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FUNCTIONAL DIAGRAM

The RCA-CD54/74HC/HCT192/193 are asynchronously
presettable BCD Decade and Binary Up/Down synchronous
counters, respectively.

Presetting the counter to the number on preset data inputs
(PO-P3) is accomplished by a LOW asynchronous parallel
load input (PL). The counter is incremented on the low-to-
high transition of the Clock-Up input (and a high level on
the Clock-Down input) and decremented on the low-to-
high transition of the Clock-Down input (and a high levelon
the Clock-Up input). A high level on the MR input overrides
any other input to clear the counter to Its zero state. The
Terminal Count Up (carry) goes low haif a clock period
before the zero count is reached and returns to a high level
at the zero count. The Terminal Count Down (borrow) in the
count down mode likewise goes low half a clock period
before the maximum count (8 in the 192 and 15 in the 193)
and returns to high at the maximum count, Cascading is
effected by connecting the carry and borrow outputs ofa
less significant counter to the Clock-Up and Clock-Down
inputs, respectively, of the next most significant counter.
The CD54HC/HCT192 and the CD54HC/HCT 193 are supp-
lied in 16-lead ceramic dual-in-line packages (F suffix).
The CD74HC/HCT182 and CD74HC/HCT193 are supplied
in 16-lead plastic dual-in-line packages (E suffix) and in
t6-lead dual-in-line surface mount plastic packages (M
suffix). The CD54/74HC/HCT192 and the CD54/74HC/
HCT193 are also supplied in chip form (H suffix).

Advance information/
Preliminary Data

CD54/74HC192, CD54/74HCT192
CD54/74HC193, CD54/74HCT193

Tr45-23%-07

Presettable Synchronous 4-Bit
Up/Down Counters

CD54/74HC/HCT192 BCD Decade Counter,

16&—a2 Asynchronous Reset

CD54/74HC/HCT193 4-Bit Binary Counter,
Asynchronous Reset

Type Features:

» Synchronous counting and asynchronous loading

» Two outputs for n-bit cascading
» Look-ahead carry for high-speed counting

Family Features:
s Fanout (Over Temperature Range).
Standard Qutputs - 10 LSTTL Loads
Bus Driver Outputs - 15 LSTTL Loads
s Wide Operating Temperature Range:
CD74HC/HCT: —40to +856°C
Balanced Propagation Delay and Transition Times
= Significant Power Reduction Compared to LSTTL
Logic ICs
Alternate Source is Philips/Signetics
CD54HC/CD74HC Types:
2 to 6 V Operation
High Noise Immunity: Ni. = 30%, Nin = 30%
of Vee, @ Vec=6V
CD54HCT/CD74HCT Types:
4.5t0 5.5 V Operation
Direct LSTTL Input Logic Compatibility
Vi=20.8 V Max., V=2V Min.
CMOS Input Compatibility
h=<1uA @ Vou Vou

92C3-38865
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Technical Data
CD54/74HC192, CD54/74HCT192 T-4523-07

CD54/74HC193, CD54,14HCT193
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Fig. 1 - Logic diagram for HC/HC T192.
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Fig. 2 - CARRY logic cells for CD54174HC/HCT192 (f) Cell Dn3
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CD54/74HC192, CD54/74HCT192
CD54/74HC193, CD54/74HCT193
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Fig. 3 - Logic diagram for HG/HCT193.
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Fig. 4 - Logic diagram of flip-flops for HG/HCT192/193.

TRUTH TABLE

Clock Clock Reset Parallel Function
Up Down Load
1 H L H Count Up
H t L H Count Down
X X H X Reset
X X L L Load Preset
Inputs

t = low-to-high transition
x = don't care
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CD54/74HC192, CD54/74HCT192

CD54/74HC193, CD54/74HCT193 /-45-23-09

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE, (Vec):
(Voltages referenced t0 GroUMd) . ..o v v ereiunin ittt a i ettt e -05t0+7V
DC INPUT DIODE CURRENT, lix (FOR Vi< =0.5 VOR Vi> Vec +0.5 V) ohvvniniinieniienininiin i
DC QUTPUT DIODE CURRENT, lox (FOR Vo < -0.5V OR Vo > Vee +0.5 V)
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR -0.5 V <V, < V¢ +0.5 V)
DC Vec OR GROUND CURRENT, (166) ++« e vt v teunnsannnrs o eeniestassseaniamonreanssiiameanottiosateiiocniasinsscens
POWER DISSIPATION PER PACKAGE (Po):
ForTa=-4010 +60°C (PACKAGE TYPE E) .. ttuuutunieniosuan s snessiasennasans ittt ssiaseanoestoreerisioiiisiesis
For Ta = +60 to +85°C (PACKAGE TYPEE)............vts
For Ta = -55 to +100°C (PACKAGE TYPE F, H) 500 mW
For Ta = +100 to +125°C (PACKAGE TYPE F, H} Derate Linearly at 8 mW/° C to 300 mW

For Ta = -40t0 +60°C (PACKAGE TYPE M) ...ovvvrveieniinnniennns 300 mW

For Ta = +60 to +85°C (PACKAGE TYPE M) «ovvviviiiiiiiiiiiiaiiiiie i eneeeeeens Derate Linearly at 5 mW/°C to 175 mW
OPERATING-TEMPERATURE RANGE (Ta):

PACKAGE TYPE F, H -55t0 +125°C

PACKAGE TYPE E, M .
STORAGE TEMPERATURE (Tatg) e v v v veerornunaneeesissiassssiasinnanessauninetesirentetioiinitneirinnetee e -85 to +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16  1/32In. (1,59 £ 0.79 mm) from case for 108 MaX. .covevviviisiiariarrersernisrrrrresraer iy +265°C

Unit inserted into a PC Board (min. thickness 1/16 in., 1.58 mm)

with solder contacting 188d tiPS ONIY ... .. v ueereeerursereetareaeeratesss s s e e +300°C

RECOMMENDED OPERATING CONDITIONS
For maximum reilabllity, nominal operating conditions should be selected so that operation |s always within
the following ranges:

LIMITS
CHARACTERISTIC MIN. MAX. UNITS
Supply-Voitage Range (For Ta=Full Package Temperature Range)
Vee!*
CD54/74HC Types 2 6
CD54/74HCT Types 4.5 5.5
DC Input or Output Voltage, Vi, Vo 0 Vce
Operating Temperature, Ta:
CD74 Types -40 +85 °c
CD54 Types -55 +125
Input Rise and Fall Times, t,,t:
at2Vv 0 1000
at4.5V 0 500 ns
atg Vv 0 400

*Unless otherwise specified, all voltages are referenced to Ground.
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CD54/74HC192, CD54/74HCT 192
CD54/74HC193, CD54/74HCT193

STATIC ELECTRICAL CHARACTERISTICS TYER307F
CD74HC192/183CD54HC182/183 CD74HCT192/193/CD54HCT1982/193
TEST 74HC/S4HC T4HC S4HC TEST 74HCT/54HCT | 7T4HCT S4HCT
CONDITIONS TYPE TYPE TYPE CONDITIONS TYPE TYPE TYPE
CHARACTERISTICS UNITS
40/ -58/ -40/ -55/
+25°C +25°C
+85°C +125°C +85°C +125°C
A\ lo Veo Vi Ve
v mA v v v
Min |[Typ Max {MIn Max [Min [Max Min {Typ |Max [Min |Max [Min [Max
High-Level 2 |15 —|— [15]— [15]|— 4.5
input Voltage Vin 45 315} — |— [B15)— [3.15] — - to 2 - | = 2 — 2 — v
6 l42 | — | — j42 | — 142 | — 5.5
Low-Level 2 |- |— |08]|— 05]|— |05 4.5
Input Voltage Vi 45 | — | — {185 — j1.835| — |13 - to |— |— (08| — |o8]|— |08 v
6 |— [— [18]— |18]— 1.8 55
High-Level Vi 2 |wol—|— |19 ]|— [19 | — Vi
Output Voltage Vou or {-002 {45 |44 | — | — 144 | — [44 |— or 45 |44 | — | — |44 | — |44 — v
CMOS Loads Viu 6 [50 |— |— |58 |— (59 |— Vin
Vi Vie
TTL Loads or -4 45 398 | — | — 384 | — |37 | — or 45 {398 — | — [3.84| — [3.7] — A
Standard Output Vin -5.2 6 548 — | — [534] — |5.2 | — Vin
Low-Level Vi 2 |- |— o1 ]|—= 01 |— [O1 Vi
Qutput Voltage Voo or 002 {45 — | — {01 |j— JO1 | — jO1 or 45 — |- Jot|—jo1}]— |01 A
CMOS Loads Vin 8 — | =01 |—Jo1 {— j0i Vik
Vo Vi
TTL Loads or 4 45| — | — lo26}— [0.33 [ — |04 or 4.5 — | — lo26} — [033] — |04 A
Standard Qutput Vin 5.2 6 |~ |— j026]— j033|— [04 Vi
Input Leakage Any
Current h Vee Voitage
or 6 — | — HO1|— |21 |— |1 | Between 55 — | — o1 — | £V | — &1 LA
Gnd Vec and
Gnd
Quiescent Device v
Current lee Ve ce
or 0 6 i 8 — |80 | — [160 or 5.5 - |- 8 — |80 | — |160 LA
Gnd Gnd
Additional |
Quiescent Device 4.5
Current per Vee-2.1 to — |100 [360 [ — [450 | — (480 HA
Input Pin: 5.5
1 Unit Load Algg”

*For dual-supply systems theorsetical worst case (Vi = 2.4 V, Vec = 5.5 V) specification Is 1.8 mA.

HCT Input Loading Table

Input Unit Loads*
PO-P3 0.15
MR 0.45
PL 0.3
CPy, CPo 0.9 .

*Unit load is A lcc limit specified in Static Characteristics
Chart, e.g., 360 pA max. @ 25°C.
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CD54/74HC192, CD54/74HCT192 7:(/5,073 —O‘i
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CD54/74HC193, CD54/7T4HCT193

SWITCHING CHARACTERISTICS (Vcc=5 V, Ta=25°C, Input t,1=6 ns)

TYPICAL
VALUES
CHARACTERISTIC SYMBOL HC | HCT UNITS
Propagation Delay (C. = 15 pF)
CPyto TCu and CPp to TCp teun 10 | 12
CPy, CPo to Qn tene 18 18 ns
PLtoQn 18 19
MR to Qn teHL 17 17
Power Dissipation Capacitance Cep” 42 35 pF
*Cro is used to determine the dynamic power consumption, per package.
PD=Cep Vee? fi + I {Cy Vec? fo) where:
fi=input fraquency
fo=output frequency
Ci=output load capacitance
Vec=supply voltage
Pre-requlsite for Switching Function |
25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL vVece HC HCT 74HC 74HCT 54HC 54HCT |UNITS ;
Min. [Max. |Min. [Max. |Min. [Max. |Min. [Max. [Min. [Max. |Min. \Max. i
Pulse Width: 2 25 — | — | — |18 — | — | — (180 — | — | — |
CPy, CPo tw 4.5 o5 | — |25 | -~ |31 | — |8 | — |3 — 3| — |
6 || =—]|=|26]=-—j=|—18]|—=-1—=1= i
2 10| — | — | — [128]| — | — | — (180 — | — | —
PL tw 45 |20 — 20| ~]25 | — |25 | — |8 j— |30 |—
6 17l =|=-]l21} =} —-|]—]26|=]—=1—= g
2 20 — | — | — 150 — [ — | — (180} — | — | — :
MR tw 4.5 o4 | — 24| — {30 | — |30 |— |3 |—|36]|—
6 20| -l=]j—=|e6|=-[—-1—-[8]|=|=1=
Setup Time 2 00| — | — | — {128 — | — | — (180 — { — | —
PntoPL tsu 45 |20 — 120l — |25} — |28} — |3 | — |30 |— ns
6 7l=l=-l=l21|=-|=]—126] == 1= .
Hold Time_ 2 0 e el o] - =1 - 0 - —- | =
Pnto PL tn 4.5 0 — 0 — 0 — 0 — 0 - 0 -
6 0 — -] = 0 — | =] = 0 - | =1 -
Removal Time: 2 50| — | — | —-16|—|—|—}{75|—|—|—
PL to CPy, CPp trem 45 l1ol— 10| —=|13|—=|]|— |16 —[15}]—
6 9 —_—l-t -t M| ==} -] = 1=
2 50| —|—-—1—1f{6!—|—|—|"}|—}—|—
MR to CPy, CPo trem 4.5 ol —-l1wof=118| =118 — 16— |15]|—
6 9 -l -1 == =] | =11
Maximum Frequency 2 4 — | = | = 3 — = | = 3 el el
CPU, CPD fMAx 4.5 20 - 20 —_ 16 —_ 16 — 13 - 13 —_ MHz
6 %4 | —- | -1 =]19]|=-1=]—1B|—i=1]1=




6 E SOLID STATE O3
3875081 G E SOLID STATE

DE

3875081 0012kAkL 9

uic 1levIw
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SWITCHING CHARACTERISTICS (C.=50 pF, Input t,t=6 ns)

CD54/74HC192, CD54/74HCT192
CD54/74HC193, CD54/74HCT193

T-tf5-23-07

25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC SYMBOL vee HC HCT 74HC 74HCT 54HC 54HCT |UNITS
Min. IMax. | Min. [Max.|Min. [Max. | Min. Max. | Min. [Max.|Min. {Max.
Propagation Delay teun 2 — (125 — | — | — |88 — | — | — 190 | — | —
CPyto TCu terL 4.5 — 25| — 18| — 31 — | 38| — |3 | — |45
6 — 12 it —j ==l =18
2 — |28 — | — | — |18 | — | — | — 10| — | —
CPoto TCo 45 | — |25 =30l — 31| —138|— |38 |45
6 — i 21 —_ - — |26 | — - — | 32 — —
2 — lo20f - | — | — 270} — | — — |325 | — | —
CPytoQn 4.5 — |4z | - |43l — |54 —|54) — 65 | — | 65
6 — |37 | - — | — {46 | — — | -8 | =]
2 — |220 | — - — 270 | — | — — |325 | — | —
CPpto Qn 4.5 _ 43| — |43 | — 154 — |54]|— 65 | — | 65
6 — |37l - == 14| =1 — |58 | —]—
2 — | 220 | — — — 2751 — — — |33 | — —
PLtoQn 45 | — |44 ] — |26 | —|s5| — |88} — |86 ) — 168} ns
6 _ |37} =—147 ]l =1-1]— 6 | — | —
2 — 1200 | — — | = 1250 — | — — |30 — | —
MR to Qn 4.5 — | 40 | — 40 | — 50| — |s0o| — | 60| — 60
6 — | 34 — — — 43 — — — | 51 — —
Transition Time: trie 2 — {75l === 19B|—|—-| 110 — | —
Q, TCu, TCo trn 4.5 - 15§ { — | 18 | — 19, — |19 —1221— 122
6 3]l =t —=-—y=—116]|=1=1= 19| — | —
Input Capacitance Ci —_ 10l —j10| —]10] — 110 ] — i0 | — | 10 pF
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Technical Data

CD54/74HC192, CD54/74HCT192 P
CD54/74HC193, CD54/74HCT193 745 -03-07

H/max

INPUT LEVEL

v INPUT LEVEL
CPU OR CPD s CPU OR CPD Vs vs

tpLH
tPHL tpLH =
YCU OR TCD v
aN Vg Vs S
92CM-385T72

(b) Clock to terminal count delays.

(a) Clock to output delays and clock pulse width.

—— INPUTLEVEL
o/ N\

— tw tw
= — INPUT LEVEL
PL Vs #Vs XVs Vs
INPUT

CPU OR CPD 7£V5 LEVEL

—=tpLH —={tpHLI~—
Qn Vg Vg

(¢) Paraliel load pulse width, paralle! load to output
delays, and parallel load to clock recovery time.

(d) Master reset pulse width, master reset to output
delay and master reset to clock recovery time.

o T — INPUT LEVEL
Pn Z//'/Z'-»/A/%’ (P} s
s /™ = INPUT LEVEL
T\ AV \ T AV

Q=D .
Qn ' ‘
92CM-38571RI

(e) Setup and hold times data to parallel load (PL).

54/74HC 54/74HCT
Input Level Vece 3V
Switching Voltage, Vg 50% Vece 1.3V

Fig. 5 - AC waveforms.

APPLICATION
DATA INPUT
A L 4 o4
PO Pi P2 P3 PO P1 P2 P3
UP CLOCK cPU Teyp————CPU TCU}— CARRY
DOWN CLOCK cPD TCDp———{CPD TCD}— BORROW
PL MR PL MR
Q0 Q1 @2 Q3 Q0 Q1 02 Q3
ASYNC, PARALLEL LOAD
RESET
OuUTPUT

92CN-3857%
CASCADED UP/DOWN COUNTER WITH PARALLEL LOAD




G E SOLID STATE 01 DE. 3475081 0012L98 2 D
) echnlical Data .

CD54/74HC192, CD54/74HCT192
CD54/74HC193, CD54/74HCT193
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MASTER RESET
ASYNC PARALLEL LOAD
PO - T T LT LTTT T T
MMM =TT TTTT_TTT..C
PRESET DATA - -TCIIIZTTITIICIIICIC
pz_[ imabuipslosdisplainylayhepu
P3 me T T T oI
CLOCK uUpP i I f ]
CLOCK DOWN ||||||l|l|
00 ] L
[
Ssquences: Qi” _| | L
(1) Reset oulputs to zero. OUTPUTS it
(2) Load (presat) to BCD saven. Q2" 1
(3) Count up to sight, nine, terminal -
count up, zero, one and fwo. a3
{4) Count down to one, 2810, terminaj -
couni down, nine, sight and seven. TERMINAL COUNT UP L
TERMINAL COUNT DOWN 1]
[

] 7 8 9 0 1 2 1 o 8 8 7
T L .
COUNT UP: COUNT DOWN

RESET PRESET
92¢$-38573

(a) HC192 synchronous decade counters. Typical reset, preset and count sequences.

MASTER RESET I
ASYNC PARALLEL LOAD
po_J
P1
RESET DATA
Saguences: 2_]
(1) Resat outputs to zero.
(2) Load (preael) to binary thirtesn. P3
(3) Count up to fourteen, fiftesn,
terminal count up, zaro, one and CLOCK UP
two.
{4) Count down 1o one, 2¢r0, terminal CLOCK DOWN
counl down, fifleen, fourteen and thirteen.
Qo
Note 1: Master reset overrides load
data and clock Inputs ot
Note 2: Whaen counting up, clock-down Input OUTPUTS .
must be high; when counting dawn, Q2”
clock-up Input must be high. - d
as_"1 | 1 I
TERMINAL COUNT UP 1
TERMINAL COUNT DOWN U
11l
o] 13 14 13 0 1 2 1 0 11514 ::l
acT PACSE COUNT up——l COUNTDOWN

AESET PRESET
92C8-36574

{b) HC183 synchronous binary counters. Typical reset, preset and count sequences.

Fig. 6 - Timing diagrams for the CD54/74HC/HCT192(a) and 193(b).
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