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*160,’161,'LS160A,'LS161A . . . SYNCHRONQUS COUNTERS WITH DIRECT CLEAR
'162,°163,'LS162A,'LS163A,'S162,'S163 . . . FULLY SYNCHRONOUS COUNTERS

¢ [nternal Look-Ahead for Fast Counting SERIES 54°, 54LS° 54S° . .. J OR W PACKAGE
. ) SERIES 74° . . . N PACKAGE
* Carry Output for n-Bit Cascading SERIES 74LS", 745" . . . D OR N PACKAGE
e Synchronous Counting (TOP VIEW)
¢ Synchronously Programmable ctr 1 Uss[J vee
CLK[J2  1s[JRCO
¢ Load Control Line Alls  1w[Joa
¢ Diode-Clamped Inputs 8[Js 13[J0g
cs 2foc
TYPICAL pDJe nJap
TYPICAL PROPAGATION MAXIMUM  TYPICAL ENP]7  10[JENT
TYPE TIME, CLOCK TO CLOCK POWER GND[]s  9[]LOAD
Q OUTPUT FREQUENCY DISSIPATION CEWTT) | Lt
160 thru ‘163 14 ns 32 MHz 305 mw
‘LS162A thru 'LS163A 14 ns 32 MHz 93 mW
‘S162 and 'S163 9 ns 70 MHz 475 mW SERIES 54LS". 545" . . . FK PACKAGE
L {TOP VIEW)
description 66
) f‘S O 00
These synchronous, presettable counters feature an in- oz >

ternal carry look-ahead for application in high-speed
counting designs. The ‘160,'162,'LS160A,'LS162A,
and ‘S162 are decade counters and the
'161,'163,'LS161A 'LS163A, and 'S163 are 4-bit
binary counters. Synchronous operation is provided by
having all flip-flops clocked simuitaneously so that the
outputs change coincident with each other when so in-
structed by the count-enable inputs and internal gating. 9
This mode of operation eliminates the output counting % [aSNa E
w

32 12019

14

10111213

g i 22 4
spikes that are normally associated with asynchronous G 9 w
(ripple clock) counters, however counting spikes may
occur on the {RCO) ripple carry output. A buffered clock NC —No internal connection

input triggeys the four flip-flops on the rising edge of the "
clock input waveform.

These counters are fully programmable; that is,'the outputs may be preset to either level. As presetting is synchronous, set-
ting up a low level at the load input disables the counter and causes the outputs to agree with the setup data after the next
clock pulse regardless of the levels of the enable inputs. Low-to-high transitions at the load input of the "160 thru "163 should
be avoided when the clock is low if the enable inputs are high at or before the transition. This restriction is not applicable to
the 'LS160A thru ‘LS163A or ‘'S162 or ‘S163. The clear function for the '160, '161,'LS160A, and ‘LS161A is asynchronous
and a low level at the clear input sets a.II four of the flip-flop outputs low regardless of the levels of clock, load, or enable in-
puts. The clear function for the “162,"163,'LS162A,'LS163A, 'S162, and 'S163 is synchronous and a low level at the clear in-
put sets all four of the flip-flop outputs low after the next clock pulse, regardless of the levels of the enable inputs. This syn-
chronous clear allows the count length to be modified easily as decoding the maximum count desired can be accomplished
with one external NAND gate. The gate output is connected to the clear input to synchronously clear the counter to 0000
(LLLL). Low-to-high transitions at the clear input of the ‘162 and "163 should be avoided when the clock is low if the enable

and load inputs are high at or before the transition.

PRODUCTION "DATA information is current as of publication date.

Products cenform to specifications per the terms of Texas Instruments i
standard warranty. Production processing does not necessarily include
testing of all parameters. EXAS
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The carry look-ahead circuitry provides for cascading counters for n-bit synchronous applications without additional gating.
Instrumental in accomplishing this function are two count-enable inputs and a ripple carry output. Both count-enable inputs
(P and T) must be high to count, and input T is fed forward to enable the ripple carry output. The ripple carry output thus
enabled will produce a high-level output pulse with a duration approximately equal to the high-level portion of the Qa output.
This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. High-to-low-level transitions at
the enable P or T inputs of the “160 thru ‘163 should occur only when the clock input is high. Transitions at the enable P or T
inputs of the ‘LS160A thru 'LS163A or ‘S162 and 'S163 are allowed regardless of the level of the clock input.

‘LS160A thru 'LS163A,°S162 and ‘S163 feature a fully independent clock circuit. Changes at control inputs {enable P or T, or
load) that will madify the operating mode have no effect until clocking occurs. The function of the counter {whether enabled,
disabled, loading, or counting} will be dictated solely by the conditions meeting the stable setup and hold times.

logic symbolst

160 161
o CTRDIV10 ” ' a CTRDIV16
(_:_L—ﬁ B]—b CcT=0 C—L_R (—g')—b' CT=0
LOAD —t M1 {0AD —Ii M1
(10} M2 1 as RCO (10 M2 1 s (s RCO
CT=9 p—ererm . 13CT=1
ENT G3 ENT ——— G3
ENP ———— G4 ENP G4
CLK 120 C5/2 34+ CLK 12 C5/2,3,4+ i
@ A L a 3 (1a)
A 150 (1) 1 —W Qa A (T)"—* 15D {1 a 3 Qa
4
B8 Ll (2] Qg B8 (2] per— Qg
(5) (12) (5) (12)
€ ) o o “ % (4) i &
D — 18] ——ow— Qp D (8] b——— Cp
162 163
( CTRDIVIO o CTRDIV 16
atm e 5cT=0 CLR —(-9)——5 5GT=0
LOAD EI_D—- M1 LOAD —E M
m2 (15) M2 (15)
100 13¢T=9 f———— RCO (10) 713cT=15 p—— RCO
ent {63 13€T=9 ENT — G3
ENP ‘L_ G4 ENP 2 G4
CLK 2 C5/23 4+ CLK -—-b'LlCSIZ,J,M
L (14)
A 3 — 15D 1 .__ﬂ_dl A L 150 [1] " Qa
. (1] A
(a) (13} {a) (13)
B —— 12} Qg B —— (2} og
(5) 12) (5) (12)
c 14] ———— Q¢ C — (4] Qc
(6 (n (6} (1)
) 8] Qp D ——— (8 ——— Qp

"These symbols are in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.
>
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logic symbols {continued)?

‘LS160A ‘LS161A
. CTRDIV10 o CTRDIV1E
CLR Tg)—h cT=0 CLR @l cT=0
{0AD ——t M1 L0AD L
M2 (15) M2 (15}
(10) 3CT=9 RCO (10) 3CT=15 p——— RCO
ENT o G3 ENT o G3
ENP G4 ENP G4
CLK 2 DC5/2,3.4+ CLK LECSIZ.M*
1 C
14) 14)
A LI 150 (1) ¢ Q A R 150 (1) —(-—- Qa
(4) (13) (4) (13)
B ————— 2] 8 121 ———— Qg
{5) (12) {5} (12)
¢ {6} ) (1 ¢ {6) [a) an Gc
D —— 8] ———— Qp >} (8] Qp
‘LLS162A, 'S162 ‘LS163A, ‘S163
) CTRDIV1D . CTRDIV16
CLR T-b-‘ 5CT=0 CLR ——b-‘g) 5CT=0
{OAD ‘_’E M1 COAD —ﬁ M1
. M2 (15) M2 (15}
(10 3CT=9 RCO (10) 3CT=15 RCO
ENT ——{ G3 ENT G3
7 {7
ENP ———4 G4 ENP P G4
CLK 2 C5/2,3.4+ . CLK €5/2.3.4+
14) k] {14)
Al | 150 (1) ‘——(“—3) Qa A (4: 150 1] (13) A
8 (4) 2] g 8 (2) ———— Qg
(5) {12) {5) (12)
¢ (6 ta) (1 ac ¢ {6} ol “an ac
D (8] Qp D {8} Qp

'These symbols are in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.

Pin numbers shown are for D, J, N, and W packages.
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logic diagram (positive logic)

SN54160, SN74160 SYNCHRONOUS DECADE COUNTERS
SN54162, SN74162 synchronous decade counters are similar;

however the clear is synchronous as shown for the SN54163,
SN74163 binary counters at right.

—
LOAD —P>— (14)

. J Qa Qa
] b CK
paraa— 5 KR
Y
) D | i ,J Q (13) Qg
— } +—pCK
{4) H
DATA B K
DE ) cue
2
ek —2 {>°
4
i J a 12) o¢
|
1: :) ] ——p CK
(5) 8
DATA C K
Ho oL
11
J 1 i K a (1) Qp
q ] ——>CK
paTA b — 8 :D Ko Ra =

L

(7

ENP \
T
EN (10} { (15) RCO

Pin numbers shown are for D, J, N, and W packages
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logic diagram {positive logic)

LOAD

DATA A

DATA B

CLK

DATAC

DATA D

CLR

ENP
ENT

SN54163, SN74163 SYNCHRONOUS BINARY COUNTERS

SN54161, SN74161 synchronous binary counters are similar;
however, the clear is asynchronous as shown for the SNS54160,
SN74160 decade counters at left, )

9)

(3)

—D—

4)

P

D-CK

{2} DG

(S}

>CK

&

(8)

U Ul

Py

0

P>CK

10
%4

(1) Q‘D"

{7}

(10) I

Pin numbers shown are for D, J, N, and W packages.

(14) ap
{13) 0g
{12) Q¢
(11) ap
(15) RCO

{5’ TEXAS
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logic diagram (positive logic)

SN54LS160A, SN74LS160A SYNCHRONOQUS |
DECADE COUNTERS

SN54L.S162A, SN74LS162A synchronous decade
counters are similar; however the clear is synchronous '
“as.shown for the SN54LS163A, SN74LS163A binary ;
counters at right.

CLK (2} J‘>c
CLR 4Dc : e B WAL

0AD >4 | — cx 5
' cLR
j L]

enT 10) _u \]7
.._JI

pataa 3
5 a {13) a
o CK
S CLR Q
DATA B a) i/ }——-—-Y
rﬁ?
i ——14_12)

!
——

(¥

Fa

cLr Qb
oatac—8 T > !

L

D)— i 15 a (11) o

DATA D -—“”___:D —
D~ (15)
RCO

1 J

Pin numbers shown are for D, J, N, and W packages.
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SYNCHRONOUS 4-BIT COUNTERS
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logic diagram (positive logic)

SN54LS163A, SN74LS163A SYNCHRONOUS
BINARY COUNTERS

SNB4LS161A, SN74LS161A synchronous binary
counters are similar; however, the clear is;
asynchronous  as shown for the SN54LS160A, '
SN74LS160A decade counters at left.

b

crk 2 >
&0 1 ' — (14) 0a
—cb CK
oAb -9 a
enp 20
ENT oy 1 ? d
DATA A @) _II
P— {13) Qs
) ¢—ap CK
Q
pata g & j.__/
-
—] P (12)
] —p CK
= Q
DATA C i 1
,__1; ; P— (1) ap
L—d>CK
4 — Q
oaran-9 L 1 )
l_—_l—ﬁ (15) RCO

Pin numbers shown are for D, J, N, and W packages.
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logic diagram (positive logic)

SN545162, SN745162 SYNCHRONOUS DECADE COUNTER

cLk—2 D&

toAp—2
achD__.Ej ?——-—
paTa A3
4
| o ol_ta
- 0—0>CK_
a
paTA B—24!
[
D a {13)
>—{>o——1 as| p—p CK
a
paTA ¢ 2 :
(12)
D Q
0——D": T > CK
a
—T > -1
DATA D 6) a (11)
D
= > L ox
Q
(15)
(7) :D‘

ENP
ENT
(10}

Pin numbers shown are for D, J, N, and W packages.

Qg

Qp

RCO
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logic diagram (positive logic)

SN54S163, SN745163 SYNCHRONOUS DECADE COUNTER

ck—2 {>o-

toAD —2!
TR L"D“
pata A —2
[
D Q -—_(14) Qp
' pCK
. 1
{4)
DATA B
L
o a (13) Qg
$—{>o—] 1 ¢-abCK
a -|
pata ¢ 2
[
[
cy—D’i - CK
I ° _I
DATA D —2! a1
o al——aqp
Dj b CK
- >-l
- {15}
—— —3 RCO
enp 2
ENT

Pin numbers shown are for D, J, N, and W packages.
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SN54160, SN54162, SN54LS160A, SNS4LS162A, SN545162,
SN74160, SN74162, SN74LS160A, SN74LS162A, SN74S162

SYNCHRONOUS 4-BIT COUNTERS
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160, "162, ‘LS160A, 'LS162A, 'S162 DECADE COUNTERS

typical clear, preset, count, and inhibit sequences

Hlustrated below is the following sequence:

1. Clear outputs to zero (‘160 and ‘LS160A are asynchronous; ‘162, 1.5162A, and ‘S162 are synchronous)

2. Preset to BCD seven
3. Count to eight, nine, zero, one, two, and three
4. Inhibit

CLR

|
_

LOAD

-\
»

SN R I

L L L

DATA
INPUTS j

[¢]

O
-
Iy

LT
NN
NN
Tt
RN
LIl
NN

ENP

1

ENT

(

_

I

bomens

OUTPUTS ﬁ

g

N

- - -— — —
(%]
Q
[
2
-

0 U O O O

]

|
SYNC PRESET
CLEAR

N
w
AR [ENr ey SNSRI [N

INHIBIT ————————=

=
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161, 'LS161A, 163, 'LS163A, 'S163 BINARY COUNTERS

typical clear, preset, count, and inhibit sequences

{lustrated below is the following sequence: )
1. Clear outputs to zero (‘161 and ‘LS161A are asynchronous; ‘163, ‘LS163A, and ‘S163 are synchronous)
2. Preset to binary twelve
3. Count to thirteen, fourteen fifteen, zero, one, and two
4. Inhibit

DATA
INPUTS <

ouUTPUTS <&

RCO

-
N
-
w
-
F-3
-
15,
o
-
N

INHIBIT ——m— e

SYNC PRESET
CLEAR

ASYNC
CLEAR
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SYNCHRONOUS 4-BIT COUNTERS
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schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL GUTPUTS
Vee - —— Vce
130 2 NOM
Req
INPUT ——
OUTPUT
CLK: Rgq =2.8 k2 NOM
ENT: Rgq =2 k2 NOM
CLR, ENP: Rgg = 4 k{2 NOM
A, B, C, D: Rgq=6ki{lNOM

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

Supply voltage, Vc (see Note 1) 7V
Input voltage 55V
Interemitter voltage (see Note 2) . 55V
Operating free-air temperature range: SNG54’ Clrcults —55°C t0 125°C

SN74’ Circuits 0°C to 70°C

Storage temperature range —65°C t0 150°C

NOTES: 1.
2. This is the voitage between two emitters of a3 multiple-emitter transistor. For these circuits, this rating appties between the count

Voltage values, except interemitter voltage, are with respect to network ground terminat.

enable inputs P and T.

recommended operating conditions

SN54160, SN54161 | SN74160, SN74161
SN54162, SN54163 | SN74162, SN74163 | UNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Vci 4.5 5 55 | 4.75 5 5.25 \Y
High-level output current, |OH —-800 —800 | uA
Low-level output current, 1g 16 16 | mA
Clock frequency, feiock > 0 25 0 25 | MHz
Width of clock pulse, tw(clock) 25 25 ns
Width of clear pulse, tyy(clear) 20 20 ns
Datainputs A, B, C, D 20 20
ENP 20 20
Setup time, 1y, (see Figures 1 and 2) Toas 25 25 ns
CLR! 20 20
Hold time at any input, tp 0 0 ns
Operating free-air temperature, T —55 125 0 70 | °C

TThis applies only for '162 and 163, which have synchronous clear inputs.
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54160, SN54161 [SN74160, SN74161
PARAMETER TEST CONDITIONS? SN54162, SN54163 |SN74162, SN74163 |UNIT
MIN TYPf MAX | MIN TYPF MAX
Vi High-level input voitage 2 2 \4
Vi  Low-level input voltage 0.8 08| Vv ;
Vik Input clamp voltage Vee=MIN, ) =-12mA -1.5 -15( V
Ve =MIN, Viy=2V, P
VoH High-level output voltage cc tH 24 34 24 34 ) )
Vi =08V, loHy =—800uA
Vee=MIN, Vig=2V,
VoL Low-level output voltage 02 04 0.2 0.4 \"
Vi =08V, lgg=16mA .
1 Input current at maximum input voltage Vee = MAX, V=55V 1 1| mA
High-level CLK or ENT 80 80
hH . - Vee =MAX, V=24V uA
input current Other inputs 40 40
Low-level CLK or ENT -3.2 -3.2
| Voo =MAX, V=04V
I input current Other inputs cc y —-1.6 —-1.6 mA
10os  Short-circuit output current§ Vee = MAX —-20 —57 | —18 —57 | mA
{cCH Supply current, all outputs high Voo =MAX, See Note 3 59 85 59 94 | mA
lccL Supply current, alt outputs tow Ve = MAX, See Note 4 63 91 63 101 | mA

TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

1AH typical values are at Vo =5V, Tp = 25°C.

§Not more than one output should be shorted at a time.

NOTES: 3. IccH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.
4. lgcL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.

switching characteristics, Vcc =5V, Ta = 25°C

PARAMETERY FROM To TEST CONDITIONS MIN  TYP MAX |UNIT
{tNPUT) (OUTPUT)

frmax 25 32 MHz
t 23 35
t«z:’: cLe RCO 23 3 |
tPLH CLK Any Cp = 15pF, 13 20 s
tPHL (LOAD input high) Q Ry = 400Q, 15 23
tpLH CLK Any See Figures 1 and 2 17 25 ns
PHL ({LOAD input low} Q and Note 5 19 29
zz:t ENT RCO :: :2 ns
tPHL CLR Any Q 26 38 ns

max = Maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpyL = propagation delay time, high-to-low-level output

NOTE 5: Propagation delay for clearing is measured from the clear input for the “160 and * 161 or from the clock input transition for the *162 and '163.

*5‘ TEXAS
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SYNCHRONOUS 4-BIT COUNTERS
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schematics of inputs and outputs

EQUIVALENT OF EACH INPUT
Vee
Req
INPUT
+
Data: Rgq = 25k{l NOM
CLK, ENT, LOAD: Req =10 k2 NOM
ENP: Rgq =20k NOM
CLR {"LS160A, "1.S161A): Req =20k§) NOM
CLR ('LS162A, 'LS163A): Req = 10 kI NOM

TYPICAL OF ALL OUTPUTS

Vee

120 Q. NOM

QuUTPUT

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

Supply voitage, Ve (see Note 7)

Inputvoltage . . . . . . . . . . . . . . ..

Operating free-air temperature range: SN54LS’ Circuits
SN74LS’ Circuits

Storage temperature range

NOTE 7: Voltage values are with respect to network ground terminal.

recommended operating conditions

. Y

7V
7V

.—55°C to 125°C
0°C to 70°C
.—65°C to 150°C

SN54LS’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 5.25 \%
IOH High-level output current - 400 — 400 unA
oL Low:-level output current 4 8 mA
felock Clock frequency 0 25 0 25 MHz
twiclock) Width of clock pulse 25 25 ns
twictear) Width of clear puise 20 20 ns
Data inputs A, B, C, D 20 20
ENP or ENT 20 20
) _ g LOAD 20 20
tsy Setup time, {see Figures 1 and 2) — ns
LOAD inactive state 20 20
cir' 20 20
CLR inactive state 25 25
th Hold time at any input 3 ns
Ta Operating free-air temperature 55 125 0 70 °C

1 This applies anly for ‘L5162 and ‘LS163, which have synchronous clear inputs.

{’;‘ TE)'(‘A:S
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

SN54LS’ SN74LS’
PARAMETER TEST conDtTIONST UNIT
MIN TYP! MAX |MIN TYPi MAX
ViH High-level input voltage 2 2 \Y
ViL Low-level input voitage : 0.7 08| Vv
ViK Input clamp voltage Voo = MIN, If = —18 mA -1.5 -15] Vv
X Vee = MIN, VIH=2V,
Vo High-leve! output voltage 2.5 34 2.7 3.4 v
Vi = Vi max, oy = —400 gA
Vee=MIN. 1,5 =ama 025 04 025 04
VoL Low-level output voltage Vin=2V, v
Vi = Vy max 1oL =8 mA 0.35 0.5
Data or ENP 0.1 Q.1
Input current
R LOAD, CLK, or ENT 0.2 0.2
Iy at maximum — - Vec=MAX, V=7V mA
. CLR ('LS160A, 'LS161A) 0.1 0.1
input voltage —
CLR ('LS162A, 'LS163A) 0.2 0.2
Data or ENP 20 20
High-level LOAD, CLK, or ENT 40 40
hy | — - Vee = MAX, Vy=27V uA
input current CLR ('LS160A, ‘'LS161A) 20 20
CLR ('LS162A, (LS163A) 40 40
Data or ENP -0.4 —-0.4
Low-level LOAD, CLK, or ENT -0.8 -0.8
he . —= - Ve = MAX, V=04V mA
input current CLR ('LS160A, 'LS161A) —0.4 -0.4
CLR {'LS162A, ‘LS163A) —0.8 —0.8
1og  Short-circuit output current 8 Voo = MAX -20 —100 |20 —100| mA
Icch Supply current, all outputs high Vee = MAX, See Note 3 18 31 18 31} mA
tccL Supply current, all outputs low Vee = MAX, See Note 4 19 32 19 32 mA

tFor conditions shown as MIN or MAX, use the appropria'te value specified under recommended operating conditions.
Tan typical values are at Voo =5V, Ta = 25°C.
§Not more than one output should be shorted at a time, and duration of the short<ircuit shoutd not exceed one second.
NOTES: 3. lggH is measured with the load input high, then again with the load input low, with all other inputs high and atl outputs open.
4. lccy is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.

switching characteristics, Vcc =5V, TA=25°C

FROM T0
PARAMETER TEST CONDITIONS MIN TYP MAX |[UNIT
R {INPUT) (OUTPUT)
fmax 25 32 MHz
20 35
PLH CLK RCO ns
tPPHL C) = 150F 18 35
tPLH CLK Any L= 1toph 13 24
) . R = 2kQ, ns
tPHL {LOAD input high} Q See i 18 27
PLH CLK Any eefigures 13 24
— 1 and 2 and ns
tPPHL (LOAD input low} Q 18 27
Note 8
PLH 9 14
ENT RCO — ns
tPHL 9 14
PHL CLR Any Q 20 28 ns

1fmax = Maximum clock frequency
tpy 1 = propagation delay time, low-to-high-level output.
tpHL = propagation delay time, high-to-low-level output.
NOTE 8: Propagation delay for clearing is measured from the clear input for the 'LS160A and ‘LS161A or from the clock transition for the 'LS162A and
‘LS163A.
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SN545162, SN545163, SN74S162, SN74S163

SYNCHRONOUS 4-BIT COUNTERS

SDLS060 — OCTOBER 1976 — REVISED MARCH 1988

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
- Vee
Vcc—'F - 50 2 NOM
20kaNOM |
(OPEN FOR CLOCK % ——
AND D{\T_A INPUTS) )
t
INPUT —_——
EE OUTPUT
ENP or ENT inputs: Regq = 1.9 k2 NOM
CLK and Data inputs: Req = 2.8 k{2 NOM
Other inputs: Req = 3.5 k2 NOM
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, V¢ (see Note 1) 7V
Input voltage 55V
Interemitter voltage (see Note 2) L. 55V
Operating free-air temperature range: SN54S162 SN54S163 (see Note 10) --55°C to 125°C
SN745162, SN74S163 0'Cto70 ' C
Storage temperature range ~65"C to 150°°C
recommended operating conditions
SN545162, SN54S163 | SN74S162, SN74S163 UNIT
MIN NOM MAX | MIN NOM  MAX
Supply voltage, Voo 45 5 5.5 a4.75 5 525 v
High-levet output current, loH -1 1 mA
Low-level output current, gL 20 20 mA
Ciock frequency, foock 0 40 0 40 | MH,
Width of clock pulse, tw(clock) (high or low) 10 10 ns
Width of clear pulse, ty(clear) N 10 10 ns
Data inputs, A, B, C, D 4 4
ENPor ENT 12 12
Setup tune, tg, (see Figure 4) BﬁD 14 14 ns
CLR 14 14
LLOAD inactive-state 12 12
. CLR inactive-state 12 12
Release time, Lelease (see Figure 4) ENPor ENT 4 4 ns
Datainputs A, B, C, D 3 3
Hold time, ty (see Figure 4) LOAD » 0 ns
o i CLR 0 0
O()eralmg frm -air temperature, T o (see Note 10} 55 125 0 70 C
NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal
2. This s the voltage between two emitters of 3 multiple emitter transistor. For these circuits, this rating applies tretween the count

erable inputs P and T.

10,

An SN54S162 or SN54S163 in the W package operating at free air temperatures above 91 C requires a hea. 51 k that provides a

thermal resistance from case to free-air, Rgca, of not more than 26° C/W.
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SN545162, SN545163, SN74S162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

SDLS060 — OCTOBER 1976 — REVISED MARCH 1988

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

SN54S8162 SN74S162
PARAMETER TEST CONDITIONS? SN54S163 SN745163 UNIT
MIN TYPE MAX |MIN TYPF MAX
ViH High-level input voltage 2 2 A
Vi Low-evetl input voltage 0.8 08¢ VvV
Viy [nput clamp voltage Vee =MIN, {1 =—-18mA -1.2 -1.2| V
) Vee=MIN, Vig=2V,
VoH High-level output voltage 25 3.4 27 34 \Y
Vi =08V, lgy=-1mA
Vee =MIN, Viyg=2V,
Vor Low-level output voitage 0.5 051 Vv
ViL=08V, lpogL=20mA Tt
1] input current at maximum input voltage Ve = MAX, V=55V 1 11 mA
data input 50 50
Iy High-level input current CLK 'and ata puts Vee = MAX, V=27V uA
Other inputs -10 ~200 | —10 —200
[ Low-level i ENT Vee = MAX, V=05V - il R
) = =0. m
TN ow-level input current Other inputs ceC . Vi 2 > r
los Short-circuit output current Vee - MAX -40 -100 | 40 ~100 [ mA
Icc  Supply current Vee = MAX 95 160 95 160 | mA
TFar conditions shown as MIN or MAX, use the appropriate value specified under reconimended operating conditions.
Al typical vatues are at Vee 5V, Ta 25C.
§Not more than one output should be shorted at a time, and duration of the short—circuit should not exceed one second.
- - . — o
switching characteristics, Vcc =5V, Tao=25"C
PARAMETER FROM o TEST CONDITIONS MIN TYP MAX |UNIT
{INPUT) (OUTPUT)
frmax 40 70 MH 2z
14 25
PLH ns
CLK RCO -
tPHL CL 15pF, 17 25
R =280 9, 8 15
'PLH CLK Any Q b T ™
tPHL See Figures 1, 3,and 4 1
10 15
1 .
PLH ENT RCO 551 ™
PHL
¢ finax =maximum clock frequency
tp | = propagation delay time, low to high tevel output
1pp | = propagation defay time, high to low level output




SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A, SN54S162,
SN54S163, SN74160 THRU SN74163, SN74LS160A THRU SN74LS163A,
SN74S162, SN74S163 SYNCHRONOUS 4-BIT COUNTERS
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PARAMETER MEASUREMENT INFORMATION

l"‘w(clock) -l
' I
CLK
INPUT
! |
”_"_(PLH I-o—o:—tpHL |
] | (measure at tnyq) | | {measure at tn4+2) |
! ' ! I
Lo —\ | — — — Vo
OUTPUT
Qa | Vief | Vet I
{ H
! VoL
| [
| le——t— tprL r—d— tPLH
| [ | {measure at tp+4) | (measure at th+3)
| | | !
‘ | | VoH
QUTPUT ! I
Qg I i Vet ' Vief
| rd .
l ‘ 27 I ————_—_—_VOL
| L——'— tPHL '4————’}— tPLH
‘ | : {measure at th4g) | {measure at t4+4)
| f
A\
I I\ P! o
OUTPUT
Qc | | Vref | Vref
(C |
: | 27 | - — — — — —— - Vo
: fe——e— tpHiL L
| (reasure at th+10 (measure at tn4+g)
| | | ortnirg) |
| (SeeNoteB) | VOH
OUTPUT | I
Qp | | Vet Vref
£
| ! g4 _—— - — — — — — VoL
IQ—OT—- tPLH :‘_’*_ tPHL
| | {measure at 14410
i | orth+i6) (See Note B)
| - — = — — — — — — — VoH
RCO Vief Vref
3 Vo
> VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, 2yt = 50 2

for '160 thru ‘163, t, < 10 ns, t¢ < 10ns; for 'LS160A thru'LS163A Y, < 15 ns, iy < 6 ns; and for ‘S162, ‘S163, t, € 2.5 ns,
14 < 2.5 ns. Vary PRR to measure f,,,,.

B. Outputs Qp and carry are tested at th410 for'160,'162,’LS160A,'LS162A,and ‘S162, and at tn, 15 for "161, ‘163,°'LS161A,
‘LS163A, and ‘S163, where t,, is the bit time when all outputs are low.

C. For ‘160 thru 163, 'S162, and ‘S163, Vef = 1.5 V. for 'LS160A thru "LS163A, Vet =1.3V.

FIGURE 1-SWITCHING TIMES
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN74160 THRU SN74163, SN74LS160A THRU SN74LS163A,
SYNCHRONOUS 4-BIT COUNTERS

SDLS060 — OCTOBER 1976 — REVISED MARCH 1988

PARAMETER MEASUREMENT INFORMATION

3v

CLK INPUT
160, ‘LS160A Vref Vet
161, ‘LS161A | |

:‘—tw(clock)""

CLR

\Y \Y

INPUT ref ref
! |
| s e e e e — — e —

|"'w(clear)"’l

LOAD
INPUT

DATA INPUTS
A,B,C,and D

QOUTPUTS
‘161, ‘LS161A

|
[
|
Qp and Qp OUTPUTS :
‘160, ‘LS160A | VoL
—® PPHL :“" ! ol tpL H {measure at tn42 Of th44)
| { I'--.-.———-—---—._.._._.—._.\/0H
Qg and Q¢ OUTPUTS | ' [ I ls
v
160, 'LS160A : Vret ] ; ;*‘ ref
| J
______________ v
| t [ oL
| . ! ! 3V
| |
ENP or | |
ENT
I |
! I
! 1
! |
RCO 1 | |
! I I
| ] I
le— tgy —y | | 3v
CLK INPUT | | |
‘162, 'LS162A Vref
‘163, 'LS163A
: j——— - —————— —— = — == ov
—oi tpy be— —= tpLH ke v
OH
Q OUTPUTS | I | |
163, 'LS163A | Ve | Vit
Qp and Qp OUTPUTS : . |
! ‘Lste24a . beeeee—————————f e — — = - = = = = VoL
162, 'LS162A
62.7L8162 —o{ tPHL }o— lQ—ol— tpLH (measure at th+2 Or th+4)
— = m mm e = - = = = == VY
Qg and Q¢ OUTPUTS ' 'I/—
g and Qc v
162, 'LS162A Vret 7{' ref
/e e o e e e — — — = VoL
VOLTAGE WAVEFORMS

NOTES: A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zyyy = 50 2
for ‘160 thru ‘163, t, < 10 ns, t¢ < 10 ns; and for ‘LS160A thru ‘LSTE€3A,t, <15 ns, t¢ < 6 ns,
B. Enable P and enable T setup times are measured at tn,q.
C. For 160 thru ‘163, V of = 1.6 V; for ‘LST160A thru 'LS163A, Vygf = 1.4 V.

FIGURE 2—SWITCHING TIMES
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SN545162, SN545163, SN74S162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

SDLS060 — OCTOBER 1976 — REVISED MARCH 1988

PARAMETER MEASUREMENT INFORMATION

———————————— 3v
ENT 15V 1.5V
INPUT 1 '
! ' : | oV .
i ‘o—— PHL —
lo— tpry —od i
! i
| — VOH
RCO 1.5V 1.5V
VoL
VOLTAGE WAVEFORMS
NOTES: A. The input pulse is supplied by a generator having the following characteristics: t, <. 25ns, ty = 25 ns, PRR - 1 MHz, duty

cycle . 50%, Zout ¥ 50 S
B. tpy g and tpy from enabile T input to carry output assurne that the counter is at the maximum count (Qp and Qp high tor
‘'S162, all Q outpdts high for ‘'S163).

FIGURE 3—-PROPAGATION DELAY TIMES FROM ENABLE T INPUT TO CARRY OUTPUT

jo— twiclock) —
t*— twiclock) —eq

CLK
INPUT
CLR
INPUT
| |
be—— tw(clear) ———— b tgy - f——
| (active state) f* th | (inactive state)
|
|
LOAD .
INPUT
e tsu °—’l
!
|
DATA INPUTS |
A B C,and D 1.5V
>
ENP or
ENT
VOLTAGE WAVEFORMS
NOTE A: The input pulses are supplied by generators having the following characteristics: 1, - 2.5 ns, 14 2.5ns, PRR - 1 MH/, dumy

cycle - 50", Zg5,, = 50 §2.

FIGURE 4—PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME
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TYPICAL APPLICATION DATA

This application demonstrates how the ripple mode carry circuit {Figure 1) and the carry-look-ahead circuit {Figure 2) can be
used to implement a high-speed N-bit counter. The ‘160, 162, ‘LS160A, 'LS162A, or ‘S162 will count in BCD and the ‘161,
‘163, 'LS161A, 'LS163A, or ‘S163 will count in binary. When additional stages are added the fpjax decreases in Figure 1,
but remains unchanged in Figure 2.

N-BIT SYNCHRONOUS COUNTERS

INPUTS INPUTS INPUTS INPUTS
tbA B C D LbA B C D LbA B C D DA B CD See
H = COUNT Note 1
i L]
L= oisagLE —SJENP ENP ‘—enep ENP
H = COUNT ENT RCO ENT RCO ENT RCO ENT RCO —® | 10 MORE-
L = DISABLE
> SIGNIFICANT
STAGES
h>cr< — CK b cK b CK
CLR Gp Qg Q¢ Qp CLR Qa Qg Q¢ Qp CLR Qp Qg Q¢ Qp CLR Qa Qg Q¢ Op
CLR I I. I T l
QUTPUTS QUTPUTS OUTPUTS QUTPUTS
CLK >

fMAX = 1{CLK 10 RCO tp ) + (ENT to RCO tpp H) IN-2} + (ENT tg,,)

FIGURE 1
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TYPICAL APPLICATION DATA

*
INPUTS INPUTS INPUTS INPUTS
LDA B C D LDA B C D tIDA B C D toasc oD f
H = COUNT Note 1
L = DISABLE ENP ENP —ene L Jene
H = COUNT
p— RCO ENT RCO ENT RCO N RCO }—»
L = DISABLE ENT ENT
—> CcK b CK P> CK b CK
CLR Qp Qg Q¢ Qp CLR Qa Qg Oc Qp CLR Q Og Qc Qp CLR Qa Qg Oc Qp
CLR I I 1 T
OUTPUTS OuUTPUTS OUTPUTS OUTPUTS
>
K >
cL j

TO MORE-
PSIGN!FICANT
STAGES

fmMAX = 1/(CLK to RCO tp i) + (ENP tgy)

FIGURE 2
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.
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