SNb4160 THRU SN54163, SN54LS160A THRU SNG4LS163A,

: SN54S162, SN548163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163

SDLS060 SYNCHRONOUS 4-BIT COUNTERS

QCTOBER 1976 — REVISED MARCH 1988

“160,"161,'LS160A,'LS161A . . . SYNCHRONOUS COUNTERS WITH DIRECT CLEAR
“162,"163,'LS162A,'LS163A,'5162,’S163 . . . FULLY SYNCHRONOUS COUNTERS

* Internal Look-Ahead for Fast Counting SERIES 54°, 54L5° 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 [J1 16] ] Vee
CLK E 2 15 :] RCO
* Load Controi Line alls 1adQa
+ Diode-Clamped Inputs BOs 13J0Cs
cs 200ac
TYPICAL ols nHop
TYPICAL PROPAGATION MAXIMUM  TYPICAL ENP []7 10(] ENT
TYPE TIME. CLOCK TO cLOcK POWER GNDL|s  9f]LOAD
Q OUTPUT FREQUENCY DISSIPATION NC—Na internal connsctian
"160 thru ‘183 14 ns 32 MHz 305 mw
‘LS182A thru 'LS163A 14 ns 32 MHz 93 mw
‘S162 and ‘5163 9ns 7¢ MHz 476 mw SERIES 54LS’. 54S° . . . FK PACKAGE
i e {TOP VIEW}
description Co
) %o o0
These synchronous, presettable counters feature an in- ooz >

ternal carry look-ahead for application in high-speed
counting designs. The ‘160,"162,'LSTG0A,'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 simultaneously so that the
outputs change coincident with each other when sg in-

structed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting o0 akE

N . . ZZ22 94
spikes that are normally asscciated with asynchronous w g 3 w

({ripple clock) counters, however counting spikes may

occur on the (RCO) ripple carry output, A buffered clock NC —No intarnal 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 lgad input disables the counter and causes the outputs to agree with the setup data after the next
clock puise regardless of the levels of the enabie inputs. Low-te-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 bafore the transition. This restriction is not applicable 1o
the 'LS160A thru ‘LS163A or "S162 or *5163. 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 clack 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 synchronousiy clear the counter to Q000
(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.

PROGUGTIGN DATA documents contain information s
current as of publication data. Praducts cenform ta v ]
spec.i’iil::liuna per ﬂ'l,e tdunm_: of Texas jnst;umanti TEX.AS
st . Production pracessing does no

ressa ir:a_nulnty ing of apll paramgtels. INSTRUM EN]S
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,

SN545162, SN545163, SN74160 THRU SN74163,

SN74LS160A THRU SN74L5163A, SN74S162, SN748163
SYNCHRONDUS 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-enabie 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 & high-level output pulse with a duration approximately equal to the high-level portion of the Qp, 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 'L5160A 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 Par T, or
load) that will modify the operating mode have no effect until clocking occurs. The function of the counter (whether enabled,

disabled, ioading, or counting) will be dictated solely by the conditions meeting the stable setup and hold times.

logic symbois T
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Pin numbers shown are for D, J, N, and W packages.
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SN54LS160A THRU SN54LS163A, SN545162, SN54S5163,
SN74LS160A THRU SN74LS163A, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

logic symbols (continued)
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TThese symbols are in accordance with ANSHIEEE Std 91-1984 and

|EC Publication 617-12.

Pin numbers shown are for D, J, N, and W packages.
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SN54160, SN54162, SN74160, SN74162
SYNCHRONOQUS 4-BIT COUNTERS

logic diagram (positive logic)

SN54160, SN74160 SYNCHRONQUS DECADE COUNTERS
SNS4162, SN74162 synchronpus decade counters are similar;

however the clear is synchronous as shawn for the SNB4163,
SN74163 binary counters at right.

LOAD (BJQ«%
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Pin numbers shown are far D, J, N, and W packages
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SN54161, SN54163, SN74161, SN74163
SYNCHRONOUS 4-BIT COUNTERS

logic diagram (positive logic)

LOAD

DATA A

DATA B

CLK

DATAC

DATA D

ENP
ENT

SN54163, SN74163 SYNCHRONOUS BINARY COUNTERS

SNB4161,

SN74161

synchronous binary counters are similar;

however, the clear is asynchronous as shown for the SN54160.
SN74160 decade counters at lefi.

9)

{3)

—TD

§)

P CK

:

14}

OlU

pCK

{2 Dc

u)l

[-CK

—_J
(sh
|
1./
18}

5
il

{1}

7

(10} |

10

Pin numbers shown are for O, J, N, and W packages.
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SNH4LS160A, SNBALS162A, SN74LS160A, SN74LS162A
SYNCHRONQUS 4-BIT COUNTERS

logic diagram (positive logic})

SNB4LST60A, SN74LS160A SYNCHRONOQUS
DECADE COUNTERS

SN5S41S162A, SN74LS162A synchronous decade
counters are similar; however the clear is synchronous
as shown for the SN54LS163A, SN74LS163A binary
counters at right.
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Pin numbers shown are for D, J, N, ard W packages.
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SN54LS161A, SN54LS163A, SN74LS161A, SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

logic diagram {paositive logic)

SN54L5163A, SN74L5163A SYNCHRONOUS
BINARY COUNTERS

SNB4LS161A, SN74LS161A  synchronous hinary
counters are similar; however, the clear is
asynchronous  as shown for the SNB4LS160A,
SN74LS160A decade counters at left.
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Pin numbers shown are for D, J, N, and W packages.
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SN545162, SN74S5162
SYNCHRONOUS 4-BIT COUNTERS

logic diagram {positive logic)

SN545162, SN745162 SYNCHRONCUS DECADE COUNTER
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Pin numbers shown are for D, J, N, and W packages.
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SN545163, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

logic diagram {pasitive logic)

SN548163, SN745163 SYNCHRONOUS DECADE COUNTER

CLK (2) _D:

LOAD (9}

DATA A 3
D a 14) aa
- 0—d>CK_
o_i
DATA B Ll
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Fin numbers shown are for 0, J. N, and W packages.
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SN54160, SN54162, SN54LS160A, SN54LS162A, SN54S162,

SN74160, SN74162, SN74LS160A, SN74LS162A, SN74S162

SYNCHRONOUS 4-BIT COUNTERS

160, "162, 'LST160A, "LS162A, '5S162 DECADE COUNTERS

typical clear, preset, count, and inhibit sequences

lllustrated below is the following sequence:

1. Clear outputs to zero (*160 and ‘LS160A are asynchronous; ‘162, "'_S162A, and *S162 are synchronous)

Preset to BCD seven

2.
3. Count 1o eight, nine, zero, one, two, and three
4,

Inhibit

_
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Y
>

DATA é
INPUTS

Lo L
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SN54161, SN54163, SN54LS161A, SN54L5163A, SN545163,
SN74161, SN74163, SN74LS161A, SN74LS163A, SN745163
SYNCHRONOUS 4-BIT COUNTERS

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

typical clear, preset, count, and inhibit sequences

Iustrated below is the following sequence:
1. Clear outputs to zero {"161 and "L516TA are asynchronous; ‘163, 'LS163A, and ‘S163 are synchronous)
2. Preset 1o binary twelve
3. Count to thirteen, fourteen fifteen, zero, one, and two
4. Inhibit

1
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" | — e e e e e e —— —
A | e e o o o
|
Ja | |
DATA - —_—m,— m— e — — e — — —
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'
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R N I I I
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=
% | |
™~ ] |
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| 1z 13 18 15 0 1 2
I I I-—-—-— COUNT INHIBIT —— &
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SN54160 THRU SN54163, SN74160 THRU SN74163

SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

INPUT ——

CLK: Rgq = 2.8 k2 NOM
ENT: Rgqg =2 k2 NOM
CLR, ENP: Rgq = 4 k22 NOM
A, B,C, D: Rgg =6k NOM

TYPICAL OF ALL

130 2 NOM

OUTPUTS

Yee

QUTPUT

absolute maximum ratings over operating free-air temperature range {unless otherwise noted}

Supply voltage, Ve (see Note 1)
Input voitage .
Interemitter voitage {see Note 2)

Operating free-air temperature range: SN54’ Circuits
' SN74’ Circuits

Storage temperature range

NOTES: 1. Vottage values, excapt intaremitter volitage, are with respect 10 natwark ground terminal.
2. This is the voltage between two emitters of a mulitiple-emitter transistor. For thessa circuits, this rating applies between the count

anable inputs P and T.

recommended operating conditions

7V
55V
BBV

—B5°C 10 125°C
. 0°C to 70°C
—65°C to 150°C

SN54160, SN54161 [SN74160, SN74161
SN54162, SN53163 ! SN74162, SN74163 | uNIT
MIN NOM MAX| MIN NOM MAX
Supply voltage, Ve 4.5 5 5.6 | 4.75 5 5.25 v
High-level qutput current, lop —-800 —-800 | uA
Low-level outpur current, g 16 16 | mA
Clock frequency, felock D 25 0 25 | MHz
Width of clock puise, tw(ciock} 25 25 ns
Width of clear pulse, tyy(clear) 20 20 ns
Data inputs A, B, C, D 20 20
_ ) ENP 20 20
Setup time, tg, {see Figures 1 and 2) Y 75 25 ns
CLR ! 20 20
Hold time at any input, Th 0 o] ns
Operating free-air temmperature, Ty —55 125 0 70 | "¢

T This applies only for *162 and “163, which have synchranous clear inputs.

TEMES‘y

INSTRUMENTS
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SI\I541BD THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

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

SN54160, SNS4161 [SN74160, SN74161
PARAMETER TEST CONDITIONST SN54162, SN54163 |SN74162, SN74163 {UNIT
MIN TYPL MAX | MIN TYP: MAX
V|4 High-level input voltage 2 2 v
ViL Low-level input voltage 0.8 08| V
Vi Inpur clamp voltage Voo =MIN, Ij=—-12mA —1.6 —15| Vv
Voo =MIN, Vig=2V,
Vor  High-level output voitage cc IH 24 34 24 34 v
ViL =08V, Igy=—800cA
Veo=MIN, Vip=2V,
\Y Low-level output voltage 0.2 0.4 0.2 04 Vv
oL VIL=08V, IgL =16 mA ‘ :
I Input current at maximum input voltage Voo = MAX, =55V 1 1] mA
High-level CLK or ENT 80 80
¥ v =MAX, V=24V A
H input current Other inputs cc ! 40 40 “
Low-level CLK or ENT —3.2 -3.2
[ Voo = MAX =04V
IL input current Cther inputs ccC ' —1.6 —1.6 mA
lgg  Short-circuit output current§ Voo = MAX --20 —57 | —18 —b7 | mA
lccH Supply current, all outputs high Vg = MAX, See Note 3 59 BB B89 94 | mA
lcer, Supply current, all outputs low Voo = MAX, See Note 4 63 21 63 101 | mA

TFor conditions shown as MIN ar MAX, use the appropriate value specified under recommended operating cunditior{s_
FAN typical values are at Vee =58V, Ta= 25°C.

$Not more than ane output should be shorted at a time.
leeH is measured with the |oad input high, then again with the load input low, with all other inputs high and ali ocutputs open.

NOTES: 3.

4. lggL s measursd with thae clock input high, then again with the ciock input low, with all other inputs low and aill outputs open.

switching characteristics, Ve =58V, Ta = 25°C

FROM TO
PARAMETER" TEST CONDITIONS MIN TYP MAX |UNIT
[INPUT} {OUTPUT)
frnax 25 32 MHz
t 23 35
PLH CLK RCO ns
PHL 23 35
tPLH cLK Any CL = 15pF, 13 2 |
tPHL (LQAD input high) Q RL = 400 R, 18 23
tPLH CLK Any See Figures 1 and 2 17 25
— ns
1PPHL {LOAD input low) Q and Note 5 19 29
1] 11 16
FLH ENT RCO ns
tPHL 11 16
PHL CLR Any Q 26 38 ns

fmax = Maximum clock frequency
tpLH = Propagation delay time, low-to-high-level output
tpHL = propagauon delay time, high-to-low-ievel cutput
NOTE 5: Propagauion delay for clearing is measured from the clear input for the 160 and " 161 or from the clock inpur transition for the * 162 and *163.

Ttmm;‘?

INSTRUMENTS
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SN54LS160A THRU SN54LS163A, SN74LS160A THRU SN74LS163A

SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee

INFUT

Data: Agy = 25 k{2 NOM
CLK, ENT, LOAD: Rggy = 10 k{2 NOM

ENF: Rgg = 20 k2 NOM
ELR I'LS160A, 'LS161A}: Req = 20 kit NOM
CLR ('LS162A, 'LS163A): Req = 10 kil NOM

TYPICAL OF ALL QUTPUTS

Vee

120 2 NOM

CUTPUT

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

Supply voltage, V¢ (see Note 7}

Input voltage

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

Storage temperature range

NOTE 7: Voltage values are with respect to netwerk ground terminal,

recommended operating conditions

7V
B A
.—55°C to 125°C
. 0°C to 70°C
.—B65°C to 150°C

SN54LS" SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX

Voo Supply voltage 4.5 5 6.5 475 5 5.25 v
loH High-level output current — 400 —400 uA
lop Low-level output current 4 8 mA
felock Clack frequency 0 25 0 25 | MHz
tw(ciock) Width of clock pulse 25 25 ng
tywiclear) Width of ciear pulse 20 20 ns

Datainputs A, B, C, D 20 20

EMNP or ENT 20 20
tsy Setup time, {see Figures 1 and 2) LOAD - - 20 20 ns

LOAD inactive state 20 20

CLR' 20 20

CLR inactive state 25 25
th Hoid time at any input 3 3 ns
Ta Qperating free-air temperature — 55 126 0 70 “C

T This applies only for ' LLST62 ana ‘L5163, which hava synchronous ciear inputs.

i
> TEXAS b
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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)

SNS4LE SNT4LS"
PARAMETER TEST conpiITronst = < UNIT
MIN TYPT MAX [MIN TYP+: MAX
Vi High-level input voitage 2 2 v
ViL Low-level input voitage 0.7 08| VvV
VK Input clamp voltage Voo = MIN, I} =—18mA -1.5 -1.5 v
VgH High-level output voltage Vog = MIN, - Vin=2V, 26 34 27 34 v
Vi = VL max, |gH= —400 A
Vec=MIN, 10 —ama 025 04 025 0.4
VoL Low-evel ortput voltage VIiH=2V, v
ViL = VpL max oL =8 mA 0.35 0.5
Data or ENP Q.1 Q.1
| Input curment RS, GLK, or ENT oo = a1 ) 0.2 0.2
o atmaximum LR (LS160A, ‘Leletal| 'CCTMAX,  Vi=7V 0.1 o1 ™
input voltage ZLA ('LS162A, 'LS163A) 0.2 0.2
Data or ENP 20 20
High-levei TDAD, CLK, or ENT 40 40
hw . — - Ve = MAX, V=27V wA
input current CLR {"LS160A, 'LS161A) 20 20
TLR {'L5162A, 'LS162A) 40 40
Data or ENP -0.4 —-0.4
Low-level LOAD, CLK, or ENT -0.8 —0.8
" put current TOR (L5160A, Ls161A) 'OC = MAX.  vi=04V —0.4 4] ™
CLR {'LE162A, L§163A) -0.8 —0.8
lps  Shortcircuit autput current & Voo = MAX —20 —100 [-20 —100] mA
lecH Supply current, all outputs high Ve = MAX, See Note 3 18 3 18 31| mA
lccL Suppiy current, all autputs fow Vee = MAX, See Note 4 19 32 19 321 mA

tFor conditions shown as MIN or MAX, dse the appropriate value spacifiad under reco mmended oparatTng conditions.

tTan typical values ars at Vo =5V, Ta = 25°¢C.
SNot more than one output should ba shorted at a time, and duration of the short<ircuit should not exceed one second.
NOTES: 3. lgcn is measured with the Ipad input high, then again with the foad input low, with all other inputs high and all outputs apen.

4. 1oL is measured with the clock input high, then again with the clock input low, with all ather inputs low and all outputs cpen.

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

FROM TO
1 TEST CONDITIONS MIN  TYP MAX{UNIT
PARAMETER {INPUT) {OUTPUT)
frmax 25 32 MHz
t 20 35
PLH CLK RCO ns
PHL o = 1808 18 35
PLH CLK Any R'— = 2k§§ ‘ 13z |
tFHL {LOAD input high) Q SL _f " 18 27
tPLH CLE Any 1eedlgzur(af1 13 22 N
a
PHL {LOAD input low) a nd an 18 27
Note B

tPLH ENT RCO CHNLAN
tPHL 9 14
IPHL CLR Any Q 20 28 ns

fmax = Maximum clock frequency
1pLH = Propagation delay time, low-to-high-level output.
tpHL = propagatian delay ume, high-to-low-leve! autpur.
NOTE 8: Propagation delay for clearing is measured from the clear input for the 'LS160A and 'L§161A or from the clock transition for the 'LS162A and

‘LS 163A,

{i;
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SN548162, SN54S163, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT OF EACH INPUIT

TYPICAL OF ALL OQUTPUTS

vVee
20 kL NOM %

--9

{OPEN FOR CLOCK
AND DATA INPUTS) !
1

INPUT

Vee
50 £ NOM

=1.9 k2 NOM
FRgg = 2.B kil NOM
Req=35kﬂ NOM

ENP or ENT inputs: Ry,
CLK and Data inputs:
Other inputs:

QUTPUT

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

Supply valtage, Ve (see Note 1)

Input voltage . . . .

Interemitter voltage (see Note 2) Lo ..

Operating free-air temperature range: SN54S162 SN545163 (see Note 10)
SN74S162, SN745163 e e

Storage temperature range . . . . . . . . . L L L.

recommended operating conditions

7V
FRORY
5.5V

—55"C to 125°C
0'Cto70 C
-65°Ct0 150 C

SN545162, SN545163

SN745162, SN745163

MiMN NOM MA X MM NOM MAX uNIT
Supply voitage, Ve 4.5 5 5.5 4.75 5 5.25 \
High-lavel output current, lop -1 -1 mA
Low-level output current, I 20 20 mA
Clock frequency, feiaek a 40 0 40 | MH.
Width of clock pulse, tw{clack) 1Migh or low) 10 10 ns
Width of clear pulse, tudeoiear) 10 10 ns
Data inpuis, A, B, C, D 4 4
ENP or ENT 12 12
LOAD 14 14 N
Setup time, tg, (see Figure 4] TR 12 1 ns
LOAD inactive-state 12 12
TLR inactive-state 12 12
Release thne, tpjease (588 Figure 4) ENPaor ENT 4 a ns
Data inputs A, B, C, D 3 3
Hold time, 1y isee Figure 4) LOAD 4] 0 ns
CLR 4 0
Operating free-air temperature, T (see Note 10) -55 126 4] 70 C

NOTES: 1. Vallage values except interemitier voltage are with respect 1o network ground terminal

2. This 1s the voltage befween two emitters of a3 muitigle emitter transistor. For these circuits, this rating app!es betwean the count

enable inputs P and T.

10, An SNS4S5162 or SNS54S163 in the W package operating 4t free-air temperatures above 21 C reguires a heat sink (hat proviles o

therral resistance from case to free-air, Raca. of nat more than 26° CAW.

TEXAS Jy
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SN54S162, SN54S163, SN74S162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

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

SNE4S162 SN745162
PARAMETER TEST CONDITIONST SNBAS163 SN745163 UNIT
MIN  TYPF MAX |MIN TYPE max
ViH High-level input voltage 2 2 v
ViL Lowdlevel input voltage G.8 08y V
Vi Input clamp voltage Ve =MIN, 1= —18mA —-1.2 -1.2 v
v =MIN, V=2V,

VoH High-level output voitage ce fH 25 3.4 2.7 3.4 Y
ViL=08V, lgy=—-1TmA
v =MIN, Vyp=2V,

VoL Low-level output voitage cc ! H=2 0.5 Da| Vv
ViL=08V, lgL=20mA

Iy Input current at Maximum input voltage Voo =MAX, V=55V 1 1] mA

Iy High-levet input current CLK ?nd data inputs Ve =MAX, V=27V 50 50 J37-%
Other inputs -10 —200 | -10 -—200
' Low-level input o EEND Y MAX, Vy=05V — N
- ren = =0,

iL Lowdevel input curre Other imputs ce e -2 ;"
los Shorr-circuit autput current# Voo - MAX —40 —-100 | —40 —100 f mA
Icc  Supply current Voo = MAX a5 160 85 160 | mA

TFor confﬂzuor\s shown as MIN or MAX, Lse the approariate vatue specifiend under recommended operating conditions.
CAN typical values are at Vo 5V, Ty -25 C.
S Mot more than ona output should be shorted at a time, and duration of the short—circuit should not exceed one second,
switching characteristics, Vcc =5V, Ta =25°C
FROM TO
M RY TEST CONDITIONS MinN TYP MAX JUNIT
PARAMETE (INPUT} (QUTPUT)
frmax a0 70 MH2z
14 25
PLH
CLK RCO ns
PHL CL 15pF, 17 25
R =280 o, 8 5
p CcLKk Any O " Figures 1 d 4 "
PHL See Figures 1, 3, an 10 15
10 15
1
PLH ENT RCO 10 15 ns
tPHL

il
max
Lp | H S propaganoen delay time, 1ow-ta-high-level cutput

tpH Swropagaton delay time, high-to law-level putpul

=maximum clock freguency

*iﬁ
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,

SN548162, SN548163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN74S163

SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

YOH

== tPLH
{measure at tnyq!t

tPLH

VOoH

— — VoL

— Vou

l"‘w(clockl -l
! |
CLK
INPUT
! |
L——d—t tPLH l'.""'—"‘l-'tPHL I
(measure at tnyq} (measure at tp o)
| nt1h | ] n+2 |
I | | 1
OUTPUT | I | ! |
UT
Qa | Vref 1 Vref l
| |
| I |
|. i-—ql—- tPHL
i ! {measure af tn.4q) I
i ' |
[ ! !
OUTPUT
Qg | | Vief l
|
I
I
| 'PHL
| | {measure at 1,48}
| ) [
OUTPUT I J '
i |
[ | !
| l‘-——-l— PHEL
l {measure at th4.10
| | T
| (See Note B)
OUTPUT I '
Cp | | Vyef
] £
| rd
r.——-r— tPLH L——"— PHL
| {measure at thy 10
\ | or tn+16) (See Note B)
! T T T T _
RCO Vyaf Viat
(4
3
VOLTAGE WAVEFORMS
NOTES:

VoL

A. The input puisaes are supplied by a generator having the fotlowing characteristics: PAR < 1 MH2Z, duty cycle < 50%, Loyt = 60 £2;

for 160 thru "163. t; € 10 ns, tf < 10ns; for’LS160A thru’' LS163A 1 < 15 ng, 1y < 6 n3; and for '§162, 'S163, t, < 2.5 ns,

tf £ 2.5 ns. Vary FRR 10 measure f ;.

B. Outputs Qp and carry ara testad at tn,qg for'160,'162,'LS180A,'LS162A,and 'S162,

‘LS163A, and 'S163, where t, is the bit time when all outputs are low.

C. For ‘160 thru '163, '$182, and '5163, Vres = 1.6 Vi for 'LE160A thru "LS163A, Vief= 1.3 V.

FIGURE 1-SWITCHING TIMES

and at tp g for 1167,

‘163, 'LS161A,

{i;
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN74160 THRU SN74163, SN74LS160A, THRU SN74LS163A
SYNCHRONDUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

CLK INPUT
1680, 'L8160A
‘161, 'LS161A

TLR
iINPUT
LOAD
INPUT
DATA INPUTS
AR C andD
I
——i tPHE llc— | —.: tpy H He—
Q OUTPUTS [ ; ! Il vor
161, 'LS161A | v I v
Qg and Qp OUTPUTS | ret : | rei
*160, "LS160A | S VoL
=™ PHL Il‘_ ! e ol tpy | (Mmeasure at thep of thyg)
| | | !,—————.————-————VOH
Qg and Qg OUTPUTS ! I | t7
*160, "LST60A : Vrat I I ;;. Vyet
| [
] N = - = VoL
i [ L o ee—————— v
ENP or : ! !
ENT | |
! | |
| | av
: [ | | tPLH—Y
: I'_"'r' t Vo
‘ ' su
ACO | ) !
| f ]
| 1 | VoL
l—  tgy —= | ]
3v
CLK INPUT ' [
162, 'L5162A Vet
163, 'L5163A |
i - —_——_ e —_—- —_— - av
—*4 tpHL :'- — ey e
Q OUTPUTS | i I | VoH
‘163, 'L5163A I v i v
t f
Qp and Qp OUTPUTS : e | e
‘162,°L81824 L e, e - — v
_4.f tPHL =o— Il._.:_ tpLH (measure at tn42 or thigh oL
v e e = e VOH
Qg and Qg QUTPUTS l Y
162, 'L§1624 Vref f‘ Vret

VOLTAGE WAVEFORMS
NOTES: A. The input pulses are supplied by generators having the follewing characteristics: PRR < T MHz, duty cycle < 50%, Zg,¢ = 50 0
far “160 thru "183, tr < 10 ns, tf < 10 ns; and for ‘LST160A thru 'LS163A, tp < 15 ng, 1 < 6 ns,
B. Enabie P and enable T setup times are measured at tnyqg.
C. For 7160 thru "TE2, V gr = 1.5 V; for 'LS160QA thru ‘LS1B3A, Vigf = 1.3 V.

FIGURE 2—-SWITCHING TIMES

{i’
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SN64S162, SN54S163, SN745162, SN745163
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

———————————— v
ENT 1.6V 1.5V
INPUT i |
| ' ov
! bo—— tPHL
le—— tpLH —i —"II
|
e o e e e e —v
| | OH
RCO 1.5V 15V
VoL

VOLTAGE WAVEFORMS

NOTES: A The input pulse is supplisd by & generator having the following characteristics: &, =< 2.5 ns, t; & 25 ns, PRA © 1 MHz, duly
cvele © 50%, Zg,q 5D L
B. ippy and 1pyy from enable T input 1o carry output assume that the counter is at the maximum count (3, and Qg high for
‘8162, all Q autputs high for "5163).

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

jo— *wiclock) —~
p— twiclack) —e

|
1 1 | 3V
CLK l 15V
INPUT I '
o tgy  —ed — gy ———01I |
| lactive state} le— th — {inactive state} |
|
| ! 3v
SiF I [ | !
INPUT | 1.5V ; 15V } :
I T—_‘_—_r—————'———j——’nov
le—— twiclear) —ed }0-- tsy —-] p————  fy ——— -
(acti {inactive state)
| lactive state} [ th -l |
| I | v
—_— |
LOAD 1.5V 15V |
INPUT
AP S 1

I
I
l
I Isu—.l
I
I
|

DATA INPUTS
A B C,and D

ENP or
ENT
VOLTAGE WAVEFORMS
NOTE A: The irput pulses are supplied by yenerators having the following characteristics: 6t 25 ns, & 25ns PRR 1 MHz, Jduty

cycle ~ 507, 24, = 90 §L.

FIGURE 4-PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME

{i,
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SN54160 THRU SN54163, SN54LS160AR THRU SN54LS163A,

SN548162, SN54S163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163

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, 'LST60A, 'LS162A, or 'S162 will countin 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
L0A B c D LA B C D DA B C D toa B CcoO |
H=COUNT Nate 1
L = HSABLE EM P ENP EM P ENF
= COUNT
— RCO RCO ENT
L = DISABLE ENT ENT RCO ENT RCO =
—F> CK b cK cK b CC
CLR Qg Qg Q¢ Qn CLR Op Qg Q¢ Qp CLR Qa Qg Q¢ Qp CLR Qa Qg Qg Qp
cLA I 1 I J | l
OUTPUTS QUTPUTS QUTPUTS QUTPUTS
CLK e

FIGURE 1

figax = 1HCLK to RCO tpy ) + (ENT to RCO t pp gl (N-2) + {ENT tg,)

TO MORE-
> SIGNIFICANT
STAGES

TEwﬁS‘y
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SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,

SN545162, SN54S163, SN74160 THRU SN74163,

SN74LS160A THRU SN74LS163A, SN745162, SN745163

SYNCHRONOUS 4-BIT COUNTERS

TYPICAL APPLICATION DATA

r
—_—

INPUTS INPUTS INPUTS INPUTS
LA B8 C D LoA B € D D a B C D L0 A 8 C D Ses
H = COUNT Note 1
L = BISABLE ENP ENP ENP ENP
H = COUNT EnT RCO 1 L] ENT RCQ ENT RCO ENT RCO [~
L = DISABLE
> CK —t> Ck P> CK. p———t> CK.
CLR Qp Qg Qg Qp CLA 0a O ¢ Op CLR Q4 Cg Q¢ Qp CLR Qa Qg G Op
CLR T I 1 T
OUTPUTS QUTPUTS OUTPUTS QUTPUTS
cLK >
-

fmax = 1/(CLK to RCO tp ) + (ENP tg,)

FIGURE 2

TO MORE-
> SIGNIFICANT
STAGES

INSTRUMENTS
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IMPORTANT NOTICE

Texas Instruments (TI1) reserves the right to make changes to its products or to discontinue any semiconductor
product or service without notice, and advises its customers to obtain the latest version of relevant information
to verify, before placing orders, that the information being relied on is current.

Tl warrants performance of its semiconductor products and related software 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 TI 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, INTENDED, AUTHORIZED, OR WARRANTED
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. Use of Tl
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning
potential risk applications should be directed to Tl through a local SC sales office.

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

Tl assumes no liability for applications assistance, customer product design, software performance, or
infringement of patents or services described herein. Nor does Tl 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.

Copyright 00 1996, Texas Instruments Incorporated
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