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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

-
=1
»

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
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.

inirared detectors J 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
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4b

S5

S6

S7

S8

S9

S$10

S11

S$12

SDr'r?a(:tssignal 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

Phot.t‘)_sens.iti\_/e dio<l1es.and tl:ansistorf, I.ight-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 ICO1N
IC2 Bipolar ICs for video equipment 1C02Na and IC02Nb
IC3 ICs for digital systems in radio, audio and video equipment ICO1N, ICO2Na and ICO2Nb
IC4 Digital integrated circuits
CMOS HE40008B family
I1C5 Digital integrated circuits — ECL ICO8N
ECL10000 (GX family), ECL100000 (HX family), dedicated designs
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

vi
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NEW SERIES

ICO1N Radio, audio and associated systems (published 1985)
Bipolar, MOS
ICO2Na  Video and associated systems (published 1985)
Bipolar, MOS
Types MAB8031AH to TDA1524A
ICO2Nb  Video and associated systems (published 1985)
Bipolar, MOS
Types TDA2501 to TEA1002
1CO3N Integrated circuits for telephony (published 1985)
1C04N HE4000B logic family
CMOS
ICO5N HE4000B logic family — uncased ICs (published 1984)
CMOS
ICO6N High-speed CMOS; PC54/74HC/HCT/HCU (published 1985)
Logic family
Supplement High-speed CMOS; PC74HC/HCT/HCU (published 1985)
to ICO6N Logic family
ICO7N High-speed CMOS; PC54/74HC/HCT/HCU — uncased ICs
Logic family
1CO8N ECL 10K and 100K logic families (published 1984)
ICO9N TTL logic series (published 1984)
IC10N Memories
MOS, TTL, ECL
IC11N Linear LSI (published 1985)
IC12N Semi-custom gate arrays & cell libraries
ISL, ECL, CMOS
IC13N Semi-custom (published 1985)
Integrated Fuse Logic
IC14N Microprocessors, microcontrollers & peripherals (published 1985)
Bipolar, MOS
IC15N FAST TTL logic series (published 1984)
Note

Books available in the new series are shown with their date of publication.
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

C1 Programmable controller modules
PLC modules, PC20 modules

c2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters
C3 Loudspeakers

Cc4 Ferroxcube potcores, square cores and cross cores

C5 Ferroxcube for power, audio/video and accelerators

C6 Synchronous motors and gearboxes

Cc7 Variable capacitors

Cc8 Variable mains transformers

C9 Piezoelectric quartz devices

C10  Connectors

C11  Non-linear resistors
Voltage dependent resistors (VDR), light dependent resistors (LDR), negative temperature
coefficient thermistors (NTC), positive temperature coefficient thermistors (PTC)

C12 Potentiometers, encoders and switches
C13  Fixed resistors

C14  Electrolytic and solid capacitors

C15 Ceramic capacitors

C16 Permanent magnet materials

C17  Stepping motors and associated electronics

C19 Piezoelectric ceramics

C20 Wire-wound components for TVs and monitors

C21* Assemblies for industrial use
HNIL FZ/30 series, NORbits 60-, 61-, 90-series, input devices

C22  Film capacitors

* Will be issued in 1985.
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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 Vi

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 (%2V ),
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

e 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

® Improved 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/HCTO8 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 MSI 109
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 20 MSI 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 153
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.
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FUNCTIONAL INDEX

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
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 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 . 141
HC/HCT4017 Johnson decade counter with 10 decoded outputs 16 MSI C 181
HC/HCT4020 14-stage binary ripple counter 16 MSI 169
HC/HCT4040 12-stage binary ripple counter 16 MSI 175
HC/HCT4518 dual synchronous BCD counter 16 MSI 207
HC/HCT4520 dual synchronous 4-bit binary counter 16 MSI 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 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
HCUO4 hex inverter (unbuffered) 41
HC/HCTO8 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 fiip-fiop with reset; positive-edge trigger 109
HC/HCT182 look-ahead carry generator 1156
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.

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 in a
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 \%
A7 DC input voltage range 0 Vee | O Vee |V
Vo DC output voltage range 0 Vee | O Vee |V
Tamb operating ambient temperature range | —40 +85 —-40 +85 °c see DC and AC
Tamb operating ambient temperature range | —40 +125 | —40 +125 | °C S:'?i:\;ice

. . . 1000 Veec =20V
| o Senmmiger input 50 | 500 20 |s0 | m | Vec: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 |50 |60 \
\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 (1EC 134)

Voltages are referenced to GND (ground =0 V)

SYMBOL | PARAMETER MIN. | MAX. | UNIT | CONDITIONS
Vee DC supply voltage -0.5 | +7 Vv
thk DC input diode current 20 mA for Vi <-050rV; >Vgc+05V
tlok DC output diode current 20 mA for Vo <-0.50r Vo> Vgc+0.5V
tlg DC output source or sink for —0.5 V<Vg <Vgc+0.5V
| current |
| = standard outputs 25 mA |
— bus driver outputs 35 mA
tlges DC Vg or GND current
+IGND for types with:
— standard outputs 50 mA
— bus driver outputs 70 mA
Tstg storage temperature range —65 +150 | °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 mW 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 mW 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

SPECIFICATIONS

FAMILY

DC CHARACTERISTICS FOR 74HC

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | VI OTHER
+25 —40to+85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
15 |13 1.5 1.5 2.0
ViH HIGH level input voltage 3.15| 24 3.15 3.15 \ 45
4.2 |31 42 42 6.0
0.7 | 05 0.5 0.5 20
ViL LOW level input voltage 18 | 1.35 1.35 136 |V 45
23 |18 1.8 1.8 6.0
19 |20 19 19 20 | Vi |-lo=20uA
VoH “;,,Gg*u'f;j{:”‘p“t voltage | 44 |45 44 44 v 45 | or 1§ =20 A
59 (6.0 5.9 59 60 |ViL |-l0=20uA
v HIGH level output voltage | 3.98 3.84 3.7 v 45 :)/rlH —lp=4.0mA
OH standard outputs 5.48 5.34 5.2 60 |y, |-lo=52mA
v HIGH level output voltage | 3.98 3.84 3.7 v 45 :)/rIH —lp=6.0mA
OH bus driver outputs 5.48 5.34 5.2 60 |y, |~lo=78mA
0 0.1 01 0.1 20 ViH 10 =20 A
VoL L;?,“Z,';;ﬂtg"“’“t voitage 0o |01 0.1 01 |v 45 |or 16 =20 A
0 0.1 0.1 0.1 6.0 ViL lo =20 A
v LOW level output voltage 0.26 0.33 04 v 45 :)/rIH lp=40mA
oL standard outputs 0.26 0.33 0.4 60 |y, |lo=52mA
v LOW level output voltage 0.26 033 04 1y, 45 Vr|H lp=6.0mA
oL bus driver outputs 0.26 0.33 04 6.0 %”_ lop=78mA
Vee
Eal] input leakage current 0.1 1.0 1.0 nA 6.0 or
GND
ViH -
tloz 3-state OF Fstate current 05 5.0 100 |pA 60 | or Vo =Vce
or GND
ViL
quiescent supply current
| SSI 2.0 20.0 40.0 | pA 6.0 Vee Io=0
cc flip-flops 4.0 40.0 80.0 | uA 6.0 |or 10=0
0
MSI 8.0 80.0 160.0 | uA 6.0 GND lp=0

October 1985
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FAMILY
“SPECIFICATIONS

DC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40t0 +85 | —40 to +125 \
min. | typ, | max. | min. | max. | min. | max.
45
ViH HIGH level input voitage | 2.0 20 20 v to
5.5
Vo 45
ViL LOW level input voltage 08 0.8 08 |V to
\ 6.5
v HIGH level output voltage ViH 1A = 20 A
OH all outputs 44 |45 44 44 \" 45 ?/r —lg=20p
IL
; HIGH level output voltage 5 ViH o =4.0 mA
OH standard outputs 3.98 384 3.7 v 4, 3r —-lp=40m
L
ViH
VoH HIGH level gﬂ:gg:s”“‘” 3.98 384 3.7 v 45 |or |-lg=60mA
ViL
vV, LOW level output voltage 45 ViH o = 20 uA
oL all outputs 0 0.1 0.1 0.1 v . or 0=20u
ViL
ViH
VoL B e i voltage 0.26 033 04 [v |45 [or |lg=40mA
ViL
ViH
VoL e s wolate 0.26 0.33 04 |V |45 |or |lp=60mA
ViL
Vee
) input leakage current 0.1 1.0 1.0 uA 5.5 or
GND
. Vo=VccorGND
! VIH per input pin;
tlgz 3-state OF F state current 0.5 5.0 10.0 | wA 65 |or other inputs at
ViL Ve or GND;
=0
quiescent supply current
| SSI 2.0 20.0 400 | uA 65 | Vec |lo=0
cc flip-flops 40 40.0 80.0 | uA 55 | or 10=0
(o)
Mmsi 8.0 80.0 160.0| pA 556 | GND |Iip=0
45 | o, |amerinoua
Alcc unit load coefficient is 1 100 | 360 450 490 | uA ;"5 =21V ch gr GND;
(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 worstcase (V| =2.4 V;Vgc =5.5 V)
specification is: Alcc = 0.65 mA (typical) and 1.8 mA (maximum) across temperature.

16
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HCMOS family characteristics FAMILY
SPECIFICATIONS

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40to +85 | —40 to +125 Y,
min. | typ. | max.| min.| max. | min. | max.
1.7 1.7 1.7 2.0
ViH HIGH level input voltage 36 36 36 v 45
48 48 48 6.0
03 03 03 2.0
ViL LOW level input voltage 09 0.9 0.9 \" 4.5
1.2 1.2 1.2 6.0
1.8 18 1.8 20 | ViH —lp =20 A
VOH HIGH level output voltage | 4.0 40 40 v 45 or —lg =20 pA
6.5 55 55 60 | ViL —lp=20pA
V
3.98 384 3.7 45 CC | —1g=4.0mA
VOoH HIGH level output voltage 5.48 5.34 5.2 \ 6.0 ngD 10 =52mA
0.2 0.2 0.2 20 ViH lo =20 uA
VoL LOW level output voltage 0.5 0.5 05 |V 45 | or lo =20 uA
0.5 0.5 05 60 | VL 10 =20 A
Vee =
VoL LOW level output voltage ggg ggg g: \ ég or :8 _ gg 22
. . X i GND =5.
Vee
E input leakage current 0.1 1.0 1.0 HA 6.0 or
GND
; Vece
lec duiescent supply current 20 200 400 [uA |60 |or | 10=0
GND

October 1985 17



FAMILY
SPECIFICATIONS

AC CHARACTERISTICS FOR 74HC

GND=0V;tr=tf=6ns;CL=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vec| WAVEFORMS
+25 —40to+85 | —40to+125 i
min. | typ. | max. | min. | max. | min. | max.
P 75 95 110 2.0
tTHL/ output transition time .
tTLH standard outputs :g }g ?g ns gg Figs 3and 4
tTHL output transition time ?[2) Zg ?g ns 1212 Figs 3 and 4
tTLH bus driver outputs 10 13 15 6-0 g
AC CHARACTERISTICS FOR 74HCU
GND=0V;t =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to0 +85 | —40 to +125 Y,

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

75 95 110 2.0

iTH v/ output transition time 15 19 22 |ns 45 | Fig.1
TLH 13 16 19 6.0
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;Ci_ =50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40to+125 v
min. | typ. | max. | min.| max. | min. | max.
tTHL/ output transition time .
LA standard outputs 15 19 22 ns 45 Figs 8 and 9
tTHL/ output transition time .
tTLH bus driver outputs 12 15 18 ns 4.5 Figs 8 and 9

18 October 1985



HCMOS family characteristics

FAMILY

SPECIFICATIONS

HCU TYPES
AC WAVEFORMS 74HCU

HC TYPES
AC WAVEFORMS 74HC

INPUT

OUTPUT

trHL—>! e >l le—tyy

72912671

Fig. 1 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

INPUT

-—1TLH

72912671

Fig. 3 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

TEST CIRCUIT FOR 74HCU AC WAVEFORMS 74HC
[ Vmax ————
Vee ot e
Vo cLOCK
PULSE
'L CLl 50 pF
7287475
DATA
INPUT
Fig. 2 Test circuit.
Definitions for Fig. 2:
C_ = load capacitance including jig and probe capacitance ouTPUT
(see AC CHARACTERISTICS for values).
R; = termination resistance should be equal to the output

impedance Z, of the pulse generator.

| trom =

SET, | Vee
RESET,
PRESET  {90%

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.

2. For AC measurements: t, = t; = 6 ns; when measuring fmax,

there is no constraint on t;, t¢ or pulse width,

ﬂ)ctober 1985
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FAMILY

AC WAVEFORMS 74HC (continued)

SPECIFICATIONS
HC TYPES (continued)
TEST CIRCUIT FOR 74HC
Vee
|
Vo
D.U.T.

PULSE
GENERATOR

'L CL==50pF
]

7287475

Fig. 5 Test circuit.
Definitions for Fig. 5:

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.

OuTPUT
ENABLE

OUTPUT
LOW-t0-OFF
OFF-to-LOW

OuTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs ! outputs b tp!
7291281.1 enabled disabled enabled

Fig. 6 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HC

PULSE
GENERATOR

Switch position
TEST SWITCH
tezn GND
ezt Vee
touz GND
tpz 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 capscitaﬁce 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

FAMILY
SPECIFICATIONS

HCT TYPES
AC WAVEFORMS 74HCT

INPUT

72912661

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

AC WAVEFORMS 74HCT
| {7 Fp—
tr A3
CLOCK
INPUT
DATA
Ut f 13V
GND
tyy [ -l tyy e
TLH — THL
90%
ouTPUT 13v
e [
T teLH == tpHL
= trom =
SET, 3v
RESET,
pRESET  \MV
GND

72912881

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

1. 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.

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

TEST CIRCUIT FOR 74HCT
Vee
:
GENERATOR buT

C =

Ry =

Definitions for Fig. 10:

CLI 50 pF

7287475

Fig. 10 Test circuit.

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

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

\ October 1985
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FAMILY
SPECIFICATIONS

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

OUTPUT

enasLe VM

OUTPUT
LOW-t0-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs | @ oOutputs
7291260.1 enabled disabled

———le— outputs

enabled

Fig. 11 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HCT

Vee

D.U.T.

PULSE
GENERATOR

721

Switch position
TEST SWITCH
tozn GND
oz, Vee
tonz GND
terz Vee

Note to switch position table

Definitions for Fig. 12:

(see AC CHARACTERISTICS for values).

impedance Z of the pulse generator.

Vee

!

87489

For open-drain N-channel outputs tp z and tpz_are applicable.

C_ = load capacitance including jig and probe capacitance

Ry = termination resistance should be equal to the output
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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.

Incase of clocked products, this is sometimes the maximum frequency
of operation. In any event, this number is under the operating con-
ditions of Voc = 50V and Tymp = 25°C.

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

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 andits 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), and in another, it sets the conditions under
which the limits set forth inthe "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 siowly,
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, Vi, 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 noway 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 Vo 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 Vs 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.

Thetest circuit for 3- state outputs is 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 usedin 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 Vfor HCT, 1.0 MHz square wave isrecommend -
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,
e, with a 50% duty factor, but for typical f_; as hig|

L x == TS

as 60 MHz, there are no constraints on rise and fall times.
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HCMOS family characteristics DEFINITIONS
OF SYMBOLS
DEFINITIONS OF SYMBOLS AND TERMS USED IN Vou LOW level output voltage ; the range of voltages at an output

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.

lec 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.

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

I Input leakage current; the current flowing into a device ata
specified input voltage and Vgc.

lik 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 ata
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 Ve or GND.

ls 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.

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

Vi 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.

Vo 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.

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

the output.
Vs Trigger threshold voltage; positive-going signal.
Vi 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.

ARon 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.

Cep 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.

i 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 using alternate HIGH and LOW
for data.input or using the toggle mode, whichever is

applicable.
fo Output frequency; each output.
fonax 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.

th 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.

t., Clock input rise and fall times; 10% and 90% values.
Y
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A

AC switching parameters (continued)

ton

torn

tenz

teLz

tezn

tez

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 1,3V 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
onthe 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
outputchanging fromaLOW level (V(, ) toahighimpedance
OFF -state (2).

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 (Vou).

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 (V).

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.

trw

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 '4——— 8,25 max -——1

seating plane

7208806

@ Positional accuracy.

top view

@ Maximum Material Condition.

-4 - : : - (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
Dimensions in mm 'fror.n seating plane to the line
indicated.

16-LEAD DUAL IN-LINE; PLASTIC (SOT-382)

19,5 max +—— 8,25 max ——

g
\

seating plane

—

|
1
0,32
T max i
[}
| le——[7,62] ——-———-.T L\

10 -
83 12mse6.

DO OIOIOICIT) @ rostionlsourey

(M) Maximum Material Condition.

7 - : - (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.

'».
~
w
IS
@
o
<
@

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

Dimensions in mm indicated.
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PACKAGE
OUTLINES

20-LEAD DUAL IN-LINE; PLASTIC (SOT-146)

27 max
@
5
] T
a
o : _\ 1
£ [ 4.7
+ I max
a 0,51
L _ - - _ _ N min
4 - 0,762
3,43 053
3,08 18x % |l eEma @)
A 4
| ' H H 1 [254]! H H K
-l 2] | | | | | |
max
top view

Dimensions in mm

+—— 8,25 max ——

-

» 72839013
@ Positional accuracy.
@ 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 spai:ing tolerances apply
from seating plane to the line
indicated.
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OUTLINES

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

\ 62
-l - 5.8 2739675
7 [ S L 3 2 1 top view
Dimensions in mm
8 9 10 M 12 13 1% {B Positional accuracy.

@ Maximum Material Condition.

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

top view

Dimensions in mm

I - } I ]’ @ Positional accuracy.
(M) Maximum Material Condition.
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PACKAGE
OUTLINES

20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A)

13,0 9,25
126 0 | 875
2,0 ¥ 155 7.6
- 8 *max™| 035 * 435 T4
+|["e ¥
11 O | — [}
1.0 bo2us g6 =\
3 225 3’35 !
: i Y/ S S
0.3
i el Wl et
I 5 2to 8 . 10,65 -
0,76 max (@025 @) 100 o
— -|,27 -—

T0 5 8 7 )& 3 3 1] topview
| ¢
R . B B | 20
I max
Dimensions in mm

@ Positional accuracy.

112 13 16 17 18 19 20
@ Maximum Material Condition.
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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 HCT
(open drain) PR
® |cc category: SSI L=1op
cc gory :PZ v propagation delay R =1kQ 8 9 ns
PLZ Vee=5V
GENERAL DESCRIPTION
Cy input capacitance 3.5 3.5 pF
The 74HC/HCTO3 are high-speed
Si-gate CMOS devices and are pin c power dissipation notes 1, 2 4.0 4.0 E
compatible with low power Schottky PD capacitance per gate and 3 . . P
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. GND=0V;Tamp=25°C; t,=t=6ns
The 74HC/HCTO3 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
clamped by a diode connected to V. Pp=Cpp x Vcc? xfi+ Z (CLx Vec? x fo +
In the OF F-state, i.e. when one input
is LOW, the outpl.:t m:ly be pu||edpto any +Z (Vg¥/RL) duty factor LOW where:
voltage between GND and VQmax. This fi = input frequency in MHz CL = output load capacitance in pF
allows the device to be used as a fo = output frequency in MHz Vee = supply volt.age inV
LOW-to-HIGH or HIGH-to-LOW level V= output voltage in V RL = pull-up resistor in MQ
shifter. For digital operation and 2 (CL x Vgi? x fg) = sum of outputs
OR-tied output applications, these Z (Vo?*/RL) = sum of outputs
devices must have a pull-up resistor 2. For HC  the condition is Vj = GND to Ve
to establish a logic HIGH level. For HCT the condition is V| = GND to Vg — 1.5V
3. The given value of Cpp is obtained with:
CL=0pFand R =0
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 to4A data inputs
2,5,10,13 1B to 4B data inputs
3,6,8, 11 1Y to4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
] v [14] Vec LA 1v] 3 ‘2 * o2
18[2] [13] 48 —Z‘EDO—"— ;_‘
] 7] 4 s Detde s -
2A E 03 [f]av o loa o | L.
23] 9] 20 ol )™= 10|
12
2v 5] 5] 3a 12 faa ol 1 11
13 JaB — 13 ]
ene E E & —-D—‘ 7293304
7293392 7293397
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCTO03

Ssi

BE Bl |l Pl
1
.

Fa—

FUNCTION TABLE

INPUTS OUTPUT
Y
J nA nB nY
:1 L L z
GND L H z
7293398 H L Z
H H L

Fig. 5 Logic diagram
(one gate).

H = HIGH voltage level
L = LOW voltage level
Z = high impedance OF F-state

Fig. 4 Functional diagram.

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 \%
Ik DC input diode current 20 mA forV|<—-05V orV|>Vgc+05V
—-lok DC output diode current 20 mA for Vo <-05V
-lp DC output source or sink 25 mA for =05V <Vp
current
tlge: DC VCC or GND current 50 mA
tIGND
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 mwW 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 BOO | mW | above +70 °C: derate linearly with 8 mW/K
plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 8 mW/K
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Quad 2-input NAND gate

PC74HC/HCTO3

SSI

DC CHARACTERISTICS FOR 74HC

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 Iy as given below.

Output capability: standard (open drain), excepting Vou
lgc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40to +85 | —~40to0 +125 Vv
min.| typ. | max. | min.| max. | min. | max.
2.0
HIGH level output =
10H leakage current 0.5 5.0 10.0 | pA tGOO ViL Vo=6.0V
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=t=6ns;C| =50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —~40t0 +125 V)
min, | typ. | max. | min.| max. | min. | max.
/ . 100 125 150 2.0
tPZL propagation delay 20 25 30 |ns 45 | Fig.6
tPLZ nA, nB tonY 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/HCTO03
SSi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter ““HCMOS family characteristics’’, section ““Family specifications”, except that the Vg values
are not valid for open drain. They are replaced by Igy as given below.

Output capability: standard (open drain), excepting VoH

Icc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
78HCT
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40to +85 | —40t0 +125 v
min.| typ. | max. | min.| max. | min. | max.
HIGH level output 45
loH leakage current 0.5 5.0 19-0 uA vgos ViL Vo=6.0V

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, nB 1.0

AC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS

74HCT
SYMBOL | PARAMETER UNIT |Vcc | WAVEFORMS
+25 —40t0+85 | —40t0+125 v

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

tpzL/ propagation delay e - .
Lz 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

SSI

AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7293393

tTHL

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

TEST CIRCUIT AND WAVEFORMS

Note to AC waveforms
(1) HC : Vi =50%; V| =GND to Vcc.
HCT: V(=13V;V;=GNDto3V.

g

AL =1k0

50pF

72933985

v Vo
PULSE A ouT a
GENERATOR o
CL

—i———

Fig. 7 Test circuit (open drain)

Definitions for Figs. 7 and 8:

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

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

ty = t§= 6 ns; when measuring f,5,, there
is no constraint on t;, tf or pulse
width.

w
AMPLITUDE
NeGaTivE OO0
INPUT \{
PULSE 10%
- <ty (tg) tromlty) I . ov
- i"‘TLH“I” trupftg) N AMPLITUDE
POSITIVE 90%
INPUT Vm
PULSE 10% o
w
7287476.3
Fig. 8 Input pulse definitions.
o tf
FAMILY | AMPLITUDE | Vg
fmax: OTHER
PULSE WIDTH
74HC Vee 50% | <2ns 6 ns
74HCT 3.0V 1.3V |<2ns 6 ns

October 1985

39






PC74HCU04
SSi

HEX INVERTER

FEATURES
SYMBOL PARAMETER CONDITIONS TYPICAL UNIT
® Output capability: standard
® Icc category: SSI tpHL/ propagation delay CL=15pF 5 ns
tPLH nAtonY Vee=5V
GENERAL DESCRIPTION - -
The 74HCUOA4 is a high-speed G input capacitance 35 pF
Si-gate CMOS device and is pin power dissipation
compatible with low power Schottky CpD capacitance per inverter notes 1 and 2 10 pF
TTL (LSTTL). It is specified in
compliance with JEDEC standard no. 7. GND=0V; Tamp=25°Citr=tf=6ns
The 74HCUOA4 is a general purpose
hex inverter. Each of the six inverters is Notes
asingle stage. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
FUNCTION TABLE PD=Cpp x VCC? x fi+ = (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
INPUT OUTPUT fo = output frequency in MHz Vce = supply voltage in V
Z (CL x Ve? x fo) = sum of outputs
nA ny 2. v| = GND to VcC
L H
H L ORDERING INFORMATION/PACKAGE OUTLINES
PC74HCUO4P: 14-lead DIL; plastic (SOT-27).
H = HIGH voltage level PC74HCUOA4T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
L = LOW voltage level
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9, .
17,13 1A to 6A data inputs
2,4,6,8,
10,12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vce positive supply voltage
1 1A 1Y 2
U
1a[4] [14] Vee S 2 2, - f N2
v [2] [13] 64 3 L«
“E [12] ev 534 3Y ¢ s | \
2v[a 04U 1] 5A
] 0 48 Ay g o | «
3a[5] E] 5Y
3y E BER 128 5 10 nd N10
ano [7] [8] av o 5A o, B ] h12
7287405.1 7290946 7290947
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HCUO04

1 ha 1v |2
2A 2Y
3 J4_ Vee Vee Vee
1woa P 1700
s|3a {><>" 6 nA oy
A 4y
—ol4 L 1203835 GND GND  GND

5A ‘> 5Y
13| 6A l> 8Y 112

7287408.1

T'ig. 4 Functional diagram.

Fig. 5 Schematic diagram
{one inverter).
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Hex inverter PC74HCU04

SSi
DC CHARACTERISTICS FOR 74HCU
Voltages are referenced to GND (ground = 0 V)
Tamb (°C} TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 -40 to +85 | -40 to +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 48 48 6.0
0.3 0.3 0.3 2.0
ViL LOW level input voltage 0.9 0.9 0.9 v 45
1.2 1.2 1.2 6.0
1.8 1.8 1.8 20 | ViH -lo =20 kA
VOH HIGH level output voltage | 4.0 4.0 4.0 \% 45 or -lop =20 A
5.5 5.5 5.5 6.0 | VL -lp=20pA
Vece -
3.98 3.84 3.7 45 -lp =4.0mA
VOH HIGH level output voltage 5.48 5.34 5.2 \" 6.0 ngD {lg=5.2mA
0.2 0.2 0.2 - 120 | VIH o =20 uA
VoL LOW level output voltage 0.5 0.5 0.5 v 4.5 or o =20 uA
0.5 0.5 0.5 6.0 | VL o =20 A
Vce -
0.26 0.33 0.4 45 1o =4.0mA
VoL LOW level output voltage v or =
0.26 0.33 0.4 6.0 GND lp=5.2mA
Vee
B input leakage current 0.1 1.0 1.0 A 6.0 or
GND
Vee
Icc quiescent supply current 2.0 20.0 40.0 | pA 6.0 | or lo=0
GND

October 1985

43



PC74HCUO04
SSI

AC CHARACTERISTICS FOR 74HCU

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

I0=0; Ve =6.0V.

lo=0;Vec=45V.

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 -40 to +85 | -40 to +125 v
min. | typ. [ max. | min. | max. | min. | max.
. 70 90 105 2.0
tPHL/ | Ppropagation delay 14 18 21 |ns | 45 | Fig.6
PLH nAtonY 12 15 18 6.0
/ 75 95 110 2.0
THL output transition time 15 19 22 ns 45 | Fig.6
tTLH 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) Vj = 50%; V| = GND to Vcg.
TYPICAL TRANSFER CHARACTERISTICS
Py 7290960 60 vo 7290851 'D VO 7290952 o
Vo \ 6 W (mA) ) (mA)
v \ v 5 20 20 10
4 40 4 16 1.6 08
3 \ - 12 1.2 06
A N\
2 A 20 2 A 8 08 a 04
/ \ / \ "
4 K 1 ! 4 04 Hi 02
AY 7 LY 8 1 ..
,//, \ Y / \ N\ / N
0 - 0 0 0 =
) 2 4 vy 8 ) 2 4 vv) 8 0 04 08 12 16 20
vy (V)
Fig. 7 Fig. 8 Fig.9
——— V(. — — — — Ip (drain current) —— V. — — — — Ip (drain current) Vo:— — — — Ip (drain current)

lo=0;Veg=20V.
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Hex inverter PC74HCU04
SSi
a0 _‘ 72983708
Sts

Rpjas = 560k (mA/V) >

— 30
;‘;’jc
0474F| input output | 1004F 20 A
Vine ;
(f=1kHz) :I e 4

o 7293325 GND 10
o

] 1 2 3 4 5 6

Vee (V)

Fig. 10 Test set-up for measuring forward
transconductance gfs = dig/dvj at
Vo is constant (see also graph Fig. 11).

Fig. 11 Typical forward transconductance gfg
as a function of the supply voltage V¢ 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
Z| > 10k&; Ay max = 20 (typ.)

R2
Where: Ay = — 77 VO max (pp) ~ Vee -2V

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

SSi

QUAD 2-INPUT AND GATE
FEATURES

TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: SSI HC HCT
GENERAL DESCRIPTION tpHL/ propagation delay C_ =15pF 7 10 ns
The 74HC/HCTO8 are high-speed tPLH nA, nB to n¥Y Vec=5V
Si-gate CMOS devices and are pin . .
compatible with low power Schottky Ci input capacitance 3.5 35 pF
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cpp capacitance per gate notes 1 and 2 10 20 pF
The 74HC/HCTO8 provide the 2-input

AND function.

GND =0V; Tamp =25 °C; t, =ty = 6 ns

Notes

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

fi = input frequency in MHz
fo = output frequency in MHz
Z (CL x Vgg? x f) = sum of outputs

CL
Vee

2. For HC the condition is V| = GND to Vcg
For HCT the condition is V] = GND to Vgcc — 1.5V

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
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A to4A 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] Ve
18[2] [13] 48
1v[3] [12] 4
2a 4] 08 1] ay
28[5 [10] 38
ZYE BEL
anp 7] BEY

7293600

Fig. 1 Pin configuration.

o|a
N
R
S

£ [s)e

7293603

Fig. 2 Logic symbol.

I:, ls I‘a lu‘ I“ |'\I I..

7293601

Fig. 3 IEC logic symbol.
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PC74HC/HCTOS8

Ssi

ol

i
oo
@ |5
™
<
ke

&
=
o

|

7293603

Fig. 4 Functional diagram.

Fig. 5 HC logic diagram (one gate).

A
}D»—Dw
8 7293834

Fig. 6

7293604

HCT logic diagram

(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
lcc category: SSI

AC CHARACTERISTICS FOR 74HC

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

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

. 1 120 20

tPHL/ | propagation delay s 2 24 |ns |45 |Fig.7
tPLH nA, nB to nY 14 17 20 6.0
t / 75 95 110 2.0

tTH L 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/HCT08

SSI

DC CHARACTERISTICS FOR 74HCT

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

Output capability: standard
Icc category: SSI

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 Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nB 0.6

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

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. [typ. |max. | min. |max. | min. | max.
tpHL/ propagation delay .
tPLH nA. nB to nY 27 34 41 ns 45 Fig. 7
tTHL/ output transition time 15 19 22 ns 45 Fig. 7
TTLH
AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7293602 TTHL TLH

Fig. 7 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 =1.3V; V| =GND to 3V.
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PC74HC/HCT10

SSli

TRIPLE 3-INPUT NAND GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® |cC category: SSI HC HCT

tpHL/ propagation delay CL =15pF
GENERAL DESCRIPTION thLH nA. nB, nC to nY Vée=5V 8 10 ns
The 74HC/HCT 10 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 3.5 3.5 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cro capacitance per gate notesland2 | 12 | 14 | pF

The 74HC/HCT 10 provide the 3-input
NAND function,

GND=0V; Tamb=25;t,=t;=6ns

Notes

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

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

. For HC

N

CL = output load capacitance in pF

Vce = supply voltage in V

the condition is V| = GND to Vg
For HCT the condition is V| = GND to VcCc — 1.5 V

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

7203366

Fig. 1 Pin configuration.

7293368

Fig. 2 Logic symbol.

PIN NO. SYMBOL NAME AND FUNCTION

1,8,9 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

1 |1a
1a[T] U [14] Voc 2 s 1v| 12 —;—- & "
18[2] [13]1c 1 ic ]
2a [3] [12] 1v 3 |a 3|
4] 10 [i]ac 4 |28 2v| 6 ;— . 6
2c[5] [10] 38 s |oc ‘9—
av[e] ]34 3 foa 10 | s
o [7] 8] av | o 1]

7293367

Fig. 3 IEC logic symbol.
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PC74HC/HCT10

SSI
FUNCTION TABLE
1 A
8 i INPUTS OUTPUT
1_3_ 1C
nA nB nC nY
3 f2a A
a |28 2v| 6 L L L H
B Y L L H H
£ e L H L H
9 I3a ¢ 7293369 L H H H
38 Yy 8 H L L H
1 |3c 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 “HCMOS family characteristics’’, section ““Family specifications”.
Qutput capability: standard
lgc category: SSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |Vce | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. | typ. | max. { min. [ max. | min. | max.
. 10 125 150 20
tpHL/ propagation delay 200 25 30 ns 25 |Fig.6
tPLH nA, nB, nC to nY 17 21 26 6.0
/ 75 95 110 2.0
fTHL 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 spéecifications”.
QOutput capability: standard

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 Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD

INPUT COEFFICIENT

nA, nB, nC 15
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Triple 3-input NAND gate

PC74HC/HCT10
Ssi
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 Vv
min.| typ.| max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLH nA. nB, nC to nY 24 30 36 ns 45 Fig. 6
tTHL/ output transition time 15 19 22 ns 45 Fig. 6
TLH
AC WAVEFORMS

nA,nB,nC INPUT

nY OUTPUT

7293118

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 : Vi = 50%; V| = GND to V.
HCT: V\=13V; V| =GND to 3V.
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PC74HC/HCT14

SSI

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

tpHL/ ropagation dela C_L=15pF
GENERAL DESCRIPTION b Y eV Ve =5V 1 | 16 | ns
The 74HC/HCT14 are high-speed Si-gate K .
CMOS devices and are pin compatible G input capacitance 35 | 35 | pF
with low power Schottky TTL (LSTTL). A
They are specified in compliance with CeD powe';i':;'&morn ate notes 1 and 2 7.0 8.0 pF
JEDEC standard no. 7. capa perg
The 74HC/HCT14 provide six inverting GND=0V; Tamb=25C;tr=t;=6ns

buffers with Schmitt-trigger action.
They are capable of transforming slowly

changing input signals into sharply Notes
defined, jitter-free output signals. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VCC? x fi+ = (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz VCC = supply voltage in V

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

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT14P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT14T: 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
1A 1y
1a[1] U [12] Ve ! =2 2 7 N2
1v [2] [13] 6 324 2Y , 3| o
2a 3] [12] v 534 ave 5 «
2y E 14 [11] 54 L4 o, N "
3a [5] [10] sv
3v [ [9] 4a n 24 ‘“m AN IN1O
GNp [7] (8] av 1384 8Y ,, REN N2
7293643 7293848 7293647
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT14
Ssi

1A wl o,
3J2A 2\(_4
5|34 avl o
P L.} 4Y_8
11 154 -3 IS
13 ]8A sv_12

Fig. 4 Functional diagram.

AT

7293645

Fig. 5 Logic diagram (one Schmitt trigger).

FUNCTION TABLE

INPUT OUTPUT
nA nY
L H
H L

H = HIGH voltage level
L = LOW voltage level

APPLICATIONS

® Wave and pulse shapers
® Astable multivibrators
® Monostable multivibrators

56
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Hex inverting Schmitt trigger

PC74HC/HCT14

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
lgc 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 —4010+85 | —40t0 +125 v
min.| typ.| max.| min.| max. | min. | max.
0.7 1.5 0.7 | 1.5 0.7 1.5 2.0
VT+ positive-going threshold 1.7 3.15| 1.7 | 3.15 | 1.7 3.15 |V 4.5 Figs6 and 7
2.1 4.2 2.1 | 4.2 2.1 4.2 6.0
0.3 1.0 03 (1.0 0.3 1.0 2.0
A% negative-going threshold 0.9 2.2 09 | 2.2 0.9 2.2 v 4.5 Figs 6 and 7
1.2 3.0 1.2 | 3.0 1.2 3.0 6.0
0.2 1.0 0.2 | 1.0 0.2 1.0 2.0
VH hysteresis (V14 — V1) 0.4 14 | 04 |14 |04 1.4 \% 4.5 Figs 6 and 7
0.6 1.6 06 | 1.6 0.6 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t =tg=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vco| WAVEFORMS
+25 —401t0 +85 | —40t0 +125 v
min. | typ. | max. | min.| max. [ min. [ max.
. 125 155 190 20
tPHL/ | propagation delay 25 31 38 |ns |45 | Fig.8
tPLH nA, nB tonY¥ 21 26 32 6.0
/ 75 95 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Fig. 8
ITLH 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
lcc category: SSI

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 Al 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.
A4 positive-going threshold :i ;‘? 13 ;? :i ;? v ;g Figs 6 and 7
VT_ negative-going threshold gg }3 gg ::2 gg :3 \ gg Figs 6 and 7
VH hysteresis (VT4 — V=) g: - g: - 82 - Vv gg Figs 6 and 7
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 .
tLH nA. nB to nY 38 48 57 ns 4.5 Fig. 8
tTHL/ output transition time 15 19 22 ns 45 Fig. 8
TTLH

58

October 1985




Hex inverting Schmitt trigger

PC74HC/HCT14
SSi

TRANSFER CHARACTERISTIC WAVEFORMS

Vo

—-| Vu
Vr_

Fig. 6 Transfer

- Vi

v
T+ 7293338

characteristic.

Vre
Vi VH

Vo

7293339

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

AC WAVEFORMS®

nA INPUT vt

nY OUTPUT

7293644

transition times.

Fig. 8 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 V¢c.
HCT: VM =1.3V;V|=GND to3V.
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PC74HC/HCT125

MSI

QUAD BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
@ Output capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® Icc category: MSI HC | HCT

tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION LR A to nY Ve =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 Cpp Rower dissipation notes 1 and 2 22 |24 |pF
compliance with JEDEC standard no. 7. | capacitance per buffer

The 74HC/HCT 125 are four non- _ . T
inverting buffer/line drivers with 3-state GND=0V; Tamlx =257°Citr=t=6ns
outputs. The 3-state outputs (nY) are \

controlled by the output enable input

(nOE). A HIGH at nOE causes the Notes . \ . . T .

outputs to assume a HIGH impedance 1. CpD is used to determine the dynamic power dissipation (Pp in uW):

OF F-state. Pp =CpD x V¢c’ x fi+Z (CL x VCC? x fo) where:

The “125" is identical to the *“126"" but fi = input frequépcy in MHz CL = output load capacitance in pF
has active LOW enable inputs. fo = output frequency in MHz Vce = supply voltage in V

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

. For HC thecondition is Vi = GND to Ve

For HCT the condition is V| = GND to Vgc — 1.5V

N

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 (0 V)

14 Vee positive supply voltage

Lhaps orle L [ \
OF U Vv, 58 1 A4
1OEE E cc I L ~DNEN

1a[2] [13] 408 ‘5 |2a 2v| 6 5 | \
e I N oS
20E[4] 125 [11])ev 8 aa Q av| s 9 | \
2a 5] 10] 30E 10 |38 3 10 —
2v [g] BE 12 fan av|n 2 | "
wo 3] 5o i e e

7293370 7203372 7293371

Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT125
Msi

2 ha 1v] 3
1 J1oE
5 J2a 2| 6
4 |20E
9 |3a 3v| 8
10 |30E
12 Jaa N av| 1
13 |40E

7293372

Fig. 4 Functional diagram.

nA-——l >o—i »——i»—i?o——nv

nOE W 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

MsSI

DC CHARACTERISTICS FOR 74HC

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

Output capability: bus driver
lcc category: MSI

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL |PARAMETER UNIT | Ve | WAVEFORMS
+25 —40t0+85 | —40t0+125 V)
min. | typ. | max. | min. | max. | min. | max.

1 / ropagation dela 100 125 150 2.0

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

tPLH nAtonY 17 21 26 6.0

tpzH/ 3-state output enable time ;(5)0 ;go 3;5 gg Fi

t nOE to nY ns : ig.7

PZL 26 33 38 6.0
tpHz/ 3-state output disable time 1330 ;go ‘2‘55 ig Fi

t nOE to nY ns : ig. 7

PLZ 26 33 38 6.0
ot/ 60 75 90 2.0
ITHL output transition time 12 15 18 ns 45 | 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
lcg 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 deterriiine Algc 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, =tt=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vge | 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 45 Fig. 6

tpzH/ 3-state output enable time .

tpZL nOE to nY 30 38 45 ns 4.5 Fig. 7

tpHZ/ 3-state output disable time .

tpLZ nOE to nY 30 38 45 ns 4.5 Fig. 7

I:I':’L“h/ output transition time 12 15 18 ns |45 | Fig.6
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Quad buffer/line driver; 3-state

PC74HC/HCT125
MsSi

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
OFF-to-HIGH

outputs | outputs
7293374 enabled disabled

outputs
enabled

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

Note to AC waveforms
(1) HC : VM =50%; V| = GND to Vgc.
HCT: V=1.3V;V;=GND to3V.
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PC74HC/HCT126

MsSlI

QUAD BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Output capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® Icc category: MSI HC | HCT
GENERAL DESCRIPTION tpHL/ propagation delay C_=15pF 8 10 |n

tPLH nAtonY Veg=5V s
The 74HC/HCT 126 are high-speed
Si-gate CMOS devices and are pin : ita 35 35 F
compatible with low power Schottky G input capacitance P
TTL (LSTTL). They are specified in dissipati
compliance with JEDEC standard no. 7. Cpp po:vae;ac;::f:e I::,, buffer notes 1 and 2 22 | 24 | pF

The HC/HCT 126 are four non-
inverting buffer/line drivers with 3-state
outputs. The 3-state outputs (nY) are
controlled by the output enable input
(nOE). A LOW at nOE causes the
outputs to assume a HIGH impedance
OF F-state.

The "'126" is identical to the 125" but
has active HIGH enable inputs.

GND =0V; Tamp=25°City=ts=6ns

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

fi = input frequency in MHz CL =
fo = output frequency in MHz Vce = supply voltage in V
2 (CL x Vg? x f) = sum of outputs

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

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

= output load capacitance in pF

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
2 |ia 1] 3 - > 3
108 (1] 9) [14] vee ‘_ﬁ—— 1 Jen Vi
1a[2] [13] 40e s | wls 5 | .
g 1t
20e[4] 126 [1]ay o | wls s | \
245 E 30€ L;?— 10 | —
2v [6] [5]3n 12 [an avn 2 1
ono [7] 8] av .‘.L,E?_ 13|
7293378 7293377
7293376
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT126
MSi

e ke
I"I"l°"'l|||

1A 1Y

:?‘

e

lo

Fig. 4 Functional diagram,

7293378

nA—-DO—DO——DO—-DO—"V

nOE —Do—-D«»—Do—] 7203834

Fig. 5 Logic diagram (one buffer).

FUNCTION TABLE

INPUTS OUTPUT
nOE nA nY
H L L
H H H
L X Y4

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’.
Qutput capability: bus driver
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —-40t0+85 | —40to +125 V)
min. | typ. | max. | min.| max. | min. | max.
. 1 125 150 20
'PHL/ | propagatior delay 2 2 30 |ns |45 |Fig.6
tPLH nAtonY 17 21 26 6.0
tpzH/ 3-state output enable time ;go ;go igs ns 3? Fig. 7
tPzL nOE ton¥ 2% 33 38 6.0
tpuz/ 3-state output disable time ;go ;go 325 ns 32 Fig. 7
Lz nOE to n¥ % 33 38 6.0
trut/ 80 75 90 2.0
tTH L output transition time 12 15 18 ns 45 | Fig.6
TLH 10 13 15 6.0
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PC74HC/HCT126

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 Alcc 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 | Vgc | WAVEFORMS
+25 —40to +85 | —40to +125 )
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 35 44 53 45 Fi

tpzL nOE to nY ns g ig. 7

tpHz/ 3-state output disable time .

tpLz nOE to nY 26 33 39 ns 45 | Fig.7

gE h/ 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

outputs ! outputs | outputs
enabled disabled enabled

7293379

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

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

Ssi
QUAD 2-INPUT NAND SCHMITT TRIGGER
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: SSI HC HCT

tpHL/ propagation delay CL=15pF 10 1

GENERAL DESCRIPTION tpLR nA., nB to nY Voc=5V 6 ns
The 74HC/HCT 132 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 35 | 356 |pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation 24 20 E
compliance with JEDEC standard no. 7. Crp capacitance per gate notes 1 and 2 P

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 VT4 and the negative voltage
V71— is defined as the hysteresis
voltage V.

GND=0V;Tamp=25°Citr =tf=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
fo = output frequency in MHz
Z (C x Vgg? x fp) = sum of outputs

CL
vce

won

2. For HC the condition is V| = GND to VcC
For HCT the conditionis V] =GND toVgc - 1.5V

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

output load capacitance in pF
supply voltage in V

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

1AE U F_]Vcc
18[2] [13] 48
lVE E‘R
a[4] 132 1] ay
285 | [10] 38
2v 6] (0] 3a
anp [7] E]av

7293333

Fig. 1 Pin configuration.

7293334

Fig. 2 Logic symbol.

&I

N 3
&7

N 6
&I

N8
&r

11

Fig. 3

7293335

IEC logic symbol.
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PC74HC/HCT132
SSi

APPLICATIONS

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

7293337

Fig. 5 Logic diagram

.N
b
lo

EMELE gy (one Schmitt trigger).
9 |3a
3Y| 8
10]38 .
12]4a
4v 11
13 a8 [

7293336

Fig. 4 Functional dviagram.

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 v
min.| typ.| max.| min.| max. | min. | max.
0.7 15 | 0.7 | 15 0.7 1.5 2.0
VT4 positive-going threshold 1.7 3.156| 1.7 | 3.16 | 1.7 3.156 |V 4.5 Figs 6 and 7
21 4.2 | 21 |42 21 4.2 6.0
0.3 1.0 { 03 |10 |03 1.0 20
V- negative-going threshold 0.9 2.2 09 | 22 0.9 2.2 \Y 45 Figs 6 and 7
1.2 3.0 1.2 | 3.0 1.2 3.0 6.0
0.2 1.0 { 02 |10 |0.2 1.0 2.0
VH hysteresis (V14 — V1) 0.4 1.4 04 |14 04 1.4 \" 4.5 Figs 6 and 7
0.6 16 [ 06 | 1.6 0.6 1.6 6.0
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.
tpHL/ propagation delay 125 155 190 2.0 .
25 31 38 ns 4.5 Fig. 8
tPLH nA, nB tonY 21 2% 32 6.0
t / 75 95 110 2.0
tTH L output transition time 15 19 22 ns 4.5 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
lcc category: SSI

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 Alcc per input, multiply this value by the unit load coefficient shown in the table below.

: unit load
input

P 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 —40to +85 | —40to +125 Vv
min.| typ.| max.| min.| max. | min. | max.
\2 % positive-going threshold }: ;? }3 ;? :Z ;? Y gg Figs 6 and 7
A2 negative-going threshold gg :i gg :i 82 :i \") gg Figs6 and 7
VH hysteresis (Vry —VT_) | o S 0 Bl I 3 e Y o2 | Figs6and 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 Vv
min.| typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay .
tpLR nA, nB to nY 33 41 50 ns 45 Fig. 8
:TH Yy output transition time 15 19 22 ns 45 | Fig.8
TLH
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Quad 2-input NAND Schmitt trigger PC74HC/HCT132
SSi
TRANSFER CHARACTERISTIC WAVEFORMS
Vo v, Vr+ v:

| VH |- Vi

V: V-
T- T+ 7293338

Fig. 6 Transfer characteristic.

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT4, VT—and Vy; where V14 and V1_
are between limits of 20% and 70%.

AC WAVEFORMS

nA, nB INPUT vyt

nY OUTPUT

7293633 tTHL 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) =50%; V| =GND to Vcc.
HCT: Vy=13V;V|=GNDto3V.
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DEVELOPMENT DATA

This data sheet contains advance information and <4— 74HC ONLY PC74HC/HCT160

specifications are subject to change without notice. MSI

PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; ASYNCHRONOUS RESET

FEATURES TYPICAL

@ Synchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT

® Two count enable inputs for n-bit HC HeT
cascading propagation delay

® Positive-edge triggered clock cP tcg) Q 18 21 ns

® Asynchronous reset CPto TC 23 27 ns

® Qutput capability: standard tPHL MR to Q, 20 23 ns

@ |~ category: MSI MR to TC _ 23 26 ns
Cc catedory CET to TC CL=15pF 1M | 14 |ns

cc=5V

GENERAL DESCRIPTION propagation delay

The 74HC/HCT160 are high-speed tpLH o I I e

Si-gate CMOS devices and are pin CET to TC 1 7 ns

compatible with low power Schottky

TTL (LSTTL). They are specified in :

compliance with JEDEC standard no. 7. frmax maximum clock frequency 32 | 30 | MhHe

The 74HC/HCT 160 are synchronous c input capacitance 35 | 35 pF

presettable decade counters which feature

an internal look-ahead carry and can be power dissipation

used for high-speed counting. CeD capacitance per package notes 1 and 2 33 34 pF

Synchronous operation is provided by

having all flip-flops clocked GND=0V; Tamp=25°C;t, =t;=6ns

simultaneously on the positive-going edge

of the clock (CP).

The outputs (Qq to Q3) of the counters Notes

may be preset to a HIGH or LOW level. . . . e .

A_|:/OW Tevel at the parallel enable input 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

(PE) disables the counting action and Pp=Cpp x VcC? x fi+ = (CL x VCG? x fo) where:

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)

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

fo = output frequency in MHz vce
2 (Cp x Vgi? x fo) = sum of outputs

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

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCT160P: 16-lead DIL; plastic (SOT-382).

PA7AUC/UCTIGOT: 18.lead mini-pack: nlastic {SO-16: SOT-100A)
PC74HC/HCT160T: 16-lead mini-pack; plastic {SO-16; SOT-100A).

R [ | U 16] Ve
cr 2] [15] Tc
0o [3] [14] o
04[] 13] 04
160
0[5 2] Q,
036 | [11] a3
cep [7] 10] ceT
GND [& | B3

7293605

Fig. 1 Pin configuration.

1 nJq CTROIVIO
2w
9 3 4 5 6 s
10
A 1] 2 15
PE Dy Dy D, D3 —> C2/1,3,4+
7—] cep 1 C
2 1720 | 14
10— CET
TCp—15 4| | 13
2—cp
5 12
1—o| MR .
Qp Q; Q; Q3 - |1
[ [ |5
W o oo 4cT=9
7293609 7293610
Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.
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PC74HC/HCT160
MSI

3 o |5 e

©
o
m

O [oy o2 o3

PARALLEL LOAD CIRCUITRY

INA
CP  DECADE COUNTER
Rp

Joo o1 ez Jas

Jia 3 iz |n

Fig. 4 Functional diagram.

7293615

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR asynchronous master reset (active LOW)

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

3,4,5,6 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 Dp Q, TC

reset (clear) L X X X X X L L
parallel load I A BT I R B L
count H t h h | h X count | *
hold H X | 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 (HLLH).

HIGH voltage level

LOW voltage level

wonowonn

don’t care

X 9 ~-rT>xI

LOW-to-HIGH CP transition

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 to the LOW-to-HIGH CP transition

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 Qq. 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

DEVELOPMENT DATA

MSI
MR
3
% [ |
LT I s S,
% I e -
O3
R I pEp g g EpipipipEn
CEP I - I
CET 1] |
% ___ [ T N N |
Qy _ I
7293614 Q,
Q3 ___ [ L
TC 1
[] ] 1 2 3
o prest 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 0y 02 D3

Y Y Y

CET -—{:>“'
vLD ] !
" —Dag

-
1 4

—1
N—
N

vilvl
L

-

a3 TC
7293629

Fig. 7 Logic diagram.

\ ‘ October 1985



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, = t; =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40t0+85 | —40t0 +125 v
min. | typ. | max. | min.| max. | min. | max.
. 255 310 2.0
tpHL/ | propagation delay A 51 62 |ns |45 | Fig.8
tPLH CPto Oy 35 43 53 6.0
. 280 4 2,
tPHL/ | propagation delay e 56 8 |ns |3 Fig. 8
tPLH CPtoTC 38 48 58 6.0
‘ 210 265 315 20
tPHL propagation delay i 53 63 | ns 45 | Fig.9
MR to Qn 36 45 54 6.0
. 2 280 340 20
t propagation delay pra 56 68 |ns |45 | Fig9
PHL MRtoTC 38 48 58 6.0 '
. 150 190 225 20
tPHL/ | propagation delay 30 38 45 |ns |45 | Fig.10
tPLH CETtoTC 26 33 38 6.0
. 75 95 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Figs 8 and 10
TLH 13 16 19 6.0
) 140 175 210 20
clock pulse width .
tw HIGH or LOW 2 ¥ 2 ns a5 | Fio8
80 100 120 20
master reset pulse .
w width; LOW . 2 » s | 45| Fig9
removal time 100 125 150 2.0 '
| RS %9 £OIE | | (g e
cuoti 100 125 150 2.0
tan set-up ume 20 25 30 ns 45 | Fig. 1
Sniel 7 2i 26 5.0
sotiup fime 150 190 225 2.0
o | : B E| | | e
D 200 250 300 20 |
tsu CEP, CET to CP gg ig ot ns éfg Fig. 12
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
) 4 3 2 20
£ maximum clock pulse 18 14 12 MHz | 45 | Fig.8
max frequency 21 16 14 6.0

]2
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Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160
Msi
DC CHARACTERISTICS FOR 74HCT f
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 (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 UNIT LOAD
INPUT | COEFFICIENT INPUT | COEFFICIENT
MR 0.95 Dn 0.26
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 | Ve | WAVEFORMS
+25 —40to +85 | —40to +125 v
min.| typ. | max. | min.| max, | min. | max.
tpHL/ propagation delay :
< tPLH CPto Qn 43 54 65 ns 45 Fig. 8
T |wnL propegation delay 54 68 81 |ns |45 |Fig8
Q
[ propagation delay .
E tPLH CPto TC 45 56 68 ns 45 Fig. 8
= propagation delay .
6 tPHL MR to Qn 50 63 75 ns 45 Fig. 9
- "
w propagation delay .
S tPHL MR to TC 50 63 75 ns 45 Fig. 9
W ;
[a] propagation delay .
tPHL CET 20 TC 35 44 53 | ns 45 | Fig. 10
tPLH propagation delay 17 21 26 |ns |45 | Fig.10
PLH CETto TC
g[‘:’ output transition time 15 19 22 ns 4.5 Figs 8 and 10
tw clack pulse width 3 39 47 ns | 45 | Fig.8
tw master reset pulse 20 25 30 ns | 45 | Fig.9
trem r%_nﬁcu;:l (t:i'r)ne 20 25 30 ns 4.5 Fig. 9
tsy Se[t)-u‘: otigr:)e 20 25 30 ns 45 | Fig. 1
n
tsy sept_-Eu?otiéT,e 35 44 53 ns 4.5 Fig. 11
set-up time :
tsy CEP, CET to CP 40 50 60 ns 45 | Fig 12
hold time
th Dy, PE, CEP, 0 0 0 ns 4.5 Figs 11 and 12
CET to CP
maximum clock pulse :
frmax frequency h 16 13 1" MHz | 45 Fig. 8

\ ( October 1985
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PC74HC/HCT160
msl

AC WAVEFORMS

CP INPUT

Q,,TC
QUTPUT

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

Vgt

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

7203622

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

CP INPUT

D, INPUT

Q, oUTPUT Vi

7293620

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

CEP, CET
INPUT

CP INPUT

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

7203619

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 : Vpy=50%; V| =GND to Vcc.
HCT: V)y=1.3V;V|=GND to 3V.
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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 .
tion dela

® Positive-edge triggered clock prco; :gac:n gind 18 19 ns
® Asynchronous reset tpHL/ CPto TC 21 24 ns
® Output capability: standard tpLH MR to Q, CpL=15pF 19 23 ns
® |cc category: MSI MR to TC Veg=5V 19 26 ns

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 35 35 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cro capacitance per package notes 1and 2 3 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 (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).

(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* xfi+ = (CL x VCC? x fo) where:

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

2. For HC the conditionis V| = GND to VCC
For HCT the conditionis Vi=GND toVgcc — 15V

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).

output load capacitance in pF

MR [ 1 U [16] Vee
cr[2] [15] Tc

L E [14] %

or] ' R

D:E [11] a3

cer [7] 0] ceT
N [8]] BlE

7293606

Fig. 1 Pin configuration.

CTR4
BN FY
9 3 4 5 & 2 1Im
6 11 11 A P
PE D, D, D, D3 10 ],
7—cep
ce 2 B conzar
10— cet r
T f—15 3 |- 14
2—{cp 720
a 13
1—0| MR 1 —
Qy Q; Q, 04 5 12
[T T 6 n
1312 o0
7293609 4cT=15 2

7293611

Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT161
MSI

L .

Pt

PARALLEL LOAD CIRCUITRY

INH D

B 1 U S P

cpP BINARY COUNTER

Joo Joi Jop Jos

Te s iz |0

7293618

Fig. 4 Functional diagram.

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR asynchronous master reset (active LOW)

2 CcP 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 Qg to 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
H t X X | | L L

parallel load H 4 X X | h H *
count H 1 h h h X count | *
hold H X 1 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).

HIGH voltage level

LOW voltage level

owowouou

don’t care

> O0-r-TzxI

]

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

LOW-to-HIGH CP transition

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 Qg. This pulse can be used
to enable the next cascaded stage.
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Presettable synchronous 4-bit binary counter; asynchronous reset PC74HC/HCT 161

MSI
MR |
PE [ ]
Do
o T 1
n o
cp ey SpipEpipEpipipSpipiy
CET | |
%
Qq [ 1 I
oo oo e Jeo 2] S 1
7293352 03 l
TC 1
12 13 14 15 0 1 2
I 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.
Do Dy D, D3

Qy Q; 7293630 a3 TC
Fig. 7 Logic diagram.
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PC74HC/HCT161

MSi

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 =tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
) 205 255 310 2.0
+PH L Piopagation delay 4 51 62 | ns 45 | Fig.8
PLH n 35 43 53 6.0
tpHL/ propagation delay igs ggo ggo ig Fio. 8
t CPto TC ns - 19:
PLH 38 48 58 6.0
‘ 225 280 340 20
tpHL propagation delay 45 56 68 | ns 45 | Fig.9
n 38 48 58 6.0
) 220 275 330 2.0
tPHL propagation delay 44 55 66 | ns 45 | Fig.9
° 37 47 56 6.0
t / ropagation dela 150 190 225 2.0
tPHU T Te Y 30 38 45 | ns 45 | Fig. 10
PLH 26 33 38 6.0
trur / 75 95 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Figs 8 and 10
TLH 13 16 19 6.0
) 110 140 165 2.0
clock pulse width "
w HIGH or LOW fg 28 gg ns g~g Fig. 8
I e —— - I R TR
W width; LOW 17 21 26 6o |
removal time 100 125 150 2.0
trem 2mo 20 25 30 ns 45 | Fig.9
" MR to CP 17 21 26 6.0
set-up time 100 125 150 2.0 )
tsu D, to CP 2(_) Z? 30 ns 45 Fig. 11
n i7 27 26 8.0
set-up time 150 190 225 2.0
.| 2 IR
set-up time 200 250 300 2.0 ]
tsu CEP, CET to CP by = 80 e | a5 | Fie2
hold time 0 0 0 2.0
th D,,, PE, CEP, 0 0 0 ns 45 | Figs 11and 12
CET to CP 0 0 0 6.0
f maximum clock pulse 23 :8 :135 MHz ig 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
lce 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 Alcg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD : UNIT LOAD
P
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 | Vgc | WAVEFORMS
+25 —40to+85 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLH CPto Qp 43 54 65 ns 45 Fig. 8
tpHL/ propagation delay K
tpLh CPto TC 47 59 7 ns 45 Fig. 8
propagation delay .
tPHL MR to Qp 46 58 69 ns 45 Fig. 9
propagation delay .
tPHL MR to TC 51 64 77 ns 45 Fig. 9
tPHL/ | propagation delay 35 4 53 |ns |45 | Fig. 10
tPLH CETto TC
g*:;’ output transition time 15 19 22 |ns |45 | Figs8and 10
clock pulse width .
tw HIGH or LOW 22 28 33 ns 45 Fig. 8
master reset pulse .
tw width: LOW 20 25 30 ns 45 Fig. 9
trem removal e 20 25 30 ns |45 | Fig.9
tey seg:f;‘g;f 20 25 30 ns 45 | Fig. 11
toy sebup time 35 44 53 ns 45 | Fig. 11
set-up time )
tsu CEP, CET to CP 40 50 60 ns 4.5 Fig. 12
hold time
th Dn, PE, CEP, 0 0 0 ns 45 Figs 11 and 12
CET to CP
maximum clock pulse .
frmax frequency 23 18 15 MHz | 45 Fig. 8
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PC74HC/HCT161
MSl

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.

CP INPUT

Q,,Tc
OUTPUT

)

m
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

Q, ouTPUT —m

7293620

Fig. 11 Waveforms showing the set-up and hold times for the
input (D) 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 input is permitted to
change for predictable output performance.

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

20
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DEVELOPMENT DATA

This data sheet contains advance information and < 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 HCT
cascading .
tion dela
® Positive-edge triggered clock pg? :ga Q';m v 18 20 ns
® Synchronous reset tPHL CPto TC 23 26 ns
® Output capability: standard CETto TC 1 15 ns
® | category: MSI =
CC category propagation delay 3'(':0 l%‘{f 5 5

CPto Q ns
GENERAL DESCRIPTION tPLH CPto Tg 18 18 ns
The 74HC/HCT 162 are high-speed CETto TC n 9 ns
Si-gate CMOS devices and are pin
compatible with low power Schottky frmax maximum clock frequency 32 30 MHz
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. Cy input capacitance 35 | 35 pF
The 74HC/HCT 162 are synchronous L
presettable decade counters which feature Cpp power fils»patlon K 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=0V;Tymp=25°C;t,=tg=6ns

Notes

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

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vgc? 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

output load capacitance in pF

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).

w 1] U @
cr[2] [15] Tc
% [3] 4] 2
oy [3 13] Q4
. E 162 %Q
2 2
03 6] [11] 03
cee [7] [10] cer
ono 8] (o]

7293607

Fig. 1 Pin configuration.

9 3 4 5

111

PE Dy Dy Dy Dj

10— CET
TC p—15
2—cCpP

1—O| MR

.
Qo 0y Q0 Q3
A
14 13 12 1

7293609

Fig. 2 Logic symbol.

CTRDIV10
2R

4CT=9 |——

7293812

Fig. 3 IEC logic symbol.

October 1985

91



PC74HC/HCT162
MmsI

Jo o fs s

10 JCET

;Do |D1 IDZ ID3

PARALLEL LOAD CIRCUITRY

_7]cep

nu P

DECADE COUNTER

Fo o i o

fra Tz |n

Fig. 4 Functional diagram.

1o,

7203617

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR synchronous master reset (active LOW)
2 CcP clock input (LOW-to-HIGH, edge-triggered)
3,4,5,6 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 | 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 t X X X X L L

h t X X | | L L
parallel load h 4 X X ) h h »
count h + h h h X count | *
hold h X | X h X an *
(do nothing) h X X | h X an

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

wonouwnwun

H
h
L
|
q
X = don't care
1

non

LOW-to-HIGH CP transition

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
to the LOW-to-HIGH CP transition

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 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.
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DEVELOPMENT DATA

Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT162
MsSl
R LI
PE L]
Do _[ |
o L
o0 1
03
o T Lo
CEP [ -
CET |
% ___ LI LT L]
Qy __ I
a2
Q3 PR |
TC 1
9 ] 1 2 3
count inhibit
resst preset 7293627
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

CET

Dy D2

D3

\v4

CEP

==

o —D

Fig. 7 Logic diagram.

D D a
FF FF L
cp ff cp FF r
Q| Q
Q, Q3 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
lgc category: MSI

AC CHARACTERISTICS FOR 74HC

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —4010+85 | —40t0+125 v
min. | typ. | max. | min. | max. min. | max.
) 55 310 )
tpHL/ | propagation delay i o 62 |ns |45 |Figs
tPLH CPto Oy 35 43 53 6.0
. 225 0 340 2.0
tPHL/ | propagation delay 45 2 68 |ns |45 |Fig.8
tPLH CPtoTC 38 48 58 6.0
. 15! 1 225 2.0
tPHL/ | propagation delay 'y e 45 |ns 45 | Fig.9
tPLH CETtoTC 2 33 38 6.0
o / 75 95 110 2.0
tTHL output transition time 15 19 22 |ns 45 | Figs8and 9
TLH 13 16 19 6.0
tw cl:l: g Sulsechv’i‘t,lvth ;go 213;5 3;0 ns ig Fig. 8
or 24 30 36 6.0
sot-up time 100 125 150 2.0
tg 20 25 30 ns 4.5 Figs 10and 11
! MR, Dy to CP 17 21 2 6.0
set-up time 150 190 225 2.0
t = 30 38 45 ns 45 | Fig. 10
U PE to CP 26 33 38 6.0
set-up time 200 250 300 2.0
t : 40 50 60 ns 45 | Fig.12
su CEP, CET to CP 24 a3 81 6o
hold time 0 0 0 20
th D,, PE, CEP, 0 0 0 ns 45 Figs 10, 11 and 12
CET. MR to CP 0 0 0 6.0
maximum clock pulse 4 3 2 ¥ 2.0
fmax p P 18 14 12 MHz |45 | Fig.8
requency 21 16 14 6.0
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Presettable synchronous BCD decade counter; synchronous reset

PC74HC/HCT 162

MSI

DEVELOPMENT DATA

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 (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.

INPUT UNIT LOAD UNIT LOAD
v COEFFICIENT INPUT | COEFFICIENT

MR 0.95 Dn 0.25

cpP 0.80 CET 1.05

CEP 0.25 PE 0.30

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

tpHL/ propagation delay .

tPLH CP to Qp 43 54 65 ns 45 | Fig. 8
propagation delay :

tPHL CPto TC 51 64 77 ns 45 Fig. 8
propagation delay .

tPLH CP 10 TC 45 56 68 ns 4.5 Fig. 8
propagation delay Fig. 9

tPHL CET to TC 35 44 53 ns 45 ig.
propagation delay .

tpLH CET to TC 24 30 36 ns 4.5 Fig. 9

g:jl—‘;/ output transition time 15 19 22 ns 45 Figs8and 9
clock pulse width .

tw HIGH or LOW 31 39 a7 ns 4.5 Fig. 8
set-up time 4. Fig. 1

tsy Dy, to CP 20 25 30 ns 5 ig. 10
set-up time a, Fig. 10

tsu PE to CP 35 44 53 ns 5 ig
set-up time . ig. 1

tsy CEP, CET to CP 40 50 60 ns 4.5 Fig. 12
set-up time 45 | Fig. 11

tsy VR to CP 20 25 30 ns ig
hold time .

th Dp, Iﬁ_,_QEP, 0 0 0 ns 4.5 Figs 10, 11 and 12

CET, MR to CP
frmax mfaximum clock pulse 16 13 1 MHz 45 Fig. 8
requency
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PC74HC/HCT162
MSI

AC WAVEFORMS

CP INPUT

a,, 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 QUTPUT

7293622

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

PE INPUT v

| tgy —

CP INPUT

D, INPUT

Q, OUTPUT %VM“' \

7293620

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

CP INPUT

7293624

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

CEP, CET
INPUT

CP INPUT

7293619

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

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 : V= 50%; V| = GND to Ve
HCT: V4 =13V;V|=GND to3V.
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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

cas(fa.cling propagation delay
® Positive-edge triggered clock tpuL/ CPto Qp, 17 19 ns
® Synchronous reset tPLH CPto TC CL=15pF 21 25 ns
® Qutput capability: standard CETtoTC Vee=5V 10 14 ns
® I category: MSI

fmax maximum clock frequency 50 49 MHz

GENERAL DESCRIPT!ON ¢ input capacitance 3.5 3.5 pF
The 74HC/HCT 163 are high-speed
Si-gate CMOS devices and are pin dissipation
compatible with low power Schottky CpD pg:;';itlan&aper package notes 1and 2 20 22 pF
TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7.

The 74HC/HCT 163 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 (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 163" the clear function is
synchronous.

fcontinued on next page)

GND=0V;Tamp=256°City=tf=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
Pp=Cpp x Vcc? x fi+ T (CL x V¢i? 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 Vge? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the conditionis V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT163P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT163T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

R [0 ] 9) 6] Vec
cr[2] 5] Tc

oo [3] [14] Qo
o] % e

03 6} T_Tjug

cep [7] [10] ceT
GND | 8 E]ﬁ

7293608

Fig. 1 Pin configuration.

P11
PE Dy Dy D, D
7—] cep
10— CET
TC p—15 14
2—cp —
4 13
1—Of MR
Qp 0y Q; Qg 5 12
T s X
13 12 n ] Bl
7293609 4CT=15 15
7293613
Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT163
MSI

[P Je |5 s

10 | CET

[
| f

[P0 Jor P2 ]ps

PARALLEL LOAD CIRCUITRY

7| CEP

2]CP

INH °

BINARY COUNTER
cpP

To o o s

]14 IERERE

Fig. 4 Functional diagram.

7293618

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR synchronous master reset (active LOW)
2 cP clock input (LOW-to-HIGH, edge-triggered)
3,4,56 DptoD3 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 Qg to 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
h t X X | | L L
parallel load h 1 X X | h I *
count h i h h n 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).

HIGH voltage level
LOW voltage level

= don't care

> o ~-r-xI
LU O U 1 I 1}

= LOW-to-HIGH CP transition

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
to the LOW-to-HIGH CP transition

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

MSI
MR L
PE | ]
Do
100 e 0 o o B | il )
D2 1
o T L _
e LILLrnnruurirs
n CEP [ | I
CET 1] 1
Qy __ I 1
EHE-E- emen |
Q3 1
7293352 - — r_—.
TC 1
12 13 14 15 0 1 2
[ count inhibit
reset preset
7293628
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.

vy v v v
cer—>— ]
CEP
PE
MR
il

o —P>o-

Qo

Fig. 7 Logic diagram.

7293632
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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
|gc category: MS|

AC CHARACTERISTICS FOR 74HC

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40t0+85 | —40t0+125 v
min, | typ. | max. | min. | max. | min. | max.
. 205 255 310 2.0
tPHL/ Popagation delay 41 51 62 |ns |45 |Fig.8
PLH n 35 43 53 6.0
tpHL/ propagation delay 215 270 320 2.0 X
t CPto TC 43 54 65 ns 45 Fig. 8
PLH 37 46 55 6.0
tPHL/ propagation delay 150 190 225 20 .
1 CET to TC 30 38 45 ns 45 Fig. 9
PLH 26 33 38 6.0
et / 75 95 110 2.0
tTHL output transition time 15 19 22 ns 45 |Figs8and9
TLH 13 16 19 6.0
) 2 115 135 2.0
tw Clae pulse wioth 18 23 27 ns |45 |Fig.8
15 20 23 6.0
. 100 125 150 2.0
tsy e e 20 25 30 ns 45 | Figs10and 11
e tn 17 21 26 6.0
. 150 190 225 2.0
tey seP‘-‘E”fo"(’:‘,"f 30 38 45 ns 45 | Fig. 10
26 33 38 6.0
) 175 220 265 2.0
set-up time .
ts, 35 44 53 ns 45 | Fig. 12
u CEP, CET to CP 44 37 at 60
hold time 0 0 0 2.0
th Dy, PE, CEP, 0 0 0 ns 45 | Figs 10, 11 and 12
CET, MR to CP 0 0 0 6.0
. 5 4 4 2.0
fmax maximum clock pulse 27 22 18 MHz |45 |Fig.8
requency 32 26 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
lgc category: MSI
Note to HCT types
The value of additional quiescent supply current (Algg) for a unit load of 1is 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
MR 0.95 Dp 0.25
cpP 1.10 CET 0.75
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tg=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 Fi
tPLH CPto Qp 43 54 65 ns 45 ig. 8
tpHL/ propagation delay .
tPLH CPtoTC 49 61 74 ns 45 Fig. 8
tpHL/ propagation delay .
toLH CET to TC 35 44 53 ns 4.5 Fig. 9
gt‘h/ output transition time 15 19 22 ns 45 | Figs8and 9
clock pulse width .
tw 1GH or LOW 22 28 33 ns 45 | Fig.8
set-up time . Fi 411
tsy MR, Dy, to CP 20 25 30 ns 45 igs 10 and 1
tsy sept_jEusotg\;’e 35 44 53 ns 45 Fig. 10
set-up time .
tsu csr?, CET to 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
fmax maximum clock pulse | 7 21 17 MHz |45 | Fig.8
requency
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PC74HC/HCT163
MSI

AC WAVEFORMS

CP INPUT

a,. 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 gt
ety —a l— tgy —,
th le h -
CP INPUT
D, INPUT
Q, ouTPUT vy

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

7293819

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

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 Vcc.-
HCT: Vm=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
o ) N propagati

® Edge-triggered D-type register tpHL/ CPtoQp B 23 22 ns
® Asynchronous master reset tPLH CL=15pF 1

MR to Q Ven =5V 17 8 ns
® Qutput capability: bus driver cc=
® l¢c category: MSI frmax maximum clock frequency 54 50 MHz
GENERAL DESCRIPTION C input capacitance 35 3.5 pF
The 74HC/HCT173 are high-speed power dissipation
Si-gate CMOS devices and are pin CeD capacitance per flip-flop notes 1 and 2 25 28 pF
compatible with low power Schottky

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

The 74HC/HCT173 are 4-bit parallel

load registers with clock enable control,
3-state buffered outputs (Qg to Q3) and
master reset (MR).

When the two clock enable inputs (Eq and
E3) 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 =0 V; Tamp =25 °C;t, =t =6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vcc? xfi+Z (CL x Vee? x fo) where:

fi
fo

input frequency in MHz
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 theconditionis V| = GND to VcC
For HCT the conditionis V| = GND to Vgcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT173P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT173T: 16-lead mini-pack; plastic (SO-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 OE4, OE2 output enable input (active LOW)
ghe 32-state o;\Jltg;t buffers are controlled 3,4,5,6 Qg to Q3 3-state flip-flop outputs
y a 2-input NOR gate. When both output . e e
enable inputs (OE and OE) are LOW, 7 cpP clock input (LOW-to-HIGH, edge-triggered)
the data in the register is presented to the 8 GND ground (0 V)
Qn g‘;g’;‘“s-hwr‘e" one or bf°th B%En i"g}‘t'_sl 9,10 E1. Ep clock enable inputs (active LOW)
are , the outputs are forced to a hig .
impedance OF F-state. The 3-state output 14,13,12, 1 Do toD3 data inputs .
buffers are completely independent of the 15 MR asynchronous master reset (active HIGH)
register operation; the OEp, transitiop does 16 Vee positive supply voltage
not affect the clock and reset operations.
o€, [0 U [16] Vec
BEZE E R 14 13 12 11
o 3] [14] 0o 9 'B Op Dy Dz D3
Q, E E D, 10—0
173 7 cp
2[5 [12] 0, 1—0 &
3
°3E [17] 03 20 MR Q0 01 0 Q3 :
E [
°r [Z E _2 7293637 15 3 :! 'ls t!a 2 —
ono ] ol ] e
7203635 7293636
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT173
MSl

FUNCTION TABLE

INPUTS OUTPUTS
7] REGISTER OPERATING MODES —
1 3 MR | CP | Eq | E2 | Dy | Qp (register)
B 4 reset (clear) H X X | X | X L
12 5
1 6 L 1 | | | L
parallel load L + | | h H
L X h X X an
hold (no change) L X X h X an
2]
10|
1) 3STATE BUFFER INPUTS OuTPUTS
_;_ OPERATING MODES Qp, (register) | OE4 | OE5 | Qg | Q4| Qp| Q3
L L L L |L|L |L
7293638 read H L L H H H H
Fig. 4 Functional diagram. " X H X Z |z |Z |Z
disabled X X H zlzlz |z
H = HIGH voltage level
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
L = LOW voitage 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 OF F-state
1 = LOW-to-HIGH CP transition

o
5
-9
o
N
o
&

<]_
4_

| Lb af- ' o af ‘ o af I o ap!
Lolcr Fr1 Lo|ce rr2 L—o|ce rr3 L—ofce Fra
apk oM o a

Rp Rp Rp Rp ]

Qo Q, Q2 7293642 Q3

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

PC74HC/HCT173

MsSi

DC CHARACTERISTICS FOR 74HC

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

Output capability: bus driver
lcc category: MS|

AC CHARACTERISTICS FOR 74HC

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
) 225 280 340 2.0
tPHL/ | propagation delay 45 56 68 |ns |45 |Fig.6
PLH © tn 38 48 58 6.0
. 200 250 300 2.0
UL Propagation delay 40 50 60 |ns |45 |Fig7
n 34 43 51 6.0
) 150 190 225 2.0
:PZH/ 3-Es)t_Eate :utoput enable time 30 38 a5 ns 45 | Fig.8
PZL n 0 &n 26 33 38 6.0
) . 150 190 225 2.0
:sz/ 3%t£te :)utc;)ut disable time 30 38 45 ns 45 Fig. 8
PLZ n ©0&n 26 33 38 6.0
60 75 90 2.0
tTHL/ output transition time 12 15 18 ns 45 Fig. 6
t
TLH 10 13 15 6.0
) 100 125 150 2.0
tw clock pulse o 20 25 30 ns |45 | Fig.6
17 21 26 6.0
80 100 120 2.0
tw master ,'ﬁfég“’se 16 20 24 ns 45 | Fig.7
width; 14 17 20 6.0
trom | "emoval ime f: » 2 |28 | Fig7
° 13 16 19 6.0
set-up time 125 155 190 2.0
tsy E o CP 25 31 38 ns 45 | Fig.9
n to 21 26 32 6.0
sotup time 100 125 150 2.0
t - 20 25 30 ns 45 | Fig.9
s Dp to CP 17 21 26 6.0
) 0 0 0 2.0
th el 0 0 0 ns |45 | Fig.9
n 0 0 0 6.0
) 0 0 0 2.0
th hold time, 0 0 0 ns | 45 | Fig.9
nto 0 0 0 6.0
) 5 4 3 2.0
frmax rnfaxlmur:n clock pulse 25 20 17 MHz 45 Fig. 6
requency 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”.

Output capability: bus driver
I 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 Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
OE+q, OE2 | 1.00

MR, CP | 0,50

£, Ep | 025

Dn 0.25

AC CHARACTERISTICS FOR 74HCT

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

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40 to +85 | —40to +125 Y;
min. | typ. | max. | min.{ max. | min. | max.
tpHL/ propagation delay X
tpLH CPtoQp 43 54 65 ns 45 | Fig. 6
propagation delay .
tPHL MR to Qp, 40 50 60 ns 4.5 Fig. 7
tpzH/ 3-state output enable time .
tpzL OEp, to Qp 35 44 53 ns 4.5 Fig. 8
tpHZ/ 3-state output disable time 30 38 45 ns 45 Fig. 8
tpLZ OEp to Qp : :
::lr'll._“l-;/ output transition time 12 15 19 ns 45 Fig. 6
clock pulse width .
w HIGH or LOW 25 31 38 ns 4.5 Fig. 6
master reset pulse .
tw width; HIGH 15 19 22 ns 4.5 Fig. 7
trem renTg\g ct"‘rT © 15 19 22 ns a5 | Fig.7
set-up time )
tsy E, toCP 30 38 45 ns 45 Fig. 9
set-up time .
tsy Dp to CP 25 31 38 ns 4.5 Fig. 9
hold time .
th En to CP 0 0 0 ns 45 Fig. 9
hold time .
th Dp to CP o 0 o ns 45 | Fig.9
maximum clock pulse .
frmax frequency 20 16 13 MHz | 45 Fig. 6
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Quad D-type flip-flop; positive-edge trigger; 3-state

PC74HC/HCT173

MsSI

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.

MR INPUT

CP INPUT

Q, OUTPUT vp'!

7293841
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.

ouTPUT
LOW-to-OFF
OFF-to- LOW

QUTPUT
HIGH-to-OFF
OFF -to- HIGH

7293639

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

CP INPUT

7293761

Fig. 9 Waveforms showing the data set-up and hold times
from input (Ep,, D) to clock (CP).

Note to AC waveforms
(1) HC : Vj=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/HCT174

MSsI

HEX D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER
FEATURES TYPICAL
® Six edge-triggered D-type flip-flops SYMBOL | PARAMETER CONDITIONS UNIT
® Asynchronous master reset HC HCT
® Output capability: standard tion delay
® I category: MSI tpHL/ Propageto

®H | MR G CL=180F |13 | 17 |
GENERAL DESCRIPTION n Vec=5V
The 74HC/HCT174 are high-speed Si-gate | max maximum clack frequency 60 | 54 | MH:
CMOS devices and are pin compatible with . .
low power Schottky TTL (LSTTL). They Ci input capacitance 35 | 35 | pF
are specified in compliance with JEDEC P

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
and Q outputs. The common clock (CP)
and master reset (MR) inputs load and reset
(clear) all flip-flops simultaneously.

The register is fully edge-triggered. The
state of each D input, one set-up time prior
to the LOW-to-HIGH clock transition, is

i t0 the dina outout of

the flip-flop. B
A LOW level on the MR input forces all
outputs LOW, independently of clock or
data inputs.

The device is useful for applications
requiring true outputs only and clock and
master reset inputs that are common to all
storage elements.

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 Vce? x fi+ Z (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vcee = supply voltage in V
Z (CL x Vgg? x fo) = sum of outputs
2. For HC the conditionis V| = GND to VCC
For HCT the conditionis V| = GND to Vgc — 1.5V
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT174P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT174T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
3'25‘1 ;’ 10, Qg to Qg flip-flop outputs
?54’12’ n, Dg to Dg data inputs
8 GND ground (0 V)
9 cpP clock input (LOW-to-HIGH, edge-triggered)
16 Vee positive supply voltage
R [1] U [16] Vec 2 et
a0 [ 5] 0 ki
3 4 [} 1 13 14
%o 5] 12] 05 I A A I | 2 1o | 2.
b D Do Dy D D3 Dg Dg 4| 5
OIE 174 Eo‘ 9—]cp s "7_
15: E ‘ 1—O{ MR 1| 10
02 €] [11]03 Qg 0y Q3 Q3 Q4 Qg 13 [
nz E E O:I 7293087 2 l I 1'0 ;[2 15 1 ’-'16—
GND E (o] ce 7293668
7293856
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT174

3 4 6 1 13
Do D, Dy D3 Dg
D a D a D Q 0D Q] 0 a
FE FF FF FF FF
c cp e o i cp
Rp Rp Rp Rp Rop
> 5 5 o
9]ce
. { 1 1 )|
1| mR Qg Q, Q, Q3
7293661 2 s 7 10

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES
MR cpP Dp Q,
reset (clear) L X X L
load 1" H + 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
Dy Dy
[ o
o ce
n,,a RDE

Qg a, a Qg Q4 Q
7203680

Fig. 5 Logic diagram.
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Hex D-type flip-flop with reset; positive-edge trigger PC74HC/HCT 174
MsSi
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter ’"HCMOS family characteristics”, section ‘“Family specifications”’.
Output capability: standard
Igc 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 | —40t0 +125 v
min. | typ. | max. | min. [ max. | min. | max.
t / ion del 170 215 255 2.0
PHL propagation delay 34 43 51 ns 45 | Fig.6
PLH CPto Qn 29 37 43 6.0
propagation delay 150 190 225 2.0
tPHL = 30 38 45 ns 45 Fig. 7
MR to Qn 26 33 38 6.0
t / 75 95 110 2.0
(HL 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 16 20 24 ns 45 Fig. 6
HIGH or LOW 12 17 20 6.0
master reset pulse 50 100 120 20
W . 16 20 24 ns 45 Fig. 7
width; HIGH 14 17 20 6.0
removal time 5 5 5 20
t = , 5 5 5 ns 45 Fig. 7
rem MR to CP 5 5 5 6.0
set-up time 80 100 120 2.0
tg . 16 20 24 ns 45 Fig. 8
! Dn to CP 14 17 20 6.0
. 5 5 5 2.0
th h?:lg tm;)e 5 5 5 ns 45 Fig. 8
o Dn 5 5 5 6.0
. tock pul 6 5 4 2.0
fmax o - ock pulse 30 24 20 MHz |45 |Fig.6
requency 35 28 24 6.0
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PC74HC/HCT174

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 (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
Dp 0.25

cP 1.30

MR 1.25

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 :
tpLH CPto Qp 40 50 60 ns 45 | Fig.6
propagation delay )
tPHL MR to Qp, 40 50 60 ns 45 | Fig.7
tTHU output transition time 15 19 22 | ns 45 | Fig.6
TTLH
clock pulse width .
tw HIGH or LOW 20 25 30 ns |45 |Fig6
master reset pulse .
w width; HIGH 20 25 30 ns 45 | Fig.7
removal time .
trem MR to CP 12 15 18 ns 45 Fig. 7
set-up time i
tsu Dp, to CP 16 20 24 ns 45 | Fig.8
hold tim .
th P oDy, 5 5 5 ns | 45 |Fig.8
maximum clock pulse .
frax frequency 25 20 17 MHz | 45 Fig. 6
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Hex D-type flip-flop with reset; positive-edge trigger

PC74HC/HCT174

Msi

AC WAVEFORMS

CP INPUT

Q, OUTPUT

72983640

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.

MR INPUT

CP INPUT

Q,, OUTPUT ’ vpi!

7293659

Fig. 7 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.

CP INPUT

D, INPUT

7293142

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

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 : V= 50%; V| = GND to Vcc.
HCT: V\p=13V;V|=GND to 3V.
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PC74HC/HCT182

MSI
LOOK-AHEAD CARRY GENERATOR
FEATURES TYPICAL
® Provides carry look-ahead across a SYMBOL PARAMETER CONDITIONS UNIT
group of four ALU’s HC HCT
® Multi-level look-ahead for high-speed propagation delay
'anth:letlc operation over long word tpHL/ PrtoP oL =15 oF 12 15 ns
engt . tPLH Cn to any output VL =5V 17 22 ns
® Qutput capability: standard Pp or Gn cc
® Icc 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 ) capacitance per package notes 1.and 2 51 51 pF

compatible with low power Schottky
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT 182 carry look-ahead
generators accept up to four pairs of _
active LOW carry propagate (Pg, P1, P2,
P3) and carry generate (G, G1, G2, G3)
signals and an active HIGH carry input
(Cn). The devices provide anticipated
active HIGH carries (Cn+x, Cn+y, Cn+z)
across four groups of binary adders.

The 182" also has active LOW carry
propagate (P) and carry generate (G)
outputs which may be used for further
levels of look-ahead.

The logic equations provided at the
outputs are:

Cn+x =GO +P0oCn

GND=0V; Tamp=25 °C;t;=t; =6 ns

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:

fi = input frequency in MHz CL =
fo = output frequency in MHz vee =
Z (CL x Vge? x fo) = sum of outputs

2. For HC the condition is V| = GND to Vcc
For HCT the condition is V| = GND to Vg — 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT182P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT182T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

supply voltage in V

output load capacitance in pF

Cn+y =G1+P1Go +P1POCn PIN NO. SYMBOL NAME AND FUNCTION
§n+z = G2 + P2G1 + P2P1Go + P2P1PoCn 3,1,14,5 Goto G3 carry generate inputs (active LOW)
5 :gLP:;G_? +P3P2G1 +P3P2P1Go 4,2,15,6 Fo to ?3 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 grounl ov)
input operand mode. The connections to 9 Cn+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 Ch+x function output
13 Ch carry input (active HIGH)
16 Vee positive supply voltage
A gpg ©FC
&[] U [16] Vee ﬁb cP1 whL
Py (2] [i5] 72 4 3 2 1 18 ol
14 6 5 TN cp3
%3] [17] & 646864448
_ Po Go Py Gy Py Gy Py G 3
Po[4] [13] Cn clo—10 cGo
_ 182 n—c, e 2 k10
GSE Ecnox rlo-7 thqz cG
F3E Ecnw Chtx °n+y Cn[-rz —55063
12
5 g 72937 €00 —=
7] [10] @ 2 " ® i RENE cor (1L
GND E E Cn+z co2 | 9
7293769 72937171
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT182
MSI

4 |P
.___oo
H -
5.
Bl2g
5
813 4 _
& oGl
270
16
—1=9|
G2
S oy
G c
5153 Snex 12
n+y 1
131% Cn+zlo
7293772

Fig. 4 Functional diagram.

Cnax Chsy Cnez G 7293773

Fig. 5 Logic diagram.
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PC74HC/HCT182
MSI

A

Look-ahead carry generator

FUNCTION TABLE

a ITTTA
o ITEIT Jddda
N
2| t
Sl & 4444 TTITT
a.
-
2|
o c
[3) AJdJdIITXT
x
t
(3] S R R o o
g TXXX Xoddod | XXXT
xd
1 TTTT aXXX
o IXXX Xaddad|XTIXX XXdd|XXTITXd
oN
) TTTT JXXX|XIIT XaxXX
2
2| IXXXAdd [ XIXX XXodad | XXTIX XXXo|XTXXd
2
o TITOXX | XTTIT XaXX|XXTIT XXdX
] IXX | XIXXX [ XXIX XXX IX XX
G| TTaX | XTIXaX | XXIT XXaX| XXXI XXX
S| XaXT | XXaXXT|XXXa XXXIT

LOW voltage level

H = HIGH voltage level

L

X = don't care
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PC74HC/HCT182
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 =0 V; ty =tf= 6 ns; C|_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +1256 \"
min. | typ. | max. | min. | max. | min. | max.
tPLH PatoP 22 28 33 6.0 )
. 21
tPLH Cp, to any output 29 37 a3 6:0 :
t / propagation delay 155 195 235 20
t"”'— Ppor Gn 31 39 47 ns |45 | Fig.6
PLH to any output 26 33 40 6.0
75 95 110 20
:TH L/ output transition time 15 19 22 ns 45 | Fig.6
TLH 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 Alcc per input, multiply this value by the unit load coefficient shown in the table below.

PUT UNIT LOAD
INPU COEFFICIENT
go. G1,Po,P1,P2 &gg

Gz _ -

G2, P3,Cn 1.25

AC CHARACTERISTICS FOR 74HCT

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

OUTPUT

7293774 trHL> - - letry

Fig. 6 Waveforms showing the input (Pp,, Cpy, Gn) to
any output propagation delays and the output
transition times.

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 P to P 31 39 47 ns 4.5 Fig. 6
tPHL/ propagation delay .
tpLH Cn to any output 45 56 68 ns 45 Fig. 6
opagation dela
tpHL/ | Pprane ot 38 48 57 ns |45 | Fige
tPLH nyv>n -
to any output
:TH L/ output transition time 15 19 22 ns 45 Fig. 6
TLH
AC WAVEFORMS

Note to AC waveforms
(1) HC : V) = 50%; V| = GND to Vce.
HCT: Vg =1.3V;V|=GND to 3V.
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PC74HC7266

Ssi
QUAD 2-INPUT EXCLUSIVE-NOR GATE
TURE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |l category: SSI HC
tpHL/ propagation delay C_=15pF
GENERAL DESCRIPTION oLk nA. nB to nY Voc =5V 1 ns
The 74HC7266 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 35 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. CpD capacitance per gate note 1 18 PF

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

GND =0V, Tamp=25°Cit,=t=6ns

Notes

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

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

CL
vce

supply voltage in V

T (CL 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

ORDERING INFORMATION/PACKAGE OUTLINES

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

PIN DESCRIPTION

output load capacitance in pF

7293388

Fig. 1 Pin configuration.

7293389

Fig. 2 Logic symbol.

PIN NO. SYMBOL NAME AND FUNCTION

1,5,8,12 1A to 4A data inputs

2,6,9,13 1B to 4B data inputs

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

7 GND ground (0O V)

14 Vee positive supply voltage
a7} U [14] Vec T N Y LI
18[2] E 48 ] 2 | 2
v 3] [12] 42 2: Z: 2yl 4 5 | L.
2v[4] 7266 [11]av s |3a -
2a 5] [10] av L e E— S
286} 0] 38 12 |aA al T

anp [7] [8]3a 1848 B 1 .

7293390

Fig. 3 IEC logic symbol.
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PC74HC7266

1 pa 1] 3

2 |18 —
A

5 124 2v| 4

6 |28 — Y
B

8 [3a 7293301

Y

9 |38 3viio

12 [4A avl 11

13 |48 A4

7293389

Fig. 4 Functional diagram.

Fig. 5 Logic diagram (one gate).
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FUNCTION TABLE
INPUTS OUTPUT
nA nB nY
L L H
L H L
H L L
H H H

H = HIGH voltage level
L = LOW voltage level




Quad 2-input EXCLUSIVE-NOR gate

PC74HC7266

SSI

DC CHARACTERISTICS FOR 74HC

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

QOutput capability: standard
lgc category: SS|

AC CHARACTERISTICS FOR 74HC

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40 to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay ;30 ;(5)0 ;go ns ig Fig. 6
PLH nA, nB to n¥ 20 26 31 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, 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 : V= 50%; V| = GND to Ve
HCT: V=1.3V;V|=GND to 3 V.
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PC74HC/HCT365

Msi

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

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

1, nA tonY =5V

GENERAL DESCRIPTION PLH o0 ce
The 74HC/HCT365 are high-speed G input capacitance 35 | 35 | pF
Si-gate CMOS devices and are pin .
compatible with low power Schottky CPD pg;:)earcaﬁlc?s: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, OE2).

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 = 25 °C; t, = tf = 6 ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in pW)
Pp=Cpp x Vce? x fi+Z (CL x Vee? x fo) where:

fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vee = supply voltage in V
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 Vgc — 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT365P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT365T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1,15 OE4, OEy output enable inputs (active LOW)
?f’ 6,10, 12, 1A to 6A data inputs

?'35’ 7911, 1Y to 6Y data outputs

8 GND ground (O V)

16 Vee positive supply voltage

i VU [@vwe
1a[Z] [15] OF 2
w[3] [14] 6A
2a[4] [13] 6v
2v[5] 365 [12] 5
3a 6] [11] 5v
av [7] [10] 4
ano 8] ElY

7293672

Fig. 1 Pin configuration.

PR

|

7293680

7293676

Fig. 2 Logic symbol.

Fig. 3 IEC logic symbol.
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PC74HC/HCT365

MSi

FUNCTION TABLE
INPUTS OUTPUT
OF4 OE2 | nA nY
2]1a 1vls L L L L
L L H H
L3 ELY !?__“ 5 X H X z
H X X Y4
6 |3A 3vl7
g H = HIGH voltage level
0jaa | N, av]e L = LOW voltage level
&} X =don't care
12]5A g sy Z = high impedance OF F-state
14 f6a ey |13
__
_1[0E,
15 |OF

7293681

Fig. 4 Functional diagram.

ONE BUFFER/LINE DRIVER

e 17 ool

Vee

0€,

) GND
2A 2y
w f——————————
ol av
| fm————————
o l___._.______.____.__“

SIX IDENTICAL CIRCUITS

Fig. 5 Logic diagram.

7293861
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Hex buffer/line driver; 3-state

PC74HC/HCT365

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|_ =50 pF

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
PLH nAtonY 19 24 28 6.0
150 190 225 20

tpzH/ 3-state output enable time 30 38 25 ns 25 | Fig.7
tPZL OEntony 26 33 38 6.0
. . 150 190 225 2.0

tpHZ/ 3-state output disable time 30 38 25 ns 25 | Fig.7
tPLZ OEn tonY 26 33 38 6.0
60 75 90 2.0

tTHL/ 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
Igc 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
OE1 1.00

OE, 0.90

nA 1.00
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PC74HC/HCT365
Msli

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 v
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 OEp, to nY 35 44 53 ns 45 | Fig. 7
tpHZ/ 3-state output disable time .
tpLz OEp, tonY 35 44 53 ns 45 | Fig. 7
TTHL/ | Gutput transition time 12 15 18 ns 45 | Fig. 6
TLH
AC WAVEFORMS
OEn
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF -to- LOW
nY OUTPUT
OUTPUT
7293690 trHL >l b R (1] SLGFH!SOH?ZS

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

outputs
enabled

outputs
disabled

outputs
enabled

7293691

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

Note to AC waveforms
(1) HC : VM =50%; V| =GND to Vcc.
HCT: Vy=1.3V;V|=GND to3V.
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PC74HC/HCT366

MSI
HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING
FEATURES TYPICAL
® |Inverting outputs SYMBOL PARAMETER CONDITIONS UNIT
® Output capability: bus driver HC | HCT
® | catel : MSI
cc gory tPHL/ propagation delay SL =15pF 10 12 ns
t Y =5V
GENERAL DESCRIPTION PLH nAton cc
The 74HC/HCT366 are high-speed Cy input capacitance 35 | 35 | pF
Si-gate CMOS devices and are pin -
compatible with low power Schottky power dissipation 1 E
TTL (LSTTL). They are specified in CeD capacitance per buffer notesland2 |30, | 3 P
compliance with JEDEC standard no. 7. o
The 74HC/HCT366 are hex inverting GND =0V; Tamb =25 °City = tf = 6 ns
buffer/line drivers with 3-state outputs.
The 3-state outputs (nY) are controlled Notes
by the output enable inputs (OE4, OE2). 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
A HIGH on OE,, causes the outputs to PD = CPD x VCC® X fi+ T (CL x VCC® X fo) where:
assume a high impedance OF F-state. . . . :
g o . e fi = input frequency in MHz CL = output load capacitance in pF
The “366" is identical to the 365" but fo = output frequency in MHz Vee = supply voltage in V
has inverting outputs. T (CL x Vee? 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
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 OE4, Oy output enable inputs (active LOW)
3&4' 6.10,12, 1A to 6A data inputs
f'35' 791, | 17 t06Y data outputs
8 GND ground (0 V)
16 Vee positive supply voltage
PRLY 1v 3
2A 2¥
&8, [1] U 6] vec A D 0" r <
1A E [15] 0€2 e&?oa—v7 15 EN
w[5] [14] 6 10 ] t W, S
2a (4] E 6V - 2 | w3
~ ] 366 2] n ,zi?ﬂu _a | K5
- - 8 | N7
3n[e] [11] sv 18] g 67 1o o | o
7] o] 42 & 12 ] 1
ono 2] :9_—_] 1% 522 14| A3
7293673 7293682 7293677
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT366
MSI

FUNCTION TABLE

INPUTS OUTPUT
OE4 OEz | nA nY
2f1a ? 1v]3 L L L H
= L L H L
412A =; 2Y|5 X H X z
- H X X z
6 |3A 3Y|7
j _ H = HIGH voltage level
LALLS -?c avie L = LOW voltage level
B X = don’t care
1215A syin Z = high impedance OF F-state
L3 _
14 |6A 6Y}13
iy
_1]0€,
7293683
Fig. 4 Functional diagram.
ONE BUFFER/LINE DRIVER Vee

TP e

OF2 GND
2A .
1 12y
3A r——————————————
R 3v
] -
—— e e ——
4 _
LLY . —14\,
r—
5A F— - 1.9
—— 5Y
— —
i S S S S ———
sAl | 6V

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.
Output capability: bus driver
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V; ty=t§=6ns; C_=50pF
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.
. 1 K
PLH nAtonY 21 26 32 6.0
tpZH/ 3state output enable time ;go ;30 12;_3,5 ns ig Fig. 7
tPZL OEp tonY 26 33 38 60 |
tPHZ/ 3-state output disable time ;(5)0 ;30 zgs ns 3(5) .Fig. 7
PLZ OEn tonY 26 33 38 6.0 ]
/ 60 75 90 2.0
:THL output transition time 12 15 18 ns 45 | Fig.6
TLH 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
g category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is giveri 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
@1 1.00

OE; 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 —40to +85 | —40 to +125 \"
min. | typ. | max. | min.| max. | min. | max.
tPHL/ propagation delay .
tPLH nA to nY 30 38 45 ns 45 | Fig.6
tpzH/ 3-state output enable time -
tpzL OFp, to nY 35 44 53 ns 45 | Fig. 7
tpHZ/ 3-state output disable time - )
tpLZ OEp to n¥Y 35 44 53 ns 45 | Fig. 7
:Pl-_‘}l‘i-/ output transition time 12 15 18 ns 45 | Fig.6
AC WAVEFORMS
5Ef|
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF-to-LOW
n¥ OUTPUT
OUTPUT
7293689 g'FGF'-‘(.:’;"o(:':

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

outputs 4.l outputs
disabled enabled

outputs —ple—
enabled

7293681

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/HCT367

Mmsl

HEX BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Non-inverting outputs SYMBOL | PARAMETER CONDITIONS UNIT
® Output capability: bus driver HC| HeT
¢ lgg category: MS! tPHL/ propagation delay CL=15pF s 11 ns

t Y Vee=5V
GENERAL DESCRIPTION PLH nASon cc
The 74HC/HCT367 are high-speed C input capacitance 35| 35 | pF
Si-gate CMOS devices and are pin power dissipation
compatible with low power Schottky CpD : 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 nDE 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=25°C;ty=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp xVce? xfi+ X (CL x Vge? x fo) where:

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

CL =
vee

supply voltage in V

2 (CL x Vge? x fo) = sum of outputs
2. For HC the condition is V| = GND to VCC
For HCT the conditionis V| =GND to Vgg - 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

output load capacitance in pF

PIN NO. SYMBOL NAME AND FUNCTION

1,15 10E, 20E output enable inputs (active LOW)
%24' 6,10, 12, 1A to 6A data inputs

?'35' 791, 1Y to 6Y data outputs

8 GND ground (0 V)

16 Vee positive supply voltage

10€ [1 | S 18] Vee
1a[Z] [15] 268
WE [14] 6a
2a[4 [13] 6v
2v[5] 367 [12] 54
a6} 1] sv
av[7] [10] 44
ano 8] 9] av

7293674

Fig. 1 Pin configuration.

72903684

Fig. 2 Logic symbol.

- v

s =

7293678

Fig. 3 IEC logic symbol.
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PC74HC/HCT367
MSI

201 N 1v]3
42a KD 2v|s
L
613a | I\, 3v]|7
0faa | N, avle
113
12]5A sY j11
14 ]6a ev |13
15 | 20E

7293685

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
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

»
ml

|>

ONE BUFFER/LINE DRIVER

SIX IDENTICAL CIRCUITS

Fig. 5 Logic diagram.

7293853
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Hex buffer/line driver; 3-state PC74HC/HCT367

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter "HCMOS family characteristics’’, section “Family specifications”.
Qutput capability: bus driver
lce category: MSI
AC CHARACTERISTICS FOR 74HC
GND =0 V; ty =tf=6ns; C_ =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | 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 nA tonY 23 24 28 6.0
tPZH/ 3-state output enable time ;go ;go 12‘;%5 ns ig Fig. 7
PzL nOE to n¥ 26 33 38 6.0
tPHZ/ 3-state output disable time ;;5 ‘2‘20 ggs ns ig Fig. 7
tPLZ nOE to nY 30 37 45 6.0
/ 60 75 90 20
tTHL 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”.

Qutput 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 =0 V; ty =tf=6ns; C|_ =50 pF

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

tPHL/ propagation delay

tPLH nAto nY 25 31 38 ns 4.5 | Fig. 6

tpzH/ 3-state output enable time

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

tpHzZ/ 3-state output disable time

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

t

JEI,;/ output transition time 12 15 18 ns 45 | Fig.6
AC WAVEFORMS

nA INPUT

nY OUTPUT

7293680

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-t0-HIGH

outputs —ple—— OUtpUts —_ple— outputs
7293688 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: VM =1.3V;V{=GND to3V.
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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
° : <
Icc category: MSI tpHL/ propagation delay CL=15pF 8 o ns

tPLH nAtonY Vee=5V )
GENERAL DESCRIPTION -

Cy input capacitance 3.5 35 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 1 and 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=259C;tr=tf=6ns

Notes

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

fi =
fo =

input frequency in MHz
= output frequency in MHz

CL =
vce

W

T (CL x Vge? x fo) = sum of outputs

2. For HC the conditionis Vj = GND to V¢cC
For HCT the conditionis V| =GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT368P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT368T: 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

1,15 10E, 20E output enable inputs (active LOW)
2461012 1 1at06a data inputs

?55' 7.9 | 191067 data outputs

8 GND ground (0 V)

16 Vee positive supply voltage

10€ [0 ] 9) 6] vee
1a[2] [15] 208
17 [3] [14] 6a
2A | 4 13| 6Y
2VEE: 368 %5;\
3AE [11] 57
av[7] [10] 44
ano [8] 9] 47

7293675

Fig. 1 Pin configuration.

7293686

Fig. 2 Logic symbol.

EN

>
2
5
N7
N
EN
>
v>l|
N3

7293679

Fig. 3 IEC logic symbol.
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PC74HC/HCT368
MSI

FUNCTION TABLE
INPUTS OUTPUTS

2{1A Ik\f 1v|3 nOE nA n¥

= L L H
412A => 2Y ’5_ L H L

|

6]3A Q 3|z H X z

_ H = HIGH voltage level
1014a Dc av1le L = LOW voltage level

_ X = don’t care
_1]10€ Z = high impedance OF F-state
12]5A DG sY|1n
14]6A 6v]13
15| 20€
7293687
Fig. 4 Functional diagram.
ONE BUFFER/LINE DRIVER Vee

GND

24 2%

2 |a¥

4A b ————— e —————

ay

w Fm———————— ]

20E |5
Al p—m————— —— — —

|8y

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
g category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V; t,=tf=6ns; Ci=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.
. 95 120 145 20
tPHL/ propagation delay 19 24 29 ns 45 | Fig.6
tPLH nA to nY 16 20 25 6.0
toru/ 3-state output enable time 1?0 120 ggs . 22 i 9
rash ity = SV 950 40 ns “4.0 vig. 7
tPZL nOE to nY 26 33 38 6.0
. 225 2.0
tpHZ/ 3-state output disable time ;go :1330 45 ns 45 | Fig. 7
tpLZ nOE to nY 26 33 38 6.0
THU/ 60 75 90 20
output transition time 12 15 18 ns 45 | Fig. 6
tTLH P 10 13 15 6.0

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

Qutput capability: bus driver
Icc 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 Alcc 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/HCT368
MS|

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 nA to nY 25 31 38 ns 45 | Fig. 6
tpzZH/ 3-state output enable time .
tpz| nOE to nY 35 44 53 ns 45 | Fig.7
tpHzZ/ 3-state output disable time .
tpLz nOE to nY 35 44 53 ns 45 | Fig.7
t
Jth/ output transition time 12 15 18 ns 45 | Fig. 6
AC WAVEFORMS
3
INPUT
nA INPUT
QUTPUT
LOW-to-OFF
OFF-to-LOW
n¥ OUTPUT
OUTPUT
7293880 g'FGFPjto"-,;i?GF:
7203688 enabled dinabled enabiod
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 : Vy =50%; V| = GND to Vcc.
HCT: Vi =13V;V|=GNDto3V.
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PC74HC/HCT390

MSi
DUAL DECADE RIPPLE COUNTER
FEATURES v
o PICAL
® 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
5 100 nCPq to nQqg 14 17 ns
0 or EFO Q
® Two master reset inputs to clear tout / P Ez o Cy = 15 pF ;? ;g e
each decade counter individually tﬁt':_" n(TF: to no§ V‘é c=5V 15 18 ns
® Output capability: standard nCPq to nQp 32 39 ns
® Icc category: MS| MR to Qp, 16 18 ns
maximum clock frequency
GENERAL DESCRIPTION fmax nCPg, nCP4 58 | 58 | MHz
The 74HC/HCT390 are high-speed : )
Si-gate CMOS devices and are pin C input capacitance 35 35 pF
compatible with low power Schottky s
TTL (LSTTL). They are specified in Cpp "",‘vff’a‘;;::"“’::‘°:r counter | Motesland2 | 21 | 22 | pF
compliance with JEDEC standard no. 7. P P
The 74HC/HCT390 are dual 4-bit GND=0V;Tamp=25°C;t,=t;=6ns
decade ripple counters divided into four
separately clocked sections. The counters Notes
have two divide-by-2 sections and two . . . L .
divide-by-5 sections. These sections are 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
rl:ormally used in a BCD decade or N Pp =Cpp x Vcc? x fi+ Z (CL x Vge? x fo) where:
i-quinary configuration, since they share . et . - . .
a common master reset input (MR, fi 2 input fraquency in Witz CL < output load capacitance in pF
If the two master reset inputs (1MR and EO(C x Vee? x £) = sum of outputs
2MR) are used to simultaneously clear 2 F ll'iC tﬁc dqt' sV GI\TD toVee
all 8 bits of the counter, a number of . For e conditionis V| = o VC
counting configurations are possible For HCT the condition is V| = GND to Vec — 1.5V
wié_hpin one p%%kage. The separate clocks
(nCPg and nCP4) of each section allow
ripple 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 oo
1880 (1] U r'_—G]VCC A, OVZh s
n (2] 5] 26%0 115 —ofncky *2 ETNR s
100 [3] Em“ "Qof— 3,13 NN
188 E E 299 e CTR
390 — ¥ _Jereo
104 E E 2P, s
4,12 nCPy T nQqf—g 11
10, 6] [11] 204 S 1Ba, DIV2 13
103 E E 20, 218 MR nQgj— 7:, " ovs 1 n
120 10
GND E E] 203 72937781 * CT{Z | 9
7293775 7293777
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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GENERAL DESCRIPTION (Cont'd.)
Each section is triggered by the HIGH-to-

PC74HC/HCT390
. MSI
LOW transition of the clock inputs

— (nCPg and nCP1).
1161770 o For BCD decade operation, the nQg

+2 n0g|3,13 output is connected to the nCP1 input of
COUNTER the divide-by-5 section. For bi-quinary
1 decade operation, the nQ3 output is
- connected to the nCPg input and nQqg
4,12 |nCPy nCG1]6. 11 becomes the decade output.
+5 nQs/6 10
2,14 | MR COUNTER  InQgf7 g 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.

7203778

Fig. 4 Functional diagram.

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,16 1CPg, 2CPp clock input divide-by-2 section (HIGH-to-LOW,
edge-triggered)
2,14 1MR, 2MR asynchronous master reset inputs (active HIGH)
3,5,6,7 1Qp to 1Q3 flip-flop outputs
4,12 1CP4, 2CP4 clock input divide-by-5 section (HIGH-to-LOW,
edge triggered)
8 GND ground (0 V)
13,11, 10,9 2Qq to 2Q3 flip-flop outputs
16 Vece positive supply voltage
BCD COUNT SEQUENCE FOR BI-QUINARY COUNT SEQUENCE
1/2 THE "'390” FOR 1/2 THE "390"
OUTPUTS ) OUTPUTS
COUNT COUNT
Q| 09| Q2 | Q3 Q| a1 | a2 | Q3
0 L L L L 0 L L L L
1 H L L L 1 L H L L
z 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
6 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 nCPy with Output Qg connected to nCPq with

counter input on nCPy. counter input on nCPy.

H = HIGH voltage level
L = LOW voltage level
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PC74HC/HCT390

Dual decade ripple counter
msi

oy —s @ ‘—] al—
o —D——O cp —ofcp +-of cp —oc
D K @ Fig. 5 Logic diagram
Rp Rp Rp Rp
(one counter).
? ? ? 9

ool Y Y Y y

Qo Q Q 7293779
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PC74HC/HCT390
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
78HC
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40 10 +85 | —40t0 +125 v
min. |typ.| max. | min. | max. | min. | max.
. 145 180 220 2.0
tPHL/ | propagation delay 29 36 44 |ns | 45 |Fig6
tPLH nCPq to nQg 25 31 38 6.0
I 1 195 235 2.0
tPHL/ | propagation delay 3 39 47 |ns | 45 |Figs
tPLH nCPy to nQq 26 33 40 6.0
) 1 315 2,
tPHL/ | propagation delay 2 oy & |ns |48 Fig. 6
tPLH nCPq tonQy 36 45 54 6.0
. ) 155 195 235 2.0
tPHL/ | propagation delay 31 2 47 |ns |45 |Fig.6
tPLH nCP1 tonQ3 2 33 40 6.0
. 165 205 5 2.0
tPHL/ | propagation delay 33 41 0 |ns |48 |Fie7
tPLH nMR to nQ, 28 35 43 6.0
vt / 75 95 110 2.0
tTH'— output transition time i5 i9 22 ns 4.5 Fig. 6
TLH 13 16 19 6.0
) 90 115 135 2.0
W °'°:§g’“'fc‘{,’"d‘h 18 23 27 ns 45 | Fig.6
0. "% 15 20 23 6.0
! 100 125 150 2.0
tw master reset pulse width | 20 25 30 ns | 45 | Fig.7
17 21 26 6.0
removai time 75 95 1o 2.0
trem o 15 19 22 ns 45 | Fig.7
AMR to nCPp 13 16 19 6.0
maximum clock pulse 5 4 4 2.0
fmax frequency 27 22 18 MHz | 45 Fig. 6
né-po, nCPq 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
loc 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
"EO 0.45
nCPy, nMR | 0.60

AC CHARACTERISTICS FOR 74HCT

GND =0 V; 1, = tf = 6 ns; C|_= 50 pF

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

tpHL/ propagation delay .
tPLH nCPq to nQg 34 43 51 ns 45 | Fig.6
tpHL/ propagation delay .
tPLH nCP1 to nQ; 38 48 57 ns 45 Fig. 6
tpHL/ propagation delay .
LA nCP1 to nQy 51 64 77 ns 45 Fig. 6
tpHL/ propagation delay .
tPLH nCP1 to nQ3 38 48 57 ns 4.5 Fig. 6
tpHL/ propagation delay .
tPLH nMR to nQ, 36 45 54 | ns 45 | Fig. 7
TTHL | output transition time 15 19 22 |ns |45 | Fig.6
TLH

clock pulse width .
tw n(TPo, nCP; 18 23 27 ns 45 Fig. 6
W master reset pulse width | 45 19 22 ns | 45 | Fig.7

removal time .
trem MR to nCPp, 15 19 22 ns 45 Fig. 7
. maximum clock pulse
fmax frequency 27 22 18 MHz | 45 | Fig.6

nCPg, nCPq
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PC74HC/HCT390

MSI
AC WAVEFORMS
. nMR INPUT
nCP,, INPUT
nCP, INPUT
nQ, OUTPUT

7293781

Fig. 6 Waveforms showing the clock (nCPy) to
output (nQp) propagation delays, the clock pulse width,

the output transition times and the maximum clock frequency.

nQ, OUTPUT Vi

7293780

Fig. 7 Waveforms showing the master reset (nMR) pulse width,
the master reset to output (nQp,) propagation delays and
the master reset to clock (nCP,) removal time.

Note to AC waveforms

(1) HC : Vjy = 50%; V| = GND to Vg
HCT: V= 1.3V; V| = GND to 3V.

146
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PC74HC/HCT564

msi

OCTAL D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE; INVERTING
FE

ATURES TYPICAL
® 3-state inverting outputs for SYMBOL | PARAMETER CONDITIONS UNIT

bus oriented applications HC | HCT
® 8-bit positive-edge triggered tor / sion dela B

register PHL/ propagation delay _ 15 | 16 | ns
® Common 3-state output enable input | "PLH CPto Ty (\:llé (; 1559\;
® 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 pro—

Cep power dissipation notes 1 and 2 30 30 pF

GENERAL DESCRIPTION capacitance per flip-flop

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;=tj=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

PD=CPD xVcC® xfi+Z (CL x VCC? x fo) where:

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

2. For HC theconditionis V| = GND to VCC
For HCT the conditionis V|=GND to Vgg — 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT564P: 20-lead DIL; plastic (SOT-146).
PC74HC/HCT664T: 20-lead mini-pack; plastic (SO-20; SOT-163A).

PIN DESCRIPTION

output load capacitance in pF

high impedance OFF-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 664" is functionally identical to 2,3,4,5, .
the “574", but has inverting outputs. 67,89 Do to D7 data inputs
The 664" is functionally identical to
the 534", but has a different pinning. 10 GND ground (0 V)
1" cP clock input (LOW-to-HIGH, edge-triggered)
}g: :g: ::74: :g' Qg to 0y 3-state flip-flop outputs
20 Vee positive supply voltage
oe[1] U [20] Ve |
- 1
oo [2] 0] 3o 2—o, ¥ aglo-1e T
- c1
0,[3] 18] 3, 3—0, Q, fo-18
0 [4] 7] 8. 4—{0, a,Jo-17 -—;— n D v ‘:
1
o3[ 16] 35 810 agfo-18 T 17
uiE °%* @ R i = 1o
o5 [7] 7] 3 % Ospmm 8| 15
bg E E 8s 8—{Dg Qg J0—13 ] 14
_ 9—{ Dy Q7 jo—-12 _8 | I3
0; 3] [12] 3, oF 9 12
GND [10 l__‘] cp 1 7293783 7203784
7293782
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT564
Msi
2|% Tof 19
D a
A 1 Cal
D:
e g
5|03 3]16
o] e [ 7% Pal
e
7]%s Qs) 14
8|0 Tg|13
) 0712
1fee T T
1|0E

7203786

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES o gt
(3 cp Dn Gyt Oy
load and read L 1 | L H
register L 1 h H L
load register and H 1 I L z
disable outputs H 1 h H y4

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
Z = high impedance OFF-state

= LOW-to-HIGH clock transition

D2
TIV \V4

Q

Fig. 5 Logic diagram.

7287462
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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”.
Output 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 | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 Y,
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay ;35 2?5 ggo ns Z g Fig. 6
g.
tPLH CPtoTn 28 35 43 6.0
. 175 220 265 2.0
:PZH/ 3—§Eatte ogtput enable time 35 24 53 ns a5 Fig. 8
PZL © &n 30 37 45 6.0
tpHzZ/ 3-state output disable time ;g() ;go igs ig Fia. 8
t (T-E- to 6 ns o 1g.
PLZ n 26 33 38 6.0
t / 60 75 920 20
tTH L output transition time 12 15 18 ns 4.5 Fig. 6
TLH 10 13 15 6.0
. 80 100 120 2.0
clock pulse width .
tw 16 20 24 ns 45 | Fig.6
HIGH or LOW 14 17 20 6.0
. 80 100 120 20
tey seg“‘t’;'g‘; 16 20 24 ns 45 | Fig.7
n 14 17 20 6.0
hold time 5 5 5 20
th Dp to CP 5 5 5 ns 4.5 Fig. 7
5 5 5 6.0
maximum clock pulse 6 5 4 20
frnax f 30 24 20 MHz | 45 Fig. 6
requency 35 28 24 6.0
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PC74HC/HCT564
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 Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
OF 0.80

Dgto D7 | 0.25

cP 1.00

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

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH CP o Qp, 35 44 53 ns 45 Fig. 6
tpzH/ 3-state output enable time ;
tpzL OF to O,y 35 44 53 ns 45 Fig. 8
tpHz/ 3-state output disable time -
tpLZ OF to O, 30 38 45 ns 4.5 Fig. 8
Pom——
gtlﬁl output transition time 12 15 18 ns 45 Fig. 6
clock pulse width .
tw HIGH or LOW 20 25 30 ns 4.5 Fig. 6
set-up time 5
tsy Dy, to CP 20 25 30 ns 45 Fig. 7
hold time X
th Dp to CP 5 5 5 ns 45 Fig. 7
. maximum clock pulse 25 20 17 MHz | 45 | Fig.6
A neyuciivy
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Octal D-type flip-flop; positive-edge trigger; 3-state; inverting

msi

PC74HC/HCT564

AC WAVEFORMS

CP INPUT

Q,, ouTPUT

7293788

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

CP INPUT

D, INPUT

Q, oUTPUT Vm

7293787

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

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-t0-LOW

ouTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs —ple— outputs e 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 Vce.
HCT: Vy=13V;Vi=GNDto3V.
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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 HeT
load and clear. ) propagation delay

® Output capability: standard ¢ / SHep to Q 15 17 ns
® Icc category: MSI PHL LEtoQ 22 | 27 |ns

PLH PLtoQ CL=15pF 19 | 23 |ns
GENERAL DESCRIPTION D7t0Q Vee=5V 19 | 24 |ns
The 74HC/HCT7597 are high-speed Si-gate fmax msa});imum clock frequency 60 60 MHz
CMOS devices and are pin compatible with ce
low power Schottky TTL (LSTTL). They R K
are specified in compliance with JEDEC Ci input capacitance 35 3.5 pF
standard no. 7. c power dissipation 9 30 E
The 74HC/HCT7597 both consist of an PD capacitance per package 2 P

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

When LE is HIGH, data at the D, inputs

GND=0V; Tamp =26 °C;t, =t =6 ns

Notes

enter the latches. In this condition the 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
latches are transparent, i.e. a latch output PD=CPD x VCC® x fi+ £ (CL x VCC®  fo) where:

will change state each time its corresponding . .
input frequency in MHz CL output load capacitance in pF

D-input changes. fi = ! = inV
When LE is LOW the latches store the fo = output frequency in MHz Vec = supply voltage in

information that was present at the D-inputs, Z (CL x Vc? x fo) = sum of outputs

a set-up time preceding the HIGH-to-LOW 2. For HC theconditionis V| = GND to VcC

transition of LE. For HCT the condition is V| = GND toVcc — 1.6V

The shift register has a positive edge- ORDERING INFORMATION/PACKAGE OUTLINES

triggered clock, direct load (from storage) PC74HC/HCT7597P: 16-lead DIL; plastic (SOT-382).

and clear inputs. 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
15,1,2,3, .
4567 Do to D7 parallel data inputs
16 Vee positive supply voltage
12 10 14
9] | e R |os lopnlg  sRGB
o1 (1] [16] Vee 100 U bear-
6 —— ——
o2 [2] 15] 0o D ﬁ = E
D 3 14| D
JEl [14] s L2 | w 1:| C
o4 [4] [13] 7L 03 s
7597 3= ot 1 e RLIE pry 20
05 [5 ] [12] e D4l LaTCHES SHIFT L
4— — REGISTER 2
06 6] mE 505 5
o7 [7] [10] MR Dg .
86— — s
N 8] [9]a ,01] n o, .
7293802 2 | L 9
PL f ]sncp
7293803 13 1 7293804
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT7597

MSI
FUNCTION TABLE
" ol |1 LE SHep PL MR FUNCTION
- MR(L °s H X X data loaded to input latches
15400 -
o H X L H data loaded from inputs to shift register
1101 ||
2|P2 - L X L H stored data loaded to shift register
340 — 8-BIT - data transferred from input latches to
INPUT X X L H . .
SHIFT
4fP | varcnes | f oo o shift register
5% — x X L L invalid logic, state of shift register
6{0¢ || indeterminate when signals removed
71% ale X X H L shift register cleared
rLT SHep X 1 H H shift register clocked
7293805 13] " Qp =Qp-1, Qg =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
MsSI

R N
SHg _Dc v
.
— >
ap>
NS I > 2
o o—:D"_:Do——o R c_)_—
Dy —> 10 »—:>Sc3 ?j B
- w:D°“:é:>o—~o A :—
°2—D 10 D o>sc3 2?._
o—
t—ol D—:D°—:Q:>O——o R -
N
lo—
+—o :D°—j>o——o R -
Dq—-I >— 1D D »—g>sca :iz:
—o o—:D°_:®o~——-o A —
S i o I - -l
lo—
+—o O—D—:Do—u-o R -
Dg ——D 10 & >SC3 fi B
o o—:D°_:Do——o R :—-.j
P>t to —opes wil- |
o
—9 o;D°_' :DO—O R ¢
7293813
Fig. 5 Logic diagram.

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

Output capability: standard
Icc category: MSI
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PC74HC/HCT7597
MSI

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40to +125 Y,
min. | typ. | max. | min. [ max. | min. | max.
tpHL/ | propagation delay 3 i 52 | |28 |Fes
tPLH SHcptoQ 30 37 45 6.0
. 175 220 265 2.0
tPHL propagation delay 35 a4 53 |ns | 45 |Fig7
30 37 45 6.0
) 0 1 .
tPLH LEwQ 43 54 64 6.0
. 190 240 285 2.0
tPHL/ propagation delay 38 48 57 | ns 45 | Fig.9
tPLH PLwoQ 32 4 48 6.0
) 190 240 285 20
tpHL/ | propagation delay 38 48 57 | ns 45 | Fig. 10
tPLH D7teQ 32 M 48 6.0
ot/ 75 95 110 2.0
tTH L output transition time 15 19 22 ns 4.5 Fig. 9
TLH 13 16 19 6.0
) 80 100 120 2.0
SHcp pulse width .
tw 16 20 24 ns 45 | Fig.6
HIGH or LOW 14 a2 2 oo
) 80 100 120 2.0
t LE pulse width 16 20 24 ns 45 | Fig.8
w HIGH : -
14 17 20 6.0
_ ) 0 100 120 2.0
t MR pulse width ?6 20 24 ns 45 | Fig.7
w LOW
14 17 20 6.0
= . 80 100 120 2.0
PL pulse width .
tw 16 20 24 ns 4.5 Fig. 9
HIGH or LOW 1 - %0 60
removal time 50 65 75 2.0
t 10 13 15 ns 45 | Fig. 1
rem MR to SHcp 9 11 13 6.0
removal time 100 125 150 2.0
t 20 25 30 ns 45
rem WIR to PL 17 21 26 6.0
otup time 80 100 120 2.0
t - 16 20 24 ns 45 | Fig. 12
U Dnto LE 14 17 20 6.0
seteup time 80 100 120 2.0
t - 16 20 24 ns 45 | Fig. 12
su Dgto SHcp 14 17 20 6.0
etup time 80 100 120 2.0
t oL 16 20 24 ns 45
u 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 | Vg | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min max.
) 4 4 4 2.0
th hgld tt:)me 4 4 4 ns 4.5 Fig. 12
n 4 4 4 6.0
. 2 2 2 2.0
th hojd time 2 2 2 ns 45 | Fig. 12
s cP 2 2 2 6.0
) 2 2 2 2.0
th ho e, 2 2 2 ns 45
cP 2 2 2 6.0
) 6 5 4 2.0
fmax m;;"“”’“ pulse frequency | 3 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
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
INPUT | COEFFICIENT
Ds 0.25

Dy | 040

L, MR,

T S | 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 | Vee | WAVEFORMS

+25 —40 to +85 | —40t0 +125 v

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

::E:/ "gﬁ’ég’t‘fg delay 35 44 53 |ns |45 | Fig.6
PHL ";%%“f:‘c‘;’" delay 42 53 63 |ns 45 | Fig.7
:';’Ch/ Propagation delay 56 70 84 |ns |45 |Fig.8
::E:-i/ propagation delay 46 58 69 [ns |45 |Fig.9
::*L‘h’ pg’;ﬁg‘g” delay 49 61 74 |ns |45 |Fig.10
‘ g:‘_‘h/ output transition time 15 19 22 ns 45 | Fig. 9
W Sticp pulse wicth 16 20 2 ns | 45 |Fig.6
W L foutse width 16 20 24 ns | 45 |Fig.8
tw WL%W'SE width 20 25 30 ns | 45 |Fig.7
w rh e 18 23 27 ns | 45 |Fig.9
trem removal éié"ép 10 13 15 ns | 45 |Fig 1
trem re_Mm__s\it: :_Tr_n € 20 25 30 ns 45
teu ”g:‘t’o“.'_“; 16 20 24 ns | 45 |Fig. 12
tsy ‘%‘;‘t’;is';fcp 16 20 24 ns 45 | Fig.12
tey sef,,'t”fo‘g‘_fcp 16 20 24 ns 45
th hgl: tt(iJmLeE 4 4 4 ns 4.5 | Fig. 12
th "g'g Sme o 2 2 2 ns | 45 | Fig.12
th houd tt‘i’";"CP 2 2 2 ns | 45
frmax ’“s";i(’:';“m pulse frequency | 54 24 20 MHz | 45 | Fig.6
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8-bit shift register with input latches

PC74HC/HCT7597

MSI

AC WAVEFORMS

SHcp INPUT

Q OUTPUT

7293807

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

MR INPUT

Q OUTPUT vt

7293806

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

LE INPUT

Q OUTPUT

7293808

Fig. 8 Waveforms showing the LE input to Q output
propagation delays and the LE pulse width.

PL INPUT

Q OUTPUT

7293809

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

times.

Dy INPUT

Q OuUTPUT

7293810

Fig. 10 Waveforms showing the D7 input to Q output
propagation delays.

MR INPUT v

—ltrem

LE, SH
. CP m
INPUT Ym

7293811

Fig. 11 Waveforms showing the MR input to LE, SHcp
removal times.
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PC74HC/HCT7597
Msi

AC WAVEFORMS (Continued)

Dg. D,
INPUT

SHcp
INPUT

LE INPUT

7293812

Fig. 12 Waveforms showing hold and set-up times for
Dg, D, 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 : Vjyp = 50%; V| = GND to V.
HCT: VM =1.3V;V|=GND to 3 V.
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PC74HC/HCT4017

Msli
JOHNSON DECADE COUNTER WITH 10 DECODED OUTPUTS
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS e ner UNIT
® I category: MSI
tpHL/ propagation delay
GENERAL DESCRIPTION tPLl-Iz CPg, CP1 to Qp, CL=15pF 19 21 ns
. Vee=5V
The 7 % cc
Si -;at: g;:ﬂ/gé: ;:zg;zr:dhg: ;?:Ed fmax maximum clock frequency 60 60 MHz
compatible with the 4017 of the X B
“4000B" series. They are specified in Cy input capacitance 35| 35 | pF
compliance with JEDEC standard no. 7. dissipati
The 74HC/HCT4017 are 5-stage CpD P oamacitance por package | MOt 12nd2 [ 35 | 36 | pF
Johnson decade counters with 10 decoded
active HIGH outputs (Qq to Qg), an ND=0V: =25°C:t. =t =6
active LOW output from the most G  Tamb HrEt=ons
significant flip-flop (Og.g), active HIGH Notes

and active LOW clock inputs (CPg and

. . . issipation (Pr in uW):
TP1) and an overriding asynchronous 1. Cpp is used to determine the dynamic power dissipation (Pp in uW)

master reset input (MR). PD=CpPD x VCC® x fi+Z (CL x VCC? x fo) where:

The counter is advanced by either a fi = input frequency in MHz CL = output load cagacitance in pF
LOW-to-HIGH transition at CPg while fo = output frequency in MHz Vee = supply voltage in V

TP1 is LOW or a HIGH-to-LOW Z (CL x Vgc? x fo) = sum of outputs

transition at CP4 while CPq is HIGH 2. For HC the condition is V| = GND to Vcc

(see also function table). For HCT the conditionis V| =GND toVcc - 15V

When cascading counters, the Og.g
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 CPq input of the next PC74HC/HCTA4017T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
counter.

A HIGH on MR resets the counter to zero PIN DESCRIPTION
(Qg = O5.9 = HIGH; Q1 to Qg = LOW)

independent of the clock inputs (CPg and PIN NO. SYMBOL NAME AND FUNCTION
cP). 3,2,4,7,10, a ded
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 (o 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
U | CTRDIV10/
a5 [1] [16] Ve ,3 h 20 : “ - DEC L
Q"E EMR 14—{Zo 0; —a LB * 1 :
e [14] cPo a3 f—7 LB ey Py
— 7
a2 73] CPy G4 —10 I
= 4017 o = 05 [—1 Py SaLE
%3] [12] 5.9 06 }—s s
o, [¢] 11] og 15 ————— MR Q7 f—s 62—
agf—o Py
Q3 E [10] s Qg f—11 s
ono [8] [9] a8 Q5.9 JO—12 ot
cTos N2
7293662 7293663
7293664
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 |EC logic symbol.
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PC74HC/HCT4017
msi

FUNCTION TABLE
MR | CPg | CPq | OPERATION

13|CP _ .
3 CPI H X X Qp=Q59=H;
240 5 — STAGE JOHNSON COUNTER Q1toQg=1L

15| MR L H { counter advances
] I I l ! l L t L counter advances

G591z L L X no change

DECODING AND OUTPUT CIRCUITRY 12 L X H no change

[ao o1 Jo; [as Jas Jas ag Jo; Jos Jos II: :I TL no c:ange

no change

7293665 T3 2 |4 |7 Jor |5 |8 |9 |n g

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
D Qa D @ D a ID c[
FF FF FF FF
Py CP Py cr 'y cr By
[ al Q| a
Rp Rp Rp Rp
>
[ ]
1 1 ]
L L L
Qo Qy Q2 Q3 Qq Qg Qg Q7 Qg Qg G5-9

7293666

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

PC74HC/HCT4017
MSI

CPg INPUT l{_-\__)

CPy INPUT

MR INPUT \

m

Qg OUTPUT \

Q4 OUTPUT i

Q, OUTPUT ’{ \

Q3 OUTPUT

Q4 OUTPUT

Qg OUTPUT

Qg OUTPUT

Q; OUTPUT

Qg OUTPUT

L

Qg OUTPUT

Tg_g OUTPUT

7293671

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
Icc category: MSI

AC CHARACTERISTICS FOR 74HC

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —401t0 +85 | —4010 +126 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay 230 290 345 2.0 )
t CPn to O 46 58 69 ns 4.5 Fig. 9
PLH 010 Hn 39 49 59 6.0
tpHL/ propagation delay 230 290 345 20 .
1 CPp to O 46 58 69 ns 4.5 Fig. 9
PLH 0% %59 39 49 59 6.0
tpHL/ propagation delay 250 315 375 3'0 Fig. 9
t TP 10 Q 50 63 75 ns .5 ig.
PLH n 43 54 64 6.0
. 250 315 375 2.0
:P"“-/ prgpagation delay 50 63 75 |ns |45 |Fig.9
PLH 110769 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 |Fig.8
5-9- ©0 39 49 59 6.0
75 95 110 20
tTHL s 15 19 22 .
output transition time ns 45 | Fig.9
TLH P 13 16 19 6.0
. 80 100 120 20
clock pulse width .
1 16 20 24 ns 4.5 Fig. 8
W HIGH or LOW 14 17 20 6.0
80 100 120 20
tw e n Tﬁf&ﬂ”'“ 16 20 24 ns 45 |Fig.8
’ 14 17 20 6.0
: 5 5 5 20
removal time .
t, 5 5 5 ns 45 Fig. 8
rem MR to CPg, CP4 5 5 5 60
set-up time 75 95 110 2.0
tsy CP to CPp; 15 19 22 ns 45 | Fig.7
CPg to CP4 13 16 19 6.0
hold time 50 65 75 20
th CPQ to CPy; 10 13 15 ns 45 | Fig.7
CF1 to CPg 9 1 13 6.0
. 6 5 4 2.0
‘ maximurn clock pulse 30 2 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

MsSI

DC CHARACTERISTICS FOR 74HCT

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

Output capability: standard
Icc category: MS|

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
INPUT | COEFFICIENT
ot 0.40

cPg 0.25

MR 0.50

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

1
Tamb (°C) TEST CONDITIONS {
74HCT i
SYMBOL | PARAMETER T UNIT | Ve | WAVEFORMS
+25 | —401to +85 | —40t0 +125 (VA
! min. l typ.| max. min.| max. | min. | max. |
i } t t
tpHL/ propagation delay | Fi
Ky s a6 | 58 69 |ns |45 Fig9
il
tpHL/ propagation delay [ i ] Fia. |
tpLH CPg to Og.g ‘ 46 l 58 69 ns 4.5 : ig. 9 ‘
tPHL/ | Propagation delay . Iso | 63 76 |ns |45 | Fig.9
teLH CPqto Q | | | f '
N | T Al H T 1|
tPHL/ | propagation delay : 50 | 163 ‘756 |ns |45  Fig.9 .
tPLH CPqto Q5.9 | \ B ‘ ; ‘ ;
T
teHL/ propagation delay 6 | 58 | |69 | ns 45 | Fig.8
tPLH MRtoQq_g | . | 1
" T ! I
propagation delay l i l 4 Fia.
tPLH MR to 0.9, Qg 46 58 69 | ns .5 ig. 8
T
tTHL/ output transition time 15 19 22 | ns 45 Fig. 9 i
tTLH | | ; i
clock pulse width I i 4 CEi
tw HIGH or LOW 16 20 24 | ns 5 I ig. 8
master reset pulse B
tw width: HIGH 16 20 24 ns 45 ‘ Fig. 8
removal time -
=5 4, Fig. 8
trem MR to CPg, CPq 5 5 5 | 5 | Fig
set-up time | J ]
tsy CP1 to CPy; 15 19 |22 | ns 45 | Fig.7
CPg to CP
hold time_ _ i
th CPqg to CPyq; 10 13 15 ns 4.5 Fig. 7
CT1 to CPg
maximum clock pulse Fi
frnax traquency 30 24 20 MHz | 45 ig. 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
CP4 and CP4 to CPq.

CPy INPUT CPg INPUT
CPy INPUT vy _

CPy INPUT
MR INPUT Q;-ag

OUTPUT
Q,-ag
OUTPUT -

Q0. Q59

QuUTPUT
00 65 9 7293883

OUTPUT
7293869

Fig. 8 Waveforms showing the minimum pulse widths for CPg, glpg 9 Waveforms showing the propagation delays for CPg,
CP1 and MR inputs; the recovery time for MR and the 1 to Qn, Og g outpute and the cutput transition times.
piopagaiion deiays for MR to Qp and Qsg.g outputs.

Note to Figs 8 and 9 Note to AC waveforms
Conditions: (1) HC : V= 50%; V| = GND to Vcc
CP1 = LOW while CPq is triggered on a LOW-to-HIGH HCT: Vjy=1.3V;V;=GND to 3V.

transition and CPg = 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:

o Decade counter with decimal decoding

e 1 out of n decoding counter (when cascaded)
e Sequential controller

e 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).

MR MR MR
CPg CPg ————{CPg
cp,  "4017" cpy, 4017" cpy 4017
Qg Qq----- Qg Qg Qg Qq----- Qg Qg !/ Qq-mmmmmee Qg Qg
1 1 I —I
1 J
~—— [E—
9 decoded 8 decoded 8 decoded
outputs outputs outputs
clock _— 7293667
first stage intermediate stages last stage

Fig. 10 Counter expansion

Note to Fig. 10

It is essential not to enable the counter on CPq
when CPq is HIGH, or on CPg when CP1 is LOW,
as this would cause an extra count.

October 1985 167






PC74HC/HCTA4020

MSI

14-STAGE BINARY RIPPLE COUNTER
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: MSI HC HCT
GENERAL DESCRIPTION propagation delay

. tpHL/ CPtoQp 1 15 ns
The 74HC/HCT4020 are high-speed tpLH Qp, to Qp4q Cp =15pF 7 7 ns
Si-gate CMOS devices and are pin MR to Qp Veg=5V 18 20 ns
compatible with the “4020" of the
’4000B" series. They are specified in fmax maximum clock frequency 60 50 MHz
compliance with JEDEC standard no. 7.
The 74HC/HCTA4020 are 14-stage Cy input capacitance 35 | 35 |pF
binary ripple counters with a clock input p
(CP), an overriding asynchronous master power dissipation tes 1 and 19 20 E
reset input (MR) and twelve fully CpD capacitance per package | "0t ' 27 2 P

buffered parallel outputs (Qg, Q3 to Q¢3).

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;Tagmp=25°C;t,=t=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC® x fi + = (CL x Vc@? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL = output load capacitance in pF

Vcc = supply voltage in V

Z (CL x Vgc? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the conditionis V| =GND to Vcc — 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTA4020P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4020T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
9,7,5,4,6,
13,12,14,15, | Qp, Q3t0 Q13 parallel outputs
1,2,3
8 GND ground (0 V)
10 CcP clock input (HIGH-to-LOW, edge-triggered)
1 MR master reset input (active HIGH)
16 Vee positive supply voltage
g2 craie 1o
oy [1] U 6] Vec ol o, 3t7
1 —cT=
= I nr L
e 4]0 4 cr QG"T: cT=0 6—6
Q53 1310 Q7 p— 7+— 113
E 4020 307 1 0g 12 T ab—12
Q4 E E 8 — MR ag | 14 ol— 1a
6} 1] MR a2 10}— 15
— ay - Mp—1
[
3 E E °f Qqp ,—Z. 12 F- 2
ano 8| E]oo 0 2 s
7293380 7293381 1293382
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4020

Msi
FUNCTION TABLE
INPUTS OUTPUTS
Gy CcP MR Qp, Q3 to Q13
14-STAGE COUNTER
11 MR cp
1 L no change
Qg a3 a4 |05 |06 |07 |og [ag [@1p]ayy|aiz]ass i( II-I cotnt
7 5 4 6 13 |12 |14 |15 1 2 3
7293387
H = HIGH voltage level
Fig. 4 Functional diagram. L = LOW voltage level
X =don’t care
t = LOW-to-HIGH clock transition
{ = HIGH-to-LOW clock transition
Q Q Q
3 T fF T fF T fF LA -1 F
| Rnal | RD—] Rua RDa l I Rp !
MR —DC %. -
Qg Q3 7203383 13
Fig. 5 Logic diagram.
8 16 32 64 128 256 512 1024 2048 4096 8192 16384
TP INPUT MUUUUUUUUUUUUU
MR INPUT l
Qoureor 1 1 1 1111111
ogovrevr o L 11T 1Tl
Q4 OUTPUT M1t 1T 1T 1T 111
Qs oUTPUT M1 11T 111
Qg OUTPUT | I N [ I N I M H
Q, OUTPUT T T T e T L
Qg oUTPUT | I IS I I B M
Qg OUTPUT | I T I e
Q49 OUTPUT | I U I B
Qqq OUTPUT L 1_1_
Q42 OUTPUT L1
Q43 OUTPUT 1
7293386
Fig. 6 Timing diagram.
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14-stage binary ripple counter PC74HC/HCT4020
MSsi
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 | Voo | WAVEFORMS
+25 —40to+85 | —40 to +125 V)
min. |typ. | max. | min.| max. | min. | max.
. 0 175 210 2.0
tPHL/ | propagation delay b 35 42 |ns | 45 |Fig.7
tPLH CFto Qg 2 30 36 6.0
tpHL/ | propagation delay = 1 2 |ms |45 |Fie.7
tPLH Qn 10 Qn+1 13 16 19 6.0
ropagation dela 200 250 300 2.0
tPHL o 40 50 60 |ns 45 | Fig.8
n 34 43 51 6.0
/ 75 95 110 2.0
:TH L output transition time 15 19 22 ns 45 Fig. 7
TLH 13 16 19 6.0
. 80 100 120 2.0
W cloak pulse width 16 20 2 ns | 45 | Fig.7
14 17 20 6.0
. 80 100 120 2.0
w master feset pulse width | 16 20 24 ns | 45 | Fig.8
o 14 17 20 6.0
removal time 50 65 75 20
t 10 13 15 ns 45 Fig. 8
rem MR to CP 9 1 13 6.0
. 6 5 4 2.0
fmax "“’;'e’;‘::r‘mcf"k pulse 30 2 20 MHz | 45 | Fig.7
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
lcg 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 0.85
MR 1.10

AC CHARACTERISTICS FOR 74HCT

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

Tamy (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min, |typ. | max. | min, | max. | min. | max.

tpHL/ propagation delay .
toLH TP to Qg 36 45 54 ns 45 Fig. 7
tpHL/ propagation delay .
tPLH Qp 0 Qpe1 15 19 22 ns 4.5 Fig. 7

propagation delay .
tPHL MR to Qp 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 f
tw HIGH 20 25 30 ns 4.5 Fig. 8

removal time i
trem MR to CP 10 13 15 ns 45 Fig. 8

maximum clock pulse ~a A .= .
finax frequency 2 24 20 vinz | 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 (Q,) propagation delays, the clock
pulse width, the output transition times and the
maximum clock frequency.

MR INPUT

CP INPUT

Q, OUTPUT

7293385

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%; V{ =GND to Vcc.
HCT: Vy=1.3V;V|=GND to 3V.
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PC74HC/HCT4040

MSi
12-STAGE BINARY RIPPLE COUNTER
FEATURES TYPICAL
M TER CONDITIONS UNIT

©® QOutput capability: standard SYMBOL SARARE HC HCT
® |cc category: MSI

t / propagation delay
GENERAL DESCRIPTION PHL CPto Qp Ci =15pF 14 16 ns

tPLH Qp t0 Op41q NSy 8 | 8 ns
The 74HC/HCT4040 are high-speed cc=
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 CPD power dissipation notes 1 and 2 20 20 pF
binary ripple counters with a clock input capacitance per package
(CP), an overriding asynchronous master B
reset input (MR) and twelve parallel GND=0V;Tamp =25 "Citr=tf=6ns
outputs (Qg to Q11).

. Notes

The counter is advances on the HIGH-to-
LOW transition of CP. 1. CpD 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 + T (CL x 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 VCC = supply voltage in V
Each counter stage is a static toggle Z (CL x Vec? x fo) = sum of outputs
flip-flop. 2. For HC the condition is V| = GND to VcC

For HCT the conditionis V| =GND to Vgcc — 1.5V
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 (S0-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
8 GND ground (0 V)
9,7,6,5,3,
2,4,13,12, Qp to Q11 parallel outputs
14, 15,1
10 cP clock input (HIGH-to-LOW, edge-triggered)
11 MR master reset input (active HIGH)
16 Vee positive supply voltage
CTR12
a1 ) [16] Ve Qf—9 ol
o= N 7
05 2] [15] 010 [oPY Y u—;no ;_6-
2 3] [12] Qg Qt—5 N
°6E E}°7 10-0jcP Qt—3 43
4040 95 1—2 MER
Q3 E ‘__7_1 Qg Qg T— 4 cT ol
0, 5] [77] e 11—{MR Q7f—13 NEE]
_ Qg —12 ol 12
a;[7] ,T_Oj cp Qot—14 ol 14
GND [ 8 9] Qo Crof—15 | 15
o ;:I Qppp—1 1 1
7293877 M"pP—
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
'—q--E—_Po CcP MR Q,
- 12-STAGE COUNTER 4 L no change
{ L count
Qo |0y |0z [Q3 |04 |05 |0g |Q7 |0g |Qg [010]Q14 X H L
7293880 9 7 6 5 3 2 4 |13 |12 14 15 |1

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

Q qf qQ
Eﬁ——l >0—T FF1 YFFZ ——————— T
g g
Rp Rp Rp
MR—-DO _—
Qo Q 7203881 Qyq

Fig. 5 Logic diagram.
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12-stage binary ripple counter

PC74HC/HCT4040

MSi

DC CHARACTERISTICS FOR 74HC

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

Output capability: standard
lgg category: MS|

AC CHARACTERISTICS FOR 74HC
GND=0V;t =ty =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.
. 150 1 20
tpHL/ propagation delay 30 330 sgs e 45 Fig. 6
'PLH CPto Qo 26 33 38 6.0
. 100 125 150 2.0
tpHL/ propagation delay 20 26 26 ns 45 | Fig6
tPLH Qn to Qp4g 17 21 22 6.0
. 200 250 2.0
t propagation delay 20 50 ggo ns a5 Fig. 6
PHL MR to On 34 43 51 6.0 '
et/ 75 95 110 2.0
THu output transition time 15 19 22 |ns 45 | Fig.6
TLH 13 16 19 6.0
X 80 100 120 2.0
clock pulse width .
w HIGH or LOW b4 2 2 ns g:g Fig. 6
80 100 120 20
master reset pulse .
tw width; HIGH 2 2 £ o |45 | Fie.6
removal time 50 65 75 2.0 )
| WS ° A A
. 6 5 4 2.0
f maximum clock pulse 30 24 20 MHz |45 |Fig.6
max 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
lgg 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 Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
cP 0.85
MR 1.10

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 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH TP 1o Qg 35 44 53 ns 4.5 Fig. 6
tpyL/ propagation delay 20 25 30 ns 45 Fig. 6
tpLH Qn to Qp4q . ig.
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
ITLH
cloék pulse width :
W 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 45 Fig. 6
maximum clock pulse .
frax frequency 30 24 20 MHz | 45 Fig. 6
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PC74HC/HCT4040

12-stage binary ripple counter
MSI

AC WAVEFORMS

MR INPUT

CP INPUT

QgeorQ,
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

master reset to output (Q,) propagation delays and the Nata to AC waveforms

master reset to clock (CP) removal time. (1) HC : V= 50%; V| = GND to Vce.
HCT: Vm=13V;V|=GNDto3V.
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PC74HC4049

Ssi
HEX INVERTING HIGH-TO-LOW LEVEL SHIFTER
FEATURES TYPICAL | UNIT
® Output capability: standard SYMBOL PARAMETER CONDITIONS
® |cc category: SSi HC
tpHL/ propagation delay Ci =15pF 7 ns
GENERAL DESCRIPTION tPLH nA to nY Vee=5V
The 74HC4049 is a high-speed ; it: 35 pF
Si-gate CMOS device and is pin C input capacitance
compatible with the “4049" of the issipati
""4000B"" series. It is specified in CpD pg::;';g:;ﬁf;;:rnbuff or note 1 15 pF
compliance with JEDEC standard no. 7.
The 74HCA4049 provides six inverting GND=0V; Tamp =25 °C; t, = tf = 6ns
buffers with a modified input
protection structure, which has no
diode connected to V¢c. Input Note
nggiges of up to 15 V may therefore be 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
This feature enables the inverting PD=CpPD x VCC® x fi+ £ (CLx VCC? x fo) where:
buffers to be used as logic fi = input frequency in MHz CL = output load capacitance in pF
level translators, which will convert fo = output frequency in MHz Vce = supply voltage in V
high level logic to low level logic, Z (Cp x Vei? x fp) = sum of outputs
while operating from a low voltage
power supply. For example
15 V logic (“4000B series”) can be ORDERING INFORMATION/PACKAGE OUTLINES
converted down to 2 V logic. PC74HC4049P: 16-lead DIL; plastic (SOT-382)
. . . HC : 16-leal ; plastic - .
The actual input switch level remains X Py . f 18- .
related to the Vg and is the same as PC74HC4049T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
mentioned in the family
characteristics. At the same time each PIN DESCRIPTION
art can be used as a simple inverter
\F:vithout level translation.p PIN NO. SYMBOL NAME AND FUNCTION
1 Vee positive supply voltage
APPLICATIONS ?’24'1 g’ 10, 1Y to 6Y data outputs
® Converting 15 V logic ("’4000B"’ 4
series) down to 2 V logic. ?1511 9, 1A to 6A data inputs
8 GND ground (0 V)
13,16 n.c. not connected
Vcc[I U EM» P LS vl o,
v (2] 5] 67 P 7 v, 2 > —
1a(5] [12] 6 _ =] b
sz 3] ne. P ELS Y1 6 2] NG
ZAE 4049 EEV P 7 2y | o 9 | IN1O
av 5] [11]54 ! 12
N2 0] ¥ n—{3A =L SRS 14 1S
GND[_B-: E‘A 14_6}\ 57_15 7293755
7203753
7293754
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC4049
SSi

P ALY i,
528 i
,—43a k2 I
P LT 374
1n—f2A Y12
144 SY1 15

7203764

Fig. 4 Functional diagram.

. 1000 1o logic
input rvpor—yod circuit
polysilicon
resistor
l 6
o1
|
| GND
7297018

Fig. 5 Input protection for HC4049.
Single sided thick oxide field effect
transistor as input protection.

A—-Do—Do—-Do—v

72903908

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

182
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Hex inverting HIGH-to-LOW level shifter PC74HC4049
SSl

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
vVee DC supply voltage —05 | +7 \Y%
Vi DC input voltage range —-05 | +16 \
=K DC input diode current 20 mA for V| <-0.5V
*lok DC output diode current 20 mA for Vo <-0.5VorVo>Vcc+05V
tlo DC output source or sink for —-05V < \70 <Vgcc+05V
current
- standard outputs 25 mA
tlces 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 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
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
Ssi

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.
15 | 1.3 1.5 15 2.0
ViH HIGH level input voitage [3.15 | 2.4 3.15 3.15 \" 4.5
42 | 31 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 (1.8 1.8 1.8 6.0
19 | 20 1.9 1.9 20 | VIH| —lo=20pA
VoH HIGH level output voltage 144 | 45 44 44 v 45 | or | —10=20uA
P 59 | 6.0 5.9 5.9 60 | ViL | —lo=20pA
v HIGH level output voltage | 3.98 3.84 37 v 45 | VIH| _ig=40ma
OH standard outputs 5.48 5.34 5.2 6.0 ViL —-l0=5.2mA
0.1 0.1 0.1 20 | VIH| l0o=20uA
VoL LOW level output voltage 0.1 0.1 01 |v 45 | or | 10=20pA
P 0.1 0.1 0.1 6.0 | ViL | I0=20uA
v LOW level output voltage 0.26 0.33 0.4 v 45 X','H 10 =4.0mA
oL standard outputs 0.26 0.33 0.4 6.0 ViL 10=5.2mA
Vee
0.1 1.0 1.0 HA 6.0 or
GND
L] input leakage current
20
0.5 5.0 5.0 MA to 15V
6.0
15V
lcc quiescent supply current 2.0 20.0 40.0 | uA 6.0 or
GND
AC CHARACTERISTICS FOR 74HC
GND=0V;t=tf=6ns;CL =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | 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
tTHL output transition time 15 19 22 ns 45 Fig. 7
tTLH 13 16 19 6.0
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Hex inverting HIGH-to-LOW level shifter PC74HC4049
SSi

AC WAVEFORMS

nA INPUT

nY OUTPUT

72983756

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: Vy=1.3V;V|=GND to 3V.
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PC74HC4050

SSi
HEX HIGH-TO-LOW LEVEL SHIFTER
ol TYPICAL UNIT
® Output capability: standard SYMBOL PARAMETER CONDITIONS
® Icc category: SSI HC

t / ropagation delay CL=15pF

GENERAL DESCRIPTION th PoA to Y Vec=5V 7 n
The 74HC4050 is a high-speed ; i 35 F
Si-gate CMOS device and is pin Ci input capacitance P
compatible with the “4050" of the issipation
“"4000B" series. It is specified in CpD pgavg:rcﬁ:s‘gaper buffer *note 1 14 pF
compliance with JEDEC standard no. 7.

The 74HCA4050 provides six non-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 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 (""4000B series”’) can be
converted down to 2 V logic.

The actual input switch level remains
related to the Vg and is the same as
mentioned in the family
characteristics.

GND =0V; Tamb=25°C; t,=t§=6ns

Note

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD =CpD x VeC? x fi+Z (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

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC4050P: 16-lead DIL; plastic (SOT-382Z).
PC74HCA4050T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

APPLICATIONS PIN NO. SYMBOL NAME AND FUNCTION
® Converting 15 V logic ("4000B" 1 Vee positive supply voltage
series i
) down to 2 V logic. 3'24’12’ 10, 1Y to 6Y data outputs
3.5.7.9, 1A 10 6A data inputs
8 GND ground (0 V)
13,16 n.c. not connected
1A 1Y
— —2
Vee |1 U E n.c. :
v E [i5] 6 P 1. av| , 3 > | 2
5 4
1a5] [12] 6 I 7 av| o 5 .
2y E [13] n.c. L | 6
4050 aA ay 9 | 10
2a 5] [12] 5v 9 10
1 12
3YEB: EsA Il—‘EA 5Y —12 14 ’_|5
3a[7] [10] av ] —
. E E A 1a—f8a syl o 7293759
72937867
7293758
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC4050

a—ja wl o,
528 2v] , 1009 "
input —n— [} o tologic
polysilicon circuit
P ELS kA4 NS resistor
4A ay —
0 — 10 (23] o1
—
1n—sA syl o,
+ GND
7297018
1a—f8A el .o

N
@
@
S
@
@

Fig. 4 Functional diagram.

Fig. 5 Input protection for HC4050.
Single sided thick oxide field effect
transistor as input protection.

Do e oo

7293009

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 —-0.5 | +7 \%
ViK DC input voltage range -0.5 | +16 \
-hK DC input diode current 20 mA for V| <-05V
oK DC output diode current 20 mA forVo<-0.5VorVo>Vcc+05V
tlo DC output source or sink for -05V<VQo<Vcc+0.5V
current
- standard outputs 25 mA
tlce: DC V¢ or GND current
tIGND 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 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
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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PC74HC4050

ssi

DC CHARACTERISTICS FOR 74HC

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vce| VI | OTHER
+25 —40 to+85 | —40 to +125 \"
min. | typ. | max. | min. | max. | min. | max.
15 1.3 1.5 1.5 2.0
ViH HIGH level input voltage |3.15 | 2.4 3.15 3.15 \ 45
4.2 31 4.2 4.2 6.0
0.7 |05 0.5 0.5 20
ViL LOW level input voltage 1.8 | 1.35 1.35 135 |V 45
23 |18 1.8 1.8 6.0
19 |20 19 19 20 | Vi | -10=20pA
VOH HIGH leve) output voltage | 474 | 45 44 44 v 45 | or | —I0=20uA
all outpuits 59 | 6.0 5.9 5.9 6.0 | Vi | —l0=20pA
v HIGH level output voltage | 3.98 3.84 3.7 v 45 XrIH —l0=4.0mA
OH standard outputs 5.48 5.34 5.2 6.0 vy | —'o= 5.2mA
0.1 0.1 0.1 20 | ViH | 10=20pA
Vol o tput voltage 0.1 0.1 01 |v 45 | or | 10=20uA
0.1 0.1 0.1 60 | ViL | 10=20pA
v LOW level output voltage 0.26 0.33 0.4 v 45 er I0=40mA
oL standard outputs 0.26 0.33 0.4 6.0 vy | lo=52mA
Vee
0.1 1.0 1.0 uA 6.0 or
GND
LT input leakage current
20
0.5 5.0 5.0 RA to 15V
6.0
1BY
Icc quiescent supply current 20 20.0 40.0 | uA 6.0 or
GND
AC CHARACTERISTICS FOR 74HC
GND =0V; t,=tf= 6 ns; C_= 50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | V¢c | WAVEFORMS
+25 —40 to +85 | —40 to +125 \"
min. | typ. | max. | min. | max. | min. [ max.
. 1 130 .0
tPHL/ propagation delay ?;’ 2?5 26 ns i's Fig. 7
tPLH natonY 14 18 22 6.0
/ 75 95 110 2.0
ETH L 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 : VM =50%; V| = GND to V¢c.
HCT: Vy=13V;V|=GND to3V.
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PC74HC/HCT4094

MSI
8-STAGE SHIFT-AND-STORE BUS REGISTER
FEATURES TYPICAL
© Ouput capability: standard SYMBOL | PARAMETER CONDITIONS T — UNIT
® I catagory: MSI
propagation delay

GENERAL DESCRIPTION CP to QS 15 19 ns

13 18 ns
The 74HC/HCT4094 are high-speed ;‘;‘L”ﬁ/ gi o gi’;’ CL=15pF 19 | 21 |ns
Si-gate CMOS devices and are pin STR to QP,, Vee=5V 18 20 ns
compatible with the “4094"' of the
40008 " series. They are specified in i lock frequenc 60 60 MHz
compliance with JEDEC standard no. 7. fmax meKimum CT0ck Trequency
The 74HC/HCT4094 are 8-stage serial Cy input capacitance 35 3.5 pF
shift registers having a storage latch
associated with each stage for strobing power dissipation E
data from the serial input (D) to the / Crp capacitance per package notes 1 and 2 8 92 P

parallel buffered 3-state outputs (QPg
to QPy). The parallel outputs may be
connected directly to common bus lines;
Data is shifted on the positive-going |
clock (CP) transitions. The data irleach i
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 (OE)

signal is HIGH.

Two serial outputs (QSq and QSy) 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):

PD=CpD x VeG? x fi+ Z (CL x Ve? x fo) where:

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

vce

CL

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgcc — 1.5V
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTA4094P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4094T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

fast. The same serial information is PIN NO. SYMBOL NAME AND FUNCTION
available at QS9 on the next negative-
going clock edge and is for cascading | :
“4094" devices when the clock rise ! ! STR Str(,)be. neut
time is slow. 2 D serial input
3 cP clock input
APPLICATIONS ?"‘5’12’ Z'2 1 QPg to QP7 parallel outputs
@ Serial-to-parallel data conversion rome GND q0OV)
® Remote control holding register 8 groun
9,10 Qs,, Qs serial outputs
15 OE output enable input
16 Vee positive supply voltage
—EN3
STR E U E Vee clp ST'R 5| smee
DE EOE asg |9 —>C1/ —
Qs; (—10 2 1 4
cr [3] [14] a4 arp s o 2D 3vz
arg [4] [13] apg QPy L5 6
4094 P, |— —
ary 5] [12] apg 2—p Q"Z ’_: &
ar, [6] [11] o, QP |14 m
ars [7] [10] as, 0P (13 112
QPg |—12 1
anp 8] [9]0s, arr -1 o
7293855 OF A 10
15 7Z93907 7293856
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4094

MSI
[~ " Staceo
0 —D—l— D Q
210 i G
8-STAGE SHIFT QSZ.& ]
3|cp REGISTER '
[TTTTTITEs | >
1|STR 8-BIT STORAGE !
REGISTER I
15{0E 3.STATE OUTPUTS STR i
o | | |
1203857 14 15 16 |7 |14 [13 [12 |1
7293858
OPID OP‘ QP2 0P3 OP4 DP5 OPG QP7
Fig. 4 Functional diagram. Fig. 5 Logic diagram.
FUNCTION TABLE
PARALLEL SERIAL
INPUTS OUTPUTS OUTPUTS
cp OE STR D arg ar, s, as,
1 L X X z z Qg NC
l L X X z z NC ary
1 H L X NC NC Q’g NC
1 H H L L QPn.q Qg NC
? H H H H arnq | Q% NC
i H H H NC NC NC ar;

H
L
X
z
NC
+
{
Q

= HiGH voltage level

= LOW voltage level

=don't care

= high impedance OF F-state
=no change

= LOW-to-HIGH CP transition
= HIGH-to-LOW CP transition

and QS,, output at the positive clock edge

‘6 = the information in the seventh register stage is transferred to the 8th register stage

INPUT

INTERNAL 0‘0 (FFO)
OUTPUT

INTERNAL Qf (FF6)
OUTPUT

SERIAL OUTPUT

SERIAL QUTPUT

ctoek et ce [ LML
DATA INPUT 0 ____"[___]'_L__]‘_’}LJT
STROBE INPUT  STR | ]
OUTPUT ENABLE ¢

QPg

4T LT Ly

h
e

|
QPg F$s 1"[*. ]
asy F'“
as, I

—
J
5’

Fig. 6 Timing diagram.

T

7293859

194

October 1985




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
lcc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=ts=6ns;Cy =50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT| Vgoc | WAVEFORMS
+25 —40 to +85 | —40 to +125 Vv
min, | typ. | max. | min.| max. | min. | max.
tPLH CP to QS 31 38 26 6.0
PLH CP 10 QSy 27 34 a1 6.0
tpHL/ propagation delay 230 290 345 2.0 .
46 58 69 ns 45 Fig. 7
tPLH CPtoQP, 39 49 59 6.0
tPLH STR to QP 36 45 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
" / 3-state output 175 220 265 2.0
tPZH enable time 35 44 53 | ns 45 | Fig.9
PZL OE to QP 30 37 45 6.0
t / 3-state output 150 190 225 2.0
tPHZ disable time 30 38 45 | ns 45 | Fig.9
PLZ OE to QP, 26 33 38 6.0
. 80 100 120 20
clock pulse width .
tw 16 20 24 ns 45 Fig. 7
HIGH or LOW 14 17 20 6.0
w | a0 wl | e
HIGH or LOW 14 17 20 6.0
set-up time 60 75 90 2.0 )
tsy 12 15 18 ns 45 | Fig. 10
QtoCP 10 13 15 6.0
o 5 5 5 2,0
th hoig ttl"gp 5 5 5 ns 45 Fig. 10
o 5 5 5 6.0
" lock pul 6 5 4 2.0
frmax M requency T 30 24 20 MHz | 45 | Fig.7
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
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, cP 1.50

D 0.40

STR 1.00

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

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.
tpHL/ propagation delay 45 Fig. 7
tpLH CP to QS4 45 56 68 ns ig
tpHL/ propagation delay 45 Fig. 7
tPLH CP t0 QS 42 53 63 ns ig.
tpHL/ propagation delay 45 Fig. 7
tPLH CP to QP,, 50 63 75 ns ig
tpHL/ propagation delay 4, Fia.
tor STR to QPy, 48 60 72 ns 5 ig. 8
g"'_'h/ output transition time 15 19 22 ns 45 Fig. 7
/ 3-state output :
PZH enable time 35 44 53 | ns 45 | Fig.9
PzL OF to QP
1 / 3-state output )
oz disable time 35 44 53 | ns 45 | Fig.9
PLZ OE to QP,
clock pulse width 45 Fig. 7
tw HIGH or LOW 16 20 24 ns ig
strobe pulse width a Fia. 8
tw HIGH or LOW 16 20 24 ns .5 .| Fig
set-up time . Fia.
tsy D to CP 12 156 18 ns 45 ig. 10
hold time .
th D to CP 5 5 5 ns | 45 | Fig 10
maximum clock pulse .
fmax frequency 30 24 20 MHz | 45 | Fig.7
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8-stage shift-and-store bus register

PC74HC/HCT4094

MSl

AC WAVEFORMS

CP INPUT

QP,, S,
ouTPUT

s, OUTPUT

7293860

Fig. 7 Waveforms showing the clock (CP) to
output (QP,,, OS¢, QSy) 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

QP
OUTPUT
LOW-to-OFF
OFF-to- LOW

<= tPZH |

e tPHZ —>

e 90% |
HIGH-t0-OFF il
OFF -to- HIGH

outputs —| outputs —__o|e— outputs
7293862 enabled disabled enabled

Fig. 9 Waveforms showing the 3-state enable
and disable times for input OE.

CP INPUT

D INPUT

P, 084,08y
ouTPUT m

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%; Vy = GND to Vcc.
HCT: V=1.3V;V|=GND to 3V.

Note to Fig. 10

The shaded areas indicate when the input
is permitted to change for predictable
output performance.
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PC74HC/HCT4511

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 dela
® Driving common cathode LED pg’pagatw" 4 2% | 26 |n
i DptoQn CL=15pF s
displays tPHL/ CE to Qp, L=1op 23 | 24 | ns
® Guaranteed 10 mA drive capability tPLH Bl toQp vee=5V 18 19 ns
per output LT toQp 12 13 ns
[ ] ility: -
° ?:(t:p::;a;::l,l;ys,'non standard Cy input capacitance 35 3.5 pF
power dissipation
GENERAL DESCRIPTION CrD capacitance per latch notesland2 | 63 | 64 | pF

The 74HC/HCT4511 are high-speed
Si-gate CMOS devices and are pin
compatible with 4511 of the
’4000B" series. They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT4511 are BCD to
7-segment latch/decoder/drivers with
four address inputs (D1 to D4), an active
LOW latch enable input (LE), an active
LOW ripple blanking input (Bl), an active
LOW lamp test input (LT), and seven
active HIGH segment outputs (Q,3 to Qg).

When LE is LOW, the state of the segment
outputs (Q, to Qg) is determined by the
data on D1 to Dg.

When LE goes HIGH, the last data present
on D1 to D4 are stored in the latches and
the segment outputs remain stable.

When LT is LOW, all the segment outputs

GND =0V; Tamb =25 °C; t; =tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vcc? xfi+ £ (CL x Veg? x fo) where:

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

CL

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

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4511P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4511T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

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

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 T lamp test input (active LOW)
::r:fct:]tlst LT and Bl do not affect the latch 4 BT ripple blanking input (active LOW)
' 5 E latch enable input (active LOW)
APPLICATIONS 7,1,2,86 Djto D4 BCD address inputs
® Driving LED displays 8 GND ground (0 V)
® Driving incandescent displays 13.12.11. 10
® Driving fluorescent displays 9 '15 4 Q, to Og segments outputs
® Driving LCD displays Y -
. ositive supply volta
® Driving gas discharge displays 16 Vee postH PPy e
o, [1] U [16] Vec BCD/7SEG [>
7=—1D¢ Qf—13 3 m
D3 E E Q¢ VIILT)
1— 0y Qpf—12 4 13
— —— G1o(81] 210,11 p—=
5] [14] o 2—0;  Qf—mn bio11 12
81[4] 4511 EQ“ 6—{ D4 Qg—10 S co 10,11 p—L
E[s] E]Qb 37 Qf—2 A 410,11 |2
04[] [17] . 4—{5 a;b—1s 1 doo2 e10,11 p—=
Na )0 s—E al—1a 2 Jdopa 10,11 2
‘ ) 72836:3 L. 90,8 g10,11 |14
ene E EO! 7293694
7293692
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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DISPLAY

0

MSI

October 1985\

LOW voltage level

HIGH voltage level
don’t care

X X X X X X X
c cC ccCccCceCc
< S8 oeona
-] e O Mm <O~ oo a0 000
F|T 4 4aIT TITa TTaa a4
-
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o
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2
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=]
o ©
J|T 4 IXIAJI IIII IXTdd dddd
-
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©
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-
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PC74HC/HCT4511

* Depends upon the BCD-code applied during the LOW-to-HIGH transition of LE.

H
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BCD to 7-segment latch/decoder/driver

PC74HC/HCT4511

MSI

]
g |
11 I T 1

Qq Qe Qp

Qa
7283706

Fig. 5 Logic diagram.

Fig. 6 Segment designation.

I N ZNencCyCy o
N ey ner—

7293267

Fig. 7 Display.
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PC74HC/HCT4511

mSl

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 T UNIT |vee | Vi —lg
+25 —40 to +85 | —40 to +125 v mA
min. | typ. | max.| min. | max.|min. | max.
VOH HIGH level output voltage ggg ggg gzg A" 4.5 \\;:E or ZOSO
5.60 5.45 5.35 Vinor | 758
VOH HIGH level output voltage 5.48 5.34 5.20 \% 6.0 VIH o 10.0
4.80 450 4.20 IL 15.0
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.
. 300 375 450 2.0
PHL/ | propagation delay 60 75 90 ns |45 | Fig.8
tPLH DntoQn 51 64 77 6.0
tPHL/ propagation deiay 270 330 405 20
54 68 81 ns 45 | Fig.9
tPLH LEtoQp 46 58 69 6.0
. 220 275 330 2.0
PHL/ | propagation delay 4 55 66 ns |45 | Fig.10
tPLH BT to Qn 37 47 56 6.0
i 150 190 225 2.0
tPHL/ | propagation delay 30 38 45 ns |45 | Fig.8
tPLH LTtoQn 26 33 38 6.0
) 75 55 110 2.0
THL/ output transition time 15 19 122 ns 45 | Figs8, 9and 10
tTLH 13 16 19 6.0
W latch enable pulse width ?g ;80 ;30 ns ig Fig. 9
Low 14 17 20 6.0
set-up time 60 75 90 2.0
1, . o 12 15 18 ns 45 Fig. 11
s DntolLE 10 13 15 6.0
) 0 0 0 2.0
th hold time_ 0 0 0 ns | 45 | Fig. 11
Dnto LE 0 0 0 6.0
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BCD to 7-segment latch/decoder/driver PC74HC/HCTA4511

MSI
DC CHARACTERISTICS FOR 74HCT
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 7AHCT
Voltages are referenced to GND (ground = 0 V)
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT |Vge | Vi -lo
+25 —40 to +85 | —40 to +125 \" mA

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

. . . \ 3
VOH HIGH level output voltage ggg ggg gzg \ 45 V:'I-_' or Z:O
Note to HCT types
The vaiue of additionai 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
INPUT COEFFICIENT
o, CE 1.50
Bl, Dp 0.30
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 \%
min. | typ.| max. | min. | max. | min. | max.
IPHL/ | propagation delay 60 75 9 | ns |45 |Fig.8
tpPLH Dp to Qp
tpHL/ propagation delay | Fia.
LA LE to Qp 54 68 81 ns 45 ig. 9
PHL/ | propagation delay 44 55 66 | ns |45 |Fig.10
tPLH Bl to Qp
tpHL/ propagation delay ] Fia.
thLh LT to Qn 30 38 45 ns 45 ig. 8
:_Tr['h/ output transition time. 15 19 22 ns 45 | Figs8,9and 10
latch enable pulse width .
tw LOW 16 20 24 ns 45 Fig.9
set-up time Fi
tsu Dpy to LE 12 15 18 ns 45 ig. 1
hold time .
th Dp to LE 0 0 0 ns 4.5 Fig. 11
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PC74HC/HCT4511

AC WAVEFORMS
D, LT INPUT " LE INPUT
Q, OUTPUT Q, ouTPUT

7293697

7293699

Fig. 9 Waveforms showing the input (LE)
to output (Qp) propagation delays and the
latch enable pulse width.

' Fig. 8 Waveforms showing the input (Dp,
LT) to output (Qp) propagation delays and
the output transition times.

Dy INPUT

LE INPUT

Q, OUTPUT

7293696

7293698

Fig. 11 Waveforms showing the data set-up and

Fig. 10 Waveforms showing the input (B1)
hold times for D, input to LE input.

to output (Qp) propagation delays.

Note to Fig. 11

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

Note to AC waveforms
(1) HC : V) =50%; V| =GND to Vcc.
HCT: VM =13V;V|=GNDto3V.
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BCD to 7-segment latch/decoder/driver PC74HC/HCT4511

MSI
APPLICATION DIAGRAMS
common anode
Ve ) LED
J Vee 7 T
Y a7y
eomm:;:lhodn
y//"— -==17v
GND L
7293700
w 7293708 GND

Fig. 13 Connection to common anode LED

Fig. 12 Connection to common cathode LED
display readout.

display readout.

Vee
Vee
(81} direct
—IM“’
N
GND l ©
filament
b
7293701 * GND » sueely
7293703
(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 Fig. 15 Connection to fluorescent display
readout. readout.
’ excitation
appropriate [t .
V, \ square wave ;
ce ce ] GND to V)
/4 HC/HCTB6
7293704
GND 7203702 GND

Fig. 17 Connection to LCD display readout.
(Direct DC drive is not recommended as it
can shorten the life of LCD displays).

Fig. 16 Connection to gas discharge display
readout.
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PC74HC/HCT4518

MsI

DUAL SYNCHRONOUS BCD COUNTER
FEATURES TYPICAL
® QOutput capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |g category: MSI - He Her

t / propagation delay
GENERAL DESCRIPTION o nCPo, nCP1 to nQn 20 | 23 |ns
The 74HC/HCT4518 are high-speed . =

. . " propagation delay C_ =15pF

Si-gate CMOS devices and are pin tPHL Vee=5V 14
compatible with the “4518" of the nMR to nQp cc I "
""4000B" series. They are specified in : lock fi 60 52 MHz
compliance with JEDEC standard no. 7. fmax maximum clock frequency
The 74HC/HCT4518 are dual 4-bit Cy input capacitance 35 35 pF
internally synchronous BCD counters —
with an active HIGH clock input (nCPq) power dissipation
and an active LOW clock input (rCP1), CpD capacitance per counter notes 1.and 2 2 27 PF

buffered outputs from all four bit
positions (nQg 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

S Ar tha LIt 8 OV ao far o x
HIGH or the HIGH-to-LOW transition of

nCPq 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
(nQq to nQ3 = LOW) independent of
nCPg and nCPq.

APPLICATIONS

® Muitistage synchronous counting

GND=0V; Tamp=25°C;t,=t;=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vcc? xfi+ 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 Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the conditionis Vi =GND toVcc — 15V

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 1CPq, 2CPq clock inputs (LOW-to-HIGH, edge-triggered)
2,10 1CPq, 2CP4 clock inputs (HIGH-to-LOW, edge-triggered)
3,4,5,6 1Qg to 1Q3 data outputs
7,15 1MR, 2MR asynchronous master reset inputs (active HIGH)
8 GND ground (0 V)
11,12,13,14 | 2Qpto 2Q3 data outputs
16 Vee positive supply voltage
U CTRDIV10
1cPg 1] [16] vec I of2—
1CPy E [15] 2mR 2 * o | 4
7 5
mo[z 14] 205 19 —for; Qof— 3,11 —cr-0 az
1Q1E Emz 2,10 =0} CP4 Qip— 3,12
451
19, [5] 518 [12] 20 O2r—s.13 CTRDIVIO
9 11
104 5] [11] 200 7,15 ————{MR  Q3b—6,14 Q—-& >1 . DZ
MR E E za| 7293790 1_5__ reors cT 13
GND [8 9] 2cpg NS
7293789 7293791
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT4518
msi

FUNCTION TABLE

nCPq | nCPy | MR | MODE

o |-
313
’1 !v
Bl
sla
A
CRCRENC

H L counter advances
103 L 1 L counter advances
o { X L no change
X 4 L no change
o 2ceg 2001y t L L | nochange
T 201h2 H i\ L | nochange
&&D"— 20515 X X |H |QgtoQs=LOW

H = HIGH voltage level

L = LOW voltage level

X = don’t care

t = LOW-to-HIGH clock transition
4 = HIGH-to-LOW clock transition

&
M
z
E

7293792

Fig. 4 Functional diagram.

7203793

Fig. 5 Logic diagram (one counter).

1]2|3|e|s|e|7]|8|o|w|lnn]z]13]1a]|1s]16|[17]18
Co LUy
CPy I N N Ny O
MR T

7293794

Fig. 6 Timing diagram.
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Dual synchronous BCD counter PC74HC/HCT4518

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 | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 Y
min. | typ. | max. | min. | max. | min. | max.
. 3 .
tPHL/ propagation delay 330 230 720 ns ig Fig. 9
tPLH nCPq, nCP{ to nQp 41 51 61 6.0
tPHL/ propagation delay 150 1% 225 2.0 .
30 38 45 ns 45 Fig. 8
tPLH AMR to nQp 26 33 38 6.0
t / 75 95 110 2.0
tTH L output transition time 15 19 22 ns 45 | Fig.9
TLH 13 16 19 6.0
. 80 100 120 20
tw e e o 16 20 24 ns |45 | Fig.8
14 17 20 6.0
. 120 150 180 20
tw master reset pulse width | 24 30 36 ns |45 | Fig.8
20 26 31 6.0
. 0 0 0 2.0
removal time .
t == 0 0 0 ns 4.5 Fig. 8
rem nMR to nCPg, nCP1 o 0 o o0 g
set-up time 80 100 120 2.0
tsy nCP1 to nCPp; 16 20 24 ns 45 Fig. 7
nCPQ to nCP1 14 17 20 6.0
maximum clock puise 6 5 4 20
fmax frequency 30 24 20 MHz | 45 Fig. 8
nCPg, nCP1 35 28 24 6.0
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PC74HC/HCT4518
Msi

DC CHARACTERISTICS FOR 74HCT

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

QOutput 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 Alcc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nCPq, nCP1 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 \
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tPLH nCPg, nCP1 to nQn 53 66 80 ns 45 Fig. 9
propagation delay :
tPHL nMR to nQy, 35 44 53 ns 45 Fig. 8
tTHL/ output transition time 15 19 22 ns 45 Fig. 9
tTLH
clock pulse width ar P an - =
w HIGH or LOW 20 25 30 ns 45 Fig. 8
master reset pulse width .
tw Hion P 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
nCPg to nCP1
maximum clock pulse
fmax frequency 25 20 17 MHz | 45 Fig. 8
nCPg, nCP1

210 October 1985\ (




Dual synchronous BCD counter

PC74HC/HCT4518

Msi
AC WAVEFORMS
nCPy INPUT vu'!
e tey toy >
tn th -
nCPy INPUT vu'"
7283888
Fig. 7 Waveforms showing hold and set-up
times for nCPq to nCP{ and nCP1 to nCPq.
nCPq INPUT ! ~
_ nCPg INPUT
nCPy INPUT p'"
aCPy INPUT
nMR INPUT
- PHL — tPLH »‘
L A 7
nQ, OUTPUT % vp'" nQ, OUTPUT % vy
-l teHL 7203886 7293884 el et =l letrin

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.

Fig. 9 Waveforms showing the propagation
delays for nCP(, 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 nCPq is triggered on
a HIGH-to-LOW transition.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to Vcc.
HCT: VM =13V;V|=GNDto3V.
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PC74HC/HCT4520

DUAL 4-BIT SYNCHRONOUS BINARY COUNTER

FEATURES

® Output capability: standard
® |pc category: MSI

GENERAL DESCRIPTION

The 74HC/HCTA4520 are high-speed
Si-gate CMOS devices and are pin
compatible with the “4520" of the
’4000B" series. They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT4520 are dual 4-bit
internally synchronous blnary counters
with an active HIGH clock input (nCPq)
and an active LOW clock input (nCP1),
buffered outputs from all four bit
positions (nQg to nQ3) and an active
HIGH overriding asynchronous master
reset input (nNMR).

The counter advances on either the LOW-

to-HIGH transition of nCPq if nCP1 is
HIGH or the HIGH-to-LOW transition of
nCP1 if nCPg is LOW. Either nCPq or
nCP{ 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
nCPg and nCP1.

APPLICATIONS

©® Multistage synchronous counting
® Multistage asynchronous counting
® Frequency dividers

MSI
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay
tPLH nCPQ, nCP1 to nQp 23 25 ns
propagation delay C_=15pF
PHL nMR to nQ, Vee=5V 13 | 14 |ns
n cc
fmax maximum clock frequency 65 52 MHz
C input capacitance 35 35 pF
power dissipation
CpD capacitance per counter notes 1and 2 29 29 pF

GND=0V; Tamb=25 °C;t, =t;=6ns
Notes

1.

Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD 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
2 (Cp x Vgi? x fo) = sum of outputs
. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Ve — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4520P: 16-lead DIL; plastic (SOT-382).

PC74HC/HCT4520T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,9 1CPg, 2CPg clock inputs (LOW-to-HIGH, edge-triggered)
2,10 1CPy, 2CP4 clock inputs (HIGH-to-LOW, edge-triggered)
3,4,5,6 1Qg to 103 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

1cpo [1] J 18] Ve
17, 7] [15] 2mR
100 3] 1] 204
1043 13] 20,
oy E 4520 % 20,
- 105 5] 11] 200
e [7] 0] 2C74
N 8] 9] 2cPo
7293798
Fig. 1 Pin configuration.

W
L
¢

Qof— -

19 of— 3,11 CT=0
2,10 O Qif— 4,12 S

Qpf—
513 CTR4

7,15 ————MR  Q3}— 6,14 2 5 o1
10, * 12
7293790 Loy e
15 cr 13

7293799

Fig2 Logic symbol. Fig. 3 IEC logic symbol.

October 1985

213



PC74HC/HCT4520
Msi

2{vR

15| 2MR

1cPg
2|10y
9| 2cPy
10{ 2P

10
10,
10,
103

o o |& jw

200}13
204)52
20213
203114

7293792

Fig. 4 Functional diagram.

FUNCTION TABLE
nCPqg | nCPq | MR | MODE
1 H L counter advances
L 13 L counter advances
3 X L no change
X 1 L no change
1 L L no change
H 1 L no change
X X H Qg to Q3 = LOW
H = HIGH voltage level
L = LOW voltage level
X = don’t care

1 = LOW-to-HIGH clock transition
| = HIGH-to-LOW clock transition

Qg Q Qz Qg
Py a Q) Q Q
FF1 FF2 FF3 FF4
cP cp CP cpP
CPy Rp @ Rp G Rp @ Rp
MR —-D
7293800
Fig. 5 Logic diagram (one counter).
1 2 3 4 5 6 7 8 9 01 12 (13|14 [15] 16| 17|18
c__ Muuuururuu
7B o B o B o o B o B o B o B
°h O 6 O O S
MR "L [~
1 2 3 4 5 6 7 8 9 01 1213 |14 |15 0 1 2 3 4
o 1L o1 i s e e e e
Q,
Q2
Q3

Fig. 6 Timing diagram.

7293801
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Dual 4-bit synchronous binary counter

PC74HC/HCT4520

MsSi

DC CHARACTERISTICS FOR 74HC

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

Output capability: standard
Icc category: MSH

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 | —40 to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
. 240 300 360 2.0
tPHL/ propagation delay 48 60 7g ns | 45 | Fig.8
PLH nCPo to nQn 41 51 61 6.0
. 3 .
tPHL/ propagation delay ﬁgo ggo 720 ns ig Fig. 8
tPLH nCP1 to nQp 41 51 61 6.0
tPHL propagation delay 113(5)0 ;20 3%5 ns ig Fig. 9
MR to nQn 26 33 38 6.0 ’
¢ / 75 95 110 2.0
ITHL output transition time 15 19 22 ns 45 Fig. 8
TLH 13 16 19 6.0
. 1 .
w | cookovewan 0 Y I I FT
HIGH or LOW 14 17 20 6.0 :
W master reset pulse width ;30 :1380 :1;20 ns ig Fig. 7
HIGH 20 26 31 6.0
removai time 0 0 0 20
trem nMR to nCPg, nCP1 o : 9 "olas | Fie?
. 80 100 120 20
set-up time _ .
tsu nCP1 tonCPq, nCPg to nCPq :2 3(7) gg ns gg Fig. 8
. 6 5 4 20
maximum clock pulse .
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PC74HC/HCT4520

Msl

DC CHARACTERISTICS FOR 74HCT

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

lce category:

MSI

Note to HCT types

The value of additional quiescent supply current (Aigc) 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, nCPq 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 53 66 80 | ns |45 | Fig.8
tPLH nCPg to nQp
tPHL/ | Propagation delay 53 66 80 | ns |45 | Fig.8
tPLH nCP1 to nQp

propagation delay Fia.
tPHL nMR to nQy, 35 44 53 ns 4.5 ig. 9
tTHL/ output transition time 15 19 22 ns 45 Fig. 8
tTLH

clock pulse width Fig. 7
tw HIGH or LOW 20 25 30 ns 4.5 ig

master reset pulse width 45 Fig. 7
tw HIGH 20 25 30 ns ! ig

removal time _ . Fig. 7
trem nMR to nCPg, nCP1 0 0 0 ns 45 '9

set-up time _ 45 | Fig.8
tsu nCP1 tonCPQ, nCPQ to nCPy 18 20 2 ns '9

maximum clock pulse .
fmax frequency 25 20 17 MHz | 45 Fig. 7
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Dual 4-bit synchronous binary counter

PC74HC/HCT4520
MSI

AC WAVEFORMS
nCPy INPUT S
(nCPy=LOW)
"GPy INPUT Fig. 7 Waveforms showing removal time for nMR;
(nCPy =HIGH) ] minimum nCPq, nCP1, nMR pulse widths and
maximum clock pulse frequency.
Conditions:
nCP1 = HIGH while nCPq is triggered on a
MR INPUT LOW-to-HIGH transition; ty and t;em also
apply when nCPg = LOW and nCP1 is
7293795 triggered on a HIGH-to-LOW transition.
nCPq INPUT "l
|
nCPy INPUT m'!
-ty e -ty e
nQ, OUTPUT Fig. 8 Waveforms showing set-up times for nCPg
to nCPq and nCPq to nCP(, propagation delays
7293798 and output transition times.
nMR INPUT
nQ, OUTPUT
Fig. 9 Waveforms showing propagation delay
7203797 from nMR to nQ,, output.

Note to AC waveforms
(1) HC : V\ =50%; V| = GND to Vgc.
HCT: V4 =13V;V|=GNDto3V.
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DEVELOPMENT DATA

This data sheet contains advance information and

e ) ) : PC74HC/HCT40103
specifications are subject to change without notice.
MSI

8-BIT SYNCHRONOUS BINARY DOWN COUNTER
FEATURES TYPICAL
© Cascadable SYMBOL PARAMETER CONDITIONS UNIT
® Synchr or asynch preset HC | HCT
® Output capability: standard topL/ propagation delay 20 30 .
® Icc category: MSI tPLH CPtoTC C_=15pF

Vee=5V
GENERAL DESCRIPTION fmax maximum clock frequency 32 30 MHz
The 74HC/HCT40103 are high-speed c i i 35 | 35 F
Si-gate CMOS devices and are pin ! input capacitance ) ) P
compatible with the “40103" of the dissipati
"*4000B" series. They are specified in Cpp po::e;ac;::::e I;:r counter | MOtes1and2 25 | 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).
Counting is inhibited when the terminal
enable input (TE) is HIGH. The terminal
count output (TC) goes LOW when the

GND=0V;Tamp=25°C;t,=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vce? x fi+Z (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
Z (C x Vee? x fp) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vgc — 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).

PIN DESCRIPTION

count reaches zero if TE is LOW, and PIN NO. SYMBOL NAME AND FUNCTION
remains LOW for one full clock period.
: P . 1 cpP clock input (LOW-to-HIGH, edge-triggered)
When the synchronous preset enable input X 8
(PE) is LOW, data at the jam input (Pg to 2 MR asynchronous master reset input (active LOW)
P7) is clocked into the counter on the 3 TE terminal enable input
next positive-going clock transition 4567
regardless of the state of TE. 1011 12.13 | PotoP7 jam inputs
When the asynchronous preset enable roor T
input (PL) is LOW, data at the jam input 8 GND ground (0 V)
(Pg to P7) is asynchronously forced into 9 L asynchronous preset enable input (active LOW)
.t‘."-'ée c‘:’u(t:\;e{Trzgz}::rl‘eis:poufélﬁ(;st:;epog PE, 14 TC terminal count output (active LOW)
rep'resent ;, single 8-bit binar\P word7. 15 PE synchronous preset enable input (active LOW)
(continued on next page) 16 Vee positive supply voltage
U (44
co[1] [1e] vee TP PL TE
i (2] ] e "o
= [5] 73] 7 ] "
— P2
Pol4 13| Py
= 40103 2! 1 T
P[5} [12] Pe 10— Pg IN PROGRESS
Py [E [11]Ps 11—Ps
7 1] 5]7s .
13— Py
ano [8] (o] 7T PE__MR
7293739 15 2 7293740
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT40103
MSI

|14

Jﬁ

o Jo o |5

Fﬁpp

CPj1

7Z03741

Fig.

4 |56 |6 |7 [10 |11 |12 |13

4 Functional diagram.

FUNCTION TABLE

CONTROL INPUTS
— el ACTION
MR PL PE TE
H H H H inhibit counter
H H H L synchronous count down
preset on next LOW-to
H H 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.

I 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

& interrupt timers

® Cycle/program counters

220
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8-bit synchronous binary down counter PC74HC/HCT40103
MSI

DEVELOPMENT DATA

Po Py P2 P3

1 T 1 1 T T 1
I J 7 J 47 R R 3 R
¥R o-—Do- —¥R  of— MR of—p TIMR aq ¥R O—DO‘ " a}— TI¥F al— MR o
L e A& & Jds = Jds J= =
pL FFY —eu FF2 e FF3 e FF4 ~{o FFE —{p FFE e FF7 o P
—{re —{re —Jee ~Jee —re —re —pe
TE TE TE TE TE e TE TE
ALY
TO OTHER 7
FLIP-FLOPS <
~ -
=] )
7293742

Fig. 5 Logic diagram.

JEpEp SN NN NN

Lo
Fl
C
C
C
C

—
C

P2
Py J

Py

Pg

Pg

P ]

COUNT | 255 | 264 3 2 1 0 255 | 264 | 254 |253 8 7 6 5 4 265 | 254 | 253 | 252

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. =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min, | typ. | max. | min. | max. | min, | max.
) 300 375 450 2.0
TPHL/ | propagation delay 60 75 9 |ns | 45 | Fig.7
PLH 51 64 77 6.0
. 200 250 300 2.0
fHL/ | propagation delay 40 50 60 |ns | 45 | Fig.8
PLH 34 43 51 6.0
] 275 345 415 2.0
HL/ | propagation delay 55 69 83 |ns | 45 | Fig.9
PLH © 47 59 7 6.0
oL | Propasation delay e oy 83 |ns |45 |Figo
MR to TC 47 59 7 6.0
75 95 110 2.0
:THL/ output transition time 15 19 22 ns 45 Figs. 7and 8
TLH 13 16 19 6.0
) 165 205 250 2.0
clock pulse width .
tw 33 4 50 ns 45 Fig. 7
HIGH or LOW 28 35 43 6.0
) 150 190 225 2.0
tw ey e Pulse width | 5 38 45 ns 45 | Fig.9
26 33 38 6.0
) 125 155 190 2.0
W proset eraloie pulse width | 55 31 38 ns | 45 | Fig.9
i 21 26 32 6.0
) 50 65 75 2.0
removal time : .
trem R 10 13 15 ns 45 Fig. 10
MR to CP 9 1 13 6.0
) 100 i25 150 2.0
s A 20 25 30 ns | 45 | Fig. 11
17 21 26 6.0
. 175 220 265 2.0
tsy R 35 a4 53 ns | 45 | Fig.11
30 37 45 6.0
) 100 125 150 2.0
sy e e 20 25 30 ns | 45 | Fig.12
n 17 21 26 6.0
) 0 0 0 2.0
hold time .
1 0 0 0 ns 45 | Fig. 11
PE toCP 0 0 0 6.0
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8-bit synchronous binary down counter PC74HC/HCT40103

DEVELOPMENT DATA

MSI
AC CHARACTERISTICS FOR 74HC (Cont'd)
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.
. 0 0 0 2.0
th hol__Fi_EtlmeCP 0 0 0 ns 45 Fig. 11
to 0 0 0 6.0
. 5 5 5 2.0
t hol: ttll’nﬁép 5 5 5 ns 45 Fig. 12
nto 5 5 5 6.0
f 3 2 2 2.0
fmax Basnlid 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 Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
cp, PE 1.50
VA 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 | Voc | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min. |typ. | max. | min.| max. | min. | max.

tpHL/ propagation delay .
tpLH CP to TC 60 75 90 ns 45 Fig. 7
tpHL/ propagation delay .
tpLH TE to 50 63 75 ns 45 Fig. 8
tpHL/ propagation delay .
tPLH PL to TC 60 75 90 ns 45 Fig. 9
toHL propagation delay 60 63 75 |ns |45 | Fig.9
g*:h/ output transition time 15 19 22 | ns 45 | Figs.7and8
W clock pulse width 35 44 53 ns | 45 | Fig.7
tw master jEset pulse width 1 49 50 60 ns 45 | Fig.9
tw preset emanC U1 Width | 38 48 57 ns | 45 | Fig.9
trem renﬁ%/atlotg:e 10 13 15 ns 45 Fig. 10
tey setup tme 20 25 30 ns 45 | Fig. 11
tsy e 40 50 60 ns 45 | Fig. 1

set-up time .
tsy Py, to CP 24 30 36 ns 45 | Fig. 12
t hotime 0 0 0 ns |45 | Fig. 11
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8-bit synchronous binary down counter

PC74HC/HCT40103

msi

DEVELOPMENT DATA

AC CHARACTERISTICS FOR 74HCT (Cont'd)

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

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

hold time i
th TE to CP 0 0 0 ns 45 Fig. 11

hold time - X
th P, to CP 5 5 5 ns 45 Fig. 12

maximum clock pulse .
fmax frequency 14 1 9 MHz 45 Fig. 7
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PC74HC/HCT40103
MSI

AC WAVEFORMS

——— Wy ————»

CP INPUT

TC OUTPUT

7293744 THL LR

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

o

7293745 THL> e -

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

cP INPUT Vi

7293746

Fig. 10 Waveforms showing removal time
for MR.

TE or PE
INPUT

CP INPUT Vi

7293748

Fig. 11 Waveforms showing hold and set-up
times for MR or PE to CP.

Pyto Py
INPUTS

(§}]

PE INPUT ™

S S .

—_—— p—
CP INPUT i{le” \ /

7293749

Fig. 12 Waveforms showing hold and set-up
times for Py, PE to CP.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to V¢c.
HCT: Vip=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 asynchronous inputs and SYMBOL PARAMETER CONDITIONS UNIT
outputs HC HCT
® Expandable in either direction y propagation delay
® Reset capability tPHL MR to DIR, DOR 15 |15 |ns
® Status indicators on inputs and PLH 50 t0 Qp CL = 150F 3 |3 |ns
outputs - Vgc=5V
propagation delay
@ 3-state outputs tPHL Sl to DIR 18 18 ns
® Output capability : standard 50 to DOR 18 18 ns
® lpc cat : MSI
ce careory fmax maximum clock frequency 32 30 MHz
GENERAL DESCRIPTION - .
The 74HC/HCT40105 are high-speed C input capacitance 35 |35 |pF
Si-gate CMOS devices and are pin I
compatible with the “40105” of the Cprp gl il package | MOtestand2 | 134 | 145 | pF
*'40008" serigs. They are specified in P p
compliance with JEDEC standard no. 7. GND =0V; Tymp=25°C;t,=t; =6 ns
The 74HC/HCTA40105 are first-in/first- Notes
out (FIFO) “‘elastic’’ storage registers that . . . L .
can store sixteen 4-bit words. The 40105 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

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

2.

PD=Cpp x Vec? x fi+ 2 (CL x Vce? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Ve = supply voltage in V
Z (C x Vi? x f) = sum of outputs
For HC the condition is V| = GND to Vg
For HCT the conditionis V| =GND to Vcc - 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCT40105P: 16-lead DIL; plastic (SOT-382).

P

C74HC/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
clock puls(; that transfers data from the 1 OE output enable input (active LOW)
preceding four data latches into its own N
four data latches and resets the preceding 2 DIR da.ta '." lready output .
flip-flop to “0". The first and last control 3 Sl shift-in input (LOW-to-HIGH, edge-triggered)
flip-flops have buffered outputs. Since all 4,5,6,7 Dg to D3 parallel 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 control flip-flopf(dataéinFready 13,12,11,10 | Qgto Q3 3-state data outputs
output - DIR) indicates if the FIFO is full, )
and the status of the last flip-flop (data-out 14 DOR.. daj(a out l:eady output .
ready output - DOR) indicates if the FIFO 15 50 shift-out input (HIGH-to-LOW, edge-triggered)
fcontinued on next page) 16 Vee positive supply voltage
4
OF E U E] Vee OE
4—{Dg Qg }—13
iR (2] E %
5—{ D1 Qy f—12
si[3] [74] oor
6— D2 Qb
Po E E G D Q.
o1 [5] 40105 ) o 7—% 3p—10 IN PROGRESS
02 €] mEH
3— s DOR p—14
o:,E 10] Q3
15-0f so DIR }—2
ano (& 9 | MR i
7293836 9 7293837
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
flag is HIGH, by a LOW-to-HIGH
transition on the shift-in input (Sl).
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 Sl 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
negative-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 FIFOQ,
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 SI 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.

3-state outputs

In order to facilitate data busing, 3-state
outputs (Qq 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 OF F-state mode.

Cascading

The “40105" can be cascaded to form
longer registers simply by connecting
the DIR outputs to the 5O inputs and
the DOR outputs to the SI 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 S| and 50 inputs
in parallel, if expansion occurs in both
directions (see Figs. 6 and 7).

APPLICATIONS

Bit-rate smoothing
CPU/terminal buffering
Data communications
Peripheral buffering

Line printer input buffers
Auto-diallers

CRT buffer memories
Radar data acquisition
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4-bit x 16-word FIFO register

PC74HC/HCT40105

MSI

DEVELOPMENT DATA

INPUT BUFFERS

OUTPUT BUFFERS

==
D3 D

b fo fo |-

4x16
DATA REGISTER

00_2

N Q1f12

Q M o
Q3}10

|

CONTROL LOGIC

Fig. 4 Functional diagram.

7293838

MR

si
DIR
o
Dy

D2

O3

I

e =

R
[§})
FF1

s a

— Do
__{>¢,__[
— Do

———| >0— DOR
——F=— o<t
R Qf | R @ I R @ R
(2) | (2) | 2 (1)
FF2 FF3 FF4 FF6
l—o s a | |—o s a l—o s a s a
L ;
RN R — 5=
[ cL [ cL [ cL — Qo
o
. . . L [
LATCHES LATCHES LATCHES BUFFERS | 07
— Q3
14x
position 1 position 2o 15 position 16 7293850

Fig. 5 Logic diagram.

Notes to Fig. 5
(see control flip-flops)
(1) LOW on S 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

—

th

I Y DOR Qg

o, arl—
40105

> D2 a}—

% or w56 93—

|

7293839

(1) Master reset pulse must be applied when cascading by 16 n-bits.
Fig. 6 Expansion; 4-bits wide-by-16 n-bits long.

St

8-BIT DATA <

mr (1

I Y DOR qg
————Dy a ls
40105
————p10 Q2
_— — a
3 oR__MR__ 5 °

oo o BOR ag
0y Q [
1

o0 aot0s
D. Q3 )»
S DR MR N

3l

7 8-BIT DATA

(1) Master reset pulse must be applied when cascading by 16 n-bits.
Fig. 7 Expansion; 8-bits wide-by-16 n-bits long.

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 =1 UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
. 7 22 .
tpHL/ propagation delay ;55 a 40 égs ns z g Fig. 8
tPLH MR to DIR, DOR 30 37 25 6.0 .
. h 210 265 315 2.0
tpHL propagation delay 42 53 63 | ns 45 | Fig.9
36 45 54 6.0
tPHL propagation delay 3;0 ggs 2;5 ns 3? Fig. 10
$0 10 DOR 36 45 54 6.0
. 400 500 600 20
tPHL/ | propagation delay 80 100 120 | ns 45 | Fig. 11
tPLH SO0toQy 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
¢ / 75 95 110 20
tTHL output transition time 15 19 22 ns 4.5 Fig. 11
TLH 13 16 19 6.0
tpzH/ 3-state output enable ;(5]0 ;30 ng ns ig Fig. 14
tPzL O to O 2% 33 38 6.0 '
tpHz/ 3-state output disable time ;go ;25 3;0 ns ig Fig. 14
tPLZ OEtoQy 24 30 36 6.0 '
. 80 100 120 2.0
SI pulse width .
tw 16 20 24 ns 45 Fig.9
HIGH or LOW 14 17 20 6.0
== . 120 150 180 2.0
SO pulse width .
tw 24 30 36 ns 45 Fig. 10
HIGH or LOW 20 26 31 6.0
. 220 275 330 2.0
tw D'ﬁl‘é“ﬁe rW:ng 44 55 66 ns 45 | Fig.9
° 37 47 56 6.0
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PC74HC/HCT40105

MSI

AC CHARACTERISTICS FOR 74HC (Cont'd)

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

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0 +85 | —40 to +126 v
min. | typ. | max. | min. | max. | min, | max.

i 220 275 330 2,0

w Y vripdeind 44 55 66 ns | 45 | Fig.10
or 37 47 56 6.0
) 80 100 120 20

tw MR pulee width 16 20 24 ns |45 | Fig.8
14 17 20 6.0

1 removal time % = - s |45 Fig. 15
rem MR ta SI 9 1 13 6.0

setup time -35 -45 —55 20 |

tgy Dy, to I :‘75 :? :;1 ns gg Fig. 16
hold ti 125 155 190 2.0

th D oS! 25 31 38 ns 45 | Fig.16
nto 21 26 32 6.0
) 3 2 2 2.0

frax R pulse frequency | 1g 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
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 (Alge) 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
i) COEFFICIENT
OE 0.75
St 0.40
Dn 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 | Vcc| WAVEFORMS
g +25 —40 10 +85 | ~40 to +125 v
E min, | typ. | max. | min. | max. | min, | max.
g [on fon del
tPHL propagation delay 45 54 |ns 45 | Fig.8
& | wLn MR to DIR, DOR 36
J .
W | tpHL/ | propagation delay 42 53 63 |ns | 45 | Fig.9
2 | tpLH Si to DIR
a
propagation delay 3 63 |ns | 45 | Fig.10
tPHL 50 to DOR 42 5
tpHL/ prog_3ation delay 80 100 120 | ns 45 | Fig. 11
tPLH S0t Qp
propagation delay/ripple .
tPLH through delay 400 500 600 | ns 4.5 Fig. 12
Sl to DOR
propagation delay/ripple .
tPLH through delay 500 625 750 | ns 45 | Fig.13
50 to DIR
tTHL/ output transition time 15 19 22 ns 4.5 Fig. 11
TLH
tpzH/ 3-state output enable time 35 44 53 ns 45 Fig. 14
tpzL OE toQp
tpHZ/ 3-state output disable time 30 38 25 ns 45 | Fig. 14
tpLZ OE to Qp,
SI pulse width 20 24 ns 45 | Fig.9
w HIGH or LOW 16
50 pulse width 20 24 ns 45 | Fig. 10
w HIGH or LOW 16

October 1985 233



PC74HC/HCT40105

MSl

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.
DIR 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 pul idth .
H?El:e v 16 20 24 ns 45 | Fig.8
removal time .
Trem MR to SI 15 19 22 ns 4.5 Fig. 156
set-up time _ _ _ .
tsu DntoSI 7 9 1 ns 45 | Fig. 16
hold time .
th Dp to SI 25 31 38 ns 45 | Fig. 16
fmax maximam 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
SI INPUT

Q,,D0R

OUTPUTS
DIR OUTPUT
7203842

DIR OUTPUT

7203841

Fig. 8 Waveforms showing the MR input
to DIR, DOR output propagation delays
and the MR pulse width.

Fig. 9 Waveforms showing the S| input
to DIR output propagation delay. The St,
DIR pulse widths and S| maximum pulse
frequency.

7203843

§0 INPUT

DOR OUTPUT

Fig. 10 Waveforms showing the 30 input
to DOF output propagation delay. The SO,
DOR ¢ !se widths and SO maximum pulse
frequency.

SO INPUT

Q, ouTPUT

7293844

Fig. 11 Waveforms showing 50 input to Q,,
output propagation delays and output
transition time.

St INPUT vuit

DOR OQUTPUT

7203845

Fig. 12 Waveforms showing the Sl input
to DOR output propagation/ripple through
delay.

$0 INPUT M

DIR OUTPUT

7293846

Fig. 13 Waveforms showing the 50 input
to DIR output propagation/ripple through
delay.
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PC74HC/HCT40105
Msli

AC WAVEFORMS (Cont‘d)

Q, OUTPUT
LOW-to-OFF
OFF -to- LOW

Q, OUTPUT
HIGH-to-OFF
OFF -to- HIGH

OULPULS g | e
7293848 enabled

Fig. 14 Waveforms showing the 3-state enable
and disable times for input OE.

MR INPUT

SI INPUT

outputs — |
disabled enabled

gt

~>Itrgm e

VMH)

7293847

Fig. 15 Waveforms showing the MR input
to S| input removal time.

Dp INPUT

S| INPUT

Fig. 16 Waveforms showing hold and set-up
times for Dy, input to Sl input.

7293849

Note to Fig. 16

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

output performance.

Note to AC waveforms

(1) HC : V) =50%; V| = GND to Vcc.
HCT: Vj =1.3V; V| =GND to 3V.
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