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CMOS
INTERCHANGEABILITY GUIDE

Direct replacements were based on similarity of electrical and mechanical characteristics as shown in currently
published data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the
user should compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof. No
liability is assumed for damages resulting from the use of the information contained in this list.

MOTOROLA INTERCHANGEABILITY

MC 14000 _% _fP_
Temperature Package
and Voltage Range = Ceramic DIP
A - ~55°Cto125°C P = Plastic DIP
3Vto18V
B - —40°C 10 85°C
3Vto16V
TEMPERATURE RANGE MOTOROLA Tl
AND MC14___CP TP4___AN
PACKAGE COMBINATION EQUIVALENTS MC14__ _CL TP4___AJ
MC14____AL TF4__ _AJ
MOTOROLA TIDIRECT ' MOTOROLA TI DIRECT
TYPE REPLACEMENT TYPE REPLACEMENT

MC14000_ T_4000A _ MC14029_ T_4029A _
MC14001_ T_4001A_ MC14030_ T_4030A _
MC14002_ _ T_4002A_ MC14040_ _ T_4040A_
MC14007 _ _ T_4007A_ MC14042_ T_4042A _
MC14008_ T_4008A _ MC14043_ T_4043A_
MC14009_ _ T_4009A_ MC14044_ _ T_4044A_
MC14010_ _ T_4010A_ MC14049_ T_4049A _
MC14011_ _ T_4011A_ MC14050__ T_4050A _
MC14012_ T_4012A_ MC14051_ _ T_4051A_
MC14013_ _ T_4013A_ MC14052_ T_A4052A
MC14014_ _ T_4014A_ MC14053_ _ T_4053A_
MC14015_ _ T_4015A_ MC14507 _ T_4507A_
MC14016__ T_4018A MC14512_ T_4512A
MC14017_ _ T_4017A_ MC14518_ T_4518A_
MC14018_ _ T_4018A_ MC14519_ T_4519A
MC14019_ _ T_4019A_ MC14520_ _ T_4520A_
MC14020_ _ T_4020A_ MC14522_ T_4522A_
MC14021_ T_4021A_ MC14526_ _ T_4526A _
MC14022_ T_4022A_ MC14531_ _ T_4531A_
MC14023_ T_4023A_ MC14581_ _ T_4581A_
MC14024_ T_4024A_ MC14582_ T_4582A
MC14025_ _ T_4025A_
MC14027_ _ T_4027A_
MC14028_ T_4028A_

TeExAs IN STRUMENTS

INCORPORATE
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222



CMOS
INTERCHANGEABILITY GUIDE

RCA INTERCHANGEABILITY

cD 4000 ]A_ _T_
[PrefixJ LSeriaI No.l Series Package and Temperature Range
Designator D  White Ceramic DIP —55°C 10 125°C
E  Plastic DIP —40°C to 85°C
F  Frit-Seal Ceramic DIP —55°C to 125°C
K  Ceramic Flatpack —55°C to 125°C
Y  FritSeal Ceramic DIP —40°C to 85°C
TEMPERATURE RANGE RCA Tl
AND TH__AE T
PACKAGE COMBINATION EQUIVALENTS cD4 AF TF4 Al
CD4___AY TP4___AJ
RCA TI DIRECT RCA TI DIRECT
TYPE REPLACEMENT TYPE REPLACEMENT
CD4000A_ T_4000A_ CD4022A_ T_4022A
CD4001A _ T_4001A_ CD4023A_ T_4023A_
CD4002A _ T_4002A_ CD4024A_ T_4024A_
CD4007A _ T_4007A_ CD4025A _ T_4025A_
CD4008A _ T_4008A_ CD4027A_ T_4027A_
CD4009A _ T_4009A _ CD4028A_ T_4028A _
CD4010A _ T_4010A_ CD4029A _ T_4029A _
CD4011A_ T_4011A_ CD4030A_ . T_4030A_
CD4012A _ T_4012A_ CD4040A _ T_4040A _
CD4013A _ T_4013A_ CD4042A _ T_4042A _
CD4014A_ T_4014A_ CD4043A _ T_4043A _
CD4015A_ T_4015A_ CD4044A _ T_4044A_
CD4016A _ T_4016A_ CD4049A _ T_4049A
CD4017A_ T _4017A_ CDA4050A _ T_4050A_
CD4018A_ T_4018A_ CD4051A _ T_4051A_
CD4019A_ T_4019A_ CD4052A _ T_4052A _
CD4020A_ T_4020A_ CD4053A_ T_4083A_
CD4021A_ T _4021A_ CD4518A_ T_4518A_
CD4520A_ T_4520A_

T EXAS, INSTRUMENTS
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GLOSSARY
LETTER SYMBOLS, TERMS, AND DEFINITIONS

LETTER SYMBOLS, TERMS, AND DEFINITIONS

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of the
Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission (IEC)
for international use. The definitions are grouped into sections applying to voltages, currents, switching characteristics,
and classification of circuit complexity.

VOLTAGES

VIH High-level input voltage
An input voltage level within the more positive (less negative) of the two ranges of values used to represent the
binary variables. A minimum value is specified that is the least-positive {most-negative) value of high-level input
voltage for which operation of the logic element within specification limits is guaranteed.

VL Low-level input voltage
An input voltage level within the less positive (more negative) of the two ranges of values used to represent the
binary variables. A maximum value is specified that is the most-positive (least-negative) value of tow-level input
voltage for which operation of the logic element within specification limits is guaranteed.

VQH High-level output voltage
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a high level at the output.

VoL Low-level output voltage
The voltage at an output terminal with input conditions applied that according to the product specification will
establish a low level at the output.

VT4+ Positive-going threshold voltage
The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage rises from a level below the negative-going threshold voltage, VT_.

V71~ Negative-going threshold voltage
The voltage level at a transition-operated input that causes operation of the logic element according to
specification as the input voltage falls from a level above the positive-going threshold voltage, VT+.

CURRENTS

Icc, IDD. VEE, IsS supply current
The current into*, respectively, the V¢, VDD, VEE, or VsSS supply terminal of an integrated circuit.

IiH High-level input current
The current into™ an input when a high-level voitage is appiied to that input.

Iit  Low-level input current
The current into™ an input when a low-level voltage is applied to that input.

IoH High-level output current

The current into* an output with input conditions applied that according to the product specification will
establish a high level at the output.

*Current out of a terminal is given as a negative value.

TEXASI INSTRUMENTS
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GLOSSARY
LETTER SYMBOLS, TERMS, AND DEFINITIONS

loL Low-level output current
The current into® an output with input conditions applied that according to the product specification will
establish a low level at the output.

1oz Off-state (high-impedance-state) output current {of a three-state output)
The current into™ an output having three-state capability with input conditions applied that according to the
product specification will establish the high-impedance state at the output.

SWITCHING CHARACTERISTICS

fmax Maximum clock frequency
The highest rate at which the clock input of a bistable circuit can be driven through its required sequence while
maintaining stable transitions of logic level at the output with input conditions established that should cause
changes of output logic level in accordance with the specification.

ta  Access time (of a memory)
The time between the application of a specific input pulse and the availability of valid data signals at an output.

thn  Hold time

The interval during which a signal is retained at a specified input terminal after an active transition occurs at

another specified input terminal.

NOTES: 1. The hold time is the actual time between two events and may be insufficient to accomplish the
intended result. A minimum value is specified that is the shortest interval for which correct
operation of the logic element is guaranteed.

2. The hold time may have a negative value in which case the minimum limit defines the longest
interval (between the release of data and the active transition) for which correct operation of the
logic element is guaranteed.

th(min) Minimum hold time
The shortest hold time for which correct operation is obtained.

tpHL Propagation delay time, high-to-low-level output
The time between the specified reference points on the input and output voltage waveforms with the output
changing from the defined high level to the defined low level.

tpHZ Output disable time {(of a three-state output) from high level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from the defined high level to a high-impedance (off} state.

tpLH Propagation delay time, low-to-high-level output
The time between the specified reference points on the input and output voltage waveforms with the output
changing from the defined low level to the defined high level.

tpLZ Output disable time (of a three-state output) from low level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from the defined low level to a high-impedance (off) state.

tpzH Output enable time (of a three-state output) to high level
The time between the specified reference points on the input and output voltage waveforms.with the three-state’
output changing from a high-impedance (off) state to the defined high level.

*Current out of a terminal is given as a negative value.

TEXAS INST RUMENTS

INCORPORA
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GLOSSARY
LETTER SYMBOLS, TERMS, AND DEFINITIONS

tpzL Output enable time (of a three-state output) to low level
The time between the specified reference points on the input and output voltage waveforms with the three-state
output changing from a high-impedance (off) state to the defined low-level.

tsy  Setup time

The time interval between the application of a signal that is maintained at a specified input terminal and a

consecutive active transition at another specified input terminal.

NOTES: 1. The setup time is the actual time between two events and may be insufficient to accomplish the
setup. A minimum value is specified that is the shortest interval for which correct operation of the
logic element is guaranteed.

2. The setup time may have a negative value in which case the minimum limit defines the longest
interval (between the active transition and the application of the other signal) for which correct
operation of the logic element is guaranteed.

tsu(min) Minimum setup time
The shortest setup time for which correct operation is obtained.

tT1H Transition time, low-to-high-level output
The time between a specified low-level voltage and a specified high-level voltage on a waveform that is changing
from the defined low level to the defined high level.

tTHL Transition time, high-to-low-level output
The time between a specified high-level voltage and a specified low-level voltage on a waveform that is changing
from the defined high level to the defined low level.

tw  Average pulse width
The time between 50-percent-amplitude points (or other specified reference points) on the leading and trailing
edges of a pulse.

tw({min) Minimum pulse width
The shortest pulse width for which correct operation is obtained.

CLASSIFICATION OF CIRCUIT COMPLEXITY

Gate equivalent circuit
A basic unit-of-measure of relative digital-circuit complexity. The number of gate equivalent circuits is that
number of individual logic gates that would have to be interconnected to perform the same function.

LSl Large-scale integration
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In this
context a major subsystem or system, whether logical or linear, is considered to be one that contains 100 or more
equivalent gates or circuitry of similar complexity.

MSI  Medium-scale integration
A concept whereby a complete subsystem function is fabricated as a single microcircuit. The subsystem or
system is smaller than for LS!, but whether digital or linear, is considered to be one that contains 12 or more
equivalent gates or circuitry of similar complexity.

SSI  Small-scale integration
Integrated circuits of less complexity than medium-scale integration (MS1).

"
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LOGIC GRAPHIC SYMBOLS

LOGIC GRAPHIC SYMBOLS

The logic graphic symbols used in this book are in accordance with American National Standard Graphic Symbols for Logic
Diagrams (Two-State Devices) ANSI Y32.14-1973 (IEEE Std. 91-1973) which supersedes ASA Y32.14-1962, MIL-STD-8068,
and MIL-STD-806C. The following is only a brief explanation of the more common symbols used in this book.

basic logic concepts

The binary numbers 1 and O are used in pure logic where 1 represents true, yes, or active and 0 represents false, no, or
inactive. These terms should not be confused with the physical quantity {e.g., voltage) that may be used to implement the
logic, nor should the term “‘active” be confused with a level that turns a device on or off. A truth table for a relationship in
logic shows (implicitly or explicitly) all the combinations of true and false input conditions and the result (output). There are
only two basic logic relationships, AND and OR. The following illustrations assume two inputs (A and B), but these can be
generalized to apply to more than two inputs.

AND

OR

Y is true if and only if A is true and B is true ( or more
generally, if all inputs are true).
Y=1ifandonlyif A=1andB=1.

Y=A-B

TRUTH TABLE SYMBOLS

A Y A=t
>——Y
B=——t

&

w©

0O = -
O = O =
O Q0 O =
T

v

B e

Y is true if and only if A is true or B is true { or more
generally, if one or more input(s) is {are) true.

Y=1ifandonlyif A=10rB8=1.

Y=A+B
TRUTH TABLE SYMBOLS
A B Y A'J
Y

1 1 1 B—jl

1 0 1

0 1 1 A >1

0o o 0 poe

By

Y32.14-1973 continues the use of both distinctive-
shape and rectangular symbols for the simpler logic
functions. Both forms are shown here for AND and
OR; however, throughout the rest of this section, and
in the data sheets in this book, usually only the
distinctive shapes will be used for these functions. The
rectangular symbols are most useful when making up
complex combinations of logic functions.

TEXAS INSTRUMENTS
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LOGIC GRAPHIC SYMBOLS

negation

In logic symbology, the presence of the negation indication symbol O provides for the representation of logic function
inputs and outputs in terms independent of their physical values, the O-state of the input or output being the 1-state of the
symbol referred to by the symbol description.

EXAMPLE 1 EXAMPLE 2 EXAMPLE 3 EXAMPLE 4

A—- A A—Y A—d
z z z z
B—— B 8— B—Q
TRUTH TABLE "TRUTH TABLE TRUTH TABLE TRUTH TABLE

A B|zZ A Bz A B|Z A Bz

1 1]o0 1 110 1 10 1 1o

1 0|1 1 ol 1 00 1 00

o 1{1 o 1 {1 0o 1]o0 o 1]o0

0o o1 0o 0|1 0 01 0 o)1

Example 1 says that Z is not true if A is true and B is true or that Z is true if A and B are not both true. Z = AB or Z = AB. This is frequently
referred to as NAND (for NOT AND).

Example 2 says that Z is true if A is not true or if B is pot true. Z = A + B. Note that this truth table is identical to that of Example 1. The
logic equation is merely a De Morgan’s transformation of the equations in Example 1. The symbols are equivalent.

Example 3,2 =A+BorzZ-= m, and Exampled, Z = A- E, also share a common truth table and are equivalent transformations of each
other. The NOT OR form (Example 3) is frequently referred to as NOR.

logic implementation and polarity indication

Devices that can perform the basic logic functions, AND and OR, are called gates. Any device that can perform one of these
functions can also be used to perform the other if the relationship of the input and output voltage levels to the logic variables
1 and O is redefined suitably.

In describing the operation of electronic logic devices, the symbol H is used to represent a “'high level,” which is a voltage
within the more-positive {less-negative) of the two ranges of voltages used to represent the binary variables. L is used to
represent a “‘low level,” which is a voltage within the less-positive {more-negative) range.

A function table for a device shows {implicitly or explicitly) all the combinations of input conditions and the resulting output
conditions.

In graphic symbols, inputs or outputs that are active when at the high level are shown without polarity indication. The
polarity indicator symbol . denotes that the active state of an input or output with respect to the symbol to which it is
attached is the low level.
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LOGIC GRAPHIC SYMBOLS

EXAMPLE 5

Assume two devices having the following function tables.

DEVICE #1 DEVICE #2
FUNCTION TABLE FUNCTION TABLE
A B Y A B Y
H H H H H
H L L H L H
L H L L H H
L L L L L L

By assigning the relationships H = 1, L = 0 at both input and output, Device #1 can perform the AND function and Device #2 can perform the
OR function. Such a consistent assignment is referred to as positive logic. The corresponding logic symbols would be:

DEVICE #1 DEVICE #2
A] —y
v Y
8— 8—1

Alternatively, by assigning the relationships H = 0, L = 1 at both input and output, Device #1 can perform the OR function and Device #2 can
perform the AND function. Such a consistent assignment is referred to as negative logic. The corresponding logic symbols would be:
DEVICE #1 DEVICE #2

A—N‘ A—DN
Y F—Y
B—bﬁ B
The use of the polarity indicator symbol { DN, ) automatically invokes a mixed-logic convention. That is, positive logic is

used at the inputs and outputs that do not have polarity indicators, negative logic is used at the inputs and outputs that have
polarity indicators.

EXAMPLE 6 EXAMPLE 7
FUNCTION TABLE FUNCTION TABLE
A B 2 A B z
H H L H H L
H L H H L L
L H H L H L
L L H L L H
This may be shown either of two ways: This may be shown either of two ways:

A— P A—" a=DNT

V4 2 Z 4
s—1 oD 56— N
Note the equivalence of these symbols to examples 1 and 2 and the Note the equivalence of these symbols to examples 3 and 4 and the
fact that the function table is a positive-logic translation {H =1, fact that the function table is a positive-logic translation (H =1,
L =0) of the NAND truth table, and also note that the function L = 0) of the NOR truth table, and a!so note that the function table
table is the negative-logic translation (H =0, L = 1) of the NOR is the negative-logic transltation (H =0, L =1) of the NAND truth

truth table, given in Example 3. table, given in Example 1.

It should be noted that one can easily convert from the symbology of positive logic merely by substituting a polarity
indicator { IN\. ) for each negation indicator ( O ) while leaving the distinctive shapes alone. To convert from the
symbology of negative logic, a polarity indicator { DN ) is substituted for each negation indicator { O ) and the OR shape
is substituted for the AND shape or vice versa.

TEXASI INSTRUMENTS
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LOGIC GRAPHIC SYMBOLS

choice of AND/OR symbols
The preceding material stated and demonstrated that any device that can perform OR logic can also perform AND logic and
vice versa. De Morgan’s transformation is illustrated in Examples 1 through 7. The rules of the transformation are:

1. At each input or output having a negation { O ) or polarity ( I\ ) indicator, delete the indicator,

2. Ateach input or output not having an indicator, add a negation { O ) or polarity { DN} indicator.

3. Substitute the AND symbol ( D ) for the OR symbol ( D ) or vice versa.

These steps do not alter the assumed convention; positive logic stays positive, negative logic stays negative, and mixed logic
stays mixed.

The choice of symbol may be influenced by these considerations: (1) The operation being performed may best be understood
as AND or OR. {2) In a function more complex than a basic gate, the inputs will usually be considered as inherently active
high or active low (eg., the J and K inputs of a J-K flip-flop are active high and active low, respectively). (3) In a chain of
logic, understanding and the writing of logic equations are often facilitated if active-low or negated outputs feed into
active-low or negated inputs.

other symbols

Dynamic input activated by transition from a low level to a high level. The opposite transition
has no effect at the output.

Dynamic input activated by transition from a high level to a low level. The opposite transition
has no effect at the output.

Exclusive OR function. The output will assume its indicated active level if and only if one and
' only one of the two inputs assumes its indicated active level.

Inverting function. The output is fow if the input is high and it is high if the input is low. The
two symbols shown are equivalent.

I ’ Noninverting function. The output is high if the input is high and it is low if the input is low.
3

WoninY

The two symbols shown are equivalent.

Transmission gate. Serves as a closed switch between lines 1 and 2 only when lines 3 and 4 are
1—1 76 —2 active, i.e., low and high, respectively. Complementary signals are always presented to lines 3
and 4.

e
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control blocks

RIGHT —

LEFT

SEL

b/

SEL

G1
G2

EEE; G3

OUTPUT

SEL
SO

Si

J —

D> ——

D -——

[L]]

)

Bilateral switch. When the switch is on, signals can be transmitted in either direction.

Selector control block. These symbols are used with an array of OR symbols to provide a point
of placement for selection {S) or gating (G) lines. The selection lines enable the input
designated 0, 1, ....n of each OR function by means of a binary code where SO is the
least-significant digit. If the 1 level of these lines is low, polarity indicators { DN\ ) will be
used. The gating lines have an AND relation with the respective input of each OR function: G1
with the inputs numbered 1, G2 with the inputs numbered 2, and so forth. If the enabling levels
of these lines is low, polarity indicators (DN} will be used. For example applications, see
‘4051A and "4321A for the first symbol; '4019A and '4519A for the second symbol.

Output selector control block. This symbol is used with a block symbol having multiple outputs
to form a decoder. The selection lines enable the output designated 0, 1,. ... n of each block
by means of a binary code where SO0 is the least significant digit. If the 1level of these lines is
low, polarity indicators ( [\, ) will be used. For example application of this symbol,
see ‘4028A.

Register control block. This symbol is used with an associated array of flip-flop symbols to
provide a point of placement for common function lines, such as a common clear.

Shift register control block. These symbols are used with an array of flip-flop symbols to form a
shift register. An active transition at the inputs causes left or right shifting as indicated. For
example applications of this symbol, see '4014A, ‘4015A, and '4021A.

Counter control block. This symbol is used with an array of flip-flops or other circuits serving

as a binary or decade counter. An active transition at the +1 or —1 input causes the counter to

increment one count upward or downward, respectively. An active transition at the =1 input
causes the counter to increment one count upward or downward depending on the input at an
up/down control. For example applications of these symbols, see ‘4017A, ‘4029A, '4360A,

and ‘4522A.
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EXPLANATION OF FUNCTION TABLES

EXPLANATION OF FUNCTION TABLES

The following symbols are now being used in function tables on T| data sheets:

H
L
t
{
X

Qg

Qo

On
Il
I

TOGGLE

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

irrelevant {any input, including transitions)

the level of steady-state inputs at inputs A through H respectively

level of Q before the indicated steady-state input conditions were estabisihed
complement of Qg or level of Q before the indicated steady-state input conditions were established
level of Q before the most recent active transition indicated by | or t

one high-level pulse

one low-level pulse

each output changes to the complement of its previous level on each active transition indicated by 4 or 1.

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists
so long as the input configuration is maintained.

If, in the input columns, a row contains H, L, and/or X together with 1 and/or {, this means the output is valid
whenever the input configuration is achieved but the transition(s) must occur following the achievement of the
steady-state levels. If the output is shown as a level {H, L, Qg, or Qg), it persists so long as the steady-state input levels
and the levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the
opposite direction to those shown have no effect at the output. (If the output is shown as a pulse,ﬂ.or U, the
pulse follows the indicated input transition and persists for an interval dependent on the circuit.)
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EXPLANATION OF FUNCTION TABLES

The most complex function tables in this book are those of the shift registers. These embody all of the symbols used in
any of the other function tables, plus more. Below is the function table of an 8-bit static shift register, e.g.
FUNCTION TABLE

type TF4021,

INPUTS INTERNAL OUTPUTS OUTPUTS
CONTROL PARALLEL (2 OF 5)
Pis CLOCK AN SERIAL A = Qf Qg Qy
H X a-h X a b f h h
L t X H Qan Qgn Qfn QGn
L t X L L Qan Qgn Qfn QGn
L L X X Qa0 Qgo Qrp QGo _ QHo

The first line of the table represents asynchronous parallel loading of the register and says that if P/S is high then,
without regard to the serial input or the clock, the data entered at A will be at internal output Qp, data entered at B
will be at Qg, and so forth.

The second and third lines represent the loading of high-and low-level data, respectively, from the serial input and the
shifting of previously entered data one bit; data previously at Qp is now at Qg, the previous levels of Qg, Qf, and Qg
and now at Qf, Qg, and QH, respectively, and the data previously at Qn is no longer in the register. This entry of serial
data and shift takes place on the low-to-high transition of the clock when P/S is low and the levels at inputs A through

H have no effect.

The fourth line simply states that so long as the clock remains low while P/S is low, no other input has any effect and

the outputs maintain the levels they assumed on the last rising transition of the clock.

Since only the rising transition of the clock has been shown to be active, the fourth line implicitly shows that no
further change in the outputs will occur while the clock remains high or on the high-to-low transition of the clock.
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CMOS LOGIC CIRCUITS

INTRODUCTION

This booklet contains descriptive information on CMOS integrated circuits manufactured by Texas Instruments.
Included are data sheets providing electrical and switching characteristics. The circuits designated with 40XXA numbers
are plug-in replacements for the RCA family of CMOS devices. The 43XXA devices are unique Texas Instruments
functions. The 45X XA devices are plug-in replacements for the Motorola family of CMOS devices.

Circuits designated with an “*A" suffix are those devices having an operating voltage range of 3 to 15 volts with
specifications at 5 to 10 volts.

The circuits designated with a ““B'’ suffix are those devices whose voltage range is 3 to 18 volts with specifications at
5, 10, and 15 volts. Additionally the data sheets on the “’B” parts more clearly define the product in a system-oriented
manner. The specific areas where the “B’’ data sheets are more descriptive than the A’ data sheets are:

® Input and Output Characteristics
® Noise Immunity
® Drive Capability

® Specifications at 15 volts

The *'B'’ series (including all ‘'B"’ series data sheets) is presented first, then the A’ series; for most type numbers there
is both an “A’’ series device and a B series device. Within each series the data sheets are arranged in type-number
sequence,

Texas Instruments CMOS offers the design engineer:

® Choice of two packages . . .
Plastic dual-in-line
Ceramic hermetically sealed dual-in-line

® Choice of temperature ranges . . .
Series TF .. .—55°C to 125°C (full military range)
Series TP .. .—40°C t0 85°C

® Protective network on each input

® Low power dissipation {(quiescent)

® High noise immunity

® Threshold voltage, input and supply current stability

o Easy interface capability to
TTL (including low-power and low-power Schottky)
Linear
N-Channei MOS
P-Channel MOS
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SERIES '4000B
GENERAL INFORMATION

“B"” SERIES INFORMATION
BUFFERED CIRCUITS

Most 4XXXXB digital circuits will have double- or triple-buffered output stages to attain:

® Uniform dynamic performance ® Improved capacitance drive

© Uniform input characteristics ® Lower input capacitance

® Uniform output characteristics ® Lower over-all system CV2f power
® Improved noise immunity

Figure 1 shows typical three-input NOR, OR, and NAND gate circuits. The input transistor sizes are minimized to
reduce input capacitance and are buffered from the large output transistors, which are designed to give symmetrical
output characteristics.

Vbb
A——<,—] 2

8 |&.

] I l

T = A y A y
T = )

Y=AFBFC or Y=ABC

hd ‘] &s A A
S]] eD-=o-
T | = P positive logic:
R g }{ }Y Y=A+B+C or Y=ABC
= L=, U

|

positive logic:

Y=ABC or Y=A+B8+C

@

3
bl A
Al I”_I 5 LS 5 )L@Y

FIGURE 1-DOUBLE- AND TRIPLE-BUFFERED CMOS CIRCUITS
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SERIES '4000B
GENERAL INFORMATION

INPUT PROTECTION

Input protection networks have been standardized to the two configurations below:

Vpp
250 ©2
NOM .
INPUT MOS GATES INPUT MOS GATES
250
NOM
Vss Vss
CONFIGURATION 1 CONFIGURATION 2

Configuration 1 is used on the whole family except for the "4049B and '4050B, which use configuration 2. In each case
the diodes to Vgg have a reverse breakdown of approximately 22 to 28 volts. These networks are incorporated as
protection against occassional electrostatic overstress. It is not recommended that units be subjected to continuously
repeated overstress. CMOS is much less sensitive to electrostatic overstress than other MOS technologies; however, care
should be taken in handling these networks much the same as is required for other high-impedance integrated circuits:

1)  Equipment should be properly grounded.
2)  Work surfaces should be electrically conductive and connected to earth ground.

3) Handling should be minimized.
INPUT CHARACTERISTICS

For input voltages between Vgg and Vpp the protective networks are in reverse-biased, low-current states. Typically
the input current at 25°C will be on the order of a few picoamps. Because such small currents are difficult to measure,
inputs are specified at only Vpp = 15 volts. The maximum limit is the sum of all inputs simultaneously measured in
parallel,

The 4XXXB devices have input capacitances of typically 3 to 5 pF.
OUTPUT CHARACTERISTICS

Digital CMOS inputs represent such small loads to CMOS driving units that the outputs will typically equal either Vgg
or Vpp in a quiescent logic state. However for most system applications, one must specify the logic output levels under
a load to indicate interface capabilities of the output to other circuits, the output transient drive capability, and the
susceptability to noise. It is intended to guarantee a standard “'B’’ series output to drive one Low-Power Schottky TTL
input and to have nearlv svmetrical output impedances. For these reasons the output source and sink currents are
specified at output voltages that are symetrically related; that is at Vpp = 5V, Vo =Vpp—0.4 V and 1/2 Vpp for
10H and Vg = 0.4 V and 1/2 Vpp for igL.
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SERIES '4000B
GENERAL INFORMATION

NOISE IMMUNITY

Noise immunity is the inherent ability of a device to receive electrical noise at its inputs without propagating signals
that would cause erroneous logic levels subsequently in the system. Noise immunity does not imply that no output
transient will occur. It does mean that the amplitude of such a transient will be reduced as it is propagated through the
system. The “A"’ series noise immunity is typically 30% of Vpp—Vss. Because the ““B”* series has internal buffers, this
noise immunity is increased to typically 45% of the supply voltage. Noise margin is a specific measure of noise
immunity under specific conditions of load, supply voltage, and temperature. High-level noise margin is defined as
VQoH min — ViH min and low-level noise margin is defined as V|| max — VoL max, where the following definitions

apply:

VIH min The minimum value of high-level input voltage for which operation of the logic element within
specification limits is guaranteed.

VL max The maximum value of low-level input voltage for which operation of the logic element within
specification limits is guaranteed.

VOH min The minimum high-level output voltage that will occur under specific conditions of input voltage,
supply voltage, load, and temperature.

VoL max The maximum low-level output voltage that will occur under specific conditions of input voltage,
supply voltage, load, and temperature.

Historically the CMOS industry has applied these definitions of noise margins under the conditions of no output load
with the units stressed one input at a time while the other inputs are at Vpp or Vgs. A more realistic system
application would require all inputs to be stressed simulitaneously in a worst case combination and the outputs to be
loaded. Under guaranteed data sheet conditions of VQH min, V|4 min, V| max, and VoL max, Texas Instruments
guarantees worst-case noise margins of:

LOGIC LEVEL Vpp=5V Vpp=10V Vpp=15V
High 06V 15V 15V
Low 06V 1.5V 1.5V

These noise margins are equivalent to the following under conditions of no load and one input stressed at a time.

LOGIC LEVEL Vpp=5V Vpp=10V Vpp=15V
High 15V 30V 20V
Low 15V 30V 40V

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 » DALLAS, TEXAS 75222

21



SERIES ‘40008
GENERAL INFORMATION

POWER DISSIPATION

CMOS power dissipation is defined primarly by two contributing factors; a steady-state “‘leakage’” current contribution
and dynamic power dissipation. The dynamic power is normally the major factor and consists of two components: the
capacitive term (CV2f) and the “through’’ current, which results when both the N-channel and the P-channel transistors
are simultaneously on. The curves of Figure 2 show CMOS power of a two-input NOR circuit as compared to equivalent
circuits in the three most popular TTL families. From this comparison one can clearly see that CMOS offers the
optimum power versus frequency for system frequencies less than 100 kHz. From 1 MHz up, the trade-off favors
Low-Power Schottky TTL.

CMOS quiescent supply current specified in subsequent detailed specifications is primarily reverse current of diodes and
off-state current of MOS transistors. Since CMOS logic functions consist of series and parallel combinations of MOS
transistors, one must measure the reverse current in sufficient logic states to ensure that all junctions and transistors are
stressed. For example a two-input NOR gate would require an Ipp measurement with both inputs low to stress both
n-channel transistors. Then, one must apply a high, low combination to stress one p-channel transistor followed by a
low, high combination to stress the other. This method of measurement is being used on all Texas Instruments CMOS
products.

SPECIFICATION GROUPING

The products in this book are classified into two groups each having common characteristics. The first group (SSI,
small-scale integration) comprises the basic gate functions, buffers, and small analog functions, the second group (CSSI,
complex small-scale integration, and MSI, medium-scale integration) comprises the dual flip-flops and the more
complex functions. The type numbers in each group of the ‘‘B*" series are shown below.

GROUP 1 GROUP 2
(ss1) (CSSI and MSI)
4000B¢ 40138
4001B 4014B¢
40028¢ 40158¢
40098 4018B
40108 40218¢
40118 40290B¢
40128¢ 40358¢
4016B 4042B
40238¢ 4043B
40258¢ 4044B
4030B 4051B
40498 40528
40508 4053B
40698 43768
40708 43778
4071B
40728¢
4073B¢
4075B¢
40818
4082B¢
4085B¢

*Future products to be announced
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Pp—Power Dissipation per Gate

POWER DISSIPATION PER GATE
Vs
FREQUENCY FOR TTL AND CMOS
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FIGURE 2
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SERIES ‘40008
COMMON ELECTRICAL SPECIFICATIONS

SEPTEMBER 1975

The following electrical specifications apply for most series ‘4000B CMOS products. Each individual product specification
references the appropriate sections of this common specification and lists exceptions if there are any.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp (see Note 1) e e e e e e e e e e e e e e e e 8V
Input current . . . Y 10 mA
Continuous total dlSSlpanon (see Note 2) L. e e e e e e 200 mwW
Operating free-air temperature range: TF4000B Serles e e e e e e —55 Cto 125°C

TP4000B Series e e e e e e e e e e e —40°C to 85°C
Storage temperaturerange . . . . . . . . . + +« 4 . 4w . W+ . . . . . . . —65°Cto150°C

NOTES: 1. Throughout this page, the following page, and the individual product specifications, voltage values are with respect to the Vgg
terminal unless otherwise noted.
2. Power dissipation averaged over a 1-second interval must fall within the continuous dissipation rating.

recommended operating conditions

MIN MAX UNIT

Supply voltage, Vpp {see Note 3) 3 18 v
Input voltage, V) ’ 0 Vpp \
Operating free-air temperature, T TFA0008 Series =55 125 :C

TP4000B Series —40 85 C
Rise time, any input, t, 15 us
Fall time, any input, t¢ 15 us

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
TF4000B Series

PARAMETER TEST CONDITIONS Vop=5V |Vpp=10V |Vop =15V |\,
MIN MAX [ MIN MAX | MIN MAX
Vi High-level input voltage| 4 8 12 \"
ViL Low-evel input voltage 1 2 3]V
High-level B
Von output voltage ViH = V|4 min, VjL = V| max, '0 = foH min 46 95 135 v
Low-level See Note 3 .
VoL output voltage 1o = oL min 0.4 05 15( V
V1M = Vi min, V)L = Vi max, Ta= —5°5°c -05 -14 -3.8
i Ta=25°C —0.4 -0.9 -3
) Vo = VOH min - -
IoH High-level Ta= 12500 -04 —0.65 -2.3 mA
output current V1K = Vik min, Vi = VL max, TA= —505 C -2 —-75 B -1
Vo =% VoD TA=25 S -16 -6 -9
Ta=125°C —1.2 —4 -6
s = Ve min. Vir = Vi i Ta=-55"C 05 1.1 38
SR T ViH MR, LT L M T oo 04 ) 2
o, ool Vo = VoL max Ta=125C 04 0.65 23 A
output current V11 = Vip min, VL = VL max, Ta= —505 (o} 2 75 1
Wy TA=25°C 16 6 9
Vo =%VpD Ta=125°C 12 4 6
Iy Input current Vy=Vppor0V 1| pA
. Group 11 Ta=—-55"Cor25°C 05 1 2
'bp  Quiescent products Vi = V_DD or OV, Ta=125C 30 60 120
irlss Z‘:‘:::t Group 21 :: :::': states, Ta- -55:0 or 25°C 5 10 20| *A
products Ta=125C 300 - 600 1200

NOTE 3: The output voltage limits are guaranteed for any appropriate combination of high and low inputs.
TSee group designation on individual product specifications and page 22 for a list of all products by group.
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SERIES '40008B
COMMON ELECTRICAL SPECIFICATIONS

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

TP4000B Series
PARAMETER TEST CONDITIONS VDD=5V | VDDZ 10V | VDD =15V },,\;7
MIN MAX | MIN MAX | MIN MAX
ViH High-level input voltage| 4 8 12 \%
ViL Low-level input voltage 1 2 31 V
voy g level 16 = loH min 46 95 135 v
output voltage ViH = VIH min, V| = V| max,
voL ovlevel See Note 3 1o = loL min 04 05 15| v
output voltage
Vst = Vi min, V)L = ViL mex, TA=—4°0°C -0.45 -1 -34
; Ta=25C 0.4 —0.9 -3
3 Vo = VoH min >
loH High-level Ta=85 C0 —0.4 -0.75 2.7 mA
output current Vi = Vip min, VL = Vjp max, TA = —400 c -1.8 —6.7 —-10
Ta=25C —16 —6 —9
Vo ="%Vpp 5
Tao=85C -1.3 -5 -72
VIH = Vg min, V= V| max, TA=_ABOC 0.45 ! 34
Ta=25°C 04 0.9 3
Vo = VoL max =
oL Low-level Ta =85 CQ 0.4 0.75 2.7 mA
output current ik = Vi min, Vi = ViL max, TA= —400 C 1.8 6.7 10
Vo = % VoD TA=25°C 16 6 9
Ta=85°C 1.3 5 7.2
1y Input current V| =VpporoV 1| uA
. Group 17 Ta=-40"Cor25°C 5 10 20
'bp  Quiescent products V1 = VPD oroVv, Ta=85C 70 140 280
or sueply e aT [ logic states, Tp=—40°Cor 25°C 50 100 200] “A
Tlss current | ducts | ° 0% TA=85C 700 1400 2800

NOTE 3: The output voltage limits are guaranteed for any appropriate combination of high and low inputs.
TSee group designation on individual product specifications and page 22 for a list of all products by group.
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LOGIC CIRCUITS

TYPES TF4000B, TF4001B, TF40028B,
TP4000B, TP4001B, TP4002B
NOR GATES

SEPTEMBER 1975

‘40008 . . . Dual 3-Input NOR Gates Plus Inverter®
‘4001B . . . Quad 2-input NOR Gates
‘4002B . . . Dual 4-Input NOR Gates®

TF4001B, TP40018B
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD 48 4A 4y 3Y 3B 3A

Eininininininind

al el o] el o] s
23 Ja s s

1
A 18 v 2 2A 2B Vss

positive logic: Y = A+B

specifications

MAXIMUM R%ig’:x-m%m ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
Page 24 Page 24 Pages 24 and 25,
araren 1
Yroup o

switching characteristics at 25° C free-air temperature

TF4000B, TP4000B®
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

Vpp  3C 3B 3 3y 2y 2A
14 13 12 1" 10 9 8

1 2 3 4 5 6 17
NC NC 1A 1B 1c ¥ Vgs

positive fogic: NOR gates: Y = A+B+C

Inverters: Y = A

NC—No internal connection

TF40028B, TP4002B°
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

Vpp 2 20 2c 28 2A NC
14 13 12 1 10 9 8

positive logic: Y = A+B+C+D

NC-—No internal connection

Vpp=5V|Vpp=10V|Vpp=15V
PARAMETER TEST CONDITIONS UNIT

TYP MAX|TYP MAX|TYP MAX

tpLH Propagation delay time, low-to-high-level output Ci =50 pF 175 50 40

tpHL  Propagation delay time, high-to-low-level output | L pr. 175 50 40

— - - R =200 k2, ns
tTLH  Transition time, low-to-high-level output See Note 1 a5 35 30
tTHL Transition time, high-to-low-level output 95 35 30

NOTE 1: See ioad circuit and voltage waveforms on page 170,

OFuture products to be announced.
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0s TYPES TF4009B, TF4010B, TP4009B, TP4010B
CM HEX INVERTING AND NONINVERTING
LOGIC CIRCUITS BUFFERS/CONVERTERS

SEPTEMBER 1975

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
o High Current Sinking Capability TF40098, TP40098

description Vpp  6Y 6A  NC 5Y  5A 4y 4A

16 15 14 13 12 1" 10 9
The '4009B and '4010B hex CMOS inverting and
noninverting buffers may be used as current sinks for
source drivers, hex CMOS drivers, or CMOS to DTL

or TTL logic-level converters. Conversion ranges are
from CMOS logic operating at supply levels to
18 volts to DTL or TTL operating at supply levels of

3volts to 18 volts. Conversion to logic output levels <I
greater than 6 volts is permitted provided that the I ]' | ]l
Vce supply voltage is not higher than the Vpp

1 2 3 4 5 6 7 8

supply voltage (see Note 1).

. vee 1 1A 2y 2A 3y 3A vss
schematic (each buffer)
'4009B i -
logic: Y = A
Vbb Vee
NC—No internal connection
° TF40108, TP4010B

__I t:f [ — ,_’.__l I Vpp  6Y 6A NC 5Y 5A 4y 4A
— l
INPUT ——4

16 15 14 13 12 " 10 9
’
—— OUTPUT <] <] <]
JM —
o —e¢ J
4
q Vss
”
1||2l|3||4||5||§||7 IBI

‘40108
Vbbb Vece
1 vce 1Y 1A 2Y 2A 3y 3A Vss
logic: Y =A
— — — -
J r-l > NC—No internal connection
— ——
l specifications
RECOMMENDED
INPUT & outeuT maximum [ NG ELECTRICAL
\ 4 CHARACTERISTICS
RATINGS | conpiTions
Page 24 Page 24 Pages 24 and 25,
and below group 1,
Vss except ason
following page

absolute maximum ratings over operating free-air temperature range

Supply voltage, VgcfseeNote 1) . . . . . . . . . . . .« « v « v v v v v v v ... VDD
Minimum rise time of supply voltages . . . . . . . . . « « « . v 4 i i e i e e i e e e e e e . 10ps
Output load capacitance if Vggexceeds 105V . . . . . . . . . . . . L0000 000 5000 pF

NOTE 1: If Vg is allowed to exceed Vpp, the device may latch up and draw sufficient current to cause permanent damage.

TEXAS INSTRUMENTS
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TYPES TF4009B, TF4010B, TP4009B, TP4010B
HEX INVERTING AND NONINVERTING BUFFERS/CONVERTERS

electrical characteristics over recommended operating free-air temperature range, Vcc = VDD
TF4009B and TF1010B

Vpp=5V [Vpp=10V | Vpp =15V
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX |} MIN MAX
High-level
Vip 9 4 8 12 v
output voltage
vy, owdevel TF4009B 1 2 2
I v
output voltage TF40108 1 2 3
v High-level ViH =ViH min, Vi =V L max, Ig=0 4.6 9.5 13.5
OH output voltage (V|4 = Vpp, ViL=0, lo =lgH min 46 95 13.5 v
v Low-level VIH=VIH min, V| =V[Lmax, Ig=0 0.4 0.5 1.5
OL sutput voltage [Vir = Vb, ViL=0, To = ToL min 04 05 15| Vv
TA =-55°C [ 3.75 10 30
ViH = ViH min, V|_=V|Lmax, Vg=Vg max|Ta =25"C 32 8 24
Low-level TA=125°C | 2.4 56 17
oL 5 mA
output current Tao=-55C 11 36 53
VIH = V|H min, V|_=V|Lmax, Vo=%Vpp |Ta=25C 9.2 29 42
Ta=125°C 6 20 30
TP4009B and TP4010B
- \" =5V |V =10V {V =15
PARAMETER TEST CONDITIONS DD DD DD= 15V )\ r
MIN MAX | MIN MAX { MIN MAX
High-level
Vin 4 8 12 \Y
input voltage
Low-level TP4009B 1 2 2
ViL v
input voltage TP4010B 1 2 3
v High-level ViH =VjH min, Vi =ViLmax, lg=0 46 95 135 v
OH output voltage | V|H = VppD. ViL=ViL=0, 1o =I0H min 46 9.5 135
v Low-level ViH = VIH min, Vj =V|Lmax, lg=0 0.4 05 15 v
oL output voltage { ViH = Vpp, Vi =0, 1p =1oL min 0.4 0.5 15
Ta=-40°C| 36 9.6 28
ViH = ViH min, V| =V|_max, Vg=Voymax|Ta=25C 3.2 8 24
Low-level TA =85"C 2.5 6.6 19
loL - mA
output current TaA=—40C| 10 34 49
ViH=ViHq min, V|_=V|Lmax, Vo=%Vpp|[Ta=25"C 9.2 29 42
TA =85°C 74 24 33
switching characteristics at 25° C free-air temperature
Vpp=5V(V =10V|V =15V
PARAMETER TEST CONDITIONS DD DD LD uNIT
TYP MAX{TYP MAX|TYP MAX
tpLH  Propagation delay time, low-to-high-level output 55 40 35
tpHl  Fropagation delay time, high-to-dowdevel output | Vgo =Vpp, Ci =50pF, 50 28 23 e
tTLH  Transition time, low-to-high-level output R =200 k2, See Note 2 135 110 100 o
tTHL  Transition time, high-to-low-level output 30 28 25
tpLH Propagation delay time, low-to-high-level output | Vge = % Vpp, Cp =50 pF, 25 ns
tpHL  Propagation delay time, high-to-low-level output | R =200 k2, See Note 2 ‘25

NOTE 2: See load circuit and voltage waveforms on page 170.
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CMOS TYPES TF4011B, TF4012B, TP4011B, TP4012B

LOGIC CIRCUITS

NAND GATES

SEPTEMBER 1975

‘4011B . . . Quad 2-Input NAND Gates
‘4012B . . . Dual 4-Input NAND Gates®

TF4011B, TP4011B
JOR N DUAL-IN-LINE PACKAGE (TOP VIEW)

TF4012B, TP40128C
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD 4B 4A 4y 3y 3B 3A
fu] [n] [r] [n] [w] [s] [s]

4 13 12 1 10 9 8

1 2 3 4 5 6 7

1A 1B 1Y 2y 2A 28 Vss

Vop  2Y 2D 2c 28 2A NC
14 13 12

1 10 9 8
Ill IZI |3| |4| |5| |8| |7l

1Y 1A 1B 1c 10 NC Vss

positive logic: Y = AB

positive logic: Y = ABCD

specifications

NC-No internal connection

MAXIMUM R%(;(;l;ll\:-f:\:\l%ED ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
Page 24 Page 24 Pages 24 and 25,
group 1

switching characteristics at 25° C free-air temperature

PARAMETER TEST CONDITIONS Vop=5V|Vpp=10V|VpD =15V
TYP MAX|TYP MAX|TYP MAX
t Propagation delay time, low-to-high-level output 175 50 40
PLH =
- - - Cp =50 pF,
tpHL  Propagation delay time, high-to-low-leve! output R: =200 k2 175 50 40 ns
ttLH  Transition time, low-to-high-level output s L Note 1 ’ 95 35 30
ee Note
tTHL  Transition time, high-to-low-level output 95 35 30

NOTE 1: See load circuit and voltage waveforms on page 170.

OFuture product to be announced,

PRINTED IN U.S.A

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE (HANGES AT ANY TIME
IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

29



30

CMOS
LOGIC CIRCUITS

TYPES TF4013B, TP4013B

DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

SEPTEMBER 1975

® Toggle Rate . .. 12 MHz Typical at

VDD= 15V

description

These circuits are dual D-type transition-operated
master-slave flip-flops with buffered outputs,
independent direct overriding preset and clear inputs,
and D and clock inputs. While the clock is low, the
data at the D input is entered into the master section,
which is isolated from the slave section. On the rising
transition of the clock, the D input is disabled and
data previously set up in the master section is
transferred to the slave section and appears in true
form at the Q output.

Presetting and clearing are independent of the clock
and are accomplished by a high-level voltage at the
respective input. The Q output is complementary to
the Q output except for the nonstable situation that

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

Vob 20 28
“ 13 2 n 0 9 8

2
2CK CLR 2D 2PR

1 2 3 4 5 ] 7

1CK 10 1PR vss

1
CLR

fogic: see function table

functional block diagram

(6, 8]
PRESET )

MASTER SECTION

(4 SLAVE SECTION D <|,13)0
D 212 5

exists when both preset and clear inputs are
simultaneously high.
FUNCTION TABLE CLEAR = = 83
(EACH FLIP-FLOP) cLock B n)D ! D +
INPUTS OUTPUTS
PRESET CLEAR CK D Q Q
H L X X H L specifications
L H X X L H
* »
H H X O H maximum | RECOMMENDED | ¢ e orpicaL
L L v L L H RATINGS OPERATING CHARACTERISTICS
L L 1 H H L CONDITIONS
L L L X Qg Qg Page 24 Page 24 Pages 24 and 25,
See explanation of function tables on pages 16 and 17. group 2
*This configuration is nonstable; that is, it will not presist when
preset and clear return to their inactive (low) level.
Lol - .
switching characteristics at 25° C free-air temperature
v =5V|V =10V{V =15V
PARAMETER TEST CONDITIONS DD DD DD UNIT,
TYP MAX|TYP MAX|TYP MAX
fmax  Maximum clock frequency 4 10 12 MHz
Propagation delay time, low-to-high-level output
tpLH Pag v 9 P 225 95 85 ns
from clock, preset, or clear
Propagation delay time, high-to-low-level output
tPHL pag v g P CL =50 pF, 225 95 85 ns
©  from clock, preset, or clear Ry =200 k&2
tTiLH  Transition time, low-to-high-level output SeLe Note 1 ! 95 35 30 ns
e
tTHL Transition time, high-to-low-level output 95 35 30 ns
Minimum pulse width, clock high, clock low,
t, i 125 50 40 ns
wimin) preset, or clear
tsu(min) Minimum setup time 25 10 8 ns
th{min} Minimum hold time 0 0 0 ns
NOTE 1: See load circuit and voltage waveforms on page 170.
PRINTED IN USA 9
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FUTURE CMOS PRODUCT
TO BE ANNOUNCED

TYPES TF4014B, TP4014B
8-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

o Synchronous Parallel or Serial Input,
Serial Output

o Parallel Outputs from Sixth, Seventh,
and Eighth Bits

e Maximum Clock Frequency . ..5 MHz
Typical at 10 V

description

These 8-bit synchronous registers have a single serial
input and parallel-in access to each stage. D-type
master-slave flip-flops are used for each stage with
parallel access to the outputs of bits F, G, and H.

Both serial and parallel entry are made synchronously
on the low-to-high transition of the clock input and
under the control of the parallel-load/serial-shift
input, P/S. When the P/S input is high, data is
broadside loaded into the register from the parallel
inputs. When the P/S input is low, data is entered at

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

CONTROL
VDD G F E Qg SERIAL CLOCK  pfS

16 15 14 13 12 1 10 9

PARALLEL INPUTS

SERIAL B
P/S—_]/A B c D E G H
I N A A |
D D

F
D D D D) D D

| ] Lo o o
R

QF QG QH

2 3 4 5 6 7 8
H Qf QH D [ B A Vss

logic: see function table

specifications

t:e Zt.analt.mptg a:: eac: l()::t shifts one bit position in MAXIMUM Rggg;ﬂrﬁ:gED ELECTRICAL
the direction roug .

v A H RATINGS CONDITIONS CHARACTERISTICS
The TF4021B and TP4021B are similar to these Page 24 Page 24 Pages 24 and 25,
registers, except for having asynchronous parallel group 2
inputs.

FUNCTION TABLE
INPUTS INTERNAL OUTPUTS OUTPUTS
CONTROL PARALLEL (2 of 5)

T Q
by cLock AH SERIAL oA a5 Qf Qg H
H 4 a-h X a b f g h
L 1 X H H Qan QEn Qfn QGn
L 1 X L L Qan Qen Qfn Qgn
X L X X Qa0 Qgo Qro Qo QHo

See explanation of function tables on pages 16 and 17,

functional block diagram

15}

F G

(4) (15}

TEXAS INSTRUMENTS
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TYPES TF4014B, TP4014B
8-BIT STATIC SHIFT REGISTERS

switching characteristics at 25° C free-air temperature

PARAMETER TEST CONDITIONS VDp=5V Vpp=10V|Vpp =15V} .o
TYP MAX |[TYP MAX|TYP MAX

fmax Maximum clock frequency 2.5 5 7 MHz
tPLH Propagation delay time, low-to-high-level output CL =50 pF, 300 125 90 ns
tPHL Propagation delay time, high-to-low-level output R = 200 k82 300 125 90 ns
tyLH  Transition time, low-to-high-level output Ses Note 1 ! 95 35 30 ns
TTHL Transition time, high-to-low-level output . 95 35 30 ns
tw(min) Minimum pulse width, clock high or clock low 200 100 100 ns
tsu(min) Minimum setup time 100 50 50 ns
th{min) Minimum hold time 0 0 0 ns

NOTE 1: See load circuit and voltage waveforms on page 170,
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FUTURE CMOS PRODUCT
TO BE ANNOUNCED

TYPES TP4015B, TP4015B
DUAL 4-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

JORN DUAL-IN-LINE PACKAGE (TOP VIEW)

e Maximum Clock Frequency ...5 MHz
Typical at 10 V

1
Vbp 1D CLEAR 1Qa 10 1Qc  2Qp

16 15 14 13 12 1 10

2
cLocK
9

Qa @8 Qc Qp

Qa 08 Qc Qp

description
1 2 3 4 5 6 7 8
jl'hes? dua! 4-bit static shift reglstgrs ‘con5|st of two ; o 200 205 208 2 - Vo
identical, independent, 4-stage serial-input, parallel- CLOCK CLEAR
output registers. Each register has independent clock - ]
! X T . logic: see function table
and clear inputs as well as a single serial data input.
The register stages are D-type master-slave flip-flops functional block diagram (each register)
with Q outPuts avallabl.e fr9m each of the f.our bits b ol 5ol P
on both registers. Data is shifted from one bit to the _ _
next during the low-to-high-level transition of the K cK peK
- . . o O
clock. A high level applied to the clear line sets all ¢ Rﬁ cmﬁ cr
outputs of the associated registers to the low level. CLocxf'—"a-’D-\ |
(14, 6} :
CLEAR
FUNCTION TABLE
(EACH REGISTER) 13, 5) (12, 4) (11,3 (2.10)
. ge . Qa Qg Qc Qap
INPUTS OuTPUTS specifications
CLEAR|[cLOoCcK|D | @a 0g 0O Qp
E
H X |x| L L L ¢t MAXIMUM R%‘f’%’;‘rfm% D | ELecTRicAL
L t L | L Qan OBn Qcn RATINGS CHARACTERISTICS
CONDITIONS
t f H H Qan Qgn Qcn Page 24 Page 24 Pages 24 and 25
L L X |Qao0 Q980 Qco 2pp age age 9 5 .
roi
See explanation of function tables on pages 16 and 17. goee
switching characteristics at 25° C free-air temperature
\Y =5V|V =10 V|V, =15V
PARAMETER TEST CONDITIONS DD Db DD uNIT
TYP MAX|TYP MAX|TYP MAX
fmax  Maximum clock frequency 3 5 7 MHz
Propagation delay time, low-to-high-tevel
tPLH P29 v 9 250 100 80 ns
output from clock
. Propagation delay time, from clock 250 100 80 ns
PHL high-to-low-level output | from clear CL =50 pF, 300 125 100
tTLH  Transition time, low-to-high-level output R =200 k2, 95 35 30 ns
tTHL  Transition time, high-to-low-level output See Note 1 95 35 30 ns
: L Mini ; dth clock high or low 165 100 75 ns
w(min) Minimum pulse widtl lear 78 %0 %0
tsu(min) Minimum setup time 100 50 50 ns
th(min) Minimum hold time 0 Y 0 ns

NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4016B, TP4016B

QUAD BILATERAL SWITCHES

SEPTEMBER 1975

Difference in ron between Switches
in One Package Typically 10 2 when
V| =VssorVpp

High Degree of Linearity ... < 0.5%
Distortion Typical at 1 kHz

Switches Can Transmit Signals in Either
Direction at Frequencies of up to
50 MHz Typically

Extremely Low Off-State Switch Current
Resulting in Very High Effective Off-State
Resistance . . . 10 pA Typical at
Vpp-Vss =10V

Maximum Control Input

Frequency ... 10 MHz Typical at
Vpp=10V, CL =15 pF, RL=1kQ

High On/Off Qutput Voltage Ratio ... 65 dB
Typical

Extremely High Control-Input Impedance
(Control Circuit Isolated from Switch
Circuit) ... 1012 Q Typical

Low Crosstalk Between Switches . . .50 dB
Typical at 0.9 MHz, R|_ =1 kQ

Control Input Current . .. < 10 pA Typical

description

The ‘4016B is a quadruple bilateral switch construct-
ed with P-channel and N-channel enhancement-type
devices in a monolithic structure, and finds primary
use where low power dissipation and/or high noise
immunity is desired.

Applications include digital switching and multiplex-
ing; analog-to-digital and digital-to-analog conversion;
digital control of frequency, impedance, phase and
analog-signal gain; signal gating; and use as a squelch
control, chopper, modulator, demodulator, or
commutating switch.

The P~ well of the analog transmission gate is
connected to Vgg when the control input is low {gate
off) and is switched to the analog input when the
control input is high (gate on). This provides a more
uniform on-state resistance with varying analog input
voltages.

specifications

RECOMMENDED

MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 See the following page.

Electrical characteristics
on pages 24 and 25
do not apply.

JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD 1C 4ac 4A Y 3y 3A
14 13 12 1] 10 9 8
sw 1 SW 4 SW .2 sw 3

- - ——
1 2 3 4 5 6 7
1A v 2y 2A 2C 3C Vss

logic: switch is on when C is high

schematic (each switch)

CONTROL
%

INPUT

P_J{
1)

—

P

VpD

OUTPUT

Y

I

r4—

i
I

TEXASI INSTRUMENTS
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TYPES TF4016B, TP40168
QUAD BILATERAL SWITCHES

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

TF40168B
Vpp=5V | Vpp=10V (Vpp=
PARAMETER TEST CONDITIONS DD bp -1 D18V |,\r
MIN MAX | MIN MAX | MIN MAX
High-level control
Vi . 3 4 4 \Y
input voltage
Low-level control
ViL . 0.9 09 09 \%
input voltage
High-level Aat0V, C at Vy_ max,
V 4.5
OH output voltage lg=10pA 9 12 v
Low-level AatoVv, C at V|4 min,
VoL ) 0.5 1 1| v
output voltage lg=10uA
Input-to-output AatOVtoVpp, Cat0V, o
Ta=25C +125
off-state current Yat5V A nA
Small-signal AatVpp, % Vpp,or0V, Tp = —55°C or 25°C 660 400
on-state CatVpp, - Q
resistance RL=10k2to % Vpp Ta=125°C 960 600
1 Input current Vi=VpporoV +#1 | uA
AatOVtoVpp, CatOV, Ta=-55°Cor 25°C 0.5 1 2
Total > uA
Quiescent YatOVtoVpp Ta=125"C 30 60 120
iesce! g
+ A=Y=0VtoVpp, Ta=-55°Cor25°C 0.5 1 2
Current = uA
CatVpp Ta=125"C 30 60 120
TP4016B
A" =5V |V =10V |V =15V
PARAMETER TEST CONDITIONS DD DD DD uNIT
MIN MAX | MIN MAX | MIN MAX
High-level control
ViH . 3 4 4 v
input voltage
Low-level control
ViL . 0.9 09 09 v
input voltage
High-level AatoV, C at V| max,
vou ¢ L 35 7 10 v
output voltage 1o=10pA
Low-level AatoV, C at Vi min,
VoL 1.5 3 5 \
output voltage lo=10kA
Input-to-output AatOVtwoVpp, CatOV, o
Ta=25"C 125 A
off-state current Yat5Vv A n
Small-signal AatVpp, % Vpp,oroV, Tp = —40°Cor 25°C 660 400
on-state CatVpp. - Q
resistance RL =10kQ to %2 Vpp Ta=85C 960 600
h Input current Vy=Vppor0V 1 | uA
AatOVtoVpp, CatOV, TaA =—40°Cor 25°C 5 10 20
Total o BA
Quisscent Y at0V to Vpp TA=85"C 70 140 280
uiescel o
+ A=Y=0VtoVpp, Ta=—40°Cor 25°C 5 10 20
Current S MA
CatVpp TA=85"C 70 140 280

TThis is the total of supply current, control input current, and input-to-output off-state current.
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TYPES TF4016B, TP4016B
QUAD BILATERAL SWITCHES

switching characteristics at 25° C free-air temperature

PARAMETERY | HOM To TEST CONDITIONS VDp=5V|Vpp =10V |Vpp =15V}, o
(INPUT) | (OUTPUT) TYP MAX| TYP MAX|TYP MAX
PLH A Y RL = 10k, CL = 50 bF, 30 15 12 N
tPHL A Y CatVpp, See Figure 1 30 15 12
LK C Y CL = 50 pF, RL-10k2 00V 80 30 25 -
tPHL C Y See Figure 2 RL=10kQ to Vpp 80 30 25

q tp_H = Propagation delay time, low-to-high-level output
tpH L = Propagation delay time, high-to-low-level output

PARAMETER MEASUREMENT INFORMATION

Y INPUT A

A UNDER RL

tpLH —je—]| | C——T

E ‘L
TEST T \ -T-==-VOH
= = OUTPUT Y 50% 50%
voL

= TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 1-PROPAGATION DELAY TIME, SWITCH INPUT A TO QUTPUT Y

VbD
INPUT C
c
= v oV
SW OUTPUT Y VoH
A UNDER RL cL (A AT VDD,
TEST I RLTOOV) ! VoL
fe—>—tpHL
0VorVpp ! VOH
OUTPUT ¥ Sk 50%
(RATUYV, \ /
RLTOVDD) W ———— === VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 2—PROPAGATION DELAY TIMES, CONTROL INPUT C TO OUTPUT Y

NOTES: A. Input pulses are supplied by generators having the following characteristics: Z5ut =50 2, PRR =10 kHz, t, <20 ns, t5 < 20 ns.
B. C includes probe and jig capacitance.
€. The waveforms are monitored on an oscilloscope with the following characteristics: t, < 10 ns, Rin = 1 MQ.

PRINTED IN USA
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CMOS
LOGIC CIRCUITS

TYPES TF4018B, TP4018B

PRESETTABLE DIVIDE-BY-N COUNTERS

SEPTEMBER 1975

e Maximum Clock Frequency ...5 MHz
Typical at Vpp =10V

description

The ‘4018B consist of five Johnson counters,
buffered Q outputs from each stage, and preset
control gating. Clear, preset enable, clock, feedback,
and five parallel load inputs are provided.

A high clear signal asynchronously clears the counter
so that all Q outputs are high. A high preset enable
signal asynchronously loads the counter and the Q
outputs will take on the complements of the parallel
inputs. The counter is advanced one count on the
low-to-high transition of the clock input.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD CLR CK Qg E Qap PE D

CLOCK P> +1 L

CLEAR-CLEAR —15 g s |s a
Qa QB Qc Qp Qe
1 2 3 4 5 6 7 8
FB A B Qs aa Qc Vss

logic: see description

specifications

MAXIMUM RE)CPOEh;x_E:\:\‘%ED ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
Various counter configurations may be implemented Page 24 Page 24 Pages 24 and 25,
as follows: group 2
. Connect These Outputs . Results from Each Q Output
Divide by Via . .
to Feedback Input (See Timing Diagram)
10 Qg direct b counts high, 5 counts low
9 Qp, O AND gate 5 counts high, 4 counts low
8 Qp direct 4 counts high, 4 counts low
7 Qc, Op AND gate 4 counts high, 3 counts low
6 Qc direct 3 counts high, 3 counts low
5 Q. Qc AND gate 3 counts high, 2 counts low
4 65 direct 2 counts high, 2 counts low
3 Qa. QO AND gate 2 counts high, 1 count low
2 Qaa direct 1 count high, 1 count low
switching characteristics at 25°C free-air temperature
PARAMETER TEST Vpp=5V |[Vpp=10V |Vpp=15V UNIT
CONDITIONS |TYP MAX| TYP MAX]| TYP MAX
fmax  Maximum clock frequency 25 5 7 MHz
LK Propagation delay time, low-to-high-level | to §A: 63, 60, 50, 500 200 150 ns
output from clock, clear, or preset enable | to Qp 350 125 100
tPHL Propagation delay time, high-to-low-level | to (EA, 53, 6C' ('_JD 500 200 150 ns
output from clock, clear, or preset enable | to Qg CL = 50 pF, 350 125 100
tteH  Transition time, low-to-high-level output RL = 200 ks2, 95 35 30 ns
tTyL  Transition time, high-to-low-level output See Note 1 95 35 30 ns
- . clock high or low 200 100 75
tw{min} Minimum pulse width clear or preset enable 200 100 75 ns
. . feedback input 75 75 65
tsu(min) Minimum setup time clear or preset enable inactive state 300 100 100 ns
th{min) Minimum hold time at feedback input 0 0 0 ns

NOTE 1: See load circuit and voltage waveforms on page 170,
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TYPES TF40188, TP4018B
PRESETTABLE DIVIDE-BY-N COUNTERS

functional block diagram

i |
(2) (3) (7) (9) (12)

PRESET (10) ° ° ° ° ° o ®
ENABLE

(14)
CLOCK—D -
1) 5
FEEDBACK— PR Q PRQl— ~bPRQ PR PR 01
—LCK —ch H>CK L—D>cK L—DCK
CLR CLR -‘ CLR CLR CLR
CLEAR ﬁ{> * - “l ? 3 * —

(5) (4) : (6) p (11)': (13

Qa o7 ac @p Qg

typical clear, count, and preset sequence
SHOWN IN DIVIDE-BY-TEN CONFIGURATION, Gg TIED DIRECTLY TO FEEDBACK INPUT

CLEAR ]
]
Es|
thasiE____| 1
t i h
cLock T T
| 1 1=
[ ) I
[ 11 1|
s (o XX KR
[ IRRELEVANT | [
mege 1| PR < X RO
| ISHIGH [
o : I VIR Y
l (. 5 |
© o XX RO
| 1y !
>l ' L T
[ h 1
% N [ —|___11—;?—‘\_
1 I "
S SO L L
T [
o [ L | w
1
L | : I “ I
Ge : ! 1 [ : !
[l t ]
o e COUNT ) fo—al } COUNT
CLEAR PRESET
PRINTED IN U.SA ¢
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FUTURE CMOS PRODUCT
TO BE ANNOUNCED

TYPES TF4021B, TP4021B
8-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

e Asynchronous Parallel or Synchronous
Serial Input, Serial Output

e Parallel Outputs from Sixth, Seventh,
and Eighth Bits

o Maximum Clock Frequency . ..5 MHz
Typical at 10 V

description

These 8-bit registers have a single serial input and
parallel-in access to each stage. D-type master-slave
flip-flops are used for each stage with parallel access
to the outputs of bits F, G, and H.

When the parallel-load/serial-shift input, P/S is high,
data is broadside loaded into the register from the
parallel inputs independently of the clock. When the
P/S input is low, data is synchronously entered at the
serial input and each bit shifts one bit position in the
direction Qp toward Q. Serial operations occur on

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

CONTROL
Voo G F E Qg SERIAL CLOCK  P/§

16 15 1 13 12 " 10 9

PARALLEL INPUTS

SERIAL £
#§ |4 B c b E F G H

I T I T

o[ o[ o] o] o] o] o] O

cuoc EEEEFEE
[ T 1

Qf Qg QH

logic: see function table

specifications

the low-to-high transition of the clock input. MAXIMUM R%i%ﬂr::\:\,%m ELECTRICAL
o RATINGS | . onnirions | CHARACTERISTICS
The TF4014B and TP4014B are similar to these Page 24 Page 24 Pages 24 and 25,
registers, except for having synchronous parallel group 2
inputs.
FUNCTION TABLE
INPUTS INTERNAL QUTPUTS OUTPUTS
CONTROL PARALLEL (2 OF 5)
— cLOCK SERIAL Qf Qg Qy

P/S A-H Qp Qp

H X a-h X a b f q h

L 1 X H H Qan QEn Qfp QGn

L 1 X L L Oan QEn Qfn Qgn

L L X X Qa0 Qg0 QFo 9Go  QHo

See explanation of function tables, pages 16 and 17.

functional block diagram

a
|m IIS) |(5> |uv Imw |u4y

CONTROL (9)
Pig
SERIAL.&D& -

cLock N
+ See detail at right

DETAIL OF EACH STAGE
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TYPES TF4021B, TP4021B
8-BIT STATIC SHIFT REGISTERS

switching characteristics at 25° C free-air temperature

Vpp=5V |Vpp=10V|Vpp=15V
PARAMETER UNIT
TEST CONDITIONS TYP MAX |TYP MAX|TYP MAX
fmax Maximum clock frequency 2.5 5 7 MHz
tPLH Propagation delay time, low-to-high-level output 300 125 75 ns
tPHL Propagation delay time, high-to-low-level output | 300 125 75 ns
tfLH  Transition time, low-to-high-level output CL =50pF, 95 35 30 ns
tTHL  Transition time, high-to-low-level output R =200 ko, 95 35 30 ns
. Minimum pulse clock high or low See Note 1 200 100 100
i — . ns
Wlmin) idtn P/S high . 200 100 100
tsu(min) Minimum setup time 100 50 50 ns
th{min) Minimum hold time 0 0 0 ns

NOTE 1: See load circuit and voltage waveforms on page 170,

PRINTED IN U.S A
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CMOS
LOGIC CIRCUITS

TYPES TF4023B, TF4025B, TP4023B, TP4025B

NAND AND NOR GATES

SEPTEMBER 1975

'4023B . . . Triple 3-Input NAND Gates®
‘40258 . . . Triple 3-Input NOR Gates®

TF40238B, TP4023B°
J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

TF4025B, TP4025B°

J OR N DUAL-IN-LINE PACKAGE (TOP VIEW)

VbD 3C 38 3A 3y A 1c VpD 3C 38 3A 3y 1Y 1C
14 13 12 1" 10 9 8 14 13 12 n 10 9 8
1 2 3 4 5 6 1 1 2 3 4 5 6 17
1A 1B 2a 2B 2C  2Y  Vss A 1B 2a 2B 20 2Y  Vss
positive logic: Y = ABC positive lagie: Y = A+B+C
specifications
MAXIMUM Riigh;:ﬂs:\rl\lDGED ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
Page 24 Page 24 Pages 24 and 25,
group 1
switching characteristics at 25° C free-air temperature
Vpp=5V|Vpp=10V|Vpp =15V
PARAMETER TEST CONDITIONS UNIT
TYP MAX|TYP MAX|TYP MAX
tPLH Propagation delay time, low-to-high-level output C1 =50 oF 175 50 40
tpHL  Propagation delay time, high-to-low-level output RL R 20(;) k;i 175 50 40 ns
tTLH  Transition time, low-to-high-level output L ! 95 35 30
— - See Note 1
tTHL  Transition time, high-to-low-level output 95 35 30
NOTE 1: See load circuit and voltage waveforms on page 170. B
OFuture products to be announced.
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5
TEXAS INSTRUMENTS
INCORPORATED

TEXAS INSTRUMENTS RESERVES THE RIGHT TO MAKE CHANGES AT ANY TIME

IN ORDER TO IMPROVE DESIGN AND TO SUPPLY THE BEST PRODUCT POSSIBLE.

POST OFFICE BOX 5012 « DALLAS, TEXAS 75222




42

FUTURE CMOS PRODUCT
TO BE ANNOUNCED

TYPES TF4029B, TP4029B
PRESETTABLE UP/DOWN
BINARY/DECADE COUNTERS

SEPTEMBER 1975

¢ Medium Speed Operation . ..5 MHz

Typical at Vpp =10V
e Binary or Decade Up/Down Counting
e BCD Outputs in Decade Mode

description

The ‘4029B counter consists of a four-stage binary or
BCD-decade up/down counter with provision for
look-ahead carry in both counting modes. The inputs
consist of a single clock, carry input (clock enable),
binary/decade, up/down, preset enable, and four
individual parallel data inputs. Four separate buffered
data outputs and a carry output are provided.

A high at the preset-enable input allows information
at the parallel inputs to preset the counter to any
count independently of the clock. A low at each
parallel input, when the preset-enable input is high,
resets the counter to its zero count. The counter is
advanced one count at the low-to-high transition of
the clock when the carry input and preset-enable
input are low. Advancement is inhibited when the
carry input or preset-enable input is high. The carry
output is normally high and goes low when the
counter reaches its maximum count in the up mode
or its minimum count in the down mode, provided
the carry input is low. The carry input terminal must
be connected to Vgg when not in use.

Binary counting is accomplished when the binary/
decade input is 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 Figure 1 of the ‘4029A data. Parallel
clocking provides synchronous control and hence
faster response from all counting outputs. Ripple
clocking permits longer clock input rise and fall
times.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

DATA INPUTS
OUTPUT QUTPUT UP/ BINARY/
Vpp CLOCK Q¢ Qg DOWN DECADE
16 15 14 13 12 1 10 9
PE U/D D T IB ;i\
B/0 —
CK— 1 msB LSB
TV -
I i [ I [ |
co Qp Qc [o7:3 Qa

1 2 3 4 5 6 7 L]

CARRY OUTPUT CARRY Vsg
INPUT Qa  OUTPUT

PRESET OUTPUT D A
ENABLE Qp
DATA INPUTS

logic: see description

SUMMARY OF CONTROL INPUT FUNCTIONS
(COMPLETE COUNTER)

LOGIC
CONTROL INPUT FUNCTION
LEVEL
Binary/Decade H Binary count
(B/D) L Decade count
L.Jp/Down H Count up
(u/D}) L Count down
Preset enable H Parallel load
(PE) L Enable counting
Carry input H Inhibit counting
cn L Enable counting
specifications
RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 Pages 24 and 25,
group 2

The waveforms and typical application data given for “4029A on pages 107 and 108 also apply for ‘4029B.
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TYPES TF40298B, TP40298B
PRESETTABLE UP/DOWN BINARY/DECADE COUNTERS

functional block diagram

A
BINARY/ !
DECADE

) D

0z

n3)

8/D)

crock k) 22

R,
enapie r

PRESET
PEY

e

7 3
CARRY g, g e (71 CARRY
INPUT T T ouTPUT
[l (CO)
ik L
U DowN (/5 L
jw}sy j%m Yu) (fz)
Qa as Qac Op
EACH FLIP-FLOP
SYMBOL
FUNCTION TABLE
(NOT INCLUDING GATING EXTERNAL
PE TO THE FLIP-FLOP)
—" aF—— INPUTS OUTPUTS H = high level (steady state)
== TE T Y L = low level (steady state)
i — PETET P a a X = irrelevant {any input, including transitions)
—2p T L X L H{|H L | = transition from high to low level
L X L L L H Qp, = the level of Q before the most-recent
— =k a | transition of T.
—ATE Q HoH 1 X0y Oy Qg = the level of Q before the indicated
H L 4 X[Qn Qq steady-state conditions were established
- X X H x|Q g
TE = toggle-enable input
P = paraliel data input
T = toggle input
switching characteristics at 25° C free-air temperature
V =5V|V =10V|V =15V
PARAMETER TEST CONDITIONS DD DD DD unIT
TYP MAX|[TYP MAX|TYP MAX
fmax  Maximum clock frequency 2.5 5 7 MHz
Propagation CK to any Q 325 115 100
tpLH  delay time, CK to CO 425 150 125
or low-to-high-level PE toany Q 325 115 100 ns
tpHL  or high-to-low-level | PE to CO 425 150 125
output Clto CO CL = 50 pF, 175 50 45
tTLH  Transition time, low-to-high-level output R =200 kQ2, 95 35 30 ns
tTHL  Transition time, high-to-low-level output See Note 1 95 35 30 ns
. Minimum pulse CK high or low 200 100 75
. ns
wimin yigin PE 15 80 80
Minimum setup B/D, U/D, or CI 325 115 100
tsu(min) . - N ns
time PE inactive state 325 115 100
th(min) Minimum hold time | B/D, U/D, or CI 0 0 { o ns

NOTE 1: See load circuit and voltage waveforms on page 170.

PRINTED IN U.S.A.
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CMOS TYPES TF40308B, TP40308B
LOGIC CIRCUITS QUAD EXCLUSIVE-OR GATES

SEPTEMBER 1975

APPLICATIONS INCLUDE: JORN
e Even- and Odd-Parity Generators and Checkers DUAL-IN-LINE PACKAGE (TOP VIEW)

Vob 48 4A ay 3y 3B 3A

e Logical Comparators > 9 .
1"
¢ Adders and Subtractors Ll =R 2
3

1

e True/Complement Gating B

FUNCTION TABLE
INPUTS | OUTPUT
A B Y
L L
H L
L H
H H

2

H = high level, L = low level 1

rITIr

4 5 6 1

functional block diagram (each gate)
logic: Y =A®B=AB+ AB

A N

- schematic {each gate)
ic (eac
: S ;
B TG '

specifications

Voo

=
T
L <

et
-l

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 Pages 24 and 25, ¢
group 1

T - Voo bus

switching characteristics at 25° C free-air temperature

Vpp=5V|Vpp=10V|Vpp=15V
PARAMETER TEST CONDITIONS DD DD bD uNIT

TYP MAN TYP MAMITYP MAYX
tpLH Propagation delay time, low-to-high-level output C1 =50 pE 110 50 40 ns
tpHL  Propagation delay time, high-to-low-level output RL _ 20: k'n 110 50 40 ns
tTLH  Transition time, low-to-high-level output SL Note 1 ' 95 35 30 ns

ee Note
tTHL  Transition time, high-to-low-level output 95 35 30 ns
NOTE 1: See load circuit and voltage waveforms on page 170.
PRINTED IN US A "o
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FUTURE CMOS PRODUCT
TO BE ANNOUNCED

TYPES TF4035B, TP4035B
4-BIT PARALLEL-IN/PARALLEL-OUT
SHIFT REGISTERS

SEPTEMBER 1975

e J/K Serial Input to First Stage

description

These 4-bit synchronous registers have J-K serial
inputs and parallel access to each stage. D-type
master-slave flip-flops are used for each stage with
parallel access to the outputs of each stage.

Both serial and parallel entry are made synchronously
on the low-to-high transition of the clock input and
under the control of the parallel-load/serial-shift
input, P/S. When the P/S input is high, data is
broadside loaded into the register from the parallel
inputs. When the P/S is low, data is entered serially
from the J and K inputs and each bit shifts one bit
position in the direction Qp towards Qp. The JK
inputs permit the first stage to perform as a J-K, D-,

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

Vpp Qs Qc ap D c B A

16 15 14 13 12 " 10 9

[T JK A B c D

_l_l_ Ll l l |
CK—>+1

CLR—]
I | l I
T/C Qa [oF:3 Qc QGp

1 2 3 4 5 6 17 8
CLEAR CLOCK

]
>
4
=
o
=
<
2
wi
<
o0
w

logic: see description

specifications

or T-type flip-flop as shown in the function table. MAXIMUM RECOMMENDED ELECTRICAL
OPERATING
_ RATINGS CHARACTERISTICS
When the true/complement input, T/C, is high, data CONDITIONS
out is not inverted relative to the inputs, but when Page 24 Page 24 Pages 24 and 25,
T/C is low, the data out is inverted. group 2
FUNCTION TABLE
INPUTS ouTPUTST
CLEAR P/S CLOCK ZARBAIE:LE; jERIAlE. Qa Qp Qe Qp
H X X X X X X X X L L L L
L H + aboc d X X a b c d
L L t X X X X L H Qag Qa0 Qgn Qcn
L L t X XXX | L L L Qan Qgn Qcn
L L t X X X X H H H Qan Qgn Qcn
L L 1 XX XX | H L |Qa Qan  98n  Qcn
L X L X X X X X X Qag Qo Qco Qpo

t Al output levels shown assume T/E is high.

and of what they would have been if T/C had remained high.

I1f T/C goes low, the incernal operation of the register is not
affected; however, when T/C is low, all output levels will be the complement of the data originally entered

See explanation of function tables, pages 16 and 17.
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TYPES TF4035B, TP4035B
4-BIT PARALLEL-IN/PARALLEL-OUT SHIFT REGISTERS

functional block diagram

A 8 c o
(9) 1o} i n2
CONTROL {7) - - a - - -
P
TG TG
-—{0 aole{Tc —{0 Qle®1TG 4—0  of
R —P>cx >ck ek
CLR CLR CLR CLR
6]
cLock-2 * ->—
CLEAH&{}
Bl >e ° ° °
b L
m (19) 0aa £13))
Qa Qg Qc Qo

switching characteristics at 25°C free-air temperature

Vpp=5V|Vpp =10V [Vpp =15V

PARAMETER TEST CONDITIONS UNIT
TYP MAX|TYP MAX|TYP MAX
fmax Maximum clock frequency 2.5 5 7 MHz
Propagation delay time, low-to-high-level
tpLH Pag v gh-leve 250 100 80 ns

output from clock or clear

Propagation delay time, high-to-low-level

1 250 100 0 ns
FHL output from clock or clear 8

tTLH  Transition time, low-to-high-level output 95 35 30 ns
tTHL  Transition time, high-to-low-level output CL =50pF, 95 35 30 ns
. -\ Minimum pulse width clock high or low R =200kQ, 200 100 75 n
w(min) puls clear See Note 1 125 50 50 s
t in) Minimum setup time parall_el inputs 100 0 45 ns
su{min) P Jor K inputs 250 100 80
th(min} Minimum hold time parall_el inputs 0 0 0 ns
Jor K inputs o] o] 0

NOTE 1: See load circuit and voltage waveforms on page 170.

PRINTED IN USA
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CMOS
LOGIC CIRCUITS

TYPES TF4042B, TP4042B
QUAD D-TYPE LATCHES

SEPTEMBER 1975

e Control and Polarity Inputs

e Complementary Outputs

description

The ‘4042B is a quadruple D-type latch with common
control and polarity inputs, C and P. Complementary
buffered outputs are available from each latch.

When P is high, C determines the state of all the
latches. If C is high, the latches pass data from their D
inputs to their Q outputs and the data complement to

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
vpp 18 1D 4D [to} aQ 3aQ 3Q
18 15 " 13 12 1" 10 9
P
c
1D D 3D L ap
[ ] |
G D G O G D G D
[o] al|d ala | d Q
¥ Iy L A
1a 10 20 20 30 3 4Q 4Q

§ | 1Q 20 20 20 c P 3D vss
their Q outputs. If C is low, the data is latched.
logic: see function table
When P is low, C still determines the state of all the
latches, but now data is passed when C is low and is functional block diagram
latched when C is high. 4
FUNCTION TABLE )
P c FUNCTION . _,,__{>.x % h{>_,_>L,E
H H Pass data TO EACH
H L Latch data B LATCH
L H Latch data 16 L G
L L Pass data
H = high level, L = low level
specifications :_ Ey EACH LATCH —:
! t
RECOMMENDED D TG Q
MAXIMUM ELECTRICAL ! |
OPERATING I
RATINGS CHARACTERISTICS | |
CONDITIONS : G G X
Page 24 Page 24 Pages 24 and 25, ) b 1
group 2 | TG | a
1
1 T 1
switching characteristics at 25°C free-air temperature b e e m e - —
\ =5V|v =10V|V =15V
PARAMETER TEST CONDITIONS DD Db oD uNIT
TYP MAX|TYP MAX|TYP MAX
Propagation delay time, from C 150 75 65
tPLH ) ns
low-to-high-level output from D 120 40 30
P ti | i fi C 150 75 65
PHL ropaga ion delay time, rom CL = 50pF, ns
high-to-low-level output from D RI =200 k& 120 40 30
tTLH  Transition time, low-to-high-level output s L Note 1 ! 95 35 30 ns
ee Note
tTHL  Transition time, high-to-low-level output 95 35 30 ns
Minimum pulse width, control input
t i 150 50 50 ns
wimin) set to pass data
tsu(min) Minimum data setup time before latching 50 25 25 ns
th{min) Minimum data hold time after latching 0 0 0 ns

NOTE 1: See load circuit and voltage waveforms on page 170,
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TYPES TF4043B, TF4044B, TP4043B, TP4044B

CMOS
LOGIC CIRCUITS

QUAD S-R AND S-R LATCHES
WITH 3-STATE OUTPUTS

SEPTEMBER 1975

e 3-State Outputs with Common
Enable

description

The ‘4043B and ‘4044B are quadruple S-R and S-R
latches, respectively, with three-state outputs, Each
latch has separate active-high (‘4043B) or active-low
(‘4044B) set and reset inputs. The three-state outputs
are controlled by a common output control. When
high, this control permits each output to assume the
state of the cross-coupled NOR-gate or NAND-gate
latch. When the output control is low, all the outputs
are in a high-impedance state.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
TF4043B, TP4043B
vop IR 1S NC as 4R @ 30
) ] *» “ 13 12 n .} 9
1R 1S 2R 25 3R 3 4R 4s
] 1 ] J 1
R S| R SR S | R S
a Q Q a
oc —{ OUTPUT CONTROL ]

| I |
10 20 30 4Q

10 20 2R 2s oc 3s 3R Vss

logic: see function table

NC—No internal connection

TF4044B, TP40448B

FUNCTION TABLES
{(EACH LATCH)
TF4043B, TP4043B
OUTPUT INPUTS OUTPUT
CONTROL S R Q
L X X Hi-Z
‘H L L No change
H H L H
H L H L
H H H H*
TF4044B, TP4044B
OUTPUT INPUTS OUTPUT
CONTROL S R Q
L X X Hi.Z
H H H No change
H L H H
H H L L
H L L L

This output level is psuedo stable; that is, it may not persistlvhen
the § and R inputs return to their inactive (low) level or the S and
R inputs return to their inactive (high) level. See explanation of
function tables, pages 16 and 17,

functional block diagrams

TF4043B, TP4043B

OuUTPUT >c 1oencn
CONTROL (P TG EACH

LATCH

P &

rEACH LATCH E -1'

|

- |

| TG o

|

|

, | |

E |

I ]

I 5 |

L e e e e e e e e e - — - -

Voo 15 1R 2Q 4R 45 4Q 3Q
. ] 15 “ 13 12 n 0 9
R 13 2R 25 3R 35 4R
] L1 1 1 1

L: T|R S|R TI|R 3

Q Q Q Q
oc —| OUTPUT CONTROL ]

I | T

10 20 30 aq

1 2 3 4 5 ] 7 8
10 NC 25 2R oc 3R 35 Vss

logic: see function table

NC—No internal connection

TF4044B, TP4044B

OUTPUT l\,h . €
CONTROL (Ve TOEACH

LATCH
L »
rEACH LATCH E _}
(. J? |
| R [
TG Q
! |
! |
| £ i
| [
| 5 ]
L e e e e e e e - — - J
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TYPES TF4043B, TF4044B, TP4043B, TP4044B
QUAD S-R AND S-R LATCHES WITH 3-STATE OUTPUTS

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 Pages 24 and 25,

group 2,
except as below

electrical characteristics over recommended operating free-air temperature range

TF4043B and TF4044B
PARAMETER TEST CONDITIONS Vbp -5V | Vop =10V [VpD =15V |,y
MIN MAX | MIN MAX [ MIN MAX
Vig =V|q min, | Ta=-55°C —0.25 —0.55 -19
ViL=V|Lmax, | Tao=25C —-0.2 —0.45 —15
1oH High-level output current Vo = Vou mn TA= 12500 —02 —0.33 12 mA
VIH =V min, | ToA=-55C -1 -3.7 —5.5
ViL=V|Lmax, | TA=25C —0.8 -3 —45
Vo =% Vpp Ta=125C -0.6 -2 -3
ViH =Vigmin, | Ta=-55"C 0.4 0.8 19
ViL=V|Lmax, | TA=25C 0.3 0.6 15
Vo=VoLmax | Ta=125°C 0.2 0.45 1.2
oL Low-level output current - 5 mA
ViH=V|gmin, | Tp=-565C 1 3.7 55
VL = VL max, Ta=25C 0.8 3 45
Vo=%Vpp Ta=125C 0.6 2 3
lozH Off-state output current, OC at Vgg, TA= —55:0 or25°C —0.5 |- -1 —2
high-level voltage applied Vo=Vpp Ta=126"C -7 -14 -28 WA
lozL Off-state output current, OC at Vgg, Ta =-55"Cor25°C 0.5 1 2
low-level voltage applied Vo=0V Ta=125"C 7 14 28
TP4043B and TP4044B
PARAMETER TEST CONDITIONS VD=5V | VoD =10V |[VoD =15V |\,
MIN MAX | MIN MAX | MIN MAX
ViH =V|y min, | Ta =—-40°C ~0.22 —0.5 —1.7
VL =V Lmax, | Tpo=25C -0.2 —0.45 -1.5
) Vg =Vpou min | Tao=85°C —-0.2 —-0.37 —1.3
loH High-level output current Vin = Vi min, | Ta = —40°C 09 33 rs mA
ViL=ViLmax, | Tpo=25C -0.8 -3 —4.5
Vo ="%Vpp TA= 85°C —0.65 —25 —36
ViH=V|Hmin, | Ta=-40°C 0.35 0.75 1.7
ViL=V|Lmax, | TA=25C 0.3 0.6 15
loL Low-level output current Vo= VoL m?x Ta =85 (Z 0.25 9.5 13 mA
VIR = Vi min, Ta=—40"C 09 3.3 5
VL = V)L max, TA=25°C 08 3 4.5
Vo=%Vpp Ta=85C 0.65 25 36
lozh Off-state output current, OC at Vgg, Ta = —40°Cor 25°C -0.5 —1 -2
high-level voltage applied Vo=Vpp TaA = 85°C -7 —14 —28 WA
lozL Off-state output current, OC at Vgg, Ta=—40°Cor 25°C 0.5 1 2
low-level voltage applied Vp=0V Tp=85C 7 14 28
5 PRINTED IN U.S A
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CMOS
LOGIC CIRCUITS

TYPES TF4049B, TF40508, TP4049B, TP4050B
HEX INVERTING AND NONINVERTING BUFFERS

SEPTEMBER 1975

o High Current Sinking Capability

schematic (each buffer)

'40498
Vop
250 @
NOM
INPUT OUTPUT
Vss
'40508
VoD
250 §2
NOM
INPUT ouTPUT
Vss
description

The ‘4049B and ‘4050B hex CMOS inverting and
noninverting buffers may be used as current sinks or
source drivers, hex CMOS drivers, or high-to-low-
logic-level (e.g., CMOS to DTL or TTL)converters.
Logic-level conversion is accomplished using only one
supply voltage (Vpp). The high-level input signal
(VIH) can exceed the Vpp supply voltage when this
device is used for logic-level conversions. Table 1
shows the range of voltage levels that can be utilized
in these applications. Conversions to logic levels
greater than six volts are permitted provided that
VpD is less than or equal to V|H.

Since these devices require only one power supply,
VDD, they should be used in place of the ‘40098 and
‘4010B in all current driver or logic-level conversion
applications. They are interchangeable with ‘40098
and ‘AD10R, respectively, and can be substituted in
existing as well as new designs. Pin 16 of the ‘4049B
and ‘4050B is not internally connected; therefore,
any external connection to this pin does not affect

circuit operation.

TABLE 1
INPUT OUTPUT | POWER SUPPLY
FUNCTION HIGH-LEVEL | HIGH-LEVEL VOLTAGE
VOLTAGE VOLTAGE RANGE
RANGE RANGE (Vpp)
Level Shifter 3to18V 3to6V 3to6V
Buffer 3018V 3to18V 3018V

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
TF4049B, TP4049B

NC 6Y 6A NC 5Y 5A 4y 4A

< W
I

L e s e T e

Voo 1Y A Y 2A 3 3A  Vss

logic: Y = A

NC—No internal connection

TF4050A, TP4050B

NC 6Y 6A NC 5Y S5A 4y 4A

N
NN

Voo 1Y 1A 2Y 2A 3Y 3A  Vss

logic: Y =A

NC-—No internal connection

specifications

MENDED
MAXIMUM REcom ELECTRICAL
OPERATING CHARACTERISTICS
RATINGS | - onDITIONS
Page24 Page 24 Pages 24 and 25,

group 1,
except as on
following page
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TYPES TF40498B, TF4050B, TP4049B, TP40508B
HEX INVERTING AND NONINVERTING BUFFERS

electrical characteristics over recommended operating free-air temperature range
TFA40498 and TF40508

Vpp=5V |Vpp=10V | Vpp =15V
TEST CONDITIONS UNIT
PARAMETER ¢ 10 MIN MAX | MIN MAX | MIN MAX
Vin High-level 4 8 12 v
output voltage
Low-level TF40498 1 2 2
Vi v
output voltage TF4050B 1 2 3
v High-level ViH = Vi4 min, VL =V|Lmax, 10=0 4.6 9.5 13.5 v
O Gutput voltage [Vir = Vpo,  ViL =0, To = Ton min a5 95 135
v Low-level VIH = Vg min, V| =V|_max, Ig=0 0.4 05 15 v
OL Gsutput voltage [Vip = Vpo, VL =0, To = loL min 04 05 15
Ta=-55C|3.75 10 30
ViH = V|4 min, VL =V max, Vo=VoLmax|[Tp =25°C 3.2 8 24
Low-level Ta=125C 21 56 17
oL g mA
output current TA=-55"C 11 36 53
VIH = V|4 min, ViL=V|Lmax, Vg=%Vpp |Ta=25C 9.2 29 42
Ta=125°C 6 20 30
TP4049B and TP4050B
Vpp=5V |Vpp=10V |Vpp=15V
RAMETER TEST CONDITIONS UNIT
PA MIN MAX | MIN MAX | MIN MAX
High-{
vy igh-evel 4 8 12 v
input voltage
Low-level TP4049B 1 2 2
ViL . v
input voltage TP4050B 1 2 3
v High-level VIH = VIH min, V| =V max, Igp=0 46 95 13.5 v
OH sutput voltage [ Vi = Voo, VL =0, io = Ton min is 95 135
v Low-evel ViH = VIH min, V L=V Lmax, 1g=0 0.4 05 15 v
OL Gutput voltage | Vit = Vpp, Vi = O, Io = 1oL min 04 05 15
Ta=-40°C| 36 9.6 28
ViH = Vig min, V|_ =V| max, Vg=VgLmax|Tp =25°C 3.2 8 24
Low-level Ta =85°C 2.5 6.6 19 A
loL S m
output current Tao=-40C 10 34 49
ViH = Vig min, VL=V max, Vg=%Vpp|[Ta=25°C 9.2 29 42
Tp=85C 74 24 33
‘4049B switching characteristics at 25°C free-air temperature
Vpp=5V|Vpp=10V|Vpp=15V
PARAMETER TEST CONDITIONS TVP MAX[TYP MAX [TYP MAX UNIT
tPLH Propagation delay time, low-to-high-level output _ 80 50 40 ns
- - - CL =50pF,
tpHL  Propagation delay time, high-to-low-level output Ri =200 k2 30 20 15 ns
tTLH Transition time, low-to-high-level output Se'; Note 1 ’ 80 40 30 ns
tTHL  Transition time, high-to-tow-level output 35 25 20 ns
‘4050B switching characteristics at 25°C free-air temperature
Vpp=5V|Vpp=10V|Vpp =15V
PARAMETER TEST CONDITIONS TVP MAX|TYP MAXITYP MAX UNIT
tp 4 Propagation delay time, low-to-high-level output C =50 pF 100 60 45 ns
tpHL  Propagation delay time, high-to-low-level output RL _ 20§ k;). 70 40 30 ns
tTLH  Transition time, low-to-high-level output Se|; Note 1 ' 80 40 30 ns
tTHL  Transition time, high-to-low-level output 35 25 20 ns
NOTE 1: See load circuit and voltage waveforms on page 170.
PRINTED IN US A
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TYPES TF4051B, TF40528B, TF4053B,
TP4051B, TP4052B, TP4053B
ANALOG MULTIPLEXERS/DEMULTIPLEXERS

SEPTEMBER 1975

CMOS
LOGIC CIRCUITS

J OR N DUAL-IN-LINE PACKAGES
‘4051B (TOP VIEW)
1/01 1/ 0 1/0 3 SO S1 S2

e Difference in ron Between Switches vop - /02

in One Package Typically 5 Q at 16 |15] 14
VpDD—VEE=15V

e _High Degree of Linearity ... < 0.1%
Distortion Typical at 1 kHz, Vpp—VEE =15V

e Switches Can Transmit Signals in Either
Direction at Frequencies of up to
40 MHz Typically at Vpp—VEE = 10V

e Extremely Low Off-State Switch Current
Resulting in Very High Effective Off-State
Resistance . . . 10 pA Typical at

LEVEL
i

INHIBIT

o—1oo
1f—vor
2102
on — 3—103
al—1o4
5[—1/05
6106
=107

3 1/0 4 on /05 INH A\ \"
e Low Crosstalk Between Switches . . . 40 dB 04 los vor FE_SS
Typical at 1 MHz, R = 1 kQ logic: see function table
*4052B (TOP VIEW)
descrlptlon VDD 21/02 21/01 20/ 21/00 2103 SO S1

16 15 14 13 12 n 10 9

These devices are analog multiplexers/demultiplexers
incorporating built-in level shifting. Any combination
of supply voltages is permissable provided that Vgg
and VEgg are each within the range of —3 to —18
volts with respect to Vpp. The level shifting is
between Vgg and Vgg. The control input range is
Vgg to Vpp and the analog signal range is Vgg to

HOSEL
so—| s0
S Lever [
SHIFT

INHIBIT— INH

11/00
1/01
11/o2
t—11/03

0|
1
10/— +—>» 2
3
o
1
2
3

t—21/00

Vpp- The common situation of positive digital 20n—] [l
.. F—21/02

signals controlling the multiplexing of both positive 2103

and negative analog signals can be accommodated.

The table indicates some of the possible combinations ! 2 3 4 5 6 1 8

52

i 11700 11702 7 v Vv
of supply, input, and output voltages. 1Oh Twes 1Won INW EE Ss
logic: see function table
‘TYPICAL SUPPLY AND SIGNAL VOLTAGES
‘4053B (TOP VIEW)
VoD BV wov 75V 75V Vpp 10/t 30/ 3101 31/00 35 15 2
\% ov oV ov —75V
58 6 {15 |1a] Jual |2 In| jw| s
VEE ov -5V —75V -75V
15 25 35
Control | | |
O0to15V | 0to10V O0to7.5V ~75t075V
lnputs |NHIBIT—I LEVEL SHIFT l
Analog T
Qinnale Oto15V | -5t010V | -75t075V | -75t075V s s s
ignals I—n\m INH ‘— INH
i 1C C
Vpp on of11/00 of21/00 of3tloo
el 1 +—> > o d
l__l_\ ‘ i : 11101 |~2|/01’- 131701
sn.sc-r{: — L . 101 20h 30/1
INPUTS ... b —-—
s ot ||z || NN La N A A NN
INH 11701 11/00 21/01 20/l 21/00 INH VEE  Vss
j——l T
1
|m () l l ”] l E H logic: see function table
Vss VEE 1o
INTERNAL POWER SUPPLY CONNECTIONS
TEXAS INSTRUMENTS
INCORPORATED
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TYPES TF4051B, TF4052B, TF4053B, TP4051B, TP4052B, TP4053B
ANALOG MULTIPLEXERS/DEMULTIPLEXERS

description (continued)

‘40518
. . . FUNCTION TABLE
h le n e
These digitally control. d bilateral analog switches TNPUTS CHANNEL
have low on-state impedance and very low INH s2  s1_ S0 TURNED ON
off-state current. When the inhibit input terminal H X X X None
is high, all channels are off. L L L L 0
L L L H 1
The ‘4051B is a single eight-channel multiplexer t t ﬁ h §
having three binary contro! inputs (SO, S1, and L H L L 4
S$2) and an inhibit input. The three binary signals L H L H 5
select one of eight channels to be turned on. L H H L 6
L H H H 7
The ‘4052B is a dual four-channel multiplexer 40528
haV[ng-t\.No. binary control |r.1puts (.SO and S1) and FUNCTION TABLE
an inhibit input. The two binary signals select one (EACH BILATERAL SWITCH)
of four channels in each of the two sections and INPUTS CHANNEL
the selected channels are respectively paired INH S1 S0 TURNED ON
between the independent sections. H X X None
L L L 0
, . . . L L H 1
The ‘4053B is a triple two-channel multiplexer L H L 2
having three separate control inputs (1S, 2S, and L H H 3
3S) and a common inhibit input. Each input
independently selects one of two channels in one ‘40538
of the three sections so that any of eight FUNCTION TABLE
combinations may be selected. {EACH BILATERAL SWITCH)
INPUTS CHANNEL
e . INH S TURNED ON
specifications H X None
RECOMMENDED L L 0
MAXIMUM ELECTRICAL L H 1
OPERATING
RATINGS | upimions  |CHARACTERISTICS H = high level, L = low level, X = irrelevant
Page 24 Page 24 Pages 24 and 25,
and group 2, except as
below below. lgH and I
do not apply
absolute maximum ratings over operating free-air temperature range
Supply voltage Vgg (with respect to Vpp) e e e e e e e ... ... ... . |18V

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted),
VEE=Vss=0V

Vpp=5V | Vpp=10V |Vpp=15V
PARAMETER TEST CONDITIONS bD DD DD unNIT
MIN MAX | MIN MAX | MIN MAX
High-level Control inputs at V|4 min or V| max, Channel off,
vou 9 P IH L 46 95 135 v
output voltage 1/0at0V, lop=10uA
VoL Low-level Control inputs at V| min or V| max, Channel on, 04 05 15 v
output voltage 1/0at0OV, lg=10pA
Input-to-output Control inputsat 0 V or Vpp, Channel off, +125 A
+ n
off-state current /OatsV, O/lat 0V to Vpp, Ta =25°C

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE 80X 5012 + DALLAS, TEXAS 75222



TYPES TF40518, TF4052B, TF4053B, TP4051B, TP4052B, TP4053B
ANALOG MULTIPLEXERS/DEMULTIPLEXERS

on-state resistance at 25°C free-air temperature, R = 10kQ to 0V

TEST CONDITIONS TYP MAX UNIT
Vpp =75V Vegg=-75V, Vgs=0V 80 a
Vpp =15V, VEg =0V, Vgg =0V
Vpp=5V, VEg=-5V, Vgs=0V 120
Vpp =10V, VEg =0V, Vgs =0V
Vpp =5V, VEg=0V, Vgg=0V 270 Q
switching characteristics at 25°C free-air temperature, VEE = Vgg =0V
pARAMETERY | FROM To TEST CONDITIONS - Vpp“SV | VppZ 10V |[Vpp=15V |\,
(INPUT) (OUTPUT) TYP MAX | TYP MAX | TYP MAX
tPLH oll 1/0 RL=10kQ, Cp =50pF, 25 10 8 N
tPHL o/l 10 See Figure 1 25 10 8
tPLH S 1/0 CL=50pF, | RL=10kQto0V 400 200 170
tPHL s 1/0 See Figure2 | R_ =10k to Vpp | 400 200 170 ne
tLH INH 170 CL=-50pF, | RL=10kQt 0V | 600 300 250
tPHL INH 1/0 See Figure 2 | R =10kQ2to Vpp | 600 300 250 ne

ﬂ‘PLH = Propagation delay time, low-to-high-level output
tp L = Propagation delay time, high-to-low-level output.

PARAMETER MEASUREMENT INFORMATION

SELECT
CHANNEL
UNDER — S
TEST INH
’—_r _C 1/0
- - —-=--VoD
CHAN INPUT
o/l UNDER RL cL on 50% 50%
TEST ' 1‘
= = tPLH —}o—-| tPHL
T~ ~="VoH
ouTPUT ., )
L /o 50% 50%
VoL
TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1
S(or INH) S (OR INH) === VbD
— INPUT #50%
or
<ﬂ; =i o S ov
\'l‘/ CHAN J (%L/JITX#IL 1/0 : 1 AN VOH
Vppor 0V | UNDER DD. %
oD on || “Test RL T RLTo0V) ! VoL
je—— tpHL
GROUND INH (OR 0VorVpp ~ | VOH
SELECT CHANNEL OUTPUT 1/0 50%
UNDER TEST) (O/1 AT OV,
' RL TO Vpp) A
TEST CIRCUIT 'VOLTAGE WAVEFORMS
FIGURE 2

'NOTES: A. Input pulses are supplied by generators having the following characteristics: Zgy¢ = 50 §2,PRR = 10 kHz, 1, < 20 ns, t¢ < 20 ns.
B. CL includes probe and jig capacitance.

C. The waveforms are monitored on an oscilloscope with the following characteristics: 1, < 20 ns, Rjy 2 1 MS2.

PRINTED IN U.S.A.
Ti connot assume ony responsibility for any circuits shown
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CMOS
LOGIC CIRCUITS

TF40698B, TP4069B
HEX INVERTING BUFFERS

SEPTEMBER 1975

e Designed to be Interchangeable
with RCA CD4069B JORN
. . DUAL-IN-LINE PACKAGE (TOP VIEW)
e Medium Speed Operation
tPHL =tPLH=40ns typat 10V
. VoD 6A 6Y . 5A 5Y 4A ay
schematic (each buffer)
14 13 12 1 10 9 8
Vpp
INPUT ——9 OUTPUT
Vss 1 3 4 5 7
1A 1Y 2A 2Y 3A 3Y Vss
logic: Y = A
specifications
RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 Pages 24 and 25,
group 1
switching characteristics at 25°C free-air temperature
Vpp=5V |Vpp=10V |[vpp=15V
PARAMETER TEST CONDITIONS |22 DD DD uNIT
MIN MAX [MIN  MAX [MIN MAX
tpLH Propagation delay time, low-to-high-level output C1 =50 pE 125 80 70 ns
tpHL Propagation delay time, high-to-low-level output F(L 20:;(;} 125 80 70
P " " L= ’
tTLH Trans!tfon time, low-to-high-level output See Note 1 200 100 80 ns
tTHL Transition time, high-to-low-level output 200 100 80

NOTE 1: See load circuit and voltage waveforms on page 170.

TEXAS INSTRUMENTS
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CMOS TYPES TF4070B, TP4070B
LOGIC CIRCUITS QUAD EXCLUSIVE-OR GATES

SEPTEMBER 1975

APPLICATIONS INCLUDE: JORN
o Even- and Odd-Parity Generators and Checkers DUAL-IN'LINE PACKAGE (TOP VIEW)
o Logical Comparators Voo 48 4A av 3y 38 3A

o Adders and Subtractors

¢ True/Complement Gating l ‘
FUNCTION TABLE

INPUTS | OUTPUT
Y

L
H
H
L

I

H = high level, L = low level 1 2 3 4 5 8 7

functional block diagram (each gate) —
logic: Y =A®B=AB+AE

;] [ schematic (each gate)
lA Y

—J

s “U;; i

Voo

<G

|

F ]
specifications '_\ ]
I =
RECOMMENDED
MAXIMUM ELECTRICAL ]
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 24 Page 24 Pages 24 and 25, b
group 1

_T
W....VDDbus

switching characteristics at 25° C free-air temperature

Vpp =5V {Vpp=10V[Vpp=i5V
PARAMETER TEST CONDITIONS UNIT
TYP MAX|TYP MAX|TYP MAX
tpLH Propagation delay time, low-to-high-level output c 50 pF 175 70 50 ns
tpHL  Propagation delay time, high-to-ow-level output HL _ 203 k'ﬂ 175 70 50 ns
tTLH  Transition time, low-to-high-level output sL Note 1 100 50 20 ns
ee Note
tTHL  Transition time, high-to-low-level output 100 50 40 ns

NOTE 1: See load circuit and voltage waveforms on page 170.

PRINTED IN U S A ¢
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TYPES '4071B, '4072B, '4073B, '40758,
CMOsS ‘40818, '4082B, ‘40858
LOGIC CIRCUITS OR, AND, AND AND-OR-INVERT GATES

SEPTEMBER 1975

e All Products Available in J or N Dual-In-Line Packages

‘4071B . .. Quad 2-Input OR Gates TF4071B, TP4071B (TOP VIEW)
‘4072B . . . Dual 4-Input OR Gates®

‘4073B . . . Triple 3-Input AND Gates®

‘4075B . . . Triple 3-Input OR Gates®

‘4081B . . . Quad 2-Input AND Gates

‘4082B . . . Dual 4-Input AND Gates®

'4085B . . . Dual 3-Wide 2-2-1 Input AND-OR-Invert Gates®

osite logie: Y <A 1B

TF4072B, TP4072B (TOP VIEW)® TF4073B, TP4073B (TOP VIEW)® TF4075B, TPA075B (TOP VIEW)?

vop X 3@ 3 3y ¥ ¢

Wi 2 n . 2 ]

A w24 2 X I vss
positive logic: Y = A+B+C+D pomtive logic: Y = ABC positivatogic: Y =A +B+C
NC—No internal connection
TF4081B, TP4081B (TOP VIEW) TF40828B, TP4082B (TOP VIEW)® TF4085B, TP4085B (TOP VIEW)?

B L R
o
Wfﬁﬂ

poutive logic: ¥ = AB

potitive loge: Y = ABCD Ppositivelogic: ¥ x A3+ CD + E

NC—No internal connection
specifications

MAXIMUM RE)S:(EMF:IZ:::\I:;ED ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
Page 24 Page 24 Pages 24 and 25,

group 1

switching characteristics at 25° C free-air temperature

Vpp=5V|Vpp=10V{Vpp =15V
PARAMETER TEST CONDITIONS TYP MAX|TYP MAX|TYP MAX UNIT
tpLH  Propagation delay time, low-to-high-level output 225 65 50
tpHL  Propagation delay time, high-to-low-level output CL=50pF, 225 65 50
tyLH  Transition time, low-to-high-level output R =200 ke, 95 35 30 ne
tyHL  Transition time, high-to-low-level output See Note 1 95 35 30

NOTE 1: See load circuit and voltage waveforms on page 170,

OFuture products to be announced.
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CMOS
LOGIC CIRCUITS

TYPES TF4376B, TP4376B
QUAD S-R LATCHES

SEPTEMBER 1975

e Same as TF4043B and TP4043B except
with Normal 2-State Totem-Pole Outputs

description

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD R 15 NC 4s 4R 4Q 30

16 _|15( _}14 131_}12 11 10 9

The '4376B is a quadruple S-R latch with normal
two-state totem-pole outputs. Each latch has separate R 1S 2R 25 3R % 4n s
active-high set and reset inputs. ] 1 | 1 1 1 |
R SR SR S [ R S
Q Q Q Q
FUNCTION TABLE ]
(EACH LATCH) 1 20 3a 4Q
INPUTS OUTPUT
s_ R a 1123 |af|s[ 6] 17]]8
L L No change
10 20 2R 25 NC 3s 3R Vss
H L H
L H L logic: see function table
H H H*
NC—No internal connection
*This output level is psuedo stable; that is, it may not persist when
the S and R inputs return to their inactive (low) tevel.
See explanation of function tables, pages 16 and 17.
functional block diagram (each latch)
specifications
RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING S
RATINGS CHARACTERISTICS
CONDITIONS Q
Page 24 Page 24 Pages 24 and 25,
group 2
R
switching characteristics at 25°C free-air temperature
Vpp=5V |Vpp=10V (Vpp=16V
PARAMETER TEST CONDITIONS NIT
A TYP MAX | TYP MAX | TYP MAX v
tPLH Propagation delay time, low-to-high-level output 165 70 60 ns
tPHL Propagation delay time, high-to-low-level output CL =50 pF, 165 70 Y] ns
tTLH  Transition time, low-to-high-leve! output Ry =200 kg2, 85 30 25 ns
tTHL  Transition time, high-to-low-level output See Note 1 85 30 25 ns
tw{min) Minimum R and S pulse width 80 40 35 ns

NOTE 1: See load circuit and voltage waveforms on page 170,

58 ’l“lzxAsI INSTRUMENTS
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CMOS
LOGIC CIRCUITS

TYPES TF437/B, TP437/B
QUAD S-R LATCHES

SEPTEMBER 1975

e Same as TF4044B and TP4044B except
with Normal 2-State Totem-Pole Outputs

description
The “4377B is a quadruple S-R latch with normal

two-state totem-pole outputs. Each latch has separate
active-low set and reset inpufts.

FUNCTION TABLE

(EACH LATCH)
INPUTS OUTPUT
S R Q
H H No change
L H H
H L L
L L H*

*This output level is psuedo stable; that is, it may not persist when
the S and R inputs return to their inactive (high) level.
See explanation of function tables, pages 16 and 17,

specifications

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

vpop 8 1R 20 4R 45 4Q 3Q

1% 15 14 13 12 1 w0 9

o (— >t
%] 7]

o
[=]
—o
[=]

1a 20 30 40

logic: see function table

NC—No internal connection

functional block diagram (each latch)

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING R
RATINGS CHARACTERISTICS
CONDITIONS Q
Page 24 Page 24 Pages 24 and 25,
group 2
§
switching characteristics at 25°C free-air temperature
A" =5V |V =10V |V =15V
PARAMETER TEST CONDITIONS |—22 DD DD UNIT
TYP MAX | TYP MAX | TYP MAX
tPLH Propagation delay time, low-to-high-level output 165 70 60 ns
tPHL Propagation delay time, high-to-low-level output Cp =50pF, 165 70 60 ns
tTLH Transition time, low-to-high-level output R =200 k%2, 85 30 25 ns
tTHL Transition time, high-to-low-level output See Note 1 85 30 25 ns
twlmin) Minimum R and S pulse width 80 40 35 ns

NOTE 1: See load circuit and voltage waveforms on page 170.

5 PRINTED IN US.A
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SERIES '4000A
GENERAL INFORMATION

“A"” SERIES INFORMATION

INPUT PROTECTION

INPUT

Input protection networks have been standardized to the three configurations below:

Vbbp Vpp

250 Q
NOM 250 Q

e MOS GATES INPUT MOS GATES NOM

INPUT
NOM MOS GATES
Vgs Vss
CONFIGURATION 1 CONFIGURATION 2 CONFIGURATION 3

Configuration 1 is used on the whaole family except for the ‘4049A and ‘4050A (which use configuration 2) and the
"4518A and "4520A (which use configuration 3). In configurations 1 and 2 the diodes to Vgg have a reverse breakdown
of approximately 22 to 28volts. In configuration 3, the breakdown voltage of the zener diode is approximately
25 volts., These networks are incorporated as protection against occassional electrostatic overstress. It is not
recommended that units be subjected to continuously repeated overstress. CMOS is much less sensitive to electrostatic
overstress than other MOS technologies; however, care should be taken in handling these networks much the same as is
required for other high-impedance integrated circuits:

1) Equipment should be properly grounded.
2) Work surfaces should be electrically conductive and connected to earth ground.

3} Handling should be minimized.

INPUT CHARACTERISTICS

For input voltages between Vss and Vpp, the protective networks are in reverse-biased, low-current states. Typically,
this reverse current is in the picoampere range at 25°C. When quiescent supply current is measured, all inputs are
connected in such a manner that the current through all the inputs is included. The input capacity is typically 3 to 7 pF
except for the ‘4049A for which 15 pF is typical. All unused inputs must be connected to Vgg or Vpp, whichever is

sappropriate.

OUTPUT CHARACTERISTICS

The data sheets should be consulted for drive capabilities. Typically, the dc fan-out to other CMOS is 50, but reduced
switching speeds are caused by adding capacitive loading. T| data sheets specify switching speeds for C|_ = 50 pF or a
typical load of 10 CMOS inputs. With 15 pF loads these devices switch at speeds similar to their respective RCA and

Y PICa: 1CaG spee

Motorola equivalents.

NOISE MARGINS

The "4000A series is specified in such a manner as to measure noise immunity by applying V|{H min or V|| max to one
input at a time while all other inputs are at Vpp or Vsg, as appropriate. The output is not loaded in this test and is
allowed to deviate to the value of VgH min or VoL max in the data sheet.

TEXAS INSTRUMENTS
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SERIES ‘4000A
GENERAL INFORMATION

SPECIFICATION GROUPING

The products in this book are classified into three groups each having common characteristics. The first group (SSI,
small-scale integration) comprises the basic gate functions, the second group (CSSI, complex small-scale integration)
comprises the dual flip-flops, buffers, and small analog functions, and the third group (MSI, medium-scale integration)
comprises the more complex functions. The type numbers in each group of the A’ series are shown in the following

table.

GROUP 1 GROUP2 GROUP3

(ssl)
4000A
4001A
4002A
4007A
4011A
4012A
4023A
4025A
4301A
4302A
4303A
4311A
4315A

’Future products to be announced

(cssl)
4009A
4010A
4013A
4016A
4019A
4027A
4030A
4049A
4050A
4304A
4316A
4507A
4519A

(MsI1)
4008A
4014A
4015A
4017A
4018A
4020A
4021A
4022A
4024A
4028A
4029A
4040A
4042A
4043A
4044A
4051A
4052A
4053A
4320A
4321A
4360A
4361A
4362A
4363A
4370A
4376A
4377A
4380A¢
4512A
4518A
4520A
4522A
4526A
4531A
4581A
4582A

TEXAS INSTRUMENTS
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SERIES '4000A
COMMON ELECTRICAL SPECIFICATIONS

SEPTEMBER 1975

The following electrical specifications apply for most series ‘4000A CMOS products. Each individual product specification
references the appropriate sections of this common specification and lists exceptions if there are any.

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vpp (seeNote 1) . . . . . . . . . . . . . . . . ..« .. ... .. 1BV
Input current . . . . O o 0 N1 VA
Continuous total d|351pat|on .. e e e e e e e e e e e e e e e 200 mwW
Operating free-air temperature range: TF4000A Senes e e e e e e e e e e e e e —55 C t0 125°C

TP4000A Series . . . . . . . . . v v v . . ... . —40°Cto085°C

Storage temperature range e e e e e e e ...... =—65Cto150°C

NOTE 1: Throughout this page, the following page, and the individual product specifications, voltage values are with respect to the Vgg
terminal unless otherwise noted.

recommended operating conditions

MIN  MAX |UNIT

Supply voltage, Vpp 3 15 \Y

Input voltage, V) 0 Vpp \Y

. . TF4000A Series —55 125 | °c
Operating free-air temperature, Ta B

TP4000A Series —40 85 Cc

Rise time, any input, t¢ 15 '

Fall time, any input, tf 15 Hs

TEXAS lNSTRUM ENTS

CORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222
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electrical characteristics

atVpp=5Vand 10V

" PARAMETER

TF4000A SERIES

TP4000A SERIES

TEST CONDITIONST Vpp=5V { Vpp=10V | Vpp=5V |[Vpp=10V |UNIT
MIN MAX| MIN MAX [ MIN MAX | MIN MAX
High-level o
iy 8 Ta = MIN, 25°C or MAX 35 8 35 8 v
input voltage
Low-level o
ViL . TA = MIN, 25°C, or MAX 1.5 2 15 2 v
input voltage
ViH=VpD, ViL=0, Ig=0 TaA = MIN, 25°C,or MAX | 4.95 995 495 9.95
High-level Onei tatV i Vi . o
Vo | gnieve ne Input at ViH min or ViL max TA=MIN, 25° C,or MAX | 45 9 45 9 v
output voltage All other inputsat Vppor0OV, Ig=0
VIH=VDpD, VIL=0, 1g=IlgHmin | TA = MIN, 25°C, or MAX 25 95 25 9.5
Vih=VDD, ViL=0, 1g=0 Ta = MIN, 25°C, or MAX 0.05 0.05 0.05 0.05
Low-level One input at Vj4 min or V|| max, o
VoL ) Ta =MIN, 25°C, or MAX 05 1 0.5 1 A
output voltage All other inputsat Vppor0V, 1g=0
ViIH=VpD. VIL=0. lp=IlgL min Ta = MIN, 25°C, or MAX 04 0.5 04 0.5
. Ta=MIN —0.65 —0.65 -0.35 -0.3
I High-level ViH=VDD, ViL=0, Vg=Vgumin|Ta=25C 05 05 03 0.25 A
= , =0, = n = -0. -0. —0. —0.
OH output current iH DD 1L [s] QH mMi A m
Ta =MAX -0.35 -0.35 —-0.25 -0.2
TA =MIN 0.5 1.1 0.35 0.75
Low-level S
loL ViH=VpD., VIL=0, Vp=VpoLmax|Ta=25C 04 0.9 0.3 0.6 mA
output current
Ta =MAX 0.3 0.65 0.256 0.5
Group 11 Ta = MIN or 25°C 0.05 0.1 05 5
| Qui " Products Ta = MAX 3 6 15 30
ulescen
oD 'el Growp 2t | | vioy ov T = MIN or 25°C 1 2 10 0]
o su| , = or
'l PP Vt Products | O 0 1=¥pD TA = MAX 60 120 140 280 | *
SS CUIrent I roup 3% TA=MINor25°C 5 10 50 100
Products TaA =MAX 300 600 700 1400
electrical characteristics at Vpp =15V
TF4000A SERIES TP4000A SERIES
PARAMETER TEST CONDITIONST UNIT
MIN MAX MIN MAX
I Input current Vi=Vppor0V TA=MIN,25°C,or MAX +1 +1 LA
Group 11 TA =MIN or 25°C 1 15
\ Qui . Products Ta=MAX 18 90
u cen
bD 'els " [ Group 2% No load Vi oy ov |TA=MINoras’c 6 60 R
o u , = or
rl supp Yt Products | o o 1=VDD Ta = MAX 360 840 K
—| n
§§ curre Group 3% TA = MIN or 25°C 30 300
Products TA = MAX 1800 4200

TTA = MIN or MAX refers to the respective value specified under recommended operating conditions.
fsee group designation on individual product specifications and page 61 for a list of all products by group.
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CMOS TYPES TF4000A, TF4001A, TF4002A,
TP4000A, TP4001A, TP4002
LOGIC CIRCUITS AND OTHER NOR GATES

SEPTEMBER 1975

e Designed to be Interchangeable with RCA CD4000A, TFA4000A, TP4000A (TOP VIEW)
CD4001A, CD4002A, and CD4025A yon X 3 3 3V zv o 28

e All Products Available in J or N Dual-in-Line Packages
‘4000 . . . Dual 3-Input NOR Gates Plus Inverters
‘4001 . . . Quadruple 2-lnpuf NOR Gates
‘4002 . .. Dual 4-Input NOR Gates
‘4025 . . . Triple 3-input NOR Gates

positive logic: NOR gates: Y = A+B+C
Inverters: Y = A

NC~No internal connection

TFA001A, TP4001P (TOP VIEW) TF4002A, TP4002A (TOP VIEW) TF4025A, TP4025A (TOP VIEW)

VDD 3A 2A NC

positive logic: Y = A1B positive fogic: Y = A+B+C+D positive logic: ¥ = A1B+C

NC-No internal connection

typical schematics

NOR GATE INVERTER
Voo
A —t
v—H— VDD
- : - -
specifications W ——
RECOMMENDED A }— Y
MAXIMUM | NG ELECTRICAL c— :]
RATINGS CHARACTERISTICS ’
CONDITIONS o, ——y }v
Page 62 Page 62 Page 63, L_I J -
Group 1 :{ Vss
77
Vss

switching characteristics at 25°C free-air temperature

TF4000A, TF4001A TP4000A, TP4001A
PARAMETER TEST TF4002A, TF4025A TP4902A, TP4025A UNIT

CONDITIONS | Vpp =5V |Vpp=10V | Vpp =5V {Vpp=10V

MIN MAX [ MIN MAX | MIN MAX [ MIN MAX
tpH Propagation delay time, low-to-high-leve! output CL =50 pF § 150 100 200 130 ns
tpH| Propagation delay time, high-to-low-level output RL =200 kﬂ.,, 150 100 200 130 ns
tTH Transition time, low-to-high-level output See Note 1 350 175 450 300{ ns
tTHL Transition time, high-to-low-level output 350 175 450 300f ns

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4000A, CD4001A, CD4002A, and CD4025A, respectively.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4007A, TP4007A

DUAL COMPLEMENTARY PAIRS PLUS INVERTERS

SEPTEMBER 1975

e Designed to be Interchangeable with

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

RCA CD4007A
Vpp  20P  3Y 3P 3A  3SN  2DN
. 12 12 1 10 9 8
schematic L T I T T
PAIRNO. 1 PAIRNG 2 INVERTER > | ¢ J
;T] CAReC I
PCHANNEL P CHANNEL
DRAIN DRAIN
10 200
NE COMPLE (13| INVERTER P CHANNEL (R
ety TSR | ] TR A 9 My L
A 2 | 2 "oy n
3 J 6) —l
B ] ] ]
s
»% 1 2 3 4 5 6 17
- NvERTER 0P 5P A 1SN DN 2A Vss
| 'J logic with SP connected to VDD,
* 3 :%7 DP to DN (designated “Y*), SN to Vgg:
e ) Y=A
NCHANNEL
w| P L] o 19 s .
el Vs om et specifications
U
1SN RECOMMENDED
& - - Vopbus MAXIMUM ELECTRICAL
OPERATING
Vee b RATINGS CHARACTERISTICS
Y - - - Vssbus CONDITIONS
Page 62 Page 62 Page 63,
Group 1,
except as below
electrical characteristics (see note 1)
Vpp=5Vand10V
TF4007A TPA007A
PARAMETER TEST CONDITIONST Vpp=5V |Vpp=10V | Vpp=5V |Vpp=10V |UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
VIH=VbD, Ta=MIN —-1.75 —1.35 -1.3 —0.65
IoH High-level output current | Vi =0, Ta=25°C -1.4 -1.1 -1.1 —0.55 mA
Vo = VgH min | Ta = MAX -1 —0.75 -0.9 —0.45
ViH=VDpD, |TA=MIN 0.75 16 0.35 1.2
loL Low-level output current |V =0, TaA=25°C 0.6 1.3 0.3 1 mA
Vo = VoL max | Ta = MAX 0.4 0.95 0.25 0.8
DD Vi=Vppor0, |Ta=MIN or25°C 0.05 0.1 05 1
or Quiescent supply current BA
| No load Ta =MAX 3 6 15 30
—I8S
Vpp=15V
PARAMETER TEST CONDITIONS? TRA007A TPa0074 UNIT
MIN MAX MIN MAX
'bD Vi =Vppor0,| Ta=MINor25°C 1 3
or  Quiescent supply current HA
—lgs No load Ta = MAX 18 90

1TA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
NOTE 1: All measurements are made with each pair of transistors connected to form an inverter,
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TYPES TF4007A, TP4007A

DUAL COMPLEMENTARY PAIRS PLUS INVERTERS

switching characteristics at 25°C free-air temperature (see note 1)

TEST TF4007A TP4D07A
PARAMETER Vpp=5V |Vpp=10V { Vpp=5V |Vpp=10V {UNIT
CONDITIONS
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
tpLH Propagation delay time, low-to-high-level output Ci =50 pES 110 90 135 125 ns
tpHL Propagation delay time, high-to-low-level output RL _ 20(’:kﬂ’ 110 90 135 125 ns
tTLLH Transition time, low-to-high-level output Sel; Note 2 : 160 95 220 120| ns
tTHL Transition time, high-to-low-level output 160 95 220 120| ns

§with a 15-pF load, these devices switch with times similar to those of the RCA CD4007A.

NOTES: 1.
2. See load circuit and voltage waveforms on page 170.

All measurements are made with each pair of transistors connected to form an inverter.

TYPICAL APPLICATION DATA
11

14

N

A
' 3
4 7 9 Y=Aa
C Vss
HIGH-SINK-CURRENT DRIVER HIGH-SOURCE-CURRENT DRIVER
Voo VDD
] ot
i 2 14 | 14
> —
1 13
! 11 2
11 ——d
13 12 1
B 10 Y B 10 Y
r 112 5
8
e g —9-1' —— —HL
T 3
4
8 5
JH— r_lt-o-
! Y L[V
¢ l A 3 I E FUNCTION TABLE
6 | l EEA|Y
Vss Vss A y|HLHIL
A A HLL|H
L H X|HizZ
B B E i
Y %
[ o}
o S — Y = A when E is high
Y = AB+C = (A+BIC Y = (A+B)C = AB+C Y = hi Z when E is low
AOI FUNCTIONS USING RELAY (TREE) LOGIC 3-STATE BUFFER
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CMOS TYPES TF4008A, TP4008A

LOGIC CIRCUITS

FOUR-BIT FULL ADDERS

SEPTEMBER 1975

JORN
e Designed to be Interchangeable with DUAL-IN-LINE PACKAGE (TOP VIEW)
RCA CD4008A
e High-Speed Operation e T M M
gh-opeed LUp 6] [15] [1a] [3] (2] [n] Jw] s
e Look-Ahead Carry Qutput
22: —C4
description a3 | ..
A3—1
These full adders perform the addition of two 4-bit B2—| l—»3
binary numbers. The sum (Z) outputs are provided AZ—
for each bit and the resultant carry (C4) is obtained o 2
from the fourth bit. The adders are designed so that ol .
logic levels of the input and output, including the
carry, 'are in thei.r true f.orm. Thus the end-around‘ 1 2 3 3 5 6 7 8
carry is accomplished without the need for level
inversion. These circuits feature full look ahead across A 83 a3 82 a2 ® Al vss
four bits to achieve partial look-ahead performance
with the economy of ripple carry. logic: see function table

FUNCTION TABLE

(EACH BIT)
INPUTS OUTPUTS
Aj B Ci_1] G X
L L L} L L specifications
oLt - " RECOMMENDED
L H L L H MAXIMUM OPERATING ELECTRICAL
H H L H L RATINGS CHARACTERISTICS
CONDITIONS
Lt H L H P P Page 63
H L H H L age 62 age 62 age 63,
L H H H L group 3
H H H H H
H = high level; L = low level;
i=bitnumber1,2,3,0r4
switching characteristics at 25°C free-air temperature
TF4008A TP4008A
FROM TO
PARAMETERT TEST CONDITIONS | vpp=5V [Vpp=10V | Vpp=5V | Vpp=10V |UNIT
(INPUT) (OUTPUT)
MIN MAX [MIN MAX |MIN MAX | MIN MAX
t 1000 350 1400 500
PLH Aj or Bj X ns
tPHL 1000 350 1400 500
PLH 750 300 1000 350
Any AorB Cc4 ns
tPHL 750 300 1000 350
1 CL =50pF8§, 900 325 1200 400
PLH co Any X L P ns
tPHL Ry = 200 k2, 900 325 1200 400
t See N 150 450 200
PLH co ca ee Note 1 350 ns
tPHL 350 150 450 200
tTLH C4 or 350 150 400 220
ns
tTHL Any © 350 150 400 220

itpLH = Propagation delay time, low-to-high-level output

tp L = Propagation delay time, high-to-low-level output

tTLH = Transition time, low-to-high-level output

tTHL = Transition time, high-to-low-level output
Swith a 15-pF load, these devices switch with times similar to those of the RCA CD4008A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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TYPES TF4008A, TP4008A

FOUR-B

IT FULL ADDERS

functional

B4 {(15)

block diagram

pd

vt

(13)24

C3 (internal)

— >

g1.l6)

A1(7)

Co

SAVAUlv

C2 (internal)

'D:__D—'m (internal)

.

iRz
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TYPES TF4009A, TF4010A, TP4009A, TP4010A
HEX INVERTING AND NONINVERTING
BUFFERS/CONVERTERS

SEPTEMBER 1975

CMO0S
LOGIC CIRCUITS

e Designed to be Interchangeable with RCA CD4009A and RCA CD4010A
e High Current Sinking Capability . . . 8 mA Minimum at VoL =0.5V, Vpp =10V, Ta = 25°C

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
TF4009A, TP4009A

Vpp &Y BA NC

< W
T

Vce ihd 1A 2y 2A 3y 3A Vvss

description

The '4009A and ‘4010A hex CMOS inverting and
noninverting buffers may be used as current sinks for
source drivers, hex CMOS drivers, or CMOS to DTL or
TTL logic-level converters. Conversion ranges are
from CMOS logic operating at supply levels of 3 volts
to 15 volts to DTL or TTL operating at supply levels
of 3volts to 15volts. Conversion to logic output
levels greater than 6 volts is permitted provided that
the Vg supply voltage is not higher than the Vpp
supply voltage (see Note 1).

5Y 5A 4y 4A

schematic (each buffer)
*4009A
D Vee

\

o

logic: Y = A

1

=i

NC—No internal connection

TF4010A, TP4010A

Vpp  6Y 8A NC 5Y 54 4y 4A
16 15 14 13 12 n 10 9

2
it

INPUT —@
OUTPUT
J D
— J
,'__:1_
L Vss
Ve
‘4010A
Voo vee e s s e
l vee 1Y A 2v 2A 3V 3A Vss
logic: Y = A
3 = —l ;_‘. NC-—No internal connection
;17 specifications
INPUT MAXIMUM RECOMMENDED ELECTRICAL
9 ¢—ouTPuT RATINGS OPERATING CHARACTERISTICS
CONDITIONS
— — Page 62 Page 62 Page 63,
and below Group 2,
Vgg except as on

following page

absolute maximum ratings over operating free-air temperature range

Supply voltage, V¢ (see Note 1) VDD
Minimum rise time of supply voltages 10 us
Output load capacitance if VgC exceeds 10.5 V 5000 pF
NOTE 1: If V¢ is allowed to exceed Vpp, the device may latch up and draw sufficient current to cause permanent damage.
TEXAS INSTRUMENTS 69
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TYPES TF4009A, TF4010A, TP4009A, TP4010A
HEX INVERTING AND NONINVERTING BUFFERS/CONVERTERS

electrical characteristics, Vgc = VDD

"4009A only
TF4009A TP4009A
PARAMETER TEST CONDITIONS? Vpp=5V |Vpp=10V| Vpp=5V | Vpp =10V |[UNIT
MIN MAX [ MIN MAX| MIN MAX | MIN MAX
. TA = MINor 25°C 1 2 1 2
ViL Low-level input voltage \"
Ta=MAX 0.9 1.9 0.9 1.9
"4009A and ‘4010A at Vpp =5 V and 10 V
TF4009A, TF4010A TP4009A, TP4010A
PARAMETER TEST CONDITIONST Vpp=5V |Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX| MIN MAX | MIN MAX
VIH = VDD. Ta=MIN —1.85 -0.9 -1.5 —0.75
loH High-level output current| Vi =0, Ta=25C —1.25 —0.6 -1.25 -0.6 mA
V= Vou min | Ta = MAX —-0.9 -0.4 —1 —0.5
Vid = VDD, Ta=MIN 3.756 10 3.6 9.6
loL Low-level output current | Vy =0, Ta=25°C 3 8 3 8 mA
Vo =VoL max | Ta = MAX 21 5.6 2.4 6.4
'ob Vy=Vppor0, | Ta=MINor25°C 0.3 0.5 3 5
or Quiescent supply current MA
“lgs No toad TaA = MAX 20 30 42 70
‘4009A and "4010A at Vpp =15 V
t TF4009A, TF4010A TP400%A, TP4010A
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX
'oo Vy=Vppor0,| Tao=MINor25°C 1.5 15
or Quiescent supply current HA
| No load Ta=MAX 90 210
—'SS
"TA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4009A, TF4010A TP4009A, TP4010A
PARAMETER TEST CONDITIONS| Vpp=5V |Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN MAX [ MIN MAX| MIN MAX | MIN MAX
Pro tion delay time,
tpLy | Pegation delay time 110 80 140 100
low-to-high-level output ns
Propagation delay time, Vee = VDo,
PHL | v ce” DD 100 55 125 75
high-to-low-level output CL=50pF§,
Transition time, Ry =200 k2, —
TTLH . = 270 220 350 270
low-to-high-level output See Note 2 ns
¢ Transition time, 60 55 30 70
THL high-to-low-level output
Propagation delay time, Vee =% Vb,
tPLH pag _l avum ¢c” = VDD 45 60
low-to-high-level output Cp=50pF8§, ns
Pro tion delay time, RL =200 k2,
PHL r pagation delay time L 45 65
high-to-fow-levei output See Note 2
8witha 15-pF load, these devices switch with times similar to those of the RCA CD4009A and RCA CD 4010A respectively.
NOTE 2: See load circuit and voltage waveforms on page 170.
PRINTED IN U.S.A. 9
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CMOS
LOGIC CIRCUITS

TYPES TFA01A, TP40T1A
QUAD 2-INPUT NAND GATES

SEPTEMBER 1975

o Designed to be Interchangeable with
RCA CD4011A

schematic (each gate)

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

14

48 A 4y 3y 38
13 2 1 10

3A

>

9 8
li IZI 3|| || l|6||7|

o

1A B 1Y 2Y 2A 2B Vss
Y
positive logic: Y = AB
' —
———————
A—e specifications
_J RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
B > CONDITIONS
Vss Page 62 Page 62 Page 63,
Group 1,
except as below
electrical characteristics
TF4011A TP4011A
PARAMETER TEST CONDITIONST Vpp=5V |Vpp=10V} Vpp=5V |Vpp=10V |[UNIT
MIN MAX [ MIN MAX| MIN MAX | MIN MAX
ViH = VpD, Ta=MIN —0.65 —-0.75 —0.35 —0.35
loH High-level output current | V| =0, Ta=25C —0.5 —0.6 -0.3 -0.3 mA
Vo = VoH min | Ta = MAX -0.35 —-0.4 —-0.25 —0.25
VIH =VDD. Ta=MIN 0.5 1.1 0.25 0.6
loL. Low-level output current | V=0, Ta=25C 0.4 0.9 0.2 0.5 mA
Vo = VoL max | Ta =MAX 0.3 0.65 0.16 0.4
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TEST TF4011A TP4011A
PARAMETER \% =5V |Vpp=10V| Vpp=5V |Vpp=10V [UNIT
CONDITIONS [ 2P Do DD DD
MIN MAX | MIN MAX|[ MIN MAX | MIN MAX
tprH Propagation delay time, low-to-high-level output Cy =50 oF§ 150 100 200 130 [ ns
tpHL Propagation delay time, high-to-low-level output RL _ 205 kﬂ, 150 100 200 130 ns
IT7LH Transition time, low-to-high-level output s L Note 1 ! 350 175 450 300 ns
ee Note
tTHL Transition time, high-to-low-level output 350 175 450 300 ns
§With a 15-pF load, these devices switch with times similar to those of the RCA CD4011A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS TYPES TF4012A, TP4012A
LOGIC CIRCUITS DUAL 4-INPUT NAND GATES

SEPTEMBER 1975

JORN
e Designed to be Interchangeable with DUAL-IN-LINE PACKAGE (TOP VIEW)
RCA CD4012A VoD 2y 2D 2c 28 2A NC

14 13 12 n 10 9 8

schematic (each gate)

Ll
| J 1 2 3 4 5 6 7
A ‘ :] 124 1A 18 ic 10 NC Vss
8 | j positive logic: Y = ABCD
c |
j NC—No internal connection
> il
specifications
vss
RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
Group 1,
except as below
electrical characteristics
TF4012A TP4012A
PARAMETER TEST CONDITIONS? Vpp=5V |Vpp=10V | Vpp=5V |Vvpp=10V |UNIT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
VIH=Vpp. |TA=MIN 0.5 1.1 0.25 0.6
loL Low-level output current | V| =0, Ta=25°C 0.4 0.9 0.2 0.5 mA
Vo = VoL max [Ta = MAX 0.3 0.65 0.18 0.4

tTA =MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.

switching characteristics at 25°C free-air temperature

TEST TF4a0iZA TP4012A
PARAMETER Vpp=5V |Vpp=10V | Vpp=5V |Vpp=10V [UNIT
CONDITIONS
MIN MAX | MIN MAX | MIN MAX | MIN MAX
tpLH Propagation delay time, low-to-high-level output Ci =50 pF§ 150 80 200 110 ns
tpH| Propagation delay time, high-to-low-level output F\‘L _ 20:; k;{ 250 150 400 200 ns
tTLH Transition time, low-to-high-level output s L N 1 ! 350 175 470 250 ns
ee Note
tTHL Transition“time, high-to-low-level output 500 300 670 400 ns

Swith a 15-pF load, these devices switch with times similar to those of the RCA CD4012A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4013A, TP4013A

DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

SEPTEMBER 1975

¢ Designed to be Interchangeable with

RCA CD4013A
e Toggle Rate ... 10 MHz Typical
atVpp=10V
description

These circuits are dual D-type transition-operated
master-slave  flip-flops with buffered outputs,
independent direct overriding preset and clear inputs,
and D and clock inputs. While the clock is low, the
data at the D input is entered into the master section
which is isolated from the slave section. On the rising
transition of the clock, the D input is disabled and
data previously set up in the master section is
transferred to the slave section and appears in true
form at the Q output.

JORN
DUAL-IN-LINE PACKAGE {TOP VIEW)

2
Vob 20 2@ 2CK  CLR 2D 2PR
14 13 12 1 10 9 8

_ CKY

1CK 1 1D 1PR Vss
CLR

logic: see function table

Presetting and clearing are independent of the clock and are accomplished by a high-level voltage at the respective
input. The Q output is complementary to the Q output except for the nonstable situation that exists when both preset

and clear inputs are simultaneously high.

functional block diagram (each flip-flop)

(6, 8)
PRESET

CK MASTER SECTION

[

DATA (5:9)

CK

(4,10)
CLEAR

1,13
SLAVE SECTION NG
l/
l: (2,12) &
CK
TG
CK

CLOCKM).DMI-bD—?

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
and on Group 2,
following page except as on
following page

FUNCTION TABLE
(EACH FLIP-FLOP)

INPUTS OUTPUTS
PRESET CLEAR CK D | @ @
H L X X | H L
H X X L H
H s X X |H* B
L L 1 L L H
L L t H | H L
L L L X |Qg Qg

See explanation of function tables on pages 16 and 17.

*This configuration is nonstable; that is, it will not persist
when preset and clear inputs return to their inactive(low)
level.
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TYPES TF4013A, TP4013A
DUAL D-TYPE EDGE-TRIGGERED FLIP-FLOPS

recommended operating conditions

TF4013A TP4013A
Vpp=5V |Vpp=10V | Vpp=5V |vpp=10V |UNIT
MIN _MAX | MIN MAX | MIN MAX [MIN  MAX

Clock high or low 200 500 100
Pulse width, t,y (C|_= 50 pF) g 80 ns
Preset or clear 250 100 500 125
ctup time, tgy 40 20 50 25 ns
electrical characteristics
TF4013A TP4013A
PARAMETER TEST CONDITIONST Vpp=5V |Vpp=10V| Vpp=5V | Vpp =10V UNIT
MIN MAX | MIN MAX | MIN MAX| MIN MAX
i Ta=MIN —0.65 -08 —0.35 —0.4
High-level ViH = VDD: ViL=0, >
IoH i Ta=25C —-0.5 —0.65 -0.3 —0.35 mA
output current Vo = VgH min
Ta = MAX —0.35 —0.45 -0.25 —-0.3
TaA=MIN 0.5 1.25 0.35 0.75
Low-level ViH = VpD. ViL=0, A 5
loL Ta=25C 0.4 1 03 0.6 mA
output current {Vg = Vg max
Ta = MAX 0.3 0.75 0.25 0.5

fTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions,

switching characteristics at 25°C free-air temperature

TF4013A TP4013A
PARAMETERY | ' HoM To TEST CONDITIONS | Vpp=5 |Vpp=10V | Vpp=5V |Vpp=10V |UNIT
{INPUT) (ouTPUT) MIN MAX [ MIN MAX | MIN MAX { MIN MAX
fmax 2.5 7 1 5 MHz
k r 420 185 550 250 ns
tPLH Of tPHL ::::e' QorQ CL=50pF8,
tPLH OF tPHL QorQ RL = 200 k2, 420 185 550 250 | ns
or Clear
tTLH OF tTHL Any See Note 1 235 130 300 175 | ns

tfmax = Maximum clock frequency

tpy 4 = Propagation delay time, low-to-high-level output

tpH L = Propagation delay time, high-to-low-level output

tTH = Transition time, low-to-high-level output

tTH = Transition time, high-to-low-level output
§With a 15-pF load, these devices switch with times similar to those of the RCA CD4013A.
NOTE 1: See load circuit and voltage waveforms on page 170,
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CMOS
LOGIC CIRCUITS

TYPES TF4014A, TP4014A
8-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4014A

o Synchronous Parallel or Serial Input,
Serial Output

e Parallel Outputs from Sixth, Seventh,
and Eighth Bits

e Maximum Clock Frequency ...5 MHz
Typical at 10V

description

These 8-bit synchronous registers have a single serial
input and parallel-in access to each stage. D-type
master-slave flip-flops are used for each stage with
parallel access to the outputs of bits F, G, and H.

Both serial and parallel entry are made synchronously
on the low-to-high transition of the clock input and
under the control of the parallel-load/serial-shift
input, P/S. When the P/S input is high, data is broad-
side loaded into the register from the parallel inputs.
When the P/S input is low, data is entered at the serial
input and each bit shifts one bit position in the
direction Qp toward Q.

The TF4021A, and TP4021A are similar to these
registers, except for having asynchronous parallel

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

CONTROL
Vop G F E Qg SERIAL CLOCK  p/§

16 15 19 13 12 | 10 9

CLOCK

logic: see function table

specifications

RECOMMENDED

MAXIMUM ELECTRICAL
OPERATING

RATINGS CHARACTERISTICS
CONDITIONS

Page 62 Page 62 Page 63,
and on Group 3,
following page except as on
following page

inputs.
FUNCTION TABLE
INPUTS INTERNAL OUTPUTS OUTPUTS
CONTROL PARALLEL (2 of 5)
Y CLOCK AH SERIAL on o5 Qg Qg oy
H I a-h X - a b f g h
L i) X H H Qan Qgn Qfn QGn
L t X L L Qan Qgn Qfp QgGn
X L X X Qa0 Qgo QfFg QgGo QHo

See explanation of function tables, pages 16 and 17.

functional block diagram
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TYPES TF4014A, TP4014A
8-BIT STATIC SHIFT REGISTERS

recommended operating conditions

TF4014A TP4014A
Vpp=5V | Vpp=10V| Vpp=5V | Vpp=10V [UNIT
MIN MAX | MIN MAX|[ MIN MAX [ MIN MAX
Width of clock pulse, tyy(clock) Clock high or low 500 175 830 200 ns
Setup time, tg 350 80 500 100 ns

electrical characteristics

TF4014A TP4014A
PARAMETER TEST CONDITIONST Vpp=5V | Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX| MIN MAX | MIN MAX

VIH = VDD, Ta=MIN -0.25 -0.25 -0.12 —0.12

loH High-level output current | Vi =0, Ta=25C -0.2 -0.2 -0.1 -0.1 mA
Vo = VoH min [ T = MAX -0.14 -0.14 -0.08 —0.08
VIH=VpD, |TA=MIN 0.15 0.31 0.072 0.12

loL Low-level output current | V=0, Ta=25"C 0.12 0.256 0.06 0.1 mA
Vo = VoL max| Ta=MAX 0.085 0.175 0.05 0.08

TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions,

switching characteristics at 25°C free-air temperature

TF4014A TP4014A
PARAMETER TEST CONDITIONS| Vpp=5V | Vpp=10V| Vpp=5V |Vvpp=10V |UNIT
MIN MAX | MIN MAX| MIN MAX [ MIN MAX
fmax Maximum clock frequency 1 3 0.6 25 MHz
Propagation delay time,
tPLH ) 975 300 1300 400 | s
low-to-high-level output CL =50pF§,
Pro tion delay time, R =200 k2,
tpuL v L 975 300 1300 400 | ns
high-to-low-level output See Note 1
tTLH Transition time, low-to-high-level output 550 225 700 300 ns
tTHL Transition time, high-to-low-level output 550 225 700 300 ns

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4014A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4015A, TP4015A
DUAL 4-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

Designed to be Interchangeable
with RCA CD4015A

Maximum Clock Frequency ...5 MHz
Typical at 10V

description

These dual 4-bit static shift registers consist of two
identical, independent, 4-stage serial-input, parallel-
output registers. Each register has independent clock

and clear inputs as well as a single serial data input.

The register stages are D-type master-slave flip-flops
with Q outputs available from each of the four bits
on both registers. Data is shifted from one bit to the
next during the low-to-high-leve! transition of the
clock. A high level applied to the clear line sets all
outputs of the associated register to the low level.

specifications

RECOMM

MAXIMUM ENDED ELECTRICAL
OPERATING

RATINGS CHARACTERISTICS
CONDITIONS

Page 62 Page 62 Page 63,

and on group 3
following page

functional block diagram (each register)

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
1 2
VDD 1D CLEAR 104 10 10c  2Qp CLOCK
16 15 14 13 12 1 10 9
D
CLOCK: CLOCK:
CLEAR CLEAR
Qa 0B Q¢ Qp Qa Qg Q¢ Op
1 2 3 4 5 6 1 8
1 100 20¢ 20 204 2 2D vss
CLOCK CLEAR
logic: see function table
FUNCTION TABLE
{EACH REGISTER)
INPUTS QUTPUTS
CLEAR|CLOCK|D{Qa Qg Q¢ Qp
H X X] L L L L
L t L] L Qan Qgn Qcn
L t H| H Qan Qgn Qcn
L L | X{Qa0 Q980 Qco 9po

See explanation of function tables on pages 16 and 17.

(15, 7N\
D D Q D D a D Q
[V
5 CK b CK > CK >CK
ap- == QP Q
CLR CLR CLR CLR
(1,9 N\
CLOCK ¢ Y
— >
14
cLear1E SN
|
(13, 5) (12, 4) (11,3)
Qa 6]:] Qc Qp

(2,10)
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TYPES TF4015A, TP4015A
DUAL 4-BIT STATIC SHIFT REGISTERS

recommended operating conditions

TF4015A TP4015A
Vpp=5V |Vpp=10V | Vpp=5V | Vpp=10V |UNIT
MIN MAX { MIN MAX | MIN MAX | MIN MAX
Pul dth t Clock high or low 500 175 830 200
se width,
w Clear 500 175 830 200 s
Setup time, tgy 350 80 500 100 ns
switching characteristics at 25°C free-air temperature
TF4015A TP4015A
PARAMETER TEST CONDITIONS | Vpp=5V |Vpp=10V | Vpp=5V |Vpp =10V |UNIT
MIN MAX [ MIN MAX | MIN MAX | MIN MAX
fmax Maximum clock frequency 1 3 06 25 MHz
Propagation delay time, low-to-high-level
Ly P 3y time on-le 750 225 1000 300
output from clock CL=50pF8, .
n
Pro tion delay time, high-to-low-level R = 200 k$2,
tpyp | pagation celay time, high-ta-fowrlev L 750 225 1000 300
output from clock or clear See Note 1
tTLH Transition time, low-to-high-level output 350 150 400 220 ns
tTHL Transition time, high-to-low-level output 350 150 400 220

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4015A.

NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS

LOGIC CIRCUITS

TYPES TF4016A, TP4016A
QUAD BILATERAL SWITCHES

SEPTEMBER 1975

Designed to be Interchangeable with
Motorola MC14016A, Similar to
RCA CD4016A (See TF4316A)

Difference in rgn between Switches
in One Package Typically 10 Q when
V| =VssorVpp

High Degree of Linearity . .
Distortion Typical at 1 kHz

Switches Can Transmit Signals in Either
Direction at Frequencies of up to
50 MHz Typically

Extremely Low Off-State Switch Current
Resulting in Very High Effective Off-State
Resistance . .. 10 pA Typical at
Vpp-Vss =10V

Maximum Control Input

Frequency . .. 10 MHz Typical at
Vpp=10V,CL=15pF, RL=1kQ
High On/Off Output Voltage Ratio . ..
Typical

Extremely High Control-Input Impedance
(Control Circuit Isolated from Switch
Circuit) ... 1012 Q Typical

Low Crosstalk Between Switches . .
Typical at 0.9 MHz, R = 1 k&

. < 10 pA Typical

. < 0.5%

65 dB

.50dB

Control Input Current . .

description

The ‘4016A is a quadruple bilateral switch construct-
ed with P-channel and N-channel enhancement-type
devices in a monolithic structure, and finds primary
use where low power dissipation and/or high noise
immunity is desired.

Applications include digital switching and multiplex-
ing; analog-to-digital and digital-to-analog conversion;
digital control of frequency, impedance, phase and
analog-signal gain; signal gating; and use as a squelch
control, chopper, modulator, demodulator, or
commutating switch.

The P~ well of the analog transmission gate is
connected to Vgg when the control input is low (gate
off) and is switched to the analog input when the
control input is high (gate on). This provides a more
uniform on-state resistance with varying analog input
voltages.

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 See the following page.

Page 63
does not apply.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
vop 1€ 4 4A ay k1% 3A
" 13 12 1 10 9 8
sw 1 |. SW 4 Sw 2 sw 3
1 2 3 4 5 8 7 |
1A 1y 2y 2A 2C 3c vss
logic: switch is on when C is high
schematic (each switch)
Vbp
INPUT OUTPUT
A W Y
_E—o
D
.___T
' ®
—
CONTROL ¢4 —
Y I 4
—t —e
;
Vss
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TYPES TF4016A, TP4016A

QUAD BILATERAL SWITCHES

electrical characteristics over recommended operating free-air temperature range

Vpp=5Vand10V

Ve -5 |TF4016A | TPaoi6A
PARAMETER TEST CONDITIONS' DD Vpp = 10V uNIT]
MIN MAX]MIN MAX MIN MAX
Viy High-level control input voltage 3 4 4 v
ViL Low-evel control input voltage 08 0.9 08| Vv
VoH High-level output voltage Aat0V, Cat Vi max, lg=10uA 4.5 9 9 \%
VoL Low-evel output voltage Aat0Vv, CatVig min, lg=10uA 0.5 1 11 Vv
Input-to-output AatOVtoVpp, CatlOvV, o
off-state current Yat5V o° Ta=2C 125 *125] nA
Aat0VitoV ov =M 25°
Total YatoVio vﬁg' oo Ii = MLNxor 2 eclm 1615 “A
Quiescent >
current A=Y=0Vto Vpp, Ta=MINor25°C 1 A
CatVpp Ta=MAX 60 16
Vpp=15V
PARAMETER TEST CONDITIONS? TFA016A | TP4016A UNIT
MIN MAX [MIN MAX
Iy Input current Vi=0orVpp £1 1 | BA
'bD V| = Vpp or 0, Ta=MIN or 25°C 3 3
or Quiescent supply current HA
—l1gg No load Ta =MAX 180 48
1TA = MIN or MAX refers to the respective values of free-air temperature specified under recommended operating conditions.
1|This is the total of supply current, control input current, and input-to-output off-state current.
on-state resistance at specified free-air temperature, C at Vpp, RL=10kQ to 0 V
TEST CONDITIONS TF4016A TP4016A UNIT
MIN MAX | MIN MAX
Ta=MIN 600 610
Vbp=5V. Vss =5V, Ta=25C 660 660 | «
Aat5,0.25 —0.250r -5V T A= MAX 960 840
TA=MIN 360 370
Vop =75V, Ves= =75V, Ta=25C 400 200 | @
Aat7.5,0.25,-0.25,0or =75V T = MAX 600 520
Ta=MIN 600 610
Vop =10V, Vss OV, Ta-25C 660 660 | @
Aat 10,5.6,0r 0.25V T A= MAX 960 840
Ta=MIN 360 370
Vpp=18VY, Vgg=0V, — — PPy -
Tao=20¢C 400 400 §1
Aat 15,9.3, 0r 0.25 V TA=WAX ) 520

80
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TYPES TF4016A, TP4016A
QUAD BILATERAL SWITCHES

switching characteristics at 25°C free-air temperature

FROM To TF4016A TP4016A
PARAMETERY uneuT | (louTPUT) TEST CONDITIONS Vpp=5V |Vpp=10V| Vpp=5V|Vpp=10V |UNIT
MIN MAX|[MIN MAX|MIN MAX |[MIN MAX
tPLH A Y RL=10kS, C| =50pF§, 85 45 125 70 ne
tPHL A Y Cat Vpp, See Figure 1 85 45 125 70
tPLH (o} Y C_=50pF8,[R_ =10k w00V 150 75 225 115 ns
tPHL [ Y See Figure2 { R =10kQ to Vpp 150 75 225 115

*tPLH =Propagation delay time, low-to-high-level output
tpy | = Propagation delay time, high-to-low-level output
§with a 15-pF load, these devices switch with times similar to those of the RCA CD4016A.

PARAMETER MEASUREMENT INFORMATION

¢ o - —-—-----VDD
Y INPUT A
SW : | | ov
A UNDER RL cL tPLH-"—-" H—tPHL
TEST —1-—-~-VOH
= = OUTPUT Y
VoL
= TEST CIRCUIT VOLTAGE WAVEFORMS
FIGURE 1-PROPAGATION DELAY TIME, SWITCH INPUT A TO OUTPUT Y
INPUT C
c
= Y
SwW OUTPUT Y
A UNDER RL cL (A AT VppD.
TEST I RLTO O V)
0OVorVv
oo OUTPUT Y
(AATOV,
Ry TO Vpp)
TEST CIRCUIT VOLTAGE WAVEFORMS

FIGURE 2—-PROPAGATION DELAY TIMES, CONTROL INPUT C TO QUTPUT Y

NOTES: A. Input pulses are supplied by generators having the following characteristics: Zg ¢ = 50 §2, PRR = 10 kHz, t, < 20 ns, tf < 20 ns.
B. C| includes probe and jig capacitance.
C. The waveforms are monitored on an oscilloscope with the following characteristics: tp < 10 ns, Rjp =1 MQ.
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CMOS TYPES TF4017A, TPAOT7A
LOGIC CIRCUITS DECADE COUNTERS/DIVIDERS

SEPTEMBER 1975

. . JORN
Designed to be Interchangeable with DUAL-IN-LINE PACKAGE (TOP VIEW)
RCA CD4017A -
CARRY
Medium-Speed Operation . ..5 MHz VoD CLEAR CLOCK ENABLEOUTPUT Y9 Y4 Y8
Typical Maximum Clock Frequency at 6] [15] (14| 113y j12f | j0| |9
Vpp=1i0V
cLock
o Fully Static Operation cLock
ENABLE
° Carry Output for Cascading DECADE
b +1
CLEAR CLR o 1 2 3 4 5 6 7 8 39
YL vI\ Y2 vlz Y4 Y5 vle Y7 vls v I
CARRY
OUTPUT
1 2 3 4 5 [ 17 8
Y5 Y1 YO Y2 Y6 Y7 Y3 Vss
description
fogic: see description
The '4017A is a five-stage Johnson decade counter
and an output decoder that converts the Johnson
binary code to a decimal number. High-speed opera-
tion and spike-free outputs are obtained by use of the
Johnson decade counter configuration.
The ten .decoded outputs are normally low and go
high only at their respective decimal time period. A
high clear signal asynchronously clears the decade
counter and sets the carry output and YO high. With cp L
. . specifications
enable low, the count is advanced on a low-to-high
transition at the clock input. Alternatively if the RECOMMENDED
. P . . MAXIMUM ELECTRICAL
clock input is high, the count is advanced on a high- OPERATING
e . RATINGS CHARACTERISTICS
to-low transition at enable. The carry output is high CONDITIONS
while. YO, Y1, Y2, Y3, or Y4 is high, then is low Page 62 Page 62 Page 63,
while Y5, Y6, Y7, Y8, or Y9 is high. and below Group 3,
except as on
This device can be used in frequency-division applica- following page
tions as well as decade-counter or decimal-decode
display applications.
recommended operating conditions
TF4017A TP4017A

Vpp=5V | Vpp=10V | Vpp=5V | Vpp=10V JUNIT
MIN MAX | MIN MAX| MIN MAX| MIN MAX

Pulse width. ¢ Clock high or low 500 170 830 250 ns
Tw Clear 500 170 - 830 250 ns

. Enable 500 200 700 300 ns

Setup time, sy Clear inactive state 750 225 7000 275 ns

TEXAS INSTRUMENTS
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TYPES TF4017A, TP40T7A
DECADE COUNTERS/DIVIDERS

electrical characteristics

TF4017A TP4017A
PARAMETER TEST CONDITIONS! Vpp=5V |Vpp=10V | Vpp=5V |Vpp=10V |UNIT
MIN MAX [MIN MAX | MIN MAX | MIN MAX
v Tao=MIN | —120 —-120 -85 -85
Ta=25C | —100 -100 -70 -70 HA
. outputs
| High-leve! ViH = VDD, ViL=0,]Ta=MAX | -70 -70 —55 —55
OH output-current c Vo = VgH min Ta=MIN [ —450 —450 —300 —-300
arr
) yt TA=25C | =350 —3850 240 240 A
outpu
P Ta=MAX | —250 —250 -200 ~200
v Ta=MIN 60 120 30 85
TA=25C 50 100 25 70 HA
outputs
| Low-level VIH = VDD, ViL=0,[Ta=MAX 35 70 20 55
oL output current c Vo = VoL max TA =MIN 185 450 95 300
arr
R Vt Ta=25°C 150 350 80 250 HA
outpu
P TA-MAX | 105 250 65 200
tTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4017A TP4017A
FROM TO
PARAMETER¥ TEST CONDITIONS| Vpp=5V | Vpp=10V | Vpp=5V |Vpp=10V |UNIT
(INPUT) (OUTPUT)
MIN MAX [ MIN MAX | MIN MAX | MIN MAX
fmax 1 3 0.6 2 MHz
tPLH Clock or Any Y 2000 600 2500 750 n
s
t le 2000 00 2500 750
PHL clear output CL =50 oF§, 6
tPLH Clock or Carry 1300 400 1600 500
Ry =200 k2, ns
tPHL clear output 1300 400 1600 500
See Note 1
tTLH Any Y 1800 700 2400 900 ns
THL output 1800 700 2400 900
tTLH Carry 600 300 700 400
ns
tTHL output 600 300 700 400

Ifmax = Maximum clock frequency
tp|_ 4 = Propagation delay time, low-to-high-level output
tpHL = Propagation delay time, high-to-low-level output
tT 4 = Transition time, low-to-high-level output
tTHL = Transition time, high-to-low-level output

Swith a 15-pF load, these devices switch with times simitar to those of the RCA CD4017A.

NOTE 1: See load circuit and voltage waveforms on page 170,

TEXAS INSTRUMENTS

INCORPORATED
POST OFFICE BOX 5012 « DALLAS, TEXAS 75222

83



TYPES TF401/A, TP4OT/A
DECADE COUNTERS/DIVIDERS

functional block diagram

Y5 Y1 Y7 Y3 7]
1 (2) (6) (7 (11)
enagLe 12
|| .;D“j CARRY
—{D Q D Q D Q D @ D Q OUTPUT
b CK L ck b CK L cx L—p ck
a L.. a b.j [o] S [o] S apd
CLR CLR CLR CLR CLR
CLEAR % o Py by ° |
<
(3) (5) (4) (9) (10)
Yo Y6 v2 Y8 va

typical clear, count, and inhibit sequences

CLEAR '—ﬁ

CLOCK

ENABLE

0”1

v1j | |

g ]

_ 1

Y2

Y3

]

Y4

_ 1

OUTPUTS <
Y5

Y6

Y7

-/
Y8

vo !

LYo
CARRY ™1t I

[

outPuT —I

INHIBIT

+

CLEAR

COUNT

[*——COUNT
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75

CMOS
LOGIC CIRCUITS

TYPES TF4018A, TP4018A
PRESETTABLE DIVIDE-BY-N COUNTERS

SEPTEMBER 1975

e Designed to be Interchangeable
with RCA CD4018A

e Maximum Clock Frequency . ..5 MHz
Typical at Vpp =10V

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
RATINGS OPERATING CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
and below group 3

description

The ‘4018A consist of five Johnson counters,
buffered @ outputs from each stage, and preset
control gating. Clear, preset enable, clock, feedback,
and five parallel load inputs are provided.

A high clear signal asynchronously clears the counter

so that all Q outputs are high. A high preset enable

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

Vpp CLR CK [o]3 E Tp PE
16 15 14 13 12 1" 10 9

FEED
T O N
CLOCK —P> +1
CLEAR ~ _ ~ _
CLEAR — 5 a G a a
Qa 0 Oc Tp o1
1 2 3 4 5 7 8
FB A B [T QA Qc c Vss

logic: see description

signal asynchronously loads the counter and the Q outputs will take on the complements of the parallel inputs. The
counter is advanced one count on the low-to-high transition of the clock input.

Various counter configurations may be implemented as follows:

o Connect These Outputs . Results from Each Q Output
Divide by Via L. .
to Feedback Input (See Timing Diagram)
10 Qg direct 5 counts high, 5 counts low
9 Qp. O AND gate 5 counts high, 4 counts low
8 GD direct 4 counts high, 4 counts low
7 Qc. Gp AND gate 4 counts high, 3 counts low
6 Qc direct 3 counts high, 3 counts low
5 Qg, Qc AND gate 3 counts high, 2 counts low
4 Qp direct 2 counts high, 2 counts low
3 Qa.Qp AND gate 2 counts high, 1 count low
2 Qa direct 1 count high, 1 count low
recommended operating conditions
TF4018A TP4018A
Vpp=5V | Vpp=10V | Vpp=5V | Vpp =10V |[UNIT
MIN MAX| MIN MAX | MIN MAX| MIN MAX
Pulse width, tyy Clock high or low 500 170 830 250 ns
Clear or preset enable 500 170 830 250 ns
Feedback 500 200 700 300
Setup time, tgy, F:Iear' or preset enable 250 295 1000 275 ns
Inactive state
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TYPES TF4018A, TP4018A
PRESETTABLE DIVIDE-BY-N COUNTERS

switching characteristics at 25°C free-air temperature

FROM To TF4018A TP4018A
PARAMETER® TEST CONDITIONS | V =5V |V =10V | V =5V |V =10V {[UNIT
(INPUT) (OUTPUT) DD DD DD DD
MIN MAX { MIN MAX | MIN MAX | MIN MAX
f 1 3 0.6 2 MHz
max — CL =50 pF§,
tpLHor tpHL | Clock, clear, [Qa,Qg.Qc.Qp Ry =200 k2 1375 475 1800 610 | ns
tplHor tpH) | preset enable Qg L ! 1175 325 1500 410 ns
See Note 1
TTLH OF tTHL Any 350 150 4060 225 ns
ifmax = Maximum clock frequency
tpy H = Propagation delay time, low-to-high-level output
tpHL = Propagation delay time, high-to-low-level output
tT H = Transition time, low-to-high-level output
tyHL = Transition time, high-to-low-level output
§with a 15-pF load, these devices switch with times similar to those of the RCA CD4018A
NOTE 1: See load circuit and voltage waveforms on page 170.
functional block diagram
A B c D €
(4] () n 19) (12)
1o D !
::i%ﬂ ¢ % j @ ﬁ ¢ vj Eﬁ
cwcxw—’l> ’
FEEDBACK i GPRQ PRQ| DPRQ D PR Q] 0 PR
4% D CK CK CK cK
apPh
CLR CLR CLR CLR CLR
CLEAR —{“5’ > — ] — - I
r
Yy Y Y Y ¥
Qa o1} ac dp Qe
typical clear, count, and preset sequence
SHOWN IN DIVIDE-BY-TEN CONFIGURATION, O TIED DIRECTLY TO FEEDBACK INPUT
CLEAR
ol ]
'
woo LALLM L L L UL U LU UL UL,
. I LU
; : | |
] [
[ IRRELEVANT 1 |
raracier J o [ EXCEPT WHEN
INPUTS t ] PRESET ENABLE
] 1S HIGH | ]
o 1 ]
1! |
£ |
[
oa ! lI [ | S
1
%o 1 _l_—_l———L_—i_ j | S—
I '
« ] . L
1 T S —
L e :
—_ H !
[ ! mJ—_
Count [ —1 ¢ —
cLEAR PRESET
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CMaOS
LOGIC CIRCUITS

TYPES TF4019A, TPA019A
QUAD AND-OR SELECT GATES

SEPTEMBER 1975

e Designed to be Interchangeable with

RCA CD4019A

description

These devices consist of four AND-OR select gate
configurations, each with two two-input AND gates
driving a single two-input OR gate. Selection is
determined by control inputs G1 and G2.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
CONTROL OUTPUTS CONTROL
INPUT “yNpUT INPUT
vpp 1D2 G1 v 2y 3y 4y G2
16 15 19 13 12 1" 10 9
1D1 102 2D1 202 3D1 3D2 4D1 4D2
SEL D1 D2[D1 D2| D1 D2|D1 D2
G1—{G1 L
21 >1 >1 21
G2—jG2
1 v v Y v
8% 2y 3y ay
1 2 3 4 5 6 17 8
D1 202 201 302 3D 4Dz 4D1 Vss
INPUTS

logic: see function table

specifications
MAXIMUM RECOMMENDED ELECTRICAL
RATINGS OPERATING CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63, group 2,
except as on
following page

functional block diagram (each gate)

G1 G2

D1

D2

v Vv
_v._/

TO OTHER 3
GATES

FUNCTION TABLE

(EACH GATE)
INPUTS
OUTPUT
CONTROL | DATA v

G1 G2 | D1 D2
X

I I Irr-ITXIXr
I T I ITIrrr
T X I X XrzIx
r I X r IXX

rIIrIr-rIr

H = high level, L = low level, X = irrelevant
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TYPES TF4019A, TP4019A
QUAD AND-OR SELECT GATES

electrical characteristics

Vpp=5Vand 10V

TF4019A TP4019A
PARAMETER TEST CONDITIONS? Vpp=5V |Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX| MIN MAX| MIN MAX
VIH=VpD, [TA=MIN —-0.95 -0.95 0.6 —-06
1oH High-level output current | V| =0, TaA=25C —0.7 -0.7 -0.5 —-0.5 mA
Vo =Vgy min| Ta =MAX -0.5 -0.5 —0.4 ~0.4
VIH=VDp, | Ta=MIN 0.6 0.9 0.37 038
loL Low-level output current | V) =0, Ta=25"C 0.45 0.75 0.3 0.65 mA
Vo = VgL max| Ta = MAX 0.3 0.55 0.23 05
'po V|=Vppor0,| Ta = MIN or 25°C 5 10 50 100
or Quiescent supply current LA
—Igg No load Ta = MAX 300 600 700 1400
Vpp=15V
TF4019 TP40
PARAMETER TEST CONDITIONS? 9194 194 uNIT
MIN MAX MIN MAX
‘oD V|=Vpporo, | Ta=MiNor25°C 30 300
or Quiescent supply current HA
“lgs No load Ta = MAX 1800 4200

t e . .
TA =MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.

switching characteristics at 25°C free-air temperature

TF4019A TP4019A
PARAMETER TEST CONDITIONS | Vpp=5V |Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN _MAX | MIN _MAX| MIN MAX| MIN MAX

P tion delay time,
tpLy | pogation cetay time 375 170 500 220 | ns

low-to-high-level output 8
Propagation delay time €L =50pFS,
r '
touL | o8 v Ry = 200 ke2, 375 170 500 220 | ns
high-to-low-level output
" - See Note 1
tTLH Transition time, low-to-high-leve! output 350 130 475 165 ns
ttHL Transition time, high-to-low-level output 350 130 475 165 ns

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4019A,
NOTE 1: See load circuit and voltage waveforms on page 170,
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CMOS
LOGIC CIRCUITS

TYPES TF4020A, TP4020A

ASYNCHRONOUS 14-BIT BINARY COUNTERS

SEPTEMBER 1975

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
e Designed to be Interchangeable
with RCA CD4020A vop QK Qy Qy Q CLR K Qa
e Maximum Clock Frequency...7 MHz
Typicalat 10 V
e "j>” = 14.STAGE
ctR —JIcLR _|ASYNCHRONOUS COUNTER|
Qa| Qe QIG Q) OIK QlM
L. ap OfF aL q
description D OF Gn Qu GuON
The "4020A is an asynchronous 14-stage binary count-
er designed with an input pulse-shaping circuit. The 1 2 3 4 5 6 7 s
outputs of all stages except Qg and Qg are externally G o O @ 0 G G Vs
available. A high clear signal asynchronously clears
the counter and resets all outputs low. The count is
advanced on the high-to-low transition of the clock logic: see description
pulse. Applications include time-delay circuits,
counter controls, and frequency-dividing circuits.
specifications
RECOMMENDED
MAXIMUM OPERATING ELECTRICAL
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
and below group 3
recommended operating conditions
TFA4020A TP4020A
Vpp=5V |Vpp=10V | vpp=5V |Vvpp=10V |uNniT
MIN MAX | MIN MAX | MIN MAX [ MIN MAX
. Clock high or low 335 125 500 165 ns
Pulse width, ty,
Clear 2500 475 3000 550 ns
switching characteristics at 25°C free-air temperature
TF4020A TP4020A
PARAMETER® FROM To TEST CONDITIONS| Vpp=5 |Vpp=10V | Vpp=5V |Vpp=10V [UNIT
(INPUT) {OUTPUT) DD DD DD DD
MIN MAX [ MIN MAX | MIN MAX { MIN MAX
frax 1.5 4 1 3 MHz
tPLH Or tPHL Clock Qa CL=50pF§, 775 300 850 350 | ns
tPLH O tPHL Clock oN RL = 200 k2, 5600 2000 8400 3000 | ns
tPHL Clear Any See Note 1 3200 850 3700 1000 | ns
tTLH or tTHL Any 350 150 400 225 | ns

ifmax = Maximum clock frequency
tp| H = Propagation delay time, low-to-high-level output
tpH | = Propagation delay time, high-to-low-level output
tTLH = Transition time, low-to-high-level output
tTHL = Transition time, high-to-low-level output

§with a 15-pF load, these devices switch with times similar to those of the RCA CD4020A.

NOTE 1: See load circuit and voltage waveforms on page 170.
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TYPES TF4020A, TP4020A
14-BIT BINARY COUNTERS

functional block diagram

Q Q Q a5
CY—M) ™, | . l r l o
i EjL—)—hﬁ < 5 P T 2

T = Toggle input

o]}
o]}
o

CLR CLR CLR CLR CLR

3

of Ttype © ] 3)
flip-flop Qa Qp ay
OUTPUTS NOT SHOWN
{5) Qg {13) oy {15) ag
(4) Qp (12) O (1} QL
(6) Qg {14 qQ, 2 ay

typical clear and count sequence

CLR ==
|
= | 16 32 64 128 256 512 1024 2048 4096 8192 16,384
'LJ'U"LI'U"U"LI"'IJ' 1 i I i S i I s O i 1 i W i N i U i W

Qa ._.__.I'_I_'L__'L_'L_'L_L'l_'l_"l_'l_'l__'l_'\_L
Qp .._._1____..!—I_'l_'l_'l_1_'|_1_'l_1_"l_"l_

o ; e T L, T T T T, T TG, G, I
ap —4 M
ag —— I e WL TG L TG, NG UG TG TN
ap —d o
o —A— s T T, HG, T, TG, T
Qy iy I e TG, B, B, T, B
0K —tt s T, L, T, TN
QL —t | R W W H
M ——t— | e W T
N —i— | e T
I
<«—CLEAR-+ (@ COUNT
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CMOS
LOGIC CIRCUITS

TYPES TF4021A, TP4021A

8-BIT STATIC SHIFT REGISTERS

SEPTEMBER 1975

Designed to be Interchangeable with
RCA CD4021A
o Asynchronous Parallel or Synchronous

Serial Input, Serial Output

e Parallel Outputs from Sixth, Seventh,
and Eighth Bits

e Maximum Clock Frequency ...5MHz
Typical at 10 V

description

These 8-bit registers have a single serial input and
parallel-in access to each stage. D-type master-slave
flip-flops are used for each stage with parallel access

JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

CONTR
F E Qg SERIAL CLOCK  p/§
" 13 12 n ] ]

o] o[ D
ol ol a
11
QF 0OG Qn

to the outputs of bits F, G, and H. 1 2 3 ‘4 5 ' 1 d
H aF c Vss
When the parallel-load/serial-shift input, P/S, is high,
data is broadside loaded into the register from the logic: see function table
parallel inputs independently of the clock. When the
P/S input is low, data is synchronously entered at the
serial input and each bit shifts one bit position in the specifications
direction Qp toward Q. Serial operations occur on
A s . RECOMMENDED
the low-to-high transition of the clock input. MAXIMUM OPERATING ELECTRICAL
RATINGS CONDITIONS CHARACTERISTICS
The TF4014A and TP4014A are similar to these
. . Page 62 Page 62 and Page 63,
registers, except for having synchronous parallel 3
inputs on following group 3, except as
puts. page an following page
FUNCTION TABLE
INPUTS INTERNAL OUTPUTS OUTPUTS
CONTROL PARALLEL (2 OF 5)
- CLOCK SERIAL Q Q Q

P/S AH aa Qg F G H

H X a-h X a b f q h

L t X H H Qan Qen Qfn QGn

L t X L L Qanp Qgn Qpp Qgn

L L X X Qa0 Qgo QFg Qo QHo

See explanation of function tables, pages 16 and 17.

functional block diagram

CONTROL (5
P
semiaL 1L

B8 [
lm |(5)

D
| w

e
|(n) ‘lm

crock-10L D i >e

* Sea detail at right.

DETAILO

F EACH STAGE
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TYPES TF4021A, TP4021A
8-BIT STATIC SHIFT REGISTERS

recommended operating conditions

TF4021A TP4021A
Vpp=5V | Vpp=10V} Vpp=5V | Vpp =10V |UNIT
MIN MAX | MIN MAX| MIN MAX | MIN MAX
. Clock high or low 500 175 830 200 ns
Pulse width, ty, T
P/S high 500 175 830 200 ns
Setup time, tg, 350 g0 500 100 ns
electrical characteristics
TF4021A TP4021A
PARAMETER TEST CONDITIONS' Vpp=5V [Vpp=10V| Vpp=5V [Vvpp=10V [UNIT
MIN MAX | MIN MAX| MIN MAX [ MIN MAX
ViH = VppD. TA =MIN —0.25 —0.25 ~0.12 —-0.12
loH High-level output current | V=0, Ta=25C -0.2 -0.2 -0.1 —-0.1 mA
Vg =VoH min | Ta = MAX -0.14 —-0.14 —0.08 —0.08
ViH = VpD. Ta=MIN 0.15 0.31 0.072 0.12
1oL Low-level output current | V=0, Ta=25C 0.12 0.25 0.06 0.1 mA
Vo = VoL max | Ta = MAX 0.085 0.175 0.05 0.08

TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.

switching characteristics at 25°C free-air temperature

TF4021A TP4021A
PARAMETER TEST CONDITIONS | Vpp=5V Vpp=10V| Vpp=5V | Vpp=10V |UNIT
MIN MAX [ MIN MAX| MIN MAX | MIN MAX

fmax Maximum clock frequency 1 3 0.6 25 MHz
tpLy | roPogation delay time, . 975 300 1300 400 | ns

fow-to-high-level output CL =50pF §,
tPHL Pn.'opagation delay time, R =200 k$2, a75 300 1300 400 ns

high-to-low-level output See Note 1
tTLH Transition time, low-to-high-level output 550 225 700 300 | ns
tTHL Transition time, high-to-low-level output 550 225 700 300 | ns

Switha 15-pF load, these devices switch with times similar to those of the RCA CD4014A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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75

CMOS
LOGIC CIRCUITS

TYPES TF4022A, TP4022A
OCTAL COUNTERS/DIVIDERS

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4022A

¢ Medium-Speed Operation . .. 5 MHz
Typical Maximum Clock Frequency at
Vpp=10V

e Fully Static Operation
e Carry Output for Cascading

description

The ‘4022A is a four-stage divide-by-8 Johnson
counter with built-in code converter. High-speed
operation and spike-free outputs are obtained by use
of the Johnson octal counter configuration.

The eight decoded outputs are normally fow and go
high only at their respective octal time period. A high
clear signal asynchronously clears the octal counter
and sets the carry output and YO high. With enable

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
CARRY
VCC CLEAR CLOCKENABLEOUTPUT Y4 v7 NC
16 15 14 13 12 1 10 9
CLOCK
ENABLE oeTATL |
> +1
CLR [l o1 234567
CLEAR YO Y1Y2Y3 Y4 Y5 Y6 Y7CARRY
OUTPUT

1 2 3 4 5 6 1 8

Y1 Yo Y2 Y5 Y6 NC Y3 Vss

logic: see description

NC—No internal connection

specifications

low, the cour-It is advanced ona IoYv-to-high tr?nsitio.n MAXIMUM R?;“:ﬁ:'l“NDGED ELECTRICAL
at the clock input. Alternatively, if the cIoc?k input is RATINGS CHARACTERISTICS
high, the count is advanced on a high-to-low CONDITIONS
transition at enable. The carry output is high while Page 62 Page 62 Page 63,
Y0, Y1, Y2, or Y3 is high, then is low while Y4, Y5, and below group 3,
Y6, or Y7 is high. except as on
following page
recommended operating conditions
TF4022A TP4022A
Vpp=5V | Vpp=10V | vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX [ MIN MAX | MIN MAX
Clock high or | 500 70 830 250
Pulse width, ty, ock Tigh or fow ! 3 -
Clear 500 170 830 250 ns
. Enable 350 150 700 300 ns
Setup time, tg, - .
Clear inactive state 500 200 750 275 ns
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TYPES TF4022A, TP4022A
OCTAL COUNTERS/DIVIDERS

electrical characteristics

TF4022A TP4022A
PARAMETER TEST CONDITIONSt Vpp=5V |[Vpp=10V | Vpp=5V | Vpp=10V |UNIT
MIN  MAX | MIN MAX | MIN MAX | MIN MAX
v Ta=MIN |-120 —120 -85 -85
Ta=25C |-100 —100 -70 -70 kA
R outputs
| High-level VIH=VDD.,  ViL=0,[TA=MAX | —70 ~70 —55 —55
OH output-current c Vo = VQH min Ta=MIN |-450 —450 —300 —300
r
i 'yt Ta=25°C |—350 —350 —240 —240 KA
o
atpu TA - MAX |—250 —250 ~200 200
v TA =MIN 60 120 30 85
Ta=25"C 50 100 25 70 uA
outputs
| Low-level ViH = VDD, ViL=0,|Ta = MAX 35 70 20 55
OL  Gutput current . V@ = VoL max TA-MIN | 185 450 95 300
r
E: 'yt TA=25C | 150 350 80 250 A
outpu TA-MAX | 105 250 65 200
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4022A TP4022A
FROM TO
PARAMETER} TEST CONDITIONS | Vpp =5V |Vpp=10V | Vpp=5V |Vpp=10V |UNIT
{INPUT) {OUTPUT)
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Frmax 1 3 06 2 MHz
tPLH Clock or Any A 2000 600 2500 750 ns
tPHL clear output 2000 600 2500 750
tPLH Clock or Carry 1300 400 1600 500
" C=50pF§, ns
PHL clear output 1300 400 1600 500
TLH Ry = 200 k2, 1800 700 2400 900
Any Y See Note 1 ns
tTHL 1800 700 2400 900
tTLH Carry 600 300 700 400
ns
tTHL output 600 300 700 400

If = Maximum clock frequency
ma
tpy Propagation delay time, low-to-high-level output
tpH | = Propagation delay time, high-to-low-level output

tTLH = Transition time, low-to-high-level output
tTHL = Transition time, high-to-low-level output

§witha 1 5-pF load, these devices switch with times similar to those of the RCA CD4022A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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TYPES TF4022A, TP4022A
OCTAL COUNTERS/DIVIDERS

functional block diagram

Yo Y5 v2 Y7
(2 (a) (3) (10
enaaLe A2
D a D a— D Q D Q
rcx L>c»< D> ck LI>ck | 12) CARRY
’_“‘ >_ouwur
ap ap14 g ape
CLR CLR ﬁ CLR ] CLR ﬁ
cLeartt NS I e I J
l/ 5

1) (1 (5) (7
4 Y1 Y6 Y3

typical clear, count, and inhibit sequences

CLEAR l

]
CLOCK ]

ENABLE
/

Y1

P

[1 I I

Y2

]

Y3

1L
i

OUTPUTS § va

Y5

Y6
Q/7

CARRY
OUTPUT

[

|

|

1

|

|

|

1

[

:

!

1

|

|

1

!

:

:

l !

INHIBIT —j—

o e

COUNT »  j¢——COUNT—p

<4—CLEAR
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CMOS
LOGIC

CIRCUITS

TYPES TF4023A, TP4023A

TRIPLE 3-INPUT NAND GATES

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4023A

schematic (each gate)

1

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
Group 1,

JORN

DUAL-IN-LINE PACKAGE (TOP VIEW)

VbD
1

3C
13

38 3A 3y

1Y

L]

1A

1B

2A 28 2C

12 " 10 9 8
4 5 6

2Y Vss

positive logic: Y = ABC

except as below

electrical characteristics

TF4023A TP4023A
PARAMETER TEST COND!TIONS? Vpp=5V { Vpp=10V | Vpp=5V | Vpp=10V| UNIT
MIN MAX | MIN MAX | MIN MAX| MIN MAX
High-level v v v o Ta=MIN —0.65 -0.76 —0.35 —0.35
igh-leve = s =0,
1o i’ TN M I TA-25C | —05 06 ~03 ~0.3 mA
= min
output current| Vo = VoH mi Ta-MAX | -0.35 —04 —0.25 “0.25
Ta=MIN 0.5 1.1 0.35 0.6
Low-level VIH = VDD, ViL=0, =
oL oo ive N I TaA=25°C 0.4 0.9 0.3 05 mA
utput curren B
pute 0~ VoL max T - MAX 0.3 0.65 0.25 0.4
TTA =MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4023A TP4023A
PARAMETER TEST CONDITIONS | Vpp=5V [Vpp=10V | Vpp=5V | Vpp =10V |UNIT
MIN MAX [ MIN MAX [ MIN MAX | MIN MAX
Propagation delay time,
Pag . v 150 80 200 110 | ns
low-to-high-level output .
: - CL=50pF§,
Propagation delay time,
tPHL . . Ry =200 k2, 150 80 200 110 ns
high-to-low-evel output
See Note 1
tTLH Transition time, low-to-high-level output 350 175 470 250 ns
tyHL Transition time, high-to-low-level output 450 200 600 275 ns

Switha 15-pF load, these devices switch with times similar to those of the RCA CD4023A.
NOTE 1: See load circuit and voltage waveforms on Page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4024A, TP4024A

ASYNCHRONOUS 7-BIT BINARY COUNTERS

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4024A

e Maximum Clock Frequency ...7 MHz
Typical at 10 V

description

The '4024A is an asynchronous 7-stage binary
counter designed with an input pulse-shaping circuit.
The outputs of all stages are available externally. A
high clear signal asynchronously clears the counter
and resets all outputs low. The count is advanced on
the high-to-low transition of the clock pulse. Applica-
tions include time-delay circuits, counter controls,
and frequency-dividing circuits.

specifications
RECOMMENDED

MAXIMUM ELECTRICAL
OPERATING

RATINGS CHARACTERISTICS
CONDITIONS

Page 62 Page 62 Page 63,

and on Group 3
following page

functional block diagram

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

VDD NC Qa Qg NC Qc NC

aa og ac ap L3 af ag

|

CLR ag QFf Qg Qp Vss

logic: see description

NC—No internal connection

Q Q Q
TK (1) _ _ _
I S R B S
a a ¢} op
CLR CLR ;T CLR CLR
clr 2 l l JJ——L
(5) Qg
(6) Qp
{9) Qc (12) (11) (4) (3)
= Qa QB Qf Qg
T = Toggle input of T-type flip-flop.
TEXAS INSTRUMENTS
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TYPES TF4024A, TP4024A
ASYNCHRONOUS 7-BIT BINARY COUNTERS

typical clear and count sequences

ctR | [

127

ﬁ(i 2345678ﬁﬁﬁﬂ :

" ’——1—|_‘|‘
<cLeard| e COUNT o lecLears
recommended operating conditions

o i L L UL "1_i_ |
| l—l_J—‘U—LJ—L‘_L’_L,_r_:T__
S T e R
0| E ""_Lf_L’_L’_L.‘_—LT__
o1 T
| T

TF4024A TP4024A
Vpp=5V |Vpp=10V | Vpp=6V | Vpp =10V | UNIT
MIN MAX [ MIN MAX | MIN MAX| MIN MAX
Clock high or low 330 125 500 165 ns
Clear 500 300 600 350 ns

Pulse width, ty,

switching characteristics at 25°C free-air temperature

TF4024A TP4024A
PARAMETERY FROM o TEST CONDITIONS | Vpp=5V |Vvpp=10V | Vpp=5V | Vpp =10V |UNIT
{INPUT) (OUTPUT)
MIN MAX | MIN MAX [ MIN MAX| MIN MAX

fmax 1.5 4 1 3 MHz
TPLH Or tPHL Clock Qa Cp =50 pF§, 600 225 700 300 ns
tPLH Or tPHL Clock Qg RL =200 k2, 2000 700 3000 900 [ ns

tPHL Clear Any See Note 1 900 425 1000 525 ns
tTLHOr tTHL Any 350 150 400 225 ns

¥tmax = Maximum clock frequency

tp|_H = Propagation delay time, low-to-high-level output

tpH . ~ Propagation delay time, high-to-low-level output

tTLH = Transition time, low-to-high-level output

tTHL = Transition time, high-to-low-level output
§W|th a 15-pF load, these devices switch with times similar to those of the RCA CD4024A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4025A, TP4025A
AND OTHER NOR GATES

SEPTEMBER 1975

e Designed to be interchangeable with RCA CD4000A,

TF4000A, TP4000A (TOP VIEW)

CD4001A, CD4002A, and CD4025A

Voo X 38 3A 3v 2y 2A

w| (i3] (2] [n] [w] [o] s
e All Products Available in J or N Dual-in-Line Packages ]
‘4000 . .. Dual 3-Input NOR Gates Plus Inverters
‘4001 . . . Quadruple 2-Input NOR Gates
‘4002 . . . Dual 4-Input NOR Gates
‘4025 . . . Triple 3-Input NOR Gates
1 2 3 4 11 [ ] 7
NC NC 1A i\ 1 1w Vss
positive logic: NOR gates: Y = A+B+C
Inverters: ¥ = A
NC—No internal connection
TF4001A, TP4001P (TOP VIEW) TF4002A, TP4002A (TOP VIEW) TFA4025A, TP4025A (TOP VIEW)
VDD 48 4A ay 3v 38 3a Voo 2y 2D 2 28 24 NC VDD 3C 38 3A 3v 1v 1c
] 12 12 u ) ] 9 ] " 13 12 1 0 9 ]
1 2 3 4 5 L] ? 1 2 3 4 5 [] ?
A 18 1y 2y 24 28 vss 1Y 1A 18 1c 10 NC Vs§s
positive logec: Y = A+B positive logic: Y = A+B+C+D positive logic: Y = A+B+C
NC No internal connection
typical schematics
INVERTER
NOR GATE voo \Y
A —
——e VDD
o 6 _ —
specifications —I ——t
RECOMMENDED ] A 3—‘/
MAXIMUM ELECTRICAL c
RATINGS | OFERATING ) o RACTERISTICS ] >
CONDITIONS N —y }v
Page 62 Page 62 Page 63, —] _j
Group 1 q Vss
77
vss
switching characteristics at 25°C free-air temperature
TF4000A, TF4001A TP4000A, TP4001A
TF4002A, TF4025A TP4002A, TP4025A
PARAMETER TEST UNIT
CONDITIONS | Vpp=5V |(Vpp=10V | Vpp=5V |Vpp=10V
MIN MAX [ MIN MAX [MIN MAX [ MIN mAX
tpLH Propagation delay time, low-to-high-level output | =50 pF§ 150 100 200 130 ns
tpH| Propagation delay time, high-to-low-level output RL . 20:kn' 150 100 200 130 ns
tTLH Transition time, low-to-high-level output s L Note 1 ! 350 175 450 300] ns
ee e
TTHL Transition time, high-to-low-level output ° 350 175 450 300| ns

§with a 15-pF load, these devices switch with times similar to those of the RCA CD4000A, CD4001A, CD4002A, and CD4025A, respectively.
NOTE 1: See load circuit and voltage waveforms on page 170,
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CMOS TYPES TF4027A, TP4027A
LOGIC CIRCUITS DUAL J-K FLIP-FLOPS

SEPTEMBER 1975

o Designed to be Interchangeable with

JORN
RCA CD4027A DUAL-IN-LINE PACKAGE (TOP VIEW)

e Toggle Rate . ..8 MHz Typical
at VDD= 10V 20 2PR
LK
description —
These circuits are dual J-K-type transition-operated
master-slave flip-flops with buffered outputs, inde-
pendent direct overriding preset and clear inputs, and 118
J, K, and clock inputs. While the clock is low, the [T T T T
data at the J and K inputs is entered into the master
sectu?rf, which !s‘ isolated from the slave secthn. On logic: see function table
the rising transition of the clock, the J and K inputs

are disabled and data previously set up in the master
section is transferred to the slave section. Circuit logic
for various input configurations is shown in the

function table.

FUNCTION TABLE
Presetting and clearing are independent of the clock (EACH FLIP-ELOP)
and are accomplished by a high-level voltage at the

respective input. The Q output is complementary to INPUTS OUTPUTS
’ o PRESET CLEAR CK J K | a a
the Q output except for the nonstable situation that m o x % x1h o
exists when both preset and clear inputs are simul-
taneously high. L H X x x|t H
H H X X X | H*  H*
L L t L L |Qg Qg
L L L t H L |H L
specifications L L £+ L H{|{L H
L L t H H | TOGGLE
RECOMMENDED L L L X X1{Q Qo
MAXIMUM T ELECTRICAL
RATINGS OPERATING CHARACTERISTICS See explanation of function tables on pages 16 and 17.
CONDITIONS *This configuration is nonstable; that is, it will not persist when
Pa{;e 62 Page 62 Page 63, Group 2, preset and clear inputs return to their inactive (low) level,
and on except as on
following page following page

functional block diagram

7
PRESET 7.9

N (6,10)

K (5, 11)

cLear 412!

Tk cK

cLock MDhI"‘D_T
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TYPES TFA027A, TP4027A
DUAL J-K FLIP-FLOPS

recommended operating conditions

TF4027A TP4027A
Vpp=5V |Vpp=10V |Vpp=5V |{Vpp=10V|UNIT
MIN MAX | MIN MAX |[MIN MAX [ MIN MAX

Pulse width. 1 Clock high or low 330 110 500 165

d ,
Lise WA, Tw Preset or clear 200 80 300 120 s
Setup time, tg 150 50 200 75 ns

electrical characteristics

- TF4027A TP4027A
PARAMETER TEST CONDITIONST Vpp=5V |Vpp=10V| Vpp=56V | Vpp =10 V|uUNIT
MIN MAX [ MIN MAX| MIN MAX| MIN MAX
Ta=MIN —0.65 —-0.8 —0.35 -0.4
Highevel ViH = VDD, ViL=0, A -
1oH . TA=25C -05 —0.65 —-0.3 —-0.35 mA
output current| Vg = Vo min
Ta =MAX -0.35 —0.45 —0.25 -0.3
Ta=MIN 0. 1.25 0.35 0.75
Low-level ViIH=VDD. ViL=0, A 3 3
loL output current | Vg = Vo max Taz ¢ o4 ! 9.3 9.8 mA
o= YoL TA = MAX 03 0.75 0.25 05

1‘TA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.

switching characteristics at 25°C free-air temperature

TF4027A TP4027A
PARAMETER? (:;?J“:) (OU?:UT) TEST CONDITIONS| Vpp=5V |Vpp=10V |Vpp=5V |Vpp=10V|UNIT
MIN MAX | MIN MAX |MIN MAX | MIN MAX

fonax 15 45 1 3 MHz
tPLH Of tPHL Clock QorQ CL =50 pFS, 420 185 550 250 | ns
pLrortpuL | Qord R = 200 k22, 320 185 450 250 | ns

or Clear See Note 1

tTLH Or tTHL Any 235 130 300 175 ns

*fmax = Maximum clock frequency

tpLH = Propagation delay time, low-to-high-level output

tp L = Propagation delay time, high-to-low-level output

t7H = Transition time, low-to-high-level output

tTHL = Transition time, high-to-low-level output
§with a 1 5-pF load, these devices switch with times similar to those of the RCA CD4027A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4028A, TP4028A
BCD-TO-DECIMAL DECODERS

SEPTEMBER 1975

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
® Designed to be Interchangeable with
RCA CD4028A ouTPUT INPUTS
— —\ \OUTPUT
vpo [ v2 Y1 $1 2 s so ' v
16 15 14 13 12 1" 10 9
S0 515253
OUTPUT
SELECTOR
specifications e K i i T ci T t]s l7 tlz T
RECOMMENDED YO Y1Y2Y3YA4Y5Y6Y7Y8Y9
MAXIMUM OPERATING ELECTRICAL
RATINGS H
CONDITIONS CHARACTERISTICS 1 2 3 4 5 6 1 8
Page 62 Page 62 Page 63, N Y4 Y2 Yo Y7 Y9 Y5 Y6, Vss
group 3 ouTPUTS
logic: see function table
FUNCTION TABLE
description
P NO INPUTS QUTPUTS
These circuits are BCD-to-decimal or binary-to-octal '|s352S150|Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 V8 Y9
decoders with ten buffered outputs. An 8-4-2-1 BCD Ot L L LjH L L L L t L L L L
code applied to the four inputs provides a decimal TfbLbHLH L L L L L L L L
{one of ten) decoded output. With the S3 input held 2L LHLIL LWL L L L L L L
at a low level, a 3-bit binary input provides a decoded 3ILLHHIL L L H L L L L L L
octal (one of eight) code output. The selected output 4 JLHL LIt L L L H L L L L L
is high, all others are low. These devices have 5 |LHLHIL L L L L H L L L L
applications including code conversion, address 6 [LHHLIL L L L L L H L L L
decoding, memory selection control, and demulti- 7JLHHHIL L L L L L L H L L
plexing or readout decoding. 8 |HLLUL|L L L L L L L L H L
9/HLLH/L L L L L L L L L H
HoL Lt oLy L L
o M LHH|L L L L L L L L L L
3 HHLLIL L L L L L L L L L
5 HHLMHIL L L L L L L L L L
“HHHL/L L L L L L L L L L
HHHH/L L L L L L L bt L L
high level, L low level

TEXASI lNSTRU;\A ENTS
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TYPES TF4028A, TP4028A
BCD-TO-DECIMAL DECODERS

functional block diagram

S
(3) vo
— — 2 va
T [
s1 (13) ) .
=i ),
SELECT J < L, DATA
INPUTS J ' 6) OUTPUTS
Y5
$2 (12) \ T——-
J @
| 6
T—A__f | @ .,
sz 1) N\
< [-'>_f ©
o
. ‘ (5)
Y9
— P
switching characteristics at 25°C free-air temperature
TF4028A TP4028A
PARAMETER TEST CONDITIONS [ Vpp=5V |vpp=10V | Vpp=5V |[Vvpp=10V |UNIT

MIN MAX | MIN MAX | MIN MAX | MIN MAX

Pro| tion delay ti
tpLy | opagation defay ime, 630 250 900 400 | ns

low-to-high-level output s
P tion delay ti CL=50pF",
ropagation e

L | pagation delay time, RL = 200 k2, 630 250 900 400 | ns
high-to-low-level output

— n - See Note 1

tTLH Transition time, low-to-high-level output 300 150 400 220 ns

tTHL Transition time, high-to-low-level output 300 150 400 220 ns

§with a 15-pF load, these devices switch with times similar to those of the RCA CD4028A.
NOTE 1: See load circuit and voltage waveforms on page 170,

S PRINTED IN'U.S.A.
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CMOS
LOGIC CIRCUITS

TYPES TF4029A, TP4029A
PRESETTABLE UP/DOWN

BINARY/DECADE COUNTERS

PTEMBER 1975

e Medium Speed Operation . .

e Designed to be Interchangeable

with RCA CD4029A
.5 MHz
Typical at Vpp = 10V

e Binary or Decade Up/Down Counting
e BCD Outputs in Decade Mode

description

The ‘4029A counter consists of a four-stage binary or
BCD-decade up/down counter with provision for
look-ahead carry in both counting modes. The inputs
consist of a single clock, carry input (clock enable),
binary/decade, up/down, preset enable, and four
individual parallel data inputs. Four separate buffered
data outputs and a carry output are provided.

A high at the preset-enable input allows information
at the parallel inputs to preset the counter to any
count independently of the clock. A low at each
" parallel input, when the preset-enable input is high,
resets the counter to its zero count. The counter is
advanced one count at the low-to-high transition of
the clock when the carry input and preset-enable
input are low. Advancement is inhibited when the
carry input or preset-enable input is high. The carry
output is normally high and goes low when the
counter reaches its maximum count in the up mode
or its minimum count in the down mode, provided
the carry input is low. The carry input terminal must
be connected to Vgg when not in use.

Binary counting is accomplished when the binary/
decade input is 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 Figure 1. Parallel clocking provides
synchronous control and hence faster response from
all counting outputs. Ripple clocking permits longer

clock input rise and fall times.

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
DATA INPUTS
ouTPUT e\, OUTPUT UP/ BINARY/
Vpp CLOCK Q¢ c B Og  OOWN DECADE
16 15 14 13 12 " L) 9
PE U/D o] [ B A
[ | ] | 1 ]
B/D — U
CK —p 11 MsB LsB
Cl —n
co Qp Qg Qg Qa
1 2 3 4 5 ) 1 s
PRESET OUTPUT D A CARRY OUTPUT CARRY Vss
ENABLE Qp INPUT Qap  OuTPUT
DATA INPUTS
logic: see description

SUMMARY OF CONTROL INPUT FUNCTIONS

(COMPLETE COUNTER)

LOGIC
CONTROL INPUT FUNCTION
LEVEL
Binary/Decade H Binary count
(B/D) L Decade count
Up/Down H Count up
(u/D) L Count down
Preset enable H Parallel load
(PE) L Enable counting
Carry input H Inhibit counting
cn L Enable counting
specification
RECOMMENDED
MAXIMUM ELECTRICAL
M ATIAIAC OPERATING LI AMDAATERIOTIAS
nAaNLnvNao wAAnRALvICENIOINIVY
CONDITIONS
Page 62 Page 62 Page 63,
and on group 3,
following page except as on
following page

TEXAS INSTRUMENTS

INCORPORATED
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TYPES TF4029A, TP4029A
PRESETTABLE UP/DOWN BINARY/DECADE COUNTERS

recommended operating conditions

TF4029A : TP4029A
Vpp=5V | Vpp=10V | Vpp=5V | vpp=10V [UNIT
MIN MAX [ MIN MAX [ MIN MAX | MIN MAX
- Clock high or low 340 170 500 250
Pulse width, tyy ns
Preset enable 330 160 660 320
Binary/Decade 650 230 1300 460
) Up/Down 650 230 1300 460
Setup time, tgy - ns
Carry input 650 230 1300 460
Preset enable inactive state 650 230 1300 460
electrical characteristics
TF4029A TP4029A
PARAMETER TEST CONDITIONS? Vpp=5V | Vpp=10V | Vpp=5V | vpp =10V |UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
a Ta=MIN | —300 —300 —140 —140
outputs Ta =25°C | —200 —200 -100 -100 A
| High-level ViH =VDpD. ViL=0,[Ta =MAX | —140 —140 —80 —80
OH sutput-current Carry | VO = VOH min TA=MIN | 150 —150 —70 —70
output Ta=25°C |[—100 —100 —50 -50 BA
TA=MAX [ =70 —70 —40 —40
Q Ta=MIN [ 500 740 240 360
Ta=25°C { 400 600 200 300 uA
outputs
| Low-fevel VIH = VpD. VIL=0,|Ta=MAX | 280 420 160 240
OL sutput current oy |VO = VoL max TA-MIN | 100 400 50 190
arry )
Ta=25°C 80 320 40 160 kA
output
Ta = MAX 60 220 30 130

TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.

switching characteristics at 25°C free-air temperature

crom 0 TF4029A TP4029A
PARAMETERE| o (outpuT) | TESTCONDITIONS [ VDp =5V [Vpp=10V | Vpp =5V [Vpp =10V |uNiT
MIN MAX | MIN MAX |MIN MAX | MIN MAX
frmax 15 3 1 2 MHz
t t Clock Any Q 900 350 1800 700 | ns
or ocC
PLH or tPHL output
Carr'
tPLH Of tPHL Clock ) y( 1300 550 2600 1100 | ns
5 °A“ "‘(‘] CL =50pF§,
t
tPLH Of tPHL rese w R =200 kg2, 900 350 1800 700 | ns
enable output L
5 = See load circuit
t
tPLH OF tPHL rese arry and voltage 1300 550 2600 1100 | ns
enable output
< waveforms on
Ci arr
tPLH OF tPHL sarry v page 170, 800 350 1600 700 | ns
input output
t t Any Q 450 225 900 450 | ns
[o]
TLH OF tTHL output
Carry
t 850 450 1700 900 | ns
tTLH or tTHL output

*fmax = Maximum clock frequency
tp_H = Propagation delay time, low-to-high-level output
tpHL = Propagation delay time, high-to-low-level output
tTLH = Transition time, low-to-high-level output
tTHL = Transition time, high-to-low-level output
With a 15-pF load, these devices switch with times similar to those of the RCA CD4029A.
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BINARY/

9.
DECADE (—’——DL

(B/D)
CLOCK (CK}

PRESET (4
ENABLE

15)

O

(a)

(2

(13}

3)

4@_

—{>~—
B

(PE}

CARRY (5)

INPUT
@n -

UP/DOWN (U/ﬁ)%

LoD
Op

i!'

Yul @

Qa Qg Qc Qp
EACH FLIP-FLOP
SYMBOL
FUNCTION TABLE
(NOT INCLUDING GATING EXTERNAL
PE TO THE FLIP-FLOP)
" ] — INPUTS OUTPUTS H = high level (steady state)
PETE T P | Q a L= l.ow level (stead.y state') ) .
X = irrelevant (any input, including transitions)
—_—T L X L H H L | = transition from high to low tevel
L X L L L H Qp, = the level of Q before the most-recent
o TE a — H H + X[Q, an | transition of T.
i - Qq = the fevel of Q before the indicated
i H L 4 X|0g 9” steady-state conditions were established
X X H X|Q Qo

T
P = parallel data input

—E = toggle-enable input
T = toggle input

(1) CARRY

OUTPUT
CO)

wesbelp >20|q [uUoIIOUNY
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TYPES TF4029A, TP4029A
PRESETTABLE UP/DOWN BINARY/DECADE COUNTERS

typical count up, count down, inhibit, and preset sequences

DECADE MODE

CARRY | H
INPUT =5 T
UP/DOWN " 1  —
BINARY/ (1) H
DECADE = : i
PRESET —] 1 !
ENABLE 1 TR i
A L) 1 [
i ' Pl —
pata | B 0 L : 1
INPUTS | ¢ 1(L) | [ I
1
D ) [ || =
] ' T 1
| | 1 1
ap ! 1
[} 1 ] ]
DATA [o1) : I 1 | 1 : J L 1| 1 : : T
OUTPUTS } ¢ LI Ee SRS P S— [
1 1 1 t
Qp _t | ] 1 t 1
CARRY — ! !
] | I [} ]
OUTRUT 4 4y 2 3 4 5 6 7 8 918 7 6 5 4 3 2 11010 .9 6 7
je————————COUNT UP—————s}¢———COUNT DOWN

PRESET
INHIBIT | PRESET
COUNT
DOWN
typical count up, preset, count down, and inhibit sequences
BINARY MODE
CLOCK

CARRY 1
INPUT t N
UP/DOWN 1 i
BINARY L
DECADE __ (H) Vo
PRESET Vo
ENABLE —,L J,—,L 3
A [l !
L H) v [
pDATA J B (L) g I
] vy ] ]
INPUTS ) 1) .
[} " ] ]
p ) (L) Il [ Il

]
! |
1
)
1

]
DATA G ! 1 | ] R SUS— ] I 1 - |
oUTPUTS| ( ———— — 1 -
¢ [} 1 1 |
Qp 1] il 1 [
CARRY — ! LR
output ! LI : 1‘__.1_
5 6 7 8 91 111213 1415}9 8 7 6 5 4 3 2 110,015
] '

Je—————counT up———-' je————counToown

PRESET
PRESET INHIBIT

TEXAS INSTRUMENTS

INCORPORATED
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TYPES TF4029A, TP4029A
PRESETTABLE UP/DOWN BINARY/DECADE COUNTERS

TYPICAL APPLICATION DATA
PARALLEL CLOCKING

UP/DOWN >
PRESET -
ENABLE INPUTS INPUTS INPUTS
—fr— —
| L1 11 |
UD PE A B C D UB PE A B C D Ub PE A B C D
TO MORE-
cr '4029 co a '4029 top—- o1} ‘4029 TOp—> P SIGNIFICANT
STAGES
8/6 CK aa 0 ac op 8/6 €K aa 0 oc ap B/6 °K 0a 0g Qc ap
JTTT JUTT JT T
OUTPUTS OUTPUTS OUTPUTS
cLock ’
BINARY/ —s
DECADE
RIPPLE CLOCKING
UP/DOWN >
PRESET .
ENABLE INPUTS INPUTS INPUTS
N —f—
| I | | |
UbD PE A B C D ud PE A B C D ub PE A B C D
TO MORE
(o1} . co cr ’ co ci ‘4 COP—> > SIGNIFICANT
4029 4029 029 b SIGNIF
8/D CX 0a 08 Qc Qp 8/D CX CQa OB Oc Qp 8/D CK Ga QB Qc QD
71771 1T 11 T T
~— e — e —
OUTPUTS OUTPUTS OUTPUTS
CLOCK
BINARY/
DECADE — -

NOTE A: The up/down control can be changed at any count. The only restriction is that in the ripple-clocked application, the clock input
(including CI) of the first counting stage must be high when the up/down control is changed.

FIGURE 1-CASCADING COUNTER PACKAGES

The ‘4029 clock and up/down inputs are used directly in most applications. In applications where clock-up and
clock-down inputs are provided, conversion to the ‘4029 clock and up/down inputs can easily be realized by use of
the circuit shawn below. The ‘4029 changes count on the low-to-high transitions of the clock-up or 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.

CLOCK UP — -
2 (COUNT
| (COUNT DOWN)  UP)
VoD ]
CLOCK DOWN
B —
cLOCK

QUAD 2-INPUT NAND GATE

FIGURE 2—-CONVERSION OF CLOCK-UP AND CLOCK-DOWN INPUT
SIGNALS TO CLOCK AND UP/DOWN INPUT SIGNALS

PRINTED IN U.S.A. I
TI connot assume any responsibility for any tircuits shown
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CMOS TYPES TF4030A, TP4030A
LOGIC CIRCUITS QUAD EXCLUSIVE-OR GATES

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4030A and Motorola MC14507

e Even- and Odd-Parity Generators JORN
and Checkers DUAL-IN-LINE PACKAGE (TOP VIEW)
o Logical Comparators Vop 48  4A 4y v 3B 3A

12 1 n 9 ]
e Adders and Subtractors L L

e True/Complement Gating

FUNCTION TABLE

INPUTS | QUTPUT
A B Y
L L L
H L H
L H H
H H L
: 1123 1a[ s |6 ]7
H = high level, L = low level
1A 1B v 2y 2A 2B Vss
functional block diagram (each gate) logic: Y =A@B =AB+AB
A ,_Db__
l Y
L D
B TG
l schematic (each gate)
'j o 4 Voo

—
-5 L
specifications |__|

RECOMMENDED L ] l
MAXIMUM ELECTRICAL L
RATINGS OPERATING | 1\ ARACTERISTICS [ R[?
CONDITIONS
Page 62 Page 62 Page 63, 8
group 2, ‘
and on rj /J;_‘

following page

&

W....Voobus
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TYPES TF4030A, TP4030A
QUAD EXCLUSIVE-OR GATES

electrical characteristics
Vpp =5Vand 10V

TF4030A TP4030A
PARAMETER TEST CONDITIONS? Vpp=5V | Vpp=10V| Vpp=5V | Vpp=10V| UNIT
MIN MAX | MIN MAX| MIN MAX | MIN MAX
VIH =VDD. Ta=MIN —0.95 —0.95 -0.45 -0.45
igH High-levei output current | Vg =0, Ta=25C —0.65 —0.65 —0.32 —0.32 mA
Vo = VoH min | Ta = MAX —0.45 —0.45 —0.25 —0.25
VIH =VDD, Ta=MIN 0.75 1.5 0.35 0.7
loL Low-level output current | Vi =0, Ta=25C 0.6 1.2 0.3 0.6 mA
Vo = VoL max | Ta = MAX 0.45 09 0.25 0.5
'op Vi=VpporO0,|Ta=MINor25°C 0.5 1 5 10
or Quiescent supply current LA
_lgs No load Ta=MAX 30 60 70 140
Vpp=15V
TF4030A TP4030A
PARAMETER TEST CONDITIONS? UNIT
MIN MAX MIN MAX
'op V| =Vppor0,|Ta=MINor25°C 3 30
or Quiescent supply current uA
—lgg No load Ta = MAX 180 420
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4030A TP4030A
PARAMETER TEST CONDITIONS| Vpp=5V |Vpp=10V| Vpp=5V [ Vpp=10V | UNIT
MIN MAX | MIN MAX| MIN MAX | MIN MAX
tPLH Propagation delay time, 350 175 475 250 ns
low-to-high-level output §
Propagation delay time CL =50pFY,
oL P8 v Hme. RL = 200 kg2, 350 175 a75 250 | ns
high-to-low-level output
See Note 1
tTLH Transition time, low-to-high-level output 300 150 450 225 ns
tTHL Transition time, high-to-low-level output 300 150 450 225 ns

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4030A and Motorola MC14507.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOS
LOGIC CIRCUITS

TYPES TF4040A, TP4040A

SEPTEMBER

ASYNCHRONOUS 12-BIT BINARY COUNTERS

1975

Designed to be Interchangeable
with RCA CD4040A

Maximum Clock Frequency ...7 MHz
Typical at 10 V

description

The '4040 is an asynchronous 12-stage binary counter
designed with an input pulse-shaping circuit. The
outputs of all stages are available externally. A high
clear signal asynchronously clears the counter and
resets all outputs low. The count is advanced on the
high-to-low transition of the clock pulse. Applications
include time delay circuits, counter controls, and

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)

Qj CLR CK Qa
16 15 14 13 12 1 10 9

Qa Qg Qc GD Qe QF QG QH Q) Qy QK QL

1 2 3 4 5 6 7 8
QL Qf Qe Qg Qap Qc QB Vss

fogic: see description

frequency-dividing circuits.

specifications

RECOMMENDED
MAXIMUM ELECTRICAL
OPERATING
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
and below group 3
recommended operating conditions
TF4040A TP4040A
Vpp=5V |Vpp=10V | Vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
i Clock high or low 335 110 500 125 ns
Pulse width, tyy,
Clear 1000 500 1250 600 ns
switching characteristics at 25°C free-air temperature
TF4040A TP4040A
FROM TO -
PARAMETER? TEST CONDITIONS | Vpp=5V |Vpp=10V | Vpp=5V | vpp=10V |UNIT
{INPUT} {OUTPUT)
MIN MAX | MIN MAX { MIN MAX | MIN MAX
fmax 1.5 4 1 3 MHz
tPLH OF tPHL Clock Qa CL=50pF8§, 775 300 850 350 | ns
tPLH OF tPHL Clock QL R =200 k$2, 5000 1800 7500 2700 | ns
tPHL Clear Any See Note 1 1200 475 1800 725 | ns
tTLH O tTHL Any 350 150 400 225 ns

ifmax = Maximum clock frequency
tp = Propagation delay time, low-to-high-level output
tpH = Propagation delay time, high-to-low-level output
tTLH = Transition time, low-to-high-level output
tTHL = Transition time, high-to-low-level output

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4040A.

NOTE 1: See load circuit and voltage waveforms on page 170.
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TYPES TF4040A, TP4040A

ASYNCHRONOUS 12-BIT BINARY COUNTERS

functional block diagram

ap— o - Qb
— (10)
CK _ _ ~l = -
_:DBPT - T s T =0T
aQ >—1 Q apP— a
CLR CLR CLR CLR
1
CLR u-Db—«—bD g
T= Toggale input
of T-type
flip-fiop 9) gl {15) e
(e7N Qp Qg Qp
OUTPUTS NOT SHOWN
(6) Q¢ (3) Qg 4 o (12 q
{5) Qp (2) Qp (13) oy (14) Qy
typical clear and count sequence
CLR —
b1 2 4 32 64 128 256 512 1024 2048 4096

K wwvvvvvvvvvvl
SV o T T T T, N, T, T, B, T N, G
[T BN ey H, e MR N, N, NG, BENR, HEND, MR, BN, I
QC_H_.J—'!_"I_L"I._'I_L'I_"I_‘L_’L
P — L L LU

Qe ' — N ke I BNy MLy NN, NND MGy WiiRe AN
QF — | —_— i ke MG R M, ML R I I
QG it I ks T H L T TR I
ay — — I e B Wi Wi R T
Q) et —_ —_—r
Qe N ke HL L T
QK i —_— —_— I s B T
oL_l_:__.—________J_’L
|
<-CLEARO= le- COUNT >
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CMO0S
LOGIC CIRCUITS

TYPES TF4042A, TP4042A
QUAD D-TYPE LATCHES

SEPTEMBER 1975

e Designed to be Interchangeable

JORN
DUAL-IN-LINE PACKAGE {TOP VIEW)

with RCA CD4042A vpp 18 1 4p 4@ 40 30 30
e Control and Polarity Inputs 6] [15] 114 113[ j12] I 10 9
¢ Complementary Outputs P:ID__l
c
II ‘lID ZID 3[0 L 4ID
description 5 D G D 5 D S D
The ‘4042A is a quadruple D-type latch with common a ol a ala al| a Q
control and polarity inputs, C and P. Complementary ! | K | K I K I
buffered outputs are available from each latch. a e 2 20 @ 3@ 4@ 40
When P is high, C determines the state of all the ! z 3 4 5 § ! 8
latches. If C is high, the latches pass data from their D @ 20 2 20 ¢ P 3 Vss
inputs to their Q outputs and the data complement to
their Q outputs. If C is low, the data is latched. logic: see function table
When P is low, C still determines the state of all the
latches, but now data is passed when C is low and is  fynctional block diagram
latched when C is high.
FUNCTION TABLE P—| >‘L"—“{ >—1
P C FUNCTION lb—l
H H Pass data
H L Latch data c—-o——(>~ 16 h{>—o—>~> G
L H Latch data TO EACH
L L Pass data LATCH
H = high level, L = low level TG » G
specifications e e
pe :_ G EACH LATCH _‘I
RECOMMENDED - |
MAXIMUM ELECTRICAL 1
OPERATING D~} TG Q
RATINGS CHARACTERISTICS |
CONDITIONS | T |
Page 62 Page 62 Page 63, : G ¢ I
and below group 3, | |
except as on | TG | Q
following page : 1 |
L - - -5 _ -
recommended operating conditions
TF4042A TP4042A
Vpp=5V [Vpp=10V | Vpp=5V [vpp=10V [UuNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Width of control pulse (high or low), ty(control) 250 75 350 175 ns
Data setup time before latching, tgy(data) 100 50 125 60 ns

‘75
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TYPES TF4042A, TP4042A
QUAD D-TYPE LATCHES

electrical characteristics

Vpp=5Vand10V

TF4042A TP4042A
PARAMETER TEST CONDITIONS? Vpp=5V [Vpp=10V | Vpp=5V |{Vpp=10V |UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
'op Vi=Vppor0, |Ta = MIN, or 25°C 1 2 10 20
or Quiescent supply current HA
—lgs No load Ta=MAX 60 120 140 280
Vpp=15V
TF4042A TP4042A
PARAMETER TEST CONDITIONS? UNIT
MIN MAX MIN MAX
oD V| =Vppor0, |Ta=MNor25°C 6 60
or Quiescent supply current uA
No load Ta=MAX 360 840
—Iss
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4042A TP4042A
PARAMETER TEST CONDITIONS | Vpp=5V |Vpp=10V | Vpp=5V |Vpp=10V |UNIT
MIN MAX | MIN MAX [MIN MAX [ MIN MAX
Propagation delay time,
oLy PR v 475 200 600 300 | ns
low-to-high-level output .
. - CL =50 pF§,
Propagation delay time,
tPHL . R =200 k2, 475 200 600 300 ns
high-to-low-level output
— - - See Note 1
tyLH Transition time, low-to-high-level output 350 150 400 220 ns
tTHL Transition time, high-to-low-level output 350 150 400 220 ns

8With a 15-pF load, these devices switch with times similar to those of the RCA CD4042A.
NOTE 1: See load circuit and voltage waveforms on page 170.
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TYPES TF4043A, TF4044A, TP4043A, TP4044A

CMOS
LOGIC CIRCUITS

QUAD S-R AND S-R LATCHES
WITH 3-STATE OUTPUTS

SEPTEMBER 1975

Designed to be Interchangeable
with RCA CD4043A and CD4044A

3-State Outputs with Common
Enable

description

The '4043A and '4044A are quadruple S-R and S-R
latches, respectively, with three-state outputs. Each
latch has separate active-high (‘4043A) or active-low
(‘4044A) set and reset inputs. The three-state outputs
are controlled by a common output control. When
high, this control permits each output to assume the
state of the cross-coupled NOR-gate or NAND-gate
latch. When the output contro! is low, all the outputs
are in a high-impedance state.
FUNCTION TABLES

(EACH LATCH)
TF4043A, TP4043B

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
TF4043A, TP4043A

VoD 1R 15 NC as 4R aQ 3Q

] 15 1) 13 12 1 ] 9

1R 1S 2R 2S 3R 35 4R 4s

I ] | 1 1 1

R SR S|R s|Rr S

Q Q Q Q
oc —{ OUTPUT CONTROL |

I T [

10 20 30 aQ

1 2 3 4 5 6 7 8
10 20 2R 25 oc 38 3R Vss

logic: see function table

NC-—No internal connection

OUTPUT INPUTS OUTPUT
CONTROL [ R Q
L X X Hi-Z
H L L No change
H H L H
H L H L
H H H H*
TFA4044A, TP4044A
OUTPUT INPUTS OUTPUT
CONTROL s R Q
L X X Hi-Z2
H H H No change
H L H H
H H L L
H L R L*

*This output leve! is psuedo stable; that is, it may not persistlvhen
the S and R inputs return to their inactive (low) level or the S and

R inputs

return to their inactive (high) level. See explanation of

function tables, pages 16 and 17.

functional block diagrams

TF4043A, TP4043A

TF4044A, TP4044A
VoD 15 1R 2Q 4R 43 4Q 3Q
16 15 14 13 12 1" 10 9
1R 1§ 2R 25 3R 3§ 4R
] 1 1 | | [ 1
R S|R 3| R SIR
Q Q Q
oc— OUTPUT CONTROL J
| I T |
10 20 3Q aQ
1 2 5 6 17 8
10 NC 25 2R oc 3R 35 Vss
logic: see function table

NC—No internal connection

TF4044A, TP4044A

OUTPUT e
CONTROL

OUTPUT
CONTROL

’_b“ > — " E toEAcH

TO EACH

LATCH
L—————D E
:-EACH LATCH E 1|
| b |
|5 '
| TG —Q |
|
|

, l |
E |
I |
I 5 !
L e e e e - - — —_—d

LATCH
L—
{—EACH LATCH E 1|
1 _ l? |
| R |
I TG Q
! i
| E |
! 1
| 5 |
L e e e e e e e — |
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TYPES TF4043A, TF4044A, TP4043A, TP4044A
QUAD S-R AND S-R LATCHES WITH 3-STATE OUTPUTS

specifications

RECOMMENDED
MAXIMUM OPERATING ELECTRICAL
RATINGS CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
and below group 3,
except as below

recommended operating conditions

TF4043A, TF4044A TP4043A, TP4044A
Vpp=5V | Vpp=10V | Vpp=5V |Vpp =10V [UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Pulse width, set or reset, ty, 200 100 225 110 ns

electrical characteristics

Vpp=5Vand10V

TF4043A, TF4044A TP4043A, TP4044A
PARAMETER TEST CONDITIONS? Vpp=5V |Vpp=10V | Vpp=5V | Vpp=10V |UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
| Off-state output current, | OC at Vgg, Ta=MINor25°C 0.05 0.1 0.5 1 A
OZH high-tevel voltage applied | Vo = Vpp TA= MAX 3 6 7 s
| Off-state output current, | OC at Vgg, Ta =MIN or25°C —0.05 —-0.1 —0.5 —1 A
OZL 1o tevel voltage applied | Vo =0V Ta = MAX -3 ) 3 —1a | ¢
'pD Vi=Vppor0, | Ta=MIN,or 25°C 1 2 10 20
or Quiescent supply current kA
—1gs No load TaA = MAX 60 120 140 280
Vpp=15V
TF4043A, TF4044A TP4043A, TP4044A
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX
'bD V|=Vppor0, |Ta=MINor25°C 6 60
or Quiescent supply current BA
—lgg No load Ta=MAX 360 840
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
switching characteristics at 25°C free-air temperature
TF4043A, TF4044A TP4043A, TP4A044A
PARAMETER TEST CONDITIONS [ Vpp=5V { Vpp=10V |Vpp=5V | Vpp =10V [UNIT
MIN MAX | MIN MAX |[MIN MAX| MIN MAX
Propagation delay time,
tpLy | P v 525 250 600 310 | ns
low-to-high-tevel output Ci =50 pES
Propagation delay time, L P,
tPHL . RL =200 k2, 525 250 600 310 ns
high-to-low-level output see N 1
tTLH Transition time, low-to-high-level output ote 350 150 400 220 ns
tTHL Transition time, high-to-low-level output 350 150 400 220 ns
§with a 15-pF load, these devices switch with times similar to those of the RCA CD4043A and CD4044A.
NOTE 1: See load circuit and voltage waveforms on page 170.
PRINTED IN U.S.A
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CMOS
LOGIC CIRCUITS

TYPES TF4049A, TF4050A, TP4049A, TP4050A
HEX INVERTING AND NONINVERTING BUFFERS

SEPTEMBER 1975

e Designed to be Interchangeable with RCA CD4049A and RCA CD4050A
® High Current Sinking Capability . . . 8 mA Minimum at VoL =05V, Vpp =10V, Ta = 25°C

schematic (each buffer)

*4049A
Vob
250 @
NOM
INPUT OUTPUT
Vss
*4050A
Vbp
250 @
NOM
INPUT OUTPUT
Vss
description

The '4049A and ‘4050A hex CMOS inverting and
noninverting buffers may be used as current sinks or
source drivers, hex CMOS drivers, or high-to-low-
logic-level (e.g., CMOS to DTL or TTL) converters.
Logic-level conversion is accomplished using only one
supply voltage (Vpp). The high-level input signal
(VIH) can exceed the Vpp supply voltage when this
device is used for logic-level conversions. Table 1
shows the range of voltage levels that can be utilized
in these applications. Conversions to logic levels
greater than six volts are permitted provided that
Vpp is less than or equal to V|H.

Since these devices require only one power supply,
VDD, they should be used in place of the ‘4009A and
'4010A in all current driver or logic-level conversion
applications. They are interchangeable with ‘4009A
and '4010A, respectively, and can be substituted in
existing as well as new designs. Pin 16 of the '4049A
and '4050A is not internally connected; therefore,
any external connection to this pin does not affect
circuit operation.

TABLE 1
INPUT OUTPUT POWER SUPPLY
HIGH-LEVEL | HIGH-LEVEL VOLTAGE
FUNCTION
VOLTAGE VOLTAGE RANGE
RANGE RANGE (Vpp)
Level Shifter 3to 15V 3to6V 3to6V
Buffer 3to15V 3to15V 3to15V

JORN
DUAL-IN-LINE PACKAGE (TOP VIEW)
TF4049A, TP4049A

NC 6Y 6A NC 5Y S5A 4y 4A

< WL
.

Vpp 1Y 1A 2y 2A 3y 3A vss

logic: Y = A

NC—No internal connection

TF4050A, TP4050A

NC 6Y 6A NC 5Y 5A ay 4A

W
NN

Voo 1Y 1A 2Y 2A 3y 3A vss

logic: Y=A

NC-—No internal connection

specifications

MAXIMUM RECOMMENDED ELECTRICAL
RATINGS OPERATING CHARACTERISTICS
CONDITIONS
Page 62 Page 62 Page 63,
group 2,
except as on
following page
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TYPES TF4049A, TF4050A, TP4049A, TP4050A
HEX INVERTING AND NONINVERTING BUFFERS

electrical characteristics

‘4049 only
TFA4049A TP4A049A
PARAMETER TEST CONDITIONST Vpp=5V | Vpp=10V| Vpp=5V |Vpp=10V |UNIT
MIN MAX [ MIN MAX] MIN MAX | MIN MAX
v Low-level inout vol Ta=MINor25°C 1 2 1 2 v
-leve volt
fL Lowdevelinput voltage TA = MAX 0.9 ) 0.9 19
‘4049A and ‘4050A at Vpp =5V and 10V
TF4050A TP4050A
PARAMETER TEST CONDITIONS Vpp=5V | Vpp=10V) Vpp=5V |Vpp=10V JUNIT
MIN MAX | MIN MAX] MIN MAX | MIN MAX
VIH = VDD, TA=MIN —1.85 —1.85 —1.5 —-1.5
loH High-level output current | V| =0, Ta=25C —-1.25 —-1.25 —-1.25 —-1.25 mA
Vo = Vony min | T = MAX —0.9 -0.9 -1 —1
ViH = VDD, Ta=MIN 3.75 10 3.6 9.6
loL Low-level output current | V| _=0, Ta=25C 3 8 3 8 mA
Vo =VoL TA = MAX 21 5.6 25 6.6
'bD Vi=VpporO0, [Ta=MINor25°C 0.3 05 3 5
or Quiescent supply current A
—lgs No load Ta=MAX 20 30 42 70
‘4049A and ‘4050A at Vpp =15V
TF4049A, TF4050A TP4049A, TP4050
PARAMETER TEST CONDITIONS? A UNIT
MIN MAX MIN MAX
'bD V| =Vppor0, [Ta=MINor25°C 15 15
or Quiescent supply current HA
\ No load Ta = MAX 90 210
—Iss
TTA = MIN or MAX refers to the respective values of temperature specified under recommended operating conditions.
'4049A switching characteristics at 25°C free-air temperature
TF4049A TP4049A
PARAMETER TEST CONDITIONS | Vpp=5V | Vvpp=10V | vpp=5V | vpp =10V |uUNIT
MIN MAX [ MIN MAX { MIN MAX | MIN MAX
Propagation delay time,
tPLH ) 120 95 160 125 ns
low-to-high-level output
- - C =50pF §,
Propagation delay time,
tPHL . RL =200 k%, 100 55 125 75 ns
high-to-low-level output See Note 1
ee
tTLH Transition time, low-to-high-level output ote 170 85 225 120 ns
tTHL Transition time, high-to-ow-level output 70 55 90 75 ns
'4050A switching characteristics at 25°C free-air temperature
TF4050A TP4050A
PARAMETER TEST CONDITIONS | Vpp=5V |Vpp=10V | Vpp=5V | Vpp =10V | UNIT
MIN MAX | MIN MAX | MIN MAX | MIN MAX
Propagation delay time,
tPLH i 180 125 250 160 | ns
low-to-high-level output s
- - CL =50 pF8,
Propagation delay time,
tPHL . Ry =200 k2, 155 80 200 110 ns
high-to-low-leve! output
— - - See Note 1
tTLH Transition time, low-to-high-levet output 170 85 225 120 ns
tTHL Transition time, high-to-low-level output 70 55 90 75 ns

§With a 15-pF load, these devices switch with times similar to those of the RCA CD4049A and RCA CD4050A respectively.
NOTE 1: See load circuit and voltage waveforms on page 170.
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CMOsS

LOGIC CIRCUITS

TYPES TF4051A, TF4052A, TF4053A,
TP4051A, TP4052A, TP4053A
ANALOG MULTIPLEXERS/DEMULTIPLEXERS

SEPTEMBER 1975

e Designed to be Interchangeable with
RCA CD4051A, CD4052A, and CD4053A

e Difference in ron Between Switches
in One Package Typically 5 Q at
VDpD—-VEE=15V

o High Degree of Linearity ...< 0.1%

Distortion Typical at 1 kHz, VDp—VEE =15V

e Switches Can Transmit Signals in Either
Direction at Frequencies of up to
40 MHz Typically at Vpp—VEE = 10 V

e Extremely Low Off-State Switch Current
Resulting in Very High Effective Off-State

Resistance . .. 10 pA Typical at

Vpp-Vss=10V

e Low Crosstalk Between Switches . .. 40 dB
Typical at 1 MHz, R = 1kQ

description

These devices are analog multiplexers/demultiplexers
incorporating built-in level shifting. Any combination
of supply voltages is permisséble provided that Vgg
and Vgg are each within the range of —3 to —15
volts with respect to Vpp. The level shifting is
between Vgg and Vgg. The control input range is
Vgs to Vpp and the analog signal range is Vg to
Vpp- The common situation of positive digital
signals controlling the multiplexing of both paositive
and negative analog signals can be accommodated.
The table indicates some of the possible combinations

of supply, input, and output voltages.

TYPICAL SUPPLY AND SIGNAL VOLTAGES

J OR N DUAL-IN-LINE PACKAGES
'4051A (TOP VIEW)

VoD 15V 10V 75V 75V
Vss oV ov ov -75V
VEE ov -5V -75V -75V
Control
0to15V | Oto 10V O0to7.5V —-75t075V
Inputs
Analog
i Oto15V | -5t010V | -75t075V | -75t075V
Signals
Voo o
i) l B
j 1
suecv{: — L]
contror JINPUTS -9 eveL F == oecooer. I

INPUTS

INH —]

CONVERSION

1/Q SELECT

Vss

VEE

(8) | n

INTERNAL POWER SUPPLY CONNECTIONS

Vop 1/02 1/0 1 1/00 1/03 S0 S1 52
16 15 L) " 10 9
53
53
INHIBIT
of—1oo
=101
202
on —] 3p—103
af—1/04
5{—1/05
6—1/06
7l—107
1 2 3 4 5 6 7 8
/o4 /06 o/l 1707 1/05 INH VEE Vss
logic: see function table
‘4052A {TOP VIEW)
Vpp 21/02 21/01 20/ 21/00 21/03 SO S1
16 15 14 13 12 1 10 9
WCETS
S0 ):so
S cever [
SHIFT
INHIBIT: {inw
0| 11/00
1 1101
ron > 2102
31103
oF—21/00
=201
20N— +—® 5l su02
3}—2103
1 2 3 4 5 6 17 8
11/00 11/02 10N 11/03 11/01 INH VEE Vss
logic: see function table
