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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic compo-
nents, subassemblies and materials. It is made up of four series of handbooks:

ELECTRON TUBES BLUE
SEMICONDUCTORS RED
INTEGRATED CIRCUITS PURPLE
COMPONENTS AND MATERIALS GREEN

The contents of each series are listed on pages iv to viii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application information is given it is advisory and does not
form part of the product specification.

Condensed data on the preferred products of Philips Electronic Components and Materials Division is
given in our Preferred Type Range catalogue (issued annually).

Information on current Data Handbooks and on how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T

T2a

T2b

T3

T4

T5

T6

T7

T8

T9

T10

T

T12

T13

T14

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

Cathode-ray tubes i
Instrument tubes, monitor and display tubes, C.R. tubes for special applications

Geiger-Miiller tubes
Gas-filled tubes (will not be reprinted)

Colour display systems
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units

Photo and electron multipliers

Plumbicon camera tubes and accessories
Microwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers

’ Data collations on these subjects are available now.

Infrared detectors l Data Handbooks will be published in 1985.

Dry reed switches

Monochrome tubes and deflection units
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units

May 1985



SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4a

S4b

S5

S6

S7

S8

S9

S10

s11

S$12

S?:::ﬁssignal germanium diodes, small-signal silicon diodes, voltage regulator diodes (< 1,5 W),
voltage reference diodes, tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors

Surface acoustic wave devices

August 1985



INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES : Superseded by:
IC1 Bipolar ICs for radio and audio equipment ICOTN
1C2 Bipolar ICs for video equipment 1C02Na and ICO2Nb
IC3 ICs for digital systems in radio, audio and video equipment ICO1N, ICO2Na and ICO2Nb

IC4 Digital integrated circuits
CMOS HE4000B family

IC5 Digital integrated circuits — ECL 1CO8N
ECL10000 (GX family), ECL100000 (HX family), dedicated designs C

IC6 Professional analogue integrated circuits

IC7 Signetics bipolar memories

IC8 Signetics analogue circuits IC11N
1C9 Signetics TTL logic ICO9N and IC15N
IC10  Signetics Integrated Fuse Logic (IFL) IC13N
IC11  Microprocessors, microcomputers and peripheral circuitry IC14N

June 1985



NEW SERIES

ICOIN

1CO2Na

1C02Nb

ICO3N

ICO4N

ICO5N

ICO6N

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS
Types MAB8031AH to TDA1524A

Video and associated systems
Bipolar, MOS
Types TDA2501 to TEA1002

Integrated circuits for telephony

HE4000B logic family
CMOS

HEA4000B logic family — uncased ICs
CMOS

High-speed CMOS; PC54/74HC/HCT/HCU
Logic family

Supplement High-speed CMOS; PC74HC/HCT/HCU

to ICO6N

ICO7N

1CO8N

ICO9N

IC10N

IC11N

IC12N

IC13N

IC14N

IC15N

Note

Books available in the new series are shown with their date of publication.

Logic family

High-speed CMOS; PC54/74HC/HCT/HCU — uncased ICs
Logic family

ECL 10K and 100K logic families
TTL logic series

Memories
MOS, TTL, ECL

Linear LSI

Semi-custom gate arrays & cell libraries
ISL, ECL, CMOS

Semi-custom
Integrated Fuse Logic

Microprocessors, microcontrollers & peripherals
Bipolar, MOS

FAST TTL logic series

(published 1985)

(published 1985)

(published 1985)

(published 1985)

(published 1984)

(published 1985)

(published 1985)

(published 1984)

(published 1984)

(published 1985)

(published 1985)

(published 1985)

(published 1984)

October 1985
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

Cc1

c2
c3
C4
C5
C6
Cc7
(02:]
c9
c10
Cc1

C12
C13
C14
Cis
C16
c17
Cc18
Cc19

C20
c21*

C22

Programmable controller modules
PLC modules, PC20 modules

Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
Loudspeakers

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators

Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Connectors

Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

Potentiometers, encoders and switches
Fixed resistors

Electrolytic and sblid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics
Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Assembilies for industrial use
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices

Film capacitors

* Will be issued in 1985,

viii
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INTRODUCTION

INTRODUCTION TO HANDBOOK ICO6N
SUPPLEMENT — HIGH-SPEED CMOS

Since the issue of our most recent data handbook on high-
speed CMOS, ICO6N (published Spring 1985), we have
significantly extended our HCMOS PC74HC/HCT/HCU
logic family and have upgraded the family specifications.
To inform you of the new circuits and family specifications
we have published this supplement to ICO6N. The sup-
plement will be incorporated in the next revision of
handbook ICO6N, due in the beginning of 1986.

The upgrades are:

® 74HC/HCT/HCU family is now specified for an operating
ambient temperature range of —40 to + 85 ©C and an
extended range of —40 to + 125 °C;

® noise immunity has been improved by up to 50% for HC
types, with a specified switching level for V,_of 30%
of the supply voltage Voc;

® 74HC/HCT/HCU family is available in SO plastic mini-
packs for surface mounting as well as in plastic DIL
packages.

Because the 74HC/HCT/HCU family can now be used over
the extended operating ambient temperature range, we no
longer supply the 54HC/HCT/HCU family.

The 74HCMOS family is manufactured using a self-aligning
3 um polycrystalline silicon-gate CMOS process combined
with local oxidation of silicon (LOCOS). The circuits have
the low power consumption, high immunity to input noise
and wide operating temperature range of earlier silicon-gate
CMOS circuits together with the high-speed and drive capa-
bility of bipolar, low power Schottky TTL (LSTTL).

Many 74HCMOS circuits are pin-compatible with existing
54/74 LSTTL and HE4000B CMOS digital logic circuits.
The 74HCT circuits are an ideal replacement for LSTTL
circuits and can interface between CMOS and TTL.

All 74HCMOS circuits are fully buffered*, operate up to
60 MHz (typ.) and have gate delays of about 8 ns. Two
types of circuits are available:

HC CMOS input switching levels (’/zvcc),
power supply =2to 6 V;

HCT TTL input switching levels (1.3 V),

power supply =5 V (typ.).

* An unbuffered HCMOS circuit is available: hex inverter
HCUO04.

Features

® Very low power dissipation

® DC noise margin of HC types twice that of TTL devices

® 30/70% switching levels

® Fanout capability of 10 LSTTL loads (4 mA); this is
increased to 15 LSTTL loads (6 mA) in circuits having
bus-driver outputs

® Wide operating voltage range

® Latch-up free operation

® |mproved protection against electrostatic discharge

® Functions and pinning identical to our popular LSTTL
and CMOS HE4000B families of integrated circuits

® Analog switching types operating up to 10 V

® Symmetrical output sourcing and sinking currents and
equal output rise and fall times

® Available in plastic SO packages for surface mounting
and plastic DIL packages

® Choice of operating ambient temperature range:
—40 to + 85 °C or —40 to + 125 °C

® Meets JEDEC standard No. 7

October 1985
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FUNCTIONAL INDEX

HCMOS 74HC/HCT/HCU FAMILY

Type numbers have a suffix which signifies the type of package:
P = plastic DIL; T = plastic SO mini-pack

type no. description pins  classification  page

NAND/NOR gates/EXCLUSIVE-NOR gates

HC/HCTO03 quad 2-input NAND gate 14 SSI 35
HC/HCT10 triple 3-input NAND gate 14 SSI 51
HC7266 quad 2-input EXCLUSIVE-NOR gate 14 SSI 121

AND/OR EXCLUSIVE-OR gates
HC/HCTO08 quad 2-input AND gate 14 SSI 47

Inverters/buffers/line drivers/level shifters

HCU04 hex inverter (unbuffered) 14 SSI 41
HC/HCT125* quad buffer/line driver; 3-state 14 MSI 61
HC/HCT126* quad buffer/line driver; 3-state 14 MSI 67
HC/HCT365* hex buffer/line driver with common enable; 3-state 16 MSI 125
HC/HCT366™ hex buffer/line driver with common enable; 3-state; inverting 16 MSI 129
HC/HCT367* hex buffer/line driver; 3-state 16 MSI 133
HC/HCT368* hex buffer/line driver; 3-state; inverting 16 MSI 137
HC4049 hex inverting HIGH-to-LOW level shifter 16 SSi 181
HC4050 hex HIGH-to-LOW level shifter 16 SSI 187

Flip/flops/latches/registers

HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 16 MSi 103
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 16 MsSI 109
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 20 MS! 147
HC/HCT40105 4-bit x 16-word FIFO register 16 MSI 227
Shift registers

HC/HCT7597 8-bit shift register with input latches 16 MSI 163
HC/HCT4094 8-stage shift-and-store bus register 16 MSI 193

Arithmetic circuits

HC/HCT182 look-ahead carry generator 16 MSI 115

* Types with a bus-driver output stage.

October 1985 7



FUNCTIONAL INDEX

Type numbers have a suffix which signifies the type of package: o : o RLS
P = plastic DIL; T = plastic SO mini-pack e s

type no. description ’ B pins  classification  page
Counters

HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset ) 16 MSI " ‘ 79
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset - - 16 MSI o 85
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 16 MSI . 91
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset ' ' 16 MSI ' 97
HC/HCT390 dual decade ripple counter 16 = MSI R LY
HC/HCT4017 Johnson decade counter with 10 decoded outputs R 16 MSI 161
HC/HCT4020 14-stage binary ripple counter N 16 MSi © 169
HC/HCT4040 12-stage binary ripple counter 16 MSI 175
HC/HCT4518 dual synchronous BCD counter RE 16 mMst 207
HC/HCT4520 dual synchronous 4-bit binary counter RO 16 MslI o 213
HC/HCT40103 8-bit synchronous binary down counter ' 16 MSI 219
Decoders/demultiplexers

HC/HCT4511 BCD to 7-segment latch/decoder/driver 16 MSI 199
Schmitt triggers )

HC/HCT14 hex inverting Schmitt trigger ) 14 SSI 55
HC/HCT132 quad 2-input NAND Schmitt trigger e 14 SSI 73

* Types with a bus-driver output stage.
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NUMERICAL INDEX

HCMOS 74HC/HCT/HCU FAMILY

type no. description page
HC/HCTO03 quad 2-input NAND gate 35
HCU04 hex inverter (unbuffered) 41
HC/HCTO08 quad 2-input AND gate 47
HC/HCT10 triple 3-input NAND gate 51
HC/HCT14 hex inverting Schmitt trigger 55
HC/HCT125* quad buffer/line driver; 3-state 61
HC/HCT126* quad buffer/line driver; 3-state 67
HC/HCT132 quad 2-input NAND Schmitt trigger 73
HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset ‘79
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset 85
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 91
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset 97
HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 103
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 109
HC/HCT182 look-ahead carry generator 115
HC7266 quad 2-input EXCLUSIVE-NOR gate 121
HC/HCT365* hex buffer/line driver with common enable; 3-state 125
HC/HCT366* hex buffer/line driver with common enable; 3-state; inverting 129
HC/HCT367* hex buffer/line driver; 3-state 133
HC/HCT368* hex buffer/line driver; 3-state; inverting 137
HC/HCT390 dual decade ripple counter 141
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 147
HC/HCT7597 8-bit shift register with input latches 153
HC/HCT4017 Johnson decade counter with 10 decoded outputs 161
HC/HCT4020 14-stage binary ripple counter 169
HC/HCT4040 12-stage binary ripple counter 175
HC4049 hex inverting HIGH-to-LOW level shifter 181
HC4050 hex HIGH-to-LOW level shifter - 187
HC/HCT4094 8-stage shift-and-store bus register 193
HC/HCT4511 BCD to 7-segment latch/decoder/driver 199
HC/HCT4518 dual synchronous BCD counter 207
HC/HCT4520 dual synchronous 4-bit binary counter 213
HC/HCT40103 8-bit synchronous binary down counter 219
HC/HCT40105 4-bit x 16-word FIFO register 227

* Types with a bus driver output stage.

October 1985 9
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HCMOS family characteristics

FAMILY

SPECIFICATIONS

GENERAL

These family specifications cover the common electrical ratings
and characteristics of the entire HCMOS 74HC/HCT/HCU family,
unless otherwise specified in the individual device data sheet.

INTRODUCTION

The 74HC/HCT/HCU high-speed Si-gate CMOS logic family
combines the low power advantages of the HE4000B family
with the high speed and drive capability of the low power
Schottky TTL (LSTTL).

The family will have the same pin-out as the 74 series and
provide the same circuit functions.

In these families are included several HE4000B family circuits -
which do not have TTL counterparts, and some special circuits.
The basic family of buffered devices, designated as
XXT4HCXXXXX, will operate at CMOS input logic levels for
high noise immunity, negligible typical quiescent supply and
input current. It is operated from a power supply of 2to 6 V.

RECOMMENDED bPERATING CONDITIONS FOR 74HC/HCT

A subset of the family, designated as XX74HCTXXXXX,

with the same features and functions as the ''HC-types”’, will
operate at standard TTL power supply voltage (5 V + 10%)

and logic input levels (0,8 to 2,0 V) for use as pin-to-pin
compatible CMOS replacements to reduce power consumption
without loss of speed. These types are also suitable for converted
switching from TTL to CMOS.

Another subset, the XX74HCUXXXXX, consists of single-stage
unbuffered CMOS compatible devices for application in RC or
crystal controlled oscillators and other types of feedback
circuits which operate in the linear mode.

HANDLING MOS DEVICES

Inputs and outputs are protected against electrostatic effects ina
wide variety of device-handling situations.

However, to be totally safe, it is desirable to take handling
precautions into account (see also chapter ““APPLICATION
NOTES" section “HANDLING CMOS DEVICES”).

74HC 74HCT
SYMBOL | PARAMETER UNIT | CONDITIONS
min, | typ. | max. min. | typ. | max.

Vee DC supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 A"
\7 DC input voltage range 0 Vec | O Vee
Vo DC output voltage range 0 Vee | O Vee
Tamb operating ambient temperature range | —40 +85 —-40 +85 °C see DC and AC
Tamb operating ambient temperature range | —40 +125 | —40 +125 | °C g:/;:\;ice

. . . 1000 Ve =20V
e e g uts 50 | 50 G0 |0 |mo | Vos-asy

Note

For analog switches, e.g. “4016", 4051 series’’, “4351 series”, “4066" and “4067"', 10 V is specified as the maximum

operating voltage.

RECOMMENDED OPERATING CONDITIONS FOR 74HCU

74HCU
SYMBOL | PARAMETER UNIT [ CONDITIONS
min. | typ. | max.

Vee DC supply voltage 20 5.0 6.0 \

\7 DC input voltage range 0 Vee \%

Vo DC output voltage range 0 Vee |V

Tamb operating ambient temperature range —40 +85 °c see DC and AC

CHAR.
Tamb operating ambient temperature range —40 +125 | °C per device

October 1985
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FAMILY
SPECIFICATIONS

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages are referenced to GND (ground =0 V)

SYMBOL | PARAMETER MIN. | MAX. | UNIT | CONDITIONS
Vee DC supply voitage -05 | +7 v
K DC input diode current 20 mA for V| <-050rV| >Vcc+05V
tlok DC output diode current 20 mA for Vo <—-0.50r Vo> Vcc+0.5 V
tlo DC output source or sink for 0.6 V<V <Vgc+05V
current
- standard outputs 25 mA
— bus driver outputs 35 mA
tlees DC Ve or GND current
tIGND for types with:
— standard outputs 50 mA
— bus driver outputs 70 mA
Tstg storage temperature range -85 | +1560 | °C
Ptot power dissipation per package for temperature range: —40 to +85 °C
74HC/HCT/HCU
plastic DIL 500 mW above +60 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mwW above +60 °C: derate linearly with 6 mW/K
Ptot power dissipation per package for temperature range: —40 to +125 °C
74HC/HCT/HCU
plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mwW above +70 °C: derate linearly with 6 mW/K
Note

For analog switches, e.g. ‘'4016"', “4051 series’’, "'4351 series’’, *4066'’ and ""4067", 11 V is specified as the maximum
operating voltage.

14 October 1985



HCMOS family characteristics FAMILY

SPECIFICATIONS
DC CHARACTERISTICS FOR 74HC
Voltages are referenced to GND (ground =0 V)
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vce | V) OTHER
+25 —40t0+85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
15 [13 15 15 2.0
VIH HIGH level input voltage 3.15|24 3.15 3.15 \ 45
42 |31 42 42 6.0
07 |05 0.5 05 2.0
ViL LOW level input voltage 18 {135 1.35 135 |V 45
23|18 1.8 1.8 6.0
19 {20 1.9 1.9 20 | Vig | —-lg=20pA
VoH HIGH lovel outputvoltage | 44 |45 44 44 v 45 |or |- =20uA
s 59 (6.0 59 5.9 60 | ViL |—lp=20uA
v HIGH level output voltage | 3.98 3.84 3.7 v 45 | ViH —lg=4.0mA
OH standard outputs 5.48 5.34 5.2 6.0 ‘\’/'I _ |lo-52maA
v HIGH level output voltage | 3.98 3.84 3.7 v 45 Xr'H —1p =6.0mA
OH bus driver outputs 5.48 5.34 52 60 |y, |~lo=78mA
0 |01 0.1 0.1 20 | ViH |lo=20pA
Vo LQIY ovel Qutput voltage 0o |01 01 01 |v |45 |or |ig=20pA
P 0 |o1 0.1 0.1 60 | VL |lg=20pA
v LOW level output voltage 0.26 0.33 0.4 v 4.5 :)/rIH lo=40mA
oL standard outputs 0.26 0.33 0.4 60 |y, |lo=52mA
v LOW level output voltage 0.26 033 04 |, 45 ;’r'H Io=6.0mA
oL bus driver outputs 0.26 0.33 0.4 6.0 ViL lp=78mA
Vee
e input leakage current 0.1 1.0 1.0 pA 6.0 or
GND
ViH -
tlgz 3-state OF F-state current 0.5 5.0 100 |kA |60 |or Vo =Vce
or GND
ViL
quiescent supply current
| SSI 20 200 400 |uA 60 |Vee [lo=0
cc flip-flops 4.0 40.0 80.0 |uA 6.0 | or I0=0
MSI 8.0 80.0 160.0 | LA 60 [GND |Ig=0

October 1985 15



~ FAMILY
*SPECIFICATIONS

DC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground =0 V)

st

Tamb (°C) TEST CONDITIONS
74HCT ‘
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40t0+85 | —40t0+125 | . Voo b s
min. | typ. | max. | min, { max. | min. | max.
- 4.5
VIH HIGH level input voltage - | 2.0 20 20 \ to
‘ .| 55
\ 45
ViL LOW level input voltage 08 0.8 08 |V to
\ 5.5
v HIGH level output voltage | 4 4 | 45 44 a4 v |as o |-io-20m
OH all outputs 4 |4 . : R A o
v HIGH level output voltage | 5 gg 384 37 v a5 |o" |cio-s0ma
OH standard outputs b 1 . . : viL 0=%
v HIGH level output voltage | 5 gq 384 37 v 45 er —ln =6.0 mA
OH bus driver outputs : : : e ViL =5
v LOW level output voltage 0 0.4 0.4 0. v 45 ZrlH I =20 yA
oL all outputs : ' . : : ViL o
v LOW leve! output voltage 0.26 033 o4 |v |45 [a" |ip=s0ma
oL standard outputs : ‘ ; ViL :
v, LOW level output voltage 0.26 033 04 v 45 X','H 10 =60mA
oL bus driver outputs * ’ . : ViL 0=5
: Vee
=0 input leakage current 0.1 1.0 1.0 | A 85 |or
GND
Vo=Vcgor GND
- ViH per input pin;
tlgz 3-state OF F-state current 05 5.0 100 | wA 55 | or other inputs at
vy Ve or GND;
t lo=0
quiescent supply current
| ssl 20 20.0 40| uA |55 |vee |10=0
cc flip-flops 4.0 40.0 800 | puA |55 |or 10=0
MSi 8.0 80.0 160.0] uA 5.5 GND |lp=0
riitond auewrssoply
Alec unit load coefficient is 1 100 | 360 450 490 | wA ;05 -2.1V :/ngr GND;
i (note 1) : 0
Note

1. The additional quiescent supply current per input is determined by the Alcc unit load, which has to be multiplied by the unit load

coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (V| =2.4 V; Vo =56.5 V)
specification is: Algg =0.65 mA (typical) and 1.8 mA (maximum) across temperature.

16
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HCMOS family characteristics

SPECIFICATIONS

FAMILY

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Ve | Vi OTHER
+26 —40to +86 | —40 to +125 v
min. | typ. | max.| min.| max. | min. | max.
1.7 1.7 1.7 20
ViH HIGH level input voltage | 3.6 3.6 36 \ 45
48 48 438 6.0
03 03 03 20
ViL LOW level input voltage 0.9 0.9 0.9 \ 45
1.2 1.2 12 6.0
18 18 18 20 | ViH —lp =20 pA
VoH HIGH level output voltage | 4.0 4,0 4.0 \ 45 | or -lg =20 pA
55 55 55 6.0 | VL —lp =20 pA
Vee | oig=
VOH | HIGH level output voltage | 335 2 3 voolan o _:8 Zeoma
X . . . GND .
: 0.2 0.2 0.2 20 | Vi | lo=20pA
VoL LOW level output voltage 05 0.5 05 |V 45 | or 10 =20 pA
05 05 05 60 | ViL | lo=20uA
- Vee -
VoL LLOW level output voltage ggg g'gg 8: v gg or :8 _ gg :2
. . k . GND .
Vee
E ] input leakage current 0.1 1.0 1.0 | pA 6.0 | or
GND
i Vee
Icc quiescent supply current 20 200 400 | pA |60 | or lp=0
sst ' GND

October 1985
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FAMILY
SPECIFICATIONS

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns; C|_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC ’
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 Y;
; min. | typ. | max. | min. | max. | min. | max.

S 75 95 110 20

tTHL/ output transition time )

tTLH standard outputs :g :g %g ns‘ gg Figs 3and 4
RS 60 75 90 2.0

tTHL/ output transition time )

tTLH bus driver outputs :g :g :g ns ) gg Figs 3and 4

AC CHARACTERISTICS FOR 74HCU

GND =0 V;t,=tf=6ns; C|_=50pF

Tamb (°C) - TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40t0 +85 | —40 to+125 i v

min. | typ. | max. | min.| max. | min. | max.

tra 75 95 110 2.0
tTH'- output transition time 15 19 22 |ns 45 | Fig.1
TLH 13 16 19 6.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;ty=t§=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 \;
min. | typ. | max. | min.| max. | min. | max.

tTHL/ output transition time .

TLH standard outputs 15 19 22 ns 4.5 Figs 8 and 9
tTHL/ output transition time )

tTLH bus driver outputs 12 15 18 ns 45 | Figs 8and9
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HCMOS family characteristics

FAMILY
SPECIFICATIONS

HCU TYPES HC TYPES

AC WAVEFORMS 74HCU AC WAVEFORMS 74HC
INPUT INPUT
OuTPUT OUTPUT

trHL— | —l et

TLH

7291267.1

Fig. 1 Input rise and fall times, transition times and propagation

THL—>] e —! ety

72912671

Fig. 3 Input rise and fall times, transition times and propagation

delays for combinatorial logic ICs. delays for combinatorial logic ICs.
TEST CIRCUIT FOR 74HCU AC WAVEFORMS 74HC
Vee
| —
PULSE Vo cLocK
GENERATOR D.U.T. INPUT
oL s0pr GND
. b — o —
7287476 Vee
weUT - f50%
Fig. 2 Test circuit. — GND
tey -—
Definitions for Fig. 2: | | tTHL
C_ = load capacitance including jig and probe capacitance OUTPUT
(see AC CHARACTERISTICS for values).
Rr = termination resistance should be equal to the output — —l tpy e
impedance Z,, of the pulse generator. | trem
SET, Vee
RESET,
PRESET \"’""
INPUT
GND

7291269.1
Fig. 4 Set-up times, hold times, removal times, propagation
delays and the maximum clock pulse frequency for sequen-
tial logic ICs.

Notes to Fig. 4

1. In Fig. 4 the active transition of the clock is going from LOW-
to-HIGH and the active level of the forcing signals (SET, RESET
and PRESET) is HIGH. The actual direction of the transition of
the clock input and the actual active levels of the forcing signals
are specified in the individual device data sheet.

For AC measurements: t, = t; = 6 ns; when measuring fyay,
there is no constraint on t;, t¢ or pulse width.

N

October 1985

19



FAMILY

SPECIFICATIONS
HC TYPES (continued) 4
TEST CIRCUIT FOR 74HC AC WAVEFORMS 74HC (continued)
Vee
|
our |2 e
J’ CL==50pF
2 4 l/ OUTPUT
7287475 LOW-to-OFF
OFF-to-LOW
Fig. 5 Test circuit.
Definitions for Fig. 5: HIGH - OFF
OFF-to-HIGH

C, = load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).

R; = termination resistance should be equal to the output
impedance Z,, of the pulse generator.

outputs
enabled

outputs tput:
7291261.1 disabled enabled

Fig. 6 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HC

PULSE
GENERATOR

|

7287489

Switch position
TEST SWITCH
toan GND
tezL Vee
toriz GND
tpLz Vee

Note to switch position table

For open-drain N-channel outputs tp ; and tpz are applicable.
Fig. 7 Test circuit for 3-state outputs.
Definitions for Fig. 7:
C_ = load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).

Ry = termination resistance should be equal to the output
impedance Z, of the pulse generator.

20
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HCMOS family characteristics

FAMILY
SPECIFICATIONS

HCT TYPES
AC WAVEFORMS 74HCT

INPUT

ouTPUT

—l ety y

7291280.1

Fig. 8 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

AC WAVEFORMS 74HCT
————— 3V
cLocK
INPUT
GND
ety ——
3v
DATA
weut 12V
— onp
lu -—
—| |— (THL
ouTPUT
— ('HL
| trem
SET, 3v
RESET,
ereser '3V
INPUT

7291268.1

Fig. 9 Set-up times, hold times, removal times, propagation
delays and the maximum clock pulse frequency for sequen-
tial logic ICs.

Notes to Fig. 9

-

. In Fig. 9 the active transition of the clock is going from LOW-
to-HIGH and the active level of the forcing signals (SET, RESET

“and PRESET) is HIGH. The actual direction of the transition of
the clock input and the actual active levels of the forcing signals
are specified in the individual device data sheet.

. For AC measurements: t, = t; = 6 ns; when measuring fyax,
there is no constraint on t;, tf or pulse width.

N

TEST CIRCUIT FOR 74HCT
Vee
|
S
GENERATOR by

CLI 50 pF

7287475
Fig. 10 Test circuit.

Definitions for Fig. 10:

C, = load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).
Ry = termination resistance should be equal to the output

impedance Z, of the puise generator.
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FAMILY
SPECIFICATIONS

HCT TYPES (continued)
AC WAVEFORMS 74HCT (continued)

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

OUPULS — p|e—— OUtDULS — | Outputs
7291260.1 enabled dissbled enabled

Fig. 11 Propagation delays of 3- state outputs.

TEST CIRCUIT FOR 74HCT

Vee Vee

R =1kQ
DU.T.

PULSE
GENERATOR

Switch position
TEST SWITCH
tozn GND
tpzL Ve
tonz GND
toLz Vee
Note to switch position table

For open-drain N-channel outputs tp ; and tpz are applicable.
Fig. 12 Test circuit for 3-state outputs.
Definitions for Fig. 12:
C_ = load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).

Ry = termination resistance should.be equal to the output
impedance Z, of the pulse generator.
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HCMOS family characteristics

DATA SHEET

SPECIFICATION

GUIDE

INTRODUCTION

The HCMOS HC/HCT/HCU data sheets have been configured for
quick usability.

They are self-contained and should require minimum reference to
other sections for amplifying information.

For examples of AC waveforms and test circuits see section "FAMILY
CHARACTERISTICS”.

TYPICAL PROPAGATION DELAY AND FREQUENCY

The typical propagation delays listed at the top of the data sheets are
the average between tp  and tpy for the most significant data path
through the part with a 15 pF load.

In case of clocked products, this is sometimes the maximum frequency
of operation. In any event, this number is under the operating con-
ditions of Voo = 5.0V and T, = 25°C.

For the typical operating frequency this is the maximum device
operating frequency with 50% duty factor and no constraints on t, and
1

LOGIC SYMBOLS

There are two types of logic symbols. The conventional one, "Logic
Symbol”, explicitly shows the internal logic (except for complex logic).
The otheris "IEC Logic Symbol” as developed by the IEC (International
Electrotechnical Commission).

IEC has been developing a very powerful symbolic language that can
show the relationship of each input of a digital logic circuit to each
output without explicitly showing the internal logic. Internationally,
Working Group 2 of IEC Technical Committee TC-3 has prepared a
new document (Publication 617-12) that consolidates the original
work started in the mid-1960's and published in 1972 (Publication
117-15), and the amendments and supplements that have been
followed.

RATINGS

The "RATINGS" table (Limiting values in accordance with the Absolute
Maximum System - IEC134) carries the maximum limits to which the
device can be subjected without damaging it; there is no implication
that the device will function at these extreme conditions. Thus,
specifications such as the most negative voltage that may be applied
to the outputs only guarantees that if less than -0.5 V is applied to the
output pin, after that voltage is removed, the device will still be
functional and its useful life will not have been shortened. The maximum
rated supply voltage of 7 V is well below the typical breakdown voltage
of 18 V. The DC input and output diode currents are often referred to,
that at these values no latch-up of the devices occur.

RECOMMENDED OPERATING CONDITIONS

The "RECOMMENDED OPERATING CONDITIONS” table has a dual
purpose. In one sense, it sets some environmental conditions (oper-
ating free-air temperature), andin another, it sets the conditions under
which the limits set forthin the "DC CHARACTERISTICS" table and the
"AC CHARACTERISTICS" table will be met. Another way of looking at
this table is to think of it not as a set of limits guaranteed by the
manufacturer, but as the conditions used to test the parts and
guarantee that they will then meet the limits set forth in the DC and AC
CHARACTERISTICS tables.

DC CHARACTERISTICS

This table reflects the DC limits used during the testing operations. The
input threshold values of V|, and V, can be tested by the user with
parametric test equipment; if V\, and V,__are applied to the inputs, the
outputs will be at the voltages guaranteed by the "DC CHARACTERIS-
TICS" table. There is a tendency on the part of some users to use V
and V,_as conditions applied to the inputs to test the device for
functionality in a "function-table exercizer” mode. This frequently
causes problems because of the noise present at the test head of
automated test equipment. Parametric tests, such as those used for
the output levels under the V\,; and V,,_ conditions are done fairly slowly,
on the order of milliseconds, and any noise present at the inputs has
settled out before the outputs are measured. But in functionality
testing, the outputs are examined much faster, before the noise on the
inputs has settled out and the device has assumed its final and correct
output state. Thus, Vy, and V,_ should never be used in testing the
functionality of any HCMOS device type. For these types of tests, input
voltages of V¢ and 0 V- should be used for the HIGH and LOW states,
respectively.

In no way does this imply that the devices are noise sensitive in the final
system. The use of "hard” HIGHs and LOWSs during functional testing
is done primarily to reduce the effects of the large amounts of noise
typically present at the test heads of automated test equipment with
cables that may at times reach one meter or more.

The situation in a system on a PC-board is less severe than in a
noisy production environment.

Compared to TTL no output HIGH short-circuit current is specified.

The intention of this current, e.g., for calculating propagation delays
under capacitive load conditions, is fully covered by the HCMOS output
drive graphs and propagation delay increase versus load capacitance.

The quiescent supply current is the leakage current of all the reversed
biased diodes and the OFF -state MOS transistors and is tested with
the input at Ve or GND. Its value is typically in the low nA region.

AC CHARACTERISTICS

The "AC CHARACTERISTICS" table contains the guaranteed limits
when tested under the conditions set forth in the AC Test Circuits and
Waveforms section.

TEST CIRCUITS AND WAVEFORMS

For CMOS no load resistor to V¢ or GND is applied, because CMOS
inputs draw only a negligible amount of input leakage current. Also for
HCT outputs, which reference level is the LSTTL established value of
1.3V, a resistive load is not applied. In case of real TTL loads, the
LOW-to- HIGH propagation delay is decreased marginally and the

HIGH-to-LOW propagation delay will increase marginally due to the
active DC TTL input current.

The test circuit for 3- state outputsis self explanatory. Special attention
needs the disable time definition in the waveforms.

As shown in Fig. 6 (section "FAMILY CHARACTERISTICS” - AC
WAVEFORMS for 74HC), the disable times are measured at the point
where the output voltage has risen or fallen by 10% of the voltage swing.

Since the rising or falling waveform is RC-controlled, the 10% of
change is more linear and is less susceptible to external and circuit
influences.
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DATA SHEET

SPECIFICATION

GUIDE

TEST CIRCUIT AND WAVEFORMS (continued)

More importantly, from the system designer's point of view, 10% is
adequate to ensure that a device output has turned OFF. it also gives
system designers more realistic delay times to use in calculating
minimum cycle times. To study the break before make characteristic
the user may substract the 10% RC-time, being 5 ns, from the values
given in the data sheet, in order to know the real internal disable
propagation delay.

Good, high-frequency wiring practices should be used in constructing
test jigs. Leads on the load capacitor should be as short as possible to
minimize ripples on the output waveform transitions and to minimize
undershoot. Generous ground metal (preferably a ground plane)
should be used for the same reasons. A V¢ bypass capacitor should
be provided at the test socket, also with minimum lead lenghts. Input
signals should have rise and fall times of 6 ns, a signal swing of 0 V to
VecforHCand0 Vto3 VforHCT, 1.0 MHz square wave is recommend-
ed for most propagation delay tests. The repetition rate must neces-
sarily be increased for testing f,x. TWo pulse generators are usually
required for testing such parameters as set-up time, hold time,
removal time, ect. f,,, is also tested with 6 ns input rise and fall times,
and a repetition time, with a 50% duty factor, but for typical f,,., as high
as 60 MHz, there are no constraints on rise and fall times.

24
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HCMOS family characteristics

DEFINITIONS
OF SYMBOLS

DEFINITIONS OF SYMBOLS AND TERMS USED IN
HCMOS DATA SHEETS

Currents

Positive current is defined as conventional current flow
into a device.

Negative current is defined as conventional current flow
out of a device.

ICC

Quiescent power supply current; the current flowing into

the V¢ supply terminal.

Al Additional quiescent supply current per input pin at a
specified input voltage and V¢c.

lgnp Quiescent power supply current; the current flowing into
the GND terminal.

k Input leakage current; the current flowinginto a device ata
specified input voltage and V.

I Input diode current; the current flowing into a device at a
specified input voltage.

lo Output source or sink current; the current flowing into a
device at a specified output voltage.

lok Output diode current; the current flowing into a device at a
specified output voltage.

loz OFF -state output current; the leakage current flowing into
the output of a 3-state device in the OFF - state, when the
output is connected to Vg or GND.

Is Analog switch leakage current; the current flowing into an
analog switch at a specified voltage across the switch and
Vee.

Voltages

All voltages are referenced to GND (ground), which is typically O V.

GND Supply voltage; for a device with a single negative power
supply, the most negative power supply, used as the
reference level for other voltages; typically ground.

Vee Supply voltage; the most positive potential on the device.

Vee Supply voltage; one of two (GND and Vgg) negative power
supplies.

Vy Hysteresis voltage; difference between the trigger levels,
when applying a positive and a negative - going input signal.

V4 HIGH level input voltage ; the range of input voltages that
represents a logic HIGH level in the system.

Vi LOW level input voltage; the range of input voltages that
represents a logic LOW level in the system.

Von HIGH level output voltage ; the range of voltages at an

output terminal with a specified output loading and supply
voltage. Device inputs are conditioned to establish a HIGH
level at the output.

Vo

LOW level output voltage; the range of voltages at an output
terminal with a specified output loading and supply voitage.
Device inputs are conditioned to establish a LOW level at
the output.

Trigger threshold voltage; positive-going signal.

Trigger threshold voltage; negative-going signal.

Analog terms

Ron ON-resistance; the effective ON-state resistance of an
analog switch, at a specified voltage across the switch and
output load.

ARoy AON-resistance; the difference in ON-resistance between
any two switches of an analog device at a specified voltage
across the switch and output load.

Capacitances

C Input capacitance; the capacitance measured at a terminal
connected to an input of a device.

Cio Input/Output capacitance; the capacitance measured at a
terminal connected to an I/O-pin (e.g. a transceiver).

C, Output load capacitance; the capacitance connected to an
output terminal including jig and probe capacitance.

Cpp Power dissipation capacitance; the capacitance used to
determine the dynamic power dissipation per logic func-

. tion, when no extra load is provided to the device.
Cs Switch capacitance; the capacitance of a terminal to a

switch of an analog device.

AC switching parameters

f;

Trmax

t

t

Input frequency; for combinatorial logic devices the maxi-
mum number of inputs and outputs switching in accordan -
ce with the device function table. For sequential logic
devices the clock frequency usingalternate HIGH and LOW
for data input or using the toggle mode, whichever is
applicable.

Output frequency; each output.

Maximum clock frequency; clock input waveforms should
have a 50% duty factor and be such as to cause the outputs
to be switching from 10%V ¢ to 90%V ¢ in accordance with
the device function table.

Hold time; the interval immediately following the active
transition of the timing pulse (usually the clock pulse) or
following the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure their continued recog-
nition. A negative hold time indicates that the correct logic
level may be released prior to the timing pulse and still be
recognized.

Clock input rise and fall times; 10% and 90% values.
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OF SYMBOLS

AC switching parameters (continued)

tonL

torn

tonz

torz

tezn

toze

trem

Propagation delay; the time between the specified refer-
ence points, normally the 50% points for PC54/74HC and
PC54/74HCU devices on the input and output waveforms
and the 1,3 V point for the PC54/74HCT devices, with the
output changing from the defined HIGH level to the defined
LOW level.

Propagation delay; the time between the specified refer-
ence points, normally the 50% points for PC54/74HC and
PC54/74HCU devices on the input and output waveforms
and the 1,3V point for the PC54/74HCT devices, with the
output changing from the defined LOW level to the defined
HIGH level.

3-state output disable time; the time between the specified
reference points, normally the 50% points for the PC54/
74HC and PC54/74HCU devices and the 1,3 V points for the
PC54/74HCT devices on the output enable input voltage
waveform and a point representing 10% of the output swing
on the output voltage waveform of a 3- state device, with the
output changing from a HIGH level (Vo) to a high imped-
ance OFF -state (2).

3-state output disable time; the time between the specified
reference points, normally the 50% points for the PC54/
74HC and PC54/74HCU devices and the 1,3 V points for the
PC54/74HCT devices on the output enable input voltage
waveform and a point representing 10% of the output swing
on the output voltage waveform of a 3- state device, with the
outputchangingfromaLOW level (V) toahighimpedance
OFF -state (Z).

3-state output enable time; the time between the specified
reference points, normally the 50% points for the PC54/
74HC devices and the 1,3V points for the PC54/74HCT
devices on the output enable input voltage waveform and
the 50% point on the output voltage waveform of a 3-state
device, with the output changing from a high impedance
OFF -state (Z) to a HIGH level (Vo).

3-state output enable time; the time between the specified
reference points, normally the 50% points for the PC54/
74HC devices and the 1,3V points for the PC54/74HCT
devices on the output enable input voltage waveform and
the 50% point on the output voltage waveform of a 3-state
device, with the output changing from a high impedance
OFF-state (Z) to a LOW level (Vo).

Removal time; the time between the end of an overriding
asynchronous input, typically a clear or reset input, and the
earliest permissible beginning of a synchronous control
input, typically a clock input, normally measured at the 50%
points for PC54/74HC and PC54/74HCU devices and the
1,3V points for the PC54/74HCT devices on both input
voltage waveforms.

Set-up time; the interval immediately preceding the active
transition of the timing pulse (usually the clock pulse) or
preceding the transition of the control input to its latching
level, during which interval the data to be recognized must
be maintained at the input to ensure their recognition. A
negative set-up time indicates that the correct logic level
may be initiated sometime after the active transition of the
timing pulse and still be recognized.

i

tw

tw

Output transition time; the time between two specified
reference points on a waveform, normally 90% and 10%
points, that is changing from HIGH-to- LOW.

Output transition time; the time between two specified
reference points on a waveform, normally 10% and 90%
points, that is changing from LOW-to- HIGH.

Pulse width; the time between the 50% amplitude points on
the leading and trailing edges of a pulse for PC54/74HC and
PC54/74HCU devices and at the 1,3V points for PC54/
74HCT devices.
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PACKAGE

OUTLINES
14-LEAD DUAL IN-LINE; PLASTIC (SOT-27)
19,5 max -—— 8,25 max ——
@ ,
g [ ! ’ [ 1]
2 X
- max
g Yos1 | \_J_]
" A ] ! | |
T ) ' . . :*% ol 032 I
3,60 053 4 ™ max i
3,'05_ 1}:: max | [elozsa @) " Il I
ol 22 i |25 I I | T‘—h’
max 10
1,73 max 83 o
L
! @ Positional accuracy.
L top view (M) Maximum Material Condition.
b . - . : - (1) Centre-lines of all leads are
within 20,127 mm of the nominal
1 2 3 4 S L] 7 position shown; in the worst case,
i the spacing between any two leads
J ! may deviate from nominal by
+0,254 mm.
(2) Lead spacing tolerances apply
Dimensions in mm from seating plane to the line
indicated.
16-LEAD DUAL IN-LINE; PLASTIC (SOT-382)
19,5 max —— 8,25 max ——
5 ;
Q|
|
£
H |
I |
T |
3, »|fl_0,32 I
3, max :l
—[752) ___.T 1
0,76 10
max 1.4 max 83 " z3ses
;' |¢
@ Positional accuracy.
% 15 14 13 12 1N 10 9
U (M) Maximum Material Condition.
(1) Centre-lines of all leads are
within £0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
lead 1 indication (either index or sign) may deviate from nominal by
+0,254 mm.
top view
(2) Lead spacing tolerances apply
Di S from seating plane to the line
imensions in mm indicated.
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20-LEAD DUAL IN-LINE; PLASTIC (SOT-146)

27 max
§
a H T
o 1
£ 4,7
‘é‘ [ max
a 10,51 i
| SN T, - - - - min
[} - 0,762
3,43 053
iy 1 mey w
L V
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top view
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[ I

. !
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10,03

8,3

72839013

@ Positional accuracy.

(M) Maximum Material Condition.

(1) Centre-lines of all leads are
within 0,127 mm of the nominal
position shown; in the worst case,
the spacing between any two leads
may deviate from nominal by

+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line

indicated.
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14-LEAD MINI-PACK; PLASTIC (SO-14; SOT-108A)

8,75

Toug|T
- 0,36
0,7 max — l 6.2
| [i27] = 5.8 719878
7 6 5 L 3 Z 1 top view
Dimensions in mm
B 9 10 1112 13 1 6} Positional accuracy.

(M) Maximum Material Condition.

16-LEAD MINI-PACK; PLASTIC (SO-16; SOT-109A)

8 7 6 5 4 3 2 1 top view

Dimensions in mm

@ Positional accuracy.

@ Maximum Material Condition.
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20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A)
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@ Positional accuracy.
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PC74HC/HCTO3

SSI
QUAD 2-INPUT NAND GATE
FEATURES
. . TYPICAL
® Level shift capability SYMBOL | PARAMETER CONDITIONS UNIT
® Output capability: standard HC | HeT
(open drain)
® ¢ category: SSI C_=15pF
cc caregory tzL/ propagation delay RL = 1k 8 9 ins
PLZ Vec=5V
GENERAL DESCRIPTION
Cy input capacitance 3.5 3.5 pF
The 74HC/HCTO3 are high-speed
Si-gate CMOS devices and are pin power dissipation notes 1, 2
compatible with low power Schottky Cpp capacitance per gate and 3 40 | 40 |pF
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. GND=0V;Tamp=25°C; t,=tf=6ns
The 74HC/HCTO03 provide the
2-input NAND function. Notes
The 74HC/HCTO3 have open-drain N- 1. Cpp is used to detemine the dynamic power dissipation (Pp in uW):
transistor outputs, which are not 2 2
clamped by a diode connected to V¢c. Pp=Cppx Vcc? xfi+ Z (C x Vee? x fo) +
In the OFF-state, i.e. when one input
is LOW, the output may be pulled to any +Z (V?*/RL) duty factor LOW where:
voltage between GND and Vomax. This f; = input frequency in MHz CL = output load capacitance in pF
allows the device to be used as a fo = output frequency in MHz Ve = supply voltage in V
LOW-to-HIGH or HIGH-to-LOW level Vo = output voltage in V RL = pull-up resistor in MQ
shifter. For digital operation and I (CL x Vg? x fo) = sum of outputs
OR:-tied output applications, these T (Vo?/Ry) = sum of outputs
devices must fave 2 pultp resistor 2. For HC _ the condition is V| = GND to Ve
to establish a logic evel. For HCT the condition is V| = GND to VGG — 1.5V
3. The given value of Cpp is obtained with:
CL=0pFand R| =o°
ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCTO3P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCTO3T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A to 4A data inputs
2,5,10,13 1B to 4B data inputs
3,6,8 11 1Y to 4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1a[1] U 1] Vec EH TN ! & 3
e o e
18[2] [13] 48 - .
w[7] [12] 4a ?;tDoﬂ i1 5 N
2a[4] 03 [i]ey :_ " s | .
2 [5] [15] a8 o] ot 10| >—
2v 6] [5]3a 12 144 av| 1 %— —
ano [7] 8] av E-EE):"__ ]
7293394

7293382

Fig. 1 Pin configuration.

7293397

Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCTO3
Ssli

7203397

Fig. 4 Functional diagram.

Fig. 5 Logic diagram

(one gate).

FUNCTION TABLE
y INPUTS OUTPUT
o nA nB ny
:1 L L z
GND L H Y4
7293308 H L z
H H L
H = HIGH voltage level
L = LOW voltage level
Z = high impedance OF F-state

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages are referenced to GND (ground =0 V)

SYMBOL | PARAMETER MIN, | MAX. | UNIT | CONDITIONS
Vee DC supply voltage —-05 | +7 \
hK DC input diode current 20 mA for V) <—-05V orV|>Vcc+05V
—lok DC output diode current 20 mA for Vo < —0.5 \%
—lo DC output source or sink 25 mA for 0.5V <Vg
current
tloes DC VCC or GND current 50 mA
*IGND
Tstg storage temperature range —65 +150 | °C
Ptot power dissipation per package for temperature range; —40 to +85 °C
74HC/HCT
plastic DIL 500 mW above +60 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mW above +60 °C: derate linearly with 6 mW/K
Ptot power dissipation per package for temperature range; —40 to +125 °C
74HC/HCT
plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K
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Quad 2-input NAND gate

PC74HC/HCTO3

SSli

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”, except that the Voy values

are not valid for open drain. They are replaced by gy as given below.

Output capability: standard (open drain), excepting Von
lcc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | Vi OTHER
+25 —40to+85 | —40to +125 Vv
min.| typ. | max. | min.| max. | min. | max.
2.0
HIGH level output .
IoH .eakagiviuﬁ‘én'i” 0.5 5.0 10.0 |pA teoo ViL | Vo=6.0V
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t{=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40to +85 | —40to +125 Vv
min, | typ. | max. | min.| max. | min. | max.
- . 100 125 150 2.0
PZL propagation delay 20 25 30 |ns 45 | Fig. 6

PLZ nA, nB to nY 17 21 26 6.0

75 95 110 2.0
tTHL output transition time 15 19 22 ns 45 | Fig. 6

13 16 19 6.0
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PC74HC/HCTO3

Ssli

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘‘Family specifications”, except that the Vo values
are not valid for open drain. They are replaced by oy as given below.
Output capability: standard (open drain), excepting VoH
lgg category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT * . v »
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40to+85 | —40to+125 Vv
min,| typ. | max. | min.| max. | min. | ;max.
45
HIGH level output
loH leakage current 0.5 5.0 210.0. | uA ;05 ViL - i Vo=6.0V

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUY COEFFICIENT
nA, nB 1.0

AC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT :
SYMBOL | PARAMETER UNIT |Vge | WAVEFORMS
+25 —-40to+85 | —40to+125 Y)
min, |typ. | max. | min. | max. | min. | max.

tpzL/ propagation delay . .

L2 nA, nB, to nY 24 | 30 36 ns 45 Fig. 6

tTHL output transition time 15 19 22 ns 45 Fig. 6
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Quad 2-input NAND gate

PC74HC/HCTO3

Ssli

AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

72983393

transition times.

tTHL

Fig. 6 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output

Note to AC waveforms
(1) HC : V\=50%; V| = GND to Vcc.

TEST CIRCUIT AND WAVEFORMS

HCT: Vg =1.3V; V| =GND to 3V.

PULSE
GENERATOR

7293398

values).

width.

Definitions for Figs. 7 and 8:
C. = load capacitance including jig and
probe capacitance
(see AC CHARACTERISTICS for

Vee

R =1kQ

CL I 50pF

Fig. 7 Test circuit (open drain)

RT = termination resistance should be equal
to the output impedance Zq of the
pulse generator.

tr = tf=6 ns; when measuring 5y, there
is no constraint on t;, tf or pulse

tw 1
AMPLITUDE
NEGATIVE 0%
INPUT L
PULSE
10% ov
- |<-|7HL(Q) ‘YLH“r"’I [
— |<'!TLH(") 'T"'L“')"l |<-
AMPLITUDE
POSITIVE 90%
INPUT Vm
PULSE
10% ov
w

7287476.3

Fig. 8 Input pulse definitions.

trite

FAMILY | AMPLITUDE | Vi
fmax: OTHER
PULSE WIDTH

74HC Vee 50% [ <2ns 6 ns
74HCT | 3.0V 13V |<2ns 6 ns

October 1985

39






PC74HCU04
SSi

HEX INVERTER

FEATURES

® Output capability: standard
® I category: SSI

GENERAL DESCRIPTION

The 74HCUO0A4 is a high-speed

Si-gate CMOS device and is pin
compatible with low power Schottky
TTL (LSTTL). It is specified in

compliance with JEDEC standard no. 7.

The 74HCUO04 is a general purpose
hex inverter. Each of the six inverters is
a single stage.

FUNCTION TABLE

INPUT OUTPUT
nA nY
L H
H L

H = HIGH voltage level
L = LOW voltage level

SYMBOL | PARAMETER CONDITIONS TYPICAL | UNIT

tpHL/ propagation delay CL=15pF 5 ns

tPLH nAtonY Vee=5V

C input capacitance 35 pF
power dissipation

cpD capacitance per inverter notes 1 and 2 10 pF

GND =0 V; Tymp = 25 °Ci ty = t§ = 6 s

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=CPD x VCC® x fi+ 2 (CL x Vee? x fo) where:

fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz VCC = supply voltage in V
2 (CL x Vi? x fo) = sum of outputs

2. v|=GND to V¢C

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HCUO04P: 14-lead DIL; plastic (SOT-27).
PC74HCUOA4T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, .
11,13 1A to 6A data inputs
2,4,6,8,
10, 12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1 1A v 2
1A E U _|_4_-| Vee 2a 2 R 1 N2
1w 2] [13] 6A 8 4 3 | L.
24 (3] [12] v 5 3A 3Y
5 | N
av[4] o0au [ii]sa A N o 4Y
3a 5] [10] sv ° 8 2 8
av 6] 9] aa 1 8a 5Y o 11 k10
ano [7] B o 0 o, 13 L 12
7287405.1 1290846 7290947
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HCU04

SSI
1ha 1),
3f2A 2v| 4 Vee Vee Ve
_5] 3A 3y _8_ oA 10002 17002 oy
1L Avis 1203835 GND GND  GND
11}5A 5Y 10
13| 6A 6Y |12
7287406.1
Fig. 5 Schematic diagram
Fig. 4 Functional diagram. {one inverter).
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Hex inverter

PC74HCUO04
Ssi

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Voo | Vi OTHER
+25 -40 to +85 | -40to +125 v
min. | typ. | max. | min. | max. | min. | max.
1.7 1.7 1.7 2.0
ViH HIGH level input voltage 3.6 3.6 3.6 \" 4.5
4.8 4.8 4.8 6.0
0.3 0.3 0.3 2.0
ViL LOW level input voltage 0.9 0.9 0.9 \" 4.5
1.2 1.2 1.2 6.0
1.8 1.8 1.8 20 | VIH -lo =20 uA
VOH HIGH level output voltage | 4.0 4.0 4.0 Vv 45 | or -lo=20pA
5.5 5.5 5.5 6.0 | ViL -lp=20pA
Vce
3.98 3.84 3.7 45 -lp =4.0mA
VOH HIGH level output voltage V4 or -
5.48 5.34 5.2 60 | Gnp | -lo=52mA
0.2 0.2 0.2 20 | VIy lo =20A
VoL LOW level output voltage 0.5 0.5 05 |V 45 | or lp =20 A
0.5 0.5 0.5 60 | Vi I0=20pA
Vee -
0.26 0.33 0.4 45 Ip =4.0mA
VoL LOW level output voltage Vv or -
0.26 0.33 0.4 6.0 GND o =5.2mA
Vee
B input leakage current 0.1 1.0 1.0 HA 6.0 or
GND
Vee
lcc quiescent supply current 2.0 20.0 40.0 | pA 6.0 | or lo=0
GND
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PC74HCU04
SSi

AC CHARACTERISTICS FOR 74HCU
GND =0 V;t, = tf=6ns; C|_=50 pF

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Voc| WAVEFORMS
+25 -40 to +85 | -40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
N 70 90 105 2.0
tPHL/ | propagation delay 14 18 21 |ns | 45 | Fig.6
PLH nAtonY 12 15 18 6.0
/ 75 95 110 2.0
:TH L output transition time 15 19 22 ns 45 Fig. 6
TLH 13 16 19 6.0
AC WAVEFORMS
nA INPUT
nY OUTPUT
7290949
Fig. 6 Waveforms showing the data input (nA)
to. data output (nY) propagation delays and the )
output transition times. Note to AC waveforms
(1) Vm =50%; V; = GND to Vcc.
TYPICAL TRANSFER CHARACTERISTICS
290950 729095 7290852
6 z 60 Vo ! o vo o
Yo \ o WM (mA) ) (mA)
) \ (mA) 5 20 20 10
4 a0 4 \ 18 T 08
‘\ 3 /v 12 12 08
e \
2 A4 20 2 A 8 08 i 04
/l &\\ // \ \ ‘: “
/ / 1
7 X 1 7 \ 4 04 7 02
,1/ \ \\\ /I \ N / \
[ 0 0 0 0 =
0 2 4 v 8 ° 2 4 viv) 8 0 04 08 12 16 20
vy V)
Fig. 7 Fig. 8 Fig. 9
—— Vi — — —— Ip (drain current) —— V(;— — — — Ip (drain current) —— VQ@; — — — — Ip (drain current)
Ip=0;Vcc=6.0V. 10=0;Vcc=45V. 10=0;Vec=20V:
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Hex inverter

PC74HCU04
Ssli

Rpias = 560k
—
—F
Vee
047uF| input :] output l(;o"F
vine g~
(f= 1kHz) :T °
o GND

7293325

Fig. 10 Test set-up for measuring forward
transconductance gfg = dig/dv; at
Vg is constant (see also graph Fig. 11).

. 7203708
9fs
(mA/V)
30
20 /’
/
10 /
0
0 1 2 3 4 5 6

Vee (V)

Fig. 11 Typical forward transconductance gfs
as a function of the supply voltage Vo at
Tamb = 25 °C.

APPLICATION INFORMATION

Some applications for the “HCUO04"" are:

® In crystal oscillator designs
(see chapter “‘Application information’).

® Linear amplifier (see Fig. 12).

7293707

Fig. 12 HCUO4 used as a linear amplifier.

Note to Fig. 12
ZL > 10kS2; Ay max = 20 (typ.)

R2
Where: Ay = — E; VO max (pp) = Vge -2V

centered at %2 VcC
10k2 <R1,R2<1MQ
Typical unity gain bandwidth product is 3 MHz.
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PC74HC/HCTO8

QUAD 2-INPUT AND GATE

FEATURES

® Output capability: standard
® |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO08 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.
The 74HC/HCTO8 provide the 2-input
AND function.

SSi
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ propagation delay CL=15pF 7 10

tPLH nA, nB to nY Vee=5V ns

C input capacitance 35 3.5 pF

power dissipation
Cpp capacitance per gate notes 1 and 2 10 20 pF

GND=0V;Tamp=25°C;t,=tf=6ns

Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC? x fi+ 2 (CL x VCC? x fo) where:
fi = input frequency in MHz CL
fo = output frequency in MHz vce
2 (CL x Voi? x fo) = sum of outputs

2. For HC the condition is V| = GND to V¢
For HCT the condition is V| = GND to Vgc — 1.5 V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC47HC/HCTO8P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCTO8T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

output load capacitance in pF

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A to 4A data inputs

2,5,10, 13 1B to 4B data inputs

3,6,8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1a[1] U [14] Vee
18[2] [13] 48
1y [3] 4A
2a (4] o8 1] avy
285 | [10] 38
2v[&| BES
oo [7] BEj

7293600

Fig. 1 Pin configuration.

|-

1A

1vY] 3

2118 —
2A

2Y] 6

5128 —
3A

3y| 8

3B [
4A

4yl 11

48 -

7293603

ala

Bl b I

QS

BlE Pl
=

7293601

Fig. 2 Logic symbol.

Fig. 3 1EC logic symbol.
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PC74HC/HCTO08

SSI
1_ 1A
2 M
4 {2A
B ) e A
10 38 —
8 7293634
12 |4a 7293604
13 {48 aviu
" 7293603 \ .
Fig. 8 HCT logic diagram
Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). (one gate).
FUNCTION TABLE
INPUTS OUTPUT
nA nB nY
L L L
L H L
H L L
H H H

H = HIGH voltage level
L = LOW voltage level

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ’"HCMOS family characteristics”, section Family specifications’’.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC ' ,
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —~40to +85 | —40 to +1 25 v .
min. [typ. | max. | min. | max. | min, | max:
. 100 120 2.0
tPHL/ | propagation delay : ?g 20 24 |ns |45 |Fig.7
tPLH nA, nB to nY 14 17 20 6.0
/ 75 95 110 2.0
:THL output transition time 15 19 22 ns 45 Fig. 7
TLH 13 16 19 6.0
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Quad 2-input AND gate

PC74HC/HCTO08
SSi
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.
Output capability: standard h
Icc category: SSI
Note to HCT types
The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.
UNIT LOAD
iNeUT COEFFICIENT
nA, nB 0.6
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t;=6ns;C_=50pF X
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40 to +125 Vv
min. | typ. |max. | min. {max. | min. | max.
tpHL/ propagation delay B -
tpLR nA., nB to nY 27 34 41 ns 45 Fig. 7
tTHL/ output transition time 15 19 22 |ns 45 |Fig.7
TLH
AC WAVEFORMS
nA, nB INPUT
nY OQUTPUT
7293602 tTHL*> rLH
Fig. 7 Waveforms showing the input (nA, nB) Note to AC """"'°'.'"‘
to output (nY) propagation delays and the (1) HC : V= 60%; V; = GND to Vcc.
output transition times. HCT: Vi =1.3V;V|=GND to 3V.
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PC74HC/HCT10

TRIPLE 3-INPUT NAND GATE

FEATURES

® Output capability: standard
® |Icc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT 10 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT10 provide the 3-input
NAND function.

SSI
TYPICAL

SYMBOL | PARAMETER CONDITIONS UNIT

HC HCT
tpHL/ propagation delay CL=15pF 8 10 ns
PLH nA, nB, nC to nY Vee=5V
C input capacitance 35 | 35 |pF

power dissipation

Cpp capacitance per gate notes 1 and 2 12 |14 | pF

GND=0V;Tymp=25°C;t,=tf=6ns

Notes

1.

CpD is used to determine the dynamic power dissipation (Pp in uW):
PpD=Cpp x VcC? x fi+ £ (CL x Vee? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
2 (CL x Vgg? x fg) = sum of outputs
. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND tovec—-15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT10P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT10T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

Fig. 1 Pin configuration.

PIN NO. SYMBOL NAME AND FUNCTION

1,39 1A to 3A data inputs

2,4,10 1B to 3B data inputs

13,5, 11 1Cto 3C data inputs

12,6, 8 1Y to 3Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1A
] U 1] vec 2_|is 1v] 12 é: & L
18 2] i3] e 1 hie 1 |
2 v I 5]
[a] 10 [i]ac s s av| 6 :_ N6
2¢ 5] 0] 38 5 |2c 9——
2v[e] [2]24 g ] 8
ono [7] 8] av B |
7203388 7293367

7203368

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT10

SSI
FUNCTION TABLE
1A
2 18 1Yy 12 INPUTS OUTPUT
13 Jic
nA nB nC nY
3124 A
4 |28 2v| 6 L L L H
B [ % L L H H
5 _J2¢ L H L H
9 [3a ¢ 7293369 L H H H
10 Jas av] s H L L H
1 lac H L H H
- H H L H
7293368 H H H L
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). H = HIGH voltage level
L = LOW voltage level

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMQOS family characteristics’’, section *’Family specifications”.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |Vgc | WAVEFORMS
+25 —40to+85 | —40 to +125 Vv
min. | typ. | max. | min. | max. | min. | max.

. 125 150 2.0

tpHL/ propagation delay ;80 25 30 ns 45 |Fig.6
tPLH nA, nB, nC to nY 17 21 2 6.0
/ 75 95 110 2.0

THL output transition time 15 19 22 ns 45 Fig. 6
tTLH 13 16 19 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family spécifications”.
Output capability: standard

Igc category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT

nA, nB, nC 15

52
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Triple 3-input NAND gate

PC74HC/HCT10
Ssi

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t=6ns;C|_=50pF

nA,nB,nC INPUT

nY OUTPUT

7z93116
Fig. 6 Waveforms showing the input (nA, nB,

nC) to output (nY) propagation delays and the
output transition times.

Note to AC waveforms
(1) HC : V) =50%; V| =GND to V.
HCT: Vjy=1.3V;V|=GNDto 3V.

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. | typ.| max. [ min.| max. | min. | max.
tpHL/ propagation delay .
tPLH nA. nB, nC to nY 24 30 36 ns 45 |Fig.6
tTHU output transition time 15 19 22 ns 45 |Fig.6
TTLH
AC WAVEFORMS
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PC74HC/HCT14

SSI

HEX INVERTING SCHMITT TRIGGER
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® lp category: SSI HC | HCT

tpHL/ ropagation del CL=15pF
GENERAL DESCRIPTION Ny PoAtony Ve e s
The 74HC/HCT 14 are high-speed Si-gate . .
CMOS devices and are pin compatible ] input capacitance 35 ) 35 | pF
with low power Schottky TTL (LSTTL). power dissipation
Th ified i li ith C :
JEByEgrzt:pn?;r:j 4 ‘;n ;:'omp iance wi PD capacitance per gate notes 1 and 2 7.0 8.0 pF

The 74HC/HCT 14 provide six inverting
buffers with Schmitt-trigger action.
They are capable of transforming slowly
changing input signals into sharply
defined, jitter-free output signals.

GND=0V;Tamp=25C;ty=t;=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VCC* x fi + = (CL x VCC* x fo) where:

fi = input frequency in MHz CL
fo = output frequency in MHz Vce = supply voltage in V
Z (Cp x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is Vi = GND to Ve — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT14P: 14-lead DIL,; plastic (SOT-27).
PC74HC/HCT14T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

= output load capacitance in pF

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9,11,13|1Ato 6A data inputs
2,4,6,8,10,12{1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1 [1] U e 118 7ot VA NS 3
v 2] %“ 328 T jos N o
24 [3] 12] 6Y 534 av, | L
2y (4 14 5
L o g 24 1Y g - | N8
3a 5] [10] sv
av [¢] [0] 4a n 2A 5"10 a1 {10
GND [7) 8] 4y 1384 8Y ., 1_3_1 12
7293643 7293648 7293847
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT14
SSI

A—-@O—-DO—-D&—V
3__2A 2Y.

7293645

Fig. 5 Logic diagram (one Schmitt trigger).

Fig. 4 Functional diagram.

FUNCTION TABLE
INPUT OUTPUT

nA nY
L H
H L

H = HIGH voltage level
L = LOW voltage level

AFPLICATIONS

® Wave and pulse shapers
® Astable multivibrators
® Monostable multivibrators
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Hex inverting Schmitt trigger

PC74HC/HCT14

SSli

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘‘Family specifications”. Transfer character-
istics are given below.

Output capability: standard
Icc category: SSI

Transfer characteristics for 74HC

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —401t0+85 | —4010+125 v
min.| typ.| max.| min.| max. | min. | max.
0.7 1.5 07 |15 0.7 15 2.0
Vs positive-going threshold 1.7 315 1.7 | 3.15 | 1.7 3.15 |V 4.5 Figs 6 and 7
21 42 | 21 142 |21 4.2 6.0
0.3 1.0 { 03 | 1.0 |03 1.0 2.0
Vr_ negative-going threshold 0.9 2.2 09 | 2.2 0.9 2.2 Vv 45 Figs6 and 7
1.2 30 | 1.2 |30 1.2 | 30 6.0
0.2 1.0 [ 02 {10 |0.2 1.0 2.0
VH hysteresis (V14 — V1_) 0.4 1.4 04 (14 0.4 1.4 \Y 45 Figs6 and 7
0.6 1.6 [ 06 |16 | 0.6 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vco | WAVEFORMS
+25 —40to+85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
. 125 155 190 2.0
tpHL/ propagation delay 25 31 38 ns 45 Fig. 8
tPLH nA, nBtonY 21 2 32 6.0
/ 75 95 110 20
tTHU output transition time 15 19 2 |ns 45 | Fig.8
'TLH 13 16 19 6.0
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PC74HC/HCT14

SSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “‘Family specifications’’. Transfer character-
istics are given below.

Output capability: standard
lgc category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcgc) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
nA 0.3

Transfer characteristics for 74HCT

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
Vs positive-going threshold :3 ;? }Z ;? :3 ;? v ;g Figs 6 and 7
VT negative-going threshold gg :i gg :i gg :3 Vv ;g Figs 6 and 7
VH hysteresis (VT4 - V1-) | 08 oAl 1T v |22 | Figs6and7
AC CHARACTERISTICS FOR 74HCT
GND =0 V;t, =tf=6ns; C_= 50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to +125 V)
min. typ" max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLH nA. nB to nY 38 48 57 ns 4.5 Fig. 8
tTHL/ output transition time 15 19 22 ns 4.5 Fig. 8
TTLH
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Hex inverting Schmitt trigger PC74HC/HCT14
SSi
TRANSFER CHARACTERISTIC WAVEFORMS
Vo
V14 L
v Vh
Vro )

- Vi |- VI

Vi_ Vv
T= T+ 7203338

Fig. 6 Transfer characteristic.

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT4, VT—and Vi; where V1, and VT_
are between limits of 20% and 70%.

AC WAVEFORMS*
nA INPUT vyl
tPHL = tpLH
Y OUTPUT vyt
7293844 tTHL - LM

Fig. 8 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to Vcc.
HCT: V\=13V;V|=GND to 3V.
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PC74HC/HCT125

MSI
QUAD BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Qutput capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® |cC category: MSI HC | Her
tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION tLH nA o nY Vee=5V 8 10 ns
The 74HC/HCT 125 are high-speed - -
Si-gate CMOS devices and are pin C Input capacitance 35 |35 |pF
compatible with low power Schottky —
TTL (LSTTL). They are specified in CpD R‘°We' dissipation notes 1 and 2 22 24 pF
compliance with JEDEC standard no. 7. | capacitance per buffer
The 74HC/HCT 125 are four non- _ , o RO s e
inverting buffer/line drivers with 3-state GND=0V; Tamb=25°Citr=tf=6ns
outputs. The 3-state outputs (nY) are \
controlled by the output enable input Notes \
(nDE). A HIGH at nOE causes the . \ . . )
outputs to assume a HIGH impedance 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
OFF-state. PD=Cpp x VGC? x fi+ 2 (CL x VCG? x fo) where:
The “125" is identical to the 126" but fi = input frequency in MHz CL = output load capacitance in pF

has active LOW enable inputs.

fo = output frequ\gncv in MHz

Vce = supply voltage in V

Z (C x Vgg? x fo) = sum of outputs

2. For HC the condition is V| = GND to VCC
For HCT the conditjon is V| =GND to VcC — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT125P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT125T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 10E to 40E output enable inputs (active LOW)
2,5,9,12 1A to 4A data inputs
3,6,8, 11 1Y to 4Y data outputs
7 GND ground (0O V)
14 Vee positive supply voltage
Lpa Pyt : [
3
108 [1] U [14] Vec a1 |iGe 4 ey I
1a[2] [13] 408 5 l2a 2v] & s |
6
1y [3] [12] 4a 4 |208 XN [
WE[4] 125 [i1]av 9 |3a Q av| 8 9 | .
2a 5] [10] 30E 10 |3%E 4 lop [
2v [ [9]3A 12 Jaa av| 11 12|
: !? 1
anp [7] BE% 13 |40 13py

7293370

Fig. 1 Pin configuration.

Fig.

7293372

2 Logic symbol.

720337

Fig. 3 IEC logic symbol.
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PC74HC/HCT125
MSI

2 |1A 1v] 3
1 |10 4

5 |2A 2v| 6
4|20

o _|3A 3yl 8
10 J3GE_ %

12 JaA ay| 11
13 |40

F

g. 4 Functional diagram,

nOE 7293833

Fig. 5 Logic diagram (one buffer).

FUNCTION TABLE

INPUTS OUTPUT
nOE nA nY
L L L
L H H
H X Z

H = HIGH voltage level

L = LOW voltage level

X = don’t care

Z = high impedance OFF-state
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Quad buffer/line driver; 3-state

PC74HC/HCT125

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications”.

Output capability: bus driver
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. [ typ. | max. | min. [ max. | min. | max.

t / ropagation dela 100 125 150 2.0

PHL propag 4 20 25 30 ns |45 | Fig.6

tPLH nA tonY 17 21 26 6.0

tpzH/ 3-state output enable time ;(5)0 ;go ‘2‘25 ns ig Fig. 7

tPzL nOE tonY 2 33 38 6.0 '

tpHz/ 3-state output disable time ;30 ;30 335 ns ig Fig. 7

tPLZ nOE tonY 26 33 38 6.0 '

t / 60 75 90 2.0

tTH L output transition time 12 15 18 ns 4.5 Fig. 6

TLH 10 13 15 6.0
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PC74HC/HCT125

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications’’.

Output capability: bus driver
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nOE 1.00

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=t;=6ns;C__=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40t0+125 Vv
min. | typ. | max. | min. max. | min. | max.
tpHL/ propagation delay .
LA nA to nY 26 33 39 ns 45 Fig. 6
tpzH/ 3-state output enable time .
tpzL nOE to nY 30 38 45 ns 45 | Fig.7
tpHZ/ 3-state output disable time .
tpLz nOE to nY 30 38 45 ns 45 Fig. 7
tTHL/ output transition time 12 15 18 ns 45 | Fig.6
TLH
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Quad buffer/line driver; 3-state

PC74HC/HCT125
Msi

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293373

Fig. 6 Waveforms showing the input (nA)
to output (nY) propagation delays and
the output transition times.

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF

vy
OFF-to-HIGH

outputs | OUtPUS —»|«— outputs
7293374 enabled disabled enabled

Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to V¢gg.
HCT: V=1.3V;V|=GNDto3V.
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PC74HC/HCT126

MSI
QUAD BUFFER/LINE DRIVER; 3-STATE
FEATURE
URES TYPICAL
® Output capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: MSI HC | HCT
GENERAL DESCRIPTION tpHL/ propagatio$ delay SL =_'55‘§,F 8 10 | ns
The 74HC/HCT 126 are high-speed 'PLH nAton cc™
Si-gate CMOS devices and are pin : : F
compatible with low power Schottky c Input capacitance 35 135 |»
TTL (LSTTL). They are specified in ower dissipation
compliance with JEDEC standard no. 7. Cpp P capacitar?ce per buffer notestand2 | 22 | 24 | pF
The HC/HCT 126 are four non-
inverting buffer/line drivers with 3-state GND=0V;Tymp=25°C;ty=tf=6ns
outputs. The 3-state outputs (nY) are
controlled by the output enable input Notes
(nOE). A LOW at nOE causes the 1. Cpp i . . issipation (Ppy in uW):
outputs to assume a HIGH impedance . Cpp is used to determine the dynamic power dissipation (Pp in uW):
OFF-state. Pp=Cpp x VcG? x fi+ 2 (CL x Vee? x fo) where:
The *“126" is identical to the 125" but fi = input frequency in MHz CL = output load capacitance in pF
has active HIGH enable inputs. fo = output frequency in MHz Ve = supply voltage in V
2 (C x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgc — 1.5 V
ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCT126P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT126T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 10E to 40E output enable inputs (active HIGH)
2,59 12 1A to 4A data inputs
3,6,8 11 1Y to 4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
H >
U y 2 |1a 1v] 3 — 3
v
10e [1] [14] Vec v lioe 1 den
1a[2] 13] 40e ;j‘u ol s s | \
1v [3] e [12] 4a o |ooe + |
20e (4] 1 av 9 |3A N, 3v| 8 = 8
2a[5] [10] 30€ 10 |soe ' —
2v 6] ;E 3A 12 Joa wln 12 | .
o [7] Oky 13 |40E % .
7293375 7293377
7293376
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT126
msl

:

Fig. 4 Functional diagram.

IG I‘ I5 ° l‘ l‘" I“ I”

L,

o

7]
jﬁ_

j“u

7293376

nA——l >O——|>o—-| >o-—|>o——nv

nOE W 7293834

Fig. 5 Logic diagram (one buffer).

FUNCTION TABLE

INPUTS OUTPUT
nOE nA nY
H L L
H H H
L X z

H = HIGH voltage level
L = LOW voltage level
X = don’t care

Z = high impedance OFF-state
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Quad buffer/line driver; 3-state

PC74HC/HCT126

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications’.

Output capability: bus driver
lgc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C| =50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40to+125 Vv
min. | typ. | max. | min.| max. | min. | max.

. 1 150 2.0
tPHL/ | propagatior: delay % 2% 30 |ns |45 |Fig6
PLH nAtony 17 21 2 6.0
tpzH/ 3-state output enable time ;go ;go 325 ns 32 Fig. 7
tPzL nOE tonY 2% 33 38 60 |
tpHZ/ 3-state output disable time :1330 ;go 325 ns 3(5) Fig. 7
tPLZ nOE ton¥ 2% 33 38 6.0 '
t / 60 75 90 2.0
THL! output transition time 12 15 18 ns 45 Fig. 6
TTLH 10 13 15 6.0
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PC74HC/HCT126
Mmsi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘‘Family specifications’’.

Output capability: bus driver
lcg category: MSI

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nOE 1.00

AC CHARACTERISTICS FOR 74HCT

GND =0V;t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Veoc | WAVEFORMS
+25 ~40to +85 | —40to +125 Vv
min. | typ.| max. | min, { max. | min. | max.

tpHL/ propagation delay .

tpLH nA to nY 26 33 39 ns 4.5 Fig. 6

tpzH/ 3-state output enable time .

tzL nOE to nY 35 44 53 ns 4.5 Fig. 7

tpHZ/ 3-state output disable time .

tpLz NnOE to nY 26 33 39 ns 45 Fig. 7

gfh/ output transition time 12 15 18 |ns 45 | Fig.6
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Quad buffer/line driver; 3-state

PC74HC/HCT126

Msi

AC WAVEFORMS

nA INPUT

nY OUTPUT
7293378
Fig. 6 Waveforms showing the input (nA)

to output (nY) propagation delays and
the output transition times.

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

vy

outputs o |e  outputs — |« outputs
1293379 enabled disabled enabled
Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to V.
HCT: Vy=13V;V|=GND to3V.
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PC74HC/HCT132

QUAD 2-INPUT NAND SCHMITT TRIGGER

FEATURES

® Output capability: standard
® Icc category: SSI

GENERAL DESCRIPTION

The 74HC/HCT 132 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7.

The 74HC/HCT 132 contain four
2-input NAND gates which accept
standard input signals. They are capable
of transforming slowly changing input
signals into sharply defined, jitter-free
output signals.

The gate switches at different points
for positive and negative-going signals.
The difference between the positive
voltage V14 and the negative voltage
V_ is defined as the hysteresis
voltage V.

Ssli
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ propagation delay CL=15pF

tpLH nA, nB tonY Vec=5V 10 16 ns

Cy input capacitance 3.5 3.5 pF

power dissipation
CpDp capacitance per gate notes 1 and 2 24 20 pF

GND=0V;Tamp=25°Citr =tf=6ns

Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VCC* x fi+ Z (CL x VCG? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
2 (CL x Vgg? x fo) = sum of outputs
2. For HC the condition is V| = GND to Vgg
For HCT the condition is V| = GND to Vgc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT132P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT132T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A to 4A data inputs

2,5,10,13 1B to 4B data inputs

3,6,8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

(1] 9) [14] vec
18[2] [13] 48
1v 3] [12] 4
2a[a] 132 [1]av
285 | [70] 38
2v[e] [9] 34
ano 7] BE%

7293333

Fig. 1 Pin configuration.

U &r
3

2]
A &7

N
5
o | &rr

N 8
10
12
21 ars "
13

7293334

7293335

Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.
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PC74HC/HCT132
ssl

APPLICATIONS

® Wave and pulse shapers
® Astable multivibrators
Y ® Monostable multivibrators

1A

D
18 0
o

2A
+47
. zv Fig. 5 Logic diagram
5 |28 E (one Schmitt trigger).

{7
[
2 o
ami
7]
7]

le
-

]n

7293337

IO

£l

|ro
©

|5

Da
s

7293336

|a

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUT
nA nB nY
L L H
L H H
H L H
H H L

H = HIGH voltage level
L = LOW voltage level
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Quad 2-input NAND Schmitt trigger

PC74HC/HCT132

Ssi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ‘’"HCMOS family characteristics’’, section ““Family specifications”. Transfer character-
istics are given below.

Output capability: standard
Icc category: SSI

Transfer characteristics for 74HC

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 Y]
min.| typ.| max.| min.| max. | min. | max.
0.7 156 | 07 {15 |07 1.5 2.0
VT4 positive-going threshold 1.7 3.15| 1.7 | 3.156 | 1.7 3.15 |V 4.5 Figs 6 and 7
21 42 | 21 |42 |21 4.2 6.0
0.3 10 | 03 |10 |03 1.0 2.0
V1- negative-going threshold 0.9 22 |09 (22 |09 |22 |V 45 | Figs6and7
1.2 3.0 1.2 | 3.0 1.2 | 3.0 6.0
0.2 1.0 | 02 |10 |02 1.0 20
VH hysteresis (V14 — VT_) 0.4 14 | 04 |14 |04 | 14 |V 4.5 | Figs6and7
0.6 16 [ 06 |16 |06 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to +85 | —40to +125 v
min.| typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay 125 155 190 2.0 .
25 31 38 ns 45 | Fig. 8
tpLH nA, nBtonY 21 2% 32 6.0
75 95 110 2.0
:TH v output transition time 15 19 22 ns 45 | Fig. 8
TLH 13 16 19 6.0
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PC74HC/HCT132

Ssi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section “Family specifications’’. Transfer character-
istics are given below.

Output capability: standard
I category: SSI

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

: unit load
nput

ey coefficient

nA,nB 0,3

Transfer characteristics for 74HCT

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40to+125 v
min.| typ.| max.| min.{ max. | min. [ max.
VT4 positive-going threshold : i ;? :i 12? :3 ;? \" gg Figs 6 and 7
V1_— negative-going threshold gg }i gg :3 gg :3 v gg Figs 6 and 7
VH hysteresis (VT4 — VT_) g: - g: _ g: - \Y gg Figs 6 and 7
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 v
min.| typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay .
PLH nA, nB to nY 33 4 50 ns 45 | Fig.8
TTHL | output transition time 15 19 2 |ns |45 |Fig8
TLH
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Quad 2-input NAND Schmitt trigger PC74HC/HCT132
SSI
TRANSFER CHARACTERISTIC WAVEFORMS
Vo v, V1e Vti
Vr_ T

-+ VH | Vi

v. V.
T- T+ ;203338

Fig. 6 Transfer characteristic.

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT4, VT—and Vy; where V1, and V1_
are between limits of 20% and 70%.

AC WAVEFORMS
nA, nB INPUT 7l
o tPHL - toLH

nY OUTPUT vn"

7293633 THL et TLH
Fig. 8 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : V\M=50%; V| =GND to V.
HCT: V=1.3V;V|=GNDto3V.
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DEVELOPMENT DATA

This data sheet contains advance information and

<4— 74HC ONLY

specifications are subject to change without notice.

PC74HC/HCT160
MSI

PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; ASYNCHRONOUS RESET

FEATURES

® Synchronous counting and loading
® Two count enable inputs for n-bit
cascading

Positive-edge triggered clock
Asynchronous reset

Output capability: standard

Icc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT 160 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT 160 are synchronous
presettable decade counters which feature
an internal look-ahead carry and can be
used for high-speed counting.
Synchronous operation is provided by
having all flip-flops clocked
simultaneously on the positive-going edge
of the clock (CP).

The outputs (Qq to Q3) of the counters
may be preset to a HIGH or LOW level. -
A LOW level at the parallel enable input
(PE) disables the counting action and
causes the data at the data inputs (Dg to
D3) to be loaded into the counter on the
positive-going edge of the clock (providing
that the set-up and hold time requirements
for PE are met). Preset takes place
regardless of the levels at count enable
inputs (CEP and CET).

(continued on next page)

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
CPto Qp 18 21 ns
¢ CPto TC 23 27 ns
PHL MR to Q 20 | 23 | ns
MR to TC CL=15pF 23 26 ns
CETto TC Ve =5V 1 14 ns
propagation delay
t CP to Qp 15 16 ns
PLH CPto TC 18 | 19 | ns
CETto TC 1 7 ns
frmax maximum clock frequency 32 30 MHz
C input capacitance 35 3.5 pF
Cpp power dissipation notes 1 and 2 33 34 pF
capacitance per package

GND=0V; Tamp = 25°C; t, = tf = 6 ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CPD x VCC? x fi+ 2 (CL x VC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Ve? x fo) = sum of outputs

CL =
vce =

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| = GND to V¢c — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT160P:

16-lead DIL; plastic (SOT-382).

output load capacitance in pF
supply voltage in V

PC74HC/HCT160T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

wi] U [@ve
cr[2] 15] Tc
00 [3] 1] o
0,2 3] 9,
o e
2 2
03[ | 111] o5
cer 7] [10] cer
ono [ B3

7293605

Fig. 1 Pin configuration.

9 3 4 5 6
P Y I I
PE Dy Dy Dy Dg
7—] cep
10— ceT
TC p—15
2—]cp
1—o| MR .
Q 0y Qp Q3

T T
14 13 12 1
7293609

Fig. 2 Logic symbol.

[P

R CTRDIV1O

m1
G3
G4

> C2/1,3,4+

-

120

Im |°' Ib |u

4cT=9|—>

Fig. 3 IEC logic symbol.

7293610
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PC74HC/HCT160
Msi

|o
=
B

PARALLEL LOAD CIRCUITRY

INH D

Ro

I I

CP DECADE COUNTER

[0 Jar oz Jas

I EEE

Fig. 4 Functional diagram.

72936156

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
2 cP clock input (LOW-to-HIGH, edge-triggered)
3,4,56 Do to D3 data inputs
7 CEP count enable input
8 GND ground (0 V)
9 PE parallel enable input (active LOW)
10 CET count enable carry input
14,13,12,11 | Qgto Q3 flip-flop outputs
15 TC terminal count output
16 Vee positive supply voltage
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
MR | CP | CEP | CET| PE | D, | Q, TC
reset (clear) L X X X X X L L
parallel load : ; § )>§ : :‘ 'l_'l .l.'
count H t h h h X count | *
hold H X I X h. X an *
(do nothing) H X X | h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH).

HIGH voltage level

LOW voltage level

prior to the LOW-to-HIGH CP transition
don't care
LOW-to-HIGH CP transition

won

>% Q=TT

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
lower case letters indicate the state of the referenced output one set-up time

GENERAL DESCRIPTION (Cont'd.)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qg to Q3) to LOW level regardless of the
levels at CP, PE, CET and CEP inputs (thus
providing an asynchronous clear function).

The look-ahead carry simplifies serial
cascading of the counters. Both count
enable inputs (CEP and CET) must be
HIGH to count. The CET input is fed
forward to enable the terminal count
output (TC). The TC output thus enabled
will produce a HIGH output pulse of a
duration approximately equal to a HIGH
level output of Q. This pulse can be used
to enable the next cascaded stage.

80
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160
MsI

DEVELOPMENT DATA

MR

PE

%o J—— ——-‘L ______ _————

T

O [ e

L R

o T ruUUUuUuuuuurLrr

Cep |

CET J 1

% ___ I I )

ay __ -

a __ 1

Q3 ____ [ L

TC 1

9 ] 1 2 3
reset preset h " 7293625

Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to

BCD seven; count to eight, nine, zero, one, two and three; inhibit.

Do Dy b2 D3

Y Y Y

CEP

é
d

o q D a L
FF Lt
cp -—{>c cp F,F CP g
a q
RDQ Ro
WA —Dc 1
Q3 TC

7293629

Fig. 7 Logic diagram.
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PC74HC/HCT160

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
lcc category: MSI ’

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40t0+125 v
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay 3(1)5 5?5 g;o ‘2‘2 Fig. 8
t CP to Q ns . ig.
PLH n 35 43 53 6.0
tpyL/ propagation delay 225 280 340 20 ]
t CPto TC 45 56 68 ns 45 Fig. 8
PLH 38 48 58 6.0
. 210 265 315 2.0
tPHL propagation delay 42 53 63 |ns |45 | Fig.9
n 36 45 54 6.0
propagation delay 225 280 340 20
tPHL rom 45 56 68 | ns 45 | Fig.9
MR to TC 38 a8 58 6.0
tpyL/ propagation delay :1380 ;20 igs 32 Fig. 10
t CETto TC ns : '9:
PLH 26 33 38 6.0
erat/ 75 95 110 2.0
tTH'- output transition time 15 19 22 |ns 45 | Figs8and 10
TLH 13 16 19 6.0
) 140 175 210 2.0
W clock pulse 28 35 a2 ns 45 | Fig.8
24 30 36 6.0
W master reset pulse ?g ;80 ;io ns ig Fig. 9
width; LOW 14 17 20 6.0
) 100 125 150 2.0
removal time .
trem TR 20 25 30 ns 45 Fig. 9
MR to CP 17 21 26 6.0
set-up time 100 125 150 2.0
tsy 20 25 30 ns 45 | Fig. 11
D to CP 17 21 26 6.0
set-up ime 150 190 225 2.0
tsy it 30 38 45 ns 45 | Fig. 1
PEtoCP 26 33 38 6.0
sotup time 200 250 300 2.0
toy 40 50 60 ns 45 | Fig. 12
CEP, CET to CP 4 23 p 6.0
hold time 0 0 0 2.0
th Dy, PE, CEP, 0 0 0 ns 45 | Figs 11and 12
CET to CP 0 0 0 6.0
) 4 3 2 2.0
fmax maximunm clock pulse 18 14 12 MHz | 45 | Fig.8
requency 21 16 14 6.0
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Presettable synchronous BCD decade counter; asynchronous reset

PC74HC/HCT160

MSI

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
I oG category: MS!

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
INPUT | COEFFICIENT INPUT | COEFFICIENT
VR 0.95 Dn 0.25
AC CHARACTERISTICS FOR 74HCT cp 0.80 CET 1.05
CEP 0.25 PE 0.30
GND=0V;t =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH CP to Qp 43 54 65 ns 45 Fig. 8
tpHL propagation delay 54 68 81 |ns |45 |Fig8
ropagation dela .
tPLH Pop aaran ey 45 56 68 |ns |45 | Fig.8
tPHL "%“fg‘&“ delay 50 63 76 |ns |45 | Fig9
PHL propagation delay 50 63 75 |ns |45 | Fig9
propagation delay .
tPHL CET to TC 35 44 53 ns 45 | Fig.10
propagation delay .
tpLH CET to TC 17 21 26 ns 45 | Fig. 10
gt‘l&/ output transition time 15 19 22 ns 4.5 Figs8 and 10
tw clack pulse width 31 39 47 ns | 45 | Fig.8
master reset pulse .
tw width; LOW 20 25 30 ns 45 | Fig.9
trem ramoval tite 20 2% 30 ns | 45 | Fig.9
tsu setup e 20 2% 30 ns | 45 | Fig. 11
n
teu seLup e 36 44 53 ns | 45 | Fig.11
teu D T 0 CP 40 50 60 ns | 45 | Fig.12
hold time
th Dy, PE, CEP, 0 0 0 ns 45 | Figs11and 12
CET to CP
maximum clock pulse .
frax Fraquency 16 13 1 MHz | 45 | Fig.8
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PC74HC/HCT160

AC WAVEFORMS

MR INPUT

CP INPUT
CP INPUT

Q,.TC

ouTPUT
Q. 7C vy
OUTPUT

7293821

Fig. 8 Waveforms showing the clock (CP) to outputs (Qy, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

7293623

Fig. 9 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Qp, TC) propagation delays and
the master reset to clock (CP) removal time.

CET INPUT

TC OUTPUT

7293622

Fig. 10 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Qp OUTPUT m

7293620

Fig. 11 Waveforms showing the data set-up and hold times
for the input (Dp,) and parallel enable input PE.

CEP, CET
INPUT

CP INPUT

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

7293619

Note to Figs 11 and 12

The shaded areas indicate when the input is permitted to
change for predictable output performance.

Note to AC waveforms
(1) HC : Vi =50%; V| =GND to Vcc.
HCT: V\g=1.3V;V|=GND to 3 V.
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PC74HC/HCT161

MSI
PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; ASYNCHRONOUS RESET
FEATURES TYPICAL
® Synchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HCT
cascading ropagation dela

® Positive-edge triggered clock pcpp tg Q, v 18 19 ns
® Asynchronous reset tpyL/ CPtoTC 21 24 ns
® Output capability: standard tpLH MR to Q, C =15pF 19 | 23 |ns
® |~ category: MSI MRto TC Vee=5V 19 26 ns

cc v CETto TC 10 14 ns
GENERAL DESCRIPTION frmax maximum clock frequency 43 43 MHz
The 74HC/HCT161 are high-speed
Si-gate CMOS devices and are pin C input capacitance 3.5 35 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. CrD capacitance per package notes 1 and 2 33 35 PF

The 74HC/HCT161 are synchronous
presettable binary counters which feature
an internal look-ahead carry and can be
used for high-speed counting.
Synchronous operation is provided by
having all flip-flops clocked
simultaneously on the positive-going edge
of the clock (CP).

The outputs (Qq to Q3) of the counters
may be preset to a HIGH or LOW level.

A LOW level at the parallel enable input
(PE) disables the counting action and
causes the data at the data inputs (Dg to
D3) to be loaded into the counter on the
positive-going edge of the clock (providing
that the set-up and hold time requirements
for PE are met). Preset takes place
regardless of the levels at count enable
inputs (CEP and CET).

(continued on next page)

GND=0V;Tymp=25°C; tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VCC® x fi+Z (CL x VCC? x fo) where:
output load capacitance in pF

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Vc? x fo) = sum of outputs

CL
vce

2. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vcc — 1.5V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT161P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT161T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

MR [ 1 9] E]Vcc
cr 2] E] TC
DOE [14] 20
02'?_ 161 EQZ
DafE] [11] 0,
cep [7] [10] cer
ano 3] B3

7293608

Fig. 1 Pin configuration.

9 3 a 6
1 1]
PE Dy Dy Dy Dy
7—{ cep
10— ceT
TC |—15
2—{cp
1—O| MR
Q; Q; Q, Qg
T T
14 13 12 1

7293608

Fig. 2 Logic symbol.

4CT=15 f—>

7293611

Fig. 3 IEC logic symbol.
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PC74HC/HCT161
Msl

GENERAL DESCRIPTION (Cont'd.) )

F J+ s s A LOW level at the master reset input
Do [D1 P2 [0a (MR) sets all four outputs of the flip-flops
- (Qg to Q3) to LOW level regardless of the
PARALLEL LOAD CIRCUITRY levels at CP, PE, CET and CEP inputs (thus
- providing an asynchronous clear function).
10 [CET The look-ahead carry simplifies serial
5 -‘LHD_L cascading of the counters. Both count
- s enable inputs (CEP and CET) must be
2ler & BINARY COUNTER TClis HIGH to count. The CET input is fed
1w . forward to enable the terminal count
—+——0|' output (TC). The TC output thus enabled
oo fer [op Jos will produce a HIGH output pulse of a
P iz iz |n 1283618 duration approximately equal to a HIGH

level output of Qq. This pulse can be used

to enable the next cascaded stage.
Fig. 4 Functional diagram. 9

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR asynchronous master reset (active LOW)

2 cP clock input (LOW-to-HIGH, edge-triggered)
3,4,56 Dg to D3 data inputs

7 CEP count enable input

8 GND ground (0 V)

9 PE parallel enable input (active LOW)

10 CET count enable carry input

14,13,12, 11 Qpto Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
MR | cP | CEP | CET | PE | D, | Q, TC

reset (clear) L X X X X X L L
parallel load : Z i § : L h .'I
count H t h h h X count | *
hold H X 1 X h X an *
(do nothing) H X X I h X an L

Note to function table
* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH).
H = HIGH voltage level

h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L. = LOW voltage level

I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
q = lower case letters indicate the state of the referenced output one set-up time

prior to the LOW-to-HIGH CP transition
X = don't care
1 = LOW-to-HIGH CP transition
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Presettable synchronous 4-bit binary counter; asynchronous reset

PC74HC/HCT161

MSI
MR
PE L
Do
3
@ Dg —r__-—1
cp JEREREpEpEpEpEpEpEpEpERE
n | i l CEP { 1 [
CET |
00
Q I 1
[ Je o fe o feA o o ] @ .
7293362 03 j
TC
12 1 14 15 0
count inhibit
reset preset
7293626
Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to
binary twelve; count to thirteen, fourteen, fifteen, zero, one and
two; inhibit.
Dy D, Dy D3

csr—{> v

o >o—]

Qq

Fig. 7 Logic diagram.

7293630

li

Y

Qg c
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PC74HC/HCT161
MmSI

'DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”,

Output capability: standard
I category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | WAVEFORMS
+25 —401t0+85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
) 205 255 310 20
tPHL/ | propagation delay a1 51 62 |ns |45 |Fig.8
tPLH CPto Qn 35 43 53 6.0
) 225 280 340 20
tHL/ | propagation delay 45 56 68 |ns |45 |Fig.8
tPLH CPtoTC 38 48 58 6.0
MR to Qn 38 48 58 6.0
PHL MR to TC 37 47 56 60 |
) 1 190 0
tPLH CETto TC 26 33 38 60 |
et/ 75 95 110 20
tTHL output transition time 15 19 22 ns 45 Figs 8 and 10
TLH 13 16 19 6.0
) 110 140 165 20
clock pulse width .
W HIGH or LOW fg ¥ gg ns g'g Fig. 8
S L £ B S I ) R P
W width; LOW 17 21 26 60 |
emoval time 100 125 150 20
el A N I A B E A
cetup time 100 125 150 2.0
t 20 25 30 ns | 45 | Fig. 11
! Dp to CP 17 21 26 6o |
sotup time 150 190 225 20 |
. s 2 2% e |8 e
sotup time 200 250 300 2.0
tsu CEP, CET to CP P = 80 | 8 | Fie2
hold time 0 0 0 2.0
th Dy, PE, CEP, 0 0 0 ns | 45 | Figs11and 12
CET to CP 0 0 0 6.0
) 5 4 3 2.0
f maximum clock pulse 23 18 15 MHz 45 Fig. 8
max frequency 27 21 18 6:0 '
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Presettable synchronous 4-bit binary counter; asynchronous reset

PC74HC/HCT161

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter *“HCMOS family characteristics”, section “’Family specifications”.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcg) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD . UNIT LOAD
INPUT | COEFFICIENT INPUT | COEFFICIENT
MR 0.95 Dp 0.25
cp 0.80 CET 0.75
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t;=t;=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 v
min. { typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLp CP 10 Qp 43 54 65 ns 45 Fig.8
tpHyL/ propagation delay .
tPLH CPto TC 47 59 7 ns 45 Fig.8
propagation delay A
t 46 58 69 ns 4.5 Fig. 9
PHL MR to Q, 9
tPHL propagation delay 51 64 77 |ns |45 | Figo
tpHL/ propagation delay .
tpLH CET to TC 35 44 53 ns 4.5 Fig. 10
tTHL output transition time 15 19 22 |ns 45 | Figs8and 10
TLH
tw ok plse W 22 28 33 ns |45 | Fig.8
master reset pulse .
tw width: LOW 20 25 30 ns 4.5 Fig. 9
trem remaval time 20 25 30 ns |45 | Fig.9
set-up time .
tsy Dy, to CP 20 25 30 ns 4.5 Fig. 11
teu SELP tine 35 44 53 s |45 | Fig.11
tsu D e o CP 40 50 60 ns |45 | Fig.12
hold time
th Dn. PE, CEP, 0 0 0 ns 4.5 Figs 11 and 12
CET to CP
maximum clock pulse .
frax fraquoncy 23 18 15 MHz |45 | Fig.8
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PC74HC/HCT161
MSI

AC WAVEFORMS

CP INPUT

Q,.Tc
OUTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

2

R INPUT

CP INPUT

Q,,TC
OUTPUT

7293623

Fig. 9 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Qp, TC) propagation delays and
the master reset to clock (CP) removal time.

CET INPUT

TC OUTPUT

7293622

Fig. 10 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Q, OUTPUT \/M(|)

7293620

Fig. 11 Waveforms showing the set-up and hold times for the
input (Dp,) and parallel enable input PE.

CEP, CET
INPUT

CP INPUT

7293619

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

Note to Figs 11 and 12

The shaded areas indicate when the inbut is permitted to
change for predictable output performance.

Note to AC waveforms
(1) HC : V= 50%; V) =GND to Vcc.
HCT: Vi =1.3V;V|=GND to3V.
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DEVELOPMENT DATA

This data‘ sheet cont.a'ms advance information and <4— 74HC ONLY PC74HC/HCT162
specifications are subject to change without notice.
MSI
PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; SYNCHRONOUS RESET
FEATURES TYPICAL
® Synchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HeT
cascading X
tion dela
® Positive-edge triggered clock prco';) :gad:n ey 18 20 ns
® Synchronous reset tPHL CPto TC 23 | 26 | ns
® Output capability: standard CETto TC 1 15 ns
® |~ category: MSI -
cc propagation delay SL 155%':

GENERAL PTION CPto Qp cc 15 | 15 |ns

AL DESCRIPTIO tPLH CPto TC 18 | 18 |ns
The 74HC/HCT 162 are high-speed CETtoTC 1" 9 ns
Si-gate CMOS devices and are pin
compatible with low power Schottky fmax maximum clock frequency 32 30 MHz
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. C input capacitance 3.5 3.5 pF
The 74HC/HCT 162 are synchronous L
presettable decade counters which feature Cpp power filssnpatton . notes 1 and 2 28 28 pF
an internal look-ahead carry and can be capacitance per package

used for high-speed counting.
Synchronous operation is provided by
having all flip-flops clocked
simultaneously on the positive-going edge
of the clock (CP).

The outputs (Qg to Q3) of the counters
may be preset to a HIGH or LOW level.

A LOW level at the parallel enable input
(PE) disables the counting action and
causes the data at the data inputs (Dg to
D3) to be loaded into the counter on the
positive-going edge of the clock (providing
that the set-up and hold time requirements
for PE are met). Preset takes place
regardless of the levels at count enable
inputs (CEP and CET).

For the **162" the clear function is
synchronous.

(continued on next page)

GND =0 V; Tamp= 25°C; t, = t; =6 ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VCC* x fi+ Z (CL x VCC? x fo) where:
output load capacitance in pF

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Veg? x fo) = sum of outputs

CL =
vee

no

2. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vg — 1.5V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT162P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT162T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

wil Y [@ve
cp[2] TC
00 [3] 3] 20
o,[4 13] Q4
D‘E 162 EQ
2 2
DaE Eﬂa
cep [7] Eo_\ cET
ano 8] 5] %

7293607

Fig. 1 Pin configuration.

9 3 a4
4 | |
PE Dp Dy
7— cep

[

D, D3

10— CET
TC |—15
2—qcpP

1—0| MR .
Q ay a; Qg

14 13 12 1
7293609

Fig. 2 Logic symbol.

CTRDIV10
2R

3 1720 |14
4} | 13
5 12
6 1

4cT=g |15

7293612

Fig. 3 IEC logic symbol.
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PC74HC/HCT162
‘ MSI

10 | CET

3 o Is s
B P P2 |55

PARALLEL LOAD CIRCUITRY

_7( CEP

2jce

cp

|°o |°1 |°2 [03

|1‘ |13 I12 ‘“ 7293817

Fig. 4 Functional diagram.

inn ® Te|1s
DECADE COUNTER

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR synchronous master reset (active LOW)

2 cpP clock input (LOW-to-HIGH, edge-triggered)
3,4,56 Dg to D3 data inputs
7 CEP count enable input
8 GND ground (0 V)
9 PE parallel enable input (active LOW)

10 CET count enable carry input

14,13,12,11 | Qpto Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE
MR | CP | CEP | CET | PE | D, | Q, TC

reset (clear) ] 1 X X X X L L
parallel load A O o oS R R L
count h 1 h h h X count | *
hold h X | X h X an *
(do nothing) h X X [ h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH).

H = HIGH voltage level
h
L = LOW voltage level

nonuwon

to the LOW-to-HIGH CP transition

|

q

X = don't care
1t =

LOW-to-HIGH CP transition

92
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HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
lower case letters indicate the state of the referenced output one set-up time prior

GENERAL DESCRIPTION (Cont’d.)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qp to Q3) to LOW level after the next
positive-going transition on the clock (CP)
input (provided that the set-up and hold
time requirements for MR are met). This
action occurs regardless of the levels at PE,
CET and CEP inputs.

This synchronous reset feature enables the
designer to modify the maximum count
with only one external NAND gate.

The look-ahead carry simplifies serial
cascading of the counters. Both count
enable inputs (CEP and CET) must be
HIGH to count. The CET input is fed
forward to enable the terminal count
output (TC). The TC output thus enabled
will produce a HIGH output pulse of a
duration approximately equal to a HIGH
level output of Qg. This pulse can be used
to enable the next cascaded stage.




Presettable synchronous BCD decade counter; synchronous reset

PC74HC/HCT 162

MSI

DEVELOPMENT DATA

Fig. 5 State diagram.

7]

©
°

count

inhibit

reset preset

7293627

Fig. 6 Typical timing sequence: reset outputs to zero; preset to
BCD seven; count to eight, nine, zero, one, two and three; inhibit.

Do

Y

CET

0, Dy

D3

Y

Y

o —P>o

Qo Q

Fig. 7 Logic diagram.

o b a
ofce iF e FF = (
Q| g
Q, Qg TC

7293631
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PC74HC/HCT162
Msi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t =ts=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —4010+85 | —4010+125 v
min. | typ. | max. [ min. | max. | min. | max.
. 205 255 310 2.0
tPHL/ Propagation delay 41 51 62 |ns |45 |Fig.8
PLH n 35 43 53 6.0
) 225 280 340 2.0
tPHL/ | propagation delay 45 56 88 |ns |45 |Fig.8
PLH CPto TC 38 48 58 6.0
) 150 190 225 2.0
'PHL/ | propagation delay 30 38 45 |ns |45 |Figo
PLH 26 33 38 6.0
et/ 75 95 110 20
tTHl- output transition time 15 19 22 |ns 45 | Figs8and9
TLH 13 16 19 6.0
) 140 175 210 2.0
clock pulse width .
w HIGH or LOW 2 = P ns g'g Fig. 8
sotup time 100 125 150 20 |
tsy MR, Dy, to CP 3(;) g? gg ns gg Figs 10 and 11
sotup ime 150 190 225 20 |
tsy BE to CP gg gg gg ns ég Fig. 10
set-up time 200 250 300 20 |
tsu CEP, CET to CP Pyt 22 Sﬁ’ s |88 | Fig12
hold time 0 0 0 2.0
th Dy, PE, CEP, 0 0 0 ns 45 | Figs10, 11 and 12
CET, MR to CP 0 0 0 6.0
) 4 3 2 2.0
$ maximum clock pulse 18 14 12 MHz |45 | Fig.8
max frequency 21 16 14 6.0
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Presettable synchronous BCD decade counter; synchronous reset

PC74HC/HCT162

MSI

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘“Family specifications”.

Output capability: standard
I category: MSI

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
NP
INPUT COEFFICIENT INPUT COEFFICIENT
VR 0.95 Dy, 0.25
cp 0.80 CET 1.05
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40to +125 v
min.| typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
oLy CP 1o Qp, 43 54 65 ns 4.5 Fig. 8
propagation delay .
tPHL CPto TC 51 64 77 ns 45 Fig. 8
propagation delay .
tpLH CPto TC 45 56 68 ns 45 Fig. 8
propagation delay .
tPHL CET to TC 35 44 53 ns 4.5 Fig. 9
propagation delay .
tpLH CET to TC 24 30 36 ns 45 Fig. 9
glljh/ output transition time 15 19 22 | ns 45 | Figs8and 9
clock pulse width .
tw HIGH or LOW 31 39 47 ns 4.5 Fig. 8
set-up time 4, Fig. 10
tsy Dy, to CP 20 25 30 ns 5 ig
set-up time .
tsy BE to CP 35 44 53 ns 45 Fig. 10
set-up time .
tsy CEP, CET to CP 40 50 60 ns 4.5 Fig. 12
set-up time ia. 11
tsy VR to CP 20 25 30 ns 45 Fig. 1
hold time
th Dp, PE, CEP, 0 0 0 ns 4.5 Figs 10, 11 and 12
CET, MR to CP
maximum clock pulse MH 45 Fig. 8
frax frequency 16 13 1 z . ig.
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PC74HC/HCT162
MSI

AC WAVEFORMS

CP INPUT

Q,,TC
ouTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Qp, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

CET INPUT

TC OUTPUT

7293622

Fig. 9 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT A7l
—
th =

CP INPUT

D, INPUT

Q, OUTPUT Vi

7293620

Fig. 10 Waveforms showing the set-up and hold times for the
input (Dp) and parallel enable input (PE).

MR INPUT

CP INPUT

7293624

Fig. 11 Waveforms showing the MR set-up and hold times.

CEP, CET
INPUT

CP INPUT

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

7293619

Note to Figs 10, 11 and 12

The shaded areas indicate when the input is permitted to
change for predictable output performance.

Note to AC waveforms
(1) HC : Vi = 50%; V) =GND to V¢
HCT: V\=1.3V;V|=GND to 3V.
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PC74HC/HCT163

MSI
PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; SYNCHRONOUS RESET
FEATURES TYPICAL
® Synchronous counting and loading SYMBOL | PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HCT
cascading propagation dela
® Positive-edge triggered clock tpHL/ CPto Qp v 17 19 ns
® Synchronous reset tpLH CPto TC CL=15pF 21 25 | ns
® Output capability: standard CETto TC Vec=5V 10 14 ns
® I category: MSI
frnax maximum clock frequency 50 49 MHz
GENERAL DESCRlPT!ON C input capacitance 35 3.5 pF
The 74HC/HCT 163 are high-speed
Si-gate CMOS devices and are pin ower dissipation
compatible with low power Schottky CrD pc;/:)ac“an;apler package | Mtestand2 | 20 | 22 | pF
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. GND =0 V; Tamp= 25°C; t; = tf =6 ns

The 74HC/HCT 163 are synchronous
presettable binary counters which feature

N Notes
an internal look-ahead carry and can be . i . . X .
used for high-speed counting. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Synchronous operation is provided by PD=CpDp x Vce? x fi+ = (CL x VCg? x fo) where:
having all flip-flops clocked o= : - : ;
. L. . i = input frequency in MHz CL = output load capacitance in pF
simultaneously on the positive-going edge fo = output frequency in MHz Vce = supply voltage in V

of the clock (CP). 2 -
The outputs (Qg to Q3) of the counters Z(CLxVee® x f‘f)_ SL,"“ of outputs

may be preset to a HIGH or LOW level. 2. For HC the cond!t!on is V| =GND to Vcc

A LOW level at the parallel enable input For HCT the condition is V| = GND to Vcc — 1.5V
(PE) disables the counting action and

causes the data at the data inputs (Dg to
D3) to be loaded into the counter on the ORDERING INFORMATION/PACKAGE OUTLINES

positive-going edge of the clock (providing PC74HC/HCT163P: 16-lead DIL; plastic (SOT-382).

that the set-up and hold time requirements PC74HC/HCT163T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
for PE are met). Preset takes place

regardless of the levels at count enable

inputs (CEP and CET).

For the 163" the clear function is

synchronous.

(continued on next page)

an,, oTRe
U 9 3 4 5 & LR VY
VR v
WA 1] 6] vec S I S
e 2] ] c i PE Dy Dy D; Dg L PN
—] cep 2
oo E E 0 > €2/1,3,4+
10— CET ] C
0, [4] [13] 4 TC }—15 JER 14
163 2—cCP -
D. 5 12| Q. 4 13
2[5] 12] 0, 1ol wn 4
036 1] a Qy 0; 0, Q 5 12
3[ :] 3 Io '1 [2 _|37 5 2
cer[7 10] CET 6 1
e 7] o] 14 13 12 N —
GND E E PE 7293609 acT=15 |2
7293608 7293613
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT163
MSI

I O I

[Po o1 P2 o5
ol 4
i|mm PARALLEL LOAD CIRCUITRY
10]ceT
e P Tcf1s.
oo - BINARY COUNTER

loo Joi for [os

F‘ ]T3 ]12 |11 7293618

Fig. 4 Functional diagram.

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR synchronous master reset (active LOW)

2 cpP clock input (LOW-to-HIGH, edge-triggered)

3,4,5,6 Dgto D3 data inputs

7 CEP count enable input

8 GND ground (0 V)

9 PE parallel enable input (active LOW)

10 CET count enable carry input

14,13,12,11 | Qpto Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE |—— —
MR | CP | CEP | CET | PE | D, | Q, TC

reset (clear) | T X X X X L L
parallel load : 1 § ;(( : :,] II-i !I
count h 1 h h h X count | *
hold h X | X h X an *
(do nothing) h X X | h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH).

H = HIGH voltage level

HIGH voltage level one se
LOW voltage level

LOW voltage level one set:

o

don’t care
LOW-to-HIGH CP transiti

> Qo ~-rJ

o

t-up time prior to the LOW-to-HIGH CP transition

-up time prior to the LOW-to-HIGH CP transition

lower case letters indicate the state of the referenced output one set-up time prior
to the LOW-to-HIGH CP transition

on

GENERAL DESCRIPTION (Cont'd)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qq to Q3) to LOW level after the next
positive-going transition on the clock (CP)
input (provided that the set-up and hold
time requirements for MR are met). This
action occurs regardless of the levels at PE,
CET and CEP inputs.

This synchronous reset feature enables the
designer to modify the maximum count
with only one external NAND gate.

The look-ahead carry simplifies serial
cascading of the counters. Both count
enable inputs (CEP and CET) must be
HIGH to count. The CET input is fed
forward to enable the terminal count
output (TC). The TC output thus enabled
will produce a HIGH output pulse of a
duration approximately equal to a HIGH
level output of Qq. This pulse can be used
to enable the next cascaded stage.

98
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Presettable synchronous 4-bit binary counter; synchronous reset PC74HC/HCT163

Fig. 5 State diagram.

MSi
R I
PE
Do
10 g I g I o K g "‘
@ o2 [ [ L__
o3 [ 1 _
ﬁ l%—l cp Lo
cep I I
I@ CET [ 1
Qo
Q | | |
e [ (-] o !
TC
12 13 184 15 0 1 2
reset pn!m | count inhibit

7293628
Fig. 6 Typical timing sequence: reset outputs to zero; preset to
binary twelve; count to thirteen, fourteen, fifteen, zero, one and
two; inhibit.

Do

v

Dy

Dy D3

CET

Q4

Q
0 7293632

Fig. 7 Logic diagram.

TC
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PC74HC/HCT163
mSi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section ‘‘Family specifications”.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf=6ns;Cy =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —-40to +85 | —40to+125 v
min. | typ. | max. | min. [ max. | min. | max.
. 205 255 310 2.0
tPHL/ | propagation delay 41 51 62 |ns |45 |Fig.8
PLH CPtoQn 35 43 53 6.0
. 2.0
tPLH CPtoTC 37 46 55 6.0
. 1 25 2.0
tPHL/ | propagation delay o e pralll IRR by Fig. 9
tPLH CET to TC 2 33 38 6.0
t / 75 95 110 2.0
ITH'— output transition time 15 19 22 |ns 45 | Figs8and9
TLH 13 16 19 6.0
. 90 115 135 2.0
clock pulse width .
tw 18 23 27 ns 45 | Fig.8
HIGH or LOW 15 20 23 6.0
. 100 125 150 2.0
set-up time )
tsy MR, Dp to CP 32 g.:: gg ns gg Figs 10and 11
. 150 190 225 2.0
set-up time X
s 30 38 45 ns 4.5 | Fig. 10
! PE to CP 2 33 38 6.0
. 175 220 265 2.0
set-up time .
t 35 44 53 ns 4.5 Fig. 12
u CEP, CET to CP 30 37 45 6.0
hold time 0 0 0 20
th Dy, PE, CEP, 0 0 0 ns 45 | Figs 10, 11 and 12
CET, MR to CP 0 0 0 6.0
f maximum clock pulse % b 18 MHz |40 Fig. 8
max frequency 32 2% 21 6.0 '
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Presettable synchronous 4-bit binary counter; synchronous reset

PC74HC/HCT163

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *Family specifications”.

Output capability: standard
Icg category: MSI|

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
INPUT | COEFFICIENT INPUT | CoEFFICIENT
VR 0.95 Dp 0.25
CcP 1.10 CET 0.75
CEP 0.25 PE 0.30

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —401to0 +125 v
min, | typ. | max. | min.| max, | min, | max.

tpHL/ propagation delay X
tPLH CPto Q, 43 54 65 ns 45 | Fig. 8
tpHL/ propagation delay ;
tpLR CPto TC 49 61 74 ns 45 Fig. 8
tpHL/ propagation delay K
tpLH CET to TC 35 44 53 ns 45 Fig. 9
tTHL/ output transition time 15 19 22 ns 4.5 Figs 8 and 9
TLH
tw Clock pulse wiorh 2 28 33 ns |45 | Fig.8

set-up time -
tsy WR Dy to CP 20 25 30 ns 45 | Figs 10and 11
toy Seyp time 35 44 53 ns |45 | Fig.10
toy D e 10 CP 40 50 60 ns |45 | Fig.12

hold time
th Dy, PE, CEP, 0 0 0 ns 4.5 Figs 10, 11 and 12

CET, MR to CP

maximum clock pulse .

frnax froquency 2 21 17 MHz |45 | Fig.8

October 1985

101



PC74HC/HCT163
MSI

AC WAVEFORMS

CP INPUT

Q,.TC
ouTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Qp, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

CET INPUT

TC OUTPUT

7293622

Fig. 9 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Q, ouTPUT ™

7293620

Fig. 10 Waveforms showing the set-up and hold times for the
input (Dp,) and parallel enable input (PE).

CP INPUT

7293624

Fig. 11 Waveforms showing the MR set-up and hold times.

CEP, CET
INPUT

CP INPUT

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

7293619

Note to Figs 10, 11 and 12

The shaded areas indicate when the input is permitted to
change for predictable output performance.

Note to AC waveforms
(1) HC : VM =50%; V| = GND to V¢c.
HCT: Vi =1.3V;V;=GND to3V.
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PC74HC/HCT173

MSI
QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE
FEATURES TYPICAL
® Gated input enable for hold (do SYMBOL | PARAMETER CONDITIONS UNIT
noting) mode HC | HCT
® Gated output enable control tion delay
tri » . propagation dela
o Edge-triggered D-type register tpHL/ CPto Qp ) 23 22 ns
® Asynchronous master reset tPLH MR to Oy, CL=15pF 17 | 18 |ns
® Output capability: bus driver Vee=5V
® |¢g category: MSI fmax maximum clock frequency 54 50 MHz
GENERAL DESCRIPTION C input capacitance 3.5 35 pF
The 74HC/HCT173 are high-speed power dissipation
Si-gate CMOS devices and are pin Cpp capacitance per flip-flop notes 1 and 2 % 28 pF
compatible with low power Schottky

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT 173 are 4-bit parallel
load registers with clock enable control,
3-state buffered outputs (Qq to Q3) and
master reset (MR).

When the two clock enable inputs (Eq and
E9) are LOW, the data on the Dy, inputs is
loaded into the register synchronously
with the LOW-to-HIGH clock (CP)
transition. When one or both E,, inputs
are HIGH one set-up time prior to the
LOW-to-HIGH clock transition, the
register will retain the previous data. Data
inputs and clock enable inputs are fully
edge-triggered and must be stable only
one set-up time prior to the LOW-to-HIGH
clock transition.

The master reset input (MR) is an active
HIGH asynchronous input. When MR is

GND=0V; Tamp =25 °C;ty=t;=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VcG? x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

CL = output load capacitance in pF
Vce = supply voltage in V

2 (C x Vgc? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT173P:

16-lead DIL; plastic (SOT-38Z).

PC74HC/HCT173T: 16-lead mini-pack; plastic (S0-16; SOT-109A).

PIN DESCRIPTION

HIGH, all four flip-flops are reset (cleared) PIN NO. SYMBOL NAME AND FUNCTION
independently of any other input
condition. 1,2 OEq, OEp output enable input (active LOW)
The 3-state output buffers are controlled 34,56 Qg to Q3 3-state flip-flop outputs
by a 2-input NOR gate. When both output T } i
enable inputs (OEq and OE») are LOW, 7 cp clock input (LOW-to-HIGH, edge-triggered)
the data in the register is presented to the 8 GND ground (0 V)
Qp, outputs. When one or both OE, inputs 9,10 E1. Ep clock enable inputs (active LOW)
are HIGH, the outputs are forced to a high 413,12 11 D D data input
impedance OFF-state. The 3-state output 14,13,12, ptoD3 ata inputs ‘
buffers are completely independent of the 15 MR asynchronous master reset (active HIGH)
register operation; the 6_En transition does 16 Vee positive supply voltage
not affect the clock and reset operations.
o€ 1] U [16] Vee 9 &
10
@2 E E - 14 13 12 11 . c1
o [3] EDO 9 'B Po Dy B D3 1 ..
2
o] D 10—0
1 E 173 E 1 ; . 15 I5
Q2 E E D2 1 OE 1 1a
Oalz ED:‘ 2—o0l0E2 we 0o 01 0y 03 " 1D Vz
E
e E E _Z 7293637 15 :|4 l tls ar 2 -
GND [ 8 E] Ey u L
7293635 7293636
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT173

MSI
FUNCTION TABLE
INPUTS OUTPUTS
zfcp REGISTER OPERATING MODES —
14{Po %3 MR | CP | Eq| Ez | Dp | Qp (register)
1] FF1 G114 reset (clear) H X | X | X | X L
12|P2 to Qs
1P e 9le L + | | [ L
parallel load L 4 | | H
L X h X X an
) hold (no change) L X X h X an
1G]
10]E
15 | 3.STATE BUFFER INPUTS OUTPUTS
1]0F4 OPERATING MODES . == | ==
2% Qp, (register) | OEq| OE2 | Qp | Q9| Q2| Q3
L L L L (L |L L
7293638 read H L L Hln|n |~
Fig. 4 Functional diagram. : X H X 1Z 1z |Z |z
disabled X X H zlz 1z |z
H = HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L = LOW voltage level
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
q = lower case letters indicate the state of the referenced input (or output)
one set-up time prior to the LOW-to-HIGH CP transition
X = don’t care
Z = high impedance OFF-state
1 = LOW-to-HIGH CP transition

e et

Do Dy

D, D3

%

|

cP FF1 cP FF2 cP FF3 CcP FF4
Q - o ah
Rp i Rp Rﬁ? R$
Qo Qq Q 7203642 A3

Fig. 5 Logic diagram.
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Quad D-type flip-flop; positive-edge trigger; 3-state

PC74HC/HCT173

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMQS family characteristics”’, section “Family specifications”.

Output capability: bus driver
I category: MSI

AC CHARACTERISTICS FOR 74HC

GND =0 V; t,= t; =6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. | min. [ max.
) 225 280 340 2.0
\PHL/ | propagation delay 45 56 68 |ns |45 |Fig.6
PLH n 38 48 58 6.0
. 200 250 300 2.0
tPHL Propagation delay 0 50 60 |ns |45 |Fig.7
n 34 43 51 6.0
) 150 190 225 2.0
:PZH/ 3-65%1te to(;.utc;)ut enable time 30 38 5 ns 45 Fig. 8
PZL n n 26 33 38 6.0
' ) 150 190 225 2.0
:sz/ 3gt_éte :J;tc;)ut disable time 30 38 a5 ns 45 Fig. 8
PLZ n n 26 33 38 6.0
e/ 60 75 90 2.0
THL output transition time 12 15 18 ns 45 | Fig. 6
t
TLH 10 13 15 6.0
) 100 125 150 2.0
tw clack pulse Wi 20 25 30 ns | 45 | Fig.6
17 21 26 6.0
80 100 120 2.0
w master reset pulse 16 20 24 ns | 45 | Fig.7
; 14 17 20 6.0
trem removal time I 3 ;;o Ny Fig. 7
° 13 16 19 6.0
) 125 155 190 20
tey iy 25 31 38 ns 45 | Fig.9
n 21 26 32 6.0
setup time 100 125 150" 2.0
t - 20 25 30 ns 45 | Fig. 9
su Dp to CP 17 21 26 6.0
. 0 0 0 2.0
hold time :
th = 0 0 0 ns 4.5 Fig. 9
En toCP 0 0 0 6.0
) 0 0 0 2.0
hold time :
th 0 0 0 ns 4.5 | Fig.9
Dn to CP 0 0 0 6.0
) 5 4 3 2.0
fmax maximur clock pulse 25 20 17 MHz | 45 | Fig.6
quency 30 24 20 6.0
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PC74HC/HCT173

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications”.

OQutput capability: bus driver

Icc category

: MsI

Note to HCT types

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
OE4, OEz| 1.00
MR, CP - | 0.50
£, E, |02
Dn 0.25

AC CHARACTERISTICS FOR 74HCT

GND =0 V;t,= t =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40to +125 Y]
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tPLH CPtoQp 43 54 65 ns 45 | Fig.6
propagation delay .
tPHL MR to O 40 50 60 | ns 45 | Fig.7
tpzH/ 3-state output enable time )
tpzL OF, toQ, 35 44 53 ns 45 Fig. 8
tpHz/ 3-state output disable time )
tpLz OE,, to Qp 30 38 45 ns 4.5 Fig. 8
g'::_-'/ output transition time 12 15 19 ns 45 Fig. 6
tw clack pulse wieth 25 31 38 ns | 45 | Fig.6
W mastor roset pulse 15 19 2 ns | 45 | Fig.7
trem rooval U 15 19 2 ns | 45 | Fig.7
set-up time .
tsy E, toCP 30 38 45 ns 45 Fig. 9
set-up time .
tu Dp to CP 25 31 38 ns 45 | Fig.9
hold time .
th E, toCP 0 ] 0 ns 45 | Fig.9
hold time :
th Dp, to CP 0 0 0 ns 45 Fig. 9
fmax | T clockpulse | 20 16 13 MHz | 45 | Fig.6
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Quad D-type flip-flop; positive-edge trigger; 3-state

PC74HC/HCT173

Mmsi

AC WAVEFORMS

CP INPUT

Q, ouTPUT

7293640

Fig. 6 Waveforms showing the clock (CP) to output (Qp)
propagation delays, the clock pulse width, the output
transition times and the maximum clock puise frequency.

MR INPUT

CP INPUT

Q, OUTPUT m

7293641

Fig. 7 Waveforms showing the master reset (MR) pulse width,

the master reset to output (Qy,) propagation delays and the
master reset to clock (CP) removal time.

OuTPUT
LOW-to-OFF
OFF-to- LOW

OUTPUT
HIGH -to-OFF
OFF-to-HIGH

7293838 enabled disabled enabled

Fig. 8 Waveforms showing the 3-state enable and disable
times.

D, INPUT

CP INPUT

7293781

Fig. 9 Waveforms showing the data set-up and hold times

from input (E,,, Dp) to clock (CP).

Note to AC waveforms
(1) HC : Vpq=50%; V| =GND to Vcc.
HCT: Vy=1.3V;V;=GND to 3V.

Note to Fig. 9

The shaded areas indicate when the input is permitted to
change for predictable output performance.
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PC74HC/HCT 174

MSI
HEX D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER
R
FEATURES TYPICAL
©® Six edge-triggered D-type flip-fiops SYMBOL PARAMETER CONDITIONS UNIT
® Asynchronous master reset HC HCT
® Qutput capability: standard tion del
A propagation delay
® g category: MSI tpHL/ CPto Qp _ 14 | 17 |ns
tPLH MR to Gy, CL=15pF 13 |17 |ns
GENERAL DESCRIPTION Vec=5V
The 74HC/HCT174 are high-speed Si-gate | |max maximum clock frequency 60 | 54 | Mhz
CMOS devices and are pin compatible with . .
low power Schottky TTL (LSTTL). They | ©! input capacitance 35 | 35 | pF
are specified in compliance with JEDEC T
power dissipation
standard no. 7. Cpp capacitance per flip-flop notes 1 and 2 17 17 pF

The 74HC/HCT 174 have six edge-triggered
D-type flip-flops with individual D inputs GND=0V:Tamp =25°C;ty=tf=6ns
and Q outputs. The common clock (CP)

and master reset (MR) inputs load and reset  Notes

(clear) all flip-flops simultaneously. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
The register is fully edge-triggered. The Pp = 2y 2 .
. s . D =CpD x Vec? x fi+ Z (CL x Vcc? x fo) where:
state of each D input, one set-up time prior
to the LOW—to—HI%H clock tranpsition,‘i)s fi = input frequency in MHz CL = output load capacitance in pF
transferred to the corresponding output of fo = output frequency in MHz Vce = supply voltage in V
the flip-flop. Z (CL x Vge? x fo) = sum of outputs
A LOW level on the MR input forces all 2. For HC _the condition is V| = GND to VcC
outputs LOW, independently of clock or For HCT the condition is V| =GND to Vcc — 1.5V
data '"p_“ts" o ORDERING INFORMATION/PACKAGE OUTLINES
The device is useful for applications PC74HC/HCT174P: 16-lead DIL; plastic (SOT-382).

requiring true outputs only and clock and 16, g . f 16 3
master reset inputs that are common 1o all PC74HC/HCT174T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

storage elements.

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
f'25'1 ;' 10, Qg to Qg flip-flop outputs
?34'12 " Dg to Dg data inputs
8 GND ground (0 V)
9 cpP clock input (LOW-to-HIGH, edge-triggered)
16 Vee positive supply voltage
wi] Y [@we e Lo
o [2] [15] a5 xfp
3 4 6 11 13 14
oo [3] los LT e 1
[} D Dg Dy Dz D3 Dy Dg 4
= 174 2] 9s—{ce o | —:"
Q Q, —_ ——
] 2] % 1—0l MR | 10
02 [] [11]°3 Qy @, 0, 03 Q4 Qg " >
a | 12
°2E E s 7293887 l l ! ||0 |'2 IIS B =
ano [8] (o] ce 7203858
7293656
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT174

MSI
3 4 [} 111 13
o D, D, D3 (N
o q D @ D a D a D a
cp FF cp FF e FF cp FF cp FF
Rp Rp Rp Rp Rp
9|cp 7 1
— I ] ]
1[wR Qg Q; Q, a3
7293661 2 5 7 10
Fig. 4 Functional diagram,
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODES
MR cpP Dy Q,
reset (clear) L X X L
load “1" H 1 h H
load 0" H + | L

H = HIGH voltage level

h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

L = LOW voltage level

| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition

X = don't care

t = LOW-to-HIGH CP transition

Fig. 5 Logic diagram.

7293660
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Hex D-type flip-flop with reset; positive-edge trigger PC74HC/HCT174

MsI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics’, section *’Family specifications’.
Output capability: standard
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf =6ns; C|_= 50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. [ max. | min. | max. | min. | max.
. 170 215 255 2.0
tPHL/ | propagation delay 34 43 51 |ns |45 |Fig.6
tPLH CPto Qn 29 37 43 6.0
o | Pt s RSN
MR to Qn 26 33 38 6.0
N / 75 95 110 20
tTHL output transition time 15 19 22 ns 45 Fig. 6
TLH 13 16 19 6.0
. 80 100 120 2.0
clock pulse width )
tw HIGH or LOW 12 fg gg ns g‘g Fig. 6
master reset pulse 80 100 120 20 .

w width; HIGH . 2 2 wooas | FieT
t removal time g g g . 3.2 o 7
rem . 2

MR to CP 5 5 5 6.0
set-up time 80 100 120 2.0

tsy 16 20 24 ns 45 Fig. 8
Dn to CP 14 17 20 6.0
. 5 5 5 2.0

th hold time 5 5 5 ns 45 |Fig8
CP to Dn 5 5 5 6.0

maximum clock pulse 6 5 4 2.0 .
fmax frequency gg gg 52 MHz gg Fie.®
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PC74HC/HCT174
msli

DC CHARACTERISTICS FOR 74HCT

For the DC characieristics see chapter “HCMOS family characteristics”, section *'Family specifications”’.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
Dn 0.25

cpP 1.30

MR 1.25

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=t;=6ns;C_= 50 pF

Tamb (°C) TEST CONDITIONS
’ 74HCT
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
: +25 —40 to +85 | —40to +125 Y,
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLH CPto O 40 50 60 ns 45 Fig. 6
propagation delay .
tPHL MR t0 Q, 40 50 60 ns 45 Fig. 7
tTHL/ output transition time 15 19 22 ns 4.5 Fig. 6
ITLH
clock pulse width R
tw HIGH or LOW 20 25 30 ns 45 Fig. 6
i master reset pulse .
tw width; HIGH 20 25 30 ns 45 Fig. 7
trem remaval time 12 15 18 ns | 45 |Fig7
set-up time .
tsu Dy, to CP 16 20 24 ns 45 Fig. 8
hold time .
th CPto Dy, 5 5 5 ns 45 Fig. 8
maximum clock pulse .
fmax frequency 25 20 17 MHz | 45 Fig. 6

112
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Hex D-type flip-flop with reset; positive-edge trigger

PC74HC/HCT174
. Msi

AC WAVEFORMS

CP INPUT

Q, OUTPUT

7293640

Fig. 6 Waveforms showing the clock (CP) to output (Qp)
propagation delays, the clock pulse width, the output
transition times and the maximum clock pulse frequency.

CP INPUT

Q, OUTPUT vy

7293659

Fig. 7 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Q,,) propagation delays and the
master reset to clock (CP) removal time.

CP INPUT

D, INPUT

Q, OUTPUT _—__/;Mu—)_—\—

7293142

Fig. 8 Waveforms showing the data set-up and hold times
for the data input (D).

Note to Fig. 8

The shaded areas indicate when the input is permitted to
change for predictable output performance.

Note to AC waveforms
(1) HC : Vp =50%; V| =GND to Vcc.
HCT: V\y=13V;V|=GND to3V.
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PC74HC/HCT182

MmSI
LOOK-AHEAD CARRY GENERATOR
FEATURES TYPICAL
® Provides carry look-ahead across a SYMBOL PARAMETER CONDITIONS UNIT
group of four ALU's HC HCT
® Muiti-level look-ahead for high-speed on del
arithmetic operation over long word oML/ p%op:ga_;lon elay 12 |15 ns
n =
length - tpLH Cn to any output SL 155‘:/’: 17 |22 |ns
® Qutput capability: standard Pnor Gn cc=
® I¢c category: MSI to any output 15 18 ns
GENERAL DESCRIPTION C input capacitance 35 | 35 pF
The 74HC/HCT 182 are high-speed power dissipation
Si-gate CMOS devices and are pin CpD capacitance per package notes 1.and 2 5 51 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in GND=0V; Tamb =25 °C;ty=t§=6ns
compliance with JEDEC standard no. 7. Notes
The 74HC/HCT182 carry look-ahead 1. : : 2 issipation (Pr in uW):
generstors accept up to four pairs of _ Cpp is used to detet;mlne the dynamic pozwer dissipation (Pp in uW)
active LOW carry propagate (Pg, P1, P2, PD =CpD x VCC? x fi + £ (CL x VCC® x fo) where:
P3) and carry generate (Gg, G1, G2, G3) fi = input frequency in MHz CL = output load capacitance in pF
signals and an active HIGH carry input fo = output frequency in MHz Ve = supply voltage in V
(Cr!). The devices_ provide anticipated Z (C| x Voe? x fo) = sum of outputs
active HIGH carries (Cp+x, Cn+y, Cn+2) 2. For HC the condition is V| = GND to VCC
across four groups of binary adders. For HCT the condition is V| = GND to Vgc — 1.5 V
The 182" also has active LOW carry
propagate (P) and carry generate (G) ORDERING INFORMATION/PACKAGE OUTLINES
outputs which may be used for further PC74HC/HCT182P: 16-lead DIL; plastic (SOT-382).

levels of look-ahead.
The logic equations provided at the

PC74HC/HCT182T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

outputs are: PIN DESCRIPTION
Cn+x =G0 +P0oCn
cn+y =G1+P1Go+P1PoCn PIN NO. SYMBOL NAME AND FUNCTION
C =G+ + + P2P1P, = =
_n+z G2 +P2G1 + P2P1Go + P2P1PoCn 3,1,14,5 Gp to G3 carry generate inputs (active LOW)
g :g&iﬁ2 +P3P2G1 +P3P2P1Go 4,2,15,6 Fo to 53 carry propagate inputs (active LOW)
= P3P2P1Po 7 P carry propagate output (active LOW)
The ""182" can also be used with binary d {0V
ALU’s in an active LOW or active HIGH 8 GND groun- ov)
input operand mode. The connections to 9 Ch+z function output
and from the ALU to the carry look-ahead 10 G carry generate output (active LOW)
generator are identical in both cases. 1 Cn+y function output
12 Cn+x function output
13 Ch carry input (active HIGH)
16 Vee positive supply voltage
_ U A cpp PC
&[] [16] Vee 205 cpy h7
- . T P cP
#1[2] 1] P2 4 3 2 1 156 14 6 5 TN S
&3] 1] 5 bbdbdddé
- Po Go Py Gy Py Gy Py Gg 3n
P ey [ ao-ro o
&[5} [77] G 1% olom? une cafs2
P3 E E] Chay Cr_\|+x Cnloy cn'ﬂ JTN Y 12
7] E g 12 1 9 7293770 2, z:? E
GND E 9] Cnse coz |-~
7203769 7293771
Fig. 1 Pin configuration, Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT182

MSI
5
_AJ.__DQ
5 -
.l__‘o o—F217
2
sl
2
£33 4 _
_ o810
3|% o
—_
1]S1
1=
14 Gz:
-a
c
5183, cmx 12
n+yln
131%h o Corzlo
7293772
Fig. 4 Functional diagram.

S G P & PR G P Gy Py
)|
L - Ll i ty_) _U s..].
Chtx Cn+z G 7203773

Fig. 5 Logic diagram.
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PC74HC/HCT182
msi

A

Look-ahead carry generator

FUNCTION TABLE

" IITTa
1] IXIIT Jdddd
N
2|t
Slo da4a4 TITT
a.
5| »
o c
S JaaTTT
x
X
c
[$) P [ Bu e of
™
1o IXXX Xodedeo | XXXT
d
] ITITT axXXX
o IXXX XAddd|XIXX XXadod|XXIXa
N
o) TITIT XXX |XIIT XaXX
(2]
-
2| IXXXdd [ XTXX XXa4[XXIX XXXd|XIXXa
2
) TITOXX | XTIT XAXX|XXIT XXX
] IXXa | XITXXXa | XXTX XXX IXXXJ
o
IO TTaAX | XTTXAX | XXTT XXaX| XXXIT XXX
Sl XaXIT | XXaXXT | XXXa XXXIT

= HIGH voltage level
LOW voltage level
don’t care

H
L=

X=

W ﬁ)ctober 1985 117




PC74HC/HCT182

MS!

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “"HCMOS family characteristics’, section *’Family specifications”.

Output capability: standard
lce category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V; ty=tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT. | Vge | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min, | typ. | max. | min. | max. | min. | max.
. 1 5 2.0
tPHL/ | propagation delay % 3 % ns |45 | Fig.6
tPLH PotoP 2 28 33 6.0
. 17 215 .0
tPLH Cp, to any output 29 37 43 6.0
oL/ propagation delay 165 195 235 2.0
PHL Pnor Gn 31 39 47 ns |45 | Fig.6
PLH 10 any output 26 33 40 6.0
¢ / 75 95 110 2.0
THL output transition time 15 19 22 ns 45 | Fig.6
tTLH 13 16 19 6.0
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Look-ahead carry generator

PC74HC/HCT182

MSI
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “"HCMOS family characteristics”, section ’Family specifications”.
Output capability: standard
Icc category: MSI
Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.
INPUT UNIT LOAD
COEFFICIENT
Go, G1,Po, P1,P2 1.50
Gz _ 0.30
G2,P3,Cn 1.25
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
tPHL/ propagation delay .
tpLA PntoP 31 39 47 ns 45 Fig. 6
tPHL/ | propagation delay 45 56 68 ns |45 | Fig.6
PLH Cn to any output
propagation delay
tPHL/ Pp or Cn 38 48 57 ns |45 | Fig.6
tPLH to any output
tTHL/ output transition time 15 19 22 ns 4.5 Fig. 6
TLH
AC WAVEFORMS
P..Ch. G,

INPUT

ANY
QUTPUT

7293774

THL>! -

> ety

Fig. 6 Waveforms showing the input (P, Cp, Gp) to
any output propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : Vpp=50%; V| = GND to V.
HCT: Vy=13V;V|=GND to 3V.
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PC74HC7266

QUAD 2-INPUT EXCLUSIVE-NOR GATE

FEATURES

o Output capability: standard
® | category: SS|

GENERAL DESCRIPTION

The 74HC7266 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7.

The 74HC7266 provide the
EXCLUSIVE-NOR function with active
push-pull output.

SSI
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC

tpHL/ propagation delay C_=15pF 1 ns

tPLH nA, nB tonY Vee=5V

Cy input capacitance 3.5 pF

power dissipation ) - T

Crp capacitance per gate note 1 18 pF
GND=0V;Tamp=25°C;t,=t;=6ns
Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):

PD=CpD x VgC® x fi+Z (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

ol

fo = output frequency in MHz vece
2 (CL x Vgg? x fg) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to V¢ — 1.5 V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC7266P: 14-lead DIL; plastic (SOT-27).
PC74HC7266T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,5,8,12 1A to 4A data inputs

2,6,9,13 1Bto4B data inputs

3,4,10, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

] U Evcc
182} EAB
1w [5] :1__2_]4A
av[a] 7266 [11]4v
2a 5] [10] av
28 6| [9] 38
anp [7 ] 5]3a

7293388

Fig. 1 Pin configuration.

4

A

5
® >
;
=<
[
Il T
4

il o
e
® >

E
5 I;
A

7293389 7293390

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC7266

SSI
FUNCTION TABLE
INPUTS OUTPUT
LI T
2 )) do2 nA nB 5%
A
5 |2A
—:)j >ozv | 4 ¥ L L H
Lo : I I L
8 3A 7293391
oo J] Dotrie H H H
12 |4A
- av| 1 H = HIGH voltage level
e )] Dot L = LOW voltage level

Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).
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Quad 2-input EXCLUSIVE-NOR gate PC74HC7266

SSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter *“HCMOS family characteristics”, section “Family sbécifications”,
Output capability: standard
Icc category: SSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —-40to +85 | —40 to +125 v
min, | typ. | max. | min. | max. | min, | max.
tpHL/ propagation delay ;‘2,'0 ;go ;go ns ig Fig. 6
tPLH nA, nB to n¥ 20 2 31 6.0 '
¢ / 75 95 110 2.0
tTH'— output transition time 15 19 22 ns 45 Fig. 6
TLH 13 16 19 6.0
AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7293633

Fig. 6 Waveforms showing the input (nA, nB)
to output (nY) propagation delays and the Note to AC waveforms
output transition times. (1) HC : Vi = 50%; V| =GND to Ve

HCT: V= 1.3V; V| = GND to 3V.
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PC74HC/HCT365

MmSl

HEX BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Non-inverting outputs SYMBOL PARAMETER CONDITIONS UNIT
® Output capability : bus driver He HeT
L] :

Icc category: MSI tPHL/ propagation delay CL=15pF 8 1 ns

tp; nA tonY vVee =5

GENERAL DESCRIPTION PLH on cc=5v
The 74HC/HCT365 are high-speed C input capacitance 35 | 35 | pF
Si-gate CMOS devices and are pin o
compatible with low power Schottky CPD pgav;ea';:zitlasz?eag:rnbuffer notes 1 and 2 32 30 pF
TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7.
The 74HC/HCT365 are hex non-inverting
buffer/line drivers with 3-state outputs.
The 3-state outputs (nY) are controlled by
the output enable inputs (OE 1, OE3).

A HIGH on OE,, causes the outputs to
assume a high impedance OF F-state.

The *365" is identical to the 366" but
has non-inverting outputs.

GND=0V; Tamp=259C;tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW)
PD=CpDp x Vge? x fi+ = (CL x Vec? x fo) where:

fi = input frequency in MHz CL =
fo = output frequency in MHz vVee =
2 (CL x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC

For HCT the condition is V|

=GND to VGG — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT365P:
PC74HC/HCT365T:

PIN DESCRIPTION

16-lead DIL; plastic (SOT-382).
16-lead mini-pack; plastic (SO-16; SOT-109A).

output load capacitance in pF
supply voltage in V

oEq[1] U [16] vee
1a[2] [15] OF,
1 [3] [14] 6
2n[4] [13] 6
2v 5] 3es [12] 5a
3a[s] [11] 5v
3vrﬂ [10] 4
ano [ 0] av

7293672

Fig. 1 Pin configuration.

Lﬁﬂ.

7293680

Fig. 2 Logic symbol.

PIN NO. SYMBOL NAME AND FUNCTION
1,15 OE,, OEy output enable inputs (active LOW)
f;f’ 6,10,12, 1A to 6A data inputs
:1355' 7.9, 11, 1Y to 6Y data outputs
8 GND ground (0 V)
16 Vee positive supply voltage
2 1A 1Y 3

333

H |.., Ia lm |; I»

l"ﬂ'l

Fig. 3 1EC logic symbol.

7293876
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PC74HC/HCT365

MSI

Joo

o
w
>
w N -
< < <
~

G
3
>
I
2
©

Al

14 e v 13

|3 |-
[=]

m

N

7293681

Fig. 4 Functional diagram.

FUNCTION TABLE
INPUTS OUTPUT
OF, OE2 | nA nY
L L L L
L L H H
X H X z
H X X z

H = HIGH voltage level
L = LOW voltage level
X = don’t care

Z = high impedance OFF-state

ONE BUFFER/LINE DRIVER

B g R

E B BB
T 11

T1

SIX IDENTICAL CIRCUITS

Fig. 5 Logic diagram.

7293861
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Hex buffer/line driver; 3-state PC74HC/HCT365

MmSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications’’.
Output capability: bus driver
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min. | typ. | max. | min.| max. |min. | max.
. 110 140 165 2.0
tPHL/ propagation delay 22 28 33 ns 45 | Fig.6
tPLH nAtonY 19 24 28 6.0
. 22 20
tPzH/ 3-state output enable time :1330 ;20 455 ns 25 | Fig.7
PzL OEntony 26 33 38 6.0
.0
tPHZ/ 3-state output disable time :1380 :1330 355 ns ‘2‘.5 Fig. 7
tPLZ OEntony 26 33 38 6.0
60 75 90 20
tTTHL/ output transition time 12 15 18 ns 45 | Fig. 6
tTLH 10 13 15 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics”, section "’Family specifications’’.

Output capability : bus driver
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
OE, 1.00

OE, 0.90

nA 1.00
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PC74HC/HCT365
Msi

AC CHARACTERISTICS FOR 74HCT
GND=0V; tr=tf=6ns; C|_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \'%
min.| typ.| max.| min.| max.| min. | max.
tPHL/ propagation delay .
tpLH nA to nY 25 31 38 ns 45 | Fig. 6
tpzH/ 3-state output enable time .
tpzL OE,, tonY 35 44 53 ns 45 | Fig.7
tpHZ/ 3-state output disable time .
tpLZ OEp, to nY 35 44 53 ns 45 | Fig.7
tTHL/ output transition time 12 15 18 ns 45 | Fig.6
TLH
AC WAVEFORMS
ﬁn
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF-to-LOW
nY OUTPUT
OUTPUT
el e e

Fig. 6 Waveforms showing the input (nA)
to output (nY) propagation delays and
the output transition times.

outputs —ple— outputs —___,.|e— outputs

7293691 enabled disabled enabled

Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : V\=50%; V| = GND to Vcc.
HCT: VM =1.3V;V|=GNDto3V.
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PC74HC/HCT366

MS|

HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING
FEATURES TYPICAL
@ |nverting outputs SYMBOL PARAMETER CONDITIONS UNIT
® Output capability: bus driver HC HCT
[ :

Icc category: MS tPHL/ propagation delay CL=15pF 10 12 ns

t Vee =

GENERAL DESCRIPTION PLH nAtony cc=sv
The 74HC/HCT366 are high-speed C input capacitance 35 | 35 | pF
Si-gate CMOS devices and are pin
compatible with low power Schottky power dissipation
TTL (LSTTL). They are specified in CeD capacitance per buffer notestand2 30, | 31 | pF

compliance with JEDEC standard no. 7.
The 74HC/HCT366 are hex inverting

buffer/line drivers with 3-state outputs.
The 3-state outputs (nY) are controlled

by the output enable inputs (OE 4, OE3).

A HIGH on OE, causes the outputs to
assume a high impedance OF F-state.
The ““366" is identical to the 365" but
has inverting outputs.

GND =0V; Tamb =25 °C; t, = tf =6 ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD =CpD x VCC? x fi + Z (CL x VCG® x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
2 (C x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to Vcc
For HCT the condition is V| = GND to V¢cc — 1.6 V

W

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT366P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT366T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,15 OE,, OE5 output enable inputs (active LOW)
3;‘4’ 6,10,12, 1A to 6A data inputs

:1;'35’ 79,11, 1Y to6Y data outputs

o [1] U [16] vee
1a[2] ECTEz
v [3] 6A
2a(4 13] 6V
_E 366
2v[5] 5A
a6 1] 57
v[7] [10] aA
ano 8] [9] 4%

7293673

Fig. 1 Pin configuration.

8 GND ground (0 V)
16 Vee positive supply voltage
PRL 1Y N
4

1048 v =
3 - 2] T3
12&.£°ﬂ11 4 N5
- 6 7
67 —= IS0
- 10 Ao
o 12 K11
14 L.13

7293682 7293677

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT366
MSi

FUNCTION TABLE

INPUTS OUTPUT
OE4 OEz | nA nY
2[1A ’_1,_?>° 1|3 L L L H
4]2a 2¥|s ;-( |I:| Q IZ-
6]3A 3v|7 H X X z
B H = HIGH voltage level
10 Jan av9 L = LOW voltage level
- X = don't care
12[5A o—5Yl11 Z = high impedance OF F-state
| 3
14 |6A ,l> 6Y]13
_ 4
_1|0E,
15 [0y

7293683

Fig. 4 Functional diagram.

ONE BUFFER/LINE DRIVER Vee

_1F
-

GND

SIX IDENTICAL CIRCUITS 7293852

Fig. 5 Logic diagram.
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Hex buffer/line driver; 3-state; inverting PC74HC/HCT366

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics”, section ""Family specifications’’.
OQutput capability: bus driver
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;ty=tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER 1 UNIT| Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 v

min. | typ.| max.| min.| max. | min. | max.

125 155 190 20

tPHL/ | propagation delay 25 31 38 ns | 45 |Fig.6
tPLH nAtony 21 2% 32 6.0
tpzH/ 3-state output enable time :1330 ;go igs ns ig Fig. 7
PzZL OEn tonY 26 33 38 6.0
tPHZ/ 3-state output disable time ;560 ;go igs ns ig Fig.7
Lz OEntonY 26 33 38 6.0

/ 60 75 90 2.0
THL output transition time 12 15 18 ns 45 | Fig.6
tTLH 10 13 15 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics’’, section ““Family specifications’.

Output capability: bus driver
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is giver{ in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
@1 1.00
OF, 0.90
nA 1.00
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PC74HC/HCT366

MSi

AC CHARACTERISTICS FOR 74HCT
GND=0V; t,=tf=6ns; C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT| Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
tPHL/ propagation delay .
LA nA 1o nY 30 38 45 ns 45 | Fig. 6
tpzH/ 3-state output enable time \ B
tpz| OEn tonY 35 44 53 ns 45 | Fig.7
tpHZ/ 3:state output disable time .
tpLz OEp to nY 35 44 53 ns 45 | Fig. 7
:'1[":"1*-’ output transition time 12 15 18 ns | 45 |Fig.6
AC WAVEFORMS
O_En
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF-to- LOW
n¥ OUTPUT
OUTPUT
B e ore

Fig. 6 Waveforms showing the input (nA)
to output (nY) propagation delays and
the output transition times.

enabled

7293691 disabled enabled

Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : VM =50%; V| =GND to V¢e.
HCT: VM =13V;V|=GNDto3V.
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PC74HC/HCT367

MSI
HEX BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Non-inverting outputs SYMBOL | PARAMETER CONDITIONS UNIT
® Output capability: bus driver He Het
® Icc category: MSI tpHL/ propagation delay CL=15pF 8 1 ns
1] nAtonY Vee=5V
GENERAL DESCRIPTION PLH s
The 74HC/HCT367 are high-speed G input capacitance 35| 35 | pF
Si-gate CMOS devices and are pin L
h f dissipation
compatible with low power Schottky CpD power ¢ notes 1 and 2 32 33 pF
TTL(LSTTL). They are specified in capacitance per buffer

compliance with JEDEC standard no. 7.
The 74HC/HCT367 are hex non-inverting
buffer/line drivers with 3-state outputs.
The 3-state outputs (nY) are controlled
by the output enable inputs (10E, 20E).
A HIGH on nDOE causes the outputs to
assume a high impedance OF F-state.

The “367" is identical to the 368" but
has non-inverting outputs.

GND=0V; Tamp=259C; ty=tf=6ns

Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC? x fi+ 2 (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
Z (CL x Vgg? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT367P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT367T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

108 [1 ] J [16] Vee
1a[Z] [15] 258
1w [3] [12] 6
2a[a [13] 6v
ZVE 367 [12] 5A
JAE [11] sv
av[7] [10] 4a
GNDE (9] av

7293674

Fig. 1 Pin configuration.

PIN NO. SYMBOL NAME AND FUNCTION
1,15 10E, 20E output enable inputs (active LOW)
324’ 610,12, 1A to 6A data inputs
?&5’ 79,11, 1Y to 6Y data outputs
8 GND ground (0 V)
16 Vee positive supply voltage
N en
[
2] V3
4 1 5
8 | L7
10| | o
12 5A 5Y BNen
14 8A 8Y 15 >
12 11
_ - vi—
15 20E 14| 13
7293684 7293678
Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT367
msli

FUNCTION TABLE
INPUTS OUTPUTS
2f1a MER nOE nA ny
L L L
4]2A 1/[} 2v|s v L L
H X z
613A | I\ 3Y]|7
10{4a av]e H = HIGH voltage level
— L = LOW voltage level
O X = don't care
{108 Z = high impedance OFF-state

121sa N, syin

14ea 6v |13

7293685

Fig. 4 Functional diagram.

ONE BUFFER/LINE DRIVER
Vee
D e e
i_"_V
10E :ﬂ
GND
2A 2y
3A -1 ay
aA )" ™
A [ — e e e — ]
208 [5v
[ -
SIX IDENTICAL CIRCUITS 7203853

Fig. 5 Logic diagram.
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Hex buffer/line driver; 3-state PC74HC/HCT367

MSH
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics’’, section "'Family specifications’”.
Qutput capability: bus driver
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0 V; t = tf=6ns; C|_ =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \Y
min. | typ. | max. | min.| max. | min. | max.
. 110 140 165 2.0
tPHL/ propagation delay 22 28 33 ns 45 | Fig. 6
tPLH nA tonY 23 24 28 6.0
tpzH/ 3-state output enable time ;go ;20 42125 ns ‘2‘2 Fig. 7
tpZL nOE to nY 2 33 38 6.0
tpHZ/ 3-state output disable time ;;5 ﬁo ggs ns ig Fig. 7
PLZ nOE to n¥ 30 37 5 6.0
/ 60 75 20 2.0
ITHL output transition time 12 15 18 ns 45 | Fig. 6
tTLH 10 13 15 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics’’, section "’Family specifications”.

Output capability: bus driver
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is givenin the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
10E 1.00
20E 0.90
nA 1.00
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PC74HC/HCT367
MSI

AC CHARACTERISTICS FOR 74HCT
GND=0V;ty=tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT| Vcc | WAVEFORMS
+25 —40 to + 85 | —40 to +125 \
min. | typ. | max. | min. | max. |[min. | max.
tPHL/ propagation delay
tPLH nAto nY 25 31 38 ns 45 | Fig.6
tpzH/ 3-state output enable time
tpzL nOE to nY 35 44 53 ns 45 | Fig.7
tpHz/ 3-state output disable time
tpLz nOE to nY 35 44 53 ns 45 | Fig. 7.
ITHL/ output transition time 12 i
tTLH 15 18 ns 45 | Fig.6
AC WAVEFORMS
nOE
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF-to- LOW
nY OUTPUT
OUTPUT
7293690 HIGH-to-OFF
OFF-to-HIGH
outputs —ple— outputs | outputs
7293688 enabled disabled enabled
Fig. 6 Waveforms showing the input (nA) Fig. 7 Waveforms showing the 3-state enable
to output (nY) propagation delays and and disable times.
the output transition times.

Note to AC waveforms
(1) HC : VM =50%; V| = GND to V¢c.
HCT: Vm=13V;V|=GNDto3V.
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PC74HC/HCT368

MSI
HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING
FEATURES TYPICAL
® |nverting outputs SYMBOL | PARAMETER CONDITIONS UNIT
® Output capability: bus driver HC HCT
o . -
Icc category: MSI tpHL/ propagation delay CL=15pF 8 9 ns
tPPLH nA to nY Vee=5V
GENERAL DESCRIPTION - -
Cy input capacitance 35 3.5 pF
The 74HC/HCT368 are high-speed
Si-gate CMOS devices and are pin power dissipation
compatible with low power Schottky CpD capacitance per buffer notes 1and 2 30 30 pF

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.
The 74HC/HCT368 are hex inverting
buffer/line drivers with 3-state outputs.
The 3-state outputs (nY) are controlled

by the output enable inputs (10E, 20E).

A HIGH on nOE causes the outputs to
assume a high impedance OF F-state.

The *“368" is identical to the “367" but
has inverting outputs.

GND=0V; Tamp=250°C;ty=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =Cpp x Vce? x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

2 (CL x Vgi? x fo) = sum of outputs

CL =
Vce

[

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| =GND toVgc — 15V

output load capacitance in pF
supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT368P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT368T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,15 10E, 20E output enable inputs (active LOW)
%;4’ 6,10, 12, 1A to 6A data inputs

?55, 791, |4y to 6Y data outputs

8 GND ground (0 V)

16 Vece positive supply voltage

108 [1] 9) [16] Ve
1a[2] 15] 208
17 [3] [14] 6a
2a[4] [13] 67
2v[5 ] 368 12] 5A
3a[&] [11] 5v
3v 7] [10] 4a
ono 8] (947

7293675

Fig. 1 Pin configuration.

7293686

Fig. 2 Logic symbol.

>
2 3
*H 4
4 NS
] N7
10 N9
15 EN

>
12 v N1
14 13

7293679

Fig. 3 1EC logic symbol.
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PC74HC/HCT368
MSI

FUNCTION TABLE
INPUTS OUTPUTS
2|ia s nOE nA nY
H
af2a Dc 2Y|s t ::‘ L
L H X z
6{3a | N~ 3717 .
'—l{ . H = HIGH voltage level
10}4a jI>¢ 4¥lo L = LOW voltage level
X =don’t care
_1]10E [_;; Z = high impedance OF F-state
12]5a N4 5Y |11
|2
14 |6A 6Y |13
15| 208
7293687
Fig. 4 Functional diagram.

ONE BUFFER/LINE DRIVER
Vee

DD e Do

+

GND

2 |2¥

3A 32

0 54

w F—_————

o pamu— 5Y
20E —
BA 6y

SIX IDENTICAL CIRCUITS 7293854

Fig. 5 Logic diagram.
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Hex buffer/line driver; 3-state; inverting PC74HC/HCT368

MsI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics”, section “’Family specifications”.
Output capability: bus driver
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0V; t, =tf=6ns; C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT| Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 | - \"
min. | typ.| max. | min. | max. | min. | max.
: 95 120 145 2.0
tPHL/ propagation delay 19 24 29 ns 45 | Fig.6
tPLH nA tonY 16 20 25 6.0
. 1 225 20
tpzZH/ 3-state output enable time ;go 320 4§ ns 45 | Fig.7
tPZL nOE to nY 26 33 38 6.0
. . 150 190 225 20
tpHZ/ 3-state output disable time 30 8 5 ns 45 | Fig.7
PLZ ROEto n¥ 26 33 38 6.0
60 75 90 20 )
tTHU output transition time 12 15 18 ns 45 | Fig. 6
TTLH 10 13 15 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics’’, section "“Family specifications’’.

Output capability: bus driver
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Al cc) for a unit load of 1 is given in the family specifications.
Todetermine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
10 1.00

20E 0.90

nA 1.00
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PC74HC/HCT368
MSI

AC CHARACTERISTICS FOR 74HCT
GND =0V; ty =tf=6ns; C|_ =50 pF

7203889

Fig. 6 Waveforms showing the input (nA)
to output (nY) propagation delays and
the output transition times.

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min. | typ. | max. | min. [ max. | min. | max.

tPHL/ propagation delay .

tPLH nA to nY 25 31 38 ns 45 | Fig. 6

tpzZH/ 3-state output enable time .

tpzL nOE to nY 35 44 53 ns 45 | Fig.7

tpHZ/ 3-state output disable time :

tpLz nOE to nY 35 44 53 ns 45 | Fig. 7

t

t;[{'_l;/ output transition time 12 15 18 ns 45 | Fig. 6

AC WAVEFORMS

L
nOE
INPUT
nA INPUT
ouTPUT
LOW-to-OFF
OFF-to-LOW
n¥Y OUTPUT

ouTPUT
HIGH- to-OFF
OFF-to-HIGH

outpUts —ple— OUtpUts e outputs

7203888 enabled disabled = enabled

Fig. 7 Waveforms showing the 3-state enable
and disable-times.

Note to AC waveforms

(1) HC

: VM =50%; V| = GND to Vcc.

HCT: V=13V;V|=GNDto3V.
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PC74HC/HCT390

MSI
DUAL DECADE RIPPLE COUNTER
FEATURES
— TYPICAL
® Two BCD decade or bi-quinary SYMBOL | PARAMETER CONDITIONS uNIT
counters HC | HCT
® One package can be configured
to divide-by-2, 4, 5, 10, 20, 25, propagation delay
50 or 100 "go to Qg 14 | 17 |ns
® Two master reset inputs to clear tpuL/ :(_:151 :g :81 Cy = 15 pF ;? ;g ::
each decade counter individually tPLH nEF: to nog Vlé c=5V 15 18 ns
® Qutput capability: standard nCPq to nQa 32 39 ns
® |cc category: MSI MR to Q 16 18 ns
i lock fi
GENERAL DESCRIPTION fmax g Gy e 58 | 58 | MHz
The 74HC/HCT390 are high-speed R K
Si-gate CMOS devices and are pin G input capacitance 35] 35 | pF
compatible with low power Schottky .
(P dissipation
TTL (LSTTL). They are specified in Cpp power at notes 1 and 2 21 22 pF
compliance with JEDEC standard no. 7. Capacitance per counter
The 74HC/HCT390 are dual 4-bit GND=0V;Tymp=25°C;ty=t;=6ns
decade ripple counters divided into four
separately clocked sections. The counters Notes
have two divide-by-2 sections and two
divide-by-5 sections. These sections are 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
normally used in a BCD decade or PD=Cpp x Vgc? x fi+ Z (CL x VCG? x fo) where:
bl-guur:;yn ‘::nft'g:_":at'?' smﬁ;&eg)share fi = input frequency in MHz CL = output load capacitance in pF
acom aster reset inpu y fo = output frequency in MHz Vce = supply voltage in V
If the two master reset inputs (1MR and $(Cy x Var? x f.) = sum of outputs
2MR) are used to simultaneously clear L X VCC™ X 1ol = 3U P
all 8 bits of the counter, a number of 2. For HC _the condition is V| = GND to VcC
counting configurations are possible For HCT the condition is V| =GND toVgcc — 15V
wié_l;in one p%(’:skage. The separate clocks
(nCPg and nCP1) of each section allow
ripplé counter or frequency division ORDERING INFORMATION/PACKAGE OUTLINES
applications of divide-by-2, 4, 5, 10, 20, PC74HC/HCT390P: 16-lead DIL; plastic (SOT-382).
25, 50 or 100. PC74HC/HCT390T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
(continued on next page)
2 o
‘C_"o,I U 7] Vec an, owv2 3
1R [2] 15] 2CPg 1,16 —o|ncry 2 an) DN'; o —:
+ | 6
19, [3] [14] 2mR nQot— 3,13 AR
1%% E E 200 "R CTR
390 _ % _ler-0
10, 5] [12] €7, -
4,12 ncPy ¥5 nagbog g
10, 6] [11] 204 Y 1B, oiv2 13
103 7] E 20, 214 MR nagf— 7:9 \ owvs (o] 1
TN | 10
ono 2] [9]20 72937761 ! CT{Z =N
7293775 7293777
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT390

Msi

118 [0 _|
+2 nQp|3,13
COUNTER
—
4,12|nCPy d nQ|s,11
5 nQsle, 10
2,14 {nMR COUNTER  Inaglq9
7283778
Fig. 4 Functional diagram.
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,16 1§P0, ZCF‘O clock input divide-by-2 section (HIGH-to-LOW,
edge-triggered)
2,14 1MR, 2MR asynchronous master reset inputs (active HIGH)
3,6,6,7 1Qg to 103 flip-flop outputs
4,12 1CPq, 2CPq clock input divide-by-5 section (HIGH-to-LOW,
edge triggered)

8 GND ground (O V)
13,11,10,9 2Qq to 2Q3 flip-flop outputs
16 Vee positive supply voltage

BCD COUNT SEQUENCE FOR

1/2 THE ""390"

BI-QUINARY COUNT SEQUENCE
FOR 1/2 THE ""390"

OUTPUTS OUTPUTS
COUNT COUNT
Q| Q1| Q2 | Q3 Q| 09| Q2 | Q3
0 L L L L 0 L L L L
1 H L L L 1 L H L L
2 L H | L L 2 L L H L
3 H H L L 3 L H H L
4 L L H L 4 L L L H
5 H L H L 5 H L L L
6 L H H L 6 H H L L
7 H H H L 7 H L H L
8 L L L H 8 H H H L
9 H L L H 9 H L L H
Note Note

Output Qg connected to nCPq with
counter input on nCPQ.

H = HIGH voltage level
L = LOW voltage level

Output Q3 connected to nCPq with

counter input on nCPy.

GENERAL DESCRIPTION (Cont'd.)

Each section is triggered by the HIGH-to-
LOW transition of the clock inputs
(nCPq and nCP1).

For BCD decade operation, the nQqg
output is connected to the nCPq input of
the divide-by-5 section. For bi-quinary
decade operation, the nQ3 output is
connected to the nCPg input and nQq
becomes the decade output.

The master reset inputs (1MR and 2MR)
are active HIGH asynchronous inputs to
each decade counter which operates on
the portion of the counter identified by
the 1"’ and 2" prefixes in the pin
configuration. A HIGH level on the nMR
input overrides the clocks and sets the
four outputs LOW.
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Dual decade ripple counter

PC74HC/HCT390

MSI

3 |

T

Q4

Y

Q2

7293779

Q3

Fig. 5 Logic diagram
(one counter).
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PC74HC/HCT390

msl

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section *’Family specifications”’.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40t0 +85 | —40t0+125 v
min, [typ.| max. | min. | max. | min. | max.
) 4 1 220 2.0
PHL/ | propagation delay ;95 320 44 |ns | 45 | Fig.6
tPLH nCPg to nQg 25 31 38 6.0
. 2 2
tPHL/ | Propagation delay ;?5 335 pEal 4.g Fig. 6
tPLH nCPy tonQy 26 a3 40 6.0
) 1 )
tPLH nCP1 to nQp 36 45 54 6.0
) 1 1 2 2.0
tPHL/ | propagation delay 3?5 335 = ns 45 | Fig.6
PLH nCP1 tonQ3 26 33 40 6.0
] 1 205 25 20
tPHL/ | propagation delay b 41 o e |39 Fig. 7
PLH MR to nQn 28 35 43 6.0
- 75 95 110 2.0
THL output transition time 15 19 22 |ns 45 | Fig.6
TLH 13 16 19 6.0
) 90 115 135 2.0
W °’°:§p°“':%‘g'd‘h 18 23 27 ns 45 | Fig.6
0. Nt 15 20 23 6.0
master reset pulse width ;go ;gs ;30 ns ‘Z‘g Fig. 7
w nMR : 9:
17 21 26 6.0
) 75 95 110 2.0
removal time
trem 15 19 22 ns 45 | Fig.7
nMR to nCPp 13 16 19 6.0
maximum clock pulse 5 4 4 2.0
fmax frequency_ 27 22 18 MHz | 45 | Fig.6
nCPg, nCP4 32 25 21 6.0
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Dual decade ripple counter PC74HC/HCT390

MSI
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.
Output capability: standard
Icg category: MSI
Note to HCT types
The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.
UNIT LOAD
INPUT COEFFICIENT
n@o 0.45
nCPq, nMR 0.60
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 V)

min. | typ. | max. | min. | max. | min. | max.

IE'CFL'/ p";"gg;‘:g"ndoe(;av 34 a3 51 |ns | 45 | Fig.6
:E:'_' :/ "“;%}?:ttig"ngj'ay 38 48 57 |ns | 45 | Fig.6
:E["';/ p""“gg:‘ig"ﬂgjay 51 64 77 |ns | 45 | Figs
:m/ p";%}?:’ig"ng?y 38 48 57 |ns |45 | Fig.6
:;EIH-/ pr z’ﬁ%’ifzg:’ay 36 45 54 |ns |45 | Fig.7
g[":-/ output transition time 15 19 22 | ns 45 | Fig.6
w CIO:ckTPp(;‘,'ng;dth 18 23 27 ns | 45 | Fig.6
w master reset pulse width | 15 19 22 ns | 45 | Fig.7
trem remeval f;":‘%,n 15 19 2 ns |45 | Fig.7
maximum clock pulse
fmax frequency 27 22 18 MHz | 45 | Fig.6

nCPq, nCPy

October 1985 145



PC74HC/HCT390

MSI
AC WAVEFORMS
. nMR INPUT
nCP,, INPUT
aCP, INPUT
nQ, OUTPUT
7293781 trHL = - =l ety nQ, OUTPUT vy
7293780
Fig. 6 Waveforms showing the clock (nCPp) to Fig. 7 Waveforms showing the master reset (nMR) pulse width,
output (nQp,) propagation delays, the clock pulse width, the master reset to output (nQp,) propagation delays and
the output transition times and the maximum clock frequency. the master reset to clock (nCPp) removal time.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to V¢c.
HCT: Vjy=1.3V;V;=GND to 3V.
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PC74HC/HCT564

MSI
OCTAL D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE; INVERTING
FEATURES TYPICAL
® 3-state inverting outputs for SYMBOL PARAMETER CONDITIONS UNIT
bus oriented applications HC HCT
® 8-bit positive-edge triggered ton, / tion dol —
register PHL/ propagation delay _ 15 16 | ns
® Common 3-state output enable input tPLH CPto 6" Slé(; l%‘:/':
® Independent register and 3-state fmax maximum clock frequency 60 | 54 | MHz
buffer operation -
® Output capability: bus driver C input capacitance 3.5 3.5 pF
® |cc category: MSI pr——
power dissipation
GENERAL DESCRIPTION oo capacitance per fiipflop | "t 1242 | 39 | 30 | eF

The 74HC/HCT564 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT564 are octal D-type
flip-flops featuring separate D-type inputs
for each flip-flop and inverting 3-state
outputs for bus oriented applications.
A clock (CP) and an output enable (OE)
input are common to all flip-flops.

The 8 flip-flops will store the state of
their individual D-inputs that meet the
set-up and hold times requirements on the
LOW-to-HIGH CP transition.

When OE is LOW, the contents of the

8 flip-flops are available at the outputs.
When OE is HIGH, the outputs go to the

GND=0V; Tamp =25 °C;t, = tg=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =CpD x VcC? x fi+ Z (CL x VCG? x fo) where:

fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz vee
Z (C x Vgg? x fo) = sum of outputs

2. For HC the condition is V| = GND to VCC
For HCT the condition is Vi =GND to Vcc — 1.5V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT564P: 20-lead DIL; plastic (SOT-146).
PC74HC/HCT564T: 20-lead mini-pack; plastic (SO-20; SOT-163A).

PIN DESCRIPTION

high impedance OF F-state. Operation of PIN NO. SYMBOL NAME AND FUNCTION
the OE input does not affect the state of
the flip-flops. 1 OE 3-state output enable input (active LOW)
The 564" is functionally identical to 2,3,4,5, .
the 574", but has inverting outputs. 6,7,8,9 Do to D7 data inputs
The 564" is functionally identical to
the /534", but has a different pinning. 10 GND ground (0 V)
1 cpP clock input (LOW-to-HIGH, edge-triggered)
19,18, 17, 16, o
15, 1413, 12 Qg to Oy 3-state flip-flop outputs
20 Vee positive supply voltage
o 1] U [20] vec T
- 1
00 2] E % 2—{pg e Qg lo—-19 11 E
- ct
o,m AR 3—o, a;jo—18 . r
DzE [17]3, 4—P2 0z jo—17 2Jo B vpo
o35} [16] 3 5—] D3 a3 [0—18 -4 -t
564 _ 4] NI7
046 [15] 4 6—{D4 Q40~15 | e
o5 (7] [12] 3 e s = 15
o6 3] %] 8 8—Dg Qg lo—13 7] 14
= 9—D7 Q7 jo—12 8 | h13
D, E T_ﬂ ay OE N [z
GND {10 T_T]CP 1 7203783 7203784
7293782
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 |IEC logic symbol.
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PC74HC/HCT564
Mmsl
FUNCTION TABLE
2{0% Tg| 19
- — INPUTS OUTPUTS
afor - 3 e OPERATING MODES e
4|02 a|17 OE cp Dp Qg to Gy
0. Q.
= —— s.state 0= load and read L t | L H
5[Ds |FF1OFF8 outputs | 0415 i
— oa_._.. register L 1 h H L
7{% os|1a
“loe | Bl 13 load register and H i) I L z
— o—— disable outputs H ) h H z
810 — o212
H = HIGH voltage level
] (e — T h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
1]{0E L = LOW voltage level
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition

7293785

Fig. 4 Functional diagram.

Z = high impedance OF F-state
t = LOW-to-HIGH clock transition

Do D, 0, Dy 04 g g o,
\V4 \V4 \/ \/ \/ \/ \V4 \/
b a b a b a b a o a
cP cP cP cP cP
FF FF £F FF FF
1 4 ] 7 8
cP—{> l
_E_DL L
8o a a, 3, a, a5 as a

7287462

Fig. 5 Logic diagram.
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Octal D-type flip-flop; positive-edge trigger; 3-state; inverting

PC74HC/HCT564

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ‘HCMOS family characteristics”, section *’Family specifications”.

Qutput capability: bus driver
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V:t,=tf=6ns;C= 50 pF

”

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay ;gs /21‘1)5 ggo zg Fig. 6
tPLH CPto G ns . ig.
n 28 35 43 6.0
. 175 220 265 120
:PZH/ 3-state ogtput enable time 35 24 53 ns 45 Fig. 8
PZL o 8n 30 37 45 6.0
. . 150 190 225 20
;PHZ/ BS_IEgttZ ogtput disable time 20 38 45 | ns 45 |Fig.8
PLZ n 26 33 38 6.0
t / 60 75 90 20
tTHL output transition time 12 15 18 ns 45 Fig. 6
TLH 10 13 15 6.0
. 80 100 120 20
tw chock pulse width 16 20 24 ns |45 |Fig6
14 17 20 6.0
. 80 100 120 2.0
tsy s"g“‘t’;'g:f 16 20 24 ns 45 | Fig.7
n 14 17 20 6.0
hold time 5 5 5 20
th D, to CP 5 5 5 ns 45 Fig. 7
5 5 5 6.0
. 6 5 4 2.0
frmax maximum clock pulse 30 24 20 MHz | 45 | Fig.6
quency 35 28 24 6.0
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PC74HC/HCT564

msli

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter *“HCMOS family characteristics”, section “Family specifications”.

Output capability: bus driver
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcg) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
OF 0.80

DptoD7 | 0.25

cP 1.00

AC CHARACTERISTICS FOR 74HCT
GND =0 V; t;= t§ =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40t0 +125 \
min.| typ. | max. | min. | max. | min. | max.

tpHL/ propagation delay .
tpLR CPtoQ, 35 53 ns 45 Fig. 6
tpzH/ 3-state output enable time .
tpzL OE to Oy, 35 53 ns 4.5 Fig. 8
tpHz/ 3-state output disable time i
tpLz OE t0 O, 30 45 ns 45 Fig. 8
tTHL/ - .
tTLH output transition time 12 15 18 ns 4.5 Fig. 6
W o e 20 2 30 ns | 45 | Fig.6

set-up time .
tsu Dy to CP 20 25 30 ns 45 Fig. 7

hold time .
th Dy, to CP 5 5 5 ns 45 | Fig.7

maximum clock pulse .
fmax frequency 25 20 17 MHz | 45 Fig. 6

150
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Octal D-type flip-flop; positive-edge trigger; 3-state; inverting

msi

PC74HC/HCT564

AC WAVEFORMS

CP INPUT

Q,, ouTPUT

7203788

Fig. 6 Waveforms showing the clock (CP) to output (Qp)
propagation delays, the clock pulse width, the output
transition times and the maximum clock pulse frequency.

CP INPUT

D, INPUT

Q, ouTePUT Ym

7293787

Fig. 7 Waveforms showing the data set-up and hold times
for the data input (Dp,).

Note to Fig. 7
The shaded areas indicate when the input is permitted to
change for predictable output performance.

OE INPUT

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH -to-OFF
OFF-to-HIGH

outputs —mle—— outputs —__le outputs
7293786 enabled disabled enabled

Fig. 8 Waveforms showing the 3-state enable and disable
times.

Note to AC waveforms
(1) HC : Vi =50%; V| = GND to Vcc.
HCT: VM =1.3V;V|=GND to3V.
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PC74HC/HCT7597

MSI
8-BIT SHIFT REGISTER WITH INPUT LATCHES
FEATURES TYPICAL
® 8-bit parallel input latches SYMBOL | PARAMETER CONDITIONS UNIT
® Shift register has direct overriding HC | HCT
load and clearA ) propagation delay
® Output capability: standard tou1 / SHcp to Q 15 17 ns
® |cc category: MSI tPHL LEtoQ 22 27 ns
PLH PLto Q CL=15pF 19 | 23 |ns
GENERAL DESCRIPTION D7toQ Vec=5V 19 124 Ins
The 74HC/HCT7597 are high-speed Si-gate | frax maximum clock frequency 60 | 60 | MHz
CMOS devices and are pin compatible with cP
low power Schottky TTL (LSTTL). They . .
are specified in compliance with JEDEC Ci Input capacitance 35 3.5 pF
standard no. 7. S
: power dissipation
The 74HC/HCT7597 both consist of an CrD capacitance per package 29 | 30 | pF

8-bit storage latch feeding a parallel-in,
serial-out 8-bit shift register.

When LE is HIGH, data at the D, inputs
enter the latches. In this condition the
latches are transparent, i.e. a latch output
will change state each time its corresponding
D-input changes.

When LE is LOW the latches store the
information that was present at the D-inputs,
a set-up time preceding the HIGH-to-LOW
transition of LE.

The shift register has a positive edge-
triggered clock, direct load (from storage)
and clear inputs.

GND=0V;Tamp =25°C; t, =tf=6ns
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VeC? x fi+ 2 (CL x VCC?* x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Vci? x fo) = sum of outputs

CL =
vce =

2. For HC the condition is V| = GND to Vcc
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT7597P:

16-lead DIL; plastic (SOT-382).

output load capacitance in pF
supply voltage in V

PC74HC/HCT7597T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
8 GND ground (0 V)
9 Q serial data output
10 MR asynchronous reset input (active LOW)
1" SHcp shift clock input (LOW-to-HIGH, edge-triggered)
12 LE latch enable input (active HIGH)
13 PL parallel load input (active LOW)
14 Dg serial data input
‘115,51’62'73' Do to Dy parallel data inputs
16 Vece positive supply voltage
112 —E 'f lopy SRG8
LE MR Dg R
o [1] U [16] Vee Dy U Bears
15— _—
0, [Z] [15] 00 o 55 c2 i
1— —— —
o33} E Ds 02 . L C
put 4 —— 1
D44 13] PL —3D
¥ ,: 7597 : el weur 1 88T 5 2D
a 2] Le D4 LaTcHES SHIFT -
4— 1 REGISTER 2
o6 6] 1] sHcp 05 ]
5— — —_
o7 [7] [10] R o6 4]
6] 1 5
ano 5] BE 0 N o, E
7293802 2] 2
LY |sHee -
7293803 131 7293804
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT7597

MSI
FUNCTION TABLE
12 o] i LE SHep PL MR FUNCTION
L MRJ) Os H X X X data loaded to input latches
15| Do
s | H X L H data loaded from inputs to shift register
1 F——
2{0y ] L X L H stored data loaded to shift register
303 L | & ’ .
AR INPUT :H:’F'I X X L H g;lt; t;agr;::::red from input latches to
4 LATCHES | | REGISTER
5% — X X L L invalid logic, state of shift register
6|0g ] indeterminate when signals removed
4% - a4 X X H L shift register cleared
|,_|_T SHep X 1 H H shift register clocked
7293805 13 " Qp =Qp-1, Qp=Ds
H = HIGH voltage level
. . " L = LOW voltage level
Fig. 4 Functional diagram. X =don't care
1 = LOW-to-HIGH CP transition
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8-bit shift register with input latches PC74HC/HCT7597
MSI

Y

i
Y
/

3
-
op-

—Op>C3 3s

L

o
P

3R

—Of>C3 38

o
&

—Op>c3 3§
m k 3R

o
o

e7<7¢e7<7€9§7w?

;
!

I>c3 3s

o
o

Vo 90 90 b0 0 o b

?

5
i
%:I ITII IT[ IT[I IT|I ITLI JTI I‘f]

o
<

a

7293813

Fig. 5 Logic diagram.

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’, section “‘Family specifications”.

Output capability: standard
lcc category: MSI
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PC74HC/HCT7597

MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC ‘
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. [ max. | min. | max.
) 220 265 2.0
tPHL/ | propagation delay % 44 53 |ns |45 |Fig6
PLH SHcpto Q 30 37 45 6.0
) 175 220 265 2.0
propagation delay .
o | g E ]
. 250 315 375 20
tPHL/ | propagation delay 50 63 75 |ns |45 |Fig.8
PLH LEtoQ 43 54 64 6.0
. 190 240 285 20
tpHL/ | Propagation delay 38 a8 57 | ns 45 | Fig.9
PLH PLtoQ 32 4 48 6.0
] 190 240 285 20
tPHL/ | propagation delay 38 48 57 | ns 45 | Fig. 10
tPLH D7teQ 32 41 48 6.0
—t/ 75 9 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Fig. 9
TLH 13 16 19 6.0
) 80 100 120 2.0
W SHcp pulse width 16 20 24 ns | 45 | Fig.6
HIGH or LOW A 2 2 o
] 80 100 120 20
W L l%“'fe width 16 20 24 ns 45 | Fig.8
14 17 20 6.0
__ ] 80 100 120 20
™ MR oy lse width 16 20 24 ns | 45 | Fig.7
14 17 20 6.0
o ) 80 100 120 2.0
PL pulse width .
wo e | 2 m | [s e
removal time 50 65 75 2.0 N
trem R Shep ! 0 :? 15 ns 45 | Fig.11
removal time 100 125 150 2.0
fem | MRt PL E 4 % Y
sotup time 80 100 120 2.0
1, - 16 20 24 ns 45 | Fig.12
U DntoLE 14 17 20 60 |
) 80 100 120 2.0
tsu set-up time 16 20 24 ns | 45 | Fig. 12
Dg to SHcp 14 17 20 6.0
<otup time 80 100 120 2.0
t ot 16 20 24 ns 45
su PL to SHcp 14 17 20 6.0
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8-bit shift register with input latches PC74HC/HCT7597

MSI
AC CHARACTERISTICS FOR 74HC (Continued)
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgoc | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
] 4 4 4 20
t hgld :(:JmLeE 4 4 4 ns 45 | Fig.12
n 4 4 4 6.0
. 2 2 2 20
th hold time 2 2 2 ns | 45 | Fig.12
Ds to SHcp 2 2 2 6.0
. 2 2 2 2.0
th hold time 2 2 2 ns | 45
PL to SHcp 2 2 2 6.0
maximum pulse frequenc 6 5 4 20
frmax o quency | 3p 24 20 MHz | 45 | Fig.6
cp 35 28 24 6.0

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section *Family specifications’.

Output capability: standard
Ice category: MS|
Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
Ds 0.25
Dy _ | 040

L, MR,
LE, SHgp | 150
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PC74HC/HCT7597
Msi

AC CHARACTERISTICS FOR 74HCT
GND =0V;t,= tf =6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40to +125 V)
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
LA SHep to Q 35 44 53 ns 45 | Fig.6
tPHL Propagation delay 42 53 63 |ns |45 |Fig.7
tpHL/ propagation delay .
tPLH LE to Q 56 70 84 ns 45 Fig. 8
tpHL/ propagation delay i
LA PL t0 Q 46 58 69 ns 45 | Fig.9
tpHL/ propagation delay .
tPLH D710 Q 49 61 74 ns 45 | Fig. 10
tTHL/ output transition time 15 19 22 ns 45 Fig. 9
TTLH
SHcp pulse width ;
tw HIGH or LOW 16 20 24 ns 45 | Fig.6
LE pulse width .
tw HIGH 16 20 24 ns 45 | Fig. 8
MR pulse width )
tw LOW 20 25 30 ns 45 | Fig. 7
PL pulse width ’
tw HIGH or LOW 18 23 27 ns 45 Fig. 9
removal time o, 11
trem MR to SHop 10 13 15 ns 45 | Fig.
removal time
trem MR to PL 20 25 30 ns 45
set-up time 1
toy Dy to LE 16 20 24 ns 45 | Fig. 12
set-up time .
tsy Ds to SHcp 16 20 24 ns 4.5 Fig. 12
set-up time
tsy PL to SHcp 16 20 24 ns 4.5
hold time .
th Dy to LE 4 4 4 ns 45 | Fig. 12
hold time .
th Dg to SHcp 2 2 2 ns 45 | Fig. 12
hold time
th PL to SHgp 2 2 2 ns 4.5
maximum pulse frequenc .
fmax SHop P quency | 3o 24 20 MHz | 45 | Fig.6
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PC74HC/HCT7597

8-bit shift register with input latches
Msi

AC WAVEFORMS

SHp INPUT MR INPUT

Q ouTPUT Q outPuT vy

7293807 7293806

Fig. 6 Waveforms showing the SHcp input to Q output
propagation delays, the SHcp pulse width and maximum
clock pulse frequency.

Fig. 7 Waveforms showing the MR input to Q output
propagation delay and the MR pulse width.

LE INPUT PL INPUT
Q ouTPUT Q ouTPUT
7293808 7293809

. Fig. 9 Waveforms showing the PL input to Q output
Fig. 8 Waveforms showing the LE input to Q output propagation delays, PL pulse width and output transition
propagation delays and the LE pulse width. times.

Dy INPUT MR INPUT gt
o -
LE, SH
+SHep
PUT [
Q OUTPY INPUT vy
7293810 7293811

Fig. 11 Waveforms showing the MR input to LE, SHcp

Fig. 10 Waveforms showing the D7 input to Q output
removal times.

propagation delays.
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PC74HC/HCT7597
~ Msi

AC WAVEFORMS (Continued)

Dg, Dy,
INPUT

SHep
INPUT

LE INPUT

7293812

Fig. 12 Waveforms showing hold and set-up times for
Dg, Dy inputs to SHcp, LE inputs.

Note to Fig. 12
The shaded areas indicate when the input is permitted to Note to AC waveforms

change for predictable output performance. (1) HC : Vj\=50%; V| = GND to V.
HCT: VM =13V;V|=GNDto 3 V.
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PC74HC/HCT4017

MSI
* JOHNSON DECADE COUNTER WITH 10 DECODED OUTPUTS
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® |gg category: MSI HC HCT
tpHL/ propagation delay
GENERAL DESCRIPTION tPLH CPg, CP1 to Q,, CL=15pF 19 21 ns
. Vec=5V
The 74HC/HCT4017 are high-speed N cC
Si-gate CMOS devices and a?'e p‘i)n fmax maximum clock frequency 60 60 MHz
compatible with the “4017" of the ; .
“4000B" series. They are specified in Ci Input capacitance 351 35 | pF
compliance with JEDEC standard no. 7. dissipati
The 74HC/HCT4017 are 5-stage Cpp P oapacitonce por package | MOt Tand2 | 35 | 36 | pF
Johnson decade counters with 10 decoded
active HIGH outputs (Qq to Qg), an GND=0V:T =25°C:t, =t;= 6
active LOW output from the most i Tamp =25 °City = tf=6ns
significant flip-flop (Qs.g), active HIGH Notes
%';11 )a z:;:k%as&:g";zyzlﬁ?:&z:d 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
master reset input (MR). Pp =CPD x VcC* x fi + 2 (CL x VcC? x fo) where:
The counter is advanced by either a fi = input frequency in MHz CL = output load capacitance in pF
LOW-to-HIGH transition at CPg while fo = output frequency in MHz Ve = supply voltage in V
TPy is LOW or a HIGH-to-LOW Z (CL x Vgc? x fo) = sum of outputs
transition at CP9 while CPq is HIGH 2. For HC the condition is V| = GND to VcC
(see also function table). For HCT the condition is V| = GND to Veg — 1.5 V

When cascading counters, the Os.9
output, which is LOW while the counter ORDERING INFORMATION/PACKAGE OUTLINES

is in states 5, 6, 7, 8 and 9, can be used PC74HC/HCT4017P: 16-lead DIL; plastic (SOT-382).
to drive the CPg input of the next PC74HC/HCT4017T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
counter.

A HIGH on MR resets the counter to zero PIN DESCRIPTION
(Qg= 65_9 = HIGH; Q¢ to Qg = LOW)

independent of the clock inputs (CPg and PIN NO. SYMBOL NAME AND FUNCTION
CPy).
3,2,4,7,10, Q d
Automatic code correction of the counter 1.5.6,9 11 Qg to Qg decoded outputs
is provided by an internal circuit:
following any illegal code the counter 8 END ground (0 V) )
returns to a proper counting mode within 12 Q5.9 carry output (active LOW)
11 clock pulses. 13 TPy clock input (HIGH-to-LOW, edge-triggered)
14 CPg clock input (LOW-to-HIGH, edge-triggered)
15 MR master reset input (active HIGH)
16 Vee positive supply voltage
CTRDIV10/
OsE U 6] Vec 13—OfF Qg b—3 DEC
O1CP4 a, b— 1 Iz 3
s b D I i
9% [3] gc”o Q3 —7 5 _fer-o 24
— 7
Q,(a 13] CPy Q4 —10 3|
- 4017 = Qg 1 Y
0g 5] [12] 35.9 g |—s s
a;[¢] 7] ag 15— MR Q7 |—6 6 —:—
Qg b—g9g 7 b=
% [7] [10] 04 Qg b—11 Py
ano [ ] B3 Q5.9 j0—12 oL
ces N2
7293662 7293663
7293664
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4017
MSI

FUNCTION TABLE

MR | CPg | CPy | OPERATION

e H | x |x |Qo=059=H:
1410 5 — STAGE JOHNSON COUNTER l L " . g‘u;:e?g&, ;_n s
15 MR
] ‘ I L l [ L t L counter advances
Qs_g}12 L L X no change
DECODING AND OUTPUT CIRCUITRY L X " no change
no chan
Qq |Q |0, a3 |04 |05 |ag |07 |ag |ag II: I: 1 ng gh:ngz
1203665 3 |2 fa [7 [0t [s f6 o [11

H = HIGH voltage level

L = LOW voltage level

X = don't care

Fig. 4 Functional diagram. t = LOW-to-HIGH clock transition
{ = HIGH-to-LOW clock transition

=2
b a D q D @ D a D a
FF 33 FF FF FF
o cp ) ey [N cP cP g
g g Q a a
Rp Rp Rp Rp Rp
>
[ ]
10 ] ]
L] et Ll
Qg Q, Q, a3 Q4 Qs Qg Qg Qg Qg Q5.9

7293666

Fig. 5 Logic diagram.
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Johnson decade counter with 10 decoded outputs

PC74HC/HCT4017
MSI

CPg INPUT f

CPy INPUT

MR INPUT ~

.

Qg OUTPUT *

Q, ouTPUT J

Q, OuTPUT

Q3 OUTPUT

Q4 OUTPUT

Qg OUTPUT

Qg OUTPUT

Q; OUTPUT

Qg OUTPUT

Qg OUTPUT

Q5_g OUTPUT

—

72938671

Fig. 6 Timing diagram.
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PC74HC/HCT4017

Msi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *Family specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf =6 ns; C)_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min, | typ. | max. | min. [ max. | min. | max.
tpHL/ propagation delay 330 290 345 i'o Fig. 9
tpLH CPg to Qp 6 58 69 ns .5 ig.
39 49 59 6.0
tpHL/ propagation delay igo ggo 235 ig Fia.
tPLH CPgto O5.9 ns y o
39 49 59 6.0
tpHL/ propagation delay 250 3;5 %5 ig Fig. 9
tpLH TP 0 Q 50 6 ns X ig.
n 43 54 64 6.0
tpHL/ propagation delay gso 2;5 %5 ig Fig. 9
tpLR TP to Og.g 0 ns X ig.
43 54 64 6.0
: 230 290 345 2.0
tPHL propagation delay 46 58 69 |ns |45 |Fig8
1-9 39 49 59 6.0
: 230 290 345 20
tpLH propagation delay 46 58 69 |ns |45 |Fig8
5-9- L0 39 49 59 6.0
75 95 110 2.0
tTHL N 1 ;
output transition time 5 19 22 | ns 45 | Fig.9
fTLH ’ 13 16 19 6.0
; 80 100 120 2.0
clock pulse width .
t 16 20 24 ns 4.5 Fig. 8
W HIGH or LOW 14 17 20 6.0
80 100 | 120 20
W mastar roset pulse 16 20 24 ns |45 |Fig.8
! 14 17 20 6.0
. 5 5 5 2.0
removal time .
t 5 5 5 ns 4.5 Fig. 8
rem MR to CPg, CP, 5 5 5 50
set-up time 75 95 110 20
tgy CPq to Q’;o: 15 19 22 ns 45 | Fig.7
CPg to CPy 13 16 19 6.0
hold time 50 65 75 2.0
th CPg to CPy; 10 13 15 ns 45 | Fig.7
CPy to CPg 9 1 13 6.0
. 6 5 4 2.0
§ M uone clock pulse 30 24 20 MHz | 45 | Fig.8
max quency 25 28 24 6.0
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Johnson decade counter with 10 decoded outputs

PC74HC/HCT4017

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “'Family specifications”.

Output capability: standard
lcc category: MSH

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
P 0.40

cPy 0.25

MR 0.50

AC CHARACTERISTICS FOR 74HCT

GND =0V;t,=tf =6 ns; C|_= 50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. | typ. | max.  min. | max. | min. | max.
tpHL/ propagation delay .
Ly CPg to Qp 46 58 69 ns 45 Fig. 9
tpHL/ propagation delay ] Fig.
tpLH CPg to Os.9 46 58 69 ns 4.5 ig. 9
tpHL/ propagation delay .
L TPy to Qp 50 63 75 ns 4.5 Fig. 9
Il
L

tpHL/ propagation delay Fia.
LA CP1 to O g 50 63 75 ns 45 ig. 9
tpHL/ propagation delay Fi
LI MR to Qq_g 46 58 69 ns 4.5 ig. 8

propagation delay Fi
tPLH MR to Os.g, Qg 46 58 69 ns 45 ig. 8
tTHL/ output transition time 15 19 22 | ns 45 | Fig.9
TLH

clock pulse width Fi
tw HIGH or LOW 16 20 24 ns 45 ig. 8

master reset pulse .
tw width; HIGH 16 20 24 ns 45 | Fig. 8

removal time __ Fi
trem MR to CPg, CP1 5 5 5 ns 45 ig. 8

set-up time
tsu CP1q to CPp: 15 19 22 ns 45 Fig. 7

CPg to CPq

hold time _

th CPg to CPq; 10 13 15 ns 45 Fig. 7
CPqto CPg

maximum clock pulse X

fmax frequency 30 24 20 MHz | 45 Fig. 8
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PC74HC/HCT4017
Msi

AC WAVEFORMS

CPg INPUT

CPy INPUT

7293668

Fig. 7 Waveforms showing hold and set-up times for CPg to
CP1 and CP1 to CPq.

CPg INPUT CPy INPUT
CPy INPUT " s ’ _
CPy INPUT
MR INPUT Q1-Qg
OUTPUT
Y
a4-aq ///V/ \
ouTPUT % ///j, 00.s_s
- OouTPUT
00‘ 65_9 7293883
QUTPUT
7293669
Fig. 8 Waveforms showing the minimum pulse widths for CPq, Fig. 9 Waveforms showing the propagation delays for CPg,
CP1 and MR inputs; the recovery time for MR and the CP1to Qp, Qsp.g outputs and the output transition times.
propagation delays for MR to Qp, and Qg.g outputs.
Note to Figs 8 and 9 Note to AC waveforms
Conditions: (1) HC : Vjy = 50%; V| =GND to V¢cc.
CPq = LOW while CPq is triggered on a LOW-to-HIGH HCT: Vy=1.3V;V|=GND to3V.

transition and CPq = HIGH, while CP1 is triggered on a
HIGH-to-LOW transition.
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Johnson decade counter with 10 decoded outputs

PC74HC/HCT4017

MSI

APPLICATION INFORMATION

Some applications for the “4017" are:
Decade counter with decimal decoding

Sequential controller

[ ]
® 1 out of n decoding counter (when cascaded)
L]
L]

Timer

Figure 10 shows a technique for extending the number of
decoded output states for the “4017"".
Decoded outputs are sequential within each stage and from

stage to stage, with no dead time (except propagation delay).

clock

MR MR
CPo CPg
cp, 40177 cp, "4017"
Qg Qq----- Qg Qg Qp Qq----- Qg Qg
| I
1 I
———
9 decoded 8 decoded
outputs outputs
first stage intermediate stages

Fig. 10 Counter expansion

outputs

7293667
last stage

Note to Fig. 10

It is essential not to enable the counter on CPq

when CPq is HIGH, or on CPg when CPq is LOW,

as this would cause an extra count.
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PC74HC/HCT4020

MSI

14-STAGE BINARY RIPPLE COUNTER
FEATURES TYPICAL
©® OQutput capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: MSI HC | HCT
GENERAL DESCRIPTION propagation detay

tpHL/ CP to Qg 1" 15 ns
The 74HC/HCT4020 are high-speed tPLH Qp to Qp4q CL=15pF 7 7 ns
Si-gate CMOS devices and are pin MR to Q, Vec=5V 18 20 ns
compatible with the 4020 of the
""4000B" series. They are specified in frax maximum clock frequency 60 | 50 | MHz
compliance with JEDEC standard no. 7.
The 74HC/HCT4020 are 14-stage C| input capacitance 35 | 35 |pF
binary ripple counters with a clock input
(CP), an overriding asynchronous master power dissipation tes 1 and 2 19 20 F
reset input (MR) and twelve fully Cep capacitance per package | "° estan P

buffered parallel outputs (Qg, Q3 to Qq3).

The counter is advanced on the HIGH-to-
LOW transition of CP.

A HIGH on MR clears all counter stages
and forces all outputs LOW, independent
of the state of CP.

Each counter stage is a static toggle
flip-flop.

GND=0V;Tamp=25°C;t,=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC? x fi+ 2 (CL x Vgg? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (C x Vgg? x fg) = sum of outputs

CL =
Vce

o

2. For HC the condition is V| = GND to V¢¢
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4020P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4020T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
9,7,5,4,8,
13,12,14,15, | Qg, Q3to Q13 parallel outputs
1,2,3
8 GND ground (0 V)
10 CcP clock input (HIGH-to-LOW, edge-triggered)
11 MR master reset input (active HIGH)
16 Vee positive supply voltage
Qg | 9 CTR14 o 9
‘3‘11[?1 J [16] Ve [Ty A 10 -y sl
o2 [7] [15] Q10 Q —-j oo af—s
Qg p— 5F— 4
ona[3] EOQ ﬂqcp Qg "T:‘ cre0 6f—6
5 [4] [13] 27 Q7 0y S R el
4020 ag |12 1ol 1
°4E 12] %8 AL P ag |14 ol — 1a
o [6] [11] wm Qo -2 10— 15
1
a3 [7] 0] & an — 1p—1
Qg — 12f—2
ano 8] [9]% a2 13—3
7293380 7293381 7293382
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4020

MSI

FUNCTION TABLE

INPUTS OUTPUTS
LN 2 CcP MR Qg, Q3to Q13
1 {MR o 14-STAGE COUNTER
t L no change
Qo [03 [04 |05 |06 {07 |0g |09 |a10|Q11[012[013 ' L count
7 5 4 6 13 |12 j1a |15 |1 2 3 X H

7293387

H = HIGH voltage level
Fig. 4 Functional diagram. L = LOW voltage level
X = don't care

1 = LOW-to-HIGH clock transition

4 = HIGH-to-LOW clock transition

7203383 Q13

Fig. 5 Logic diagram.

CP INPUT
MR INPUT
Qg OUTPUT
Q3 OUTPUT
Q4 OUTPUT
Qg OUTPUT
Qg OUTPUT
Q; OUTPUT
Qg OUTPUT
Qg OUTPUT
Q49 OUTPUT
Q49 OUTPUT
Q45 OUTPUT

Q43 OUTPUT

16 32 64 128 256 612 1024 2048 4096 8192 16384

8
MUUUUUUUUUUUUU
-

_— Tt 11T e
_ Mttt iTiT it
1T 1T 1T 1T 1T 1T 11T
| W Ty (N [N N HN IS A
i [N U N N N A N M
[ T [ N SN R S
M1 1Tt
M1 111
M1 11
[ U W
11
1

7293386

Fig. 6 Timing diagram.
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14-stage binary ripple counter PC74HC/HCT4020

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications”.
Output capability: standard
log category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | V¢cc | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. [typ. | max. | min,| max. | min, | max.
. 140 175 210 2.0
tPHL/ | propagation delay 28 35 42 |ns |45 |Fig7
PLH CPto Qo 2 30 36 6.0
. 75 95 110 2.0
tpHL/ | propagation delay 15 19 22 |ns |45 |Fig.7
PLH Qn to Qne+1 13 16 19 6.0
. 200 250 300 2.0
oL propagation delay 40 50 60 |ns | 45 |Fig.8
n 34 43 51 6.0
/ 75 95 110 2.0
TTHL output transition time 15 19 22 |ns 45 | Fig.7
TLH 13 16 19 6.0
. 0 100 120 2.0
W clock pulse width b 20 24 ns | 45 | Fig.7
G 14 17 20 6.0
W master reset pulse width ?g ;go ;‘2‘0 ns 3? Fig. 8
FIGH 14 17 20 6.0
removal time 50 65 75 2.0
1, =5 10 13 15 ns 45 Fig. 8
rem MR to CP 9 11 13 6.0
. lock pul 6 5 4 2.0
frmax maximum clock pulse 30 24 20 MHz | 45 | Fig.7
frequency 35 28 24 6.0
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PC74HC/HCT4020
MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘’Family specifications’’,

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
o 085

MR 1.10

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40 to +125 Vv
min, | typ. | max. | min. | max. | min. | max.

tpHL/ propagation delay .
tPLH CP 10 Qg 36 45 54 ns 45 Fig. 7
tpHL/ propagation delay .
PLH Qp 10 Qneq 15 19 22 ns 45 Fig. 7
tPHL p’°°;9:;ig‘nde'ay 45 56 68 |ns |45 |Fig.8
tTHL/ output transition time 15 19 22 ns 45 Fig. 7
TLH

clock pulse width .
tw HIGH 20 25 30 ns 45 | Fig.7

master reset pulse width :
tw HIGH 20 25 30 ns 45 | Fig.8
trem T e 10 13 15 ns |45 |Fig.8

maximum clock pulse :
fmax frequency 23 24 20 MHz |45 |Fig.7
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14-stage binary ripple counter

PC74HC/HCT4020

MSI

AC WAVEFORMS

CP INPUT

Q, OUTPUT

7293384 | ety

Fig. 7 Waveforms showing the clock (CP) to
output (Qn,) propagation delays, the clock
pulse width, the output transition times and the
maximum clock frequency.

MR INPUT

CP INPUT

Q, OUTPUT

7293386

Fig. 8 Waveforms showing the master reset (MR)
pulse width, the master reset to output (Qp)
propagation delays and the master reset to clock
(CP) removal time.

Note to AC waveforms
(1) HC : Vj =50%; Vi = GND to Vcc.
HCT: Vg =1.3V; V| =GND to 3V.
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PC74HC/HCT4040

MSI
12-STAGE BINARY RIPPLE COUNTER
FEATURES TYPICAL
. SYMBOL PARAMETER CONDITIONS UNIT
® Qutput capability: standard HC HCT

® |cc category: MSI

propagation delay

tpHL/
GENERAL DESCRIPTION CPto Qqg _ 14 16 ns
tPLH Qp to Qpeq cL=1oek 8 |8 |ns
The 74HC/HCT4040 are high-speed Vee =
Si-gate CMOS devices and are pin fmax maximum clock frequency 60 60 MHz

compatible with the “4040" of the
“’4000B" series. They are specified in C| input capacitance 3.5 35 pF
compliance with JEDEC standard no. 7.

The 74HC/HCT4040 are 12-stage

power dissipation

. . | Cpp . notes 1 and 2 20 20 pF
binary ripple counters with a clock input capacitance per package
(CP), an overriding asynchronous master N
reset input (MR) and twelve parallel GND=0V;Tamp =25°C;t, =tf=6ns

outputs (Qq to Qq1).

. Notes
The counter is advances on the HIGH-to- ) . . A
LOW transition of CP. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
A HIGH on MR clears all counter stages PD=CpD x VCC® x fi+ 2 (CLx VCC? x fo) where:
and forces all outputs LOW, independent fi = input frequency in MHz CL = output load capacitance in pF
of the state of CP. fo = output frequency in MHz Vce = supply voltage in V
Each counter stage is a static toggle Z (CL x V¢c? x fo) = sum of outputs
flip-flop. 2. For HC the condition is V| = GND to VcC

For HCT the condition is V| = GND to V¢ — 1.5 V
APPLICATIONS
® Frequency dividing circuits
® Time delay circuits
® Control counters

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4040P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4040T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
8 GND ground (0 V)
9,7,6,5,3,
2,4,13,12, Qg to Qqq parallel outputs
14,15, 1
10 CcP clock input (HIGH-to-LOW, edge-triggered)
1 MR master reset input (active HIGH)
16 Vee positive supply voltage
CTR12
an E U E Vee Qpf—9 ol
=7 IN 7
OSIZ B 921—s L:ZT=D ;L
o4 3] ] 0 ol o
%E 5] 0, 10-0fcp 24—3 NEN
4040 52 5f-2-
03 [5] [12] g Qg t—4 O ol
02E [11] MR 11—{MR Q7f—13 NEE)
_ Qg t—12 ol 12
o, [7] [10] cP Qg—14 o4
o [8 ] 9] Q1o(—15 1S
Q19 =1 NN
7293877
7293878 7293879
Fig. 1 Pin-configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT4040

MSI
FUNCTION TABLE
INPUTS . OUTPUTS
10|CP, i MR Cn
- 12-STAGE COUNTER 1 L no change
{ L count
Qo [24 |Qz |03 [Q4 |°a Qg |07 Qg Qg Q10011 X H L
7203880 9 |7 f6 s [3 2 [a fi3a 12 Ja hs |4

Fig. 4 Functional diagram.

7293881

Fig. 5 Logic diagram.

H = HIGH voltage level

L = LOW voltage level

X = don’t care

+ = LOW-to-HIGH clock transition
{ = HIGH-to-LOW clock transition
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12-stage binary ripple counter

PC74HC/HCT4040

Ms|

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
lcc category: MSH

AC CHARACTERISTICS FOR 74HC
GND=0V;t,= t§ =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. { typ. | max. | min. | max. | min. | max.
. 20
IPHL/ | propagation delay ;(510 .jsgo 3'3’5 ns 45 |Fig.6
{PLH CPto Qo 26 33 38 6.0
. 100 126 150 20
tpHL/ propagation delay 20 25 2 ns a5 Fig. 6
'PLH Qn to Gn+1 17 21 22 6.0
propagation delay 200 250 300 2.0 .
tPHL MR to Q, gg 23 g? ns gg Fig. 6
t / 75 95 110 2.0
THL output transition time 15 19 22 ns 4.5 Fig. 6
TLH 13 16 19 6.0
] 80 100 120 2.0
clock pulse width .
w HIGH or LOW . 2 x o |45 | Fig.6
80 100 120 2.0
master reset pulse i
w width; HIGH 1 2 £ o |45 | Fig6
removal time 50 65 75 2.0 X
trem MR to GP ;0 :? ;Ig ns gg Fig. 6
. 6 5 4 2.0
fmax maximum clock pulse 30 2% 20 MHz 45 Fig. 6
frequency 35 28 2% 6.0
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PC74HC/HCT4040

Msi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
P 0.85

MR 1.10

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=tf =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 Y,
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH CPto Qg 35 44 53 ns 4.5 Fig. 6
tPHL/ | propagation delay 20 25 30 |ns |45 |Fig6
PLH Qn t0 Qp4q 9
propagation delay .
tPHL MR to Q 45 56 68 ns 4.5 Fig. 6
tTHL/ output transition time 15 19 22 ns 4.5 Fig. 6
TLH
clock pulse width .
tw HIGH or LOW 16 20 24 ns 45 Fig. 6
master reset pulse .
W width: HIGH 16 20 24 ns 45 Fig. 6
removal time .
trem MR to CP 10 13 15 ns 4.5 Fig. 6
maximum clock pulse .
frmax frequency 30 24 20 MHz | 45 Fig. 6
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12-stage binary ripple counter PC74HC/HCT4040
MSI

AC WAVEFORMS

MR INPUT

CP INPUT

QgorQ,
OUTPUT

7293882

Fig. 6 Waveforms showing the clock (CP) to output (Qp)

propagation delays, the clock pulse width, the output

transition times and the maximum clock pulse frequency.

Also showing the master reset (MR) pulse width, the Note to AC waveforms

master reset to output (Qy,) propagation delays and the

master reset to clock (CP) removal time. (1) HC : V= 50%; V) =GND to V.
HCT: Vm=1.3V;V|=GNDto3V.
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PC74HC4049

SSI
HEX INVERTING HIGH-TO-LOW LEVEL SHIFTER
FEATURES TYPICAL UNIT
® Output capability: standard SYMBOL | PARAMETER CONDITIONS
® |pc category: SSI HC

tPHL/ propagation delay CL=15pF

GENERAL DESCRIPTION tpLA nA to n¥ Vec=5V 7 ns
The 74HC4049 is a high-speed . : 35 F
Si-gate CMOS device and is pin ci input capacitance P
compatible with the “4049" of the tesinati
“4000B" series. It is specified in CPD pg;’:fa'cf’t'::'c":;'gr“buffer note 1 15 pF
compliance with JEDEC standard no. 7.

The 74HCA4049 provides six inverting
buffers with a modified input
protection structure, which has no
diode connected to V. Input
voltages of up to 15 V may therefore be
used.

This feature enables the inverting
buffers to be used as logic

level translators, which will convert
high level logic to low level logic,
while operating from a low voltage
power supply. For example

15 V logic (""40008B series”’) can be
converted down to 2 V logic.

The actual input switch level remains
related to the Ve and is the same as
mentioned in the family
characteristics. At the same time each
part can be used as a simple inverter
without level translation.

APPLICATIONS

® Converting 15 V logic ("'4000B"
series) down to 2 V logic.

GND =0V; Tamp =25 °C; ty = tf = 6ns

Note

1.

CpD is used to determine the dynamic power dissipation (Pp in uW):
PD =CpD x VCC* x fj + Z (CL x VCC? x fo) where:

input frequency in MHz CL = output load capacitance in pF
Ve = supply voltage in V

fi =
fo = output frequency in MHz
2 (CL x Ve? x fo) = sum of outputs

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC4049P: 16-lead DIL; plastic (SOT-382).
PC74HC4049T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 Vee positive supply voltage
2,4,6,10, Py

12, 15 1Y to Y data outputs

3,5,7,9, .

11,14 1A to 6A data inputs

8 GND ground (0 V)

13,16 n.c. not connected

Vee II U E ne.
17 [2] [15] 6V
1a[3] [14] 6a
2Y |4 13] ne.
“EE: 4049 %57
av 6] [11] 5a
an[7] 10] 47

ano 8] 0] 44

7283763

Fig. 1 Pin configuration.

PO ALS D vy,
_ 3 > k2
2
EJ%(,&_,, . .
_ -
7_¢1L>°£%6 7 L6
— 9 10
4A = >
99— 4YL10
11 :12
L 1 14 ] 15

v 7293755
14 —{8A &Y )_‘5

7293754

Fig.2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC4049

SSl
341A v,
2A 2V 1009 .
5~ —4 P > — I
input o :'m‘::”
resistor
,3a 3Y -
- —
P L1 avl l’Jﬁ D1
5A 5Y
11— —12 { GND
7297018
14 — SA Y —15
7283754
Fig. 5 Input protection for HC4049.
i . . Single sided thick oxide field effect
Fig. 4 Functional diagram. transistor as input protection.

7293908

Fig. 6 Logic diagram (one level shifter).

FUNCTION TABLE

INPUT OUTPUT
nA nY
L H
H L

H = HIGH voltage level
L = LOW voltage level
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Hex inverting HIGH-to-LOW level shifter

PC74HC4049
Ssli

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Voltages are referenced to GND (ground = 0 V)

SYMBOL | PARAMETER MIN. | MAX. | UNIT CONDITIONS
vee DC supply voltage —0.5 | +7 Vv
ViK DC input voltage range -05 | +16 A
-k DC input diode current 20 mA forvi<-05V
ok DC output diode current 20 mA for Vo <-0.5VorVg>Vcc+05V
o DC output source or sink for 0.5V < \70 <Vec+05V
current
- standard outputs 25 mA
tlce: DC V¢ or GND current
*IGND for types with:
- standard outputs 50 mA
Tstg storage temperature range —65 | +150 | °C
power dissipation per package for temperature range: —40 to +85 °C
74HC
Ptot .
plastic DIL 500 mwW above +60 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mwW above +60 °C: derate linearly with 6 mW/K
power dissipation per package for temperature range: —40 to +125 °C
74HC
Ptot )
plastic DIL 500 mwW above +70 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K
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PC74HC4049

Ssl

DC CHARA TERISTICS FOR 74HC

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40 to +85 | —40 to +125 \
min. | typ. | max. | min. | max. | min. | max.
1.5 ] 1.3 15 15 2.0
ViH HIGH level input voitage |3.15 | 2.4 3.15 3.15 \ 45
42 | 31 4.2 4.2 6.0
07 |05 0.5 0.5 2.0
ViL LOW level input voltage 18 | 135 1.35 135 |V 45
23 |18 18 1.8 6.0
1.9 | 20 1.9 1.9 20 | VIH | —-l0=20pA
VoH HIGH level outut voltage 144 | 45 44 44 v 45 | or | —lp=20pA
all outpu 59 | 6.0 5.9 5.9 60 | ViL | —l0=20uA
v, HIGH level output voltage | 3.98 3.84 3.7 v 45 XrIH —lg =4.0mA
OH standard outputs 5.48 5.34 5.2 6.0 ViL —l0=5.2mA
0.1 0.1 0.1 20 | VIH | l0=20pA
VoL LOW level output voltage 0.1 0.1 01 |v 45 | or | Ig=20pA
p 0.1 0.1 0.1 6.0 | ViL | 10=20pA
vV LOW level output voltage 0.26 0.33 04 v 45 XJH l0=4.0mA
oL standard outputs 0.26 0.33 0.4 6.0 vy | lo= 5.2 mA
Vee
0.1 1.0 1.0 MA 6.0 or
GND
£y input leakage current
2.0
0.5 5.0 50 |pA to 15V
6.0
15V
Icc quiescent supply current 20 20.0 40.0 | nA 6.0 | or
GND
AC CHARACTERISTICS FOR 74HC
GND =0V, t =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min. | typ. | max. | min. | max. | min. | max.
85 105 130 2.0
tPHL/ propagation delay 17 21 26 ns |45 | Fig.7
tPLH nA tonY 14 18 22 6.0
75 95 110 2.0
THL | output transition time 15 19 22 ns |45 | Fig.7
TLH 13 16 19 6.0
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Hex inverting HIGH-to-LOW level shifter PC74HC4049
SSI

AC WAVEFORMS

nA INPUT vy

nY ouTPUT

7293756

Fig. 7 Waveforms showing the input (nA)

to output (nY) propagation delays and the

output transition times. Note to AC waveforms

(1) HC : V= 50%; V| = GND to Vcc.
HCT: Vg =1.3V;V|=GND to3V.
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PC74HC4050

SSI
HEX HIGH-TO-LOW LEVEL SHIFTER
FEATUR

URES TYPICAL UNIT
® Output capability: standard SYMBOL | PARAMETER CONDITIONS
® |oc category: SSI HC
tpHL/ propagation delay CL=15pF

GENERAL DESCRIPTION thLh A to nY Ve =5V 7 ns
The 74HC4050 is a high-speed i j 35 F
Si-gate CMOS device and is pin c Input capacitance P
compatible with the 4050’ of the iccinati
“4000B" series. It is specified in CeD p‘;;:,zgﬂ:f,ga;':,"buﬁe, *note 1 14 pF
compliance with JEDEC standard no. 7.

The 74HC4050 provides six non-inverting
buffers with a modified input

protection structure, which has no

diode connected to V¢g. Input

voltages of up to 15 V may therefore be
used. This feature enables the non-inverting
buffers to be used as logic level
translators, which will convert

high level logic to low level logic,

while operating from a low voltage

power supply. For example

15 V logic ("*40008B series”’) can be
converted down to 2 V logic.

The actual input switch level remains
related to the Ve and is the same as
mentioned in the family
characteristics.

GND =0 V; Tamb =25 °C; t, =t =6 ns

Note

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =Cpp x VCC? x fi+ Z (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vgc? x fo) = sum of outputs

CL =
vce

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC4050P: 16-lead DIL; plastic (SOT-38Z).
PC74HC4050T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

APPLICATIONS PIN NO. SYMBOL NAME AND FUNCTION
® Converting 15 V logic ("4000B" 1 Vee positive supply voltage
series) down to 2 V logic.
ogic 24,8, 10, 1Y to 6Y data outputs
?'1 57 9, 1A t0 6A data inputs
8 GND ground (0 V)
13,16 n.c. not connected
1A 1Y
vee [1] U [16] n.c. ? ’
w[z] EI oy s_|2A 2| , 2 > 2
5 4
1A E E 8A P 7 avl ¢ 7_ T
2v[a En.c. ] s
2a[5] 4050 Ez] sy g—f2A A4 ST - 1
1 12
av (5] mEn 11 —Lsa 2 i) 15
3A E E ay 1
ano [8] [o]4n 14—{8A Y115 e
7293757
7293758
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC4050
SSli

—2

7

293768

Fig. 4 Functional diagram.

1009
—

input =~ — o Iogic
polysilicon circuit
resistor
lK—
= D1

|

> GND

7297018

Fig. 5 Input protection for HC4050.
Single sided thick oxide field effect
transistor as input protection.

.

7293809

Fig. 6 Logic diagram (one level shifter).

FUNCTION TABLE
INPUT OUTPUT
nA nY
L L
H H

H = HIGH voltage level
L = LOW voltage level
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Hex HIGH-to-LOW level shifter PC74HC4050
SSi

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
Voltages are referenced to GND (ground = 0 V)

SYMBOL | PARAMETER MIN. | MAX. | UNIT | CONDITIONS
vee DC supply voltage —05 | +7 \%
ViK DC input voitage range -0.5 | +16 \%
-k DC input diode current 20 mA for V| <-05V
ok DC output diode current 20 mA for Vo <-0.5VorVvVg>Vcc+05V
g DC output source or sink for-05V <Vpo<Vcc+0.5V
current
- standard outputs 25 mA
lce: DC V¢ or GND current
+IGND for types with:
- standard outputs 50 mA
Tstg storage temperature range —65 | +150 | °C
power dissipation per package for temperature range: —40 to +85 °C
74HC
Ptot
plastic DIL 500 mwW above +60 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mW above +60 °C: derate linearly with 6 mW/K
power dissipation per package for temperature range: —40 to +125 °C
74HC
Ptot . . )
plastic DIL 500 mwW above +70 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mwW above +70 °C: derate linearly with 6 mW/K
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PC74HC4050

SSI

DC CHARACTERISTICS FOR 74HC
Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vg | VI OTHER
+25 —40 to+85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
1.5 1.3 1.5 1.5 20
VIH HIGH level input voltage |3.15 | 2.4 3.15 3.15 \") 45
4.2 3.1 4.2 4.2 6.0
0.7 |05 0.5 0.5 20
ViL LOW level input voltage 18 | 1.35 1.35 135 |V 45
23 |18 1.8 1.8 6.0
19 | 20 19 1.9 20 | ViH| —lo=20pA
VOH HIGH Jevel output voltage | 44 | 45 44 44 v 45 | or | —lg=20uA
all outp 59 | 6.0 5.9 5.9 6.0 | ViL | —lo=20uA
vV HIGH level output voltage | 3.98 3.84 3.7 v 45 X'_'H —lp=4.0mA
OH standard outputs 5.48 5.34 5.2 6.0 V)L —-lp=5.2mA
0.1 0.1 0.1 20 | VIH| 10=20uA
VoL Low .'iﬁi,' output voltage 0.1 0.1 01 |v 45 | or | Ig=20pA
0.1 0.1 0.1 60 | ViL | 10=20uA
v, LOW level output voltage 0.26 0.33 04 v 45 :)/rl H 10=40mA
oL standard outputs 0.26 0.33 04 6.0 vy | lo=52mA
Vee
0.1 1.0 1.0 |pA 6.0 or
GND
1) input leakage current
2.0
05 5.0 5.0 MA to 15V
6.0
LAY
Icc quiescent supply current 2.0 20.0 40.0 | uA 6.0 or
GND
AC CHARACTERISTICS FOR 74HC
GND =0 V; ty=tf=6ns; C|_ =50 pF
‘ Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
. 85 105 130 2.0
tPHL/ | propagation delay 17 21 2 ns |45 | Fig.7
tPLH na to nY 1 18 22 6.0
t / 75 95 110 2.0
tTHL output transition time 15 19 22 ns 45 Fig. 7
TLH 13 16 19 6.0
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Hex HIGH-to-LOW level shifter PC74HC4050
SSI

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293760

Fig. 7 Waveforms showing the input (nA)

to output (nY) propagation delays and the

output transition times. Note to AC waveforms

(1) HC : V¢ =50%; V| = GND to V¢
HCT: Vi =1.3V; V| =GND to 3V.
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PC74HC/HCT4094

MSI
8-STAGE SHIFT-AND-STORE BUS REGISTER
FEATURES TYPICAL
® Ouput capability: standard SYMBOL | PARAMETER CONDITIONS ot UNIT
HC C
® |gc catagory: MS|
propagation delay

GENERAL DESCRIPTION CP to QS 15 19 ns

Qs 13 18 ns
The 74HC/HCT4094 are high-speed :"”'-/ g; oo CL =15 pF 19 | 21 |ns
Si-gate CMOS devices and are pin PLH STR to Q?; Vee=5V 18 20 ns
compatible with the “4094" of the n .
“4000B"* series. They are specified in i lock fi 60 60 MHz
compliance with JEDEC standard no. 7. fmax maximum clock frequency
The 74HC/HCTA4094 are 8-stage serial C input capacitance 35 | 35 |pF
shift registers having a storage latch
associated with each stage for strobing power dissipation E
data from the serial input (D) to the Cprp capacitance per package notes 1and 2 83 92 P

parallel buffered 3-state outputs (QPg
to QP7). The parallel outputs may be
connected directly to common bus lines
Data is shifted on the positive-going
clock (CP) transitions. The data ir each
shift register stage is transferred to the |
storage register when the strobe input '
(STR) is HIGH. Data in the storage
register appears at the outputs when-
ever the output enable input (QE)

signal is HIGH.

Two serial outputs (QSq and QS») are
available for cascading a number of
"4094" devices. Data is available at QS
on the positive-going clock edges to
allow high-speed operation in cascaded
systems in which the clock rise time is

GND=0V;Tamp=25°C; t;=t;=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=CpD x VCC® x fi+Z (CL x VCC? x fo) where:

fi = input frequency in MHz

fo = output frequency in MHz

CL =
Vce = supply voltage in V

T (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC

For HCT the condition is V| = GND to Vcc — 1.5 V
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4094P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCTA094T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

fast. The same serial information is
" . F 1
available at QS7 on the next negativer PIN NO SYMBOL NAME AND FUNCTION
going clock edge and is for cascading :
“4094" devices when the clock rise ! STR strtl)be. nput
time is slow. 2 D serial input
3 CcP clock input
APPLICATIONS 4.5.6.7, QPg to QP7 parallel outputs
. . 14,13,12,11
® Serial-to-parallel data conversion dOV)
® Remote control holding register 8 GND ground {
9,10 QS1, @Sy serial outputs
15 OE output enable input
16 Vee positive supply voltage
] c2
9] i i 5 dena
sta [1] [16] Ve TP STR B SRGB
o[2] 5] oe asy |—o EI(:” -
Qs |—10 2 4
cv[z EQP, arg|—s I 20 avz
arg [+ [13] aps ary |5 "
oy ] 4094 7] ore s apy f—6 Z
! (12 ) 14
ar, 6] 1] ap; QP rm | 13
ary [7] [10] s, QP (—13 12
QPg t—12 "
ano [&] [9]asy apy |—11 9
7293855 OE 1 10
15 7293907 7293856
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4094

3-STATE OUTPUTS

QPOIQP1 ar,

apy

0P4|DP5

arglapy

;AGE 0 —I r. STAGES 1TO6 '— STAGE 7 _j
t I i ' |
D —-D——l—— D a |l lo a | D a } Jl>_cs1
' ]
! FF ' FF
2{p l cp | I ce .
8-STAGE SHIFT aS3[10 | ! [
3jce REGISTER ' - [ i asy
asq|g cp __J_IC." ___________
[TTITTE — ="
1]sTR 8-BIT STORAGE ! o al- ! ' [ > ol !
REGISTER : I l
l cp | i Vo e
I l | l | | I l | latch [ I | latch i
' ' —
H 1
150 STR —J—-l ____________ |
I
'

203857 14 |5 |6 |7

14 |13

12 1

i
QPg

._J 7293858

=don’t care

NXrxT

NC =no change

= HiGH voltage level
= LOW voltage level

= high impedance OF F-state

1t = LOW-to-HIGH CP transition
{  =HIGH-to-LOW CP transition
Q’g = the information in the seventh register stage is transferred to the 8th register stage

and QSj, output at the positive clock edge

Fig. 6 Timing diagram.

eocmeut ce MM ML MU UL LT LLL
DATA NPUT D _Jr"Lu—l_l—LJr—u"l_Iu | I
STROBE INPUT STR 1 |

eur | CBLE o | |

wreanaL ag (fFo) | LT L T LT S E
ourpuT SO I e O o W W 2 T‘L.HIJT\_J—’I__
INTERNAL Qj (FF6) k "L__F—L_H"L_l__l_
ouTeLT o 28 um-Uﬁu“—l__
SERIAL OUTPUT  GS; ’I-"'\_‘FTuJ—I_F—
SERIAL OUTPUT 05 ] _I_H_L_J_'l__l—

7293859

QP QP, QP3 QP4 QPg QPg apy
Fig. 4 Functional diagram. Fig. 5 Logic diagram.
FUNCTION TABLE
PARALLEL SERIAL
INPUTS OUTPUTS OUTPUTS

cpP OE STR D QPg QP, Qsq Qsy

1 L X X 4 4 Qs NC

i L X X z z NC QpPy

t H L X NC NC Qs NC

t H H L L QP Qs NC

t H H H H QP .1 Qs NC

i H H H NC NC NC QPy
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8-stage shift-and-store bus register PC74HC/HCT4094

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications”.
Output capability: standard
Icg category: MS|
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min.| max. | min. | max.
. 2,
tPHL/ | propagation delay % B A IV v Fig.7
tPLH CP 10 0S4 31 38 46 6.0
. 2,
tPHL/ | propagation delay 3 Y 3 |ns |8 Fig. 7
PLH CP 10 QS; 27 34 41 6.0
PLH CPto QP 39 49 59 6.0
tPHL/ propagation delay 421;0 ggs 2;5 ns gg Fig. 8
PLH STR to QPq 36 a5 54 6.0
/ 75 95 110 20
:TH L output transition time 15 19 22 ns 45 Fig. 7
TLH 13 16 19 6.0
t / 3-state output 175 220 265 2.0
heay enable time 35 44 53 | ns 45 | Fig.9
PZL OE to QP 30 37 45 6.0
" / 3-state output 150 190 225 20
PHZ disable time 30 38 45 | ns 45 | Fig.9
PLZ OE to QP,, 2 33 38 6.0
. 80 100 120 2.0
clock pulse width .
tw 16 20 24 ns 45 Fig. 7
HIGH or LOW 14 17 20 6.0
w strobe pulse width ?g ;80 ;‘2;0 ns ig Fig. 8
HIGH or LOW 14 17 20 6.0
. 60 75 90 2.0
tey e o 12 15 18 ns | 45 | Fig.10
) to 10 13 15 6.0
. 5 5 5 2.0
hold time :
th 5 5 5 ns 45 Fig. 10
DtoCP 5 5 5 6.0
r 6 5 4 20
fmax maximum clock pulse 30 24 20 MHz | 45 | Fig.7
frequency 35 28 24 6.0
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PC74HC/HCT4094
mSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section ‘“Family specifications’.

Output capability: standard
I category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient showh in the table below.

UNIT LOAD
INPUT COEFFICIENT |
OE, CP 1.50
D 0.40
STR 1.00

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0 +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay 45 | Fig.7
tPLH CP t0 QS 45 56 68 ns ig
tpHL/ propagation delay 45 Fig. 7
tPLH CP 10 QS 42 53 63 ns ig
tpHL/ propagation delay 75 45 | Fig.7
tpLH CP to QP,, 5o 63 ns 9
tpHL/ propagation delay 72 45 Fia.8
tPLH STR to QPy, 48 60 ns 9
tTHL/ output transition timé 15 19 22 ns 45 Fig. 7
TTLH
1 / 3-state output .
hiciy enable time 35 44 53 | ns 45 | Fig.9
PZL OE to QP,,
tor/ 3-state output .
ohz disable time 35 44 53 | ns 45 | Fig.9
PLZ OE to QP,,

clock pulse width 45 Fig. 7
w HIGH or LOW 16 20 2 ns ig

strobe pulse width 45 Fig. 8
tw HIGH or LOW 16 20 24 ns .| Fig
tey o 12 15 18 ns | 45 | Fig.10

hold time .
th D to CP 5 5 5 ns | 45 | Fig.10
fmax maf’:';';':g:y’“k pulse 30 24 20 MHz | 45 | Fig.7

196

October 1985




8-stage shift-and-store bus register

PC74HC/HCTA4094

MSI

AC WAVEFORMS

CP INPUT
QP QS Wy
OuTPUT

! letrin UL -
Qs OUTPUT

>l ety THL> -

7293880

Fig. 7 Waveforms showing the clock (CP) to
output (QP,, QS1, QS7) propagation
delays, the clock pulse width and the
maximum clock frequency.

STR INPUT

Qp, OUTPUT

7293861

Fig. 8 Waveforms showing the strobe (STR)
to output (QP,) propagation delays and
the strobe pulse width.

OE INPUT

QpP,
OuTPUT
LOW-to-OFF
OFF-to-LOW

ar,
ouTPUT
HIGH-to-OFF
OFF -to- HIGH

OUtPUTS il OUtPULS | outputs
7293862 enabled disabled enabled

Fig. 9 Waveforms showing the 3-state enable
and disable times for input OE.

CP INPUT

7293863

Fig. 10 Waveforms showing the data set-up
and hold times for the data input (D).

Note to AC waveforms
(1) HC : V) = 50%; Vq = GND to Vg
HCT: V\y=1.3V;V|=GND to 3 V.

Note to Fig. 10

The shaded areas indicate when the input
is permitted to change for predictable
output performance.
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PC74HC/HCTA4511

MSI
BCD TO 7-SEGMENT LATCH/DECODER/DRIVER
FEATURES TYPICAL
® Latch storage of BCD inputs SYMBOL PARAMETER CONDITIONS UNIT
® Blanking input HC HCT
® Lamp test input o qation delay
° L ropa
3nv|mg common cathode LED ; Dy to Qn 1 - 15 0F 2 26 ns
isplays tPHL LE to Qp, L=1op 23 | 24 |ns
® Guaranteed 10 mA drive capability tPLH Bl toQp vee=5V 18 19 ns
per output LT to Qp 12 13 ns
® Qutput capability: non-standard
i i i R F
e Igc category: MSI C input capacitance 35 | 35 | p
power dissipation
GENERAL DESCRIPTION CpD capacitance per latch notes 1and 2 63 64 pF
The 74HC/HCT4511 are high-speed i omn e e
Si-gate CMOS devices and are pin GND =0V; Tamb =25 °C; tr =t§ =6 ns
compatible with “4511” of the
“*4000B"’ series. They are specified in Notes
compliance with JEDEC standard no. 7. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
The 74HC/HCT4511 are BCD to PD=Cpp x VgC? x fi + 2 (CL x Vei? x fo) where:
7-segment latch/decoder/drivers with o= i = i i
- ) i input frequency in MHz CL = output load capacitance in pF
four address inputs (D1 to D4), an active fo = output frequency in MHz Vce = supply voltage in V
LOW latch enable input (LE), an active 2 =
- Aol o f 2 (CL x Vgc? x fo) = sum of outputs
LOW ripple blanking input (BI), an active .
. T 2. For HC the condition is V| = GND to VcC
LOW lamp test input (LT), and seven F L _ v
active HIGH segment outputs (Qj to Qg). or HCT the condition is V| = GND to Vcc — 1.5
When LE is LOW, the state of the segment
outputs (Q, to Qy) s determined by the ORDERING INFORMATION/PACKAGE OUTLINES
data on D1 to D4. PC74HC/HCTA4511P: 16-lead DIL; plastic (SOT-38Z).
When LE goes HIGH, the last data present PC74HC/HCT4511T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
on D1 to Dg are stored in the latches and
the segment outputs remain stable. PIN DESCRIPTION
When LT is LOW, all the segment outputs
are HIGH independent of all other input_ PIN NO. SYMBOL NAME AND FUNCTION
conditions. With LT HIGH, a LOW on Bl
forces all segment outputs LOW. The 3 () lamp test input (active LOW)
::Tr':::lt; LT and Bl do not affect the latch 4 BT ripple blanking input (active LOW)
5 LE latch enable input (active LOW)
APPL}(;ATIONS ) 7,1,2,6 D1 toDg BCD address inputs
) Dv!v!ng !.ED displays ) 8 GND ground {0 V)
® Driving incandescent displays 13.12.11.10
® Driving fluorescent displays 9 '15 '1 4 Q; to Qg segments outputs
® Driving LCD displays 1’6 ' V ositive supply voltage
® Driving gas discharge displays cc p pply 9
D2 [1 U E"cc BCD/7SEG [>
7—{0, Ql—13 an m
03 [2] [15] o VIH(LT]
T [3] [14] o . G2 2 _lerwowen  aton 2
_ 2—{D3 Qg f—11 510,11 2
L 4511 Bl 6—10q Qg—10 SMNco 10,11 11
i [5] 12[Qp 37 Qgf—09 Z 19pn 410,11 |12
D"E "1_T|oc a— B Qg f—15 1 o2 e1011 —2
o [_7: o 5TE ol —1a 2 lopa £10,11 |—12
1 d 9
anp [8 (9] 7293693 t— o0 o
¢ 7293694

7293692

Fig. 1 Pin configuration.

Fig. 2 Logic symbol.

Fig. 3 IEC logic symbol.
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DISPLAY

X X X X X X
[ cc cccc
8 S0 Sooc o
® & O~NMm <TWON OOSB8 B1-6D
O|T 4 4aTT TITa TTaa a4
—
O|T a4 ITddd IIIJd ITAdd Jdadd
@
4 O|T 4 TaId JddTd T Add dda4a
2l
F|{O|T 4 ITAIXT A4ITJd T ddd a4
2
o o
Ol 4 ITITAT IIIIT T IJdd Jdada
% I 4 IIII ITJJdT ITITJdd ddda
©
| 4 TAITI JAIAJTX I Idd ddaaa

X X 4a4IX4dI 4ITdI 44T dJdI 4TI 4T

J{

X X 4d44dIXITX Jd4dII JdJdI I Jd4adI T

10 {11 12 |13

X X &dddd ITXTIIT d4d4d1d IIIIT

LATCHES
DECODER
DRIVERS

X X 4444 4444444 IIIIT IIITIT

Qg |Qf [Qe |Qq [Qg (Qp |2

INPUTS

14 115 |9

MS|

IITXTX IIII IIITIT IIIT

Fig. 4 Functional diagram.

X &4 IXITT TIIIIT IIIIT IIITT

HIGH voltage level
LOW voltage level

don’t care

7293695

FUNCTION TABLE

LE| BT |[LT | Dg D3 | Dy | D
L
H

X X Jdddd dJdadd dddaa adda

PC74HC/HCT4511

* Depends upon the BCD-code applied during the LOW-to-HIGH transition of LE.

H
L
X
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BCD to 7-segment latch/decoder/driver ' \ PC74HC/HCT4511
MSI

lllll

[+]
S
o
[=]
S
~
O
o O
o_
wZ
ol__So
O

FE oot
EEEEEE

Fig. 5 Logic diagram.

Fig. 6 Segment designation. Fig. 7 Display.
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PC74HC/HCT4511
MslI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter "HCMOS family characteristics”’, section ""Family specifications’’.

Output capability: standard, excepting VQH which is given below
lcc category: MSI

Non-standard DC characteristics for 74HC
Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | Vi —lo
+25 —40to +85 | —40 to +125 \ mA
min. | typ. | max.| min. | max.|min. | max.
VOH HIGH level output voltage ggg ggg gzg v 4.5 x:t or ZOSO
5.60 5.45 5.35 Vinor | 75
VOH HIGH level output voltage | 5.48 5.34 5.20 \Y 6.0 V'H 10.0
4.80 450 4.20 IL 15.0
AC CHARACTERISTICS FOR 74HC
GND =0V; t,=tf=6ns; C =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. |typ. | max. | min. | max. | min. | max.
) 300 375 450 2.0
tPHL/ | propagation delay 60 75 90 ns |45 | Fig.8
tPLH Dn to Qn 51 64 77 6.0
i 270 330 405 2.0
tPHL/ | Ppropagation delay 54 68 81 ns |45 | Fig.9
tPLH LEtoQn 46 58 69 6.0
) 220 275 330 20
PHL/ propagation delay 44 55 66 ns | 45 | Fig.10
tPLH BT to Qn 37 47 56 6.0
. 150 190 225 2.0
PHL/ | propagation delay 30 38 45 ns |45 | Fig.8
tPLH LTtoQn 2 33 38 6.0
75 95 110 20
tTHL/ output transition time 15 19 122 ns 45 | Figs8,9and 10
oTLH 13 16 19 6.0
W latch enable pulse width ?2 ;go 50 ns ig Fig. 9
Low 14 17 20 6.0
setup time 60 75 90 2.0
tg -Up time 12 15 18 ns | 45 | Fig. 11
! DntoLE 10 13 15 6.0
. 0 0 0 2.0
th hold time_ 0 0 0 ns 4.5 Fig. 11
Dpto LE 0 0 0 6.0
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BCD to 7-segment latch/decoder/driver PC74HC/HCT4511

MSI
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter "HCMOS family characteristics’’, section "’Family specifications’’.
Output capability: standard, excepting VOH which is given below
lce category: MSI
Non-standard DC characteristics for 74HCT
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT [Vee | Vi -lo
+25 —40 to +85 | —40 to +125 v mA
min. | typ. | max.| min. | max.| min. | max.
VOH HIGH level output voltage ggg :33:8«); gzg \% 45 x:t‘ or 2050
Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.
UNIT LOAD
INPUT COEFFICIENT
T, LE 1.50
Bl, Dpy 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | V¢c | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
tPHL/ propagation delay .
tpLH Dp, to Qp 60 75 90 ns 45 Fig. 8
tpHL/ propagation delay .
tpLA LE to Q 54 68 81 ns 45 Fig. 9
tpHL/ propagation delay .
tpLH Bl to Qn 44 55 66 ns 45 Fig. 10
tpHL/ propagation delay N
tPLA LT to Qp 30 38 45 ns 45 Fig. 8
:-T”L‘ }I;/ output transition time. 15 19 22 ns 45 Figs 8, 9 and 10
latch enable pulse width .
w LOW 16 20 24 ns 45 Fig. 9
set-up time .
tsu Dp to LE 12 15 18 ns 45 | Fig. 11
hold time i
th Dp to LE 0 0 0 ns 4.5 Fig. 11
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PC74HC/HCT4511

AC WAVEFORMS
D,,, LT INPUT vy LE INPUT
Q, OUTPUT Q, OUTPUT

7293699

the output transition times.

Fig. 8 Waveforms showing the input (Dp,
LT) to output (Qp) propagation delays and

7293697

latch enable pulse width.

Fig. 9 Waveforms showing the input (LE)
to output (Qp) propagation delays and the

BI INPUT

Q, OUTPUT

7293698

to output (Qp) propagation delays.

Fig. 10 Waveforms showing the input (BI)

D, INPUT

LCE INPUT

hold times for D, input to LE input.

7293696

Fig. 11 Waveforms showing the data set-up and

Note to AC waveforms
(1) HC : Vjy=50%; V| = GND to Vggc.
HCT: V\=13V;V|=GNDto3V.

Note to Fig. 11

The shaded areas indicate when the input is
permitted to change for predictable output
performance.
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PC74HC/HCT4511

BCD to 7-segment latch/decoder/driver
MSI

APPLICATION DIAGRAMS

‘common anode

. LED
Vee ‘
Vee 2
i! ——— a7V
common cathode
|
LED
Y,
b 4 A, 17v
,GND R
7293700
” 7293706 GNO

Fig. 12 Connection to common cathode LED
display readout.

Fig. 13 Connection to common anode LED
display readout.

Vee
Vee
(4] direct
"q (low brightness)
GND ] ©
filament
supply
7203701 7 b5 GND by

(1) A filament pre-warm resistor to reduce
thermal shock and to increase effective cold
resistance of the filament is recommended.

Fig. 14 Connection to incandescent display
readour.

7293703

Fig. 156 Connection to fluorescent display
readout.

excitation

appropriste .
Vee pv”;";' Vee (square wave ;
1 GND to Vec)
/4 HC/HCTBE
7293708
GND

4 GND 7203702

Fig. 16 Connection to gas discharge display
readout.

Fig. 17 Connection to LCD display readout.
(Direct DC drive is not recommended as it
can shorten the life of LCD displays).
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PC74HC/HCT4518

MSI

DUAL SYNCHRONOUS BCD COUNTER
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® Igc category: MSI HC HCT

tpHL/ propagation delay
GENERAL DESCRIPTION Rty nCPQ, nCP1 to nQn 20 | 23 |ns
The 74HC/HCT4518 are high-speed . -

. ! " propagation delay CL=15pF

Si-gate CMOS devices and are pin TPHL =5 4
compatible with the “4518" of the nMR to nQn Vee =V L I
""4000B” series. They are specified in f | £ 60 52 MHz
compliance with JEDEC standard no. 7. fmax maximum clock frequency
The 74HC/HCT4518 are dual 4-bit Cy input capacitance 3.5 3.5 pF
internally synchronous BCD counters
with an active HIGH clock input (nCPq) power dissipation
and an active LLOW clock input (nCP1), CpD capacitance per counter notes 1 and 2 27 7 pF

buffered outputs from all four bit
positions (nQq to nQ3) and an active
HIGH overriding asynchronous master
reset input (nMR).

The counter advances on either the LOW-
to-HIGH transition of nCPq if nCP1 is
HIGH or the HIGH-to-LOW transition of
nCPq if nCPq is LOW. Either nCPq or
nCP1 may be used as the clock input to
the counter and the other clock input
may be used as a clock enable input.

A HIGH on nMR resets the counter

(nQq to nQ3 = LOW) independent of
nCPg and nCP1.

APPLICATIONS

® Multistage synchronous counting

GND=0V; Tamp=25°C;ty=t=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x V¢C? x fi+ 2 (CL x V¢cg? x fo) where:

fi =
fo =

input frequency in MHz
output frequency in MHz

CL
vVee

output load capacitance in pF
supply voltage in V

2 (C| x Veg? x fo) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4518P:

16-lead DIL; plastic (SOT-38Z).

PC74HC/HCT4518T: 16-lead mini-pack, plastic (SO-16; SOT-109A).

PIN DESCRIPTION

® Multistage asynchronous counting PIN NO. SYMBOL NAME AND FUNCTION
® Frequency dividers .
1,9 1CPg, 2CPg clock inputs (LOW-to-HIGH, edge-triggered)
2,10 1CPq, 2CP4 clock inputs (HIGH-to-LOW, edge-triggered)
3,4,5,6 1Qqp to 1Q3 data outputs
7,15 1MR, 2MR asynchronous master reset inputs (active HIGH)
8 GND ground (0 V)
11,12,13,14 | 2Qp to 2Q3 data outputs
16 Vee positive supply voltage
U CTRDIV10
1cpg 1] 6] Ve 2= o2
10 [2] [15] 2n EIN S
100 [3] [12] 205 19—y Qop— 3,11 JRA ey . :
10, 4] 13] 20, 2,10 —o|cP, Qif—4,12
4518 Q513
10, E 20y . CTRDIV10
9 11
103 6] Ezoo 7,156 —————MR  Q3b—6,12 1—0_—; >1 . 0_12_
MR E Io] 2Cp, 7293790 5 = or 1
anp 8 | 5] 2cro Sl
7293789 7293791
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT4518

MSIi
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103
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11
12

204
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7293702

Fig. 4 Functional diagram.

FUNCTION TABLE

nCPq | nCPq | MR | MODE

1 H L counter advances
L { L | counter advances
I X L no change

X 4 L no change

+ L L no change

H 4 L no change

X X H | QpgtoQ3=LOW

H = HIGH voltage level
L = LOW voltage level

X = don't care
4 = LOW-to-HIGH clock transition
4 = HIGH-to-LOW clock transition

Qg Q3
AN
- N
— FF4
1 cp . o
cPy Rp 9 Rp
MR—-D
7293793
Fig. 5 Logic diagram (one counter).
1l2fs]als|e|7|8]o]wo]rfraf1a]ia|rsfre]17]18
o JEpNpEpEpEpEpENE
Py N I I Oy
MR
1]2|ala|s|e|7|8lo|ofr|2|3|a|s|e|l7]|8]|0]0
% 4t rrerrrrrJrbu
Q4
Qz
Q3

Fig. 6 Timing diagram,

7293704
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Dual synchronous BCD counter

PC74HC/HCT4518

Msi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter "HCMOS family characteristics’’, section *’Family specifications’.

Output capability: standard
lec category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V; t,=tf=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40 to +125 \"
min. | typ. | max. | min. | max. | min. | max.
tPHL/ ropagation dela 240 300 360 20
tPHL P C‘;, 9 Pt xo 48 60 72 ns |45 | Fig.9
PLH ntro, ntFr to nlin ] 51 61 6.0
. 150 190 225 2.0
tPHL/ prc;;o;gatloradelay 30 38 45 ns 45 Fig. 8
tPLH nMR to nQn 26 33 38 6.0
t / 75 95 110 20
THL output transition time 15 19 22 ns 45 | Fig.9
tTLH 13 16 19 6.0
. 80 100 120 2.0
clock pulse width .
w HIGH or LOW 1 fg % ns ‘é'g Fig. 8
. 120 150 180 20
tw b pulse width | 54 30 36 ns | 45 | Fig.8
20 26 31 6.0
t removal time _ g g g ns ﬁg Fig. 8
rem nMR to nCPg, nCPq 0 0 0 6.0 8-
set-up time 80 100 120 20
tsy nCP1 to nCPp; 16 20 24 ns 4.5 Fig. 7
nCPg to nCP1 14 17 20 6.0
maximum clock pulse 6 5 4 2.0
fmax frequency_ 30 24 20 MHz | 45 | Fig.8
nCPq, nCPq 35 28 24 6.0
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PC74HC/HCT4518

MsSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics’’, section "Family specifications’”.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nCPg, nC—P_1 0.30
nMR 1.50

AC CHARACTERISTICS FOR 74HCT

GND =0V; ty=tf=6ns; C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min. | typ. { max. | min. | max. | min. | max.
tpHL/ propagation delay .
PLH nCPg, nCP1 to nQp 53 66 80 ns 45 Fig. 9
propagation delay .
tPHL nMR to nQp, 35 44 53 ns 45 Fig. 8
TTHL | Gutput transition time 15 19 22 | ns |45 | Fig.o
TLH
clock pulse width .
tw HIGH or LOW 20 25 30 ns 45 Fig. 8
master reset pulse width .
w Hion e 20 25 30 ns | 45 | Fig.8
removal time .
trem nMR to nCPg, nCP1 0 0 0 ns 45 Fig. 8
set-up time
tsy nCP1 to nCPo; 16 20 24 ns 45 Fig. 7
nCPq to nCP1{
maximum clock pulse
fmax frequency 25 20 17 MHz | 45 Fig. 8
nCPg, nCPq
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Dual synchronous BCD counter

PC74HC/HCT4518

Msi

AC WAVEFORMS

nCPy INPUT '

-ty |
- th
nCPy INPUT va'!

[
[: th -

7293886

Fig. 7 Waveforms showing hold and set-up
times for nCPq to nCP1 and nCP1 to nCPq.

nCPq INPUT

nCPy INPUT

nMR INPUT

Fig. 8 Waveforms showing the minimum
pulse widths for nCPg, nCP1 and nMR inputs;
the removal time for nMR and the propagation
delay for nMR to nQp, outputs.

7203886

nCPq INPUT

nCPy INPUT

nQ, OUTPUT

7293884

Fig. 9 Waveforms showing the propagation
delays for nCPg, nCP1 to nQp outputs
and the output transition times.

Note to Fig. 8 and Fig. 9

Conditions:

nCP1 =HIGH while nCPq is triggered on a LOW-to-HIGH
transition and nCPg = LOW , while nCP1 is triggered on
a HIGH-to-LOW transition.

Note to AC waveforms
(1) HC : Vi = 50%; V| =GND to Vce.
HCT: VM =13V;V|=GND to 3V.
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PC74HC/HCT4520

MSI

DUAL 4-BIT SYNCHRONOUS BINARY COUNTER
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® ¢ category: MSI HC HCT

tpHL/ propagation delay
GENERAL DESCRIPTION tPLH nCPQ, nCP1 to nQp 23 25 ns
The 74HC/HCTA4520 are high-speed ion del Ci =15 pF
Si-gate CMOS devices and are pin tPHL p:,?\;l);gigz'a eay VI('; c= 5‘{/ 13 14 ns
compatible with the “4520" of the "
""4000B" series. They are specified in : 65 52 MH
compliance with JEDEC standard no. 7. fmax maximum clock frequency ?
The 74HC/HCT4520 are dual 4-bit Cy input capacitance 35 35 pF
internally synchronous bmary counters
with an active HIGH clock input (nCP@) power dissipation
and an active LOW clock input (nCP1), CpD capacitance per counter notes 1 and 2 2 29 pF

buffered outputs from all four bit
positions (nQg to nQ3) and an active
HIGH overriding asynchronous master
reset input (hnMR).

The counter advances on either the LOW-
to-HIGH transition of nCPgq if nCP1 is
HIGH or the HIGH-to-LOW transition of
nCP1 if nCPg is LOW. Either nCPQ or
nCP1 may be used as the clock input to
the counter and the other clock input
may be used as a clock enable input.

A HIGH on nMR resets the counter

(nQg to nQ3 = LOW) independent of
nCPq and nCP1.

APPLICATIONS

® Multistage synchronous counting

GND=0V; Tamb =25 °C;tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

Pp =Cpp x VCC? x fi + = (CL x VCC? x fo) where:

fi = input frequency in MHz CL
fo = output frequency in MHz vce
Z (Cp x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Vcc — 1.5 V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4520P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT4520T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

¢ Multistage asynchronous counting PIN NO. SYMBOL NAME AND FUNCTION
® Frequency dividers .
1,9 1CPg, 2CPg clock inputs (LOW-to-HIGH, edge-triggered)
2,10 1CPq, 2CPy clock inputs (HIGH-to-LOW, edge-triggered)
3,4,5,6 1Qp to 1Q3 data outputs
7,15 1MR, 2MR asynchronous master reset inputs (active HIGH)
8 GND ground (0 V)
11,12,13,14 | 2Qq to 2Q3 data outputs
16 Vee positive supply voltage
U CTR4
ero 1] re] vee RN oy A B
125 [2] [75] 2mA PN . s
7 5
19,3} 14] 205 1,9 ? Qof—3. 1 ~—cT=0 3r——ﬁ—
104[4 13] 20, 2,10 -0 Qip— 4,12
19,5 4520 [12] 20, Qb 5,13 o
' —_ 0 :l | 1
104 5] EZQO 7,15 MR Q3l—6,14 E >1 . oi
1MR [z E 286, 7293790 s erd [
GND [8 [9]2cPg e
7293798 7293799
Fig. 1 Pin configuration. Fig 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4520

MSi

1CP4

I» |-

[~

MR
9]2CP

10|21

FUNCTION TABLE
100f3 nCPg | nCPy | MR | MODE
104]4
15| 5 t H L | counter advances
103¢ L 4 L | counter advances
13 X L no change
X 1 L no change
2099 + L L no change
204}12 H ¥ L no change
20,]13 X X H | QptoQ3=LOW

H = HIGH voltage level
L = LOW voltage level

72937902

Fig. 4 Functional diagram.

X = don’t care
4 = LOW-to-HIGH clock transition
{ = HIGH-to-LOW clock transition

Q qf Q| [
FF1 FF2 FF3 FF4
cp cp cp cp
Rp G Rp @ Rp Q| Rp

7293800

Fig. 5 Logic diagram (one counter).

7293801

Fig. 6 Timing diagram.
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Dual 4-bit synchronous binary counter PC74HC/HCTA4520

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics’’, section "'Family specifications”.
Output capability: standard
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
t| / ropagation dela 240 300 360 2.0
PHL propag \ 48 60 72 ns |45 | Fig.8
tPLH nCPg to nQp 41 51 61 6.0
. 240 300 360 2.0
tPHL/ | Propagation delay a8 60 72 | ns |45 |Fig.8
tPLH nCP1 to nQp 41 51 61 6.0
. 150 190 225 2.0
tPHL propagation delay 30 38 45 ns |45 |Fig.9
nMR to nQn 26 33 38 6.0
75 95 110 2.0
tTHL/ output transition time 15 19 22 ns 45 Fig.8
tTLH 13 16 19 6.0
. 80 100 120 2.0
tw clock pulse width 16 20 24 ns |45 |Fig.7
HIGH or LOW 14 17 20 6.0
tw master reset pulse width ;30 ;30 ;go ns ig Fig. 7
HIGH 20 26 31 6.0
. 0 0 0 2.0
removal time .
frem nMR to nCPq, nCPq g g g ns ‘ég Fig. 7
. 80 100 120 2.0
set-up time . .
tsu nCP1tonCPg, nCPo tonCPY g 2 £ R b
. 6 5 4 20
maximum clock pulse .
fmax frequency gg 5‘8‘ 32 MHz gg Fig. 7
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PC74HC/HCTA4520

Msi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “"HCMOS family characteristics”, section "’Family specifications’’.
Output capability: standard

lcc category:

MSI

Note to HCT types

The value of additional quiescent supply current (Aicc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nCPg, nCP{ 0.30
nMR 1.50

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 "
in. | typ. | max. | min. | max. | min. | max.

tPHL/ | propagation delay 53 66 80 | ns | 45 | Fig.8
tPLH nCPq to nQp
tPHL/ | propagation delay 53 66 80 | ns |45 | Fig.8
tPLH nCP1 to nQp

propagation delay i Fig. 9
tPHL nMR to nQp, 35 44 53 ns 45 ig
TTHL/ output transition time 15 19 22 ns | 45 | Fig.8
ITLH

clock pulse width 45 Fig. 7
w HIGH or LOW % 30 ns i9

master reset pulse width 5 Fia. 7
tw HIGH 25 30 ns 4 ig

removal time 45 | Fia.7
trem nMR to nCPq, nCP1 0 0 ns '9

set-up time _ 45 Fia. 8
tsu nCP4 tonCPg, nCPQ to nCPy 1 20 24 ns '8

maximum clock pulse Fia. 7
fmax frequency 20 17 MHz| 45 ig
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Dual 4-bit synchronous binary counter

PC74HC/HCT4520
MSI

AC WAVEFORMS
‘—”'max =
nCPy INPUT
(nCP0= LOW)
“(;0 _"::z: Fig. 7 Waveforms showing removal time for nMR;
(nCPy =HIGH) minimum nCPq, nCP4, nMR pulse widths and
maximum clock pulse frequency.
Conditions:
nCP = HIGH while nCPg is triggered on a
MR INPUT LOW-to-HIGH transition; tyy and tyer, also
apply when nCPy = LOW and nCP is
-~ tw —=! trem le— 7293795 triggered on a HIGH-to-LOW transition.
nCPg INPUT vyl
[
nCPy INPUT m'
nQ, OUTPUT Fig. 8 Waveforms showing set-up times for nCPq
to nCP1 and nCPq to nCPg, propagation delays
7203796 and output transition times.
nMR INPUT
nQ, OUTPUT
Fig. 9 Waveforms showing propagation delay
7293797 from nMR to nQp, output.

Note to AC waveforms
(1) HC : V) =50%; V| =GND to Vcc.
HCT: Vi =1.3V;V|=GNDto 3 V.
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DEVELOPMENT DATA

This data sheet contains advance information and

- ) ) ) PC74HC/HCT40103
specifications are subject to change without notice.
msli
8-BIT SYNCHRONOUS BINARY DOWN COUNTER
FEATURE!
ATURES TYPICAL
© Cascadable SYMBOL | PARAMETER CONDITIONS UNIT
® Synch or asynch preset HC | HCT
® Output capability: standard tonL/ propagation delay % 30
® o category: MSI tpLH CPtoTC CL=15pF ns
Vee=5V
GENERAL DESCRIPTION fmax maximum clock frequency 32 30 | MHz
The 74HC/HCT40103 are high-speed ; ;
Si-gate CMOS devices and are pin Cy input capacitance 35 3.5 pF
compatible with the “40103" of the dissipati
**4000B" series. They are specified in Cep po:::ac;:::):e ’:)):r counter |MOtesland2 125 | 27 | pF
compliance with JEDEC standard no. 7.

The 74HC/HCT40103 consist each of
an 8-bit synchronous down counter with
a single output which is active when the
internal count is zero. The 40103"
contains a single 8-bit binary

counter and has control inputs for
enabling or disabling the clock (CP), for
clearing the counter to its maximum
count, and for presetting the counter
either synchronously or asynchronously.
All control inputs and the terminal count
output (TC) are active-LOW logic.

In normal operation, the counter is

decremented by one count on each
positive-going transition of the clock (CP).

GND=0V;Tamp=25°C;t,=t;=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =Cpp x VcC? x fi+Z (CL x Vee? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL = output load capacitance in pF
Vce = supply voltage in V

2 (C x Vgg? x fo) = sum of outputs

2. For HC the condition is V| = GND to Vcg
For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT40103P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT40103T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

Counting is inhibited when the terminal PIN DESCRIPTION
enable input (TE) is HIGH. The terminal ! SCRI
count output (TC) goes LOW when the
count reaches zero if TE is LOW, and PIN NO. SYMBOL NAME AND FUNCTION
remains LOW for one full clock period. 1 P ook i LOW-t0HIGH. od I 4
When the synchronous preset enable input clock input { to- N edge-triggered)
(PE) is LOW, data at the jam input (Pg to 2 MR asynchronous master reset input (active LOW)
P9) is clocked into the counter on the 3 TE terminal enable input
next positive-going clock transition 4.5.6 7
regardless of the state of TE. 10.11 12 13 | PotoP7 jam inputs
When the asynchronous preset enable e
input (PL) is LOW, data at the jam input 8 GND ground (0 V)
(Pg to P7)is asynchroncfm::y foroedfi%teg 9 PC asynchronous preset enable input {active LOW)
the counter regardless of the state o , . .
TE, or CP. The jam inputs (Pg to P7) 14 TC terminal count output (act|.ve LOW) '
represent a single 8-bit binary word. 15 PE synchronous preset enable input (active LOW)
{continued on next page) 16 Vee positive supply voltage
U 144
er (1] 6] Ve CP P TE
R [2] [15] 7E 4—1Po
(3] 7] 7 5— :1
6—P2
Pol4 13]P7
1 sor0s [2 % o
P[5 [12] Pg 10—{Py IN PROGRESS
0 E Pg 11—1Pg
Py E E Py 12— Pg
13— Py
onp [8] (0] 5T T PE__ MR
7293739 15 2 7293740
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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- PC74HC/HCT40103
MSI

|14

J,ﬁ

15|PE
o !
"9'%'0 cpl1 !
3T
_2|WE |
Po [P1 P2 |P3 |P4 |Ps |Pg Py
7293741 4 |5 [6 |7 |10 |11 |12 |13
Fig. 4 Functional diagram,
FUNCTION TABLE
CONTROL INPUTS PRESET ACTION
WR | PL | PE | TE | MODE
H H H H inhibit counter
H H H L synchronous count down
preset on next LOW-to
H N L X HIGH clock transition
H L X X preset asynchronously
asynchronous
L X X X clear to maximum count

Notes to function table

1. Clock connected to CP. .
2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition.
3. Jam inputs: MSD = Py, LSD = Pq.

H =HIGH voltage level
L = LOW voltage level
X =don't care

GENERAL DESCRIPTION (Cont'd)

When the master reset input (MR) is LOW,
the counter is asynchronously cleared to
its maximum count (decimal 255)
regardless of the state of any other input.
The precedence relationship between
control inputs is indicated in the function
table.

If all control inputs except TE are HIGH
at the time of zero count, the counters
will jump to the maximum count, giving
a counting sequence of 256 clock pulses
long.

The “40103" may be cascaded using the
TE input and the TC output, in either a
synchronous or ripple mode.

APPLICATIONS

©® Divide-by-n counters

® Programmable timers

® [nterrupt timers

® Cycle/program counters

220
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8-bit synchronous binary down counter L PC74HC/HCT40103
] MsSi

DEVELOPMENT DATA

PE PL CcP MR
Po P1 P2 P3 Py P5 Pg Pr
1 1
3 37 T J 7 J J J o
R O—Do- —# ol @ o4 =W o =" o-Dm =" o}— —|W ol— " o
- e & & & & & &
€7 FFe
pL FFY —{pL FF2 —fp FF3 e FF4 —{oL FFS —p FFE e F —rL
PE —Jee —re PE —re —ee —{ee —re
Te TE TE TE TE TE TE TE
—
TO OTHER 7 ? F
FLIP-FLOPS ‘B Y? }f

7203742

Fig. 5 Logic diagram.

S Iy I O
-

Po |
2] j

P2

P3

Pq

Ps

Pg

P7

Tc

COUNT | 255 | 254 3 2 1 o 255 | 264 | 254 |263 8 7 ] 5 4 266 | 264 | 263 | 262

7293743

Fig. 6 Timing diagram.
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PC74HC/HCT40103

msi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘‘Family specifications’’.
Output capability: standard

Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C__=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 10 +85 | —40 to +125 v
min, | typ. | max. | min, | max. | min. | max.
tpHL/ propagation delay ggo %5 380 ig Fig. 7
1 CPtoTC ns . ig.
PLH 51 64 77 6.0
) 200 250 300 2.0
TPHL/ | propagation delay 40 50 60 |ns | 45 | Fig.8
PLH 34 43 51 6.0
] 275 345 415 2.0
TPHL/ | propagation delay 55 69 83 |ns |45 |Fig.o
PLH 47 59 71 6.0
propagation delay g;s 235 3;5 2(5) Fio. 9
tPHL A ns 3 9.
MR to TC 47 59 71 6.0
75 95 110 2.0
tTHL/ output transition time 15 19 22 ns 45 Figs. 7and 8
tTLH 13 16 19 6.0
) 165 205 250 2.0
W clock pulse width 33 41 50 ns | 45 | Fig.7
28 35 43 6.0
) 150 190 225 2.0
tw master reset pulse width | 39 38 45 ns | 45 | Fig.9
26 33 38 6.0
) 125 155 190 2.0
W preset enable pulse width | 55 31 38 ns | 45 |Fig.9
; 21 2% 32 6.0
) 50 65 75 2.0
trem "’%"-F“"“t'o“(’:':f 10 13 15 ns 45 | Fig. 10
9 1 13 6.0
) 100 125 150 2.0
tey A 20 25 30 ns 45 | Fig. 11
17 21 26 6.0
) 175 220 265 2.0
tey P 35 44 53 ns | 45 | Fig. 11
30 37 45 6.0
) 100 125 150 2.0
toy A 20 2% 30 ns | 45 | Fig.12
n 17 21 2 6.0
) 0 0 0 2.0
hold time .
th 0 0 0 ns 45 | Fig. 1
PEwCP 0 0 0 6.0
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8-bit synchronous binary down counter

PC74HC/HCT40103

MSI

DEVELOPMENT DATA

AC CHARACTERISTICS FOR 74HC (Cont’d)

GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. I max. | min. | max. | min. | max.
) 0 0 0 2.0
hold time .
th TE 0 0 0 ns 45 Fig. 11
TE to CP 0 0 0 6.0
) 5 5 5 2.0
th hold time | 5 5 5 ns | 45 |Fig 12
nto 5 5 5 6.0
. 3 2 2 2.0
frmax '“?X'm“m clock pulse 15 12 10 MHz | 45 |Fig.7
requency 18 14 12 6.0
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PC74HC/HCT40103
MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘‘Family specifications’.
Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.

To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
cp, PE 150
MR 1.00
TE 0.80
Pn 0.25

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. |typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tPLH CP 10 TC 60 75 90 ns 45 Fig. 7
tpHL/ propagation delay .
LA TE to TC 50 63 75 ns 45 | Fig. 8
tpHL/ propagation delay .
tpLA PL to TC 60 75 90 ns 45 | Fig.9
propagation delay .
tPHL MR to TC 60 63 75 ns 45 | Fig.9
tTHL/ output transition time 15 19 22 | ns 45 | Figs.7and 8
TTLH
clock pulse width .
w HIGH or LOW 35 44 53 ns |45 | Fig.7
tw masier et Pulse width | 4g 50 60 ns | 45 | Fig.9
preset enable pulse width .
tw PL: LOW 38 48 57 ns 45 Fig. 9
trem remova) e 10 13 15 ns | 45 | Fig. 10
set-up time .
tsy PE to CP 20 25 30 ns 45 Fig. 11
set-up time .
tsy TE to CP 40 50 60 ns 45 Fig. 11
set-up time .
tsy Pp to CP 24 30 36 ns 4.5 Fig. 12
hold time .
th PE to CP 0 0 0 ns 4.5 Fig. 11
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8-bit synchronous binary down counter

PC74HC/HCT40103

MSI

DEVELOPMENT DATA

AC CHARACTERISTICS FOR 74HCT (Cont'd)

GND =0 V;t, =t =6 ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min, [typ. | max. | min.| max. | min, | max.
th R 0 0 0 ns | 45 | Fig. 11
th hold time | 5 5 5 “lns |45 |Fig12
n
fmax maf’:'e';‘:;c";"c" pulse 14 1 9 MHz |45 | Fig.7
/
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PC74HC/HCT40103
MSI

AC WAVEFORMS

CP INPUT

TC ouTPUT

7293744 tTHL! ]

Fig. 7 Waveforms showing the clock input
(CP) to TC propagation delays, the clock
pulse width, the output transition times
and the maximum clock pulse frequency.

TE INPUT

TC ouTPUT

7293745 TrHL> e > letry

Fig. 8 Waveforms showing the TE to TC
propagation delays.

PL, MR INPUT

TC ouTPUT

7293747

Fig. 9 Waveforms showing PL, MR
to TC propagation delays.

MR INPUT v
-ty —
=t om |

CP INPUT vyt

7293746

Fig. 10 Waveforms showing removal time
for MR.

TE or PE v
™
INPUT
e toy th —
11

CP INPUT Vi

7293748

Fig. 11 Waveforms showing hold and set-up
times for MR or PE to CP.

Pgto Py
INPUTS

/ v stable
2
— t —

lSu >
PE INPUT TVM“’ T
| tg, ——> [ t}; —»

7293749

Fig. 12 Waveforms showing hold and set-up
times for P, PE to CP.

Note to AC waveforms
(1) HC : V) = 50%; V| = GND to Vgc.
HCT: V) =1.3V; V| =GND to 3V.

Note to Fig. 12

The shaded areas indicate when the input
is permitted to change for predictable
output performance.
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DEVELOPMENT DATA

This data sheet contains advance information and PC74HC/HCT40105
specifications are subject to change without notice.
MSI
4-BIT X 16-WORD FIFO REGISTER
FEATURES TYPICAL
® [ndependent asynch inputs and SYMBOL PARAMETER CONDITIONS UNIT
outputs HC | HCT
o Expandable m either direction , propagation delay
® Reset capability :PHL MR to DIR, DOR 15 |15 |ns
® Status indicators on inputs and PLH S0 toQp, CL=15pF 36 |3 |ns
outputs . Vee=5V
propagation delay
® 3-state outputs toHL Sl to DIR 18 |18 |ns
©® Output capability: standard 30 to DOR 18 18 ns
® lcc cate : MSI
ce sory fmax maximum clock frequency 32 30 MHz
GENERAL DESCRIPTION - - Py e =
The 74HC/HCT40105 are high-speed Ci input capacitance . S|P
Si-gate CMOS devices and are pin T
compatible with the “40105" of the Cprp p°g°’ag;::'r‘l’::'°:r ackage | MOtESTand2 [ 134 | 145 | pF
“4000B" series. They are specified in P perp

compliance with JEDEC standard no. 7.

The 74HC/HCT40105 are first-in/first-

out (FIFO) “elastic’’ storage registers that
can store sixteen 4-bit words. The 40105’
is capable of handling input and output
data at different shifting rates. This feature
makes it particularly useful as a buffer
between asynchronous systems. Each

word position in the register is clocked by
a control flip-flop, which stores a marker
bit. A 1" signifies that the position’s

data is filled and a “‘0’’ denotes a vacancy
in that position. The control flip-flop
detects the state of the preceding flip-flop
and communicates its own status to the
succeeding flip-flop. When a control

GND =0V; Tamb=25°Cit,=t;=6 ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vce? x fi+ 2 (CL x Vee? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

CL = output load capacitance in pF
Vee = supply voltage in V

2 (C x Vgg? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC

For HCT the condition is V| = GND to Vcc - 1.5 V
ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCT40105P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT40105T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
PIN DESCRIPTION

flip-flop is in the “0" state and sees a /1" PIN NO. SYMBOL NAME AND FUNCTION
in the preceding flip-flop, it generates a
clockdpulsz; thaafj tranlsfer': data from the 1 OE output enable input (active LOW)
preceding four data latches into its own r
four data latches and resets the preceding 2 DIR da‘ta '." |.-eady output .
flip-flop to ““0"". The first and last control 3 St shift-in input (LOW-to-HIGH, edge-triggered)
flip-flo?s have bUf;efSI outputs. Sincei’all 4,5,6,7 Do to D3 parallei data inputs
empty locations “‘bubble’’ automatically
to the input end, and all valid data ripples 8 GND ground (0 V) . .
through to the output end, the status of 9 MR asynchronous master reset input (active HIGH)
the first (I:)ﬂn;;ol ;Iip-flopf(d:ta’;i'nFrgad»; " 13,12,11,10 | QgtoQ3 3-state data outputs
output - indicates if the is full, ’
and the status of the last flip-flop (data-out 14 DOR da.ta out |.'eady output .
ready output - DOR) indicates if the FIFO 15 50 shift-out input (HIGH-to-LOW, edge-triggered)
(continued on next page) 16 Vce positive supply voltage
b
oE (1] U [16] Ve OE
4—] Do Qp f—13
oir[2] 5] 56 . o
s [_T__ E DOR 5— "1 112
6— D2 Qp—11
Po E E o D, Q
o4 (5] 40105 7] o 77 3 IN PROGRESS
0[] m[
0a E E 03 3—S! DOR p—14
GND E E uR 15-1 SO . DIR }—2
7293836 9 7203837
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT40105
MSI

GENERAL DESCRIPTION (Cont‘d)

contains data. As the earliest data is
removed from the bottom of the data
stack (output end), all data entered later
will automatically ripple toward the
output.

- Loading data
Data can be entered whenever the DIR
flagis HIGH, by a LOW-to-HIGH
transition on the shift-in input (S1).
This input must go LOW momentarily
before the next word is accepted by the
FIFO. The DIR flag will go LOW
momentarily, until the data has been
transferred to the second location. The
DIR flag remains LOW when all 16 word
locations are filled with valid data, and
further pulses on the S| input will be
ignored until DIR goes HIGH.

Unloading data

As soon as the first word has rippled to
the output, the data-out ready output
(DOR) goes HIGH and data of the first
word is available on the outputs.

Data of other words can be removed by a
negativg_-going transition on the shift-out
input (SO). This negative-going transition
causes the DOR signal to go LOW, while
the next word moves to the output. As
long as valid data is available in the FIFO,
the DOR signal will go HIGH again
signifying that the next word is ready at
the output. When the FIFO is empty,
DOR will remain LOW, and any further
commands will be ignored until a 1"’
marker ripples down to the last control
register and DOR goes HIGH.

If during unloading Sl is LOW, data on
the data input of the FIFO is entered in
the first location.

Master reset

A HIGH on the master reset input (MR)
sets all the control logic marker bits to
“0"”. DOR goes LOW and DIR goes
HIGH. The contents of the data register
are not changed but will be superseded
when the first word is loaded. Thus MR
does not clear data within the register but
only the control logic. If the shift-in flag
(Sl) is HIGH during the master reset
pulse, data present at the input (Dg to D3)
is immediately moved into the first
location upon completion of the reset
process. ’

APPLICATIONS

Bit-rate smoothing
CPU/terminal buffering
Data communications
Peripheral buffering

Line printer input buffers
Auto-diallers

CRT buffer memories
Radar data acquisition

3-state outputs

In order to facilitate data busing, 3-state
outputs (Qg to Q3) are provided on the
data output lines, while the load condition
of the register can be detected by the
state of the DOR output. A HIGH on the
3-state control flag (output enable input -
OE) forces the outputs into the
high-impedance OFF-state mode.

Cascading

The “40105" can be cascaded to form
longer registers simply by connecting
the DIR outputs to the 50 inputs and
the DOR outputs to the S| inputs,

In the cascading mode, a master reset
pulse must be applied after the supply
voltage is turned on. For words wider
than 4 bits, the DIR and DOR outputs
must be gated together with AND gates.
Their outputs drive the SI and 30 inputs
in parallel, if expansion occurs in both
directions (see Figs. 6 and 7).
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4-bit x 16-word FIFO register

PC74HC/HCT40105

Mmsi

DEVELOPMENT DATA

koo |-

|

INPUT BUFFERS OUTPUT BUFFERS
Dy D Qo)

) [}
_|1 >__.___ 4x16 !

N
Dy M _a
FS————D—‘ DATA REGISTER —-Ed ~ T)ZHL
E W]

CONTROL LOGIC

MR

9 7293838

Fig. 4 Functional diagram.

MR
sl I

ol
I

(2)
FF2

—

LATCHES

4
LATCHES LATCHES

3.STATE
OUTPUT

position 1

14x
position 2 to 16 position 16

Fig. 5 Logic diagram.

— Q4

Q2

..

7293860

Notes to Fig. 5

(see control flip-flops)

(1) LOW on § input of FF1 and FF5 will
set Q output to HIGH independent
of state on Rinput.

(2) LOW on R input of FF2 and FF3 will

set Q output to LOW independent
of state on S input.
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PC74HC/HCT40105
msi

[R}]

1 Ly 1 {

Do S DOR Qg N ] DOR Qg |y
——{Dq Q4 »>- Dy Q —p
40105 40105

Q2 D2 2
1% or wr 5 93 > % pr wr 5 O3}
I { t Y 1

Fig. 6 Expansion; 4-bits wide-by-16 n-bits long.

7293838

(1) Master reset pulse must be applied when cascading by 16 n-bits.

si

8-BIT DATA <

wr (1 ¢

I l | }—> por
Si DOR o, 3

o
D4

40105

o.
>3 o MR

N Y] DOR q,

Qy

Q3

3l

(1) Master reset pulse must be applied when cascading by 16 n-bits.
Fig. 7 Expansion; 8-bits wide-by-16 n-bits long.

Q4
4010
5 0,
[ N
DIR__MR__ 50
I b 8-BIT DATA
|, [op & TOR ag
+{01 Q|
1o 40105 0l
D. — 03l
1% or  wmr_ % 3
¥ L S %

7293840
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4-bit x 16-word FIFO register

PC74HC/HCT40105

MSI

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”’, section ““Family specifications’.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER = UNIT | V¢gc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. [ max. | min. | max.
. 175 220 265 2.0
tpHL/ propagation delay 35 44 53 ns 45 Fi
. g.8
tPLH MR to DIR, DOR 30 37 25 6.0
. 210 265 315 2.0
tPHL propagation detay 42 53 63 |ns | 45 | Fig.9
36 45 54 6.0
. 210 265 315 2.0
propagation delay :
PHL opa 42 53 63 |ns 45 | Fig. 10
SO to DOR 36 45 54 6.0
. 400 500 600 20
PHL/ | propagation delay 80 100 120 |ns | 45 | Fig. 11
PLH n 68 85 102 6.0
propagation delay/ripple 2000 2500 3000 2.0
tPLH through delay 400 500 600 |ns 45 Fig. 12
Sl to DOR 340 425 510 6.0
propagation delay/ripple 2500 3125 3750 2.0
tPLH through delay 500 625 750 | ns 45 Fig. 13
SO to DIR 425 532 638 6.0
t / 75 95 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Fig. 11
TLH 13 16 19 6.0
150 190 225 20
:PZH/ 3‘%%65”5”“ enable 30 a8 45 |ns 45 | Fig.14
PZL n 26 33 38 6.0
. . 140 175 210 2.0
;sz/ 3-s(t_)a%etguéput disable time 28 35 22 ns 45 Fig. 14
PLZ n 24 30 36 6.0
. 80 100 120 2.0
W S e Wt 16 20 24 ns | 45 | Fig.9
14 17 20 6.0
== . 120 150 180 2.0
W S0 P i 24 30 36 ns | 45 | Fig.10
20 26 31 6.0
DIR pulse width 220 275 330 20 |
tw HIGH or LOW 44 55 66 ns 45 Fig. 9
37 47 56 6.0
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PC74HC/HCT40105

MsSI

AC CHARACTERISTICS FOR 74HC (Cont’d)

GND =0 V;t, = t; = 6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min, | typ. | max. | min. | max. | min. | max.
) 220 275 330 2.0
w DOR butse wioth 44 55 66 ns | 45 | Fig.10
or 37 47 56 6.0
) 80 100 120 2.0
tw MA bulee width 16 20 24 ns | 45 | Fig.8
14 17 20 6.0
) 50 65 75 2.0
removal time .
t 10 13 15 ns 45 Fig. 15
rem MR to SI 9 1 13 6.0
o ti -35 —45 —55 2.0
toy P s -7 -9 -1 ns | 45 | Fig.16
nto -6 -7 -9 6.0
) 125 156 190 2.0
th hola time 25 31 38 ns |45 | Fig.16
nto 21 26 32 6.0
) Ise freque 3 2 2 2.0
fmax S5 e TeaueneY. 4g 12 10 MHz | 45 | Figs9and 10
. 18 14 12 6.0
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4-bit x 16-word FIFO register

PC74HC/HCT40105

MSI

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
OE 0.75

sl 0.40

Dy 0.30

MR 1.50

SO 0.40

AC CHARACTERISTICS FOR 74HCT

GND =0V;t, =t =6ns; C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
::E'-/ PO e 36 45 54 |ns | 45 | Fig.8
H .
tPHL/ propagation delay 42 53 63 |ns |45 | Fig.9
PLH :
tPHL Propagation celav 42 53 63 |ns | 45 | Fig.10
TPHL/ | prog Jation delay 80 100 120 |ns | 45 | Fig. 11
PLH n
propagation delay/ripple ]
tPLH through delay 400 500 600 | ns 45 Fig. 12
Sl to DOR
propagation delay/ripple .
tPLH through delay 500 625 750 | ns 45 Fig. 13
SO to DIR
g'l'_'l';/ output transition time 15 19 22 |ns 45 | Fig. 11
:PZ”/ 3'%3—;83“5"“ enable time 35 44 53 |ns | 45 | Fig. 14
PZL n
:gHz/ 3-s(t)_iEtetguéput disable time 30 138 45 | ns 45 | Fig 14
Lz n
W Sl pulse width 16 20 24 ns | 45 | Fig.9
W %Hp"(’.,'ff it 16 20 24 ns | 45 | Fig. 10
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PC74HC/HCT40105

MSI

AC CHARACTERISTICS FOR 74HCT (Cont'd)

GND=0V;t.=t;=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc| WAVEFORMS
+25 —40 to +85 | —40 to +125 Vv
min. [ typ. | max. | min. | max. | min. | max.
D1R pulse width .
HIGH or LOW 40 50 60 ns 45 Fig. 9
DOR pulse width .
HIGH or LOW 40 50 60- - ns 45 Fig. 10
MR pulse width 16 20 24 ns | 45 | Fig.8
trem remova) e 15 19 22 ns | 45 | Fig.15
tsy set-up time -7 -9 -1 ns | 45 | Fig.16
n
th ho‘rgnﬁt?; 2 31 38 ns | 45 | Fig. 16
frnax maximum pulse frequency | 14 1 9 MHz | 45 | Figs9and 10
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4-bit x 16-word FIFO register

PC74HC/HCT40105
MSI

DEVELOPMENT DATA

AC WAVEFORMS

MR INPUT
S| INPUT

Q,,D0R

OUTPUTS
DIR OUTPUT
7203842

DIR OUTPUT

7293841

Fig. 8 Waveforms showing the MR input
to DIR, DOR output propagation delays
and the MR pulse width.

Fig. 9 Waveforms showing the SI input
to DIR output propagation delay. The Sl,
DIR pulse widths and S| maximum pulse
frequency.

S0 INPUT

DOR OUTPUT

7293843
Fig. 10 Waveforms showing the 30 input

to DOF output propagation delay. The 50,
DOR ¢ !se widths and SO maximum pulse

$0 INPUT

Q, ouTPUT

7293844

Fig. 11 Waveforms showing 50 input to Q,
output propagation delays and output
transition time.

7293845

Fig. 12 Waveforms showing the Sl input
to DOR output propagation/ripple through
delay.

frequency.
Si INPUT vyt S0 INPUT il
- < tpLy - - tpLH
DOR OUTPUT DIR OUTPUT

7293848

Fig. 13 Waveforms showing the 50 input
to DIR output propagation/ripple through
delay.
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PC74HC/HCT40105 )
sl ' .

AC WAVEFORMS (Cont'd)

MR INPUT VM(" N

Q, oUTPUT
LOW-t0-OFF ltremy-
OFF-to-LOW
S INPUT vyt
Q, oUTPUT
HIGH-to-OFF 7293847
OFF-to-HIGH

outputs —ple—— outputs .|« outputs
7293848 enabled disabled enabled
Fig. 14 Waveforms showing the 3-state enable Fig. 15 Waveforms showing the MR input
and disable times for input OE. to Sl input removal time.

D, INPUT

Si INPUT
7203849
Fig. 16 Waveforms showing hold and set-up
times for Dy, input to Sl input.
Note to Fig. 16 Note to AC waveforms
The shaded areas indicate when the input (1) HC : V) =50%; V| = GND to V¢c.
HCT: V=13V;V|=GNDto3V.

is permitted to change for predictable
output performance.
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