Input Current I — - - - 10 - — - - pA -
’Se; Appendix.
:;D go
]—-- [ ronexrsmace

$0————4

RESET

110

TO NEXT STAGE

RESET TO
ALL STAGES

NOTE: SUBSTRATES FOR ALL "p" UNITS ARE CONNECTED TO VoD
SUBSTRATES FOR ALL" n" UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND.

*SUBSTRATES FOR THESE “n" UNITS ARE CONNECTED TORESET LINE

Fig.15.2 — Schematic diagram of pulse shapers and 1 of 14 binary stages.

P OUTPUT

92CM- 16014kt



File No. 479 CD4020A
STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . .. .............. ceeaa.... Vgg<Vy <Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg) - .- -..... 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4020AE CURVES
CHARACTERISTIC [ SYMBOL | qnoimions UNITS | g TesT
Vo | VoD -40°¢ 25°C 85°C CIRCUITS
Volts| Volts] Min. | Typ. | Max. | Min Typ. | Max Min. Typ. | Max Fig. No.
Quiescent Device , 5 50 1 50 700 A 15.11
Current L 0 100 2[00 | - 1a00|
Quiescent Device 250 5| 250 3500 15.10
Dissipation 'Pack age PD 10 1000 20 | 1000 N - 14000 Hw N
Output Voltage v 001 0 |oo1 005t B
Low Level oL 10 00 o oot 0.05
5 | 499 499 5 495 i
. Vi -
High-Level oH 10 | 999 999 | 10 995 | -
Noise Immunity v 08 5|15 15 225 14 v 15.12
(Any input) NL 1010 |30 3 | a5 29
For Definition, 4.2 14 15 225 15 1513
Appendi; % % 5.1
See Appendix NH 9.0] 10 |29 45 3.0
Output Drive Current o s 0.09 008 | 0.33 0.065 -
N-Channel o 05| 10 [0.16 0.10 | 05 0.10 -
L4
45 5 |-009 -0.06 [-0.25 -0.05 A
. 1 IpP m
P-Channe 0 95| 10 fo18 015 | o8 012 | -
Input Current 1] 10 - pA -
¥ see Appendix.
DRAIN-TO-SOURCE VOLTS (Vpg)
- -1 -5 0
| 11T T
AMBIENT TEMPERATURE (T) = 25°C = i f
TYPICAL TEMPERATURE COEFFICIENT FOR Ip = - 0.3% /°C
5 T T T T
JANEENENENE NS NN EEEN)
T T T T T
= GATE - TO~ SOURCE VOLTS (Vgg) =15 IC)
a] inuy =10 2
@ 1] w
£ 10 &
H H
< 3
] -4 3
H mn 2 H
z _:¢ 10 GATE—TO - SOURCE VOLTS (Vgg)*=I5 [T g
< .
g °H A T &
T T e 1
EEEEAENERANNSENERENERERNN]
L T T LT T -6
AMBIENT TEMPERATURE (T,)=25°C
> TYPICAL TEMPERATURE COEFFICIENT FOR Ip = —0.3% /°C
I 1

Fig.15-3~Typ. 1

10

| drain

5

5
DRAIN - TO - SOURCE VOLTS (Vpg)

92CS-17813

Fig.15.4—Typ. p-ch:

| drain

92C5-17814
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CDA4020A File No. 479

DYNAMIC ELECTRICAL CHARACTERISTICSat Tp = 25°(?. C_= 15 pF, and input rise and fall times = 20 ns except t,CL, t;CL
Typical Temperature Coefficient for all values of Vpp = 0.3 %/°C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST ' CD4020AD TERISTIC
CHARACTERISTICS | SYMBOLS |  conDITIONS CD4020AK CDA020AE UNITS | CURVES
CD4020AF & TEST
Voo CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
CLOCKED OPERATION
t = 5 - 450| 600 - 450/ 650
Propagation Delay Time: PHL ns 16.7
PLH 10 - 150 225 - 150{ 250
t = 5 - 450| 600| - 450, 650
Transition Time THL ns 15.8
TLH 10 - 200| 300| - 200| 350
Minimum Clock twe = 5 - 200| 335 - 200| 500 ns _
Pulse Width WH 10 - 70| 125| - 70| 165
Clock tcL = S| = -4Mm - -1 . _
Rise & Fall Time tcL 10 - ~. |15 - - 15 s
i 5 1. 25 - 1 25 -
M:xnmum Clock foL 5 MHz 159
requency 10. 4 77 - 3 7 -
Input Capacitance (o} Any Input - 5 - - 5| -~ pF -
RESET OPERATION
P ion Delay Ti 5 - 2000|3000f - |2000(3500 15,7
ropagation Delay Time: | t, ns .
pes v PHLIR) 10 | - | s00| 77| - | s00| 900
Minimum Resct 5 — | 1800|2500f - | 1800|3000
Pulse Width WH(R) 10| - | 00| a75] — | 300| 0| "

*Propagation Delay is from clock input to Q4 output.

DRAIN-TO- SOURCE VOLTS (Vpg )

-5 -10 5 0
R covcew — LT '
GATE - TO - SOURCE VOLTS (Vgg) = 15 - CD4020AE === m !
6 T T T T T T rT
IEEEEEEEENNENEENEENEEEAE]
IS SN ANANEEEE) 1 1 17
JEENSENEESNEEEEEEENENEAE] T 1 17 g
-3 IEEEEN NS EEEENSENNEREE] 1 1y 3
= BIENT TEMPERATURE (Ty) = 25°C 10 =z
4 TYPICAL T URE COEFFICIENT 15 z
&a FOR Ip=-0.3% /°C =
s Ly o £
32 s z
- r o
2 10 2 @
z m
z HHHAT i
. T -
& of - losT = —15 <
H 0 T T
T 3
v al i | TTTTTTTTT
CDA020AD, COA020AK —mmae TEMPERATURE (Ty) = 25°C H
A CDA020AE = == = TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-03%/°c [
5 0 15
DRAIN-TO-SOURCE VOLTS (Vpg) 92Cs-17863
92CS-17862
Fig.15.5—Min. n-ch: I drain ch, istic Fig.15.6—~Min. p-ch | drain ch
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File No. 479 CD4020A

. H-{ AMBIENT TEEMPEEZATURE (TEAF)F- 25°C . [T] AMBIENT TEMPERATURE (Tp) = 25°C
< F] TYPICAL TEMPERATURE COEFFICIENT FOR 1] TYPICAL TEMPERATURE COEFFICIENT
! [T]ALL VALUES OF Vpp = 0.3% /°C 2 iso0[H{ FOR ALL VALUES OF Vpp* 0.3% /°C
5 L
> x
» 1000 =
T -
= o T
w 800 sH .'.:‘: 1000 b
= WO 11 = S
L X VO w P
% 600 SuPPYl et S <
I (S
o H = g .
z 400 2 500 o ann
e & T 1T
a 1o 2 i TH v
© - < - e 1
& 200{H - = 1 & T
b3 1 15| | T
a 1 1T IBEI ne { 11T 1T
I 11T T T T 11T1T1T 11T 1T
T T T T T IITT TTTTT Tt 11T
0 20 30 40 50 60 70 80 90 - 20 30 40 50 60 70 80 90
LOAD CAPACITANCE (C)—pF 92¢5-17815 LOAD CAPACITANCE (C)—pF
92CS-17816
Fig.15.7—Typ. propagation delay time vs. Cf. Fig.15.8—Typ. transition time vs. Cy.
AMBIENT TEMPERATURE (T, ) =25°C +H 10° [AMBIENT TEMPERATURE (T5):25°C
LOAD CAPACITANCE (Cy)=15 pF
- I Q. |°$
H |
= = S
A @ o
] y o o SSSE orel
< 3 Lo .
S0 5 Tl P
S 3
& =2 2 0 < A4
a >
S Z P~ 2€3
& 2 APz
- a g2 Pl
> @ —
gs g =
- 3 / L Z
8 [ A
S 3 ———LOAD CAPACITANCE (CL)+ISpF
© & — ————CL *50pF
1 = I T TII] T T07
° 10 20 10° 10° 10° 108 10
SUPPLY VOLTS (Vpp! INPUT FREQUENCY (f4) —Hz
92C5-19865 92cs-17817
Fig.15.9—Typ. clock frequency vs. Vpp. Fig.15.10—Typ. dissipation characteristics.
ov 5V OR 10V 5V OR IOV
! ‘s g ! 16
2 15 Preset Qq to 1. 2 s
3 4 3.5v
[ 16 | 3 4 OR
: s 4 3 s.5v 4 13 7.0V
i 5 12 5
3 4 Test performed in all OR 5 12
4 13 #0's" state. : '“') ]  olov T Y
5 12 o Y 3.0v
8 9 1.5V 8 9
6 Il OR
7 10 3.ov +
. S
= 925-17917 = =
92¢s-17918 92€5- 17919
Fig.15.11—Quiescent device dissipation test Fig.15.12—Noise immunity test circuit. Fig.15.13~Reset noise immunity test circuit.
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Digital Integrated Circuits

Monolithic Silicon
CD4021AD, CD4021AF
CD4021AE, CD4021AK

PAR.IN.

Voo

2345678

b e

e

cLoc K"g

1o

vss

ln
o
<~ o

~
o

BUFFERED OUT.

o
o
@

COS/MOS 8-Stage
Static Shift Register

Asynchronous Parallel Input/Serial Output,
Synchronous Serial Input/Serial Output

Special Features

® Asynchronous parallel or synchronous serial operation under control of
parallel/serial control-input

® |ndividual “jam’’ inputs to each register stage

= Master-slave flip-flop register stages

® Fully static operation. . . .. . DCto 5 MHz

CDA4021A types are 8-stage parallel or serial-input/serial- Applications
output shift registers having common Clock and Parallel/ ® Asynchronous parallel input/serial output data queueing
Serial Control inputs, a single Serial

individual parallel “Jam” inputs to each register stage. Each
register stage is a D-type, master-slave flip-flop. Q" outputs
are available from the sixth, seventh, and eighth stages.

Data input, and = Parallel to serial data ionm G | purpose

When the Parallel/Serial Control input is “high”, data is
jammed into the 8-stage register via the parallel input lines

When the parallel/Serial Control input is “low”, data is  asynchronously with the clock line.
serially shifted into the 8-stage register synchronously with Register expansion is possible using additional CD4021A

the positive-going transition of the Clock pulse. packages.
ARALLEL / PARALLEL  pr-2 pr3 P14 PIS PI-6 PI-7 P1-8
SERIAL - ?7 6 Os Q4 O O 15 )
CONTROL
. l l [ } l l
SERIAL r
INPUT Prs P P/S PI P/s PI P/S P
O— o o—lo--—- —--ap—p () Q o
n !
| 4 - STAGES !
oL SAME AS STAGE | | [ Jet  _ [ cC
| [ ) T
\ |
| I
a ) [T1]]
10
Vpp = TERMINAL 16 TRUTH TABLE
Vss = TERMINAL 8 Paraliel/ ay
[ f:;:f: Serial | e | Pra | tnternan | On
X X 1 V] 0 0 0 2 2 3
X x ' o 0 1 s 4 o8
X X 1 1 0 1 0 92CM -17141R)
X X 1 1 1 1 1
/ 3 0 x| x [ Qp1
/ 1 0 X X 1 QOn-t
\ x o | x| x a Qn |NO CHANGE
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 File No. 479

BUFFERED
OUTPUT

92CM-I7i39RI

[3 S
—P/S
!
T6
2
P/S  PI]
—b af—
CcL
cL
3 P/S
_‘I - ' |
I
)
T6 T6
FOR
STAGES 2 2
6,7,88 .
ONLY P/S
a T T <t
—
L
TG
2
Fig.16.2—0One typical stage and its equivalent
detailed circuit. cL
[ ——FIRST REG

PARALLEL/SERIAL
CONTROL

SERIAL
INPUT

: 5

CLOoCK

PARALLEL
INPUT -1

Vss

STAGE (ONE OF EIGHT STAGE:

ALL “P" - UNIT SUBSTRATES ARE CONNECTED TO Vpp

ALL ‘N - UNIT SUBSTRATES ARE CONNECTED TO Vg5

ﬂ Vpp |

i
1

ot

|

|
| L DJ_O
’ ° o 209
l
l

BUFFERED OUTPUT

FOR STAGES 6,7, 8

Fig. 16.3 —Schematic diagram — CD4021A.

92CM-17238RI
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CD4021A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . .......... ceeieeieie.... Vgg<V < Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg). . ... ... .. 3t015V)

LIMITS CHARAC-

TERISTIC
TEST CD4021AD, CD4021AK, CD4021AF CURVES
CHARACTERISTIC | SYMBOL | onniTions UNITS | o rest
Vo |Vop| -55°C 25°C 125°C CIRCUITS
Volts | Vol Min.| Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 5 - - 5 - 0.5 5 - - 300 A 168
Current L 0| - - 10 - 1 10 | - - | 600 ]
Quiescent Device P 5 - - 25 - 25 25 - - | 1500 w
Dissipation/Package D 0] - _ 100 - 10 | 100 - — [eo00 | ¥ B
Output Voltage: 5 - - 0.01 - 0 |0.01 - - |005
VoL v -
Low-Level 10 - - 0.01 - ) 0.01 - - 0.05
High-Level v 5 | 499 - - 4.99 5 - 4.95 - - v
igh-Level -
OH 10 |99 | - | - |o99| 10 | - |ess| - | -
Noise Immunity 08 5 1185 - - 15 225 - 14 - -
VNL \'
(Any Input) 10|10 |3 - - 3 |45 - |29 - -
.. 16.9
For Definition, A
- » 14 - - 1. . — 1. - -
See Ap) fix Vi 4.2 5 5 225 5 v
90| 10 |29 - - 3 45 - 3 - -
Output Drive Current: 05| 5015 | - - o012 |03 - |oo8s| — -
N-Channel DN mA
. -1 05]10)031] - - 0.25 | 0.5 - 0175 - -
P-Channel . 45| 5|01 | - | - |o08|016 | - |ooss| - | - M
oP mA
95 | 10 [-0.25 | - - -0.20 |-0.44 - |04 | - | -
Input Current " - - - = 10 - - - - PA
¥see Appendix.
AMBIENT TEMPERATURE (Tp) =25°C [ T (Ta)=25°C
LOAD CAPACITANCE (Ci ) = I5pF [ TYPICAL TEMPERATURE COEFFICIENT FOR
w § H 600] ALL VALUES OF Vpp=0.3%/°C
z { TTT
1. HH
3 s
. S 2 : “.5 H Hrr
4 xS erl
& 4 Py NOL
3
& 3
£ 300 e
g o) 10 _-g': H
x » T TIIT
8 .?" T s l
3 I 2= 3
Il 1 1111
1N I | NN IRRNI
IEEREENI BEENE] 11T
Lill] IENEREN] INEEI T
0 . 0 ) 15 20 0 10 20 30 40 50 60 70 80
SUPPLY VOLTS{Vpp LOAD CAPACITANCE (C()—pF
9zcs-19867 92cs-17807
Fig. 16.4—Typ. clock frequency vs. Vpp. " Fig. 16.5—Typ. propagation delay time vs. C(.
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File No. 479 CD4021A

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . . ... ..ttt it et ee e Vgs < V1 <Vpp!
(Recommended DC Supply Voltage (Vpp — Vss) ......... 3to15V)
LIMITS CHARAC-
TERISTIC
TEST CD4021AE CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS | g TEsT
Vo |Vpo —40°C 25°C 85°C CIRCUITS
Volts| Volts} Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device \ 5 - - 50 - | 05 50 - - 700 A 168
Current L 10 _ _ 100 N 1 100 _ _ 1400 .
Quiescent Device 5 - - 250 - 25 | 250 - - 3500
Dissipation/Package | PD 0 - ~Ticoo ~ 70 11650 = —T1acco W -
Output Voltage: 5 - - 0.01 - 0 (0.01 - - 0.05
VoL \Y -
Low-Level 0| - - | oo - 0 001 - - | 005
HiahLevel v 5 |a99 | - - |a99 | s | - |a95| - -1y
anbeve OH 10099 | - | - |oo9| 10| - [o9s| - - -
Noise Immunity N8| 5 |15 - - |15 225 - 14 - -
VNL \Y
(Any Input) 10{10 |3 _ _ 3 45 _ 29 _ _
L. 16.9
For Definition, 42| s |1a | - | - |15 | 225 - |15 | - -
See Appendix VNH v
90| 10 |29 - - 3 |as| - |3 - -
Output Drive Current: 05| 5| 0072 - - |o06| 03| - 005 | - -
IpN mA
N-Channel o o510 ]o | - [ - [o1 Jos| - [oos]| - -
P-Channel 45 5 |-0.06 - - |-005 | -0.16 — -0.04 - - ¢
IpP mA
95 |.10 [-0.12 - - |-01 —O.M,I - -0.08 - -
Input Current N - - - - 0 - - - - pA
*See Appendix.
AMBIENT TEMPERATURE (T,) = 25°C 106 [AMBIENT TEMPERATURE (T4)=25°C
- TYPICAL TEMPERATURE COEFFICIENT FOR ALTERNATING "0O"
¥ 600| ALL VALUES OF Vpp=03% % s AN "1 PATTERN L
e L H g
F500 £
M o 109 \L\I‘a <,
H ] s = k
400 X e T A4 L~
™ "o g S A [
w W°°
= o2 > 5 <
300 s S 4
z NO = A -
S l & 02 -
2 H & 102 Lt
= = 2
g 20 = 2
E ] 0 Ed
10 T 2 = LOAD CAPACITANCE (CL)=I5pF
i - o =—==Cy *50pF
FHHHHH [T 1T T I7 T TTT
) 10 20 30 40 50 60 70 80 ) 10 102 10> 10°
LOAD CAPACITANCE (C ) — pF INPUT CLOCK FREQUENCY (fcy ) — kHz
92CS-17808 92CS-17806R2
Fig. 16.6=Typ. transiition time vs. C| . Fig. 16.7—Typ. dissipation characteristics.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 250C, CL =15 pF and input rise and fall times = 20 ns except t,CL, t;CL
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CD4021AD TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4021AK CD4021AE UNITS | CURVES
: CD4021AF & TEST
Vop | CIRCUITS
(Volts)| Min. | Typ.. Max.| Min. | Typ. | Max. Fig. No.
R o ety T | PHL= 5| — [ 300]750] - | 300] 1000
ropagation Dela ime ns 16.
pag v tPLH 10| — | 100 | 225 — | 100 300 65
tTHL = 5| — |150|300| — | 150 | 400
Transition Time t ns 16.6
TLH 10 - 75 | 125 | — 75| 150
Minimum Clock Pulse twL = 5 - 200 | 500 — 200 | 830
Width twH 10| — |100[175] — | 100 200
ns
Minimum High-Level 5 - 200 | 500 | - 200 | 830
Parallel/Serial Control | tWH(P/S) -
Pulse Width 10 - 100 | 175 - 100 | 200
Clock Rise & 1*trcL = 5| - | - || = |- 15
Fail Time tfcL 0 - | = 15 1 5 Hs -
|
) 5| — | 100|350 — | 100| 500
Set-Up Time i ns -
10 - 50 80 - 50 | 100
Maximum Clock 5 1 25 - 06| 25 -
Frequency fo 0] 3] 5| - | 28] 5| -] "™ ~
Input Capacitance Ci Any Input - 5 - - 5 - pF _

** From Clock or Parallel/Serial Control Input If mure than one unit is cascaded in a parallel clocked operation,
t,CL should be made less than or equal to the sum of the fixed
propagation delay time at 15pF and the transition time of the

output driving stage for the estimated capacitive load.

No A suN -
i - I}
I L

1 |SD
T
P

\—]-Ir‘
e

1’5V OR 3V

s s 92CS-17921

92€$-17920

Test performed with the following sequence
of ““One’s’’ and ““Zero’s".

S¢Sy S3 S4 S5
100
111

101

111

000 . .

Fig. 16.8—Quiescent device current test circuit. Fig. 16.9—Noise immunity test circuit.

oo ==0
- <000
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Digital integrated Circuits

Monolithic Silicon

CD4022AD, CD4022AF
CD4022AE, CD4022AK

1
CLOCK—‘

cLock_13]
ENABLE

ReseT —2

Special Features

DECODED OUT.

package

Applications

CD4022A types consist of a 4-stage divide-by-8 Johnson
counter, associated decode output gating and a carry-out bit.
The counter is cleared to its zero count by a “high”" reset
signal. The counter is advanced on the positive clock-signal
transition provided the clock enable signal is ““low’’.

Use of the Johnson divide-by-8 counter configuration
permits high-speed operation, 2-input decode gating, and

wan -

2 4 3 0
cLock
CLOCK [
EnRbLe
13 0o D g o
c ct c
- = o]
°3 S a4
RESET R R R
15

TERMINAL No.16=Vpp
TERMINAL No. 8 *GND

D e

9255-4438R!

Fig.17.1—Logic diagram.

10-73

® Medium speed operation. . . ...
= MSI complexity on a single chip
® Divide by N counting; N = 2 to 8 with one CD4022A plus one CD4001A,

= Binary counting/decoding

COS/MOS Divide -By-8
Counter/Divider
with 8 Decoded Outputs

5 MHz (typ.) at Vpp — Vgs =10 V

@ Binary frequency division
= Binary counter control/timers

spike-free decoder outputs. Anti-lock gating is provided, thus
assuring proper counting sequence. The 8 decode gating
outputs are normally “low’” and go "high” only at their
respective decoded time slot. Each decode gate output
remains “high” for one full clock cycle. The carry-out signal
completes one cycle every 8 clock-input cycles and is used as
a ripple-carry signal to directly clock a succeeding counter
pach in a multi-pack counting system.

L W W W e W W e W WA W W e W W WA W WA WaWa W Wa W |
RESET T\

CLOCK
ENABLE
“or

o\

92s5- 448781

Fig.17.2—Timing diagram.

119



CD4022A File No. 479

STATIC ELECTRICAL CHARACTERISTICS (All inputs . . ..... N Y SVDD)
’ . (Recommended DC Supply Voltage (Vpp—Vgg) ......... 3t015V)

LIMITS CHARAC-
TERISTIC
TEST CDA4022AD, CD4022AK, CDA022AF CURVES
CHARACTERISTIC | SYMBOL | oo oo UNITS | g TesT
Vo (Vpp| -65°C 25°C 125°C CIRCUITS
Volty Voits| Min.[ Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device \ 5 - - 5 - 103 5 - - 300 A
Current t o] - | - 0| - ]os | 10| - | — |e00 17.9
Quiescent Device , s | - - 5| - |15 2% | - - |1500 w
Dissipation/Package (8] 0] - _ 100 — 5 100 _ ~ |e000 M -
Output Voltage: 5 - - 0.01 - 1] 0.01 - - 0.05
VoL : v -
Low-Levet 0] - - |00 - o |00 | - - |oos
igh-Lover v 5 [a99 | - - |a99 | s - lags | - Y
eve OH 10 (999 | - - (999! 10 - |99 | - -
Noise Immunity o8| 515 | - - |15 2281 - |14 & - -
VNL - \Y
(Any Input) 10|10 |3 - - 3 45 - |29 | - -
For D . 17.10
See Appendix Vo 42| s 14 | - - |15 l22s 1 - |15 - -ty
90| 10 {29 | - - 3 las - |3 - -
Output Drive D .5 | 5 |ooe2| - - |oos|o01s | - |oo03s| - -
Current Outputs|
05 [ 10 0.12J - - Joa |o3 - Joo7 | - -
N-Channel IpN mA
o Gy los(s 018 - | - |ois|os | - |oaos| - | -
os [0 foarg - [ - Joza [+ |- Joan [ - | - .
D dlas | s [-0.03d - - J-003]-0075] - [0021| - - :
Outputs osq[ -
. 9.5 | 10 [-0.12] - - |-0an-0as | - 07| - -
P-Channel IpP ' 0.0 mA
gi"v 45| 5 [-0.185 - - |-015|-04 | - |-0.105 - -
utput -
9.5 | 10 [-0.375| — - |03 |08 [- |o21 |- -
Input Current h R - - 0 |- - - - pA
¢ See Appendix.

[1] AMBIENT TEMPERATURE (Tp) = 25°C
AMBIENT TEMPERATURE (Tp) = 25°C A
2 TYPICAL TEMPERATURE COEFFICIENT FOR 2 [T TYPICAL TEMPERATURE COEFFICIENT FOR
1 VALUES OF Vpp = 03% /°C | 600l ALL VALUES OF Vpp = 0.3% /°C
x ks EENEENE
& =l
a a.
v 1250 E
2 u j§Ess
E . £ o oS Mot
w 1000 \ 400 SUP

NOD. it
z . “s VO H am=
- NS = N
% 750 5\)?"\‘ > u
- 4
W
=}
3 500 e mng 200
£
<
3 = =,
é = = 15 H S 1T
B mERR T HH H

1T 0T 0T 11T
o 20 40 60 80 0 20 40 €0 80
LOAD CAPACITANCE (C( )~ pF 02c5-17819

Al PACITA — pF
LOAD CAPACITANCE (Cy )— pl 18l
Fig.17.4—Typ. propagation delay time vs. C|

Fig.17.3—Typ. propagation delay time vs. Cy_
for carry output.

for decoded outputs.
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STATIC ELECTRICAL CHARACTERISTICS (Al inputs
(Recommended DC Supply Voltage (VDD Vggle - ev...... 3t015V)

CD4022A

Vss< V< Vpp)

LIMITS CHARAC-
CD4022AE TERISTIC
TEST CURVES
CHARACTERISTIC | SYMBOL | onniTions UNITS | g TEST
Vo | Vpp -40°C 25°C 85°C CIRCUITS
Volty Volits] Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device . 5 - - 50 - 05 50 - - 700
Current L 10 _ _ 100 _ 1 | 100 _ — | 1400 A 17.9
Oui.est?em.oevice P 5 - - 250 - 25 | 250 - - 3500 W
Dissipation/Package D 10 ” ” 1000 ~ 10 [1000 - ~Tacoo H -
Output Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
VoL Vv -
Low-Level 10 - - oo - 0.01 - - 0.05
§ 5 | 499 - - | 499 J s | - |a9s - -
High-Level VOH S SV it diud A -
10 {999 [ - - [999 | 10| - |995 - -
Noise Immunity 08| 5115 - - 15 225 - 14 - -
VNL \
(Any Input) 10103 - - 3 [as | - |29 - -
For D 17.10
i 42| 5|14 - - s 225 - |15 - -
See Appendix VNH v
9.0| 10 { 29 - - 3 45 - 3 - -
Output Drive D 5| 5003 | - - | 0025 08| - - -
Btrent Outputs, 0. 0.0: 0.15 0.02
N 05 ( 10 | 0.06 - - 005 | 03 - 0.04 - -
N-Channel D — mA
Carry - - - — —
S [os | s ] ooss 6.08 | 05 0.065
05 | 10 | 0.155| - - 0.13 1 - 0.105| - - .
Decodedlas | 5 [-0.018[ — - [-0018t0.075] - [-0012] - -
Outputs
95 [ 10 | -0.06 | — - |-0.05 | -0.15| - -0.04 - -
P-Channel IoP v . mA
Output 4.5 5 |-0.095| - - |-0.08 {-04 - -0.065( — -
9.5 | 10 | -0.155| — - |-0.13 [-08 - 0.105( — -
Input Current I - - - - 10 | - - - - pA
9 See Appendix.
AMBIENT TEMPERATURE (Tp) = 25°C ! AMBIENT TEMPERATURE (T, ) =25°C
a TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES TYPICAL TEMPERATURE COEFFICENT FOR
< 1500 FH oF vpp = 0.3% /°c w 300(-H ALL VALUES OF Vpp=0.3%/°!
e mw
| H i H |
Si2s0 ng: < 2as
Y
£ 53 E
" O . S
21000 K5 2 ngs
B 3 = )
w
= w
= 750 =
= I 10 == T
Zz z et
=3 bt o I H
= 500 » . = 100| LT 15, _é
] = [23 1 =
Z i 15 Z m
I T (3
- 250 1 = Mt =
{ T : _-ﬁ’ T (P ? T
n - T | [, T TTT
4 T 1T IENENENERR 1T
1] 1T T 1T 1T T T
o 20 0 €0 80 0 20 40 60 80
LOAD CAPACITANCE (C)—pF 92¢5-17820 LOAD CAPACITANCE (G, )—pF 92¢s-17821

Fig.17.5—Typ. transition time vs. Cr_ for

decoded outputs.

Fig.17.6—Typ. transition time vs. Cy_for
carry output.
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File No. 479

CLOCK INPUT FREQUENCY (fc| )—MHz

AMBIENT TEMPERATURE (Tp ) =25°C

T
m
LOAD CAPACITANCE (C) ) = I5 pF H

6 T
T

o 10 5 20
PP
SUPPLY VOLTS(Vpp) 9208-19867
Fig.17.7—. Typical clock frequency
vs. Vpp.
ov
!
2
3
a
5
6
7
r 8
L
= 92cS -17926
Measure the leakage current of the
device for all switch combinations.
Fig.17.9—Quiescent device current
test circuit.
SVOR IOV
(SCOPE PROBE)
! !¢ lReser
"2" ouTPUT 2 15 (RESRV ok | FARSE oEM
| 3 14
(SCOPE PROBE)! 4 13 3 Eh%%'ﬁg
5 12 —
CL 6 " -
7 10 cL CARRY
8 9 = OUTPUT
(SCOPE PROBE)
L 92¢s-17924

122

Fig.17.11—Clock line test set-up.

Fig.17.13~Reset propagation delay time and
init reset pulse dt it

ONOCRIUN

10° |AMBIENT TEMPERATURE (T4)+25°C
INPUT 1= 14 =20 ns
z
+ 10° ==
l 1
=) 3
i 104 “°&¢\5/ P
<] S »
3 QO‘;‘
o ol %
£ 103 ot
< e
2 i - %0
= A | A
g€ 02 <
173
a —
ps T A 21
4 o ~ |
g ————LOAD CAPACITANCE (C_)=I5pF
———=Cy*50pF
A L=o00
11 I T TTIT T TOIT
1 10 102 10° 10
INPUT CLOCK FREQUENCY (f¢y ) — kHz
92CS-17829RI

Fig.17.8—Typical dissipation characteristics.

5V OR 10V

3
15
14 3.5v
3 OR

12
"
10
9

v

L RN W R S

|||-—l

- 1.5V
OR

92CS-17925

Fig.17.10—Noise immunity test circuit.

5V OR IOV

SCOPE PROBE
116
s g [mESET
3 e PULSE GEN. NQI
4 13
5 12
6 1 SCOPE PROBE
7 10
s 9

PULSE GEN. NO.2

CLOGK

92CS-17923

Fig.17.12—Clock enable and set-up time
test circuit.

5V OR 10V

SCOPE PROBE

PULSE GEN. NO.2

PULSE GEN. RO.1

SGCOPE PROBE

92CS5-17922
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 250C, Cy = 15 pF, and input rise and fall times = 20 ns except t,CL, t;CL
Typical Temperature Coefficient for all values of Vpp = 0.3 %/°C  (See Appendix for Waveforms)

LIMITS - CHARAC-
TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CD4022AD, CD4022AK CD4022AE UNITS |CURVES
CD4022AF & TEST
Vop CIRCUITS
{Volts) | Min. | Typ. [ Max. | Min. |Typ. | Max. Fig. No.
CLOCKED OPERATION
Propagation Delay Time: 5 - | 325 | 1000 - 325 1300 174
ns .
Carry-Out Line tpHL. 10 - | 125 250 - | 125| 500
tPLH 5 — | 400 [1200 | - | 400] 1600 173
i ns .
Decode Out Lines 10 ] —|200] a00] - | 200] soo0
Transition Time: 5 - 85 300 - 85| 340
ns 17.6
Carry-Out Line tTHL, 10 - 50| 100 - 50| 200
TLH 5 - | 300| g00f - | 300] 1200
Decode-Out Lines ns 175
10 -1 125 250 - | 1256| 500
Minimum Clock WL, 5 - | 250 500 -— | 250 | 830 17.11
" ns .
Pulse Width tWH 10 -] 8| 170 - | 85| 250
Clock tCL, 5 - - 151 — - 15
Rise & Fall Time toL PN R R s = =1 1 “ 7
5 | 350| 175 - {700]| 175 - 17.12
lock - i ns .
Clock Enable Set-Up Time 10 | 150 75 ~ 3001 75 _
Maximum Clock ¢ 5 1 25 - 06| 25 - W 177
Frequency CL 10 3 5 - 2 5| - : .
Input Capacitance C Any Input - 5 - - 5 - pF -
RESET OPERATION
Propagation Delay Time: | tpH{., 5 — | 300f 900| - 300( 1200
ns -
Carry-Out Line tpLH 10 — | 125 250| - 125| 500
5 — | 500{ 1250 — | 500| 2500
Decode-Out Line 10| —| 200] a0 — | 200] 80| ™ -
Minimum Reset Pulse twe. 5 — | 150 300 — 150| 600
Width 1 ns 17.13
WH 10 - 75 1501 — 75| 300
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MEM Digital Integrated Circuits

Solid State - Monolithic Silicon

Division CD4024AD,CD4024AE,CD4024AF
CD4024AK,CD4024AT

COS/MOS 7-Stage Binary Counter
! With Buffered Reset
——— Special Features:
PUSEs— I = Medium speed operation. . . . . 7 MHz (typ.) input pulse rate at
e VDD-Vss = 10 V
RESET —— = Low “high” and “low"’ level output impedance. . . .. 700%2 and
l— os 50052 (typ.), respectively at Vpp—Vgs = 10 V
— a6 = | ogic block complexity on a single chip. . . ... . each output
ar accessible and resettable _
v ® Static counter operation — counter retains state indefinitely
v! . with input pulse level “low” or “high”

u COS/MOS gate input loading on both reset and input- pulse lines

The CD4024A types consist of an input pulse shaping Applications:
circuit, reset line driver circuitry, and seven binary counter

E divid
L

stages. The counter is reset to “‘zero”’ by a high level on the ' 4 =

reset input. Each counter stage is a static master-slave ® Time-delay circuits

flip-flop. The counter state is advanced one count on the u Counter control

negative-going transition of each input pulse. = D/A counter and switch on one chip

* Formerly developmental type TA5385C.

12 3
Vo! Vo7
o
¢ $ o 02} Qs
o0—— Fe- | | | rrF-2 “ F/F-5 I
INPUT - - -
PULSES| R [T R G r92 rOs
2 ' TERMINAL No.14 TO Vpp
TERMINAL No. 7 TO VSsS

RESET

92C5-19074
Fig.1-1 — Functional diagram for CD4024AD, AK, AE, AF.

(3)__{>)‘<{>J TERMINAL No. 2 TO Vpp
TERMINAL No.i2 T
RESET ERMINAL No.12 TO Vss

3 92CS-19075
Fig.1-2 — Functional diagram for CD4024AT. '
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Lo T T
s 7] i
e Uz U

>
l Voo —IVoo
e~ -

<
8
<
o
o

ol

— -} TO STAGE 2

illls
RESET _ EE U ,_lj:_ —l :j_ :__]._

[=l}

L
3T
=1
1
1

j— Yo!
RESET

TO ALL
STAGES

e
17 92CM-19076

NOTE: SUBSTRATES FOR ALL "P'* UNITS ARE CONNECTED TO Vpp
SUBSTRATES FOR ALL “'N"* UNITS, UNLESS OTHERWISE SHOWN, ARE CONNECTED TO GROUND.

Fig.1-3 — Schematic diagram (pulse shape: and 1 binary stage).

INeuT
ULSE
SHAPER O q
¢ ¢ MASTER
SECTION ¢ SSEL(?I’\{SN INPUTS TO
2nd STAGE
[ -
TG —O g
! é
a
RESET
¢ -
¢ Q) OUT =
I—L‘| l—LI (@)@ NR)
TG 16 .
f STAGE |
é ¢  92cM-19077

EQUATIONS FOR STAGES 2 T0 7
® R = HIGH DOMINATES (RESETS ALL STAGES). 0yt = @NQNEIR)

“ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT PULSE. Guoyr = @O E)R
COUNTER ADVANCES ONE BINARY COUNT ON EACH NEGATIVE o TRANSITION 230UT = (@34@1)Q2)(0)(R)

(128 TOTAL BINARY COUNTS). Quout = (64)(0]){02)(03)(:)@)
QsouT = @5KQQz)@3) Qg0 )KR)
QgouT * (@6)(})Q2XQ3)ALNAHBNR)
Qz0uT = (@7)0;)Q7)03)Q4XQ5KQEBNR)

Fig.1-4 — Logic block diagram (pulse shaper and 1 binary stage).
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Fig.1—5 Typ. N<h drain istics.

126

CD4024A
" STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . . ............ e Vgs < V< Vpp!
(Recommended DC Supply Voltage (Vpp—Vgg) . ........ 3t015V)
LIMITS CHARAC
TERISTIC
TEST CDA4024AD, CD4024AK, CD4024AT, CD4024AF CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST
Vo |Vop, -55°C 25°C 125°C CIRCUITS
Voits| Volts] Min.| Typ.| Max. | Min. | Typ. | Max. [ Min. | Typ. | Max. Fig. No.
Quiescent Device | 5| - - 5 --]o03 5 - - 300 N 3
u —
Current t w| - | - 10| - [os [ 10| - |- |eo0
Quiescent Device P 5 - - 25 - 15. 25 - - 1500 w
Dissipation/Package (o] 0 _ _ 100 _ 5 100 - —Teoo0 | ¥ -
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
VoL v -
Low-Level 10 - - 0.01 - 0 0.01 - - 0.05
: 5 |499 - - 4.99 5 - 4.95 — -
High-Level VoH \ -
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity 08| 5 |15 - - 15 228 | - |14 - -
VNL v 1-14
{Any Input) 1.0} 10 |3 - - 3 45 - 29 - -
42| 5 |14 - = 1.5 225 - 15 - -
VNH v 1-15
9.0] 10 |29 - - 3 45 - 3 - -
Qutput Drive Current: 0.5 5 (0.31 - - 025 |05 - 0.175 - - mA 1-5
N-Channel IDN os| 10 {062 | - - 05 1 - j03s | - - 1-7
as| 5 Joag | - - foas Jo3 | - foros| - - 1-6
X mA .
P-Channel P 95| 10 |045 [- |- |o035 |07 |- |ozs|- - 1-8
Input Current [ - - - - 10 - - - - pA _
For Output Drive Current test connections see Appendix.
DRAIN-TO-SOURCE VOLTS (Vpg)
- 1 -0 -5 0
AMBIENT TEMPERATURE (Tp) = 25 °C s 3
TYPICAL TEMPERATURE COEFFICIENT A
© T H
TTTTETTTTT 1T z:::
) GATE -TO-SOUR! >
= " 1y 5
(2] 1 (2]
w 11 u
3 oV ] H I3
[TTe) w
& sssiiiiira §
K e =
E ,50\,%,\'; o2
H o:‘ G;’ =
g 9% g
11T
11T
T 15
5 AMBIENT TEMPERATURE (T)=25°C
T E TYPICAL TEMPERATURE COEFFICIENT FOR Ip=—0.3%/°C
0 5 10 15
DRAIN-TO- SOURCE VOLTS (Vpg)
92Cs-17809 92e5-17934

Fig.1—6 Typ. P<h,

/ drain
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STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4024A

.... Vgg<V<Vpp!

(Recommended DC Supply Voltage (Vpp—Vsg) -+-...... 3t015V)
LIMITS CHARAC
TERISTIC
TEST CDA024AE CURVES
CHARACTERISTIC | SYMBOL [ o0n oo UNITS | g tesT
Vo (Voo -40°C 25°C 85°C CIRCUITS
Volts| Volts§ Min. | Typ. | Max Min Typ. | Max. | Min. | Typ. | Max Fig. No.
Quiescent Device . 5 - - 50 - 05 50 - 700 A 13
1—
Current L 10 _ - 100 - 1 | 100 - 1200 |
Quiescent Device b - -~ 250 -, 2.5 | 250 ~ 3500
Dissipation/Package D 0 N ~Ti000 ~ 70 {1000 N — 12000 W -
Output Voltage: 5 - - 0.01 - 0 | 0.01 - - 0.05
VoL v
Low-Level 10 - - |00t - 0 [0.01 - - 0.05
. 5 | 4.99 - - 4.99 5 4.95 - -
High-Level VOH v
10 {999 [ - - 999 | 10| - |o99s - -
Noise Immunity o8| 5|15 - - |15 | 225 1.4
VNL v 1-14
(Any Input) 1.0[10 |3 - - 3 |45 - |29 -
4.2 5|14 - - 1.5 2.25 - 15 -
VNH v 1-15
9.0| 10 |29 - - 3 45 - 3 - -
Output Drive Current: os| 5 J0.15 - - 0.12| 05 - 0.095 | — - mA 1-5
N-Channel IpN os |10 J031 | - - 025| 1 - 0.2 - - 1-7
as| 5 f0.145 | - - [-012]-03 | - [-0095[ - - 1-6
X mA
P-Channel IoP 55| 10 031 |- T 0| 07| - |02 | - | - 1-8
Input Current [ - - - - |- B - - pA _
For Output Drive Current test connections see Appendix.
DRAIN-TO- SOURCE VOLTS (Vg )
=15 -10 -5 [
AMBIENT TEMPERATURE (Tp) =25°C CD4024AD,CD4024AK,CO4024AT mamintl- tit
TYPICAL TEMPERATURE COEFFICIENT FOR Ip==0.3%/°C CD4024AE ———mm = — HHH
.
FEEEEEEEEEEEEEEEEEEEE e
- TLL m : 1 T T T H . %
2 GATE- E VOLTS (Vgg)= 15 10 L 2z
n -15 ‘g » H
&so [
g £
H z
H
=z 0Ty N [ GATE-T0-SOURCE VOLTS (Vgg)=~15 -
g2.5H T Lo OO T T A AIL iy
s a7 B e i 2
=0T 11T 111 IEEEE]
[mm ITT 11T 1T -6
= = AMBIENT TEMPERATURE (TA)s25°C
ﬁ“’ R VY Sl FH TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3%/°C
o’ 5 15
92Cs-19079

DRAIN-TO-SOURCE VOLTS (Vpg)

Fig. 1—7‘ Min.

92Cs-19078

N-ch.

I drain

istics.

istics.

Fig. 1~8-Min. P

I drain
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Vgg = OV, C, = 15pF, and input rise and fall times = 20ns, except t,-¢ and tf¢
Typical Temperature Coefficient for all values of VDD =0.3%/°C. (See Appendix for Waveforms)

LIMITS . CHARAC-
TERISTIC
TEST CONDITIONS | CD4024AD, CD4024AK CURVES
CHARACTERISTICS | SYMBOLS CD4024AT, CD4024AF CD4024AE UNITS | & TEST
Vbp CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
9 INPUT OPERATION
X | el 5 - 175 | 350 - 175 | 400
Propagation Delay Time ns 1-9
PLH 10 - 80 | 150 - 80 | 150
L trHL 5 - | 1715 | 228 - | 175 | 280
Transition Time ns 1-10
TLH 10 - 80 | 150 - 80 | 150
Minimum Input- i 5 - 200 | 330 - 200 | 500
. . ns -

Pulse Width twh 10 - [ 140 [ 125 [ - [140 | 165

Input Pulse’ 19 5 - - 15 - - 15
. : s —

Rise & Fall Time tf¢ 10 - - 10 - - 10 #
Maximum Input Pulse 5 15| 25 - 1 25 -

Frequency F] 70 2 7 — 3 7 = MHz 1-12
Input Capacitance C Any Input - 5 - - 5 - pF -
RESET OPERATION
b ion Delay Ti . 5 - | s00 | 700 - | 500 | 800

ro ion Delay Time ns -
paga \ PHL(R) 10 — | 250 | 350 — | 250 | 400
Minimum Reset 5 - 375 500 - 375 600
" 1, -_—
Pulse Width 'WH(R) 10 _ 200 300 - 200 350 ns
* Propagation delay time is from clock input to Q1 output.
AMBIENT TEMPERATURE (Tp) = 25 °C AMBIENT TEMPERATURE (T)=25°C
@ TYPICAL TEMPERATURE COEFFICIENT A COEFFICIENT
T 300| FOR ALL VALUES OF Vpp = 0.3 %/°C " IOY;%LTE&T&RSTO“?E‘,”.O.,,%, oc
! : I
- INgPANEEEND = aaiun X 501
FH j\rs\oRerr £ s Tt
2 LY VO ] \‘109“ =L
w = 400 0\_15
= = out 3
~ H ¥ e
K = 300
o u ==l 2 \0
g o HEEEH +1] E 200 i =] e
g mES anll ] g 1] T ! : t -t —‘? =11 =
g HE - "~ oo . _ﬁﬁ—: H as
< HH e
T jEEENEENERN! 1T
1T 11T LT 1T
[ 10 20 30 40 50 60 70 80 90 10 20 30 40 5 60 70 80 90
LOAD CAPACITANCE (C)—pF s265-17610 LOAD CAPACITANCE (C)—pF s2¢s-17811
.Fig.1-9 Typ. propagation delay time vs. C|. Fig.1—10 Typ. transition time vs. CL.
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106 [AMBIENT TEMPERATURE (T)*25°C AMBIENT TEMPERATURE (T, ) =25°C ;
> LOAD CAPACITANCE (C )= 15 pF
1 105 |
1 z
e 5 3
o 100 WoleZ o A -
g M o 5 o
x 5, A~ >
) -
g o A % 2" -
> =~ g
S > 5 o T
= 1 @
g 2 Pzt c of
@
] ~ ~ 2
s AL ER
I+ o A k1
§ — ——— LOAD CAPACITANCE (C()*ISpF S
— ———=Cy *50pF °
! I T TTIT T TTT
10* 10 10° 108 10 ° 10 5 20
INPUT FREQUENCY (1) —Hz SUPPLY VOLTS (Vpp)
92€S-17812 92CS-19865
Fig.1—11 Typ. dissipation characteristics. Fig.1—12 Typ. input pulse frequency vs. Vpp.
1ov
1/4 G0 4001
'
2
S, 3
/2 Pt
C0401g] 5
6
7
92¢3-17896
Fig. 1~ 13 Quiescent device current test circuit.
5V OR IOV
35V
R, SV oR 10V 35VORTY m
- 3

12 DVM)—
1} —3

131, - 1.5V OR 3V
2
n 10

.
1] 9 | NOTE:

1.5v
OoR
3v :
LSE
3 92CS-17898RI

NOO L uN —

8| PRESET VoI 1O 18Y

9 MEANS OF CLOCK
8 = PU

NG AN~

92C5-17897
_ Fig.1-14 Noise Immunity Fig.1—15 Reset noise immunity
test circuit. test circuit.
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R/

Solid State
Division

Digital Integrated Circuits

Monolithic Silicon

CD4026A, CD4033A

Types

COS/MOS Decade Counters/Dividers
o ) .
e % . With Decoded 7-Segment Display Outputs and:
. L Display Enable — CD4026AD, AE, AF, AK
chgse L .13 Ripple Blanking — CD4033AD, AE, AF, AK voo
fese . |2 Special Features: ook .
LAy sC and 7 decoding in one pack 5
5 6uT . cLock a
3 < ® |deal for low-power displays ENABLE I
oFTar] . SRy g
faasLe v = Easily interfaced with 7-segment display types RESET H
e & Fully static counter operation: DC to 2.5 MHz (typ.) "
SOMENT Sur
e = Display Enable Output (CD4026A) SesT Shany
CD4026A vss gy P
= “Ripple Blanking” and Lamp Test (CD4033A)

RCA CD4026A and CD4033A% each consists of a 5-stage
Johnson decade counter and an output decoder which
converts the Johnson code to a 7-segment decoded output
for driving each stage in a numerical display.

These devices are particularly advantageous in display appli-
cations where low power dissipation and/or low package
count are important.

Inputs common to both types are Clock, Reset, & Clock
Enable; common outputs are Carry Out and the seven
decoded outputs (a, b, c, d, e, f, g). Additional inputs and
outputs for the CD4026A include Display Enable input and
Display Enable and Ungated “C-segment’ outputs. Signals
peculiar to the CD4033 are Ripple-Blanking and Lamp Test
inputs and a Ripple-Blanking Output.

A "high”” Reset signal clears the decade counter to its zero
count. The counter is advanced one count at the positive
clock signal transistion if the Clock Enable signal is ““low’".
Counter advancement via the clock line is inhibited when the
Clock Enable signal is “high”. Antilock gating is provided on
the Johnson counter, thus assuring proper counting
sequence. The Carry-Out (Coyt) signal completes one cycle
every ten clock input cycles and is used to directly clock the
succeeding decade in a ruiti-decade counting chain.

The seven decoded outputs (a, b, c, d, e, f, g) illuminate the
proper segments in a seven segment display device used for
representing the decimal number O to 9. The 7-segment
outputs go ‘“high’” on selection in the CD4033A; in the
CD4026A these outputs go “high” only when the Display
Enable IN is “high”".

4 Formerly developmental type TA5677.

RIPPLE RIPPLE
BLK. BLK.
N out.

Applications: CD4033A “*°

= Decade ing/7 1t d | display

® Freq y division/7 d | displays

® Clock/watches/timers (e.g. + 60, + 60, < 12 counter/display)
® Counter/display driver for meter applications

CD4026A

When the Display Enable IN is“low"the seven decoded outputs
are forced “low” regardless of the state of the counter.
Activation of the display only when required results in
significant power savings. This system also facilitates imple-
mentation of display-character multiplexing.

The Carry Out and ungated ‘‘C-segment’’ signals are not
gated by the Display Enable and therefore are available
continuously. This feature is a requirement in imple-
mentation of certain divider functions such as divide-by-60
and divide-by-12.

CD4033A

The CD4033A has provisions for automatic blanking of the
non-significant zeros in a multi-digit decimal number which
results in an easily readable display. consistent with normal
writing practice. For example, the number 0050.07000 in an
eight digit display would be displayed as 50.07. Zero
suppression on the integer side is obtained by connecting the
RBI terminal of the CD4033A associated with the most
significant digit in the display to a “low-level” voltage and
connecting the RBO terminal of that stage to the RBI
terminal of the CD4033A in the next-lower significant
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CD4026A, CD4033A

Cout

Do

(CLOCK -+ 10)

—
cL m CL- m CL CL CL D‘—— 10 N
HINE RN R T_—DJ =) o
f ]
> S i e
a[> 20 Soment
) > f@ [t
0 e Do
N > ‘
1_/ = jl \ .
1
cLock 9
cLock ENAaLEm <«
2 ) > { Do
. l_-zxt__/
REsErO—[>°—¢{>——— q b——-l >o—-<{ >10s
DISPLAY 3
EnasLe O- J!>'~k :D—‘O E‘j{;ﬁ:
16 a
A O
cnoé SEGMENT ‘lLII’
DESIGNATIONS ' I
e <
d
92CM- I908IRt
Fig.2—1 CD4026A logic diagram.
position in the display. This procedure is continued for each
succeeding CD4033A on the integer side of the display
‘On the fraction side of the display the RBI of the CD4033A
associated with the least significent bit is connected to a COUNT (0|1 ]2]3 48 e|l7]s|olo]1]|2]3
“low level” voltage and the RBO of that CD4033A is CSeSaligigligigigigigigligligigligigl
connected to the RBI terminal of the CD4033A in the next RESET -
more-significant-bit position. Again, this procedure is Eiﬁggts [
continued for all CD4033A’s on the fraction side of the DISPLAY |
. ENABLE IN
displey- ensSE58Y
In a purely fractional number the zero immediately pre- hn | | I | I
ceding the decimal point can be displayed by connecting the b T
RBI of that stage to a "high level” voltage (instead of to the ¢ T
RBO of the next more-significant-stage). For Example: 9 M [__r—\ﬂ | IR pa
optional zero »0.7346. b S | igm
t L —
Likewise, the zero in a number such as 763.0 can be ]
displayed by connecting the RB! of the CD4033A associated CARRY ou: — L
with it to a “’high-level”’ voltage. UNGATED b
. . L . *C* SEG. L L
Ripple blanking of non-significant zeros providesan ap-

preciable savings in display power.

The CD4033A has a “Lamp Test” input which, when
connected to a “high-level” voltage, overrides normal de-
coder operation and enables a check to be made on possible
display malfunctions by putting the seven outputs in the
“high”’ state.

92CS-19082R1

Fig.2-2 — CD4026A timing diagram.

For maximum ratings, see page 22.
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o
SEGMENT 'I 3 Ib
DESIGNATIONS 'l |‘

LAMP TEST d

14 QLA

5

1
CLOCK
cL
CLOCK ENABLE

2

15
RESET O—Do-‘{>——-——

3
RBIO-

5~ Cout
(CLOCK - 10)

i‘)
§ %J?‘Z
Y

m,

[
1

SN

l

i
t

16

Voo o 92SM-44TORI
8

N0 O

Fig.2—3 CD4033A logic diagram.

CLOCK MM MM AU LU LU UL LU,

RESET L

CLOCK ENABLE M

LAMP TEST —

RBI 1

Cour (CLOCK 3-10)

- 7 | IS p

T LT U | N
b | - T L™
A L

L QNI s B B B ™ RS

A A A A A A A A A AR Ye TV
AEET R R AN R R

92SM-447IR2

Fig.2—4 CD4033A timing diagram.
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DRAIN-TO~SOURCE VOLTS (Vpp — VoH!

DRAIN -TO - SOURCE VOLTS (Vpp -~ Vou!
- -3 “2 o0 oH 0 i A S L N N1
AMBIENT TEMPERATURE (Ta] = 25°c " THHTH A 3 T
TYPICAL TEMPERATURE COEFFICIENT oLt s
FOR Tp= -0.3%/°C [annas; H SUPPLY VOLTS (v,
; H H-o0.2 2
] A 11 ’
1 1T 1 Lt
N4/ - HY I~
048 e G
3 = ~e
@
0.6 t “‘
TYP 3. g : &
o 1 2 é ¢ 5
H o3 % 3
D = ; _e =
Y VOLTS -1.0Z 15 14 z
LIt g 5 <
Fvpl — 3 ft s
| 1cut SEGMENT [_; 2 B —10
CURRENT HHHHHH
AMBIENT TEMPERATURE (Tp) = 25°
= ;‘vmcm. TEMPERATURE COEFFICIENT
OR Ip®-0.3%/°C -
92s-19083 12
92CSs-19084
Fig.2—5 Min. & typ. P-channel segment drain Fig.2—6 Min. & typ. P<hannel segment drain
characteristics @ Vpp = 3.5& 5 V. characteristics @ Vpp = 10& 15 V.
DRAIN-TO-SOURCE VOLTS (Vpp-VoR)
8 6 4 ey o AMBIENT TEMPERATURE (Tg1=25°C
igsaasessssany ea 5 2 TYPICAL TEMPERATURE COEFFICIENT]|
HE (128e¢ : | FOR ALL VALUES OF Vpp®=0.3%/°C
)25/ 25°C 53 E
+ =55 @
"
; i’lz
B [ £ =il
o -4 o s 1000 g0\
£l @ = oLt
HHH = T
25°C. 3 - SuPP
| ¢ < 75 5
| aa seoaass -6 S ] 8
S H w H
o 2 8 500
8 = =
z 3
< 2!
E § 1 I [5) T
-10 a T 1T 11T
INNENER| Ini IENEN
O TTTTTIT 11 TTTT
: © 10 20 30 40 50 60 70 80 90
: LOAD CAPACITANCE (C|) —pF
92Cs-19085 92CS-I908§
Fig.2—7 Typ. P<h ! drain ch. istics Fig.2-8 Typ. propagation delay time vs.
as a function of temp. Cy for decoded outputs.
. AMBIENT TEMPERATURE (T )= 25°C H HH AMBIENT TEMPERATURE (T ) =25°C
H TYPICAL TEMPERATURE FOR ALL H H TYPICAL TEMPERATURE COEFFICIENT FOR
| 00| VALUES OF vpp = 0.3%/°C 21500( ALL VALUES OF Vpp=0.3 %/°C
Z s !
-
5 5 3
x . -
o ~Nob (o)
= <5 4 I
o 400 oV} 1000
= el
= w o
H w v
3 300 ES )
l =z ot
pt == =] \)w\-’(
Z 200 10 L= £ 500 b
<] u
5 PR T T s 3 EEE== o
£ 100H = mnunll] .
lﬁ 1T =0 T
a SN 1T 1T T 1
1T 1T 1T T 1 117
T 11 11 1T LTI TTTT T 11T
10 20 30 40 S50 60 70 80 o o 20 30 4 5 6 70 80
LOAD CAPACITANCE (C ) —pF LOAD CAPACITANCE (C()—pF
92Cs-17827 92Cs-17828

Fig.2—9 Typ. propagation delay time vs.

Cy for carry outputs.

decoded outputs.

Fig.2—10 Typ. transition time vs. Cy for
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ... .......... ceeeenie.... Vgs<V | <Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . ... .. ... 3t015V)
LIMITS CHARAC-
TERISTIC
TEST CD4026AD, CD4026AK ,CD4026AF CURVES
CHARACTERISTIC | SYMBOL | conpimions CDA4033AD, CD4033AK, CD4033AF UNITS | g TesT
vo |Vop —55°C 25°C 125°C CIRCUITS
Volts| Volts|] Min.| Typ.| Max. | Min. [ Typ. | Max. | Min. | Typ. [ Max. Fig. No.
Quiescent Device | 5| - - 5 - |03 5 - - 300 A 214
Current t 0| - | - 0] - ]os |10 | - | - | 600
Quiescent Device b 5| - - 25 - |15 25 - - | 1500 w
Dissipation/Package D 0 ” _ 100 _ 5 100 — — 6000 H
Output Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
VoL \2
Low-Level 10 - - 0.01 - 0 0.01 - - 0.05
. 5 | 4.99 - - 4.99 5 - 4.95 - -
High-Level VOH A%
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity v 08| 5|15 - - 15 225 - 1.4 - - v
(All Inputs) NL 10| 10 |30 — — 3 45 — |29 — -
2-15
42| 5 |14 - - 15 225 - 15 - -
VNH \%
90 10 |29 - - 3 |45 - (30 - -
Output Drive Current: Decoded |05 5 [0.15 _ - 0.12 | 0.24 —~ o9 - _
Outputs |05 [ 10 |0.32 - - 0.25 4 0.5 - |0.18 — -
N-Channel IpN mA
Carry 0.5 5 |0.12 - - 0.15 [ 04 - 1041 - -
Output 1051 10 {045 | — - Jo3s | 1 - Jo2s | — | -
Decoded | 4-5 5 [0.21 - - [0.14 |-0.28 - 0.1 - - 25,
Outputs (95 |.10 L045.| — - |03 [-06 - H.22 - - 26,27
P-Channel IoP mA
Carry |45] 5 012 | — - [0.15 |-04 - 1 - -
Output 195 [ 10 fo.45 | — - fo3s | -1 - lo2s | - -
Input Current h Any Input - - - - 10 - - - - pA

For Output Drive Current test connections see Appendix.

AMBIENT TEMPERATURE (T, ) =25°C £ AMBIENT TEMPERATURE (T,) =25°C
500 TYPICAL T COEFFICIENT T LoD capACITANCE () IS pF
2 g’
! g
~ s 5
3 z
= z
; g
',200 34
z ) w 026R%
i3 ) o° & 202650 -0%44055 AK
w O 1T x O 033R0 . C0 ]
£ T g o T ozene
- b ! = 3 ot %‘\’Jﬁ?\saAE
=

g 100 = 'F;' 2
2 [} z
E L

=Pt T Z

H HH 3

1T I : A
o 10 20 30 40 50 60 70 80 ) 10 15
LOAD CAPACITANCE (Cy )— pF SUPPLY VOLTS (Vpp) i
92Cs-17879 92¢5-19087
Fig.2—11 Typ. transition time vs. Cy_for Fig.2—12 Max. input clock frequency vs.
carry output. Vop-
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs .. ......................... Vegg<V <Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). - ... ..... 3t015V)

LIMITS CHARAC-
TERISTIC
CHARACT TEST CD4026AE, CD4033AE CURVES
CTERISTIC SYMBOL CONDITIONS UNITS & TEST
Vo | Voo —40°c 25°C 85°C CIRCUITS
Volts| Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device . 5 - - 50 - |05 50 - - 700 wA 214
Current L Ww| - | - || = | 1 [w0] - | - |00
Ouigstj.ent(Device P 5 - - 250 - |25 250 - - |3500 W
Dissipation/Package D 0 _ ~ 11000 _ 10 |1000 — — (14000 K
Output Voltage: 5 - - 0.01 - 0 |o0.01 - - 0.05
VoL \%
Low-Level 10 - - oo | - 0 [o.01 - - | 005
5 | 499 | — —~ | 4.99 s | - |495 - -
High-Level VOoH \%
10 9.99 - - 1999 10 - 9.95 - -
Noise Immunity (08] 5| 15 - - |15 | 225 - |14 - -
VNL \Z
(ANl Inputs) 10110 | 30 - - 3 45 - 29 - -
2-15
42| 5 14 - - 15 225 - 15 - -
VNH \Z
9.0 10 | 29 - - 3 45 - 3.0 - -
Output Drive Current: Decoded|05 | 5 | 0.08 — ~ |oos | 02a| - 005 | - _
Outputs |05 | 10 | 0.15 - - |[012 ] 05 - 0.1 - -
N-Channel IpN sl s - mA
camy |0 0095 - | - foo8 (04| - [o006| - -
Output 1o5) 10 | 03 | — - fos | 1] - Jo2 | - -
D 45| 5 [-0.09 | - - |-007 {-0.28| - |[-006 | - - 25,
Outputs (9.5 | 10 |-0.2 - - |05 |-06 | - [|-0.13 | - - 26,27
P-Channel IpP - mA
Cary |45 | 5 [0.095] — ~ 008 [-04 | - [Z006] - -
Output [95 | 10 [-0.3 - — 028 | -1 | = o2 | - -
Input Current " Any Input - - - - 10 - - - - pA
For Output Drive Current test connections see Appendix.
105 [AMBIENT TEMPERATURE (T4)=25°C
s INPUT 1, =1y =20 ns oV
1 0%
1 — TEST PEFORMED WITH THE .
9? \D 7 FOLLOWING SEQUENCE OF "1"s AND.
w 10° B~ = "0"s AT EACH INPUT
g q&s - 1S4
x o
g o -_,“"\;' s ] ? é Si S2 53 54 Ss
> T
2 = z 3 1 00 0O
£ A2 o 4 10100
& 02 < S
§ = = Ss |lg oo 1 01
P 1 7 Lo T I B |
g 0 T A 8
H S LOAD CAPACITANCE (C_)+I5pF|
—;g === C|_=50pF
A = = 92C5-19088
I T T T T 177
' [ 'por cLock FREO’S:NCY ey 'n?: 1ot
INPU L) —kHz .o B . P
02C5-17829R1 Fig.2-14 Quiescent device current test circuit.

Fig.2-13 Typ. dissipation characteristics.
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DYNAMIC ELECTRICAL CHARACTERISTICS at Ta= 25°C, Vgg =0V, C|_= 15pF, and input ri<a and fall times = 20ns, except t,CL and t,CL
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C. (See Appendix for Waveforms)

LIMITS CHARAC-
. i TERISTIC
CD4026AD, AF, AK CD4026AE
TEST CONDITIONS Y CURVES
CHARACTERISTICS | SYMBOLS CD4033AD, AF, AK CD4033AE UNITS |& TEST
VDD CIRCUITS
(Volts) | Min. I Typ. J Max. | Min. Typ. |Max. Fig. No.
CLOCKED OPERATION
Propagation Delay Time: 5 - 350 1000 - 350 1300 29
ns -
Carry Out Line oL 10 - 125 250 - 125 300
) toLu : 5 | - | 600 |1700 | — |600 | 2200
Decode Out Lines ns - 28
10 - 250 500 - 250 700
Transition Time: 5 - 100 300 - 100 350 © ot
ns -
Carry Out Line tryL 10 - 50 150 - 50 200
trLH 5 | - |30 | s00 [ - [300 | 1200
Decode Out Lines ns 2-10
10 - 125 350 - 125 450
Minimum Clock twi 5 — 200 330 - 200 500 ns _
Pulse Width twH 10 - 100 170 - 100 250
to” 5 | - - s |- | - 15
rCL 2
. ) _ _ us -
Clock Rise & Fall Time toL 10 — — 15 — — 15
Clock Enable Set-Up 5 - 175 500 - 175 700
Ti ns -
Time 10 | — 75 | 200 | — 75 | 300
Measured .
Maximum Clock f with Respect! 5 1.5 25 — 1 25 - MHz 2-12
Frequency cL to Carry Out[ 10 3 5 — 2 5 -
Line
Input Capacitance C Any Input - 5 - - 5 - pF -
RESET OPERATION
Propagation Delay Time: 5 - 350 1000 - 350 1300
To Carry Out Line 0 | - | 125 | 280 | - |12 | s0| -
t
] PHL(R) 5 — |s50 [1a00 | - [s50 [ 1900
To Decode Out Lines ‘ns -
10 - 240 500 - 240 600
Reset Pulse Width 5 - 200 330 - 200 500
eset Fulse Wi ns -
WH(R) 10 — | 100 | 165 - | 100 250
5 - 300 750 - 300 1000
Reset Removal Time ns -
10 — 100 225 - 100 275
Vbp Vop
5VORIOV
35V SVORIOV 35v vo
OR
v v
O—ow, 7 o O, T 6
2 15 O—o 2 15—
A 3 14 T A 3 14—
3v 4 13 3V 4 13
5 2 : 5 12
6 6 1
7 . 7 10 -
- @) — I
=  CDa026A — = cD4033A =
92CS - I19089RI 92CS~ 24424

Fig.2-15 — Noise immunity test circuits.
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INTERFACING THE CD4026A AND CD4033A WITH COMMERCIALLY AVAILABLE 7-SEGMENT DISPLAY DEVICES
(Refer to Application Note ICAN—6733 for detailed interfacing information)

LOW-POWER INCANDESCENT READOUTS INCANDESCENT READOUTS
PINLITES INC~ Series O and R RCA Numitron- DR2000 Scries
TUBE REQUIREMENTS: Vp(V)  mA/Segment TUBE REQUIREMENTS:
0-03-;(5) 15 8 Vp =3.5-5.0V
0-06-30 gg g It = 24 mA’Segment
R-R3-20 2.0 4.3
R-R4-30 3.0 4.3
ASSUMED ASSUMED
W TRANSISTOR TRANSISTOR
CHARACTERISTICS CHARACTERISTICS
Bdc (min.)> 30 .
“DISPLAY ENABLE Voo l i Veg(sat)< 0.50V Bdc (min.) = 25
CONTROL Veg(sat.) < 0.50V
#Vpp > 3.5V (min.)
cLock CD4026A - Ig 2 0.25 mA (min.) @Vpp = 8V (min.
ENABLE coam E b7 chaasl IT £ 7.5 mA (min.) SpD ( )
7 seauents | oo O EUY = ) Ig = 1.0mA (min.)
RESET — v IT = 24mA (min.)
o T
= i vs CD4009A CD4009A
= @Vpp = 10V (min.). @Vpp = 10V (min.)
“FOR
FOR Conze V0" < 0.6V V,"0" < 2V
vecowwa T IT = 8 mA (min.) IT= 20mA (min.)
@Vpp = 6V (min.) VI35V TO6V
Vo0 < 1.0V
I7 = 5mA (min.)
Vr215VTO35V 92CS-19133R2
NEON READOUTS (NIXIE TUBE4) LOW-VOLTAGE VACUUM FLUORESCENT READOUTS
L Alco Electronics— MG19 WITH VoN =18V MEDIUM BRIGHTNESS
2. Burroughs— B5971, B7971, B8971 _ Voo IN LOW AMBIENT LIGHT BACKGROUND
ErrT M S 2 4
TUBE REQUIREMENTS VT(Vde) ~ mA/Segment ENABLE CONTROL | cos02647 OFF % 4.5V
AlcoMGI9 ........... B
Burroughs B5971 . . CLOCK
» B7971, B8Y71. . 135V ENABLE .
Yoo V=10V bC oo SEGMENTS
# DISPLAY ENABLE $ RESET)
CONTROL 10F7
SEGHENTS <
e

ENABLE

R Vss
LOW-VOLTAGE VACUUM FLUORESCENT
7 SEGMENTS READOUTS nasv

1.6V
AC OR DC

= Vss
92CS-19132R2
— 92CS~-19135R2

1. Tung-Sol DIGIVAC S/G*Type DT1704A or DT1705C
2. Nippon Electric (NEC)-Type DGI2E or LD915

TTTTTTT

TRANSISTOR CHARACTERISTICS
Leakage with transistor cutoff < 0.05mA

Vi cee >V TUBE REQUIREMENTS: 100 to 300 . A/seg-
(BR),CEE T ment at tube voltages of 12V to 25V depending

Bdc(min) = 30 on ired bright Filament requi

4 (Trademark) Burroughs Corp. 45mA at 1.6 V, AC or DC.
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INTERFACING THE CD4026A AND CD4033A WITH COMMERCIALLY AVAILABLE 7-SEGMENT DISPLAY DE\{ICES
(Refer to Application Note ICAN—6733 for detailed interfacing information) (cont'd.)

LIGHT EMITTING DIODE DISPLAYS

Voo
— .
N T MONSANTO MAN 3 Voo
MONSANTO MAN 1 177 CA308! MManT— [
OR EQUIVALENT OR EQUIV. N | ?&5"3’8&%’ Vop 177 CA3082

Voo | | - OR EQUIVALEN.

| | ! *DISPLAY ENABLE A Fs——
*DISPLAY ENABLE A2 | ! CONTROL A fwans— 1
CONTROL | | O—{CD4026A/ ¢} i |
A l Iy 1 cLock O—{cba033a || i
= ‘ | r i

7 L
J | | I i ENABLE O~ seGMENTS | |
| I | RESET F !
| R | | [ |
G
! - = Vss I
G |
vpp23.5V = |
Vop25V (MIN) L If™5mA/SEGMENT |
Ig20.4mA ] 100% DUTY CYCLE |
Ig 2 12 mA/Seg. (100 %DUTY CYCLE) = R=Vp-Vgg-Vg (LED) § |
Bdc (MIN) 230 LED

WHERE Vp* INPUT PULSE ————]d

VCE (SAT) 5 0.5V v';sroawmn DROP 4

R*Vpp-Veg(sat)~V (LED) ACROSS DIODE g5 19134m2

92CS-I9137R3
WHERE Vg FORWARD DROP ACROSS DIODE
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IR

Solid State
Division

Digital Integrated Circuits

Monolithic Silicon

CD4027AD,CD4027AE, CD4027AK

RCA CD4027A4 is a single monolithic chip integrated circuit
containing two identical complemientary-symmetry “J-K"
master-slave flip-flops. Each flip-flop has provisions for
individual “J", K", "Set”, "'Reset”, and "“Clock” input
signals. Buffered “Q” and ““Q" signals are provided as
outputs. This input-output arrangement provides for com-
patible operation with the RCA CD4013A dual “D"-type
flip-flop.

A Formerly developmental type TA5872.

COS/MOS Dual J-K

m Static flip-flop operation. .. ... . retains state indefinitely with clock level

either “high” or “low”

= Medium speed operation. . . . ... 8 MHz (typ.) clock toggle rate at

Vpp-Vss =10V

o Low “high”-and “low” output impedance. . . ... 70052 and 300€2,

respectively,at Vpp—Vss =10 V

SET, ﬁ Voo
9 16 Y H
1 Master-Slave Flin-Flon
10 15 . i
b ul | em a With Set/Reset Capability
cLock, = 23 Special Features:
ReseT, 12 ] pecial Features:
7
SET, N ——l .
J2 Q.
Kz 3 FIF2 2
3 2 -
cLock, I Q2
4 ‘ls
RESETZ VSS
92¢5-IT187RI App/ications:
m Registers, counters, control circuits

The CD4027A is useful in performing control, register, and
toggle functions. Logic levels present at the “J” and “K”
inputs along with internal self-steering control the state of
each flip-flop; changes in the flip-flop state are synchronous
with the positive-going transition of the “clock” pulse. Set
and reset functions are independent of the clock and are
initiated when a “‘high’’ level signal is present at either the
“Set” or “Reset” input.

SET

7/9
cL

L 115
b °

J MASTER
6/100 ! SLAVE
TG 2/14
16 |9 5
F _ 2
X e cL
smo——D A cL
cL ! |
— 16 TG
2 Tz
RESET
EYitTe L e
cL c
I PRESENT STATE NEXT STATE
CLOCK INPUTS OUTPUT)| CcL& OUTPUTS
313 0—— {>C J[klsr] o a|a
& - LEVEL CHANGE VxJojoll o I/ frio
X - DON T CARE xlofo]o | o
o|x]|olof| o I/ o
x|[1]ofo Pl
x| xJo]o x W_\_ <— NO CHANGE
Fig.3—1 Logic diagram & truth table for one of two ide / X|x|tfojf x x 1{o
J-K flip flops. x|xjo|r X x |
x|xfrfrf x x B
WHERE | = HIGH LEVEL
0= LOW LEVEL 92CM-17188R2 139

10-73



CD4027A File No. 503

STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . .. ................ .. Vgg<V;<Vppl
(Recommended DC Supply Voltage (Vpp — Vgg) - - . . . 3to 15 V)
LIMITS
TEST CD4027AD, CD4027AK
CHARACTERISTIC | SYMBOL CONDITIONS UNITS
Vo |Vop -55°C 25°C 125°C
Volts | Volts|] Min.| Typ.| Max. | Min. | Typ. | Max. [ Min. | Typ. | Max.
Quiescent Device | 5 - - 1 - ]0.005 1 - - 60 A
m
Current L 10 _ - 2 — 10.005 2 - - 120
Quiescent Device b 5 - - 5 - ]0.025 5 - - 300
S W
Dissipation/Package o] 0 — _ 20 ~ o005 20 ~ — 1200 H
Qutput Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
VoL \
Low-Level 10| - - |00t - 0 |0.01 - - |o0.08
. 5 {4.99 - - 4.99 5 - 4.95 - -
High-Level VOH \
10 | 9.99 - - 999 | 10 - 9.95 - -
Noise Immunity 0.8 5|15 - - 1.5 2.25 14 -
VNL \%
(Any Input) 10| 10 |30 - - 3 4.5 - 2.9
42| 5 |14 - - 1.5 2.25 - 1.5 - -
VNH \
9.0| 10 |29 - - 3 4.5 - |30 - -
Output Drive Current:
Vg = 0.5V 5 1063 - - 0.5 1 - 1033 - -
N-Channel IpN mA
V=05V | 10 |1.25.] - - 1|25 | - lo7 - -
Vg =45V 5 |-0.31] - - |-0.25)-05 = }-0a75) - -
P-Channe! IoP mA
Vo = 9.5V 10 |-08 - - |-065 |-1.3 - |-0.45 - -
Input Current h Any Input - - - - 10 - - - — pA
For Output Drive Current test connections see Appendix.
DRAIN — TO — SOURCE VOLTS (VDs)
=15 =10 =5 0
AMBIENT TEMPERATURE (Ta) = 25°C H
TYPICAL TEMPERATURE COEFFICIENT -5 -
30| FOR Ip=-0.3%/°C H_s
~ 25 M0 2
2 Hi A ]
; ATE - TO- SOURCE VOLTS (Vgg) = I5] z
& 20 -5
g £
.3
§ 15 L4 —20 .§.
g TE - TO - SOURCE VOLTS {Vgg) = =15 1] ]
z &
0 )
s <
5
- AMBIENT TEMPERATURE (Ty) = 25°C
H TYPICAL TEMPERATURE COEFFICIENT FOR Ip*~0.3 % /°C 111
o 10 15
DRAIN — TO — SOURCE VOLTS (Vpg) 92¢s-17801
92€5-17800
Fig.3—2 Typ. N-ch ! drain istics. Fig.3—3 Typ. P- | drain ch: istics.
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CD4027A

STATIC ELECTRICAL CHARACTERISTICS (All inputs
(Recommended DC Supply Voltage (Vpp — Vgg)

... Vgg<V<Vpp)
eiee.... 31015V)

LIMITS CHARAC:
TERISTIC
TEST CD4027AE CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS & TEST
Vo | VoD -40°¢c 25°C 85°C CIRCUITS
Volts| Volts| Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max Fig. No.
Quiescent Device ' 5 - - 10 - 0.01 10 - - 140 A 312
u 3
Current L w| - | - [ 2] = Joos] 20 - | - 280
Quiescent Device . 5 - - 50 - 0.05 50 - - 700
seeen w
Dissipation/Package D 0 — _ 200 _ 05 | 200 = = 2800 H!
QOutput Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
VoL - Vv
Low-Level 0] - - |loo1| - 0 |0.01 - - | 005
. 5 { 4.99 - - | 4.99 5 - 4.95 - -
High-Level VOH \2
10 | 9.99 - - | 9.99 10 - 9.95 - -
Noise Immunity v 08| 5 |15 - - 1.5 225 - 14 - - v
(Any Input) NL 1010 |30 | - | - 3 |45 - |20 | - -
3-13
42| 5 |14 - — 15 228 - [18 | - -
VNH v
9.0]| 10 | 29 - - 3 4.5 - 3.0 - -
Qutput Drive Current:
Vg =05V 5103 - - 103 1| - | o024 - -
3-2
X IpN mA ’
N-Channel D 3.4
Vo= 05V 10 | 0.72 - - | 06 25 - 05 - -
Vo =45V 5 |-0.17 - - |-0.14 |-05 - |-0.063] - -
P-Channel IpP mA 3-3,
3-5
VO =9.5V 10 |-0.4 - - }--0.33 |-1.3 - |-0.27 - -
tnput Current h Any Input - - - - 10 - - - - pA -
For Output Drive Current test connections see Appendix.
DRAIN - TD - SOURCE VOLTS (VDs)
=15 =125 =10 -7.5 =5 - (o]
IEENENEESENS TTITTTTTT
AMBIENT TEMPERATURE (Tp) = 25°C O T
TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3% /* CD4027AD, CD4027AK ———
5 CD4027AE ===
1T LI T T T T T T 1l
1 IRNNSEENERERERERN]
ml|llllll TTTTTTY {I °
GATE - TO - SOURCE VOLTS (Vgs) = 15 H-1 .
al2s T T HTGI‘SHH '2'51_:3
- IS EEENNSN NSNS A RER] ~10- z
P €D4027AD, CDA027AK HH r z
g 10 CD4027AE == =meme 1 L 1] 15 H1 H
< IEERREEEEE) BEEN =
5 |IENEEENEEN] 1T AEER b3
S T sy | IGATE - TO - SOURCE %
275 T T T -5 m
=z HH T ﬁ
g LI I"AMBIENT TEMPERATURE (Tp)=25°C @
& s T TYPICAL TEMPERATURE COEFFICIENT uH
1oV FOR Ip=-0.3 %/°C H 2
D4Rl T 1T
25 H H -15
1T 11
= q T
YH% S } } 1T 1T
o 25 5 5 10 125 15
DRAIN — TO — SOURCE VOLTS (Vpg) 92C5-19081 920s-19092

Fig.3—4 Min. Nch:

/ drain

istics.

Fig.3—5 Min. P<h.

/ drain

M
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DYNAMIC ELECTRICAL CHARACTERISTICSat Ty = 25°C, Vgg = ov, C.= 15pF, and input rise and fall times = 20ns, exoeptt'CL and thL.
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms)

LIMITS CHARAC-
TERISTIC
TEST CONDITIONS | CD4027AD, CD4027AK CD4027AE CURVES
CHARACTERISTICS SYMBOLS UNITS |& TEST
Vpp CIRCUITS
(Volts) | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
. oL 5 - 150 300 - 150 400
Propagation Delay Time ns 37
t . 10 - 75 110 - 75 150
pLH
t. , 5 - 75 125 - 75 250
Transition Time THL! ns 3-8
tTLH 10 | - 50 [ 70 - 50 | 140
Minimum Clock Pulse Width twee 5 - 165 330 - 165 500
ns -
twH 10 | - 65 | 110 - | 65 |65
Clock "toL 5 - - 15 - - 15 s
Rise & Fall Time T -
teL 10 - - 5 - - 5
. 5 - 70 150 - 70 200
Set-Up Time ns -
10 - 25 50 - 25 75
Maximum Clock Frequency 5 15 3 - 1 3 -
fcL MHz 39
(toggle mode) 10 45 8 - 3 8 -
Input Capacitance Cy - - 5 - - 5 - pF -
SET & RESET OPERATION
1, , 5 - 175 225 - 175 350
Propagation Delay Time PHL(R) - ns -
tpLH(S) 10 - | 75 |10 - | 75 | 150
Minimum Set and Reset twH(s)- 5 - 125 200 - 125 300 ns -
Pulse Widths YWL(R) 10 - | so0 80 - 50 | 120

* |f more than one unit is cascaded in a parallel clocked operation, trCL should be made less than or equal to
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage
for the estimated capacitive load.

AMBIENT TEMPERATURE (Ta):25°C { I AMBIENT TEMPERATURE (Tp)=25°C T L =
e TYPICAL TEMPERATURE COEFF! ICIENT FOR T TYPICAL TEMPERATURE COEFFICIENT FOR 1
l"“‘ ALL VALUES OF Vpp=03%/ 1 ALL VALUES OF Vpp=03% / i -
! HHIH g = ,‘!“‘[' T
T T 11 | T SN RS T
2 LS z ity sainabae =
5 s : SRR =5
& RSP . jRanannusn: i nawe
g... SV ?‘_’2“" : 1T — -
2 P < T ina T >
- M : TT N D -5 '
x B H : s
] a F = 1+
8 . f‘ﬁ;— z 1 guPP et o : me
- o 10 ]
3 100 - - HH ot = ! -
v HEEeET i . [ - : = sas SRS
S B 5 I = 15 :
- T
H H £ ; * H
e i : RN EE T 1 t
& H B T T f T
o HHHTH T T
] 20 30 40 50 60 70 80 20 100 40 50 60 70 80 20 100
LOAD CAPACITANCE (C )—pF LOAD CAPACITANCE (C)—pF
92Cs-19093 92Cs-19094
Fig.3—6  Typ. propagation delay time vs. Cy . Fig.3—7 Typ. transition time vs. C .
L g. L
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KO———
nss*
Voo
-
J, j
10/6 | [r—
T
. e
Vss

CD4027A
Voo
55799; MASTER SECTION SLAVE SECTION
- - Voo Voo Voo
'_\—5 e )
— i»—
= |
J— i} 1 il
_] 138 - ( -
m =Y 5
o . Ll"' e | e
_‘ e Vss Vss
—
Vss r—
cL
RESET
O— -
1274 i Q
Voo Voo 4 }0
1472
- cC D——T ol
ALL p-pEvicE (|t ) OFRTETE0 — e 9
SUBSTRATES [l CLOCK }CL .
— CONNECTED 13/3 S8
ALLn-DEVICE  ( |Fe) Vss e Voo
SUBSTRATES - i— EXCEPT '—1

¥ FFI/FF2 TERMINAL ASSIGNMENTS

gt

I_l._f

Fig.3-8 Schematic diagram for one of two identical J-K flip flops.

AMBIENT TEMPERATURE (Tp)s25°C
TOGGLE MODE
LOAD CAPACITANCE (C

)=15pF

27TAE

MAXIMUM CLOCK FREQUENCY (fgy MAX)— NHz

o

10

SUPPLY VOLTS (Vpp)

20

92€S-19095

Fig.3—9 Max. clock frequency vs. supply
't

voltage.

U5

s2cu-1s0s0m VSS

AMBIENT TEMPERATURE (Tp)=25 °C ili I

INPUT t, =14 =20 ns H
s 11 TTITTIT T [0
104 [LOAD CAPACITANCE (Cy) =15 pE}
2 NEIN oo
a
T | ] 1A 50 pF
W 103 SUPPLY_VOLTS (Vpp) =151 A 15 pF
H S pF.
a
5 Iig?
a 102 E
z
S % A
E a4 A
a A
[
Z 10 il Pd
2 2

r A

N -
102 03 104 103 108 107

INPUT FREQUENCY (f)) —Hz

92Cs-17802R2

Fig.3—10 Typ. dissipation characteristics.
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ov
Voo Vpp* 1oV
s
3 Q
K
sa.wave [ Ki F/FL _
CL Q ] 16 pmnd
Ju ! !
t,* t4=20ms RI! | SRS PF == 5pF 2 15
sz ) 3 e
-
cL, 1 G, = —oa
L¥] / 0 4 13
T2 F/F2 9, o
O 5 12
] o
.,L.__J ? Vss —oct— 6 "
= = 92Cs-17189 _'_0‘/' 7 0
Fig.3-11 — Dissipation test circuit. F 8 9
TEST PERFORMED WITH THE FOLLOWING
LOGIKC LEVELS PRESENT
oL J 3 s R
[ 1 ! [ |
o o o | '
[ o [ | o
| o o 1 o
92s-19096
Fig.3-12 — Quiescent device current test circuit.
DVM 5VORIOV
+
35VORTV
[ 16
2 15
¢——o0
o 3 e
’_«O——— 4 13
o ° 12
L
| a——¢ I
,_;A"’——‘ 7 10
8 9
)
I.SVOR3V 92CS-19097 A
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Fig.3-13 — Noise-immunity test circuit.
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NG

Solid State
Division

Digital Integrated Circuits

Monolithic Silicon

CD4028AD, CD4028AF
CD4028AE, CD4028AK

o
- BCD-to-Decimal Decoder
BUFFERED
- 3 . .
ALy o o)) Secosen Special Features:
INPUTS A e OUTPUTS
EIR 2lis t1or e ® BCD to decimal decoding or binary to octal decoding
ach ; 's— surrexeo ® High decoded output drive capability. . . . .. 8 mA (typ.) sink or source
INPUTS 21 6 1_ 353335_2 = “Positive logic’ inputs and outputs. . . . . . decoded outputs go “high’’ on
L T M reg LT selection
of 3 = Medium speed operation. ....... tTHL, tTLH =30 ns (typ.) @
o Vpp=10V
vss Applications:
92C5-19131
= Code conversion . ® Indicator-tube decoder
m Address decodi y selecti |

RCA CDA4028A4 types are BCD to decimal or binary to octal
decoders consisting of pulse shaping circuits on all 4 inputs,
~ decoding-logic gates, and 10 output buffers. A BCD code
applied to the four inputs, A to D results in a “’high’’ level at
the selected one of 10 decimal decoded outputs. Similarly, a
3-bit binary code applied to inputs A through C is decoded in

A Formerly developmental type TA5873.
TABLE | — TRUTH TABLE

octal code at output O to 7. A “high’“level signal at the D
input inhibits octal decoding and causes inputs O through 7
to go “low”. If unused, the D input must be connected to
Vss. High drive capability is provided at all outputs to
enhance dc and dynamic performance in high fan-out
applications.

All inputs and outputs are protected against electrostatic
effects.

DcBA0123465617839

0000(1000000000

000101 00000000

0010(0010000000 R

0011(000 100000 0| WHERE | HIGH LEVEL ———1 ) |'>° D o

0100000010000 0 0=LOW LEVEL —a—

o101{fo000010000 14

0110/0000001000 4 ) De—d>—201

o1110000000100

1000/0000000010 g 2

1001/000000000 1 ~ —a >°—“|>—02
10 1% 15
AO—— > - —"D>—{——o0s
13
8 |

:'; )———|>°—c{>—-———()4

12 > IRY S
cO— r 4 ) {>°—-{>—Os

i

DB—J——D)———D———A.

92CM-1729IRI

Fig.4—1 Logic diagram.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . .. ...... P Vgs < Vi <Vpp!
(Recommended DC Supply Voltage (Vpp — Vgg) - .. ..... 3t015V)
LIMITS CHAR.AO
TERISTIC
TEST CD4028AD, CD4028AK, CD4028AF CURVES
CHARACTERISTIC SYMBOL CONDITIONS UNITS | o TEST
Vo |VoD -55°C 25°%C 125°C CIRCUITS
Volts| Volts] Min.| Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device , 51 - - 5 - 0.5 51 - - 300 A .
Current L 10 | - _ 10 - 1 0] - - 600 8
Qui'esgem»Device b 5 - - 25 - 2.5 25| -~ = 1500 W
Dissipation/Package D 0 - — 100 ~ 10 100] - _ 5000 u
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0,05
VoL A\
Low:Level 10 - - 0.01 - 0 0.01 - - 0.05
5 | 499 - - 4.99 5 - 4.95 - -
High-Level VOH A
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity 0.8 5 |15 - - 15 2.25 14 - -
VNL A\
(Any Input) 1 10 | 3.0 - - 3 4.5 29 - -
a9
4.2 5 {14 - - 1.5 2.25 1.5 - -
VNH \Y
g-]10 |29 - - 3 | as 3.0 - -
QOutput Drive Current:
Vo © 0.5V 5 {0.75 - - 0.6 1.2 - 0.45 - -
N-Channel IpN mA 42
V=05V [ 10 [ 15 - - 12 | 24 - o9 - -
Vo=45V | 507 | - - |-04s|-09 | - |-032| - | -
P-Channel IoP - mA 4.3
Vg =95V 10 [-1.4 - - |-0.9s {-1.9 - |-065)| — | -
Input Current h Any Input - - - - 10 - - - - PA

For Output Drive Current test connections see Appendix.

DRAIN -TO- SOURCE VOLTS (Vpg)
- -20 -5 -0 =5 0
AMBIENT TEMPERATURE (Ta) = 25°C g T »" 10
TYPICAL TEMPERATURE COEFFICIENT FOR :’V‘:IICEA’:.TT;?::ER’:¢:::EC‘OTEAF);g:E:T s
ALL VALUES OF Ip:-0.3%/°C FOR ALL VALUES OF Ip=—0.3%/°C
l]|l||l|||l||l==|l
[

o
o

HHHHHHH I
TTTT !
SOURCE VOLTS (Vgs) =I5 {

»

T
T
)
-3

DRAIN MILLIAMPERES (Ip)
=3
17 T
T
|
DRAIN MILLIAMPERES (Ip)

=]

(] 1177

5 10 15 20 92Cs-19099
DRAIN-TO- SOURCE VOLTS (Vpp)
92Cs-19098

Fig.4—2 Typ. N-channel drain characteristics. Fig.4—3 Typ. P- / drain istics.
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STATIC ELECTRICAL CHARACTERISTICS (All inputs,

CD4028A

........................ . Vgg< Vi <Vpp)

(Recommended DC Supply Voltage (Vpp — Vgg) . . . . ... .. 3t015V)
LIMITS €HARAC-
TERISTIC
TEST CD4028AE CURVES
NITS
CHARACTERISTIC SYMBOL CONDITIONS u & TEST
Vo [Voo “a0%C 25°¢C 85°C CIRCUITS
Volts | Volts| Min. | Typ. | Max Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device 5 - - 50 - 5 50 - - 700|
| uA 4.8
Current t ]| - | - [ 10| - 1o 1o - | - | 1400
Quiescent Device b = = 250 - 25 250 - - 3500 W
ion /P, u
Dissipation/Package D 0 _ _ 1000 _ 100| 1000) ~ _ 14,000
Output Voltage: - - 0.01 - 0 |0.01 - - 0.05
VoL \%
Low:Level 10 - - 0.01 - 0 {001 - - 0.05
5 4.99 - - | 499 5 - 4.95 - -
High-Level VOH v
10 9.99 - - 1999 10 - 995 - -
Noise Immunity 0.8 5 15 - - 1.5 225 - 1.4 . -
VNL v
(Any Input) 1 10 30 - - 3 45 - 29 -
_ 4-9
4.2 5 14 - - 15 2.25 - 15 - - v
\%
NH 9 |10 | 29 - - 3 [4as | - [30 B -
QOutput Drive Current:
Vo = 05V 5 035 - - |03 1.2 - 0.25 - -
N-Channel IpN mA 4.2
V=05V |10 | 07 - - 106 |24 ] - |05 - -
Vg=45V | 5(-032| - - (-022|-09| - |-018| - -
P-Channel oP mA 43
V=95V | 10 | 065 | - - {-048|-19 | — |-04 - -
fnput Current h Any Input - - - - -10 - - - - PA
For Output Drive Current test connections see Appendix.
- AMBIENT TEMPERATURE (Tp) =25°C AMBIENT TEMPERATURE (Ty)=25°C
“ TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT
< FOR ALL VALUES OF Vpp=0.3 %/°C » 300 FOR ALL VALUES OF Vpp=0.3 %/°C
3 € TTTT
- ! HH
- T Iy
500 3 He e,
= - )
= a
4§ 400| 2200 %
= SuPPLY = 5%
>
E 300 =
o 4
3 200 f = 100
3 e
< His s
£ 100 _HE" H [ 3 JZf i
£ HH :
T T T
INBENER T T T
9| TLITTTT lanusi LT LI I
o 20 40 6 80 100 120 140 160 0 20 40 60 80 100 160
LOAD CAPACITANCE (C ) — pF LOAD CAPACITANCE (Cy ) —pF
92€5-19100 92Cs-19101

Fig.4—4 Typ. propagation delay time vs. C| .

Fig.4—5 Typ. transition time vs. Cr.
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A= 25°¢, Vss =0V, C, = 15pF, and all input rise and fall times = 20ns
Typical Temperature Coefficient for all values of V) = 0.3%/°C - (See Appendix for Waveforms)

Fig.4—8 Quiescent device current test circuit.

148

LIMITS CHARAC-
TEST CONDITIONS CD4028AD. TERISTIC
CHARACTERISTICS | SYMBOLS ’ CDA4028'AF CD4028AE UNITS [CURVES
Vop & TEST
{Volts) | Min. Typ. Max. | Min. Typ. | Max. CIRCUITS
Propagation Delay Time tpHL 5 - 250 480 -, 250 700
ns 46
tpLH 10 - |00 |18 | - [100 |29
Transition Time L 5 - 60 150 - 60 300 ns o5
tTLH 0 - [ 30|75 - | 3 |1s0
Input Capacitance C Any Input - 5 - - 5 - pF -
s T
K ki AMBIENT TEMPERATURE (Tp)*25°C 10*L Vop*ioV
Fd 1Y LOAD CAPACITANCE(Cy ) =15 pF 3 [ Co(ALL OUTPUTS) =5 pF
z ] i L =14 20ms /
3 + | (ALL INPUTS)
a 10
= 500 ¥ ws [ /
w )| = [
H xa
= 25 /
> 400 an I
o §0 02
[=3 -
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Fig.4—6 Max. propagation delay time vs. Vpp. Fig.4—7 Dissip vs. input freq
T 16 L) Owov
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5VOR IOV
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4 3 (] ONDER EALH T ! 16
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| 8 2 92¢5-19103
-L B 92CS - 19104RI

Fig.4—9 Noise-immunity test circuit.



File No. 503 CD4028A
TYPICAL APPLICATIONS

INPUTS .

1/6 CD4009A The circuit shown in Fig.4—10 converts any 4-bit code to a
decimal or hexadecimal code. Table 2 shows a number of
codes and the decimal or hexadecimal number in these codes
which must be applied to the input terminals of the
CD4028A to select a particular output. For example: in

| order to get a “high’” on output No. 8 the input must be
A either an 8 expressed in 4-Bit Binary code, a 15 expressed in

8 c ) A 8 c [}

CD4028A CD4028A 4-Bit Gray code, or a 5 expressed in Excess-3 code.
‘iiﬁﬁ'i"l‘,’? ‘i”ﬁﬁ’lﬁ TABLE 2 — CODE CONVERSION CHART.
01234567 8 9 10112131415 INPUT CODES

16 QUTPUTS Hoxa o 0%
92CS - 17293RI INPUTS - OUTPUT NUMBER
Fig.4—10 Code conversion circuit. % gﬁ:a;
15 S8 2|
o|c|B|A]ex] W"‘("-"“'O|23456789|0|||2I3“l5
0[0]0]0] 0] O o[0j1]0[o]o]o0]o]o]o]ojo] 0] o]ojojolo
ofofo[ [ 1] 1 1[1]o[1]o]o[o]o o o[o[o| 0] 0] o[ 000
ofof1[o] 2] 3] [o]2|2]olo[1[o[o[o[olo[e]o]0[ 0] 0]0]0]0
ofo[1[+1] 3] 2]o[ 3]3] Jo[ofo[v[ofofo[o[olo[0][0[0]0[0]0
of1]ofo] 4] 7|1 ala] JoloJolo[1]ofo]o]o]o]0[ 0] 0]0[a]0
o[1[o[1] 5] 6f2 3fofofolofa]1]o]olole] 0l 0] 0] 0]0]0
o[r]1]o] 6] af3] 1] [4]oJofo]olofo]1]ofolo[0]0[0[0]0]0
o[ 1] 7] s]a] 2 oJofojofo]o]of1]o]o] o] o[ 0] 0] a]e
1]o[o[o] 8[15[s olofolo[o]oo]o[+[o]o[0[0[0]0]0
1[ofo[1] s[1afe s|oJofoJo[o[o]oo[o]1][0[0[0[0[0]0
1]o]1]of10[12]7] o] [e]o[o]o[o[oo]oo]o]o[ 1[0 0[0[0]0
iJe[1[1[11[13]s] [s] |ojo]o[o]o]o|oo]o[o|o[ 1| 0]0[0]0
1{1[o]o[12[ 8[9[ 56| |o|o]o[o]o]oo[o(0]o|o0]o] 1{0]0[0
1[1To[ T3] o] [ e[7]7|o[o]o[0]o o o]o]ojo] 0] 0] 0] 1]0]0
RS 1[1]1[o]1a| 1| | a|s|8]o|o]olo]o]o]ojo]olo]o] o] 0]o]1]0
INHIBIT
CﬁAOBQ?C %(%(B_ Bosnzcnom 1{1]1f1]1s[ 0] [7]9]9]o]o]o]ofo]ofo[o]o]0] 0] o] 0] 00|
asc D
€04028A
456789
i
?7 » - » - :7
T T T T T T
11 11 11 11 17 T l
11 T 11 T1 1 111 T 11 11T |
aBc D ABC D ABC O ABC O aBC 0O Aec o© aBc 0 ABC O
€D4028A CD4028A €D40284A CD4028A CD4028A C04028A c040284 CD4028A
0123456789] [0--—-—=-- 9] lo------- 9| [0-—-=---- 9| [0-------9 [0-=—=-~- 9f [0-=--=--9] |o--=-—==- 9
110310 A e A A e Y A A KA SO LA A A
\ 01234567 8-———-- 15  16-—---- 23 24--——-- 31 32—- - 39 40-—- - -- a7 aB------ 55 56---- -3
-
*178 €04009A 64 OUTPUTS(SELECTED QUTPUT IS HIGH)
92CM - 17294R!
Fig.4—11 6-bit binary to 1 of 64 address decoder.
V1
TUBE REQUIREMENTS
2 10F10 T Vy1Vde) | mA/numeral
0O— —8 NUMERALS vee 7 ivee
p—7 Burroughs B4081 170 14
8CO cO— —6 B4336/718 7 |2
INPUTS —5 84032 170 14
8O—] 04028 —; 84021 120 | 14
AO —2 TRANSISTOR CHARACTERISTICS:
1 Leakage with transistor cutof! < 0.05mA
—o L V(BRICEO- - - 2 70V .
92CS5 -17295RI

4 (Trademark) Burrough Corp.

Fig.4—12 Neon readout (Nixie Tube®) display application.
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IR/

Digital Integrated Circuits

Monolithic Silicon

Solid State -
Division
CD4029AD,CD4029AE,CD4029AK
COS/MOS Presettable
e s v Up/Down Counter
1234 .
a1l fH’l I"’ Binary or BCD-Decade
ENABLE) s leor, Special Features:
BnaRy/ o2 # Medium speed operation. . . . 5 MHz (typ.) @ C|_ = 15 pF and Vpp-Vss =10 V
= 1 ‘_‘ BurFERED 8 Multi-package parallel clocking for synchronous high speed output response or
UP/DOWN 10, 1403, ripple clocking for slow clock input rise and fall times
ok 15 50, = “Preset Enable” and individual “Jam”’ inputs provided
I —’cm“ u Binary or decade up/down counting ® BCD outputs in decade mode
out Applications:
e = Programmable binary and decad ing/freq y synthi s-BCD outp
Vss ® Analog to digital and digital to analog conversion
92¢5-1M90RI w Up/Down binary counting ® Up/Down decade counting

RCA CD4029AA types consist of a four-stage binary or
BCD-decade up/down counter with provisions for “look-
ahead” carry in both counting modes. The inputs consist of a
single Clock, Carry-in (Clock Enable), Binary/Decade, Up/
Down, Preset Enable, and four individual Jam signals. Four
separate buffered Q signals and a Carry Out.signal are
provided as outputs.

A "high” preset Enable signal allows information on the Jam
inputs to preset the counter to any state asynchronously
with the clock. A “low’” on each Jam line, when the
Preset-Enable signal is "’high"’, resets the counter to its zero
count. The counter is advanced one count at the positive
transition of the clock when the Carry-In and Preset Enable
signals are “low"”. Advancement is inhibited when the
Carry-In or Preset Enable signals are “high”. The carry-out
signal is normally “high” and goes “low" when the counter

® Magnitude and sign generation

= Difference counting

reaches its maximum count in the “Up” mode or the
minimum count in the “Down” mode provided the Carry-In
signal is “low”. The Carry-In signal in the “low" state can
thus be considered a “Clock Enable’’. The carry-in terminal
must be connected to Vgg when not in use.

Binary counting is accomplished when the Binary/Decade
input i$ “high”; the counter counts in the Decade mode
when the Binary/Decade input is “low"’. The counter counts
“Up” when the Up/Down input is “high”, and ‘‘Down"’
when the Up/Down input is “low"’. Multiple packages can be
connected in either a parallel-clocking or a ripple-clocking
arrangement as shown in Fig. 5-12. Parallel clocking provides
synchronous control and hence faster reponse from all
counting outputs. Ripple-clocking allows for longer clock
input rise and fall times.

4 Formerly developmental type TA5925.

409, 12QJ, 13093 304
50— oo |
BINARY/
DECADE B Vss -8
' Ll vpp=16
PRESET
ENABLE
L)

CARRY
N

e L_L
--:DJ TE Q PE ) PE Y
50 TE Q4 TE Q:

(CLOCK
ENABLE) 4 [ s 4 — | 3
2 D
+ —J
=B S TS
uwm
l!fog(_ % 92CL~ITI9IRI
15
Yo. Qy Q3 Q4
i " Fig.5—1 Logic diagfam'.4 2
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CD4029A

File No. 503

STATIC ELECTRICAL CHARACTERISTICS (All inputs

ceieneeeeea. . Vgg<V1<Vpp)

(Recommended DC Supply Voltage (Vpp — Vgg). - - . ... ... 3t015V)

LIMITS CHARAC-
TERISTIC
TEST CD4029AD, CD4029AK CURVES
CHARACTERISTIC | SYMBOL | . \niTioNs JUNITS | g TEST
Vo [VoD —55°C 25°C 125°C CIRCUITS
Volts| Volts| Min.| Typ.| Max. | Min. | Typ.| Max. | Min. | Typ | Max. Fig. No.
Quiescent Device | 5 - - 5 - 0.3 5 - - 300 A 510
Current L 0] - | -] 10| - o5 | 0] - | - | oo
Quiescent Device P 5| - - 25 - |18 25 | - - |wsoo) o
escent. " _
Dissipation/Package D 0 — _ 100 — 5 100 — _ 6000
Output Voltage: 5 - - 0.01 - - 0.01 - - 0.05
VoL \% -
Low-Level 10| - - |oo1 - | = oot | - - |oo0s
. 5 |499 | - - |a99 | s - |ao5 | - -
High-Level VOH \2 -
10 |999 | - ~ 999 | 10 - |95 | - -
Noise immunity 0.8 5 |15 - - 1.5 2.25 - 14 - -
VNL \
(Any Input) wo|wfao [ - | - 3 |45 — 29 | - -
- 5-11
42| 5 |14 - - |15 225 | - |15 - -
VNH v
9.0| 10 |29 - - 3 |45 - |30 - -
Output Drive Current: Q 05| 5 |05 - - 04 | 08 -~ lo.z2s - -
Outputs| 05 | 10 | 0.74 _ los |12 ~ loa2 | - | - -
N-Channel IpN - - - mA
carry | 05| 5 |01 - — |oo8|oie| - |oos | — - _
Output | 05| 10 | 0.4 - | - |o32|064| - |022| - | -
Q 45| 5 018 | - - |012]~024 | - }o08 |- - - B
Outputs| 95 10 [-0.3 - - |02 |-04 - 04| - -
P-Channel 'pP - mA
Carry | 45| 5 F009[ - — [~006 [Foa2 | - fooa | — -
Output 9510 [0.15 | — - [0 J-02 - boor’| - -
Input Current N Any Input - - — - 10 - - — - pA -

For Output Drive Current test connections see Appendix.

AMBIENT TEMPERATURE (T)*25°C B
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES
OF Vpp=0.3% /°C

\2
O,

PROPAGATION DELAY TIME (tpy_=tpL )

o 20

60 80
LOAD CAPACITANCE (C| )— pF

92Cs-19105

Fig.5—4 Typ. propagation delay time vs. C[
for Q outputs.
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AMBIENT TEMPERATURE (Tp) = 25°C

- TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES
2. OF Vpp*0.3%/°C
| 1000HHHHH a8
=
z
:
$ 800| i
s S
g b
600 o
z
-
w
o
2z 400
S
g
& 200
g

0 20 40 60 30

LOAD CAPACITANCE (C()—pF

92CS-19106

Fig.5-5 Typ. propagation delay time vs. C_
for carry output.



File No. 503

STATIC ELECTRICAL CHARACTERISTICS (All inputs

(Recommended DC Supply Voltage (Vpp — Vgg) - -

CD4029A

Vss <V <Vpp!

ii.v... 3t015V)

LIMITS CHARAC-
TERISTIC
TEST CDA4029AE CURVES
CHARACTERISTIC | SYMBOL | conpiTions UNITS | g TesT
Vo | VoD —40°c 25°C 85°C CIRCUITS
Volts| Volts] Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device 5 - - 50| - |05 50| - - 700
Current N — HA 5-10
10 - - 100 - 1 100 - 1400
Quiescent Device P 5 - - 250 - 25 250 - - 3500 w
escen i _
Dissipation/Package D 10 _ T — 10 |1cc0 _ ~ 14000
Output Voltage: 5 - - 0.01 - - 10.01 - - 0.05
VoL v -
Low-Level 10 - - 0.01 - - |0.01 - - 0.05
High-Level v 5 | 499 — - | 499 5 - 4.95 - - v _
‘gh-Leve OH 10999 | — | - |oso| 10| - [oss | - -
Noise Immunity 08] 5] 15 - - 115 225| - 14 - -
VNL \%
(Any Input) 1.0| 10 | 30 - - 3 45 - 29 - -
5-11
4.2 5|14 - - 15 225( - 15 - -
VNH \2
90| 10| 29 - - 45 | — [30 - -
Output Drive Current: aQ 05| 5 | 024 — —~ | o2 08 - 0.16 - -
Outputs| 05} 10 | c36 | — | - |03 |12 | - |o2a | - - -
N-Channel IpN mA
Carry 05| 5 | 0.05 - - | 004 016 - 0.03 — — _
Output | 05110 {019 | - | - |o016 | 064 - -|o13 | - -
Q 45| 5 |-0.07 - -~ |-0.06 |-0.24| - [-0.05 - - _
Outputs| 951 10 [~0.14 | - - [~01 |-04 | - [-008 | - -
P-Channel IpP mA
Carry | 45| 5 |-004 | — —~ [~003 [~012] - foo2 [ - -
Output (96110 f-007 | — | - [-005 [-02 | - [-004 | — -
Input Current h Any Input - - - - 10 - - - - pA -
For Output Drive Current test connections see Appendix.
AMBIENT TEMPERATURE (Tp) 225 °C AMBIENT TEMPERATURE (Tp)=25°C i
TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT [
FOR ALL VALUES OF Vpp 0.3 %/°C FOR ALL VALUES OF Vpp=0.3 %/°C *
i:‘ 500 . 1000
2
E |
) -
F 400 3 800
2 % :
I 2 3
w 300 £ 00 5
z w 53
= H &
z - %
g 200 ¥ § 400 \O,
2 - = et
ot 2] T
g z
+ 100 @ 200
=
0 S of :
0 20 60 80 100 120 0 20 80 100 120
LOAD CAPACITANCE (C ) — pF LOAD CAPACITANCE (C( ) —pF
92Cs-19107 92CsS-19108

Fig.5—6 Typ. transition time vs. C for
Q outputs.

Fig.5—7 Typ. transition time vs. Cy for

carry output.
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CD4029A File No. 503

DYNAMIC ELECTRICAL CHARACTERISTICSat Ty = 25°¢, Vgg = OV, C| = 15pF, and input rise and fall times = 20ns, except t CL and t,CL
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CONDITIONS | CD4029AD, CD4029AK CD4029AE TERISTIC
CHARACTERISTICS SYMBOLS v UNITS cquz\gs
DD &
[(Volts) Min. Typ. | Max. Min. Typ. | Max. CIRCUITS
CLOCKED OPERATION
Propagation Delay Time: 5 - 325 650 - 325 | 1300 54
ns X
Q Outputs oL 10 - 115 230 - 115 460
_ 1
PLH 5 - | 425 | ss0 - | 425 |1700
Carry Output ns 55
10 - 150 300 - 150 600
Transition Time: 5 - 100 200 - 100 400 56
ns -
Q Outputs traL. 1| — [ 5010 [ - [ s0] 200
YL "5 | - | 200 | 400 | - | 200 | 800
Carry Output o — 00 200 — 50 200 ns 57
Minimum Clock . 5 - 200 340 - 200 500
. ns -
Pulse Width i 0 | - [100 [ 70 | - [100 | 250
] ] tCL** 5 - - 15 - - 15
Clock Rise & Fall Time ’ us _
tCL 0| - -] 1 - - | s
Sot:Up Times® SHL, 5 - | 325 | es0 ~ | 325 [1300 .
-Up Times 4 -
) gLy 10 - 115 230 - 115 460
Maximum Clock ¢ 5 1.5 25 - 1 25 - MH 58
Frequency CcL 10 3 5 - 2 5 - z ’
Input Capacitance [+ Any Input - 5 - - 5 - pF -
PRESET ENABLE
Propagation Delay Time: 5 - 325 650 - 325 | 1300 . .
Q Outputs t 10 | - | 115 | 230 — T [ a0 | ™ -
PHL-
Carry Outout Ly 5| - |4 |s0 | - [ |00 | ~
rr utpu’ -
v P 10 - 150 300 - 150 600
Minimum Preset Enable W 5 - 115 330 - 115 660
- ns -
Pulse Width 0| - 80 | 160 - 80 | 320 -
Minimum Preset Enable t | 5 - 325 650 - 325 | 1300
N ns -
Removal Time remova 0| - |15 | 230 | - | 115 | 460
CARRY INPUT
Propagation Delay Time: oyl 5 - 17% 350 - 175 700
ns -
Carry Output oy 10 - 50 100 - 50 200

*From Up/Down, Binary/Decade or Carry Input Control lnpqts to Clock Input.
*+|f more than one unit is cascaded in the parallel clocked application, trCL should be made less than or equal to the sum of the fixed propaga-
tion delay at 15 pF and the transition time of the carry output driving stage for the estimated capacitive load.
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10° [AMBIENT TEMPERATURE (Tp)+25°C
] INPUT 1214220 ns
T 1 0%
3 : =
S
=
3 4 ﬁ 104 o o\,,\‘: > A
= e S /—‘,(7
z S02OAK % 8l
& g 10 ot Z LA
3 3 > ~3 ~
g z i %
& =4 1
x g 102 A~
g 2 2 — =
o - r 4 A
3 w v A
-3 § 10 =
F LOAD CAPACITANCE (CL)=I5pF
x & ————C_ *50pF
< '/
= LI T TTII7 T 11T
1 10 102 0% 10*
10 15 2 2 3 INPUT CLOCK FREQUENCY (fcy ) — kHz
SUPPLY VOLTS (vpp) 92C5-17829R!
92CS-19109
Fig.5—8 Max. clock fréquency vs. Vpp. Fig.5-9 Typ. dissipation characteristics.
ov
L
' 6 S5VORIOV
‘ 2 I . - 35VOR 7V
—° 2
0 3 14
3 —0
4 N ol—o 15V OR 3V
| 0 4
5
° 5 2 6 + -
6 1" ° 7 TO ANY @
8 OUTPUT =
7 10
8 9 =
: 92CS-191IRI
92Ccs-19110
Fig.5—10 Quiescent device current test circuit. Fig.5—11 Noise-immunity test circuit.
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CD4029A File No. 503
"PARALLEL CLOCKING"
>
PRESET >
ENABLE i
UP/D PE & Jp J3 Ja UMD PE U Jp J3 Jg UPD PE ¥ Jp J3 Jg
_L—O cI. co. O cI. co. o Qc.I. co.p—»
B/D CL Q) 0p Q3 Q4 B/D. CL O Op O3 Q4 B/0 CL Q Qp Q3 Q4
cLock >
BINARY/ "
DECADE >
"RIPPLE_CLOCKING"
UP/DOWN ad
PRESET >
- Vil bLll
UMD PE | Jp V3 Ja UMD PE J) Jp U3 Jg UMD PE & Jp J3 Jg
CI. (€D4029A  co. O—9——CJC.I. CD4029A co. O—9——C cI. CD402%A co.O0—>
B/D CL Q Qp Q3 O4 B/D CL Q Qp 03 Q4 B/D CL Q) Qp 03 04
CLOCK ®
BINARY/ >
DECADE v
The Up/Down control can be changed at any count. The only restriction on changing 92CL-17194R2
the Up/Down control is that the clock input to the first counting stage must be “high”’.
Fig.5—~12 Cascadiii packag
The CD4029A “Clock” and "“Up/Down" inputs are used directly in CD4029A ch count on of “Clock Up"” or

most applications. In applications where ““Clock Up” and ‘’Clock
Down" inputs are provided, conversion to the CD4029A “‘Clock” and
“Up/Down"* inputs can easily be realized by use of the circuit shown
below.

F—————-

"CLoCK UP"

“CLOCK DOWN"

I 1 CD4OIIA

“Clock Down’’ inputs. For the gate configuration shown below, when
counting “up” the “Clock Down'’ input must be maintained *’high”
and conversely when counting “‘down’’ the *’Clock Up" input must be
-maintained “high”’.

I_ QUAD 2 INPUT NAND GATE _J

A
|
——}-—-o'uwom"
Voo }
| "cLock”
92CS-I7I195RI

Fig.5—13 Conversion of “clock up”, “clock down” input
signals to “clock” and “‘up/down”” input signals.
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NG/

Solid State
Division

Digital Integrated Circuits
Monolithic Silicon

CD4030AD, CD4030AF
CD4030AE, CD4030AK

COS/MOS Quad Exclusive-OR Gate
sz -voo|  (Positive Logic)
P e
43 ‘—CCC:L s Special Features:
K2 L # Medium speed operation. . . ... .tpHL = tpLH =40 ns (typ.) @ CL= 15 pF
C'%:nDJ %L and Vpp—Vss =10V
v ° ET F = Low output impedance. . . . ... 50052 (typ.) @ Vpp—Vss =10V
'S — —€
1A@B LeE®F Applications:
K=C@D M= GOH ® Even and odd-parity generators and checkers
® Logical comparators
92CS-17410R! ® Adders/subtractors
G | logic fi

RCA CD4030AA types each contains four independent
Exclusive-OR gates integrated on a single monolithic silicon
chip. Each Exclusive-OR gate consists of four N-channel and
four P-channel enhancement-type transistors.

All inputs and outputs are protected against electrostatic
effects.

A Formerly developmental type TA5940.

TRUTH TABLE FOR ONE OF
FOUR IDENTICAL GATES
A B J
0 0 [
1 0 1
0 1 1
1 1 0

WHERE “1”" =HIGH LEVEL
0" = LOW LEVEL

I(G.B.13
BID,E,H

O

ALL P-CHANNEL SUBSTRATES
ARE INTERNALLY CONNECTED TO Vpp Vss

92Cs-19112

ALL N-CHANNEL SUBSTRATES 7
ARE INTERNALLY CONNECTED TO Vgg

Fig.6=1 Schematic diagram for 1of 4identical exclusive-OR gates.

TYPICAL APPLICATIONS
-
[
‘, 2
2
3 “0" = TRUE TRANSMISSION
e
: P 1 "= FALSE TRANSMISSION
8-BIT EVEN WORD
WORD PARITY 5
s BIT 6
6
7
7 Le
L8
EVEN
92CS-17413 PARITY
BIT - 92CS-17414

Fig.6—2a Even-parity-bit generator (1-3/4 x CD4030A).

Fig.6—-2b Even-parity checker (2 x CD4030A).

9-74
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CD4030A File No. 503
STATIC ELECTRICAL CHARACTERISTICS (Al inputs . . . v v v vt i ieieeeeeaeannnnn Vgg< V1 <Vpp!
(Recommended DC Supply Voltage (Vpp — Vgg) ... ...... 3to15V)
LIMITS CHARAC-
TERISTIC
TEST CURVES
chaacTerisTic | svmBoL | oot CD4030AD, CD4030AK, CD4030AF units | S
Vo |Vop -55°C 25°C 125°C CIRCUITS
' Volts | Volts| Min.| Typ.| Max. [ Min. | Typ.| Max. | Min. | Typ. [ Max. Fig. No.
Quiescent Device 5 - - 0.5 - |0.005 |05 - - 30
Current ' |- | - |1 “TJoor [ 1 [ <= [ = e ™ &1
Quiescent Device 5| - - |28 — |0.025 |25 - - 150
Dissipation/Package | PD ol - T - [ —Toa T - —Teoo | “W -
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
VoL \ -
Low-Level 10 - - 0.01 - 0 0.01 - - 0.05
5 | 499 - - 4.99 5 - 4.95 - -
High-Level VOH \% -
10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity v 095 5 |15 - - 15 225 - 14 - - v
(All Inputs) NL 29| 10 [30 | - - 3 |45 - |29 - -
6-12
36| 5 {14 - - 15 225 - 1.5 - -
VNH v
7.2| 10 |29 - - 3 45 - 3.0 - -
Output Drive Current:
05| 5 (075 - - 0.6 12 — |0.45 - -
N-Channel IpN mA 63
05| 10 |15 - - 12 24 - 109 - -
45 5 |-0.45 - - -0.3 |-0.6 - —0.21 - -
P-Channel 'oP mA 64
95| 10 |0.95 - - }-0.65(-1.3 - -0.45 - -
Input Current I V= OVor Vi=Vpp| - - - - 10 - - - - pA -

For Output Drive Current test connections see Appendix.

o

8-BIT
WORD

on

~

@

TYPICAL APPLICATIONS (Cont'd)

‘I.'VDD

92Cs~

00D
PARITY
BIT

17415

Fig.6-2c Odd-parity-bit generator (2 x CD4030A).
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a0

8-BIT
WORD

0DD
PARITY

"1"= TRUE TRANSMISSION

BIT

"0"= FALSE TRANSMISSION

92¢s-17416

Fig.6—2d Odd-parity checker (2 x CD4030A)..




File No. 503 CDA4030A

STATIC ELECTRICAL CHARACTERISTICS (All LT TV Vgs< V) <Vpp)
(Recommended DC Supply Voltage (Vpp —-Vgg) ... ..... 3t015V)
LIMITS . CHARAC-
TERISTIC
TEST CURVES
CHARACTERISTIC | SYMBOL | (o0 i oo CD4030AE UNITS | g TesT
Vo |(Vobp —40°c 25°C 85°C CIRCUITS
Volts | Voltsf Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device ) 5 - - 5 - 0.05 5 - - 70 wA &1
Current t w| - [ - | 0] - [o1 |10 | = | - [ 140
Quiescent Device 5 ~ - 25 - | 025 25 - - 350
Dissipation/Package | PD 0 _ — 00 = 1100 - - 1300 nw -
Output Voltage: 5 - - 0.01 - 0 |0.01 - - 0.05
Vou \% -
Low-Level 10 - - o001 | - o |0.01 - - | 005
_ 5 | 499 | - - |499| 5| - |a95 | - -
High-Level Vo 10990 | — | - [eea | 10] - [oss | - -V -
Noise Immunity 095| 5|15 - - |15 | 228 - |14 - - S
VNL \%
(All lnputs) 2910 | 30 - - 3 las| - J29 [ - -
_ 612
36| 5|14 - - |15 | 228 - |15 - -
VNH \%
7.2| 10 | 29 - -] 3 Jas] - [30 - -
Output Drive Current: 3
o5 | 5|03 | — - |03 |12 - {o2s| - -
N-Channel IpN mA 6-3
' o5 | 10|07 - — |06 |24 - {05 - -
as | s5}021| - | < |-015f-086 | - |-012| - -
P-Channel P - mA 64
95 | 10[-045 | _ - [-032[-13 | - [-025| — -
Input Current I V| =0Vor V= VDD - - - - 10 - - - — pA -

For Output Drive Current test connections see Appendix.

"DRAIN-TO~SOURCE VOLTS (Vpg)
5

AMBIENT TEMPERATURE (T)=25 °C __ =20 15 -10 - 0
TYPICAL TEMPERATURE COEFFICIENT s I o
20| FOR Ip==0.3 %/°C
T T T
IEREENEEEENEAEENRRE

- 1T TTIIT 0 4
° GATE -TO-SOURCE VOLTS(Vgg)*15 10 _
g -109
2 I
& 20 &
H g
< I =
3 vm.rl Vgs1*-15V K
= -202
z 10 T H
< 10H =
8 g
8

5 [AMBIENT TEMPERATURE (751 25 °C 30
o tHHHH - TYPICAL TEMPERATURE COEFFICIENT
0 o) 5 20 FOR Ip=-0.3 %/°C
DRAIN-TO-SOURCE VOLTS (Vpg)
QZQS-IBIIB _
Fig.6—3 Typ. N-channel drain characteristics. Fig.6—4 Typ. Pch. ! drain i
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CD4030A

File No. 503

DYNAMIC ELECTRICAL CHARACTERISTICS at Ty = 5°C, Vgs = OV, C|_= 15pF, and all input rise and fall times = 20ns
Typical Temperature Coefficient for all values of Vppy = 0.3%/°C . (See Appendix for Waveforms)

LIMITS CHARAC-
TEST CONDITIONS TERISTIC
CHARACTERISTICS SYMBOLS CDA4030AD, AK, AF CD4030AE UNITS |CURVES
VoD & TEST
(Volts) | Min. Typ. Max. Min. Typ. | Max. CIRCUITS
Pro tion Delay Ti 1, 5 100 200 100 | 300
ropagation Delay Time PHL, ns 67
toLn 10 a0 | 100 40 | 150 69
Transition Time: 5 70 150 70 | 300
High-to-Low Level THL 0 %5 75 25 | 150 ns
68
L High Level 5 80 150 80 | 300
Oow-1t0-| e t ns
wotorian Lev TLH 10 30 | 75 30 | 150
Input Capacitance C Any Input - 5 - - 5 - pF -
YW oY Y3 Y s Yo Y7 Yo"
€D4030A _ €D4030A €D4030A| | | l CD4030A ' I L SIGN
[ —— BIT
I | r 5]
| | | [ I
L. L L _rJjieJ_r 1
X | %2 | %3} x4 Xs | %Xg | X7 | xgesion
)
| P11l ] | | i
172 €D4002A A By Az Bz A3 B3A4 Bg A By Az Bp A3 B3 Aq By
1ci CD4008A [ ¢ CD4008A Co-
(cARRY- (CARRY -
1/4 cD4ONA N o
Z 1 WHEN INPUT WORD 1T 1T 1 T 1T 1
X)..Xg = Y,..Yg ; as S, S3 Sg Ss Sg Sy Sg®
Z =0 WHEN INPUT WORD X,...X
DIFFERS FROM INPUT ' © 174 coaona %07 =ADD Si...8*X1...8 Y18

WORD Y)...Yg IN AT
LEAST ONE POSITION

92Cs-17417R2

Fig.6—5 8-bit comparator.

"1 =SUBTRACT

A-LEAST SIGNIFICANT BIT

-MOST SIGNIFICANT BIT (SIGN BIT)
92CS- I7418R2

Fig.6—6 8-bit two’s complement adder-substractor.

TABLE | — TWO'S COMPLEMENT NUMBERS AND THEIR The Two’s comp adder - sub can add or subtract
EQUIVALENT DECIMAL VALUES. any two of the numbers in Table I. For example:
a 2

Xg X7 Xe Xs Xq X3 Xy Xy Xg X7 XG Xs Xq Xa XZ X‘ g = gl,?rN

] 1] o o o o o ] =0 1 1 1 1 1 1 1 1 ==1 x o

o 0 0 0 0 0 0 1 =1[1 1 1 v 1 1 1 0 ==2 y o1

o 0o 0 0 0 0 1 O =2[1 1 1 1 1 1 0 1 =-3 S __

o [ [ o 0 ] 1 1 =3 1 1 1 1 1 1 o o = -4 s 0f 1111101 =-3

. . . - . . . . - 1 1 1 1 1 o 1 1 =<5 Co

o 1 1 1 1 1 1 o =126 | 1 [] 0o 0o 0 O o 1 ==127

0o 1 1 1 1 1 1 1 =1272{1 0 0 0 0 O 0 0 =-128 b -2 SIGN

5 BIT

x 11111110 -2+
Yy 1 111101 5
y o |oooo0100 +
c 1 .
s 1o [oo00011=3
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CD4030A

File No. 503

- AMBIENT TEMPERATURE (Ta) = 25°C A T AMBIENT TEMPERATURE (Ta) = 25°C - ] UPPLY
£ |TYPICAL TEMPERATURE COEFFICIENT FOR | 1 TYPICAL TEMPERATURE COEFFICIENT FOR Ry
g0l ALL VALUES OF vpp * 0.3%/°C " = 300 ALL VALUES OF Vpp = 0. 3 e /°C & (Vpp!
LIVY 11T € It ‘ .
2 F ! e T A :
; :
3 IaN} T . 1 1 M 11T
; l\ L) = + T r:—; 1 L I
= W = 5
w ™ 1 - I
= 20 LN I 5200 -
- AP z
C N k v
: = s e
@ w T
a : = T t ; ﬁ
8 100 io 3 100 I g
5 ! DT s 1L = ry
2 FHHE HF 2 S ee s et ARa o Coe
o u T T = au
- I o =an
& T H 1 - maa T 1T
11T T 1T T T 11 T -
— 11T T 1T I ofT TITTTTT I
20 40 60 80 100 120 140 60 0 20 40 60 80 100 120 140 160
LOAD CAPACITANCE (C) — pF LOAD CAPACITANCE (C) — pF
92CS-I1915 92C€s-19116
Fig.6—7 Typ. propagation delay time vs. C[. Fig.6—8 Typ. transition time vs. Cf..
| 1
AMBIENT TEMPERATURE (Tp)=25°C 104 & | AMBIENT TEMPERATURE (Tj) = 25 5C
LOAD CAPACITANCE (Cy )= 15 pF 4| LOAD CAPACITANCE (CL) = § pF
1Y 2
INPUT 1, = 1 = ns »
0,
= 6
& P 2
B E’ 2 Pl
200 N :,,_'; oz, oS
=z 6 o2
] S 9
] A
[ o \
z0, >
N g o6
100 I S P
1 g
€D4030AD[ TN Sa
€D4030AK HHH H
HH
2
0 i 1 10
) 10 15 20 02 103 ) 105 © 0 o
SUPPLY VOLTS (Vpp) INPUT FREQUENCY (f;) —H.
92CS-19U7RI ‘i)- * 92CS -17412R)
Fig.6—9 Max. propagation delay time vs. Vpp. Fig.6—10 Dissipation vs. input freq V.
[ 14 @—O ov
]
o9 3VOR 7V
2 12 o
3 12 Tl
o—e
Q)
a 1]
s 10 1.5V OR 3.5V
6 9

L

92Cs-19118
Fig.6—11 Quiescent device current test circuit.

92CS -19119R2

Fig.6—12 Noise-immunity test circuit.
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NG

Digital Integrated Circuits

Monolithic Silicon

Solid State CD4031AD CD4031AE
CD4031AK
COS/MOS 64-Stage
recincu- Static Shift Register
ol 16 —Vpp
cL —2 15 |— DATA IN
—3 14—
Nc{ i TS ST Applications:
g _ 3 ,'0' [ 40DE conTROL For use in digital equipment where
Vss —{8 st—cLp low-power dissipation,
TERMINAL ASSIGNMENT low package count, and/or
CD403IAD high noise immunity are primary
CD403IAE N .
CD403IAK design requirements.
92CS-20743
®  Serial shift registers
8 Time delay circuits

RCA CD4031A" is a 64-stage static shift register in which
each stage is a D-type, master-slave flip-flop.

The logic level present at the data input is transferred into
the first stage and shifted one stage at each positive-going
clock transition. Maximum clock frequencies up to 2 Mega-
hertz can be obtained. Because fully static operation is al-
lowed, information can be permanently stored with the clock
line in either the “low’* or “high" state. The CD4031A has a
mode control input that, when in the "high” state, allows
operation in the recirculating mode. Register packages can be
cascaded and the clock lines driven directly. for high speed
operation. Afternatively, a delayed clock output (CLp) is
provided that enabl ding register p while allow-
ing reduced clock drive fan-out and transition-time require-
ments. -

Data (Q) and Data (Q) outputs are provided from the 64th
register stage. The Data (Q) output is capable of driving one
TTL or DTL load.

Features:

" Fully static operation: DC to 4 MHz @ Vpp — Vgg = 10V

® Operation from a single 3 to 15 V positive or negative

power supply

High noise immunity

= Mi t qui power d 10 uW (typ.) for
ceramic packages, 100 uW (typ.) for plastic packages

Full military operating temperature range: - —55°C to
+125°C (Ceramic Pkg.)

Single phase clocking requirements

[]
=P g ic effects on all inputs
® Data compatible with TTL-DTL
[
[

Recirculation capability

Two cascading modes:
Direct cloeking for high-speed operation

*Formerly Dev. No. TA5989. Delayed cl for reduced clock drive requirements
15
DATA IN Voo
MAXIMUM RATINGS, Absolute Maximum Values: T'G
Storage-TemperatureRange . . . . . ........ —650C to +1500C
Operating-Temperature Range 64 a "
" Ceramicpackages. . . ... ... ...... —560C to +1259C STAGES -
Plastic package . .............. —400C to +859C 3,
DC Supply Voltage Range (Vpp - Vss) . . . . . —05t0+15V 8 le
Device Dissipation (per package) ......... 200 mw MODE Vss
Alllnputs . . . ... i i i Vgg <V <Vpp CONTROL
Recommended DC Supply |
Voltage Range (Vpp -Vsg) - .-« ... 3015V RECIRCULATION
Recommended Input VoitageSwing . ...... Vpp to Vgg N 21 2
cL CLp
92C5-19745
Fig. 1—Functional diagram.
372
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File No. 569 CD4031A

le |
STAGE |
3
DATA cL cL
N
E
MOOE _.,|>__ Q
CONTROL-
Q
RECIRCULATION
cL -
o oL
S -
CLj e INPUT CONTROL CIRCUIT TRUTH TABLE TYPICAL STAGE TRUTH TABLE
BIT_INTO a
DATA | RECIRC.| MODE | 'STAGE 1 o jc o+
—Dﬂ—-%— CLo ] X o 1 o | /| o
o X 0 )
| '
X [ [ 1 e
X o | o x I\ =
X * DONT CARE NC = NO CHANGE
X = DONT CARE
1 & = LEVEL CHANGE
IN our __ Input to Output is:
(a) A Bidirectional Short Circuit when Control + ‘oD
2 Input 1 is “Low" and Control Input 2 is 7F 3 rl
b : L,
(b)  An Open Circuit when Control Input 1 is INPUT PROTECTION Ll
* 76+ TRANSMISSION GATE “High"* and Control Input 2 is “Low" NETWORK 92c5-19019
Vss
Fig. 2-CD4031A logic diagram and truth tables.
Voo
l DATA 15 Q oI QL —is o1 ——- 2f5 6 Q
MODE
CoNTRGL |0 CP403IA 10 CD403IA 10 CD4031A 10 CD4031A
1 I 1 I 2
RECIRC.
= IN = = =
cL cL . cL cL
o -
CLOCK DRIVER
MODE CONTROL  Vpp = RECIRCULATION
GND = NEW DATA 92CS-19879
Fig. 3—Cascading using direct clocking for high speed operation (see clock rise & fall time requirement).
Voo
i DATA fi5 g tim 5|2 0fis 6] %e ---—2fi5 B o
MODE |
contro]© 0 10 10
! 2 ! 9 2 ! 9 2 ! 9 2
RECIRC = =
L N cLp TCL [CLD Tcu. lCLD E T JCLD Tc"____cmcx
DRIVER
e
TO CLOCK (1/2 -CD40I3A) * FOR RECIRCULATION MODE ONLY. MODE CONTROL: Vpp *RECIRCULATION
NEW DATA [) o FF TO DELAY DATA UNTIL GND =NEW DATA
INTO FIRST * FIRST REGISTER DELAYED CLOCKING
REGISTER FE HAS OCCURRED
L N 92CS-19753

Fig. 4—Cascading using delayed clocking for reduced clock drive requirements.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . .. .. ..... [P Vgs < V) < Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg) - - - - - - - . - 3to15V)
CHARACTER-
TEST ISTIC
CONDITIONS CD4031AD, CD4031AK ?;‘::TS
S 0 0
Vo | VoD -55°C 25°C 125°C CIRCUITS
CHARACTERISTIC | SYMBOL Volts| Volts | Min. {Typ.| Max. | Min. | Typ. | Max. Min. | Typ. Max. |UNITS Fig. No.
Quiescent Device | 5 - -1 10 - 0.5 10 - - 600
Current L w | - -1 ] -1 ]5 | - [ < [wwn* 3
Quiescent Device P 5 - - | 50 - 25 50 - - 3000
Dissipation/Package | ' ° W | - |- |z | - | w0 |»0 | - | - |wowo| ™
Output Voltage: 5 - - loot | - 0 0.01 . - 0.05
VoL v -
Low-Level 10 - - 1001 - 0 0.01 - - 0.05
5 499 | - - 499 5 - 4.95 - -
High-Level V -
ohLeve OH 0 | 98| | - s | w0 | - [es| - | -1V
Noise Immunity 08| 5 15 | - - 1.5 2.25 - 14 - - )
VNL v
(All Inputs) 1.0] 10 3 -1 - 3 | 45 - 29 - - “
For Definition See v 42| 5 14 - - 15 2.25 - 1.5 - - v
Appendix * NH 0| 29 |- - 3 |45 | - |3 B B
9.0
Output Drive Q|0 es e [-T T3 [26 [ Toar|- -
Current: 051} 10 5 96| - 4 8 - 3.2 5.6 -
N-Channel IpN : mA
3 05 5 o - - 0.03 | 0.18 - 0.06 - - s
05|10 [o2a]-7] - Jo2 [o04 | - 014 | - -
0.5 5 048 | - - 04 08 - 0.28 - -
CLp
05| 10 1.5 | - - 1.2 24 - 084 -
a 45 5 -04 | - - 032 | -0.64 - -0.22 - -~
95| 10 -085 | - - .70 |-14 - -0.49 - -
a 45 5 001 | - - -0.09 | -0.18 - -0.06 - -
95|10 [024|-] - 00|08 [ - 004} - - 6
P-Channel | IpP mA
oL 45 5 -048 | - - 040 |-0.8 - -0.28 - -
Of9s{w |10 [-| - |<80 |18 | - |05 - -
Input Current Iy Any Input - - - 10 - - - - pA -
* For “Q" and “Q" outputs use MSI Outputs Limits; for CLp output use Gate Output Limits.
DRAIN-TO-SOURCE VOLTS (Vpg)
AMBIENT TEMPERATURE (Tp)=25°C -20 =15 -0 =5 o
TYPICAL TEMPERATURE COEFFICENT FOR 5 H o
ALL VALUES OF Vpp=-0.3%/°C
3 T TTITTTTIT IEEEERERRN %_
ISR EEE SN
IENEEEEERNNI INERNEREN] 10
—_ IERRNEEREEEN! |INEERENNEERI M 4
‘_9 IR ERNEEENERI INEENENEEN] >
= H GATE URCE VOLTS (Vgs) = -105
@ I L = b
g i g
W 20] T &
2 S A 1T %
3 NOTES H ATE -TO -SOURCE VOLTS (VggI=-15V H <
H CARE SHOULD BE TAKEN ] -200
=z NOT TO EXCEED MAXIMUM =
20 % DISSIPATION (200MW) [ z
9 <
o 4 11T [
s T 3
Emdnndc= ui EEEEE NN NNENE -30
/ ew MINIMU AMBIENT TEMPERATURE (Tp)= 25 °C
Prar uE T innnn TYPICAL TEMPERATURE COEFFICIENT
3 - FOR ALL VALUES OF Vpp=-03%/°C
- RI
ORAIN-TO-SOURCE VOLTS (Vpg) “
Fig. 5—Typical & minimum N-channel Fig. 6—Typical P-channel drain char-
drain characteristics for Q acteristics for Q output.
output,
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . . ..o ot ee e e Vss < V| <Vpp!
(Recommended DC Supply Voltage (Vpp—-Vsg)- - - oo 3to 15V)
CHARACTER-
rest CURVES
CONDITIONS CD4031AE
— — = & TEST
Vo { VoD -40°C 25°C 85°C CIRCUITS
CHARACTERISTIC | SYMBOL Volts| Valts [Min. | Typ. | Max. Min. | Typ. | Max. | Min. |Typ. | Max. [UNITS Fig. No.
Quiescent Device | 5 - - 50 - 1 50| - - 700 A 13
Current L w [ - [ - [ 00 ~ 2 [ w0 - |- [1400
Quiescent Device ’ 5 - - 250 - 5 250 | - - | 3500 "
Dissipation/Package |  ° W [ - | - |woo | - [20 |00 - | - [1a000] ¥
Output Voltage: 5 - - 0.01 - 0 001 | - ~ 1005
VoL \ -
Low-Level 10 - - 0.01 - 0 0.01 | - - 1005
High-Level v 5 | 499 - - 499 | 5 - 495 | - - v
igh- Level -
9 OH 0 (99| - | - 999 | 10 | - 995 | - | -
Noise Immunity 08| 5 |15 - - 1.5 2.25 - 14 - -
VL - v
(All Inputs) 1.0/ 10 |3 . - 3|45 - |29 - - "
Far Definition See 4.2 5 (14 15 2.25 - 1.5 - - v
Appendix % ViK 90| 10 |29 . 3 a5 | - |3 B
Output Drive o loa s e - 13 | 26 05 | - | -
Current: 05| 10 5 | 96 - 4 8 3.2 | 64 -
N-Channel IpN mA 5
3 05 5 1005| - - 0.045{ 0.18 0.037] - -
05| 10 |02 - - 0.1 04 0.08 -
05 5 |024| - - 0.2 08 016 | -
CLp
05| 10 [075] - B 0.6 24 . 05 - -
a 45 5 [-0.20 - -0.16 | -0.64 013 | - -
95| 10 |-042) - - -035 |-14 029 | - -
a 45 5 [-0.05] - - -0.045|-0.18 -0.037| - -
95! 10 |-012| - - -0.10 |-04 -0.08 | - -
P-Channel IpP mA 6
oL 45 5 [0.24] - - -0.20 {-0.8 -0.16 | - -
Of9s 10 J05 | | - | 040 |18 032 | - | -
Input Current Iy Any Input - - - - 10 - - - - pA
* For “Q"* and “Q"" outputs use MSI Outputs Limits; for CLp output use Gate Output Limits.
AMBIENT TEMPERATURE (T5)=25°C AMBIENT TEMPERATURE (7417 25°C
TYPICAL TEMPERATURE COEFFICENT FOR - TYPICAL TEMPERATURE COEFFICENT FOR
- ALL VALUES OF Vpp=0.3%/°C H ALL VALUES OF Vpp= 0.3%/°C
I oo TAHTT =
= SUPPLY VOLTS (Vpp)=5| =] g
2500 & 7500
Q aoof =T ¥ 400 SUPPLY VOLTS (Vpp )+ 5 H-LERH
E 10) Z
|+ >
2 300 R anaSaRRNY L 3 300 =
o a - Q o 8 H
= e RS AR ARSLS z H HH
2 2004 o* ! H T 2 200 ias 10
5 i T T T ine e L
] m T T UL Tt 9 mumi:] PP
& OAD CAPACITANCE OF @:(5pF a
2 100] T T T T g 100
o IIEERNENENEEREERN] o 17T
1 IENEEEREERARN] T 1
I 1 IEENEENEEEREN] T
1 T T T T T T A% 11T
10 20 30 40 50 60 70 8 90 100 10 20 30 40 50 60 70 80 90 100
LOAD CAPACITANCE (CL) - pF 925-19747 LOAD CAPACITANCE (C_) -p F s2cs-i9748
#LOAD CAPACITANCE OF & =I15pF
Fig. 7—Typical propagation delay time Fig. 8—Typical propagation delay vs.
vs. C| for data outputs. C( for delayed clock output.
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Vgg = OV, C_= 15 pF (unless otherwise specified), and input rise and fall
times = 20 ns, except t,CL and t¢CL.
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C. (See Appendix for Waveforms)

Limits
Test Conditions CD4031AD, CDA0SIAE Characteristic
Characteristics Symbols VDD CD4031AK, Units Curves and
Volts Min | Typ | Max Min | Typ | Max Test Circuits
Propagation Delay Clock 5 400 | 800 400 | 1600
to Data Output Q &Q* | 'PHL, 70 200 | 400 200 | 800 ns 7
Cleck to CLp tuw | CL=60PF [ 3061 400 e 8
Transition Time: 5 75 | 150 75 300
Q OQutput tTHL 10 30 | 60 30 120
g 5 300 _| 600 300 | 1200 9
3 Output . 0 150 | 300 150 | 600 ns
N 5 200 | 400 200 | 800
Clp Output CL=600F 54 100 | 200 100 | 400 10
Clock Rise tCL, 5 2 2
& Fall Time** tCL 10 1 1 ks
- ST tsHL - 5 200 | 400 200 | 800
Set-Up Time tsLH 0 50 {100 5] 200 | ™
Data Overhang 5 0 0
Time 'po 10 20 | 50 20 50 ns
Maximum Clock *** P 5 0.8 2 0.4 2 MHz
Frequency CcL 10 2 4 1 4 1
Icr‘ls:tk Capacitance : &0 &0
C, - pF
All Others ! 5 5

*Capacitive loading on Q output affects propagation delay of Q output. These limits apply for Q load Cp < 15pF.
**1f more than one unit is cascaded in the parallel clocked application, t,CL should be made less than or equal to the sum of the propagation
delay at 15pF and the transition time of the output driving stage.

** *Maxi Clock Fi for Cascaded Units;
i 1
a) Using Delayed Clock Feature — f = - whe = numbe
) Using Delay ™Max "~ {n-1} CLp prop. delay + Q prop. delay + set-up time re n = number of packages
b) Not Using Delayed Clock —  fro = - 1 -
9 v max  propagation delay + set-up time
AMBIENT TEMPERATURE (151=25°C ! AMBIENT TEMPERATURE (1517 25°C
TYPICAL TEMPERATURE COEFFICENT FOR [T TYPICAL TEMPERATURE COEFFICENT FOR
ALL VALUES or vooso 3%/°C ALL VALUES OF Vpp=0.3%
300] IIlIIJIIlIﬁIII P
e SUPPLV VOLTS (Vgp 1 =10 e HHIHHH—HH RN
~ = L ARRANALRR RS
5 B SUPPLY VOLTS (Vpp1<5
£ y ]
o - T
Fe00 = E200
- = 10
K z
2 ] S = T BE=C |
= 100 E 100 fis] mE=ca
2 Q = z M| = ne!
= mi = 3 1
13 T = = .‘E . =l H .-
H I Fer
pet=] } m 7 ‘} I
P T 1 T T
11T 1T 1 Y ENEI 1T 1
o 20 30 40 50 60 70 80 90 100 0 20 30 40 50 60 70 80 90 100
LOAD CAPACITANCE (Ci) - PF 92Cs-19749 LOAD CAPACITANCE (CL)-pF 925-19750
NOTE: t73y_ FOR Q OUTPUT IS SIGNIFICANTLY LESS THAN tri 4
Fig. 9—Typical transition time vs. C[ Fig. 10—Typical trans;t/c;(n time vs. CL
for data outputs. for delayed clock output.
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AMBIENT TEMPERATURE (Ta)*25°C
TYPICAL TEMPERATURE COEFFICENT FOR
ALL VALUES OF Vpp=0.3%/°C

MAXIMUM CLOCK FREQUENCY (fc| } -MHz

CD4031A
10 AMBIENT TEMPERATURE (T5 )+ 25°C Z
6[* TYPICAL TEMPERATURE COEFFICIENT 4
af- FOR ALL VALUES OF Vpp=0.3%/°C L4

LOAD CAPACITANCE (CL)=ISPF

POWER DISSIPATION PER PACKAGE~ mwW

. B D403IAE o,
)74
4
2
,
0 . L 0.0 // A A
10 I 2 3 ] S 6
10! 10° 10 10 10
SUPPLY VOLTS (Vpp) 92C5-19751 CLOCK FREQUENCY (f¢y ) - Hz 02c5-19752
Fig. 11—-Maximum clock frequency vs. Fig. 12—Typical power dissipation vs.
Vpp. frequency.
TEST CIRCUITS
5V OR 10V

= 92CS-19754
WITH S; AT GROUND,CLOCK UNIT 64 TIMES
BY CONNECTING S2 TO PULSE GENERATOR.
RETURN S2 TO GND AND MEASURE LEAKAGE-
CURRENT. REPEAT WITH S| AT Vpp.

Fig. 13—Quiescent device current.

35 O§7VE |

L5OR 3V

|

RIS

_A\g—: 350R 7V
1.5 OR 3V

o
o <

Z

T+
o ~
0 5=

92CS-19755

Fig. 14—Noise immunity.
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Digital Integrated Circuits

gpljd_ State Monolithic Silicon
vision
CD4032A,CD4038A
Types
0, COS/MOS Triple Serial Adder
A lo .
weent ] @t [ ls a1 | Positive Logic Adder — CD4032AD, CD4032AE, CD4032AK
) Negative Logic Adder— CD4038AD, CD4038AE, CD4038AK
A, 13
mvenr% I§ ADDER L —2-sum 2
W = Special Features:
53 14 AODER |_|1 3 = Invert inputs on all adders for sum complementing
"‘"E"lz 3 applications
carRy ReseT & J e u Fully static operation. .. .... dc to 5 MHz (typ.)
’ i = Buffered outputs
02¢s-17663 = Single-phase clocking
» Mi t qui power dissipation. . . .. 5 uW (typ.)
RCA CD4032AA and CD4038A types consist of three serial Applications:

adder circuits with common clock and carry-reset inputs.
Each adder has provisions for two serial data input signals
and an invert command signal which, when a logical 1"
complements the sum. Data words enter the adder with the
least significant bit first; the sign bit trails. The output is the
MOD 2 sum of the input bits plus the carry from the
previous bit position. The carry is only added at the
positive-going clock transition for the CD4032A or at the
negative going clock for the CD4038A, thus, for spike free
operation the input data transitions should occur as soon as
possible after the triggering edge.

The carry is reset to a logical ‘0"’ at the end of each word by
applying a logical ‘1" signal to a carry-reset input one

|
|
|
|
|
|
|
|
|
|
|

INVERT),

92CS-1766 1RI

Fig.7—1 CD4032A logic diagram of one of three serial
adders.
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® Serial arithmetic units

® Digital correlators

= Digital datalink computers

® Flight control computers

= Digital servo control systems

bit-position before the application of the first bit of the next
word Fig. 7-2 and 7-4 shows definitive waveforms for all
input and output signals.

4 Formerly developmental type TA5963.

For maximum ratings, see page 22.

|&—— WORD |+WORD 2 ——sj+——WORD 3+WORD 4

A ; ]

LN |y O Ny iy

athfunhhnhhhhhnhhhh
INVERT

CARRY —

RESET

s ] Nl N

TRUE SUM COMPLEMENTED SUM

WORD | 0.0111100 =+60 WORD 3 1.1011011=-37

WORD 2 0.0110010 = +50 WORD 4 1.1001110=-50

0.1101110 =+110 1.0101001=-87

92C5-17662

Fig.7—2 CD4032A timing diagram.
9-74
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STATIC ELECTRICAL CHARACTERISTICS (All inputs . .
(Recommended DC Supply Voltage (Vpp —Vgg). . . . .. .... 3to15V)

CD4032A, CD4038A

.. Vgg<V<Vpp!

LIMITS CHARAC-
TERISTIC
TEST CD4032AD, CD4032AK CURVES
CHARACTERISTIC SYMBOL CONDITIONS CD4038AD, CD4038AK UNITS | g TEST
Vo |Vpp —55°C 25°C 125°C CIRCUITS
Volts | Volts| Min.[ Typ.| Max. | Min. | Typ. | Max. | Min. | Typ. | Max. Fig. No.
Quiescent Device ' 5 - - 5 - 0.3 5 - - 300 A 7-8,
Current t w| - | - | 0] -|os | 0] - | - | e00 710
Quiescent Device 5 = - 25 - 1.5 25 = - 1500
Dissipation/Package | PD ol = ~ 100 | < 0o | = ~ ecoo| M
Output Voltage: 5 - - 0.01 - 0 0.01 - - 0.05
VoL \%
Low-Level 10 - - 0.01 - 0 0.01 - - 0.05
. . 5 | 499 - - 4.99 5 - 4.95 — -
High-Level VOH v
10 | 9.99 - - 9.99 10 - 995 | - -
Noise Immunity 08 5 (15 - - 15 2.25 - 1.4 - - 79,
All Inputs) UnL v
( nputs| 1.0} 10 |30 - - 3 4.5 - 29 - - M
4.2 5 [14 - - 15 2.25 - 15 - -
VNH Vv
9.0| 10 {29 - - 3 45 - |30 - -
Output Drive Current:
Vo= 0.5V 5106 - — 05 0.9 - 0.3 - - -
N-Channel IpN mA
Vg =05V 10 [0.75| - - 0.7 |24 - |06 - - -
Vg=4.5V 5 |-0.21 - - {-0.15|-04 - }—0.075 - - -
P-Channel IoP mA
Vg =95V 10 |-0.7 - - |-055(-1.2 - |-035( - - -
Input Current h - - - - 10 - - - - PA -

For Output Drive Current test connections see Appendix.

INVERT||___
[

92€5-19020

Fig.7—-3 CD4038A logic diagram of one of three serial

adders.

|+—— WORD | +WORD 2

- f“— WORD- 3+WORD 4
A J

J—
nEa
Iy Wy
o A AnA A

INVERT

CARRY
RESET =~

SUM

fe——— TRUE SUM -—>L-7 COMPLEMENTED SUM - —¥

WORD | 11000011 =-61 WORD 3 0.0100100 =+36
WORD 2 11001101 WORD 4 0.0110001 =449

0.1010100 =+85
92¢s-19121

10010000

Fig.7—4 CD4038A timing diagram.
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . . .. vvv e vne e e eennnnnnn. Vss<V;<Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . . .. .. ... - 3t015V)

LIMITS CHARAC-
CDAOI2AE TERISTIC
TEST CURVES
CHARACTERISTIC SYMBOL CONDITIONS CD4038AE UNITS & TEST
Vo |VoD —-40°c 25°C 85°C CIRCUITS
Volts| Volts| Min. | Typ. | Max. | Min. | Typ. [ Max. | Min. [ Typ. | Max Fig. No. .
Quiescent Device I 5 - - 50| - |05 50 - - 700 A 7-8,
Current 10 — — 100] - 1 100 - - 1400 7-10
Quiescent Device P 5 - - 250 - |25 250 - - 3500
Dissipation/Packa D u
ssipa 9 | - [ - Jwoo| - [10 [1000] - [ - [1a000
Output Voltage: ) - - 0.01 - 0 |0.01 - - 0.05
VoL A\
Low-Level 10 - - loo1| - 0 {001 - - | 005
5 | 499 - - | 499 5 - 4.95 - -
High-Level VOH v
10 | 9.99 - - 1999 10 - 995 - -
Noise Immunity v 08| 5|15 - - |15 225 - 14 - - v 79,
(Al Inputs) NG Ww[w]30 [ = | -] 3 |48 = |28 | = [ = 71
v 42| 514 - - 15 225 - 15 - - v
NH 90| 1029 | - | - | 3 |45 ] = |30 | = | =
Output Drive Current:
Vo=05v | 56]02s [ - | -1o02 [09]| — [o01a| - - -
N-Channel IpN mA
Vo=05V | 10 | 06 - - |05 | 24 - | o4 - - -
Vg =45V 5 |-0.14 - - |-0.1 {-04 - +-0.095] - - -
P-Channel IpP mA
Vo =95V 10 }-0.3 - - 1-0.27 | -1.2 - -0.22 - - -
Input Current l. - - - - 10 - - - - pA -
For Output Drive Current test connections see Appendix.
AMBIENT TEMPERATURE (Tp)=25°C AMBIENT TEMPERATURE (Tp)=25°C
TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT
2 FOR ALL VALUES OF Vpp=0.3 %/°C ALL VALUES OF Vpp =O.
1 1000 2 500 T
o | H
a x 5
- 2 :
800 F 400 &
g a - QS
~ z &
w - X
Z &0 B o 30 &)
= TSVOD K X))
< VoLl S
2 SV 2z
o
2 400 2 200 <
3 @
= z t
-4 \S
g 20 0, £ 100
§ B
a T
20 40 60 .8 00 120 20 i T80 100 120
LOAD CAPACITANCE (c,_) —pF LOAD CAPACITANCE(C| )—pF
92c¢s-19122 92Cs-19123

Fig.7—5 Typ. propagation delay time vs. Cy
for A,B, or invert inputs to sum
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outputs.

Fig.7—6 Typ. transition time vs. Cy_ for sum

outputs.



File No. 503 CD4032A, CD4038A
DYNAMIC ELECTRICAL CHARACTERISTICS at TA =25°C, VSS =0V, CL = 15pF, and input rise and fall times = 20ns, except

Typical Temperature Coefficient for all values of Vppy = 0.3%/°C. (See Appendix for Waveforms) t,CL and t,CL.
LIMITS CHARAC-
TERISTIC
TEST CONDITIONS | CD4032AD, CD4032AK CDA4032AE CURVES
CHARACTERISTICS | SYMBOLS CD4038AD, CD4038AK CD4038AE UNITS |g TEST
VoD CIRCUITS
(Volts) | Min. | Typ. Max. | Min. Typ. | Max. Fig. No.
Propagation Delay Time: 5 - 400 | 1100 - 400 | 1400
A, B, or Invert ns 75
o B 10 - 125 250 - 125 300
Inputs to Sum Outputs PHL,
Clock Input oL 5 - 800 | 2200 - 800 |2400
to Sum Outputs 10 | - | 250 | 500 | - |20 [G00 | -
Transition Time L, 5 - 125 375 - 125 425
(Sum Outputs) iy 10 50 | 150 5o 200 | ™| 7°
TLH - -
“Clock “*t.CL, 5 = - 15. - - 15 s _
Rise & Fall Time CL 10 - - 15 - - 15
. * 5 ’
Input Set-Up Times o t,CL - - trcl_ - - — -
Maximum Clock § 5 1.5 25 - 1 25 - M
Frequency o 10 3| s - 2 5 - * -
Input Capacitance CI Any Input - 5 - - 5 - pF -

*This characteristic refers to the minimum time required for the A, B, or Reset Inputs to change state following a positive clock transition
(CD4032A) or negative transition (CD4038A).
**1f more than one unit is cascaded t,CL should be made less than or equal to the sum of the transition time and the fixed propagation delay
of the output of the driving stage for the estimated capacitive load.

I|C° | AMBIENT TEMPERATURE (Ta)=25°C (1) v
INPUT tp =t¢+20ns VL
LOAD CAPACITANCE (CL)* I5 pF s,
10° ] ! Su
= T 1t
z 1T I T T | -
% SUPPLY VOLTS (Vpp 1= 15.% LA s [ 16 _,_0\:»—
"b 103 <710 »—o‘/bL 2 15 Si0
< P> s 3 14 f——————aq,
z A 1 L~ 3 4 13
2 (o v 1A S 12 S9
g = s 6 n
a 4
@ T A P K4 10 se
° 4 - 8 9
c 10
E - ss
& S7
1
= Se
16!
[ 10 0? 0% 04 RN
CLOCK FREQUENCY (fcL }—kHz 92Cs-19125
92C5~19124
Fig.7—7 Typ. dissipation characteristics. Fig.7—8 Quiescent device current test circuit CD4032A.

7



161
15
14

12
n
10

IBEE]

File No. 503

SVORIOV
35VORTV
1.5V OR3V

+

DVM,
92CS - 19126RI

Fig.7—9 Noise-immunity test circuit-CD4032A.

CD4032A, CD4038A
35VOR7V
T
—2
3
4
5
7
s
=
I5VOR3V
v
{(IL—O
— oS S6 o——¢
S2 S7
- 1 16
2 15 Sg
3 14
s3 4 13
5 12 S
o s n N
7 10
S5 £
.

92Cs-19127

Fig.7—10 Quiescent device current test circuit-CD4038A.
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92CS -19128RI

Fig.7—11 Noise-immunity test circuit-CD4038A.
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NG

Solid State

Digital Integrated Circuits

Monolithic Silicon

CD4034AK

Division
CD4034AD
COS/MOS MSI 8-Stage Static
- = - A
- Bidirectional Parallel/Serial
8 _lie 24—V, -
fie s5> | Input/Output Bus Register
I
 p—p 2—5|=  | Special Features:
gg—s N 1 L llel data i
o d 7 JOh 18 _g 3 = Bidirectional parallel data input
. ENaBLE 1o 'TCT|= | = Parallel or serial inputs/parallel outputs
SERIAL INPUT ——]10 15Sf——cLock | @ Asynch or synch
ee—le s parallel data loading
TERMINAL ASSIGNMENT 8 Parallel data-input enable on “A” data lines
CDag3anK = Data recir for regi I
92C5-20744 = Afiler. L gi

® Fully static operation DC-to-5 MHz (typ.)

atVpp—-Vss =10V

RCA CDA4034A is a static eight-stage parallel-or serial-input
parallel-output register. It can be used to:

1) bidirectionally transfer parallel information between two
buses, 2) convert serial data to parallel form and direct the
parallel data to either of two buses, 3) store (recirculate)
parallel data, or 4) accept parallel data from either of two
buses and convert that data to serial form. Inputs that
control the operations include a single phase clock (CL),
“A"-data enable (AE), Asynchronous/synchronous (A/S),
“A" bus to ‘B’ bus/“B” bus to “A"” bus (A/B), and
parallel/serial (P/S).

Data inputs include 16 bidirectional parallel data lines of
which the eight ““A"” data lines are inputs (outputs) and the
“B’* data lines are outputs (inputs) depending on the signal
level on the A/B input. In addition, an input for serial data is
also provided.

All register stages are D-type master-siave flip-flops with
separate master and slave clock inputs generated internally to
allow synchronous or asynchronous data transfer from
master to slave. Isolation from external noise and the effects
of loading is provided by output buffering.

PARALLEL OPERATION

A “high” P/S input signal allows data transfer into the
register via the parallel data lines synchronously with the
positive transition of the clock provided the A/S input is
“low”. If the A/S input is “high”’ this transfer is independent
of the clock. The direction of data flow is controlled by the
A/B input. When this signal is “high’’ the A data lines are
inputs (and B data lines are outputs); a “low” A/B signal
reverses the direction of data flow.

Applications:

@ Parallel Input/Parallel Output,
Parallel Input/Serial Output,
Serial Input/Parallel Output,
Serial Input/Serial Output Register

Shift right/shift left register

Shift right/shift left with parallel loading
Address register

Buffer register

Double bus register system
Up-Down Johnson or ring counter
- dom code

le and hold register (

g

Frequency and phase comparator

Bus system register with enable paralle! lines at bus side

92Cs-19202

Fig. 1—Functional diagram.

9.74

173



CD4034A

The AE input is an additional feature which allows many

registers to feed data to a common bus. The “A” Data lines
are enabled only when this signal is “high"’.

Data storage through recirculation of data in each register
stage is accomplished by making the A/B signal “high” and
the AE signal “low”.

SERIAL OPERATION

A “low” P/S signal allows serial data to transfer into the

File No. 575

Regi pansion can be
CD4034A packages.

plished by simply cascading

The CD4034A is supplied in two different packages; the
CD4034AK in a 24-lead flat pack, and the CD4034AD in a
24-lead ceramic dual-in-line package.

MAXIMUM RATINGS, Absolute-Maximum Values:
-

register synchronously with the positive transition of the <
e'gl K T:y AJS i tY internall '::sabl ed when the regist Storage Temperature Range ........... —65 to +150 °c
? c - The . input is internally ci . when . re.g' er Operating Temperature Range ......... —5510 +125 °c
is in the serial mode (asynchronous serial operation is not DC Supply Voltage Range
allowed). (VDD — VSS)  «vvvvmevnnnneneens 0.5V to+15 \Z
. i . ice Dissipation (Per Pkg.) .. .. 200 mw
The serial data appears as output data on either the B lines 27,";:;‘3?'“,"0" ‘ er, . g) ........... vss<Vi<Vpp
(when A/B is “high”) or the A lines (when A/B is ““low" and Recommended DC Supply Voltage
the AE signal is “high”). (VDD = VSS) «vrvvrnrannneennnns 3t0 15 \Y
STATIC ELECTRICAL CHARACTERISTICS (Al inputs . . ..o .ouiet e Vgs < V) < Vpp!
(Recommended DC Supply Voltage (Vpp —Vgg). + « v o v . . 3to15V)
LIMITS CHARAC-
TEST CD4034AD, CD4034AK TERISTIC
CHARACTERISTIC |SYMBOL| CONDITIONS UNITS (:J.?:;rs
—559
Vo |Vop 559C 25°C 1250C CIRCUITS
Volts |Voits | Min. | Typ. [Max. | Min. Typ. | Max. Min. | Typ.| Max. Fig. No.
Quiescent Device 5 - - 5 - 0.3 5 - — {300
Current- L uA 9
rrent 10 - - |10 — 05 | 10 - — | 600
Quiescent Device P 5 - - |25 - 15 | 256 - - | 1500
Dissipation/Package | ' ° 0 — - [0 | - s o | - | - leoon] " 8
Output Voltage: _ _
S VoL 5 001 | - —Joor] - | -Joos| v _
10 - - _10.01 = —_10.01 = — 10.05
High-Level VoH 5 4.99 - — 4.99 5 - 4.95 - - v _
10 999" | — - 9.99 10 - 9.95 - -
Noise Immunity VaL 08)] 5 1.5 - - 15 225 - 14 - -
(Al Inputs) 1.0 | 10 3 - -~ 3 4.5 - 2.9 - -
For Definition Vam 421 s 14 - | - 15 {225 | — 15 | - | - v 10
See Appendix 9.0 [ 10 29 [- | - 3 a5 | - | 30 -1 -
Output Drive Current: IoN 0.5 5 [0.124 = - 0.1 0.20 — 0.07 — —
N-Channel D mA -
0.5 10 {0.31 - — 0.25 10.50 — 0.175 — =
P-Channel 0P 45 | 5 |-0075 |- | — [-00s |-010} — |-0035| - | - | A _
95 |10 |-0.188 = — |-0.125 |-0.25| — |-0.088 - -
Input Current n - - - - - - 10 - - - - pA -
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File No. 575 CD4034A
DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and Cy =15 pF
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms)
CHARAC-
TEST TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS CDA4034AD, CD4034AK |UNITS | CURVES
Voo & TEST
Volts Min. | Typ. | Max. CIRCUITS
Propagation tPHL, 5 - 600 | 1200 ns
Delay Time - tpLH 10 - 240 480
Jransition TTHL 5 — 1280 750 ns _
Time tTLH 10 - 100 300
Minimum Clock twi. 5 — | 200 400 ns _
Pulse Width tWH 10 - 100 175
Minimum High-Level
5 - 24 480
AE, P/S, A/S twH 0 ns -
Pulse Width 10 - 85 195
Clock Rise: *tCL, 5 — - 15 us _
and Fall Time tCL 10 - — 15
5 —
Set-Up Time - 250 500 ns -
_ 10 — 100 200
Maximum Clock foL 5 1.5 25 - MHz 7
Frequency 10 3.0 5 —
Input Capacitance Cy Any input - 5 - pF -

* 1f more than one unit is cascaded, t;CL should be made less than or equal to the sum of the fixed propagation delay at 15 pF (see chart above)

and the transition time of the output driving stage for the estimated capacitive load.

"A"DATA LINES

12 3 4 5

$7SVDD

oy LEARELLAL

SERIAL |0
INPUT ——
asp—L
p/s—13
ars—18
cLock—'8
F i? F F r F r {I 'ca
2 34 5 6 7 8 Vg
"8"DATA LINES
32Cs-19201
Fig.2—Functional and inal assiy diagram for
CD4034AK and CD4034AD.
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:.,’ jA3A‘A5 ii‘
O nnn 21

+ —_— —_——

AE 2
(A ENABL! .
. 6 STAGES
SAME AS STAGE |
13 )
(nnu.l.:l.
SERIAL

STAGE |
F o= '
SERIAL 0 H T“] ) '.: T

oata O

amd | ]
|
ars M4
(ASYNC/SYNC)

cLOCK 8‘ o - —_——

—F===

—_—— e

| - 1L ——
- LEEEEG
. FLIP-FLOP
% TG = TRANSHISSION GATE y (s'? Y A A S R TLor. OB
w | 16 Lo * FLIP=FLOP LOGKC [~ N
INPUT TO OUTPUT IS: \
o) A BIDIRECTIONAL LW IHFEDANCE [y 1 I
WHEN CONTROL INPUT 11S “'LOW 2 2 A LEVEL CHANGE
AND CONTROL INPUT 215 “"HIGH" Y X DON'T CARE
b) AN OPEN CIRCUIT WHEN CONTROL. s N
INPUT 115 “"HIGH'" AND CONTROL INPUT 215 "'LOW" “ “INVALID CONDITION
v
A “
Lm &s
92CM- 19200
Fig.3—Logic diagram.
Table | Truth Table for Register Input-Levels and the Resulting Regi Operation (L = Low Level, H = High Level, X = Don‘t Care)
“A” Enable | P/S | A/B | A/S Operation*
L L L X Serial Mode; Synch. Serial Data Input, A’ Parallel Data Outputs Disabled
L L H X Serial Mode; Synch. Serial Data Input, “’B’’ Parallel Data Output
L H L L Parallel Mode; ““B” Synch. Parallel Data Inputs, A"’ Parallel Data Outputs Disabled
L H L H Parallel Mode; "“B’* Asynch. Parallel Data Inputs, ‘’A"’ Parallel Data Outputs Disabled
L H H L Parallel Mode; ““A" Parallel Data Inputs Disabled, B’ Parallel Data Outputs, Synch Data

Recirculation

Parallel Mode; ‘“A” Parallel Data Inputs Disabled, ‘‘B’* Parallel Data Outputs, Asynch
Data Recirculation

Serial Mode; Synch. Serial Data Input, “’A" Parallel Data Output

Serial Mode; Synch. Serial Data Input, “‘B" Parallel Data Output

Parallel Mode; “‘B" Synch. Parallel Data Input, “A’’ Parallel Data Output
Parallel Mode; “‘B"" Asynch. Parallel Data Input, A" Parallel Data OQutput
Parallel Mode; “’A" Synch. Parallel Data Input, /B’ Parallel Data Output
Parallel Mode; “’A” Asynch. Parallel Data Input, “’B” Parallel Data Qutput

-
I
I
I

b ofl = o = = o = = S
zlxz|z|{x|rr|r
|||
T|r|T|r|x|X

* Outputs change at positive transition of clock in the serial mode and when the A/S control input is ““low’’ in the parallel mode.
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RIS 1 I T O 6 6 AMBIENT TEMPERATURE(T2125°C ' |
] TYPICAL TEMPERATURE COEFFICIENT
enbie [ 1 1 I T FOR ALL VALUES OF Vpp=0.3%/°C
% 1000 R s
pss 1 1] é + =
! z i
as [~ T 800 &
3
ass [ 1 J s
= B S
SERIAL 1 £ 600
DATA I
a1 1 g o
Py
az [ 1 |y g 400 AR
(=3 T
3 H :
w1 M n nr |3 :
s 200 Y
a1 L1 2 i
H
as 1 1 rr i
0 20 40 60 80 100
as [ 1 |- LOAD CAPACITANCE (Cp) — pF
s2cs-19212
ar [ 1 1 M .
Fig.5—Typ. propagation delay time vs. CL.
a1 | )
AMBIENT TEMPERATURE (T)=25°C
i 1 nr TYPICAL TEMPERATURE COEFFICIENT
B FOR ALL VALUES OF Vpp=0.3 %/°C
1000
| I B S iy H
B3 |
~ 800
B4 [ 1 I L 5
1 iglig! 3 X
85 | 1 2 600
Y MM e W p
w
H
o | L 1L N |Ee q
=
B8 [ | I | L 2 315
A DATA .J @ 200t 5V
B DATA LINES ARE OUTPUTS LINES ARE ES !
OUTPUTS 3 :
ozem-1soe G 20 40 e B0 100
LOAD CAPACITANCE (CLI—PF  g,c5. 19213
Fig.4—Timing diagram.
Fig.6—Typ. transition time vs. CL.
§  |AMBIENT TEMPERATURE (Ta)=25 °C 105 [AMBIENT TEMPERATURE (T5)+25°C
F LOAD CAPACITANCE (Cy )=15pF ALTERNATING “0"
2N
% 6 2 05 | N0 "1 paTTERN 7
ol 1 =
< g i
2 y 0 S 23
El g oS 0T
3 4 i e A L~
o o i) s
& & 03 Sy LA
[ P
> ) Sy
%3 3 : =
=1 = H - L~
3 [ Ll =
5 2 2 =
s
z « F L~ L~
o g o L4
2 § i LOAD CAPACITANCE (C()=I5pF
s HH = ——==CL =50pF
L v, [T T TTIT T 177
° 10 15 20 | 10 102 10° 10*
INPUT CLOCK FREQUENCY (f¢| ) — KkHz
SUPPLY VOLTS (Vpp) (% ~
oo 925-20071 92CS-17606R3
Fig.7—Typ. input frequency vs. Vpp. Fig.8—Typ. dissipation characteristics.
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— S5VORIOV
@lov —I—O

!
[, T

I 24 —! 24
Oonr | TEST PERFORMED WITH 2 23

2 23 THE FOLLOWING SE- .
1 3 22 QUENCE OF HIGH (H] AND | ST 3 22

2 P

—o Sp | ¢—|a 21 LOW-LEVEL (L) INPUTS, 4 21
0., " % S1 S2 $3-54 S5 ——5 20

5 20 L H H L H = 6

6 1o L H H H L 19

- H L H L L =7 18
! S3 7 8 H L HAARL 35VOR TV
0, H H L L H 8 7 . _
—1—8 7 L L L HH 5 6 @
\ s 16 10 15
Mo oSa 10 15 n 14 =
0u® " \a 12 13 l
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—o Sg
0,
92C5-19206

I.5VOR3V 92CS -19207RI

Fig.9—Quiescent device current test circuit. Fig.10~ Noise immunity test circuit.

"A"ENABLE

Tl T [ saastet. l it

AE E\ /
| N -~ AE
SERIAL A PARALLEL A PARALLEL R PARALLEL b ,,ARA,_LEL
DATA >_SI DATA ST " "pata SR ——s{sT AP st
Vppe+— A/B A/B Az8
-CD4034A CD4034A CD4034A CD4034A
A —{ A/S ars _L___. 3
B PARALLEL B PARALLEL “B"PARALLEL ‘8"PARALLEL
1 ~ “bata e = *CL " paTA L~ oaTA
e /_‘_\ /..-l——\
/S prs—— T\ p/s
SERIAL ERIAL SERIAL
Wellly | s lHHHl Sata luum T |3
SERIAL
P/ > DATA
A/S
.cL - Aét e
92¢s-19208 92€5-19205
Fig.11— 16-Bit parallel in/parallel out, parallel Fig.12— 16-Bit serial in/gated parallel out register.
infserial out, serial in/parallel out,
serial in/serial out register.
11

TIMING DIAGRAM
Y TV VA
LLinanan ey S (s 11 e T I 1111
f2 AE || |=A DATA=8 f2

SI
s ccoak LI LA LLALLL WLAT AT UL WA,
i Y3 CD4034A
oy P s B i SNy, e TN i iy
P/S1 -8 DATA=8 prs ] bW e—

voo  —— T3FTTTTT ouwu————m_rl_ru—u—\_ﬂ_ﬂ_ﬂ_,__
OUTPUT fi >tz f) = fo% ol f| < fo—

2
%* WHEN f=fa,ty IS PROPORTIONAL TO THE PHASE OF f; WITH RESPECT TO f2

92Cs-19203 92€5-19204

Fig.13-~ Frequency and phase comparator.
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SHIFT LEFT OUTPUT

“A"ENABLE —
GNABLE AE
SHIFT
LEFT/ - P/S
35:2:; «———"A" PARALLEL DATA®| ~————"A'"PARALLEL DATA®]

SHIFT RIGHT
4 ¢ OUTPUT
s |
RI =
WUt AE | AE |
ST La{s1
Lsip/s oS
REG. | le— REG.2
€D4034A ars P CD4034A
cLock
—eCL
A/B | A/B 1 SiFT
ass KN | EN d LEFT INPUT *
PARALLEL Rl ok ok o - - = ¢ 9 - - ————
ENTRY Ass
cL
" AE
AE | =— A PARALLEL DATA = AE | = APARALLEL DATA = 8
L =
P/s REG. 3 P/s REG. 4
Voo I ass €D4034A Voo I ars CD4034A
cL cL
| A/B_1=—B PARALLEL DATA—=8 I A/B_|=—B PARALLEL DATA—=8
= =
92¢M-19215
A ‘“High” ("“Low") on the shift Left/Shift Right input allows serial into registers 1 and 2. Other logic schemes may be used in place of

data on the Shift Left Input (Shift Right Input) to enter the register registers 3 and 4 for parallel loading.
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

When parallel inputs are not used Reg. 3 and 4 and associated logic
are ‘not required.

*Shift left input must be disabled during parallel entry.

Fig.14 — Shift right/shift left with parallel inputs.

DOUBLE ~BUS SYSTEM (ENABLE INPUTS ON BOTH SIDES)
- !
| ] Lo{ PIS AE j¢— —»{AE PIS PIS AE |¢—>
I r—. 1 ] <+ 1 [} ' | [ —>
| MEMORY **? 2 2l xR o |2 —
| uNIT 3 W REG 3 <+—»3| ReG |3 3] ReG (3|
\ama a 4 la a 4 |&—» |- BUS
| s sl st s 5| s Ja—s [STSTEM
: b : cD4034a : : cD4034a : ¢ ]coao3an ::::
fe—s1 7
| le—sls 8 8 a8 o), . leje>
| | SI_A/B A/S CL sI® Scu s1/B %scu
I 1 SI A/B A/S cCL ST A/B A/S CL f -
| 1 Lyless AE ja— —{ A€ o7 led {
e ) | 1 fe—s!
I l‘—b 2 2 2 2 Q—-J I
| le—l3 3 le—s 3 3 bl |
' PERIPHERAL Y REG Z REG ARITHMETIC
| unIT : 8 At i 8 uNIT }
k—. 5 > 5 5
k—bi6 6 6 6 je—s| |
| S| cososea ; , | cosozaa ; |
L Jlt—» ) 8 8 8 n—»ll_ _jl
yvvy " .
BUS LINES
(SINGLE) 92CM-19197

The A" enable (AE) and A/B signals control all combinations of
transfer between the registers and bus systems.

Fig.15 — Single- and double-bus systems.
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| Sl W S N N S N A |
AE \——— A PARALLEL DATA ——
e

Vpp +— A/8B
oo CD4034A

CLOCK >—1 CL
p/s -+~ B PARALLEL DATA———

CD40I6A

CD40I6A Nel-8
SERIAL
OUTPUT

*———N-— STAGE SELECTION —=

92CS-19199
Fig.16—N-stage shift register with fixed serial output line.
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SAMPLE/I”LD)_]‘E ! l lJ l l 1%

\——“APARALLEL DATA ——/
SERIAL DATA >———pisT

Voo A/B CP4034A
AlS y—plass

CLOCK »———{ C

/—"B"PARALLEL DATA ——\

,_Eruuuu

TO DISPLAY ETC

92CS- 19214

Fig.17—.Sample and hold register—serial jparallel in—parallel out.
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NG

Digital Integrated Circuits

Monolithic Silicon

Solid State CD4035AD
Division CD4035AE
CD4035AK
COS/MOS 4-Stage Parallel In/
ﬁz—‘l—* Paralle! Out Shift Register

{J —
SER.
N R—

with J-K Serial Inputs and True/

T/C OUT
92C5-19966

RCA-CD4035A" is a four-stage clocked serial register having
provisions for synchronous parallel inputs to each stage and
serial inputs to the first stage via JK logic. Register stages 2,
3, and 4 are coupled in a serial “D" flip-flop configuration
when the register is in the serial mode (Parallel/Serial
control low).

Parallel entry via the “D” line of each register stage is
permitted only when the Parallel/Serial control is “high”.

In the parallel or serial mode information is transferred on
positive clock transitions.

When the True/Complement control is “high”, the True
contents of the register are available at the output terminals.
When the True/Complement control is “low”, the outputs
are the complements of the data in the register. The True/
Complement control functions asynchronously with respect
to the clock signal.

JR input logic is provided on the first stage serial input to
minimize logic requirements particularly in counting and
sequence-generation applications. With JK inputs connected
together, the first stage becomes a “D" flip-flop. An
asynchronous common reset is also provided.

CD4035A types are supplied in the 16-lead flat pack, and in
both the 16-lead ceramic and plastic dual-in-line packages.

*Formerly developmental type TA5876

CLk— CD4035A Complement Outputs
prs—] 4-STAGE REGISTER
¢ —
RESET —
I APPLICATIONS:
_ I_ I ‘ B Seq g ion, control its, code conversion
91/8) %2/B 03/0s 24/04 = Counters, Registers, Arithmetic-Unit Registers, Shift

Left — Shift Right Registers, Serial-to-Parallel/Parallel-to-
Serial conversions.

FEATURES:

a  4-Stage clocked shift operation

® Synchronous paralle! entry on all 4 stages

a JK inputs on first stage

@ Asynchronous True/Complement control on all outputs
@ Reset control v

®  Static flip-flop operation; Master-slave configuration

® Buffered outputs

= Low-Power Dissipation — 5 uW typ. (ceramic)

®  High speed — to 5 MHz

MAXIMUM RATINGS, Absolute-Maximum Values:

Storage-Temperature Range , .. ... —65°C to +150
Operating Temperature Range:

Ceramic Package Types ........ —65°C to +125

Plastic Package Types —40°C to +85
DC Supply-Voltage Range

(Vop—Vss) ............. —0.5V to +15

Device Dissipation (Per Pkg.) . . ., 200
Alllaputs | o Vss <V <Vpp
Recommended

DC Supply Voltage (Vpp — Vss). 3t0 15
Recommended

Input Voltage Swing ... ..., Vpp to Vss

974
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . . . . ... . it e e Vgg< Vi < Vpp!
(Recommended DC Supply Voltage (Vpp — Vgg)- = - . . . . . .. 3to15V)
LIMITS CHARAC-
TEST TERISTIC
CHARACTERISTIC | SYMBOL | CONDITIONS CD4035AD, CD4035AK UNITS gu:;\g_s
Vo |Vbp -55°C 25°C 125°C CIRCUITS
Volts| Volts| Min. |Typ. | Max.| Min. | Typ. [Max. | Min. | Typ.| Max. Fig. No.
Quiescent Device | 5 - - 5 - 03 |5 - - 300
Current L 10 |- |- |10 | = J|os |10 |- |- 600, mA "
Quiescent Device 5 - - 25 - 15 |25 - - 1500
Dissipation Package | PD 10 |- - 100 | — 5 100 |- - 6000 MW 4
Output Voltage 5 - - 0.01 | — ] 0.01 |— - 0.05
Low Level VoL 10 [- [- Joor[- Jo 0.01 |- - J|oo0s| V -
5 [499 |- |- |a499 s |- Jass |- |-
High Level VoH 10 (999 (- |- [999 |10 |- 995 |- |- v -
Noise |mmunity 08 (5 15 |- - 15 |2.25 |— 14 |- -
(Al Inputs) VNL 1 10 |3 - [- |3 45 [— (29 |- |- v
L 12
For definition, 42 |5 [1a |- |- |15 225 (- |15 |- |-
see Appendix | Vny 9 |10 |29 |- |- 13 (a5 |- |3 |- |- |V
Output Drive
Current: ) 05 |5 Jo62 |- |- |os0 |1 - Jo3s |- |-
N Channel IpN os [10 [1s55 |- |- [1.25 [25 [~ [os87 [~ |- mA -
45 |5 [031|- |- |-025|05 [~ |0a7|- |-
P Channel ipP 95 |10 |081 |- |~ |-065[13 |- |045|- |- mA -
Input Current N - — - - 10 - - - - PA -

MBIENT TEMPERATURE (T5)=25°C AMBIENT TEMPERATURE (T4)=25°C
TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES TYPICAL TEMPERATURE COEFFICIENT FOR ALL VALUES
H OF Vpp =0.3 % /°C 300 OF VoD 20.3%/°C
] CLOCKED OPERATION H CLOCKED OPERATION
B ]
3 £
K 2
= 400 Ll HHH & 200
> = -t
voo'® ° w
: SuppLY VOIS P z
S 300 s >
Z o A=t i S
© £ 2 o
< 200 2 100 pchns
< 2 o= H A H LA
wu SR 11 - - -
S e 3 i EEREE==
= 100 : H
1 HHH H T T H
T T FHHHHH i HH H
INEEE NN EEEREI EENEENENN L1l 111 11
o 10 20 0 50 60 7 80 90 o 10 20 30 40 50 60 70 80 90
LOAD CAPACITANCE (CL)~— pF ' LOAD CAPACITANCE (C )—pF
92CS-19968 92CS-19969
Fig. 1—Typical Propagation Delay Time vs. Load Capacitance. Fig. 2—Typical Transition Time vs. Load Capacitance.
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CD4035A

STATIC ELECTRICAL CHARACTERISTICS (All inputs

................. ... Vgg< V; <Vpp!

(Recommended DC Supply Voltage (Vpp — Vgg). -« . . ... .. 3t 15V)
LIMITS CHARAC-
TEST TERISTIC
CHARACTERISTIC | SYMBOL | CONDITIONS CD403SAE UNITS guTnE\gs
Vo |Vbp -a0°c 25°C 85°C CIRCUITS
Volts| Voits| Min. | Typ.| Max. | Min, | Typ.| Max.| Min. | Typ. | Max. Fig. No.
Quiescent Device | 5 - - 50 - 05 | 50 - - 700
Current L 10 |- - 10 | — 1 10 | — - 1400 | MA n
Quiescent Device 5 - — 250 |— 25 | 250 | — - 3500
Dissipation Package | PD 10 |- |- |1000|- |10 [1000{—- |- |14000| MW 4
Output Voltage 5 |- |- |oo1]|- jo J|oo1|- |- [o0s
Low Level VoL 10 [- |- loot|- [o |oo1|- |- [oos |V -
5 499 |- |~ la99|5 |- |ags5|- .|-
High Level Vo 10 [999 |- |- 99910 |~ |995|- |- v -
Noise Immunity 08 |5 15 |- - 15 |225]|— 14 |- -
(All Inputs) VNL 1 10 |3 — = |3 a5 |- |29 |- |- v
- 12
::e,fe ,”"Z-o" 42 |5 (14 |- [~ |15 |225|- |15 |- |-
ppendix VNH 9 [10 128 |- [= |3 |45 |- |3 |- |- v
Output Drive
Current: 05 |5 043 |- - 0.35 |1 - 0.24 |— -
N Channel IpN 05 |10 [105{- |- Joss|25 |- [|os9 |- |- mA -
45 |5 |02 |- |~ |wo0a8|05 |- [012|- |-
P Channel 1pP 95 |10 [.086[- |- |045|-031|- |-031|- |- mA -
Input Current Iy - - - - 10 - - - - PA -

6| AMBIENT TEMPERATURE (Ty) =25°C 106 [AMBIENT TEMPERATURE (Tp)+25°C
LOAD CAPACITANCE (C)=15pF ALTERNATING “0"
Ed AND "1" PATTERN 7

~ 1 108 5=

£ s | T

] s T

1 : I 2 el

o o lo* T 7 5 11
S 4 K] N By _
> 2 NSO >

g % qo\j" % R I~

H g 103 bt / Z, A

S 3 g < =7

£ g JA

£ & 02 “L A

5 [

2 2 o

z ) - -

-

x (-4

° w0 A7 A

S 3 " BEE= ———LOAD CAPACITANCE (C_ )=I5pF
o === C_*50pF

e T T TITT 1T 107
e l 10 102 10° 10*
0 10 15 INPUT CLOCK FREQUENCY (’CL)—kH:
SUPPLY VOLTS (Vpp) 92CS-17806R3

92C€5-19970

Fig. 3—Typical clock input frequency vs. Vpp.

Fig. 4—Typical dissipation characteristics.
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PARALLEL PARALLEL
SERIAL lNPU‘qf)-l PI-2 PI-3 PI-4
CONTROL (P/S) 9 10 u 12 -
A70— N
1 ] ]
16 16
, L
4:0—] ! !
TG Tol4o o
|
A [
3
cLock
P¥¥es >
RESET
28 o>
TRUE/COMPL. N
A0
G 1 » 0
P/S=0%SERIAL MODE
T/C = = TRUE OUTPUTS
. I
FIRST STAGE TRUTH TABLE
Q Q2 Q3
1a-1{INPUTS) 10 (OUTPUTS) A Fm———
cL VIR [ R [ Qn-t Qn Voo TERMINAL No. 165 Vpp
T Tolx o o o ' TERMINAL No. 8 = GND
1 *TG=TRANSMISSION GATE
/x| ° ! INPUT | ] ™
TERMINAL GATE
/| xjo]o ' ° _ ]
5— TOGGLE| v,
1]o] o | an Tl ss
v 07! MooE INPUT TO OUTPUT IS:
4 BIDIRECTIONAL Low IMPEDANC!
/x| ]o ! ! INPUT PROTECTION CIRCUIT o N CoNTROL NEOT T |5'|.0wE
AN CONTROCINPUT 2 16 "Hiou™
\_| x| x| o] o Qn-i
b) AN OPEN CIRCULT WHEN CONTROL
INPUT ) IS “HIGH" AND CONTROL
X x]x]! x ° INPUT 2 IS*LOW
. 3 . 92CM-19967
Fig. 5—Logic Block Diagram.
ol o ul w2
2 FI-T P2 P13 PI-4 7 PI-1 PL2 PL3 PI-4)
3 P
6
cLOCKOr SleL e
4
—H — cD4035A
O t 3% T 3l;  TeNs ResisTER
vopo O : /e Vwo—fr/c
RESETO- R g, 02 a3 aa R q 02 Q3 Q4
T 5] 14 1 T 15| e 13
P —
duirs 8
TENS
ouv Jour
N
s P/s
CARRY. RY 10
D UNITS FORWARD BCD TENS FORWARD. NExT
(BIDEC LOGIC) (BIDEC LOGIC) DECADE
FIG.7 FIG. 7
PI-2 PI-2
- T0 PI-3
uniTs [ <BIZ2 TENs  [<
REGISTER| pI-4 REGISTER | _PI-4
92CS-19971
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Fig. 6—Binary-to-BCD Converter.
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DYNAMIC ELECTRICAL CHARACTERISTICS at T4 = 25°C and C = 15 pF
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C (See Appendix for Waveforms)
LiMmiTs CHARAC-
TERISTIC
TEST UNITS gl'.:,?;f_s
CHARACTERISTICS SYMBOLS CONDITIONS CDA4035AD, CD4035AK | CD4035AE CIRCUITS
Fig. No.
Vbp ¢
(Volts) [ Min. | Typ. | Max. | Min.|Typ.|Max.
CLOCKED OPERATION
Propagation Delay Time: tPLH, 5 - 250 500 — 250 |700 ns 1
tPHL 10 - 100 2c0 — {100 |3CO
Transition Time: tTHL, 5 - 100 200 — [100 |300 ns 2
tTTLH 10 - 50 100 — | 50 [150 .
Minimum Clock WL, 5 - 200 335 — | 200|500 | ns _
Pulse Duration twH 10 - 100 165 - | 100{ 250
.Clock treL” 5 - - 15 - |- 11 s _
Rise & Fall Time ticL 0 | — = 5 [ R e
Setup Time: 5 - 250 500 — 1250 [750 ns _
J/R Lines 10 - 100 200 — {100 [250
. 5 - 100 350 — [100 |500
Parallel-in Lines 70 — 50 80 — 150|100
Maximum Clock 5 1.5 25 - 1125 -
Frequency feL 10 3 5 — 2 5| — MHz 3
Input Capacitance Ci Any Input - 5 - - 5| — |pF -
RESET OPERATION )
Propagation Delay Time: tPHL. 5 - 250 500 — 1250 {700 ns _
tPLH 10 - 100 200 — |100 [300
Minimum Reset Pulse twe, 5 - 200 400 — {200 [500 ns _
Duration twH 10 - 100 175 — |100 |200
* If more than one unit is cascaded t,CL should be made less than
or equal to the sum of the fixed propagation delay time at 15 pF
and the transition time of the output driving stage for the
estimated capacitive load.
Q; Q2 Q3 Q4
= P/S LEFT
CARRY 9| 10 III |z| Ofmfu‘:r
FORWARD PI-1 PI-2 PI-3 PI-4
LEFT/RIGHT ——] P/S
Voo 4
RIGHT J
.l-l> O rrI-2 RO —E %
6
CLOCK——CL CD4035A
PI-3 TRUE/CoMPL—2]T/C
reser—2R
-<{> ] Q2 Q3 Q4
RIGHT
pr-a [ [ 15 ||4 13 ieur
OUTPUT TRUE /COMP. CONTROL IN TRUE MODE ouTPUT
92Cs-19972
92€S-19974

Fig. 7-BIDEC Logic.

Fig. 8—Shirt Left/Shift Right Register.
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Voo
4
CD4035A
oy 4-STAGE REGISTER Using a control line (E) two different state sequences can be generated.
For example, suppose the following two sequences are desired on
command (control line E)
Q3
T [ﬁ |M 3 Control=E= 0 1
1 Qq Qp Qg3 Qg Qq Qy Q3 Qg4
I A B Cc D A B [+ D
00 (] 0 (1] 15 1 1 1 1
45 g 11 (1] (1] 0 14 0 1 1 1
w2 N 20 1 0 o0 131 0 1 1
5 1 0 1 (1] 10 0 1 o 1
| | conTRoL 0 0 1 o 1 51 0 1 0
4 0 0 1 [v] 1 1 1 o 1
T 9 1 ] 1] 1 6 0 1 1 1]
3 1 1 o] [+] 122 0 0 1 1
Sl oo e 6 0 1 1 0 9 1 o0 0 1
% Di0RA "l 13 1 o 1 1 2 0 1 o 0
'3 - 1 1 1 o 1 4 0 ] 1 (]
f 7 1 1 1 o 8 0 4] 1] 1
3 14 0 1 1 1 101 o 0 (]
12 0 o 1 1 3 1 1 o (4]
8 0 o 1] 1 71 1 1 (4]
57
2 .
( Fig. 9(b)—State Sequences.
92CS-19973
Fig. 9(a)—Double Sequence Generator. Units Tens
Register Register
1 2 4 8 1 2 4 8
© @
4 2
58 = 0 1 ) 1 1 1
Shift
Shift
0 1 ] 1 1 1
Shift

Add* 3 to Units Decade & Shift (1 1)

Shift
6 1 0o o0 1 o0 1
Add* 3 to Units Decade & Shift (1 1)
6 0o o 1 1 o0 1 o
* From Left to Right 8 5

Fig. 10—Example of Binary-to-BCD Conversion.

Using Couleur’s Technique (BIDEC)*, a binary number A The basic rule is: If a 4 or less is in a decade, shift with the next

(most significant bit, MSB) first is shifted and processed, clock pulse; if a 5 or greater is in a decade, add 3 and then shift at
N . . h . the next clock pulse. For more information refer to “IRE

such that the BCD equivalent is obtained whenthelastbinary TRANSACTIONS ON ELECTRONIC COMPUTERS", Dec. 1958,

bit is clocked into the register. The CD4035A, with the Pages 313—316.

correct conversion logic, can also be used as a BCD-to-binary

converter.
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TEST CIRCUITS
5VORIOV
i 16 @— 5VORIOV o

2 15— J'

3 14 f— 0
PO @ T .
5 12 —< 2 15
6 0 = 3 14
7 10 E a 13
- 35VOR 7V 5 12
6 "
o= 7 10
92CS-19975 I.5VOR 3V 8 9

Fig. 11—Quiescent device current.
92CS -19976RI

Fig. 12—Noise immunity.
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RG

Digital Integrated Circuits

Monolithic Silicon

Dolid State CD4036AD CD4039AD
CD4036AK CD4039AK
COS/MOS 4-Word by 8-Bit
P TN
Random-Access NDRO Memory
INPUT GATING -
i — Binary Addressing CD4036AD, CD4036AK
3f ] [*WRDx8- BT Direct Word-Line Addressing CD4039AD, CD4039AK
Special Features:
= ® COS/MOS logic compatibility at all input and output terminals
= Memory bit expansion
MEMoRY ® Memory word expansion via Wire-OR capability at the 8 INPUT-BIT
BN — and 8 OUTPUT-BIT lines
—wousors ~ | ® Memory bypass capability for all bits
s2¢s-19934 = Buffering on all outputs
CD4039A ® CD4036A- on-chip binary address decoding, separate READ

INHIBIT and WRITE controls

= Access Time—200 ns(Typ) at Vpp=10 V

® CD4039A-Direct word-line addressing

RCA type CD4036A is a single monolithic integrated circuit
containing a 4-word x 8-bit Random Access NDRO Memory.
Inputs include 8 INPUT-BIT lines, CHIP INHIBIT, WRITE,
READ INHIBIT, MEMORY BYPASS, and 2 ADDRESS
inputs. 8 OUTPUT-BIT lines are provided.

Al input and output lines utilize standard COS/MOS inverter
configurations and hence can be directly interfaced with
COS/MOS logic devices.

CHIP INHIBIT allows memory word expansion by WIRE-
ORing of multiple CD4036A packages at either the 8-bit
input and/or output lines (See Fig.15). With CHIP INHIBIT
“high”’, both READ and WRITE operations are inhibited on
the CD4036A. With CHIP INHIBIT “low”, information can
be written into and/or read continuously from one of the
four words selected by the binary code on the two address
lines. With CHIP INHIBIT ““low”, a “high” WRITE signal and
a "“low’” READ INHIBIT signal activate WRITE and READ
operations, respectively, at the addressed word location
(See Fig.4).

The MEMORY BYPASS signal, when ““high”’, allows shunting
of information from the 8 INPUT-BIT lines directly to the 8
OUTPUT-BIT lines without disturbing the state of the 4
words. During the bypass operation input information may
also be written into a selected word location, provided the
CHIP INHIBIT is “low” and the WRITE is “high”. The
READ operation is deactivated during the BYPASS oper-
ation because information is fed directly from the 8
INPUT-BIT lines to the 8 OUTPUT -BIT lines.

RCA type CD4039A is identical to the CD4036A with the
exception that individual addréss-line inputs have been
provided for each memory word in place of the binary

Applications:

Digital equipment where low power dissipation and/or high
noise immunity are primary design requirements.

a Ch | Preset M y in digital freq y-synth

circuits
= General-purpose and scratch-pad memory in COS/MOS and
other low-power systems.

BIT INPUTS
e — —— —8
,—
WRITE, INPUT GATING
D
£
Ao ¢ 4-WORD x 8-BIT
aj—|0 MEMORY
D
TLTTTTT]
INHIBIT TRANSMISSION
GATES
READ I[
iNHIBIT It
MEMORY T
BYPASS l—————= —— 8/
BIT OUTPUTS
92CS-19935

Fig.1 — CD4036A — Logic block diagram.
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ADDRESS, CHIP INHIBIT, and READ INHIBIT inputs.
When Wire-Oring multiple CD4039A packages for memory
word expansion, an individual CD4039A is selected by
addressing one of its word locations. The READ operation is
activated whenever a word location is addressed (via a “high’
signal—see Fig.5).

These devices will - be supplied in two different 24-lead
ceramic packages; the CD4036AK and CD4039AK in the
flat-pack, and the CD4036AD and CD4039AD in the
dual-in-line package.

STATIC ELECTRICAL CHARACTERISTICS (All inputs

CD4036A, CD4039A

MAXIMUM RATINGS, Absolute-Maximum Values:

Storage Temperature Range ..... —65 to +150 oc
Operating Temperature Range ... —55 to +125 oC
DC Supply Voltage Range
(VDD — VSS) v —0.5 to +15 v
Device Dissipation (Per Pkg.) .... 200 mwW
AL INPULS « o oee e Vss £ VISVpD
Recommended DC Supply Volitage
(VDD — VSS)e o vvvviinnnnn 3to 15 v
Lead Temperature (During soldering)
At distance 1/16 £1/32 inch
(1.59 £0.79 mm) from case
for 10 seconds max. ....... 265 oc

Vss < V) < Vpp)

{Recommended DC Supply Voltage (Vpp —Vgg). - . . . .. ... 3t015V)
LIMITS CHARAC-
TEST CD4036AD, CD4036AK .I;:EUR;\S/ESC
CHARACTERISTIC [SYMBOL| CONDITIONS CDA4039AD, CD4039AK UNITS | 2 reer
Vo [Vob —55°C 259C 1250C CIRCUITS
Volts | Volts | Min. Typ. [Max. | Min Typ. | Max. Min Typ.| Max. Fig. No.
Quiescent Device 5 — — 5 — 0.5 5 - — [ 300
1
Current L 0 = — 70 = T 0 - —Teo0 | “A 1,12
Quiescent Device Po 5 - - |25 = 25 |25 - — | 1500 W _
Dissipation/Package 10 — — _|100 — 10 |100 - —_| 6000 ¥
Output Voltage: 5 _ _ 1 _ 0 _ _
P s VoL 0.0 0.01 005 | v _
10 = - _10.01 = 0 lo.01 = — {0.05
High-Level VOH 5 4.99 - - 4.99 5 - 4.95 - - v _
10 999" | - — 9.99 10 — 9.95 — -
Noise Immunity VL 0.8 5 1.5 - - 1.5 225 - 14 - -
(All inputs except 1.0 |10 3 - - 3 45 — 2.9 — —
bit inputs when \ 13
in memory by- | vy 42| s 1.4 - | - 15 225 | - 15 | - | -
pass mode.) 9.0 |10 2.9 - |- 3 a5 - 3 -1 -
Output Drive Current: InN 0.5 5 0.12 - - 0.10 0.20 — 0.07 — —
N-Channel o Nor- mA 6
mal o5 |10 |0.30 - | - ] o2 Joso | - | 0a7 | - | -
Read
P-Channel Ipp  [Modegds | 5 -042 |- | - |-0.10 |-020| — |-007 | — | - |na 7
9.5 10 - —0.30 — - |-025 |-050| - |-0.17 — —
Output Drive Current: IpN Mem- 0.5 5 0.04 — - 0.03 0.06 | — 0.02 - - mA _
N-Channel ory
By- 0.5 10 0.09 — — 0.075 | 0.15 - 0.05 - -
P-Channel IoP ﬁ;;e 45 5 |-0.04 - - |-0.03 |-006] - |-002 | - - | ma _
+ 9.5 10 —0.09. — — |}-0.075 | -0.15| - |- —0.05 — —
Input Current Iy - - - — - - 10 - - - - pA -

*+Bit inputs driven from low-impedance driver.
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CD4036A, CD4039A File No. 613
DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and C_ = 15 pF
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C
CD4036AD, CD4036AK CHARAC-
TEST CD4039AD, CD4039AK TERISTIC
CHARACTERISTICS SYMBOLS CONDITIONS UNITS | cURVES
VpD & TEST
Volts|] Min. | Typ. | Max. CIRCUITS
R(exd Delay Ti)me: 5| — 375 750 ns 45
ccess time .
Read Inhibit (R1) OUTPUT TIED 10 - 150 300 Note 4
THROUGH 100 kQ
. - TO Vgs FOR DATA 5 = 500 | 1000 ns
Chip Inhibit (C1) trd OUTPUT “HIGH” 10| — | 200 | 400 | Note4 45
AND TO Vpp FOR 5 - 375 750
Memory Bypass DATA OUTPUT 10 — 150 300 ns 4.5
(MB) “LOoW"”
5 - 500 | 1000
Address! (ADD) 0 = 200 | 400 ns 458
Write Set-up Time2 tws 150 333 1525 — ns 45
Write Removal Time3 tWR 150 g g : ns 45
Write Pulse Duration tw 150 165;) ;g ___ ns 45
5 - 0 0*
Data Set-up Time5 DS ol = 0 o ns 45
5 | 100® 50 -
Data Overlap Time6 tDO 10 | 40°® 20 - ns 45
. : tTHL. 5 = 200 400
Output Transition Time tTLH 0 = 100 200 ns 9
Input Capacitance Cy Any Input - 5 — pF -

oD WN =

6. The time that DATA signal must remain present after the WHITE pulse removal.

® Min. indicates satisfactory operation if tpO equals or exceeds this value.

. For CD4036A only, remove 100-k§2 test condition and write all 1's in word one, and all 0's in word two, or vice-versa.

. Delay from change of ADDRESS or CHIP-INHIBIT signals to application of WRITE pulse.

. Delay from removal of WRITE pulse to change of ADDRESS or CHIP-INHIBIT signals.

. Values for CD4036AD & 4036AK only.

. The time that DATA signal must be present before the WRITE pulse removal,
* Max. indicates satisfactory operation if tpg equals or exceeds this value,

Fig.2 — Dberatinymade truth table.
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Read - |Memory | Chip
Write |Inhibit |Bypass | Inhibit Operating Mode
(Pin 2) |(Pin 21) |(Pin 11) | (Pin 22)

X X L H | Chip Inhibited (Outputs float)

X X H H input/Output Shunted to output;
No Reading from Memory;

L X H L Information in Memory
Undisturbed
Input/Output Shunted to output; A1l A0 Addressed

H X H L No Reading from Memory; Pin 1| Pin 23 Word
Write Data into Addressed Word L L Word 1

L L L L Re.ad Data f'rom Addressed Word L H Word 2
Write Deactivated H L Word 3
Read/Write Deactivated H H Word 4

L H L L {Outputs float)
Read from Memory while Fig.3 — Address truth table.

H L L L Writing Data into
Addressed Word

H H L L Write Data into Addressed Word
Read Deactivated {outputs float)

L = Low-Level Voltage,
H = High-Level Voltage



File No. 613 CD4036A, CD4039A
1 1
S W | e
0 [
| 1
Al \ ‘ WORD 2
o o
\ Tws -1 > twr \
WRITE tw WORD 3
o [4
| 1
CHIP WORD 4 \ \
INHIBIT | o
T »| [t
X \ | tw | [~'wr
READ WRITE w
INHIBIT L ° L_
\ J—
MEMORY MEMORY —~ too [~
BYPASS —*too[ l BYPASS
o T [
=705 [~ "1
[ DATA
DATA N
N _
o
trd —f - trq
' (ADD) (MB)
1 r -
DATA j DATA \
o | oUT —— I
92C5-20680
—={trd| >ltrd ~>ftrdte—
RD)  (ADD) (MB)
92C$-20681 Fig.5—CD4039A Timing Diagram.
Fig.4—CD4036A Timing Diagram.
DRAIN-TO-SOURCE VOLTAGE (Vpg)—V
-15 -10 -5 [}
AMBIENT TEMPERATURE (Tp)=25° (1 ! 1%
TYPICAL TEMPERATURE COEFFICIENT[T gBEn A
AT ALL VALUES OF Vgg=-0.3%/°C : & <
T ] T
I 1 1
< T i a
a
5 s T <]
- e T e
H ST g
(] O\ @
'3 'l 1 1
s PO aRnnna 5
© 50%’ I T >
z o H t I 0 Z
i P agine RIEERRREES: £
S SV 1 3 i & a
p. o h : o
2 s A I
z z
z E
g x
INENENEENEENRS 5 9
L Ll T AMBIENT TEMPERATURE (Tp)=25°C H = a
5 T TYPICAL TEMPERATURE COEFFICIENT
28 i AT ALL VALUES OF Vg5*-0-3 %% /°C
0 0 5
DRAIN-TO - SOURCE VOLTAGE (Vpg)—V
92CS-20677
9205-20676
Fig.6—Typical I drain Fig.7—Typical p-ch: drain ch. istics.
AMBIENT TEMPERATURE (Tp)=25°C AMBIENT TEMPERATURE (Tpl®25°
TYPICAL TEMPERATURE COEFFICIENT TYPICAL TEMPERATURE COEFFICIENT
AT ALL VALUES OF Vpp=0.3%/°C AT ALL VALUES OF Vpp=0.3 %/°C
H T H T
[ 1
3 :_,we
E ] = +5Y
2y 3 T EN = 00
= 5 £ (7
" &3 Wodk = M oLt
2 oLt ¥ SR
F 75 L e £3
% ] z
2 3
: S T == § :
e
g Tt BEm=Coann aaEsE g 1 H
250 am ¥ 109
1 T T
T in| aui
1T 11T il 1T
0 20 30 40 50 60 70 80 90 o 10 20 30 40 50 60 70 80 90

LOAD CAPACITANCE (C)—pF
92CS-20678

Fig.8—Typical read delay time vs. Cf.

LOAD CAPACITANCE (CL)—pF
92CS-20679

Fig.9—Typical transition time vs. C| .
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~ 10g] LOAD CAPACITANCE (C_ )= I5pF Z
6| DATA FREQUENCY AT BIT INPUTS 24
o (CONSTANT ADDRESS)
~ —=—=-ADDRESS FREQUENCY ,
2 (CONSTANT DATA) 7
: AMBIENT rEMPEnAruaE(;rAlszg.'c A J% P
1 i N
° % % 2
z «vé' / ~
g o
& oqq\’/r P
. § o1 >
4
L% G VA
A, Vd
1
ool|
[ 10 100 1000
FREQUENCY (f)—KHz 925-20710
Fig.10—Typical power dissipation vs. frequency .
TEST CIRCUITS
ov
B ° Iov
2 T 29 ]
223 s2 223 TEST PERFORMED WITH
3 22 i 3 22 THE FOLLOWING SEQUENCE
4 21 1 = 4 21 OF 1I's AND O's
c c
N 5 20 = 5 § 29
s3 6 & ' tesT PERFORMED WITH 6 & 19 Su
7 3 18] THE FOLLOWING SEQUENCE 73 18 T
Rl 8 § 17| OF I's AND 0's 8 % 17 °
= 9 " 1g) S S22 S3 9 18
] 0 0
10 15 ° ° ° S 0 15]
" 14 9 ! | 1 " 14
E 12 13 ] F 0 = 2 13
: ? ? = 92¢5-20704
i | o
92€S-20703
Fig.11—Quiescent current (CD4036A) . Fig.12—Quiescent current (CD4039A).
SVORIOV 35VOR7V
35VORTV
T’-& T 7
o 2 23
v, | l 3 22
L] o 4 H
5 20
6 19
7 18
8 14
° 16 I5VOR3V
10 15
n, 4
12 13—+ ovm)}=
L5VOR3V

92CS-20705R!
Fig.13—Noise immunity.
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File No. 613 i CD4036A, CD4039A

Switches shown
are GRAYHILL
2-pole switches
50CY23133. CEN-
TRALAB PA160,
or equivalent can
also be used.

Switches (left to
right) read 5-3-2.

The equivalent val-
ue of “N” for
WORD | these switch po-
2 T sitions (from the
3 \a| Table below) is
4911 | l 31-00rN=13.
22 23 2 4 5 6 7 8 9 10 22232 | 3 4 56 7 89 10
CD4039A" cD4039A"
2 1120 19 18 17 16 15 14 13 2 11 20 19 18 17 16 15 14 13
[ I T
N
Value .
PRESET (Front |  SWiteh
STROBE panel Positions
) notation)
o o 2
23] 7] 9|12 10 2| 3] 7] o[ 12] o] 2| 3] 7| o] 12| 19 1 3
A 18 [2 99z 93 9q U5 PE 15 [ 91 92 3 4q U5 PE 15 [ 9192 I3 4g Js PE ; :
cDpa4ol8A cb4olisa CD40I18A
Tf (UNITS) = (TENS) = (HUNDREDS) | 4 6
CL(O>CK 14 CLQ|0203 Qq 05D 14 CL6| Q2 Q3 04 650 CL6| Q203 Q4 550 ‘Z ;
5' 4' s| DR 5| 4r6, | 13 7 9
1 8 10
1/6 CDA009A 9 1
Vpp 1/2 CD4OI3A
1/2 CDA002A 5
1 —<C
DS cr
1v6coaoooa| © @
1/6 CD4009A R @
1/6 CD4009A VoD !/2 CD40I3A
D
e v
1/2 CD4002A o gl
R cLock 92CM-19947
, 5 aox

+ The CD4036A CAN BE UTILIZED IN A SIMILAR FASHION.

SEE APP. NOTE ICAN-6498 — “DESIGN OF FIXED AND PROGRAMMABLE COUNTERS USING THE RCA CD4018A

COS/MOS PRESETTABLE DIVIDE-BY-"N° COUNTER” AND ICAN-6716, “LOW POWER DIGITAL FREQUENCY
SYNTHESIZERS UTILIZING COS/MOS IC'S”.

Fig. 14— Three-decade programmable = N counter with 4-channel preset memory settings for frequency synthesizers.

The divide-by-N counter system shown in Fig.14 is program-  simply addressing the proper word. Note that the CD4029A
mable from 2 to 999. Four counter-preset words, selected  (see Bulletin File No. 503) Presettable Up/Down Counter
by means of the rotary switches, can .be stored in the with BCD decade counting can also be used to perform the
CD4039A devices and can be read into each CD4018A by  basic counting function.
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BIT INPUTS
r \
12345678 1011 12 13 14 15 |
MEMORY BYPASS
READ INHIBIT 1 T B
WRITE
T 1 T 1 T [ 1
272 Il 522l 1l AT MERETT
a a 4 4
5 5 s 5
6 6 6 6
7 7 7 7
8 8 8 8
[ 9 9 9
10 10 10 10
CD4036A * coa03ea ™ c04036a" CD4036A %
20 20 20 20
9 19 19 9
18 18 8 18
17 17 17 17
16 16 16 3
15 15 15 15
14 14 14 14
13 13 3 13
22 23 1 22 23 1 22 23 | 22 23 |
CHIP J§ | |
3-LINE
PEAT mma;.L[> 1
Ao
Ay
\ l2345678 | 91011 1213141516
# THE CD4039A CAN TILL D IN A SIMILAR FASHION
39 BE UTILIZE SIMILAR FASHIO BIT QUTPUTS 92CM- 19938

Fig.15— General-purpose memory storage — 8 words x 16 bits (RAM or ROM).
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File No.576

R/

Solid State
Division

Digital Integrated Circuits

Monolithic Silicon

CD4037AD, CD4037AE
CD4037AF, CD4037AK

vor—0 COS/MOS Triple AND-OR

1 - < -
ee—0 2] s § Bi-Phase Pairs
Vss—é i

[T] 3 ., | Applications:
3 a v For use in digital equipment where low-power

dissipation, low package count, and/or high
12 ¢ noise immunity are primary design
requirements.

(4]

5 b2
c2 n
E2

1T s
e Jirss
S g3

92¢5-19953

Split-Phase (Bi-Phase) Communication Systems.
Disc, Drum, and Tape Digital Recording Systems.
Plated Wire and Core Memory Systems.
High-to-low logic level converter.

RCA CDA4037A consists of three AND-OR pairs driven by Features:

common control signals A and B.

Each circuit has a data input (C), and two output terminals
(D and E) that provide outputs in accordance with the truth

@ Qutputs compatible with low-power TTL systems.
o High current sink and source (1.6 mA typ.) capability

atVpp=Vcc=10Vand Vps=05V.

table shown in Fig. 2. The circuit is useful for coding or a Input pr ion ag ic effects.
decoding signal.s for ss!it-pha;e |(B;;'|)ha58) o:mmunication & Microwatt qui power dissi : Pp =05 uW/
systems, magnetic recording, and plated wire and.core memory A _ A
systems. A separate VCC terminal is provided to allow level :;:::1’2(3 {typ.), Pp = 2 uW/plastic pkg. (typ.) at
conversion to any voltage from 3 volts to Vpp.
CD4037AD is supplied in a 14-lead ceramic dual-in-line
package, CD4037AE in a 14-lead plastic dual-in-line package,
CDA4037AF in a 16-lead dual-in-line ceramic frit-seal package,
and CD4037AK in a 14-lead ceramic flat package.
MAXIMUM RATINGS, Absolute-Maximum Values:
Storage Temperature Range . . ............. —650C to +150 ©C
Operating Temperature Range:
Ceramic Package Types ............... —550C to +125  ©C
Plastic Package Types . .. .............. —400C to +85 oc
DC Supply Voltage Range (Vpp — Vsg). . ... —05Vto +156 \
Dissipation:
PerPackage.............ccvuuiinneann 200 mW
PerOutput . ......cooiiiviinnann, 100 mwW
Allllnputs . ... ... .. e Vgs <V <Vpp
FOrVEg. oo ii i 3<vee <Vpp
Recommended DC Supply Voltage
(VDD —Vss) oo 3t 15 \

CAUTION: Vo VOLTAGE LEVEL MUST BE EQUAL TO OR
LESS POSITIVE THAN Vpp

9-74
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File No. 576

@
*
%

Q 9 fVDn Vee
J 1 o
12 |NEE pR
& =
o =7 [1H —
DRIIMETE |3 e
- q i) i
Vss '_I "‘L__l 4 H
__| ; | !—4 —
Vs;
— :] ALL p suss'rairss CONNECTED r: flfm
l [ J e ALL n SUBSTRATES, UNLESS OTHERWISE
|—| . SHOWN, ARE CONNECTED TO Vgg
Ei
| b VIDD " vee
[ .J - —
= - o
[ =
! 12 e
£ s S T el
JE | e dn U
Vss
| :’ * ALL INPUTS ARE PROTECTED BY STANDARD .
| b | e COS /MOS RESISTOR-DJODE NETWORK
'.—-]
O
v
TO OTHER 2 PAIRS Vss

92CM-19233RI

Fig. 1—Schematic diagram of one AND-OR-Bi-Phase Farr.
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STATIC ELECTRICAL CHARACTERISTICS (All inputs

Vss < Vy <Vpp)

CD4037A

{Recommended DC Supply Voltage (Vpp — Vgg). - .. . .. ... 3to15V)
LIMITS CHARAC-
S TERISTIC
TEST CD4037AD, CD4037AF, CD4037AK CURVES
CHARACTERISTIC |SYMBOL| CONDITIONS UNITS | & TEST
Vo [Vee Voo -55°C 25°C 125°C CIRCUITS
Volts [Volts | Volts | Min. | Typ. | Max. | Min. | Typ. | Max. [ Min Typ. | Max Fig. No.
Quiescent Device | 5 5 - - 5 — 0.03 5 — = 300 A 9
L H
Current 10 - - 10 - 0.05 10 - - 600 |
Quiescent Device P 5 5 - - %] - 0.15 25 - ~ | 1500 w _
N D u
Dissipation/Package 10 - - 100 - 05 100 - - 6000
Output Voltage: 5 - - 0.01 - 0} 001 - - 0.05
VoL s v -
Low-Level 10 - - 0.01 - 0] 0.01 - - 0.05
5 5| 499 - - 4.99 5 - 495 - -
High-Level VOH \" -
10 10 | 9.99 - - 9.99 10 - 9.95 - -
Noise Immunity 0.8 5 51 15 - - 1.5 2.25 - 1.4 - -
(All Inputs) \% 10110} 0|3 - - |3 4.5 - |29 | - -
For Definition, NIL 22 5 : v 10
See Appendix VNIH .. 5 1.4 - - 15 2.25 - 5 - -
9.0 10 10} 29 - - 3 4.5 - 3 - -
Output Drive Current: 0.5 5 51085 - - 0.7 1.2 - 1045 - -
IpN mA -
N-Channel 0.5 10 10{ 13 - - 11 2 - 0.7 - -
4.5 5 5 |-0.65 - - |-0.55 |-1 - [-035] - -
P-Channel IpP mA -
9.5 10 10 [-0.9 - - |-0.75 |-16 - |-0.45 - -
Input Current " - - - - 10 - - - ~ pA —
LIMITS CHARAC-
TERISTIC
TEST CDA4037AE CURVES
CHARACTERISTIC |SYMBOL| CONDITIONS o UNITS | & TEST
0, 0
Vo (Vee (Voo -40°C 25°C 85°C CIRCUITS
Volts [Volts | Volts[Min. [ Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max Fig. No.
Quiescent Device \ 5 5] - = 50 - | 0.1 50| - - 700 uA °
Current L 0] - - | wo| - |o2 | 100] - - | 1400
Quiescent Device P 5 5| - - 250 -~ 0.5 250 - - 3500 oW _
Dissipation/Package D 10| - - |1000| - 2 | 1000] - — |14000
Output Voltage: 5 - - 0.01 - 0{ 0.01 - - -
VoL 5 \2 -
Low-Level 10 - - 0.01 - 0] 001 - - -
5 5 | 4.99 - - 4.99 5 - 4.95 - -
High-Level VOH v -
10 10 | 9.99 = - 9.99 10 - 9.95 - -
Noise Immunity 0.8 5 515 - - 1.5 225 — 14 - —
(All Inputs) Ve 1010 [0 - -3 Jas | - |20 - | -
For Definition, 22 v 10
See Appendix VNIH - 5 5/)14 - - | 18] 25| -] 15 - -
90| 10| 10| 29 - - 3 45 - |3 - —
Output Drive Current: 0.5 5 504 - - 035| 0.7 - c.3 - -
IpN mA -
N-Channel 0.5 10 10 | 0.65 - - 055( 1.1 - | 0.45 - -
45 5 5 |-0. - - |-0. -0. - |-0.2 - -
P-Channel IpP 0.35 3 0.5 mA -
95 | 10 10 |-05 - - |-04 |-075 ~ |-03 - -
Input Current h - - - - 10 - - - — pA —
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DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C, C|_ = 15 pF, and Vg =5 V
Typical Temperature Coefficient for all values of Vpp = 0.3%/°C

LIMITS CHARAC-
TERISTIC
TEST
CD4037AD,
CHARACTERISTICS | SYMBOLS CONDITIONS CD4037AK. CDA4037AE uniTs | CURVES
CD4037AF & TEST
Vpp CIRCUITS
(Voits) [ Min. | Typ. [ Max. [ Min. Typ. | Max. Fig. No.
Propagation Delay Time: tPHL 5 — 225 450 - 325 650 ns
Aand B Inputs PLH 10 - 75 | 150 — | 100 | 200
tPHL 5 - 250 500 - 350 700
C Inputs 10 - 75 | 150 — 100 | 200 ns 6,8
tPLH 5 - 225 450 - 325 650
10 - 90 180 - 126 250
Transition Time: tTHL 5 - 40 80 - 60 120 ns 48
High-to-Low Level 10 - 15 30 - 20 40
Low-to-High Level tTLH 5 - 75 150 - 100 | 200 ns 58
10 - 60 120 - 90 180
Input Capacitance Cy Any Input - 5 - - 5 - pF -
N I L e e
eI T wzoam
TRUTH TABLE A""“’I L"-I I—‘I L—J L—] CONTROL
aa INPUT ][ OUTPUT | Bw SIGNALS
Vee alsfofE o
M o ofoft]! R e e -
Tloflclc L1 ] oututs
3
o =
v, olifc|c
cl 2 cc T o o CODING WAVEFORMS
L 3
o .
- PHASE
e—d» LT L I L uoouiateo
A DATA
[: 02 S S SRS s FUU S pa A
c2 SIGNALS
L e S T T T
11
1 | NRZ
c3 —l [ 03 o—1 COMPLEMENTARY
E3 :——L_—_J————l—__ ouTPUTS
92Cs- 19221
DECODING WAVEFORMS szcs-19227
Fig.2—Logic diagrsm and truth table. " Fig.3—Coding and decoding waveforms.
AMBIENT TEMPERATURE (rA)- 25°C
COLLECTOR SUPPLY VOLTS (Vcc)=5
AMBIENT TEMPERATURE(Ty) =25 °C TEMPERATURE COEFFICIENT FOR
COLLECTOR SUPPLY VOLTS (Vccl=5 ALL VALUES OF Vpp=0.3 %/°C
» TEMPERATURE COEFFICIENT FOR ALL ]
H VALUES OF Vpp=0.3 %/°C |
~, 200 Rt T 400
£ 150 ,\é’ £ 300 Xy
- o, z e
z < S H R
o 3 2 K
E 5y = 2
5 100 o Ol 2 200
2 ! K
|3 t S
50 100
0 0 40 60 .80 100 20 40 0 80 10€
LOAD CAPACITANCE (C ) — pF LOAD CAPACITANCE (Cy ) — pF
92Cs-19224 92Cs-19225
Fig.4—Typical transition time vs Cy . Fig.5—Typical transition time vs Cy .
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POWER DISSIPATION (Pp) PER AND-OR CIRCUIT ~— uW

CD4037A

Iy
=3
=

o
Q
o

AMBIENT TEMPERATURE (Ta)=25 °C

COLLECTOR SUPPLY VOLTS(Vce)=5

TEMPERATURE COEFFICIENT FOR

ALL VALUES OF Vpp =0.3 %/°C
Lpeirigins

Szt

PROPAGATION DELAY TIME (tpyyy ,tp i) —ns

200
H
100
o 20 80 100
LOAD CAPACITANCE (C| ) —pF
92¢s-19223
Fig.6—Typical propagation delay time vs Cf .
10*
Voo *Vcc
103 A
UPPLY VOLTAGE (Vpp)*ISV, e
P

Cy =50 pF
G =15 pF

1072
100 103 104 105 108
INPUT FREQUENCY () —Hz
# PACKAGE CONTAINS 6 AND-OR CIRCUITS 92¢s-19222
Fig.7—Typical dissipation characteristics.
sv TEST CIRCUITS
(P J @—-no v
[— | 14
4 sy 2 13—
3 12p—
o s 4 =
2 5 10—
S3 7 8—
= 92¢s-19231

Fig.9—Quiescent device current.

INVERTING
OUTPUT
DORE

NON-INVERTING
OUTPUT

1TLH
—90% —Vpp
— —50%

———IO%O

-

DORE

92€s-20079

Fig.8—Waveforms for measurement of dynamic characteristics.

Voo

35VORTV 5V OR 10V

EEEEEY R

I.5VOR 3V

92€S-19232RI

Fig.10—Noise immunity (at T4 = 25°C).
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Digital Integrated Circuits

NG/

Monolithic Silicon
Daigionte CD4040AD CD4040AE
CD4040AF CD4040AK
o2 s COS/MOS 12-Stage Ripple-Carry
3

1 Binary Counter/Divider

Features:

® Medium-speed operation . . ..
[ Vpp—-Vss=10V
12~STAGE [}

RIPPLE COUNTER

5-MHz (typ.) input pulse rate at

Low “‘high”’- and ‘low"- level output impedance . . . ... 750 Q
(typ.) at Vpp—Vss = 10 V and Vpg = 0.5 V

odir J’o[’.,': P [ [ ]

Q4 Q6 Q8 QO Qi2
12 BUFFERED OUTPUTS

s2cs-20822

Common reset

Fully static operation

All 12 buffered outputs available
Low-power TTL compatible

RCA-CD4040A consists of an input-pulse-shaping circuit and
12 ripple-carry binary counter stages. Resetting the counter to
the all-O’s state is accomplished by a high-level on the reset
line. A master-slave flip-flop configuration is utilized for each
counter stage. The state of the counter is advanced one step in
binary order on the negative-going transition of the input
pulse. All inputs and outputs are fully buffered.

The CD4040A is supplied in a 16-lead dual-in-line ceramic
welded-seal package (CD4040AD), a 16-lead dual-in-line plastic
package (CD4040AE), a 16-lead dual-in-line ceramic frit-seal
package (CD4040AF), or a 16-lead flat pack (CD4040AK).

MAXIMUM RATINGS, Absolute-Maximum Values:

Storage-Temperature Range ....... . —651t0+150 oc

Operating-Temperature Range:

Ceramic-Package Types.......... —55 to +125 oc
Plastic-Package Types ........... —40 to +85 oc
DC Supply-Voltage Range:

(VDD—VSS) «vvviieeinnnn —0.5to +15 \
Device Dissipation (Per Package) . . ... 200 mW
AINPULS oottt Vss<V|<VpD
Recommended

DC Supply-Voltage (Vpp — Vss). . 3to 15 \Z
Recommended
Input-Voltage Swing . . .......... Vpp to Vss

Lead Temperature (During Soldering)
At distance 1/16" £1/32" (1.69 £0.79 mm)
from case for 10 s max. +265°C

Applibations:

m  Frequency-dividing circuits
® Time-delay circuits

® Control counters

-

sl

INPUT PULSE
HAPER
a 0UT = @IELIR)

>
[
\/

INPUTS
To 2nd
_ | saee
Q
STAGE |
® R=HIGH DOMINATES (RESETS ALL STAGES)
AACTION OCCURS ON NEGATIVE GOING
TRANSITION OF INPUT PU SE. COUN ER
ADVANCES ONE BINAR ACH
NEGATIVE ¢ TRANSITION (4096 rom.
BINARY COUNTS). 92CM-20748R1

Fig. 1 — Logic diagram of CD4040A input pulse shaper and
1 of 12 stages.
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File No. 624 CD4040AD, CD4040AE

CD4040AF, CD4040AK
STATIC ELECTRICAL CHARACTERISTICS (Al inputs . . . . . . oottt e e et Vgs X Vi< Vpp)
(Recommended DC Supply Voltage (Vpp — Vgg) - . -« .. . .. 3to15V)
CHARAC-
TEST e TCURVES
CHARACTERISTIC | symaoL | CONDITIONS CD4040AD, CD4040AK. CDA040AF units| g test
Vo |Vbp —550C 250C 1250C CIRCUITS
Volts [Voits{ Min. | Typ.| Max.{ Min.| Typ. | Max.| Min. | Typ.| Max. Fig. No.
Quiescent Device 5 - - 115 - 105] 15 - — | 900
13
Current L w| - | - |25 | - | 1 |25] - | - Jwsoo| #
Quiescent Device P 5 - - 175 - 125175 - — | 4500 "
Dissipation Package | ' 0 1] - | - |20] - {10 [2s0] - [ - [1s000] * 13
| Output Voltage: vo |Femout [5 | - | -looi} - 1o looi] - | -J005)
Low Level of 50 10 —~ - [001] - 0 | 001 - — | 0.05
. COS/MOS| 5 | 499 | — | — |499] 65 | — 1495 | — | —
High Level VOH lmputs [0 [ 989 | - | - [999] w0 | - [985]| - [ - | Y
0.8 5 1.5 - - 15225 | - 14 - -
VL v
Noise Immunity 1 10 3 e - 3145] - 29 - = 1112
(All nputs) v 42 15 | 14 | - | - 115226} - | 15} -] - | !
NH 9 || 28| - | - | 3|a5| -| 3 | -| -
Output Orive Current: 0.5 5 | 022 | - | - l0.145/036] - 0102} — | - A
n-Channel loN 05 |10 | 044 - | - |oa|ors| - Jozso | - | - | " 24
channel op 45 |5 [-045| — | - j_g1|-025 - |-007| - | -
p Channe 0 95 |10 |-03 | - | - Foog-05| - |oars] - | - | ™ | 38
Input Current 1y Any Input] - - - - 110 - - - - pA
STATIC ELECTRICAL CHARACTERISTICS (Al inputs . . . . .o v vttt e e e e s Vgs < Vy < Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). - . . . .. ... 3to15V)
CHARAC-
TesT LIMITS TERISTIC
CURVES
CHARACTERISTIC | sympoL | CONDITIONS CD4040AE UNITS| & TEST
Vo |Vop —400C 250C -859C CIRCUITS
Volts |Volts|Min. | Typ.| Max. | Min. | Typ. | Max. | Min. | Typ.| Max. Fig. No.
Quiescent Device 5 | - - | 80 = 1 50 - — | 700
Current L 0~ |- (00| -] 2 wo| - | - Juoo| | "
Quiescent Device 5 | — — | 250 = 5 |250 - — | 3500 13
s Pp uw
Dissipation Package 10 | - - 11000 - 20 |1000) - — | 14000
Output Voltage: VoL Fanout 5 | - - 10.01 -~ 0 ]0.01 - — 10.05 v
Low Level of 50 10 | - - 10.01 ~ 0 |0.01 - — | 0.05
C0s/M0s
. 5 1499 - - 499 5 - 495 | - -
High Level VoH |Mmputs  Mgees [ - | - [989] 10 | - [995] - | - | Y
08 |5 15| -] - |15 [225) - | 14| - | —
. Vv v
Noise Immunity nL T Jw)s3 |- - 3 |45) - 28] - | - 11,12
(All Inputs) 4.2 5 |14 - - 15 {225] — 1.5 - -
VNH 9 Jwo |29 |- 3 as] =13 -]-1"
Output Drive Current 0.5 5 |o21) — | — ] 008)036) — |005) — | —
(@, Q@ Outputs): IpN - . mA 24
n-Channel 05 10 |042| - | - 02 | 075| - 014} - -
4.5 5 |-0145 - - |-0.06]-0.25| - -04| - -
Ch; | ’ 35
Fohanne 'O | Jss w0 |coas] - | - |-oas|-0s| - [ -oa] - | - | ™ ’
Input Current 1) Any Input] - I - - - 0] - - - - pA
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CDA4040AD, CD4040AE

File No. 624 -

CD4040AF, CD4040AK

DYNAMIC ELECTRICAL CHARACTERISTICS, At T4 = 259C, Vss = OV, C = 15 pF (unless otherwise specified),
and input rise and fall times = 20 ns, except t,CL and t¢CL. Typical Temperature Coefficient for all values of Vpp = 0 3%/° C.

CHARACTERISTIC SYMBOL TEST CONDITIONS | CD4040AK, AD, AF CD4040AE uniTs | NOTE
{vop | min.| TYP.[mAX.| miN.| TYP.] MAX.

Input-Pulse Operation

Propagation Delay tPHL. 5 - 450 | 900 - 450 | 950 ns 1
Time tPLH 10 - 225 | 450 - 225 | 475

Transition Time THL 5 = | 150 | 300 - | 180 | 350 s

tTLH 10 - 75 | 150 - 75 175
Min. Input-Pulse Width Wi, t=100kHz [ 2 | - | X0 |400 | - | 200 500 ns
tWH 10 - 75 | 110 - 75 125

Input.-Pulse ) trg 5 - - 15 - - 15 s 2
Rise & Fall Time tip 10 - - 1.5 - - 15

Max. Input-Pulse 5 1 175 | - 09 | 175 -

Frequency fs 10 35 5 - 3.25 5 - MHz

Input Capacitance Cy Any input — 5 — — 5 = pF

Reset Operation

Propagation Delay 5 - 500 | 1000 | - 500 | 1250

) t|
Time PHL 10 - | 250|500 | - {250 | 6on " 3

Minimum Reset WH 5 - 500 | 1000 - 500 | 1250 ns
Pulse Width : 10 - 250 | 500 - 250 | 600

NOTES: .

1. Measured from the 50% level of the negative clock edge to the 2. Maximum input rise or fall time for functional operation.
50% level of either the positive or negative edge of the Q1 out- 3. Measured from the positive edge of the reset pulse to the nega:
put (pin 9); or measured from the negative edge of Q1 through tive edge of any output (Q1 to Q12.).
a1 p to the itive or ive edge of the next higher
output.

AMBIENT TEMPERATURE (Ty) = 25°C DRAIN- TO - SOURCE VOLTAGE (Vpg)—V
TYPICAL TEMR COEFFICIENT AT ALL VALUES OF Vgs=-0.3%/°C ~t5 1o — (]
T T LI T T T TTTT b

15 o o B8 0 0 I LA 5VH 5>

TE - T0 - SOURCE VOLTAGE Vgs)=15V I T |

3 T 1]

E T mun
] 12.5 5 HH .
5 5 ° %
= " =
o H

7.5
:
z v - 0
§ 5 ATE - TO — SOURCE VOLTAGE (Vgs) =I5V &
1
2.5 3
5V AMBIENT TEMPERATURE (Tp) = 25°C 1™
0 2.5 75 1 TYPICAL TEMR COEFFICIENT AT ALL VALUES OF Vgg=-0.3%/°C
DRAIN — TO - SOURCE vOLTAGE (vps) -V
92CS-21510 92Cs-~21511
Fig.2 — Typical n-ch | drain istics. Fig.3 — Typical p-ch / drain ch istic
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CD4040AD, CD4040AE

File No. 624
CD4040AF, CD4040AK
AMBIENT TEMPERATURE (Tp) = 25°C DRAIN- TO - SOURCE VOLTAGE (Vpg)—V
TYPICAL TEMP_COEFFICIENT AT ALL VALUES OF Vgs:-0.3%/°C -5 10 _s o
75 T IARESESENRENSERESENERNE TT T
- pesssnsesBEESEEERE 5V Tl
ATE - TO - SOURCE VOLTAGE (Vg5)=ISV -+ T LH
2 0 :
L .
S o 25 3
M= as E
z F z
W [}
£ 375 3
3 *°H Fl
z ov 5 e
< 3 =]
o 2 =]
& |-/ GATE - TO ~ SOURCE VOLTAGE (Vgs) =I5 V <
|
125 3
5v 15
5 55 " 5 AMBIENT TEMPERATURE (Tp) = 25°C ’
X .5 . R o
DRAIN ~ TO ~ SOURCE VOLTAGE (Vpg) -V TYPICAL TEMP COEFFICIENT AT ALL VALUES OF Vg =-03%/°C
92Cs-2i512
92Cs-21513
Fig.4 — Mini h drain istics. Fig.5 — Minis pch / drain istics.

INPUT PULSE SHAPER

Voo jﬂ
¢ %

RESET BUFFERS

Voo Voo

Vol

o

:T
g
1

-
i
:{_:i

T

L

-

[
I

)

J:
J
1

RESET TO
oo Voo ALL STAGES
. = = —o . 1
: B 1 !
— ]’ J ] Voo
Voo E} _]
- =
——t QouT
| Voo
L ] "
e —a
—— =
—I_:._q é =3 @
J .J = TO NEXT
= i STAGE
=
ON COUNTER STAGE
NOTE: SUBSTRATES FOR ALL "p"UNITS ARE CONNECTED TO Vpp
SUBSTRATES FOR ALL “n" UNITS, UNLESS OTHERWISES SHOWN, ARE CONNECTED TO GROUND s2cM-21509

Fig.6 — Sch

g of input shap

reset buffers, and one counter stage of CD4040A.
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CD4040AD, CD4040AE File No. 624
CD4040AF, CD4040AK

AMBIENT TEMPERATURE (T )= 25°C
" TYPICAL TEMPERATURE COEFFICIENT
§ LL VALUES OF Vpp=+0.3%/°C
- 500 2 5 SiEes
z I i
a -
- 3
3 400 F 400
a P 5t I
z 2 IS : 1
H sasts r T Lo
= 2
= : L % w 300 R )
% Sk T S 3 Bk
< = : BN :
I : z PP i
o + o £ T
z 20 2 20
H 3 s 1
= z
3 HHI H 1oV
& 100 = 100 1Y
2 AMBIENT TEMPERATURE (Tp )= 25°C HH
o TYPICAL TEMPERATURE COEFFICIENT
AT ALL VALUES OF Vpp=+0.3 %/°C
0 20 40 60 80 100 0 0 40 N 60A (El ) Fu)o
LOAD CAPACITANCE (C|)—p
LOAD CAPACITANCE (C()—pF .
U 9zcs-2ia 92¢5-20754
Fig. 7 — Typical propagation delay time vs. load capacitance
(per stage.) Fig. 8 — Typical transition time vs. load capacitance.
10% [AMBIENT TEMPERATURE (Tp)=25°C ¥ AMBIENT TEMPERATURE (Tp) =25°C
s = LOAD CAPACITANCE (C() =I5 pF
L 10 r E
| 3 =
° oY g
& oy =
- 109 17:’6\ > ® | §
g WO Z % T i 3 cD4040AD, AT
S o A 41 11 3 4 vt
g ¥ 5 w T HH
a3 < A 1 b [ T
a 1o I+ T Cl 3 g
> =
3 w3 T
5 2 3
e |02 P P 1 2
2 = c %
c — g
¥ 0 = =
§ LOAD CAPACITANCE (Cy )=ISpF R
——===CL50p H
<
] T T TTIT T T 3 111
10° 10° 10° 10° 107 [ ) 15 20
INPUT FREQUENCY (f¢) —Hz s2cs-21515 SUPPLY VOLTAGE (Vpp)—V. sacs-aims
Fig. 9 — Typical dissipation characteristics. Fig. 10 — it input-pulse vs. supply
voltage.
TEST CIRCUITS
5V OR 10V 5V OR IOV SV OR 10V
PRESET Q
[ 16 T0 " [ [ PRESET Q) ! 6
2 s 2 15 0" 2 15
3 e 3.5v 3 e 3 14
OR
4 13 7V 4 13 4 13
s 2| T s 2 353 s 12 35
6 " . 1.5V 6 1l 7V 6 M 7V
OR o—- o—0
T 10 ——oy 3v 7 10 7 10
in 8 9 8 9 1.5y 8 9 ..5v0
= OR - OR
= g 3v 3v
(v N
Z - DVM
92€s-17919 92¢5-17918 92CS-17918RI
Fig. 11 — Reset-noise-immunity test circuit. Fig. 12 — Input-pulse noise-immunity test Fig. 13 — Quiescent-device-dissipation
circuit. test circuit.
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File No. 572

NG

Digital Integrated Circuits

Monolithic Silicon

Solid State
Division
’ CD4041AD,CD4041AE,CD4041AK
e COS/MOS Quad True/Complement
=4 Buffer
B6 40
G=B
5"
H:B
i) 5 APPLICATIONS
L ® High Current Source/Sink Driver
ozt ® COS/MOS-to-DTL/TTL Converter
3 n ® Display Driver
° o " = MOS Clock Driver )
N ® Resistor Network Driver (Ladder or Weighted R)
Vsg+T N0 a Buffer
Vools _szcs-zoomam = Transmission Line Driver

RCA COS/MOS type CD4041A* is a Quad True/
Complement Buffer consisting of n- and p- channel units
having low-channel resistance and high-current (sourcing and
sinking) capability. The CD4041A is intended for use as a
buffer, line driver, or COS/MOS-to-TTL driver. It can be used
as an ultra-low power resistor-network driver for A/D and
D/A conversion, as a transmission-line driver, and in other
applications where high noise immunity and low-power dissi-
pation are primary design requirements.

The CD4041A is supplied in a 14-lead dual-in-line ceramic
package (CD4041AD), a 14-lead dual-in-line plastic package
(CD4041AE), or a 14-lead flat pack (CD4041AK).

*Formerly Dev. No. TA6031

Special Features
True Output
® High Current Source and Sink Capability
8 mA (typ.) @ Vpg=0.5V,Vpp=10V
3.2 mA (typ.) @ Vpg = 0.4 V, Vpp =5 V (two TTL loads)

Complement Output

® Medium Current Source and Sink Capability
3.6 mA (typ.) @ Vps =05V, Vpp =10V
1.6 mA (typ.) @ Vpg =05 V,Vpp=5V

Voo Voo

:}__q;ﬂan
R

Ve
MAXIMUM RATINGS, Absolute-Maximum Values: ss :l
Storage Temperature Range ......... —65°C to +150 oc Vss Vss
Operating Temperature Range:"
~ Ceramic Package Types .......... —550C to +125 oc Voo
Plastic Package Types ........... —400C to +85 oc
DC Supply Voltage Range _’_—J
(VOD—Vss) -cvvvennnnn. —05Vto+15 v
Device Dissipation (Per Pkg.) ........ 200 mwW
.Average Dissipation Per Output ....... 100 mwW COMPLEMENT
. Allowable Input Rise and Fall Time
vs Supply and Frequency ........ See Fig. 17
AlLINPULS ...ttt Vgs<V|<Vpp
Recommended
DC Supply Voltage4Vpp — Vgs) .. 3t1'15 v Vs 9205~ 20035
Recommended
" Input Voltage Swing ............ Vpp to Vss Fig. 1-CD4041A schematic diagram.
9-74
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File No. 572

CD4041A
STATIC ELECTRICAL CHARACTERISTICS (Allinputs "« . .« .o voen ... ..... Vss< V; <Vpp)
(Recommended DC Supply Voltage (Vpp —Vgg). . . .. .. ... 3to15V)
LIMITS CHARAC
COJ;IST‘;DNS AD, CD4041AK TERSTAC
CHARACTERISTIC SYMBOL : CD4041AD, units | CURVES&
TEST
550/ {o] {s]
vo | vop 550¢ 250¢C 125°¢ CIRCUITS
Voits | voits | Min. | Max. | Min. | Typ. | Max | Min. | max Fig. No.
Quiescent Device Inputs 5 - 1 - 0.005 1 - 60 19
o A
Current L 10 10 — 2 — 0.005 2 — 120 H
Ground -
Quiescent Device P or 5 - 5 - 0.025 5 - 300
Dissipation/Package D Vpp 10 _ 20 _ 0.05 20 _ 1200 W
Output Voltage: v, Fanout 5 - 0.01 - o 0.01 - 0.05 v
Low-Level oL of 50 10 - Jom - o oo e
COs/Mos 5 | a99| - | ass| s - | ass| - 0.
High-Level Vou Inputs v
10 9.99 - 9.99 10 - 9.95 -
Notse Immunity @ 0.95 5 15 - 15 2.25 - 14 -
v, v
(AN Inputs) NL 29 10 3 B 45 - [es | -
For definition, 36 5 | 14 - [ 15 | 225 - ls | - %
s v v
see Appendix | “NH 7.2 0 [ 29 - | 45 - | 3 -
Output Drive Current: True 04 5 2.1 - 1.6 32 - 12 - 2.6,
Output  ["gg 0 | 65| - | s 10 - | 3s | -
N-Channel ipN mA
Comple- | o5 5 1 - 08 1.6 - 055 | - a8,
ment
Output 05 10 25 - | 2 4 - 14 -
Troe a5 5§ [-175] - | -14 [-28 - | - 3.7
Output 95 0 |5 - |4 8 - | 28 | -
P-Channel IpP mA
Comple- | 45 5 [©0715]| - |06 |12 - | o4 - 5.9,
ment
Output 95 10 [-225] - [-18 [-36 - || -
Input Current [ Any Input - - 10 - - - PA
® Values shown are for true output.
MAXIMUM AVERAGE - HHTHHTE AMBIENT TEMPERATURE MAX. AVERAGE DISSIPATION 2!
DISSIPATION S (1)< 25°C -0 FER QUTPUT (100 mW, H
PER OUTPUT (100 mW) = e e e e AR R H
100 = TE-TO-SOURCE VOLTAGE (Vgs)=15V] -20 196“5 H
+
1 R 14T VoD
Eso = < 30 .
' 80 § -aofvgs Vs
° 2 peeeaee:
870 = -50 ’\{\_/ HH
e z HVGs = -0V
weo g -60f Vss Bt
[4
350 3 -79 OTHER INPUTS
> z GROUNDED
40 & -SOf T HEHHHHTT
g s Besisascesy:
30 -90 e
" FGA 0 - SOURC 3
20 ) -100
of L it u
22 WG:%?,,',NPE‘,’,TS AMBIE| ERATURE (Tp )= 25°C
[ 10 15 -5 -0 -5 [}
DRAIN - TO-SOURCE VOLTAGE (VDS)-V DRAIN-TO - SOURCE VOLTAGE (Vps) -V
*SEE FIG.I7 FOR TRANSITION TIME LIMITATIONS 9205-20036 920520037

Fig. 2—Typical n-channel drain charac-
teristics-true output.
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File No. 572

CD4041A

STATIC ELECTRICAL CHARACTERISTICS (All inputs

Vss< Vi <Vpp!

(Recommended DC Supply Vol(age (VDD Vggl. v ........ 3t015V)
" LIMITS CHARAC-
TEST TERISTIC
CONDITIONS CDA4041AE CURVES &
CHARACTERISTIC symBoL UNITS e
0 50 0
vo | voo —40°c 2s%¢ 8s0c CIRCUITS
Volts | Volts | min. Max. | Min. | Typ. | Max. | Min. | Max. Fig. No.
Quiescent Device Inputs 5 - 10 - 0.01 10 - 140
Current L t 0| - 2| - |o02] 0] - | 0] ** "
Ground -
Quiescent Dewice P or 5 - 50 0.05 50 - 700
Dissipation/Package D Voo 10 — 200 _ 0.2 200 2800 uw
Output Voltage: 5 0.01 - 0 0.01 - 0.05
V, Fan-out v
Low-Level oL of 50 10 | - |oor | - o {001 | - Joos o
High-Level V, Icn?)ill':ﬂos s 499 - 4.99 . 5 - 495 . v A
igh -
OH 10 9.99 - 9.99 10 - 9.95 -
Nosse Immunity @ 0.95 s |15 - |15 | 225 - | 14 -
v, v
(All Inputs) NL 29 10 3 - 3 45 - 29 - 20
F N
or def’”’t"’”', v 36 5 |14 - s | 225 15 v
see Appendix | Vu 72 10 |29 - |3 a5 | - | 3 -
Output Drive Current: True 04 5 1 - 08 32 - 0.7 - 2.6,
Output 05 10 |3 - | 25 10 - | 22 -
N-Channel IpN mA
Comple- 05 s |05 - 04 1.6 - 0.35 - 4.8,
ment
Output 0.5 10 |12 - 1 a - | oo -
True a5 5 |08 | - |07 |-28 -~ | 06 - 3.7,
Output 95 10 [-24 - |2 8 - |18 -
P-Channel IpP mA
Comple- 45 5 [-0.35 03 | 12 - -0.27 - 5.9,
ment
Outpwt | 95 10 [-10 - [0 [-36 | - |08 | -
Input Current Iy Any Input - - - 10 - - PA
® Values shown are for true output.
MAX. AVERAGE DISSIPATION THELHHHE AMBIENT TEMPERATURE (Ta)»25°C] Veoahv o
PER OUTPUT (100mW)  GATE-TO- it
50
as
14400 <
< 0 € -20H
€ = f a1
y 35 = H
> z . H
= 30 g -30F
|4 [ F
G 25 3 f
& : K -
3 20 = g-40 “‘;‘ss
2 s R INEUTS © H omier wputs crounoep
= e e eSS Raal:
o _ T
Vgs 5V *HEeare To-s0
i e HHR
15 15 -5

10
DRAIN-TO-SOURCE VOLTAGE (Vos) -V

% SEE FIG.I7 FOR TRANSITION TIME LIMITATIONS

Fig. 4—Typical n-channel drain charac-

teristics-complement output.

92¢S-20038

DRAIN-TO-SOURCE VOLTAGE (Vpg)-V

92C€S-20039

Fig. 5—Typical p-channel drain charac-
teristics-complement output.
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CD4041A File No. 572

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C and Cy_ = 15pF

Typical Temperature Coefficient for all values of Vpp = 0.3%/°C (See Appendix for Wavgforms)
LIMITS CHARAC-
TERISTIC
TEST CD4041AD, CURVES
CHARACTERISTIC SYMBOL CONDITIONS CD4041AK CD4041AE UNITS & TEST
Vpp CIRCUITS
(Volts) | MIN.| TYP.|MAX. | MIN.|TYP.| MAX. Fig. No.
Propagation Delay Time: True 5 - 65 | 115 - 65 | 140
High-to-Low Level PHL | Qutput 10 | - |40] 75 | — |40 100 ns -
Complement 5 55 | 100 55 | 125 ns _
Output 10 30 | 45 30 65
Low-to-High Level tpLH ;:]t(::ut 12 — z: 13: — ‘7‘: :gg ns 14
Complement 5 — 45 | 100 - 45 | 125 ns 15
Qutput 10 - 25 40 — 25 60
Transition Time: ¢ True 5 - 20 | 40 - 20 | 60 12
High-to-Low Level THL | Qutput 10 |- |13] 25 | — |13] 40 ns
Complement 5 — 40 | 60 — 40 | 80 ns 13
Output 10 — | 25| 40 — | 26| 50
| True 5 - 20| 40 - |20 60
Low-to-High Level TLH | Qutput o = T3 25 [ = 1131 20 ns 12
Complement 5 — 35 55 — 35 75 ns _
QOutput 10 - |25 | 40 — | 25| 50
Input Capacitance Cy Any Input - 5| — - 5 - pF -

DYNAMIC ELECTRICAL CHARACTERISTICS (Driving TTL,DTL) AT T4 =25°C, Vpp—Vgs =5V, Cy_= 15pF (True Output)

TEST CONDITIONS LIMITS TYPICAL
CHARAC-
CHARACTERISTIC | SYMBOL e CD4041AE | UNITS | TERISTICS
Driving CURVES
TTL,DTL| MIN.|TYP.|MAX. | MIN.|TYP.]MAX. Fig. No.
. . h Med.
Propagation Delay Time: R = 2kQ Power - 75 | 150 - 75 | 175
tPHL Low ns -
High-To-Low Level RL = 20k2 Power - 75 | 150 - 75 | 175
RL=2k@ | et |l 175 | — |85 |20
Low-To-High Level tPLH Tow ns -
R = 20k - 85 | 175 - 85 | 200
) Power
. Rp = 2Q :":x;r - ]20]| 5 | - [20] 75
Transition Time THL= Tow ns -
TTLH R = 20kQ P - ]20]| 5 | - 20| 75
ower
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File No. 572 CD4041A
SEEsiizacatsas fm?lzg;.rmpenmune AMBIENT TEMPERATURE AL Ves* -5
HHEHE B e T Ta)e 25°C - 25°¢C
MAXIHUM AVERAGE 3l — {Ta)= 27 i i 3
50 bt URCE VOLTAGE (Vgs) =15V _of t
T CDA0AIAD, AK E ¢
i :
< T : T
< « 33
L a0 £-20 S
£ : : 2 [ HE
= DA04IAEFHH] c
e =
% CD404: :::,
o T T o
z T + z
220 t Z 40
& B &
F T ) =-15'
; : 353 -50 HE
i MAXIMUM_AVERAGE
= :GS :,: r bovdte : ?ISSIPAT)ION_PER OUTPUT.
Vs - BV T i 10omw
T CDS04IAE R brHHH R b
9 5 10 15 -i5 -10 5
DRAIN-TO~SOURCE VOLTAGE (Vpg)-V ORAIN-TO-SOURCE VOLTAGE (Vps!-V 9265-20041
92€5-20040
Fig. 6—Minimum n-channel drain char- Fig. 7—Minimum p-channel drain char-
acteristics-true output. acteristics-true output.
AMBIENT TEMPERATURE (TAI=25°CWWVG§ 7
i Trrr GATE-TO-SOURCE VOLTAGE (Vi : 5V H
25 COA404IAD, AK T -5
<
r] 3 «
120 E 10|
g -:9 04| 31
(=3 = e
z > CD404IAE 1
@is W -15 oI5V
E E
o o
z z
g0 §-20
o T a
5 T
Vgs=5V1H i
AMBIENT TEMPERATURE|
Vs * SV ICorO AL HEHHE (T)= 25°C
o 5 10 15
DRAIN-TO-SOURCE VOLTAGE (Vpg)-V DRAIN-TO-SOURCE VOLTAGE (Vpg)-V s265-20043
92CS-20042
Fig. 8—Minimum n-channel drain char- Fig. 9—Minimum p-channel drain char-
acteristics-complement output. acteristics: pl tput.
T SUPPLY™ VOLTAGE (Vpp)=15V ]
P .
1
v 7
i} AMBIENT TEMPERATURE
AEEENNEEEAEEENEENAEEEEEESEEREERE T (Ta)=25°C
: e 4 '
~ oD 4{>o—o
£ 19 H T
8 B > H
e r
S - g o
ES 5 K
§ 6 S I
£ HVop:S 5 -
=3 m (1
Gl 1T £ HevHIH
3 N
3.5¥]
= \
2sHHHH
ul N
ma ! L
[ 2 10 12 14 16 18 o 2.5 5 7.5 10 125 15 17 20
INPUT VOLTAGE (V[)-V INPUT VOLTAGE (V1) -V 92€5-20045
92Cs-20044

Fig. 10—Minimum and maximum
transfer characteristics-true
output.

Fig. 11—Minimum and maximum
transfer characteristics-
complement output.
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CD4041A

T- T T 1
g0l AVBIENT TEMPERATURE _
- (Ta)=25°C
A A
b T \"’\l
l gﬁw
3 *w\."
o1 | ]

2 ] " )=

P I
| = w m\-\b\l

TRANSITION TIME (tTLH, tTHL)-nS
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Fig. 12—Typical transition time vs.

CL-true output.
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Fig. 14—Typical

low-to-high  level
propagation delay time vs.
C, -true output.
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Fig. 16—Typical power dissipation vs.
frequency per autput pair.
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Fig. 13—Typical high-to-low level
transition  time vs. C;-
complement output.
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Fig. 15—Typical ~ low-to-high level
propagation delay time vs.

CL-compIement output.
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Fig. 17—Typical power dissipation vs,
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CD4041A

TYPICAL APPLICATIONS

A. Ultra-Low Power D/A Converter
—

CLOCK
RESET

21 22 23 24 25 26

CD4040A
12 STAGE BINARY CTR
7 28 29 20 il o2

Fig. 18—D/A converter block diagram.

For resolution and accuracy of * 1/2 least significant bit (LSB),
choose the values for R (shown in Table 1) where R equals the value
of the external ladder resistor plus the switch source impedance.

TABLE I. RESISTANCE VALUES AT Vpp—Vss =5V,

Ta=25°C
Rmin
RESOLUTION ACCURACY OF 1/2 LSB ©)

4 bit +3.25% of full scale 35k

6 bit +0.8% of full scale 14k

8 bit +0.2% of full scale 56 k

10 bit +0.05% of full scale 224 k

12 bit +0.0125% of full scale 896 k

B. Transmission Line Driver

Drive 100 pF load at 75 ns delay (typ.) VDD—Vgg = 10V

2> B

RS
ERS
o
E

92Cs-20052

These values have been tabulated for Vpp = 5V and Vgg = OV. For
different supply (reference) voltages, the switch source impedance
must be computed and added to the value of R shown in Table |.

TABLE Il. ON RESISTANCE VALUES
AT Vpg=0.1V, Tp =25°C

VbbD-Vss Rn Rp
(Voits) Q) Q)
5 175+ 50 200 £ 75
10 75+ 25 90 + 30

C. CDA4031A (64-Stage Static Shift Register) Clock Driver
(80pF Load)

tr = tf = 40 ns (typ.), VpD~Vss = 10V

TEST CIRCUITS
Vpp =IOV
14
3 13 5V ORIOV
35V
[ 3
7V
6 10 § +
7 TO
4 ANY
5 oUTPUT =
6
7
+
B 92CS —22850R|
- 92Cs-22849

Fig. 19—Quiescent device current.

Fig. 20—Noijse immunity.
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MEA Digital Integrated Circuits

Monolithic Silicon

Solid State

Division | CD4042AD, CD4042AE

CD4042AF, CD4042AK

® General Digital Logic
RCA-CD4042A types contain four latch circuits, each
strobed by a common clock. Complementary buffered out-

puts are available from each circuit. The impedance of the N—

and P-channel output devices is balanced and all outputs are
electrically identical.,

Information present at the data input is transferred to out-
puts Q and Q during the CLOCK level which is programmed
by the POLARITY input. For POLARITY = O the transfer
occurs during the O CLOCK level and for POLARITY = 1 the
transfer occurs during the 1 CLOCK level. The outputs follow

4 2
jjj; 3 Special Features:
oe— a2 | * oL~ e - B0 s (typ) o
32 HL = tPLH = ns (typ) a
I— 209
so — % S0 VDD = 10 V and Cp_ = 15 pF FoRE o7 FOWLRTGRES ]
a3 . ® Clock Polarity Control |
—1 1} -
. C‘:‘ — % 5, ® Q and Q Outputs
A ® Common Clock
15 "
cLock ® Low Power TTL Compatible
s ct
POLARITY Applications:
6
v 16 u Buffer Storage
‘v‘;zgz 92c5-20194 = Holding Register

. N COS/MOS Quad Clocked “D” Latch

92CS-20190

the data input providing the CLOCK and POLARITY levels
defined above are present. When a CLOCK transition occurs

(positive for POLARITY = O and negative for POLAR-

ITY = 1) the information present at the input during the

CLOCK transition is retained at the outputs until an opposite

cLocK POLARITY a
[ 0 D
T [ LATCH
1 1 D
~ 1 LATCH

CLOCK transition occurs.

CD4042A types are supplied in 16-lead ceramic flat-packs,
plastic dual-in-line packages, and both welded-seal and frit-
seal ceramic dual-in-line packages.

MAXIMUM RATINGS, Absolute-Maximum Values:

Storage Temperature Range: ........ —65°C to +150 oc
Operating Temperature Range:

Ceramic Package Types .......... —550C to +125 oc

Plastic Package Types . .......... —40°C to +85 oc
DC Supply Voltage Range

(VDD —VSS) -+ vvvveecennnnn. —0.5 V to +15 \
Device Dissipation (Per Pkg.) ....... . 200 mW
AlLINDUES « o v e ninnneianennns vss <V < Vpp
Recommended DC Supply Voltage

(VDD — VSS) «vvveneeennnn s 3t0 15 \
Recommended Input Voltage Swing, . . Vpp to Vss
Lead Temperature (During Soldering:

At distance 1/16 £1/32in.(1.59 £0.79 mm)

from case for 10s max. ....... +265 ocC

Fig.1—Logic block diagram & truth table.
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CD4042A

STATIC ELECTRICAL CHARACTERISTICS (All inputs

Vss< V) <Vpp)

(Recommended DC Supply Voltage (Vpp — Vgg). « « + -« . . . . 3to15V)
LIMITS CHARAC-
woim D4042AK, CD4042A emsTiC
CONDITIONS .
CHARACTERISTIC SYMBOL oiTi0] CD4042AD, C UNITS CU:‘E‘;ET“'
—~5504 (o] {o]
Voo 550C 250C 1250C CIRCUITS
Volts Min. Max. Min. Typ. Max. Min. Max. Fig. No.
i i 5 - 1 - 0.005 1 - 60
il N s w | s
to 10 - 2 - 0.005 2 - 120
Ground
Quiescent Device P or 5 - 5 - 0.025 5 - 300 w _
Dissipation/Package | "0 Voo 0| - |20 | - [oos |20 | - [1200] "
Output Voltage: 5 - 0.01 - 0 0.01 - 0.05
V, Fan-out \
Low-Level oL of 50 10 ~ [oo1 | - 0 {001 | - [oo0s _
COS/MOS 5 | a99| - | as9 5 495
High-Level VOH Inputs v
10 9.99 B 999 | 10 - 995 | -
Noise Immunity ® v Vo = 0.95V 5 15 - 15 | 225 14 - v
(AN Inputs) NL Vo - 29V 10 3 EEE a5 - 29 | - 9
For Definitic
See Application v Vo=36V 5 14 - 15 | 225 - 15 - v
NH Vo= 7.2V 10 | 29 EEEE 45 _ 3
Output Drive Current:
Vo = 0.5V 5 0.5 - | oa |1 - 027 -
N-Channel IpN mA 2.4
Vo = 0.5V 10 | 125 - 1 2 -] o7 -
Vg = 4.5V 5 ) -04s - | -035 |1 - ]-028) -
P-Channel IpP mA 3.5
Vo = 9.5V 10 |-1as - |-09 |2 — | -08 -
Input Current [ Any Input - - - 10 - - - PA -
& For inverter output only,
DRAIN- TO - SOURCE VOLTAGE (Vpg) —V
AMBIENT TEMPERATURE (Ty) = 25°C 2 =1 P o
TYPICAL TEMPERATURE COEFFICIENT FOR Ip=-0.3% /°C 5V
INNEEEENNEEENEEEENEEERNEEN] 1T
IESEEENEEEENEENNREEENRERNN] 1T
T T 1T
a T e T T
E 25 T T T T O T T T VT T T T T T T .,
| “"FH{GATE-TO-SOURCE VOLTAGE (Vgs)=5V. 10 H -9
I3 T T 0 2
=) 1 I 3
L 20 u ] o
z 15 €
w 3|
F3 |
« m)
3 2|
o " -
z 1oV 0
20 H-{GATE - TO - SOURCE VOLTAGE (Vgs) =15 V &
e Y 2 )
3
5
Y AMBIENT TEMPERATURE (Tp) = 25°C Fg
i =t TYPICAL TEMPERATURE COEFFICIENT FOR Ip =-03%/°C LEZ
0 25 5 75 10 125 15 -+
DRAIN — TO — SOURCE VOLTAGE (Vps)
92CS- 20i186 92Cs- 20187
Fig.2—Typ. n-ch ! drain jstics. Fig.3—-Typ. p drain cha
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STATIC ELECTRICAL CHARACTERISTICS (Allinputs . . ... ... ... ...t Vgs < V< Vpp!
(Recommended DC Supply Voltage (Vpp — Vggl . . . . . . . .. 3to 15V)
LIMITS CHARAC-
COJ:IS:;ONS TERISTIC
CHARACTERISTIC SYMBOL CD4042AE uniTs | CURVES&
TEST
—400 0 50
Voo c 250 859¢c CIRCUITS
Volts | Min. Max. | Min. Typ. | Max. Min. Max. Fig. No.
’ . 5 _ _ _
Qlél:'cz::: Device "W ::Wli = 10 0.01 10 140 uA 8
Ground - 20 - 002 20 - 280
Quiescent Device P or 5 - 50 — 0.05 50 - 700 w _
Dissipation/Package D Vop 10 - 200 - 0.2 200 - 2800 | “
Out I H 5 - 0. - .01 - L
l:- x'L::e :age VoL Fanout U] V] 0. 0.05 v
. of 50 10 — 0.01 - 0 0.01 - 0.05 -
COS/MOS S — — —
High-Level Von tnputs 499 499 5 495 v
10 9.99 - 999 [ 10 - 995 -
Noise Immunity ¢ v Vo = 0.95v 5 1.5 - 15 225 - 14 - v
(ANl Inputs) NL Vo - 29V 10 3 _ 3 45 _ 29 _ o
Vo=36V ) 14 - 15 225 - 15 -
VNH v
Vo =172V 10 29 - 3 4.5 - 3 -
Output Drive Current:
Vo = 0.5V 5 0.24 - 0.2 1 - 0.18 -
N-Channel IpN mA 2,4
Vo = 0.5V 10 0.6 - 05 2 - 045 -
Vo = 4.5V 5 -0.2 - -0.175} -1 - -0.15 -
P-Channel IpP mA 3.5
Vo = 9.5V 10 | -034 — |-045 | -2 - | -04 -
Input Current 0 Any Input - - - 10 - - - PA -

# For inverter output only.

DRAIN - TO - SOURCE VOLTAGE (Vpg)—V

-15 -10 -5 o
AMBIENT TEMPERATURE (Ty) = 25°C I T35
L FEH AMBIENT TEMPERATURE (Ty) = 25 °C
JYPICAL TEMPERATURE %EFFL'CLL'E"T FORTp = ~0.3% /°C TYPICAL TEMPERATURE COEFFICIENT MEBRELC” 48
15 e EEEEE RS FOR Ip=~0.3%/° ™ o= -
TE-TO - SOURCE VOLTAGE (Vgg)=15V [+ I LT T
z L Hov
<
Ei2.s 5V T -5 IE
L I T
._? 11 >
= ]
= £
‘g‘ ] GATE-TO-SOURCE VOLTAGE (Vgs)=I5V, ]
T 7.5 ™ 1 -105
=3 ] 1T 8
- ovi 1 TTTTTT b
< s n [} CD4042AD,CDA042AK; CD4042AD,C040424K g
o T CD4042AF J —_— 3 .
A ja CD4042AF e
ovH
2.5 i -15
Casii T CD4042AE |om == = = L coa0a2ae
ym: 5v i
T T
o 25 75 10 125
DRAIN — TO — SOURCE VOLTAGE (Vps)
92Cs-20188 92Cs-20189
Fig.4—Min. h. | drain ch istics. Fig.5—Min. p-ch: drain ch: istics.
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CD4042A

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 250C, Vgg = OV, C|_ = 15pF, and input rise and fall times = 20 ns,
Typical Temperature Coefficient for all values of Vpp = 0.3%/ °C. (See Appendix for Waveforms) except trCL and tfCL.

Fig.6—Typical propagation delay time vs. Vpp.

ov
T _@-o
2z 5}
38 A 0011100
d BooIN odEence
S € 0000001
6
7
8
92CS-20198

Fig.8 — Quiescent device current.

LIMITS CHARAC-
TEST CONDITIONS [CD4042AD,CDa042AK TERISTIC
CHARACTERISTICS | SYMBOLS : CDACA2AF CD4042AE uniTs | CURVESE
Vpp CIRCUITS
(Volts)] Min. | Typ. | Max. Min. | Typ. Max. Fig. No.
t — 150 - {
Propagation Delay Time PHL: S 300 150 00 ns
tPLH 10 - 75 | 125 [ — 75 | 200
tTHL, — —
Transition Time THL 5 100 | 200 100 | 300 s
TLH 10 - 50 100 — 50 150
Minimum Clcck Pulse WL, 5 — 175 250 - 175 350
Width WH 10 - s0 | 75 | - 50 | 175 " -
Clock trCL, 5 - - 15 - - 15
Rise & Fall Time ticL 10 — | - 5 | — - 5 s -
Set-Up Time 5 - 50 | 100 | - 50 | 125 o ~
10 = 25 50 = 25 60
Input Capacitance Cq - - 5 - - 5 - pF -
H AMBIENT TEMPERATURE (Tp) = 25°C 5 108
-
P : s N
% s00 L 0%
B 5 RO
E w 10° RS YKt 2
& 400 e 54 S
M 2 o %’
H S s 53 A L1 A
F 300 z° G s
b1 £ -
o s A~
o @ 10
200 2
3 i %
[ & .
3 2 10 = LOAD CAPACITANCE Cy =15 pF =
g 100 4 T G =50 pFem e [
S L’ [N
& v [ T 1
4 8 4 68l 2 468 .,
6 10 2 4 6 10® 10* 10° 10° 10
SUPPLY VOLTAGE (Vpp)—V CLOCK FREQUENCY (f¢)—Hz
. 92¢S-20192 92CS-20200

Fig.7—Typical dissipation characteristics.

35V
v | 5V OR IOV
2
—3
4
5
6
7
1.5V
o E 2
3V =
92CS-20199

Fig.9 — Noise Immunity
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NG/

Solid State
Division

Digital Integrated Circuits

Monolithic Silicon

CD4043AD,CD4043AE,CD4043AK,

CD4044AD,CD4044AE,CD4044AK

CD4043A TERMINAL DIAGRAM

COS/MOS Quad 3-State
R/S Latches

|
—Oaa4

LATCH
4

Output Enable

Ra

enaBLE O H30ne for Each Latch

Vss

. 92Cs-20221R1 -

RCA-CD4043A types are quad cross-coupled 3-state
COS/MOS NOR latches and the CD4044A types are quad
cross-coupled 3-state COS/MOS NAND latches. Each latch has
a separate Q output and individual SET and RESET inputs.
The Q outputs are gated through transmission gates controlled
by a common ENABLE input. A logic “1’ or “*high”’ on the
ENABLE input connects the latch states to the Q outputs. A
logic ‘0" or “low” on the ENABLE input disconnects the

MAXIMUM RATINGS, Absolute-Maximum Values:

Storage Temperature Range: —650C to +150
Operating Temperature Range:

Ceramic Package Types . ......... —550C to +125

Plastic Package Types . .......... —400C to +85
DC Supply Voltage Range

(VDD —VSS) v v veeeeeieii —0.5 V to +15
Device Dissipation (Per Pkg.) ........ 200
AlLINPUts .. .ot vss <V <Vpp
Recommended DC Supply Voltage

(VDD - VSS) -+ veeieei 3to 15
Recommended Input Voltage Swing_ . . Vpp to Vgs

Lead Temperature (During Soldering:
At distance 1/16 £1/32in. (1.59 20.79 mm)

from case for 10s max. +265

m Separate Set and Reset Inputs

® Low Power TTL Compatible -

& Four Bits of Independent
Storage with Output Enable
‘@ Strobed Register

Yoo
[gs
50 LATCH 2
o——° Quad NOR R/S Latch — CD4043A
::g____i—’Ooz Quad NAND R/S Latch - CD4044A
s3 OB aren | | 10 Special Features: Applications:
Ry O"ﬂ—oos 8 Medium Speed Operation ®# Holding Register in Multi-
sa 0:4_ 8 3-Level Outputs with C Regi System
Te

General Digital Logic

NOR and NAND Configurations

latch states from the Q outputs, resulting in an open circuit
condition on the Qoutputs. The open circuit feature allows
common bussing of the outputs. The logic operation of the
latches is summarized in the truth table below shown in Fig.1.

The CD4043A and CD4044A are supplied in 16-lead dual-in-

line ceramic packages (CD4043AD and CD4044AD), 16-lead
ceramic flat packs (CD4043AK and CD4044AK), and 16-lead

-dual-in-line plastic packages (CD4043AE, CD4044AE).

CD4044A TERMINAL DIAGRAM
Voo

b

4
oc R, O—
! 3 LATCH '3OO|
oc Sl(} !
oC s
v rR2O , LATCH ® Oa,
. 2
mw s, O
12
R3O LATCH 24
v 530~ 3 3
14
RaOr LATCH ' Oq
oc S4O 15 4 4
ENABLE O—> \—ZONC

{a
Vss
92CS-20222
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CD4043A-NOR

CD4044A—-NAND

S
X
(o]

|
(0]

R
X
o]
(o]
|
i

*OPEN CIRCUIT
+ NO CHANGE
A DOMINATED BY 5= 1 INPUT

92Cs-2021l

R
X
I
|
(o]
]

*OPEN CIRCUIT
+ NO CHANGE

AL DOMINATED BY R=0 INPUT

92Cs-20212

Fig.1 — Logic diagrams & truth tables.

Vss _lﬁ i
3-{]3%%

v U

Voo

ENABLE

92Cs-20213

Fig.2—Schematic diagram—CD4043A.
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ENABLE R :]
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®