SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN74S162, 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

¢ Internal 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 CLR E 1 Vs Vee
CLK [])2 15[] RCO
e Load Control Line A(s 1a[] oA
¢ Diode-Clamped Inputs Bs 13J0g
c(s 12000¢
TYPICAL bs 11J0p ’
TYPICAL PROPAGATION MAXIMUM TYPICAL ENP E 7 10 j %
TYPE TIME, CLOCK TO CLOCK POWER GND [ ]8 9 D 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 mW
S162and’$163 00 9m 70 MHz 475mW T grpiES BALSY, 54S’ . . . FK PACKAGE
o (TOP VIEW) (qn,
description 2
These synchronous, presettable counters feature an in- ;
ternal carry look-ahead for application in high-speed o
counting designs. The 160,162,'LS160A,’'LS162A, a
and ‘S162 are decade counters and the -l
'161,’163,'LS161A,’LS163A, and 'S163 are 4-bit o
binary counters. Synchronous operation is provided by =
having all flip-flops clocked simultaneously so that the
outputs change coincident with each other when so in-
structed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting
spikes that are normally associated with asynchronous
(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 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 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, 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 documents contain information .
current as of publication date. Products conform to %
SFandord wapranty Production procsssing doss net TexAs 2-493
:ecessarily include testing of :II parameters. INSTRUMENB
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SNb54S162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163
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 until clocking occurs. The function of the counter (whether enabled,
disabled, toading, or counting} will be dictated solely by the conditions meeting the stable setup and hold times.

logic symbolst

160 ‘161
- CTRDIV10 - CTRDIV16
CLR Wb cT=0 CLR F&. CcT=0
2 LOAD -t M1 LOAD —t M1
M2 {15) M2 (15)
(10) 13CT=9 RCO (10) 713CT=15 RCO
ENT = G3 ENT — G3
:II ENP G4 ene 1 Ga
r—- CLK 12 C5/2,3,4+ CLK 12~ C5/2,34+
(3) C (14) (3) 1 (14)
O T 10 N e oA A 10 0 e %A
o 8o} 2] 2 OB & e (2] 2] 0B
<. ¢ (G)) al an o¢ €% (4] a2
O D 18] b——— op D —— (8l ——— Op
®
72
162 163
" CTRDIV10 . CTRDIV16
cLR Fb 5CT=0 CLR E)—b‘ 5CT=0
LOAD M1 LOAD —t M1
(10) M2 (15) RCO (10) M2 (15) RCO
ENT G3 13CT=9 ENT o] G3 13CT=15
ene 2 { G ENP —— G4
cLk 2o C5/2,3,4+ cuk 42 C5/2,3,4+
| C | -
14) 14)
A8 15D [1) 1 |4 Qa A8 15D  [1) h ¢ Qa
(4) (13) (4) (13)
B ~—————d (2] 0g B — (2] Qg
(5) (12) (5) (12)
0] al an ¢ ¢ o (4] | T
D (8] Qp D —m (8] Qp
TThese 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.
Texas WP
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SN54LS160A THRU SN54LS163A, SN54S162, SN54S163,
SN74LS160A THRU SN74LS163A, SN74S162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

Iogi;: symbols (continued)t

“LS160A

LS161A

N

TTL Devices

. CTRDIV10 " CTRDIV16
CLR Wb CT=0 CLR Wh CT=0
LOAD —t M1 LOAD M1
M2 (15) M2 (15)
(10) 3CT=9 RCO (10) 3CT=15 RCO
ENT o G3 ENT = G3
ENP G4 enp A2 G4
cik 2 C5/2,3,4+ CcLK -@’—?lcs/z,s,u i
(14) 14]
PRRLIN ey Y " a4 AL M m 19 oA
(4) (13) (4) (13)
8 2] 2 0B 8 el 2 08
c al ac c 8 fal ac
(6) (1) (6) (11
D (8] Qp D ———d 181 l—— 0p
'LS162A, 'S162 'LS163A, 'S163
- CTRDIV10 " CTRDIV16
CLR Wb 5CT=0 CLR El—b 5CT=0
LOAD —t M1 LOAD —-t M1
(10) M2 1% reo (10) M2 1% pco
EnT ———] 63 3CT=9 ENT G3 3CT=15
ENP G4 ENP G4
(2) (2)
CLK ——C5/2,3,4+ CLK C5/2,3,4+
14 14
Al 150 [1) L A Al 150 [1] (a4 Qa
(4) (13) (4) (13)
o (21 2 © ® 2] 2y 2B
D) (4l an %€ €@ 8l TETIR
D (8] Qp D [8) Qp
tThese 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.
TEXAS b’
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SN54160, SN54162, SN74160, SN74162
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

Juil N

S9JInd

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

DATA A

DATA B

CLK

DATAC

DATAD

(14)

CLR

ENP
ENT

9)
s Do —
——ap CK
(3) ]
D KeLr
b
] _D J a (13)
- — )— |
(4) H K
(2) bc
! Yo— (12)
J
—— | Q
: L/ J —CK
(5) H K
»—D - L
g
i 5 a (11)
! ] —>CK
(6) ol
— :D Kcg®
(1) D 7
(7)
— Lg—\ (15)
(10) i I: 1 )

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

0

Qp

RCO

2-496
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SN54161, SN54163, SN74161, SN74163
SYNCHRONOUS 4-BIT COUNTERS

Ioigrjic d?agram (basitive Iogici)r

"~ SN54163, 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 _D_ »
| T ol o,
_ 1 D) ——ap> CK
(3) [

DATA A i ;; _:D K
’?—D— a (13) og
patap —
CLK (2) Dc g;
- O
(12) -
J Q
L | [D—D % >
—1 _J/ I8 D—{»—-0>CK a
paTac —9 1D\> :D K -
-
'—
’FD,_\ (1
Q Qp
DATA D —©
CLR (1)
enp — 7 l
(15)
ENT%D— )} — RCO
"Pin numbers shown are for D, J, N, and W packages.
X -
TEXAS 3297
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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, SN74LS163A binary
counters at right.

CLK 2) %
er —1 >0 1l 0
oAb —2 {>o¢ | p—pox
CLR 2
{7) Y
ENP =D,
2 ~ ent 0
o ¢
AR (3)
- DATA A 1 J
l-_| > o (13) Q
(») r—-c+>CK
2 CLR O
> patas —4 | I L:?
® [
/2]
. |
1 y D Q (12) ac
cK
| pox
- CLR O
pATA ¢ —5 ' —
D’ D Q un
—l—drCK
- — cLRQ
pATA D 8| F‘} ' —
L‘D"\—m (15)
—H ) RCO
Pin numbers shown are for D, J, N, and W packages.
i
TEXAS b
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SN54LS161A, SN54LS163A, SN74LS161A, SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

ENP

ENT (10)

DATA A

DATA B

DATAC

DATA D

(vd}

(3)

- | -
SN54LS163A, SN74LS163A SYNCHRONOUS

SN54LS161A, SN74LS161A
are similar;
as shown for the SN54LS160A,

counters
asynchronous

BINARY COUNTERS

however, the

SN74LS160A decade counters at left.

clear

synchronous binary

is

4)

)

(6)

- O

— v

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

) (14) EA
) —op CK
a
-5 as) o
4 —a CK
Qa
—
1 D Q {12)
] p—ap CK
1 Q
5 ; — (11) ap
> CK
| Q
Aﬁ.’ﬂ (15) RCO

n
o
2
>
V]
(@]
-
[
-
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SN548162, SN74S162
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

seoneqg 111 NN

) 4
“patap—® il :
s,
—N

SN54S162, SN74S162 SYNCHRONOUS DECADE COUNTER

CLK (2) Dc

9)

LOAD g ;
CLR (1) D X

(3)

DATA A
. D @ (14)
1 bCK
a
DATA B —4)
D o (13)
1> == bCK
Q
pATA ¢ —2)
0D @ (12)
] O°] \a b CK
a

=1 O

{11)

pCK

Ol

" (15)

enp 7} —1 /°
ENT

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

Qp

Qc

Qp

RCO

2_RON




SN54S163, SN745163

SYNCHRONOUS 4-BIT COUNTERS

IogiT aagf;ranai(a)afi\;eﬂlogic)

SN548163, SN74S163 SYNCHRONOUS DECADE COUNTER

CLKLDc

9)

LOAD

(14)

DATA A )
DATA B @)
DATAC (5)
DATA D ©

(7)

ENP
ENT (:1o)i E [>o

‘ D a
. >CK
7]
i b a (13)
* ‘D"_ ) b CK
]
!
D a {12)
>—D°' a b CK
7]
(11
D a
a

" (15)

_"—\L
— B

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

Qa

Qg

Qc

Qp

RCO

N

TTL Devices

{i’
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SN54160, SN54162, SN54LS160A, SN54LS162A, SN54S162,
SN74160, SN74162, SN74LS160A, SN74LS162A, SN74S162

SYNCHRONOUS 4-BIT COUNTERS

typical clear, preset, count, and inhibit sequences

Ilustrated below is the following sequence: - o B
1. 'aéaAraitrpAu’ts to zero (*160 and ‘LS160A are asynchronous; ‘162, ".S162A,and ‘S162 are synchronous)
2. Preset to BCD seven
3. Count to eight, nine, zero, one, two, and three

4. Inhibit

‘160, ‘162, 'LS160A, 'LS162A, 'S162 DECADE COUNTERS

L

DATA
INPUTS

[¢]

CLK

sad1naQ 111 M
—
L L L

! ' ;
[ [ ' —
ENP Lo ! L
o t ! !
| |
ENT L ! |
—— :
— i
(a1 | 7 L L]
| ! |
) ! !
e __ 1 _, I
OUTPUTS < ! ' !
«Z T[] |
i :
i
Lo 3 3¢ [ ] .
P | | |
RCO Lo I : [ | |
bl 7 s e o 1 2 3]
| F———count * INHIBIT
SYNC PRESET
CLEAR
ASYNC
CLEAR
2.502 EXAS
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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

IHlustrated below is the following sequence:
1. Clear ouiputs to zero ("161 and 'LS161A are asynchronous} ’163, 'LS16?AT, and 'S163 are synchronous)
2. Preset to binary twelve
3. Count to thirteen, fourteen fifteen, zero, one, and two
4,

Inhibit
I _
TR L
LOAD | | |
| _—— — e e
r A I l e
|
——-—-—---Z---ZZZ-ZP
_— B | .
DATA : —_ — — — — — — — = = =
INPUTS S | = 8
1
c_| } - — —_ —_— —_— —_— — — e —— B
| :
-_— — — — —_— —_— —_- —_- —_- — —
L D__J } S o |
-
l i 1 -
Loy [
ENP | a| |
i 1
. l | ) |
ENT | [ i |
Cam o |
°__ o+ ¢ L LJ v
! l
—_ I
S S I I N
OUTPUTS < H :
— 1
°c__1:=_J L '
i i
—_— |
o 3 _1_ | l i
~ : | | !
|
RCO | | I I I i
| } 112 13 14 15 0 1 2]
I l Jo——— count l. INHIBIT ——— =
SYNC PRESET
CLEAR
ASYNC
CLEAR

j
. Texas b
INSTRUMENTS
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SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

~ schematics of inpufs;\d ouiputs

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
Vee -—— -—— Vee
130 2 NOM
Req
INPUT -_—
OUTPUT
CLK: Rgq = 2.8 k2 NOM
ENT: Rgq =2 k2 NOM
- CLR, ENP: Rgg = 4 k2 NOM
- A.B,C,D: Rgq =6k NOM
r
o . : : . i .
< absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
O
o Supply voltage, V¢ (see Note 1) 7V
w Inputvoltage . . . . . . . . . . . . .. 55V
Interemitter voltage (see Note 2) e e e .. . 55V
Operating free-air temperature range: SN54’ Circuits —55°C to 125°C
‘ SN74’ Circuits 0°C to 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 multiple-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, Vce 4.5 5 5.5 | 4.75 5 5.25 \
High-level output current, toH —800 —800 | uA
Low-level output current, Igp 16 16 | mA
Clock frequency, feiock 0 25 0 25 | MHz
Width of clock pulse, ty{clock) 25 25 ns
Width of clear pulse, ty(clear) 20 20 ns
Data inputs A, B, C, D 20 20
Setup ti tg, (see Figures 1 and 2) ENP 20 20
etup time, igu s
P su ¢ LOAD 25 25 "
CLR! 20 20
Hold time at any input, ty, 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.
T |/
5504 EXAS X
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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 TYP}i MAX
ViH High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| V
VIK  Input clamp voltage Vee=MIN, 1) =—12mA -1.5 -15| V
i Ve =MIN, Vig=2V, =
VoH High-level output voltage 24 34 24 34 \
ViL=0.8YV, IgH =-—-800uA
VoL Low-level output volt Ve =MIN, Vin =2V, 02 04 02 04| v
ow-level output voltage .2 . K . K
oL P 9 ViL=08V, loL=16mA =
1y Input current at maximum input voltage Vce =MAX, V=55V 1 1 | mA
High-level CLK or ENT 80 80
. 9 - Veoe =MAX, V=24V uA
input current Other inputs 40 40
Low-level CLK or ENT ) -3.2 -32| -
e - - Vce =MAX, V=04V mA
input current Other inputs —1.6 —1.6
los  Short-circuit output current§ Vee = MAX - —20 —57 | -18 —57 | mA
lccH Supply current, all outputs high Vee = MAX, ‘See Note 3 59 85 59 94 [ mA
lccL  Supply current, all outputs low Voo = MAX, See Note 4 63 91 63 101 | mA
WTForﬁcg;?i't’ions shown aéT/llN or MAX, use the a‘pproprlate value spécifiegu nger réc;;nmended—;:';;tTﬁg conditions.
EIN] typical values are at Vo =6V, Ta = 25°C.
Not more than one output should be shorted at a time,
NOTES: 3. IgcH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.
4. lcclL 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 TO
PARAMETER TEST CONDITIONS MIN TYP MAX [UNIT
(INPUT) {OUTPUT)
fmax 25 32 MHz
t R 23 35
PLH CLK RCO ns
IPHL 23 35
tPLH  CkK B Any CL = T5pF, 1320
tPHL (LOAD input high) Q RL = 400 Q, 15 23
tPLH CLK Any See Figures 1 and 2 17 25
ns
tPHL (LOAD input low) Q and Note 5 19 29
1 T 11 16
PLH ENT RCO ns
tPHL 11 16
tPHL CcL Any Q 26 38 ns
Tfmax = Maximum clock frequency T - = — -
tpLH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output
~ NOTES: 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.
|
’
TEXAS b
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SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A  'MPUGRAPHIC Tv
SYNCHRONOUS 4-BIT COUNTERS NR FOHIVY
schematics of inputs and outputs o
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
e - - Vee
vee = 120 2. NOM
Req
INPUT _
10UTPUT

—

Data: ﬁeqi 25 kQ NOM
CLK, ENT, LOAD: Req=10 k2 NOM
2 ENP: Rgq = 20 kQ NOM
CLR ('LS160A, 'LS161A): Rgq = 20 k2 NOM
CLR ('LS162A, "LS163A): Req = 10 k2 NOM
= —
o absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
e Supply voltage, V 7V
< upply voltage, Ve (see Note 7) 7V
o Inputvoltage . . . . . . . . . . .. . ... T A
(4] Operating free-air temperature range: SN54LS’ Circuits .—55°C to 125°C
» SN74LS’ Circuits 0°C to 70°C
Storage temperature range .—65°C to 150°C
NOTE 7: Voltage values are with respect to network ground terminal.
recommended operating conditions B o
SN54LS’ SN74LS’
UNIT
MIN NOM MAX MIN NOM MAX
Vee Supply voltage 4.5 5 55 | 4.75 5 b5.25 \%
loH High-level output current —400 —400 LA
loL Low-level output current 4 8 mA
felock Clock frequency (t] 25 0 25 MHz
tw(clock) Width of clock pulse 25 25 ns
tw(clear) Width of clear pulse 20 20 ns
Data inputs A, B, C, D 20 20
ENP or ENT 20 20
. ) LOAD 20 20
toy Setup time, (see Figures 1 and 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 0 70 °C
1 This applies only for 'LS162 and 'LS1 63, which have synchronous clear inputs.
., Ti b’
'2_506 EXAS
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SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

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

SN54LS’ SN74LS’
PARAMETER TEST CONDITIONS? UNIT
MIN TYPE MAX |MIN TYPE MAX
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.7 08| Vv
VK Input clamp voltage Vee = MIN, i=—18mA -1.5 -15| V
i Ve = MIN, ViIH=12V,
Vo High-level output voltage 25 3.4 2.7 3.4 \%
Vi = VL max, IgoH = —400 A
Vee=MIN, )0 =ama 025 04 025 04
VoL Low-level outputvoltage VIH=2V, \
VL = V)L max loL=8mA 0.35 0.5
Data or ENP 0.1 0.1
input current p—— —
LOAD, CLK, or ENT 0.2 0.2
Iy at maximum —— ; Vee=MAX, V=7V mA
i 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
v . — . Vee = MAX, V=27V nA
input current CLR ('LS160A, 'LS161A) 20 20
CLR (‘LS162A, ‘LS163A) 40 40
Dataor ENP —0.4 —0.4 g
Low-level LOAD, CLK, or ENT —-0.8 —0.8 o
TR — - Vee = MAX, V=04V mA —
input current CLR {'LS160A, 'LS161A) —-0.4 —0.4 S
CLR {'LS162A, 'LS163A) —0.8 —-0.8 QO
1os Short-circuit output current§ Vee = MAX —20 —100 |-20 —-100| mA (@]
lccH Supply current, all outputs high Vee = MAX, See Note 3 18 31 18 31| mA ]
lccL Supply current, all outputs low Vee = MAX,  See Note 4 19 32 19 32| mA o
TFoir conditions shown as MIN or MAX, use the appropriateﬁlalue'specified under recommended operating conditions. 'l-
$All typical values are at Voc =5 V, Ta = 25°C. ) . ) )
§Not more than one output should be shorted at a time, and duration of the shortcircuit should not exceed one second. .
NOTES: 3. Igcy is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.
4. IccL 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 TO
PARAMETERY TEST CONDITIONS MIN TYP WMAX |UNIT
(INPUT) (OUTPUT)
fmax 25 32 MHz
—_— T 20 35
tPLH CLK RCO ns
PHL .C _ 1'5 ¢ 18 35
tPLH CLK Any L= Toph 13 24
X X RL = 2k, ns
TPHL (LOAD input high) Q See 18 27
oo <K Any ee figures 13 24
R 1and 2 and r === NS
tPHL (LOAD input low) Q 18 27
Note 8 e
tPLH 9 14
ENT RCO ——— s
tPHL 9 14
PHL CL Any Q 20 28 | ns
Afmax = Maximum clock frequency e - - —— — - B
tpLH = 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 ‘LS 160A and ‘LS161A or from the clock transition for the ‘LS162A and
‘LS163A.
Texas WP
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SN545162, SN54S163, SN745162, SN74S163 MPUGRA
SYNCHRONOUS 4-BIT COUNTERS of

‘schematics of inputs and outputs —

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

I - Vee
Vec—e - 50 £ NOM
U
20 k2 NOM

(OPEN FOR CLOCK % —_
AND DATA INPUTS) :

1

INPUT -—
OUTPUT

ENP or ENT inputs: Rgq = 1.9 k€2 NOM
CLK and Data inputs: Rgq = 2.8 k§2 NOM
Other inputs: Rgq = 3.5 k2 NOM

N

- = - - .
: absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
o Supply voltage, Vo (see Note 1) . . L L . L L . L L o o e, 7V
o® Input voltage . . . e 1Y)
< Interemitter voltage (see Note 2) ... e e e e . . .. 55V
o Operating free-air temperature range: SN54S162 SN54S163 T‘m e —55 Cto 125°C
8 SN74S162, SN745163 e e e e . . ... ... .... 0Cw70C
) Storage temperature range . . . . . . . .. e e e e e e —65°C to 150°C
recommended operating conditions o
SN548162, SN54S163 | SN74S162, SN745163 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Ve 4.5 5 5.5 4.75 5 5.25 \Y
High-level output current, IoH -1 —1 mA
Low-level output current, g 20 20 | mA
Clock frequency, foiock ) 0 40 0 40 | MHz
Width of clock pulse, tw(clock) (high or low) 10 10 ns
Width of clear pulse, tyy(clear) 10 10 ns
Data inputs, A, B, C, D 4 4
ENP or ENT 12 12
: . LOAD 14 14
Setup time, tsq {see Figure 4) o oG] 12 12 ns
LOAD inactive-state 12 12
TLR inactive-state 12 12
Release time, trglease (see Figure 4) ENP or ENT 4 4 ns
Datainputs A, B, C, D 3 3
Hold time, tp, (see Figure 4) LOAD V 0 0 ns
' CLR 0 0
Operating free-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 is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the count
____enable inputs Pand T.
10. An SN545162 or SN54S5163 in the W package operating at free-air 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.

%7 TexAs {?‘ ,
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SN548162, SN54S163, SN748162, SN74S1637
SYNCHRONOUS 4-BIT COUNTERS

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

SN54S162 SN745162
PARAMETER TEST CONDITIONST SN54S163 SN74S163 UNIT
MIN TYPf MAX |MIN TYPf mAX
V|H High-tevel input voltage 2 2 \%
VL Low-level input voltage 0.8 08| Vv
V| Input clamp voltage Vee=MIN, ) =—-18mA -1.2 -12| V
. Vee=MIN, Vig=2V,
VoH High-level output voltage 2.5 3.4 2.7 34 \%
ViL=08V, Igy=-1mA
Vee=MIN, V=2V,
VoL Low-level output voltage 0.5 05| V
ViL=0.8V, IlgL=20mA
1] Input current at maximum input voltage Vge = MAX, V=55V 1 1| mA
TLK inputs 50 50
hy  High-level input current  |oc anddatainputs , \ _yax, vi=27v  f— S0l . W
Other inputs -1 —200 | —10 —~200
I Low-level input ENT — | Vec-MAX, v =05V = il
L ow-level input current Other inputs cc . ] . 2 > m
l0s  Short-circuit output current s Vee - MAX —40 —100 | —40 =100 [ mA
“Icc  Supply current Voo = MAX 95 160 95 160 [ mA
TFor c(;n:ﬁtions shown as MIN OTMAX, use the a;;opriate value specified under recommended operating Vconditions.
LAl typical values are at Veg =5V, Ta=25'C. o .
§ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
S I |
switching characteristics, Vec =5V, Ta=25°C
FROM TO
PARAMETERY TEST CONDITIONS MIN TYP MAX |UNIT
AME (INPUT) (OUTPUT)
fmax 40 70 MHz
o 14 25
tPLH ns
" CLK RCO C| = 15 pF, 17 25
Ry =280 q, 8 15
PLH CLK Any Q LmeS ns
tPHL <See Figures 1, 3, gnd 4 10 15
: 10 15
PPLH - — - —_— ns
PHL ENT RCO 10 15
ﬂfmax =maximum clock frequency
tpLH = propagation delay time, low-to-high-level output
tp | = propagation delay time, high-to-low-level output
| |
— o . ,
INIVERS , | ) !
S I - ; -
] .
Sody Co ctial Copst 38 o v teeal rales
oef . ' ; [ S -
dy Capy o Caps A0 preas fuercai tales mase 42 Dicast !
S b S S ORI S S
L
| |
! |
]
|
i |
| |
|
A
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S5162, SN54S163, SN74160 THRU SN74163,
SN74LS160A THRU SN74LS163A, SN74S162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

PARAM ETEﬁ MEASUREMENT INFORMATION

""w(clcck) -l
' I
CLK
INPUT
I
L—ol—- tPLH lo——-—:—tle_ |
| | (measure at t41) | | {measure at tp49) |
| ' ! | v
| | I | ! OH
OUTPUT
Qa | Viref | Vref I
| |
! VoL
I I
[ fe—ob— tpHp Ic—.L— tPLH
i | I (measure at tp+4) I (measure at th+7)
i | | |
2 | I VOH
OUTPUT ! I |
Q ! Vref Vief
- 8 I |
| (¢ .
|__| | | r), | —_—_— = = — — — = VoL
| IQ——L- tPHL l‘———b'-— tPPLH
») | I (measure at th+g) (measure at tnt4)
® | | ! ! l
< I i | | VoH
©  ouTpuT | y y
8 Q¢ | | ref | ref
£¢ !
: | 277 | __——_____VOL
IQ————.'—-— tPHL |‘_.+_ PPLH
l | (measure at th+10Q (measure at tp4+g)
| ' or th41g) |
| (See Note B) [ VOH
OUTPUT I I
Qp | | Viref Vref
£¢
| : 77 - — — — — — — VoL
[T tPLH I‘—"— tPHL
| | (measure at th+10
| | orth+1g) (See Note B)
| a——— — — — - — — — — — — — Vou
RCO Vref Vref
£
IIL 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 Q;
for ‘160 thru 163, t, < 10 ns, t¢ < 10ns; for'LS160A thru’LS163At, < 15 ns, tf < 6 ns; and for 'S162, 'S163, ty < 2.5 ns,
t¢ < 2.5 ns. Vary PRR to measure fax.
B. Outputs Qp and carry are tested at thiq4Q for’160,°162,’LS160A,'LS162A,and ‘'S162, and at tp, 1 for 161, ’163,'LS161A,’
'LS163A, and ‘S163, where tp, is the bit time when all outputs are low. - .
C. For '160 thru '163, ‘S162, and 'S163, Vyef = 1.5 V; for 'LS160A thru 'LS163A, Vigf=1.3 V.
FIGURE 1-SWITCHING TIMES
TExAs 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

CLR
INPUT Vref Vref

|
:" tw(clear)"I

LOAD
INPUT

DATA INPUTS
A,B,C,and D

—

!
[
l || ! | \Y
Q OUTPUTS I | ! | OH
161, ‘LS161A ] I Vief
Qp and Qp OUTPUTS | | |
'160. ‘'LS160A I ' - /L e VoL
—* tPPHL :'— ! L_.:_ tpLH (measure at tp4 OF tn4q)
| | | | Ir..______——_.—._——VOH
Qg and Qc OUTPUTS ! I /
"160, ‘LS160A ' Vref I l ;*' Vret
[ I g v
| 1 . - = oL
|
' I peee— pe———— ——— 3V
ENP or : I :
ENT '
! J ! ov
| I l
: ! ! VOH
|
RCO | | '
l [ |
! | | VoL
le— gy —w | | 3v
CLK INPUT I I
162, LS162A Vref
'163, 'LS163A |
% e - e —— - oV
— tpHL be— —>| tPLH fe—
| | VOH
Q OUTPUTS ] | | |
163, 'LS163A | Vief | Vet
Qp and Qp OUTPUTS : |
162,°LS162A 0 e — o~ — VoL
—‘ﬂl tPHL =<_ =<—o:— tpLH (measure at ty49 or th44) o
| l/.._.._.._.._..__.._._.___\/OH
Qg and Q¢ OUTPUTS !y
"162, 'LS162A Vref ) 7f' ref
v
——————— oL
VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 60%, Zg,t ~® 50 Q;
for ‘160 thru 163, t, < 10 ns, tf < 10 ns; and for 'LS160A thru 'LS163A, t, < 16 ns, tf < 6 ns,
B. Enable P and enable T setup times are measured at tp ;.
‘C. For *160 thru ‘163, V g = 1.5 V; for "LS160A thru 'LS163A, Vygs = 1.3 V,
FIGURE 2—SWITCHING TIMES
l
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N

- j— tw(cgc:?) —
- [*— twiclock) — | —
- |
= CLK I
U INPUT
e | T
5' f— tsu fe——  tsu J
o | (active state) le— th — (inactive state) [ [ —
& | | . —
CLR S
INPUT | 15V | 1.5V : : o
. —_— e e e e —— M — — 0V
| — N | I
be—— twicleary ——d |l‘_ tu —* o u. ——
| (active state) th i (inactive state) ——
[+ th | I
|
— | | |
LOAD |
INPUT |
DATA INPUTS
A,B,C,and D
ENP or
ENT
VOLTAGE WAVEFORMS
NOTE A: The input pulses are supplied by generators having the following characteristics: 1, <25 ns, t; <2.5ns, PRR < 1 MHz, duty
cycle < 50%, Z5,¢ =~ 50 2.
FIGURE 4—-PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME
TExas b’ |
—a (™ .
2-512 C

SN54S162, SN54S163, SN745162, SN74S163 ﬁﬁﬁﬂPgGRAPHU3
SYNCHRONOUS 4-BIT COUNTERS OR &

PARAMETER MEASUREMENT INFORMATION

CENT 1.5v
INPUT

VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: ty < 25ns, t <25 ns, PRR < 1 MHz, duty
cycle < 50%, Zy;¢ ~ 50 §2.

B. tp_ y and tpy) from enable T input to carry output assume that the counter is at the maximum count (Qp and Qp high for
‘'S§162, all Q outputs high for 'S163).

FIGURE 3—PROPAGATION DELAY TIMES FROM ENABLE T INPUT TO CARRY OUTPUT
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN545162, 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 fppax decreases in Figure 1,
but remains unchanged in Figure 2.

N-BIT SYNCHRONOUS COUNTERS

. . - \
INPUTS INPUTS INPUTS INPUTS
IDA B C D IDA B C D ILDA B C D wasco |
H = COUNT Note 1
L - DISABLE ENP ENP ENP ENP 2
H = COUNT
— RCO RCO ENT
L = DISABLE ENT C ENT RCO ENT RCO —b TO MORE-
> SIGNIFICANT (/5]
STAGES Q
—P ck —p> CK b cK b CK o
CLR Qa Qg Q¢ Qp CLR Qp Og Q¢ Qp CLR Qp Og Q¢ Qp CLR Qa Qg Q¢ Op 8
CLR I I 1 T r_’
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
CLK —»

fmAX = 1/(CLK to RCO tp| 1) + (ENT to RCO t p 1) (N-2) + (ENT tgy)

FIGURE 1

TeExas {’
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN54S162, SN54S163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

H =COUNT
L = DISABLE

H=COUNT
L =DISABLE

~
gl

TYPICAL APPLICATION DATA

. o)
INPUTS INPUTS INPUTS INPUTS
LD A B CD LDA B C D LD A B8 C D LDABCDSee
Note 1
EN P ENP ENP ENP
ENT RCO Lden T RCO ENT RCO ENT RCO —»
> CK P CK
P> ck —p CK
CLR Qp Qp Q¢ Qp CLR Qpa Qp Q¢ Qp CLR Qp Qg Q¢ Qp CLR Qa Qg Q¢ Op

I

I

I

J

@

@

TO MORE-

> SIGNIFICANT

STAGES

- v — N —
_' OUTPUTS QUTPUTS OUTPUTS OUTPUTS
= CLK R
O
e fMAX = 1/(CLK to RCO tpLH) + (ENP tg)
< - - -
3 FIGURE 2
®
7
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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.

TI 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 TI PRODUCTS 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 orimplied, 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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