Technical Data

File Number 1550 CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

High-Speed CMOS Logic

FUNCTIONAL DIAGRAM Presettable Counters

PO Pl P2 P3

l I CDS54/74HC/HCT160 BCD Decade Counter, Asynchronous Reset
- _9_’ 4 58 4 o CD54/74HC/HCT161 4-Bit Binary Counter, Asynchronous Reset
2 3 CD54/74HC/HCT162 BCD Decade Counter, Synchronous Reset

e P CD54/74HC/HCT163 4-Bit Binary Counter, Synchronous Reset
MR — —— Q2

pE —1] i Q3 Tpr Features:

e 2] 5 ¢ m Synchronous Counting and Loading

s Two Count Enable Inputs for n-Bit Cascading

A 8 Asynchronous Reset (CD54/74HC/HCT160, 161)
92€5-379358 s Synchronous Reset (CD54/74HC/HCT162, 163)
u [ ook-Ahead Carry for High-Speed Counting

The RCA-CD54/74HC/HCT160, 161, 162, and 163 devices Family Features:

are presettable synchronous counters that feature look- s Fanout (Over Temperature Range):
ahead carry logic for use in high-speed counting applica- Standard Outputs - 10 LSTTL Loads
tions. The CD54/74HC/HCT160 and 161 are asynchronous Bus Driver Outputs - 15 LSTTL Loads
reset decade and binary counters, respectively; the ® Wide Operating Temperature Range:

CDS54/74HC/HCT162 and 163 devices are decade and CD74HC/HCT: -40 to +85°C

bi_nary counters, respectively and are reset synchronously » Balanced Propagation Delay and Transition Times
with the clock, Counting and parallel presetting are both ® Significant Power Reduction Compared to LSTTL

accorrulplished synchronously with the negative-to-positive Logic ICs

transition of the clock. o 8 Alternate Source is Philips/Signetics

A low level on the synchronous parallel enabie input, SPE, u CD54HC/CD74HC Types:

disables the counting operation and allows data at the PO 2 to 6 V Operation

to P3 inputs to be loaded into the counter (provided that High Noise Immunity: Ni_ = 30%, Nw = 30%
the setup and hold requirements for SPE are met). of Vee, @ Vec =5 V

All counters are reset with a low level on the Master Reset s CD54HCT/CD74HCT Types:

input, MR. In the CD54/74HC/HCT162 and 163 counters 4.510 6.5 V Operation

{synchronous reset types), the requirements for setup and Direct LSTTL Input Logic Compatibility
hold time with respect to the clock must be met. Vie=0.8 V Max., Vin =2 V Min.

Two count enables, PE and TE, in each counter are pro- CMOS Input Compatibility

vided for n-bit cascading. In all counters reset action occurs Ih=1upA @ Vo, Von

regardless of the level of the SPE, PE and TE inputs (and
the clock input, CP, in the CD54/74HC/HCT160 and 161

types).

It a decade counter is preset to an illegal state or assumes T T

an illegal state when power is applied, it will return to the MR = vee
normal sequence in one count as shown in state diagram. op 2] 5 1c
The look-ahead carry feature simpilifies serial cascading of o 21 14 o0
the counters. Both count enable inputs (PE and TE) must

be high to count. The TE input is gated with the Q outputs p 13 a1y
of all four stages so that at the maximum count the terminal 2 5] 12 o,
count (TC) output goes high for one clock period. This TC

pulse is used to enabie the next cascaded stage. 3 &5 Y
The CD54HC 160 through 163 and the CD54HCT 160 through PE — 2 e
163 are supplied in 16-lead hermetic dual-in-line ceramic ano 2 B
packages (F suffix). The CD74HC160 through 163 and the

CD74HCT160 through 163 are supplied in 16-lead dual-in- pacesemen

line plastic packages (E suffix), and in 16-lead dual-in-line

surface mount plastic packages (M suffix). All types are also

supplied in chip form (H suffix). TERMINAL ASSIGNMENT
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Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

MAXIMUM RATINGS, Absolute-Maximum Values:
DC SUPPLY-VOLTAGE, (Vco):

(Voltages referenced 10 Qround) .. .. ..o ittt e ..-05t+7 V
DC INPUT DIODE CURRENT, ik (FORVi<-05VOR V> Ve +05V) ............... ... 20 mA
DC OQUTPUT DIODE CURRENT, lox (FOR Vo <-0.5 V OR Vo > Vcc +0.5 V) ... £20 mA
DC DRAIN CURRENT, PER OUTPUT (lo) (FOR 0.5 V< Vo < Vee #0.5 V). L0ttt 125 mA

POWER DISSIPATION PER PACKAGE (Pp):

ForTa=-4010 +60°C (PACKAGE TYPE E} .. ..o it e 500 mwW
ForTa=+601t0 +85°C (PACKAGE TYPEE) ........ ... . i, Derate Linearly at 8 mW/°C to 300 mw
ForTa=-5510 +100°C (PACKAGE TYPE F, H) ... o 500 mW
For Ta = +100 to +125°C (PACKAGE TYPEF, H) . .. Derate Linearly at 8 mW/°C to 300 mW
ForTa=+4010 +70°C (PACKAGE TYPE M) .. ..o e e e 400 mW
ForTa=+7010 +125°C (PACKAGE TYPEM) ... ... . .. . . .. . i Derate Linearly at 6 mW/°C to 70 mW

OPERATING-TEMPERATURE RANGE (Ta):
PACKAGE TYPE FL H e e -55to0 +125°C
PACKAGE TYPE E, M L. e e -40 to +85°C

STORAGE TEMPERATURE (Tag) © ..ottt et e e e, -65 to +150°C

LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 % 1/32 in, (1.59 £ 0.79 mm) from case for 10 s max
Unit inserted into a PC Board (min. thickness 1/16 in., 1.59 mm)

with solder contacting 18ad 1iPS ONIY .. ... i e ettt e e e e
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Fig. 1 - Logic diagram for the CD54/74HC/HCT160 and 162

160,162 STATE DIAGRAM 92C5- 4025981

NOTE: ILLEGAL STATES IN 8CD COUNTERS
CORRECTED IN ONE COUNT.
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Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163
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Fig. 2 - Logic diagram for the CD54/74HC/HCT 161 and 163,

MODE SELECT - FUNCTION TABLE, 160, 161

INPUTS OUTPUTS

OPERATING MODE — —
MR cp PE TE SPE P, Q. TC
Reset (Clear) L X X X X X L L
H e X X i { L L
Parallel Load H e X X \ N H @
Count H _ h h h{c) X count (a)
. H X 1(b) X h(c) X Qn (a)
tnhibit H X X 1(b) n{c) X On L
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Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

MODE SELECT - FUNCTION TABLE, 162, 163

INPUTS OUTPUTS

OPERATING MODE —

MR cP PE TE SPE P. Q. TC
Reset (Clear) i A X X X X L L
o | Load n(f) A X X 1 ] L L
arallel Loa

h(f) A X X i h H (d)
Count h(h / h h h(f) X count (d)

hif) X i(e) X h{f} X Qn (d)
Inhibit

nif) X X i(e) hif) X Gn L

H = HIGH voltage level steady state.
L = LOW voltage level steady state.

h = HIGH voitage level one setup time prior to the LOW-to-HIGH clock transition.
| = LOW voltage level one setup time prior to the LOW-to-HIGH clock transition.

X = Don't care.

q = Lower case letters indicate the state of the referenced output prior to the LOW-to-HIGH clock transition.

/= LOW-to-HIGH clock transition.

NOTES

(a) The TC output is HIGH when TE is HIGH and the counter is at Terminal Count (HHHH for 161 and HLLH for 160).
{b) The HIGH-to-LOW transition of PE or TE on the 54/74161 and 54/74160 should only occur while CP is HIGH for

conventional operation.

() The LOW-to-HIGH transition of SPE on the 54/74161 and 54/74160 should only occur while CP is HIGH for

conventional operation.

(d) The TC output is HIGH when TE is HIGH and the counter is at Terminal Count (HLLH for 162 and HHHH for 163).
(e} The HIGH-to-LOW transition of PE or TE on the 54/74163 should only occur while CP is HIGH for

conventional operation.
(f) The LOW-to-HIGH transition of SPE or
conventional operation.

RECOMMENDED OPERATING CONDITIONS:

For maximum rellabllity, nominal operating conditions should be selected so that operation Is always within the

{oliowing ranges:

R on the 54/74163 should only occur while CP is HIGH for

LIMITS
CHARACTERISTIC UNITS
MIN. MAX,
Supply-Voltage Range (For Ta = Full Package Temperature Range) Vec:*
CD54/74HC Types 2 8 v
CDS54/74HCT Types 45 55 \
DC input or Output Voltage Vi, Vo 0 Ve
Operating Temperature Ta:
CD74 Types -40 +85 °C
CD54 Types -55 +125 °C
input Rise and Fall Times, t,, t
at2Vv 0 1000 ns
at45v 0 500 ns
at Vv 0 400 ns

*Unless otherwise specified, all voltages are referenced to Ground.
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Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

STATIC ELECTRICAL CHARACTERISTICS

CD74HC180-163/CDS4HC160-163

CDT4HCT160-163/CDS4HCT180-163

TEST T4HC/S4HC T4HC S4HC TEST TAHCT/SAHCT | 74HCT | S4HCT
CONDITIONS SERIES SERIES | SERIES | CONDITIONS SERIES SERIES | SERIES
CHARACTERISTIC UNITS
-40/ -55/ -40/ -58/
+25°C +25°C
Vi lo Voo +B85°C +125°C \ Vee +85°C +125°C
v mA v v v
Min (Typ |Max |Min [Max |Min |Max Min | Typ (Max |Min |Max | Min |Max
High-Lavel 2 |5 —|— |15~ |8 |~ 4.5
Input Voltage Vin 45 315 — | — 315| — |3s] — — o 20~ |12 )|—-1]2]~- v
6 (42| — | — |42 — |42 ]— 55
Low-Level 2 |—|~-]os]~ |os5]— |05 4.5
Input Voltage Va 45| — | — 135) — 135} —~ [1.35 - o) — |~ 108~ o8] — |08 v
6 |~ [— 18— (18— |18 55
High-Level Vi e |18 —|— 18|~ |]19)— Vi
Output Voitage Vou or -0.02 450144 | — | — |44 | — |44 | — or 45144 | - — |44 | — |44 | — v
CMOS Loads Vin 6 |59~ |- |59 |— |59]|— Vin
Vi Vi
TTL Loads or -4 45 (398 — [ — [384| — [37 | — or 45 (398~ | — (384 — |37 { — v
Vi -5.2 6 |548| — | — 1534 — |52 | — Vin
Low-Level Vie 2 {—|— (o1 |~ {01 ]|~ |01 Vi
Qutput Voltage Voo or 0.02 45|~ | — 10y [ — J0r |~ |O1 or 45— |~ 01|~ [0 ]| — O v
CMOS Loads Vin 6 [— |~ |01 ] — Jo1]|—~ |os Viu
Vi Vi
TTL Loads or 4 48| — | — [026f) — [033] ~ |04 or 45| — | — |0.26) — |033| — |04 v
Vik 52 6 | — | —~ {026] — (033) — (0.4 Vin
Any
input Leakage Vee Voltage
Current I or 6 | — | — |#01] — j41 |~ |1t [ Betweeniss | — | — Lo1] — |41 | — |1 uh
Vec and
Gnd Gnd
Quiescent Vec Vee
Device or 0 6 (— |~ |8 |~ |8)~ (160 or 55| — |~ 8 | — |8 — 160 UA
Currant lec Gnd Gnd
Quiescent 45
Device Current Vec-2.1 | to | — (100 | 360 — [450]| — | 490 vA
per input pin: 55
1 unit load Alsc®

*For dual-supply systems theoretical worst case (V; = 2.4V, Vcc = 5.5 V) specification is 1.8 mA.
HCT Input Loading Table

input Unit Loads *
PO-P3 0.25
PE 0.65
CP 1.05
MR 0.8
SPE 0.5
TE 1.05

*Unit load is Alec limit specified in Static Characteristic
Chart, e.g., 360 yA max. @ 25°C.
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Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

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

CL TYPICAL
CHARACTERISTIC SYMBOL (pF) S4/T4HC S4/74HCT UNITS
Propagation Delay CPto TC trnL 15 15 18 ns
CPto Qn trun 15 15 16 ns
TEto TC 15 9 13 ns
M to Qn (160, 161) tome 15 18 21 ns
Power Dissipation Capacitance * Cro — 60 63 pF

* CPD is used to determine the dynamic power consumption, per package.
Po = Cep Vec?fi + I (CL Vec®to) where:  f, = input frequency. f, = output frequency.

C. = output lvad capacitance. Vcc = supply voltage.
PREREQUISITE FOR SWITCHING FUNCTION

LIMITS
TEST 25°C -40°C to +85°C -55°C to +125°C
CHARACTERISTIC CONDITIONS UNITS
HC HCT 74HC 74HCT §4HC S4HCT
Vee
\' Min. ‘Max. Min. [Max. [Min. |Max. [Min. [Max. |[Min. |Max. |Min. |Max.
2 6 |[—[—-]—-|8]—-[~1—-[4|—-]—1]—-
Max. CP Freq. * fmax 45 ao|— |3 |~ |24 |— |24 —|20|—]20]|~ | MHz
6 33 |- |- ||| —]|=—|—~]24]|—]|—1{—
2 o [—|—[|—=fwo]—-—]|—|~|120]—-—|—|—
CP Width (Low) twis 45 16 |— |16 | — 20| — [20] — |24 | — |24 | — ns
6 “Ml—|—]|=—]17]l-|=-]—-]20|={—=]—
2 w|—-—|—-]— (12| —-—-[|—=1[150] —-|~—|—
MR Pulse Width tw 45 20|—-|2o0]|—-|2s|— |25 - |30 |— |30~ ns
160, 161 6 7|l—|-]-]2t]—-|=]|—]26}|—]|—]—
2 6 | — [~ |—[]—|—[—1]90|—|—]|~
Setup Time tsu 4.5 2|—|w0|—|15]—]13|—|18|— |16 |~ ns
Pn to CP 6 w|l—|—|—-—|18]-|-]—{15]—[]~—]—
2 50 | — | —|—([65 | —|{—|—175]—}|—|—
Setup Time tsy 45 10| —|13|— |13~ |16|—115]— 20|~ ns
PE or TE to CP 6 g |—|-]=-|11|=-]=—]=f{B}i=]=1]1-
2 o0 |- |—-—[|~[75]—-|—-1—]90|—|— |~
Setup Time tsu 45 12|l-|12]|—-|s5|—|15|—|18|—]|18]~ ns
SPE to CP 6 w|l—-—|—-1—-—]B3|-—]=]-115}=]—-1-
2 5| — | —[—[80]|—-—|—]|—=J1W0O]—1|—1~—
Setup Time tsu 45 13|— |13} — 16— |16}~ (20— |20 |~ ns
MR to CP {162, 163) 6 Ml—]l—-]=-—|184|=-j{=-|=-|t7|=-|-]—=
2 3 |—-—1=—[=-13]|-1—-(—=131]-— —
Hoid Time tw 4.5 3 - 5 — 3 —_ 5 — 3 —_ 5 — ns
Pnto CP 6 3 |- |-}l-]3]~]=-|[=]8}|=[——1~-
2 o [—-[—-]—-]O0o!=]=-]—-]O|~—~-]~—~1~—
Hold Time th 4.5 0 —_ 3 — 0 - 3 _— 0 _ 3 — ns
TE or PE to CP 6 o|l—|-1—-—]o|—-]—-—|—=-1O]—]— [~
2 3 |[—|—-{—-[3|[—-|—]—|38|~— —
Hold Time 160, tu 45 3|—f{3|~-13|—-|3|—1838|—]3|~— ns
SPEtoCP 162 6 3 |- |l=-|=-|s83|=|~|=1]8|=]—-1]-
2 o [—|—|—-o0o|[—-]—-1=—(jO0|—|—|—
161, tu 45 o|l—|s3|—-]Jo|—=|3]—~]O0O}|—1{3 ]~ ns
163 6 o|l—-|[—-—]—-—]oO0o}|—-|=]—10]—|—|~—
2 |-l —=Jo5| |- [|110|—|[—]|~—
Recovery Time 160 trec 4.5 5| — 15| —|19]|]—|19|—}22|— ]2 | — ns
MR to CP 161 3 B|l—-|—-|—-|6]|=—]=-|=]19|=|—-]-

* Applies to non-cascaded operation only. With cascaded counters clock to terminal count propagation delays, countenables
(PE or TE)-to-clock set-up times, and count enables (PE or TE)-to-clock hold times determine max. clock frequency. For
example with these HC devices:
fooax (CP) = 1 = 1 =~ 21 MHz (min.)
210 CP-10-TC prop. delay + TE-to-CP setup + TE-t0-CP Hold 37+10+0




Technical Data

CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

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

LIMITS
TEST 25°C -40°C o +85°C -55°C to +125°C
CHARACTERISTIC CONDITION UNITS
HC HCT 74HC 74HCT 54HC S4HCT
Vee
v Min. (Max. |Min. |Max. |Min. [Max. |Min. Max. |Min. |Max. |Min. ]Max.
Propagation Dslay tecw 2 — (188 — | — | — (230 — | — | — (280 — | —
CPtaTC torL 4.5 — |37 | — (42| — (46 | — {853 | — |5 | — | 63 ns
6 — |- —-|[—30| -]~ |- ]a8 | — |~
tein 2 ~— |185 | — —_ — 230 | — - — | 280 | — -~
CPtoQn touL 4.5 ~ |37 | — |39 |~ |46 | — |49 ] — | 56 | — | 59 ns
6 - |} - -] =3 |—|~—i— |48 | — ] —
L 2 — 120 | — - — | 150 | — - — 1180 | — —_
TEto TC tonL 4.5 — |24 | — (32 |~ (30|~ |40 ] — |36 | — | 48 ns
— 2| -] —|—]26! - |~ ] ~]31|— ]~
— |20 — | — | — (265} — | — } — 1315 — | —
MRtoQn,  ten 45 — 42| — |50 |~ |53{— |63 — |63]—|75] rs
(160, 161) 6 — 3B |- | -] — |45} —|[~1—=1864]—]—
2 — {210 | — — — | 265 | — -_ — 1315 | — —
MRt TC  tem 45 — |42 — |50 |~ |58 |—|e3|—~]|63|— |75  ns
(160, 161) 6 — e || =< |as |||~ |sa] -]
2 ~ |15 =-|l=]=]|—|~|=1110] =]~
Output Transition  tyw 4.5 —_— 15| -1 |~ 19| — |19 | — 22| — |22 ns
Time tri 6 — 13 — — - 16 — -— — 19 — —
Input Capacitance Ci —J10]—]10|~]10|—=1]10[—~}10)] — ] 10 J pF
Tn
Qn
* Tn
¢
J— P
SPE _1 . |
" 13 T
— o ClL # E[T. [N
] L
+ T e o
cL €L & {,
[
L. n
#* C]L # CONNECT TO Vpp FOR 163 AND 162
MR

cP

92CM-~ 37859

Fig. 3 - Detail of flip-flops for all types.
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CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

Transition times, propagation defay times, setup, hold, and recovery times.

ANY
ouTPUT

outTPUT

INPUT LEVEL

— GND

ANY

INPUT LEVEL
cP Vg
— GND

92Cs-37967

o INPUT LEVEL
MR
—INPUT LEVEL — GND
TE —vg
'
GND sy
k TPHL -— INPUT LEVEL
0% cP
e | - —=Ms GND
92¢5-37968RI
YTLH rHL
92¢8-37965
VALID
INPUT
INPUTS LEVEL
PO, PI vs
P2, P3 GND
15yt ™ — INPUT LEVEL
INPUT LE
—_ LEVEL
SPE vs PE GND
— oo — INPUT LEVEL
SU-—S-je-ty trac cP
INPUT GND
LEVEL
cP Vs 92C5-37969RI
___7 — GND
920§ ~37966R2
CD54/74HC CD54/74HCT
input Level Vee 3v
'S 0.5 Vee 1.3V
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CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

Timing diagrams for the CD54/74HC/HCT160 and 162.

Sequence illustrated in waveforms

1. Reset outputs to zero. 3. Count to eight, nine, zero, one, two, and three
2. Preset to BCD seven. 4. Inhibit.
MASTER RESET (i60) I | ( ASYNCHRONOUS)
t
MASTER RESET(162) l II (SYNCHRONOUS)
EPE |
SPE
[ -

po_J__J;_—l

preseT | P! _] ]

DATA |
INPUTS (P2 [ L

f

P3 |

]

cP (160) ]

cp (162) ||||||||||||||||||||||||||

)
ENABLES TE ' Il 1 1
|} I
00___; ] ] L L]l
\ [
ol _ 1 1 | |
OUTPUTS I [ ] |
2 4T |
| | ]
o3 _ _ | | | R | |
I T |
TC : | 1
T *7 ie 9 0 1 2 3
A I COUNT T INHIBIT

92CM-37963RI
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CD54/74HC/HCT160, CD54/74HC/HCT161
CD54/74HC/HCT162, CD54/74HC/HCT163

Timing diagrams for the CD54/74HC/HCT161 and 163.

q il din forms
. Reset outputs to zero.
. Preset 10 binary twelve.

1
2
3. Count to thirteen, fourteen, fifieen, zero, one, and two.
4

. Inhibit.
MASTER RESET (I61) LI AsvnchronNoUS)
|
MASTER RESET (163] L Jtsyncrronous)
— 1
SPE +
Ll
PO '
|
preseT | P! I
DATA - |

INPUTS | p2 [ 1
93|_"_|
|
|
cP UieD I|||||||||||||||||||||[‘||‘-

cP (183) ULIUUUUUUUUUUU
1

|
COUNT{ PE——I—:j : Il—l_
ENABLES TE | —t
E ___+—1 | I
I
Qo__ __ ! ! ; 1 | I | l!
oy |
outputs— T _I_l_{_l ;I:
_ - _|_l' i ] '
e__ _ _}_{ | 1 I
|
re |1 1 |

l '|2||3 14 15 0 zl
A | 1

RESET PRESET

Y

INHIBIT

92CM-37962
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