SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

OCTOBER 1976 — REVISED MARCH 1988

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

N

TTL Devices

* Internal Look-Ahead for Fast Counting SERIES 54°, 5418’ 545’ . . . J OR W PACKAGE
SERIES 74’ . . . N PACKAGE
¢ Carry Output for n-Bit Cascading SERIES 74LS", 745" . . . D OR N PACKAGE
¢ Synchronous Counting {TOP VIEW)
¢ Synchronously Programmable CLR [y UsP vee
CLK []2 15[] RCO
e Load Control Line As 1a[J 0a
e Diode-Clamped Inputs 8a 13]Jos
C E 5 12 :] Qc
TYPICAL os mnfJap
TYPICAL PROPAGATION MAXIMUM  TYPICAL ENP[7  10[JENT
TYPE TIME, CLOCK TO cLock POWER GNDL{s _ o[]LOAD
Q OUTPUT FREQUENCY DISSIPATION NC—No internal connection
‘160 thru ‘163 14 ns 32 MHz 305 mw
‘LS162A thru ‘LS163A 14 ns 32 MHz 93 mwW
‘S§162 and ‘'S163 9ns 70 MHz 475 mwW SERIES 54LS’, 545’ . . . FK PACKAGE
description (TOP VIEW)
. %% o 38
These synchronous, presettable counters feature an in- oloZz >
ternal carry look-ahead for application in high-speed
counting designs. The ‘160,’162,'LS160A,’LS162A,
and ‘S162 are decade counters and the All4 18[]aa
'161,'163,'LS161A,'LS163A, and ’'S163 are 4-bit Blls 17(0s
binary counters. Synchronous operation is provided by NCle 16[]NC
having all flip-flops clocked simultaneously so that the cg? 'sfac
outputs change coincident with each other when so in- b{ls 14[lap
structed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting % g % 9( E
spikes that are normally associated with asynchronous w 5 9 w
(ripple clock) counters, however counting spikes may
occur on the (RCO) ripple carry output. A buffered clock NC—No internal connection
input triggers 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 regardiess 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 all 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, regardiess 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 documents contain information .
current as of publication date. Products coaform to %
spacifications per the terms of Texas Instruments TEXAS 2.493

standard warranty. Production processing dess net
nocessarily include testing of all parameters. lNSTRUMEN]S
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,

SN54S162, SN54S163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

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 modify the operating mode have no effect untit 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 symbols

(uisl N

S99JIND

tThese symbols are in accordance with ANSY/IEEE Std 81-1984 and

160
" CTRDIV10
R Wh cT=0
LOAD —ﬁ M1
(10 vz ! 9 % gco
3CT=
ENT T G3
ENP ——— G4
cLK -&bHCS/z,s,do
(14
Al s aa
14} 113)
B ——— (2] Qg
i5) (12)
c (4] F——— Oc
(6) (1
0 ——f 18] Qp
162
m CTRDIV10
CLR E)—h 5CT=0
{OAD —ﬁ M1
(10 M2 1% peo
EnT ——] G3 13CT=9
ENP ————f G4
CLK ﬂ-bLlcslz,a,m
(14
a2 15D (1] —— 0p
(4) (13)
8 (5) 2l 12}
c (4 l——— oc
(6) (11
b — 18] ap

IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

‘161
. CTRDIV16
—Dd cT=0
{9}
t M1
(10} M2 - 9 aco
. 63 13CT=15
M 1ga
-(-z—)-4>1L1C5/2,3,4+
14)
I WAL AP
{4} (13)
= 2] | og
{5) 1al 12) ac
(6) a1
—t (8] p——— Qp
‘163
" CTRDIV16
Tg)—h 5CT=0
e
(10) Mz 19 aeo
e G3 13CT=15
—— G4
-&bHcslz,a,u
L
3 14
(3) 150 1} AL aa
(4} {13)
= 121 og
{5} 18l {12) ac
{6} an
—_— (8} Qap
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SN54LS160A THRU SN54LS163A, SN545162, SN545163,
SN74LS160A THRU SN74LS163A, SN74S162, SH74S163
SYNCHRONOUS 4-BIT COUNTERS

logic symbols {continued)t

g0 o »

00 o »

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

'LS160A
o CTROIV1O
el CT=0
{9} f M1
(10} M2 19 RCO
= G3 3CT=9
{ G4
12) posaer |
14}
{3) 150 [1] )—‘— Qa
(4} {13)
[2] 0 0g
O a T %
(8) Qp
‘LS162A, 'S162
o CTRDIV10
g_h 5CT=0
“In
(10} M2 1) RCO
- G3 3CT=9 p—
i G4
2 PC5/2,3 4+
(3) = (14}
——t150 (1] [+7Y
{4) (13)
———d 12] Qg
{5) T4 {12)
(6} 11
e (8] Qp

IEC Publication 617-12.
Pin numbers shown are for D, J, N, and W packages.

‘LS161A
™ CTROIV16
TR Wh cT=0
{oaD —t L]
(10} M2 AT=15 L
ENT o G3
ENP o] G4
cLK 2) gcslz,a,u
L
14)
A {3) 150 (1) {
g 5 (13)
c & m (12)
1)
o & o (
‘LS163A, 'S163
™ CTRDIV1E
Etn (—ﬂ_h 5CT=0
LOAD —t M1
(10} M2 T=15 e
ENT T G3 cT=1
ENP G4
2
cLK C5/2,3 4+ i
14
A ::: 150 i :13:
& £l (12)
© & ir m
D (8]

N

TTL Devices
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SN54160, SN54162, SN74160, SN74162
SYNCHRONOUS 4-BIT COUNTERS

logic diagram {positive logic}
SN54160, SN74160 SYNCHRONOQUS DECADE COUNTERS
SNS4162, SN74162 synchronous decade counters are similar;

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

oA — 2>

T o aa o,
cK
DATA A 3) KCLR
{13)
) a ag
2 — ) { cK
patas —2 '_Dt\- i K ctr
J
] cak—2 o
F'- J 12)
- ¥ Q Qc
g 1/ 1 cK
) "@ [
< DATAC K CLR
-4 >—I_J'r' -7
@
w
i 3 a {11) 0p
4 _ cK
oATA D — :D"cma_
TA— d>o—
E“’i—rD—
ENT
0 [ )——L qeo

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

TEXAS {?
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SN54161, SN54163, SN74161, SN74163
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)
SNI54163, SN74163 SYNCHRONOUS BINARY COUNTERS

SN54161, SN74161 synchronous binary counters are similar;
however, the clear is asynchronous as shown for the SN54160,
SN74160 decade counters at left.

—_— (9)
LOAD
m— I S aa)

N

TTL Devices

J Q Qaa
) ) cK
paTaa — 3 H@__:D K
»[_-D_'_‘D T ol
LJ ) ) c
pata g —9 ¥ :D K
ok —2 jj>=
(12)
L | [ o
1/ 1 D{ bcK
patac —8! 1} :D K
(11
O . .
= J L N ) Cl
patap —& K
R (1)} ﬁ,D_:
enp 7
ENTTT—IDJ  )— 18 geo
Pin numbers shown are for D, J, N, and W packages.
TEXAS @ 2-497
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SN54LS160A, SN54LS162A, SN74LS160A, SN74LS162A
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

SN54LS160A, SN74LS160A SYNCHRONOUS
DECADE COUNTERS

SN54LS162A, SN74LS162A synchronous decade
counters are similar; however the clear is synchronous
as shown for the SN54LS163A, SN74L.S163A binary
counters at right.

oLk —2 Do—
R — —p 08,
—_  (9) ) CcK
LOAD >4 G
@)
ENP
2 ENT ﬂ’_ru
- paTa A 83 L)
= |
- ) R (13) g
o cK
¢<b CLR Q
-y paTa g —2! ] —
S ]
w
-
D Qv._l_@_ OC
cK
j a
CLR
patac —2 { { _l
| T,
oK
= CLR Q@
patap —& |
i S (s)
—1__J RCO
Pin numbers shown are for D, J, N, ard W packages.
TEXAS b'.
2498 INSTRUMENTS
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SN54LS161A, SN54LS163A, SN74LS161A, SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

SN54LS163A, SN74LS163A SYNCHRONOUS
BINARY COUNTERS

SNB4LS161A, SN74LS161A

counters  are
asynchronous

synchronous binary
similar; however, the clear is
as shown for the SN54LS160A,

SN74LS160A decade counters at left.

ok 2o I
—— 3l ue_q,
cK
oAb 2! al—
ene 2L
ENT {10)
paTa a2 I,
— 03 o
oK
a
patas -4 j_ll ] -'—|
, P
cK
| a
DATAC ) ‘.._Il _]
5 D Q—lﬂoo
cK
a
%ﬁ as)_ oo

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

N

TTL Devices

Texas
INSTRUMENTS

R
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SN54S162, SN745162

SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

SN54S162, SN745162 SYNCHRONOUS DECADE COUNTER

CLKi)——D‘f
LOAD {9}
TR 1
pata A&
. D @ 14) aa
1 pCK _
- -|
2 DATA B 4}
(13)
D Q Qg
- —{>— =2 bCK
o a
-
g .
< DATAC 5]
0 (12)
o - D QpF—0Q¢
n :D" a cK
]
b 4
patap—& l “n
D aQF—0p
P-@- pCK
a
L—-‘] N\, (15)
RCO
enp 2
ENT o)
Pin numbers shown are for D, J. N, and W packages.
TEXAS X
2-500
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SN545163, SN748163
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

SN545163, SN745163 SYNCHRONOUS DECADE COUNTER

2 N
CLK >
toAB —2
m%_‘
oataa —2
b o4 o,
u b CK
]
paTa g 2
o a3 as
"—'D"— 1 b—bCK
]
patac —8!
(12)
q | D afF——a¢
cK
&l
DATA p —2 (11)
40 o}————0qp
..:D"' LgbCK
al
=1~ _(15)
ene 70 = Reo

ENT {10)

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

N

TTL Devices

Texas %
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POST OFFICE BOX 655012 » DALLAS, TEXAS 75265

2-501



SN54160, SN54162, SN54LS160A, SN54LS162A, SN545162,
SN74160, SN74162, SN74LS160A, SN74LS162A, SN745162

SYNCHRONOUS 4-BIT COUNTERS

160, ‘162, "LS160A, 'LS162A, ‘5162 DECADE COUNTERS

typical clear, preset, count, and inhibit sequences

Mustrated below is the following sequence:
1. Clear outputs to zero {160 and 'LS160A are asynchronous;
2. Preset to BCD seven
3. Count to eight, nine, zero, one, two, and three
4. Inhibit

‘162, ".S162A,and ‘$162 are synchronous)

CLR

,_
=)
>
=]

\

j

LErrirtd

— — — —

LT

DATA

INPUTS ﬁ

[+]

ul

r—
1>}

CLK

saainaq 111 !

AR

Prir it

|

i \
ENP l : l :
l | [ ! :
| 1 AT ; L
1 ] 1 1l ]
— | | '
St B T [ S SN R WS
) | ]
— 1 i i i
e __ 1 _} | o
OUTPUTS R —'i ' ¢
a1 [ 1 [
| ] i [}
] [ |
s R S :
P! ! : 'n
RCO ! ! | ' I | i
T ‘7 8 9 0 1 2 3}
I | l.————oouNT -= INHIBIT — ————
SYNC PRESET
CLEAR
ASYNC
CLEAR
/)
0,502 TeEXAS b
INSTRUMENTS
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SN54161, SN54163, SN54LS161A, SN54LS163A, SN54S163,
SN74161, SN74163, SN74LS161A, SN74LS163A, SN745163
SYNCHRONOUS 4-BIT COUNTERS

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

typical clear, preset, count, and inhibit sequences

Hlustrated below is the following sequence:

1.

2.
3,
4.

DATA J
INPUTS

Clear outputs to zero ('161 and ‘LS161A are asynchronous; ‘163, ‘LS163A, and ‘S163 are synchronous)

Preset to binary twelve
Count to thirteen, fourteen fifteen, zero, one, and two
Inhibit

G |

LOAD I l

~

OUTPUTS &

/

~

[

1 - — — — — — — —
A | —
¥
| _—— — — =
B | !
' —_ — — o — — —
! — emm— et ee— e— gt ee—
| L)
°.J| o e
|
o_| | e —
|
|
|

l
||
||
| |

TTL Devices H

(2]
=~
F

ENP

ENT

Ll

|

|

|

|
— B B |
QB—_I 1 I I I:
- = |
YN B 1 E
o _ 11 | 1 :
] | | ]
po_ 11! ] |

ﬁ-

INHBIT ———— &

TEXAS {'f
INSTRUMENTS
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SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
—— A"
Vee - cc
130 2 NOM
Reaq
INPUT -
OUTPUT
CLK: Req = 2.8 k§2 NOM
ENT: Raq = 2 k2 NOM
-{ TLR, ENP: Rgq - 4 k2 NOM
] A, B, C,D: Rgq=6k{NOM
-
(1} . . . . .
< absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
n.
o Supply voltage, V(G (see Note 1) 7V
«® Inputvoltage . . . . . . . 55V
Interemitter voltage (see Note 2) .o .. . SV
Operating free-air temperature range: SN54’ Circuits —55°C to 126°C
SN74’ Circuits 0°C 0 70°C
Storage temperature range —65°C to 150°C
NOTES: 1. Voltage values, except interemitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a muitiple-emitter transistor. For these circuits, this rating applies between the count
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, Vo 4.5 5 55 | 4.75 5 525 | V
High-level output current, IQH ~800 —800 | uA
Low-level output current, Ig 16 16 | mA
Clock frequency, feiock 0 25 0 25 | MHz
Width of clock pulse, tw{clock) 25 25 ns
Width of clear pulse, tyiclear) 20 20 ns
Data inputs A, B, C,D 20 20
. ENP 20 20
Setup time, tg, (see Figures 1 and 2) o) - 2% ns
cR! 20 20
Hold time at any input, ty 0 0 ns
Operating free-air temperature, T a —55 125 2] 70 | °C
1This applies only for '162 and '163, which have synchronous clear inputs.
TEXAS ‘Vi
2-504

INSTRUMENTS
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SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

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

SN54160, SN54161 |[SN74160, SN74161
PARAMETER TEST CONDITIONST SN54162, SN54163 | SN74162, SN74163 |UNIT
MIN TYP; MAX | MIN TYPi MAX
Viy High-level input voltage 2 2 N
ViL Low-level input voltage 0.8 08| Vv
ViK  Input clamp voltage Vee=MIN, 11=—-12mA -1.5 -15| V
Vee=MIN, V=2V,
Vou High-level output voltage cc IH 24 34 24 34 v
VL =08V, Igy=—-800uA
VoL  Lowlevel output volt Vec =MIN. Vigy =2V. 02 04 02 04|V
ow-level output voltage X . . .
oL P 9 VIL=08V, lg =16mA
I Input current at maximum input voltage Voo =MAX, V=55V 1 1| mA
. High-level CLK or ENT Vee = MAX. V) =24V 80 80 A
H input current Other inputs cc e ) 40 40 .
Low-level CLK or ENT —3.2 -3.2
| Vee =MAX, V=04V
L input current Other inputs cc ! —1.6 —1.6 mA
lpg  Shortcircuit output current § Vee = MAX -20 -67 | —18 ~57 | mA
IcCH Supply current, all outputs high Vee = MAX, See Note 3 59 85 59 94 | mA
iccL Supply current, all outputs low Vee = MAX, See Note 4 63 9 63 101 | mA
TFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
LAl typical values are at Voc =5 V, T = 25°C.
Not more than one output should be shorted at a time.
NOTES: 3. Iggn is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.
4. IcgL 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, Vec =5V, Ta =25°C
FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX |UNIT
{(INPUT) {OUTPUT)
fmax 25 32 MHz
t 23 35
PLH CLK RCO ns
tPHL 23 35
®PLH CLK Any CL = 15pF, 13 20 ns
PPHL {LOAD input high) Q R = 4009, 15 23
tPLH CLK Any See Figures 1 and 2 17 25
J— ns
PPHL {LOAD input low) Q and Note 5 19 29
1 11 16
PLH ENT RCO ns
tPHL 1 16
tPHL CLR Any Q 26 38 ns
$fmax = Maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tpit = 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.
T {l’
| EXAS 2.505
NSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

N

TTL Devices



SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A

SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

—_—— Ve

\ ———e
ce 120 2 Nom §
3 flea
INPUT ———
b
1 OUTPUT
Data: Rgq = 25 k§2 NOM
CLK, ENT, COAD: Rgq = 10 k§2 NOM
2 ENP: Rgq = 20 k2 NOM
B (‘LS160A, "LS161A): Rgq = 20 k2 NOM
CLR (‘LS162A, ‘LS163A): Rgq = 10 k{2 NOM
-
A
o absolute maximum ratings over operating free-air temperature range {unless otherwise noted)
e Suppl
< upply voltage, Vo (see Note 7) 7V
a‘ Inputvoltage . . . . . . . . . . . . . ... R Y
[+ Operating free-air temperature range: SN54LS' Circuits .—-55°C to 125°C
» SN74LS’ Circuits . . 0°Cto70°C
Storage temperature range .—-65°C to 150°C
NOTE 7: Voltage values are with respect to network ground terminal.
recommended operating conditions
SN54LS’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 45 5 55 | 4.75 5 5.25 \'
IoH High-level output current —400 — 400 uA
loL Low-level output current 4 8 mA
fclock  Clock frequency 0 25 0 256 | MHz
twiclock) Width of clock pulse 25 25 ns
twiclear) Width of clear pulse 20 20 ns
Data inputs A, B, C, D 20 20
ENP or ENT 20 20
LOAD 0 0
tsy Setup time, (see Figures 1 and 2) - - 2 2 ns
LOAD inactive state 20 20
CLR' 20 20
CLR inactive state 25 25
th Hold time at any input 3 3 ns
Ta Operating free-air temperature — 55 125 4] 70 °c
t This applies only for 'LS162 and 'LS163, which have synchronous clear inputs.
2,508 TexAS b
INSTRUMENTS
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SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

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

PARAMETER TEST CONDITIONS! SNSALS SN7aLS' UNIT
MIN TYPf MAX |[MIN TYPf MAX
Viy High-levei input voitage 2 2 \"
ViL Low-levet input voltage 0.7 08| V
ViK Input clamp voltage Vee = MIN, =—-18mA -1.5 -15| V
Vee = MIN, ViH=2V,
VoH High-level output voltage cc IH 25 34 2.7 34 \"
Vi = VL max, |gH = —400 uA
Vec=MIN. )5 ~4ma 025 04 025 04
VoL Low-level output voltage ViH=2V, v
ViL = VjL max loL =8 mA 0.35 0.5
\ Data or ENP 0.1 0.1
nput rent
\ 'p" o TORD, CLK o ENT |\ o 0.2 o2|
at maximum — = , = m,
P f ) LR (LS160A, L5161Al| ' CC ! 0.1 0.1
fnput voltage
e o CLR 'LS162A, 'LS163A) 0.2 0.2
Data or ENP 20 20
High-leve! LOAD, CLK, or ENT 40 40
w9 — 4 Voo =MAX, V=27V uA 2
input current CLR {'LS160A, 'LS161A} 20 20
CLR {'LS162A, 'LS163A) 40 40
Data or ENP -0.4 —0.4 @0
Low-level LOAD, CLK, or ENT —-0.38 ~0.8 8
TR — - Ve = MAX, V=04V mA -
input current CLR {"LS160A, 'LS161A)| —0.4 -0.4 >
CLR {'LS162A, 'LS163A) —-0.8 —0.8 Q
Igs Short-circuit output current & Vee = MAX —20 -100 {-20 -100| mA a
IccH Supply current, all outputs high Ve = MAX,  SeeNote 3 18 31 18 31{ mA |
tcet. Supply current, all outputs low Ve =MAX,  See Note 4 19 32 19 32| mA =
tFor conditions shown as MIN or MAX, tse the appropriate value specified under recommended operating conditions. l-
tAl typical values are at Vo = 6 V, T = 25°C.
§Not more than one output should be shorted at a time, and duration of the short<ircuit should not exceed one second.
NOTES: 3. 1gcH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open._
4. lec 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, Ve =5V, Ta = 25°C
FROM TO
PARAMETER"Y TEST CONDITIONS MIN  TYP MAX |UNIT
A (INPUT) (0UTPUT)
fmax 25 32 MHz
20 35
IPLH cLK RCO ns
tPHL i = 150F 18 35
tPLH CLK Any RL - 2kp ‘ 13 24 s
PHL {LGAD input high) Q sL . Q. 18 27
LR CLK Any ee figures 13 24
. 1and 2 and ns
tPHL {LOAD input low) Q 18 27
Note 8
tPLH 9 14
ENT RCO ns
PHL 9 14
PHL CLR Any Q 20 28 | ns
fmax = Maximum clock frequency
tpLH = propagation delay time, low-to-high-level output.
tpHL = propagation delay time, high-to-low-level output.
NOTE 8: :vsza$;gition delay for clearing is measured from the clear input for the ‘LS160A and ‘LS161A or from the clock transition for the ‘LS162A and
I TE} AS 2-507
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SN54S162, SN545163, SN74S162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee

20 k2 NOM
{OPEN FOR CLOCK ¢
AND DATA INPUTS)Y

A
VWA~

>
<
$ Reg

TYPICAL OF ALL OUTPUTS

) Vee
i: 50 2 NOM

INPUT —4 -—
EE QUTPUT
ENP or ENT inputs: Rgq = 1.9 k§I NOM
CLK and Dara inputs: Regq = 2.8 kI NOM
Other inputs: Rgq = 3.5 k2 NOM
-]
: absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
o Supply voltage, VCC (see Note 1) 7V
@ Input voltage 55V
< Interemitter voltage (see Note 2) . . 55V
o Operating free-air temperature range: SN54$162 SN54S163 (see Note 10) ~-55 'C 10 125°C
@ SN74S162, SN745163 0°Cto 70 C
» Storage temperature range ~-65°C to 150°C
recommended operating condltuons
SN54S162, SN54S163 | SN74S162, SN745163 UNIT
MIN NOM MAX [ MIN NOM MAX
Supply voltage, Ve 4.5 5 55 4.7% 5 5.25 \
High-level output current, 1OH -1 -1 mA
Low-level output current, lg 20 20 mA
Clock frequency, felock 0o 40 0 40 | MHz
Width of clock pulse, ty(clock) thigh or low) 10 10 ns
Width of clear pulse, ty(clear) 10 10 ns
Data inputs, A, B, C, D 4 4
ENP or ENT 12 12
LOAD 14 14
Setup time, tg,, (see Figure 4) iR 12 ” ns
LOAD inactive-state 12 12
CLR inactive-state 12 12
Release Ume, tyglease (see Figure 4) ENP or ENT 4 4 ns
Datainputs A, B, C, D 3 3
Hold time, tp, (sec Figure 4) LOAD 0 0 ns
CLR 0 0
Operating frec-air temperature, T {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 emilters ot a multiple emitter transistor. For these circuits, this rating applies between the count
enable inputs P and T
10. An SN545162 or SN545163 in the W package operating at free arr temperatures above 91 C requires a heat sink that provides a
thermal resistance from case to free-air, Rgca. of not more than 26°C/W.
2.508 TEXAS ”
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SN548162, SN545163, SN74S162, SN74S5163
SYNCHRONOUS 4-BIT COUNTERS

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

SN545162 SN748162
PARAMETER TEST CONDITIONS? SN54S163 SN745163 UNIT
MIN TYPi MAX |MIN TYPE mAX
ViH High-level input voitage 2 2 \
ViL Low-level input volitage 0.8 08| Vv
Vi Input clamp voitage Vee=MIN, 1)=—-18mA -1.2 -1.2]1 Vv
VoM High-level output volt Vee =MIN. ViH=2V, | )0 g4 27 34 v
igh-level output volta . X . E
OH T8 i % VIL=08V, IgH=-1mA
Vee =MIN, vig=2V,
Vv Low-level output voitage 0.5 05| Vv
oL ue ag‘ ViL=08V, lgL=20mA
I Input current at maximum input voltage Vee=MAX, V=55V 1 1] mA
iyq  High-level input current CLK ?"d data inputs Vee = MAX, V=27V 50 50 uA
Other inputs —10 —200 [ -10 —200
ENT -4 —4
| Low-) i Vee = MAX, V=05V
L ow-level input current Other inputs cc ., V=056 — = mA
10s Short-circuit output current ¥ Ve = MAX —-40 ~100 { —40 -100 | mA 2
tcc  Supply current Vee = MAX 95 160 95 160 | mA
1For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T AN typical values are at Vee 5V.Ta 25 C. g
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 0
-
o e o >
switching characteristics, Vcc =5V, Ta = 25°C o
METERY FROM 10 TEST CONDITIONS MIN  TYP MAX [UNIT o
PARAME (INPUT) (OUTPUT) ol
e a0 70 MH? 'l:
14 25
PLH ns
PHL CLK RCO CpL - 15 pF, 17 25
R = 280 %2, 8 15
tPLH CLK Any Q Lo ns
PPHL See Figures 1, 3, and 4 10 15
tPLH - 10 15 ns
rrov ENT RCO 0 5
'Hm" =maximum clock frequency
tp 4 =propagation delay time, low-to-high-level output
tPHL = propagation delay time, high-to low-level output
I Texas W 2509
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

uity N

S9JIND

L“wiclocki -l
' I
CLK
INPUT
|
| S tPLH lo——olL— tPHL |
| (measure at thsq) {measure at tn4+9)
| n+t) | i n+2 |
1 ' ! 1
[ | | | | — — — VoH
QuUTPUT
Qa | Vref ] Vief !
| te [
| 1 2 | VoL
| lo——a— tpL |.—-l—- tPLH
{measure at tn+q) | (measure at tn42)
I | | l | n+2
] |
| ) | l VoH
OUTPUT |
Qg I I Vret | Vet
| £
| l 124 | - = — - — — = -Vo
I L——l— PHL |o—o|— tPLH
| | | (measure at t4g) | (measure at tn44)
, l [
A
y f I ! i 1 oM
OUTPUT
Q¢ | [ Vref | Viyef
| : e
1
| bo——et— oL f——=t—PLH
| (measure at 1n+10 {measure at 1,+g)
| . | or thi1g)
| (SeeNote B) i VoH
OuTPUT | !
Qp | | Vref Veef
| | - - — — — — VoL
[>T tPLH :<——"’— tPHL
i | (measure at th+ 10
| | orthi1p) (See Note B)
i 11— - - — — _— - — - — — — — Vo
RCO Vref Vret
¢
re= VoL
VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle € 50%, Zg, ¢ =~ 50 ;
for "1680 thru "163, t; < 10 ns, tf < 10ns; for 'LS160A thru ‘LS163A %, < 15 ns, t§ < 6 ns; and for 'S162, ‘S163, ty € 2.5 ns,
ty < 2.5 ns. Vary PRR to measure fmax-
B. Outputs Qp and carry are tested at tnyqQ for ‘160,162, 'LS160A,'LS162A,and ‘5162, and at t, 46 for "161, ‘163,'LS161A,
‘LS163A, and ‘S163, where ty, is the bit time when all cutputs are low.
C. For "160 thru 163, ‘S162, and ‘S163, Vet = 1.5 V; for 'LS160A thru ‘LS163A, Vref = 1.3 V.
FIGURE 1-SWITCHING TIMES
l
2.510 TeExas b
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN74160 THRU SN74163, SN74LS160A, THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

CLK INPUT
‘160, 'LS160A
'161, 'LS161A |
l
! ]
CLR ! !
v \Y |
INPUT ref ref : |
! ov
3v
LOAD
INPUT
ov
3v
DATA INPUTS
A,B,C,and D
ov
—) |
QOUTPUTS : Vou
‘161, ‘LS161A
Qa and Qp OUTPUTS :
160, 'LS160A | VoL
—* tPHL o | '._..t_ tpLH (measure at tg49 or tn4g)
I | | I _—— e e - - = - - —— vy
Qg and Qc OUTPUTS I f L7
‘160, ‘LS160A ! Vret | ! ;*' Vret
! t [,
| ) T T T T s T s e VoL
t
: I e ———————— 3v
ENP or | ! :
ENT !
! ! ! ov
: I [ :
! bo—e— ¢ VoH
i i su
RCO | | !
| I ! v
] ] | oL
t,
lo— ty —e ) i 3v
CLK INPUT 1 | 1
‘162, 'LS162A Vref
163, 'LS163A ] ]
| - e — - — = - oV
~o1 L :‘— = tPLH :‘—
QOUTPUTS | | i 1 VoH
163, 'LS163A 1 Vies | Vet
Qp and Qp OUTPUTS : |
162,°LS162A 4 e v
_..= tPHL :o— :4—-:—— tpLH (measure at ty4 or thiq) oL
i Il_—.—__—-—_.__—VOH
Qg and Q¢ OUTPUTS
162, 'LS162A Vret A Vet
/e e o o o o e e Vv,
VOLTAGE WAVEFORMS oL
NOTES: A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, 254yt = 50 Q2
for ‘160 thru "163, t, < 10 ns, ty < 10 ns; and for ‘LS160A thru 'LS163A, 1, < 15 ns, ty < 6 ns,
B. Enable P and enable T setup times are measured at th+0-
C. For "160 thru '163, Vef = 1.5 V; for ‘LS160A thru ‘LS163A, Vs = 1.3 V.
FIGURE 2—-SWITCHING TIMES
l
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SN54S162, SN545163, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

—_———————-———=3V
ENT 15V 15V
INPUT | |
i | ov
| le—— tPHL —y
le—— tprH —"I |
|
| e T T —V
| ] OH
RCO 1.5V 15V
VoL
VOLTAGE WAVEFORMS
NOTES: A. The input pulse is supplied by a generator having the tfollowing characteristics: t, =. 2.5 ns, 1; * 25ns, PRR - 1 MHz, duty

cycle *. 50%, Zoyt ¥ 50 2.
B. tpLp and tpy from enable T input to carry output assume that the counter is at the maximum count (Qa and Qp high for
*$162, alt Q outputs hagh for 'S163).

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

e— twiclock) —
pe— twiclock) —1
|

|
: 3V

CLK
INPUT
o
<
-
o |
I ! | T 3V
== | |
CLR
INPUT 1.5V 15V |
| ! |
| T - /T
b—— twiclear) —=1
LOAD
INPUT
DATA INPUTS
A, B C,andD
3V
ENP or
ENT
ov
VOLTAGE WAVEFORMS
NOTE A: The input pulses are supplied by generators having the following characteristics: t - 25 ns, ty- 25ns, PRR - 1 MH/z, duty
cycle ¥ 50%, 2o,y = 50 §2.
FIGURE 4—PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME
2-512 i Te
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

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 fpax decreases in Figure 1,
but remains unchanged in Figure 2.

N-BIT SYNCHRONOUS COUNTERS

INPUTS INPUTS INPUTS INPUTS
LbA 8 C D DA B C D (DA B CD aBcCoDO |
H = COUNT Note 1
L = DISABLE ENP ENP ENP ENP 2
'::S?S‘::[E— ENT RCO ENT RCO ENT RCO ENT Rco —» | vomore
> SIGNIFICANT (7]
STAGES Q
P ck —> CK —> CK — Y o 4 -9
>
CLR Qa Qg Qc Qp CLR Qp Op Qc Qp CLR Qp Qg Qg Qp CLR Qa Qg Q¢ Qp 8
_ | o
CLR
-
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
CLK >
P
fMAX = 1/(CLK to RCO tp i) + {ENT 10 RCO t py) (N-2) + (ENT tg,)
FIGURE 1
I TE} AS 2-513
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

TYPICAL APPLICATION DATA

INPUTS INPUTS INPUTS INPUTS
WA B COD LDA B C D oA B CD wasc o |,
H = COUNT Note 1
L - DISABLE ENP ENP ENP ENP
H = COUNT L
— Rco - RCO ENT
L - DISABLE ENT 0 ENT RCO ENT RCO — LTO MORE-
SIGNIFICANT
STAGES
—P K b cK bk _ bk
CLR Qa Qg Q¢ Op CLR Qp Qg Qc Op CLR Qp Qg Q¢ Op CLR Qa Qg Q¢ Op

2l
o
o

|

4 v — ——
-‘ OUTPUTS OUTPUTS OUTPUTS OUTPUTS
- CLK IR
U -
2 fMAX = V(CLK to RCO tpLH} + (ENP tg,)
) FIGURE 2
o
7]
TEXAS 3
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