~ TYPES SN54160 THRU SN54163, SNG4LS160A THRU SN5ALSIB3A,

m SN54S162, SN545163, SN74160 THRU SN74163.

s SN74LS180A THRU SN74LS163A, SN74S162, SN74S163

| BULLETIN NsovDNL-sc #‘F&NCQOHBESR 3;53—!!V|559A“U§l§|§7§
160, '161,'LS160A, ‘LS161A ... SYNCHRONOUS COUNTERS WITH DIRECT CLEAR

162, 163, 'LS162A, 'LS163A, 'S162, 'S163 . . . FULLY SYNCHRONOUS COUNTERS
SERIES B4', B4LS’, 545 . .. J OR W PACKAGE

¢ Internal Look-Ahead for Fast Counting SERIES 74", 74LE 745 ... J OR N PACKAGE
e Carry Output for n-Bit Cascading — (700:1 lefsm

¢ Synchronous Counting CARRY enasie

o Synchronousty Programmable

o Load Control Line

RIPPLE O, Og

0p ENABLE]
CARRY T
QUTPUT
qcLEAR

¢ Diode-Clamped Inputs

LOAD P

TypicaL pRoPAGATION | TXEICIL  TvpicAL
TYPE TIME, CLOCK TO CLOCK POWER
Q OUTPUT FREQUENCY DISSIPATION
‘160 thru ‘163 14 ns 32 MH:z 305 mW
‘LS160A thru 'L5163A 14 ns 32 MHz 93 mW CLEAR CLOCK A B C D ENABLE GND
*S162 and ‘S163 9ns 70 MHz 475 mW DATA INPUTS °
L. logic: see description
description

These synchranous, presettable counters feature an internal carry look-ahead for application in high-speed counting
designs. The "160, '162, ‘LS160A, 'LS162A, and "S162 are decade counters and the '161, '163, 'LS161A, 'LS163A, and
*S$163 are 4-bit binary counters. Synchronous operation is provided by having alt flip-flops clocked simultaneously so
that the outputs change coincident with each other when so instructed by the count-enable inputs and internal gating.
This mode of operation eliminates the output counting spikes that are normally associated with asynchronous (ripple
clack) counters. A buffered clock input triggers the four flip-flops on the rising {pasitive-going) 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,
setting 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 pulise 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 ‘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 regardiess of the

tevels of clock, load, or enable inputs. The clear function for the "162, ‘163, 'LS162A, ‘LS163A, 'S162, and ‘S163 is
synchronous and a low level at the clear input sets all four of the flip-flop outputs low after the next clock puise,
regardiess of the levels of the enable inputs. This synchronous clear alfows 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.

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 rippie 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-leve! 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 '$162 and 'S163 are
allowed regardless of the leve! 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 clear) 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.

The ‘LS160A thru 'LS183A are completely new designs. Compared to the original "'LS160 thru ‘LS163, they feature
0-nanosecond minimum hold time and reduced input currents I}y and kL.
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TYPES SN54160 THRU SN54163, SN74160 THRU SN74163

SYNCHRONOUS 4-BIT COUNTERS

functional block diagrams
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TYPES SN54LS160A THRU SNS54LS163A, SN74LS160A THRU SN74LS163A

SYNCHRONOUS 4-BIT COUNTERS

functional block diagram
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SYNCHRONOUS 4-BIT COUNTERS

TYPES SN545162, SN54S163, SN74S162, SN74S163

REVISED OCTOBER 1978

functional block diagrams
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. ENABLE T

TYPES SN54180, SN54162, SN54LS160A, SN54LS162A, SN54S162,
SN74160, SN74162, MBSGA SN7413162A, SN74S162
SYNCHRONOUS 4-BIT COUNTERS

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

typical clear, preset, count, and inhibit sequences

Hiustrated below is the following sequence:
1. Clear outputs to zero (‘160 and ‘LS160A are asynchronous; ‘162, 'LS162A,and "S162 are synchronous)
2. Preset to BCD seven
3. Count to eight, nine, zero, one, two, and three
4. Inhibit

CLEAR | I
LOAD LJ

g A_] e — - - o - :
S —— - — = = —_— — — — — —
DATA< _J I L ————— - - - - -
INPUTS ) e e e oo i en e — —t m— —— m——
c_J J —
I e e e . e e o e
Lo | L — — — — — — - — - —

|
cox ] [ UUMyryuyryruruyu

|
ENABLE P il | I

"o |
s i |
OUTPUTS < .
Oc—
Lo

— L
-___I{J__IF,L_L.L_LJ_-______

RIPPLE-CARRY E r_‘l
OUTPUT 7 18 9 0 1 2 3
| COUNT -4 INHIBIT
SYNC PRESET
ASYNC CLEAR
CLEAR
107
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TYPES SN54161, SN54183, SNS4LS1G1A, SH54L8163A, SN548163,

SN74161, SN74163, SIM&%I“MWC%H, %g

“161, ’LS161A, '163, ‘LS163A, 'S183 BINARY COUNTERS

typical clear, presst, count, and inhibit sequences

itlustrated below is the foilowing sequence:
1. Clear outputs to zero ("161 and 'LS181A are asynchronous; ‘163, 'LS183A, and "S163 are synchronous)
2. Preset to binary twelve
3. Count to thirteen, fourteen fifteen, zero, one, and two

4. Inhibit
CLEAR ‘ |
LOAD |
i o e
[ | r_ - - - - = _— .
T
8 R - - -
DATA _e— e e— — — = = — — —
INPUTS — e e e e e e
c_| e -
o_J 1 - _ - _—_ ___—_—-—_-—-Z
N |
! ] ] K
by {
ENABLE P | i ]
T
~ —— =
ENABLE T | 1 ]
- P : :
o :1 [ | L1 L
' i
_— '
LS B | | 11
ouwumﬁ :
ac__ ] 1 '
1
—_ I
@~ 371 | L '
~ : I ] !
RIPPLE-CARRY i : [ | I
OUTPUT T nz 13w 1% o0 1 2
I | COUNT 4 INHIBIT
SYNC PRESET
CLEAR
ASYNC
CLEAR
!1073
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TYPES SN54160 THRU SN54163, SN74160 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs

EQUIVALENT QF EACH INPUT

Vec
130 £ NOM

INPUT

Clock: ,q = 2.8 k{1 NOM
Ensble T: Ry, =2 k2 NOM
Clear, Enable P: Rgg =4 k{ NOM
A, B C,D: Rgg=6 k{1l NOM

TYPICAL OF ALL OUTPUTS

Vee

OUTPUT

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

Supply voltage, Vcc (see Note 1)

Input voitage .

Interemitter voltage (see Note 2)

QOperating free-air temperature range: SN54 C:rcuuts
SN74’ Circuits

Storage temperature range

NOTES: 1. Voltage values, except interemitter voitage, are with respect to network ground terminal.

enable inputs P and T.

recommendad operating conditions

—55 Cto

A"
55V
55V

125°C

0°C to 70°C

—65°C to

150°C

2. This is the voltages between two emitters of a multipie-smitter transistor. For these circuits, this rating applies between the count

SN54160, SN54161 |SN74160, SN74161
SNG4162, SN54163 | SN74162, SN74163 | UNIT
MIN NOM MAX| MIN NOM MAX|
Supply voltage, Voo 4.5 5 55 | 4.75 5 5.25 A4
High-levet output current, loy —800 —800 | uA
Low-level output current, 10| 16 16 | mA
Clock frequency, feiock V] 285 0 25 | MHz
Width of clock pulse, twiclock) 25 25 ns
Width of cleer pulss, ty(clear} 20 20 ns
Data inputs A, B, C, D 20 20
Setup time, tg, (see Figures 1 and 2) IE-:::‘E Ld ;2 12’2 ns
Clear® 20 20
Hold time at any input, ty, 2] 4] ns
Op g free-air temp! e, Ta —B§ 125 0 70 | °c

o'i'hic applies only for '162 and "163, which have lvnchrronous clear inputs.

TeExAs INSTRUMENTS
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TYPES SN54160 THRU SN54183. SN7488 THRU SN74163
SYNCHRONOUS 4-BIT COUNTERS

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

SNE4160, SN54161 |SN74180, SN74161
PARAMETER TEST CONDITIONS? SNS54162, SN64163 | SN74162, SN74163 [UNIT
MIN_ TYP; MAX | MIN TYPF MAX
Vi High-level input voltege 2 2 v
ViL Low-level input voltage 08 08| Vv
ViK  Input clamp voltage Vee=MIN, Ij=-12mA -1.5 -1.5 v
. Ve =MIN, Vig=2V,
V High-level output volt: 24 34 24 34
OH High put voltage VIL=0.8YV, Ion =800 yA v
Vee=MIN, V=2V,
\'/ Low-level output volt X . .
oL put voliage Vi =08V, lgL=16mA 02 04 02 04} v
L Input current at maximum input voltage Ve =MAX, V=656V 1 1 [mA
High-level Clock or enable T
v . ‘o - Voo =MAX, V=24V 80 go uA
input current Other inputs 40 40
Low-fevel Clock nable T —3. —3.
woooo il Voo =MAX, V=04V 32 321 A
input current Other inputs =16 —-16
1os  Short-circuit output current § Ve = MAX ~20 -67 | —18 =57 | mA
IccH Supply current, alf outputs high Vge =MAX, SeeNote 3 59 85 69 84 | mA
tccL  Supply current, all outputs low Vg = MAX, See Note 4 63 91 63 101 | mA

TFor conditions shown as MIN or MAX, use the sppropriste velue spacifiad under recommended opersting conditions.

LAN typical values are st Vec =5V, Ta =25°C.
Not more than one output should be shorted at s time.

NOTES: 3. IggH is measured with the joad Input high, then again with the load input low, with all other Inputs high and all cutputs open.
4. lggL Is measured with the clock input high, then again with the clock input low, with sll other inputs jow and all outputs open.

switching characteristics, Vecc =6 V, TA = 25°C

PARAMETERY FROM To TEST CONDITIONS MIN TYP MAX |UNIT
{INPUT) {OUTPUT)
Trnax 25 32 08
PLH Clock Rippie 23 35 ns
tPHL carry 23 35
PLH Clock Any CL =16 pF, 13 20
AL {load input high) Q RL =400 2, % 2| "
PLH Clock Any See Figures 1 and 2 17 26
®HL (load input low) Q and Notes 5 and 6 w2 | "
PPLH Enable T Ripple 1 16 e
1PHL carry 11 16
PHL Clear AnyQ 26 38 ns

‘fmax = Maximum clock frequancy
tpLH = propagstion delay time, iow-to-high-lsvet output
1pHL = propagation delay time, high-to-low-level output
NOTES: B. Load circult is shown on page 3-10.

6. Propagation dalsy for clearing Is measured from the cisar Input for the 160 and ‘181 or from the clock input transition for the

‘162 and "163.

176
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TYPES SN54LS160A, THRU SN54LS183A, SN74LS¥60A, THRU SN74LS163A,
SYNCHRONOUS 4-BIT COUNTERS

schematics of inputs and outputs
EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
- —— Vce
Vol m————r
ce ( 120 ©2 NOM
p Rﬂ‘ 1
INPUT ——

<
3
! QUTPUT

Dats: Rgg = 2.5 k2 NOM
Enable T, Load: Reg = 10 k) NOM
Clock, Enable P: Rgq =20 k{l NOM
Clear ("LS160A, 'LE1681A): Agq = 20 kil NOM
Clear (*LS162A, 'LS163A): R.q = 10 k{2 NOM

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

Supply voltage, Voc (see Note 7). . . .« . . . . . . o ot o e e e e TV
Inputvoltage..............._.......................7V
. . '3 n . d O
Operating free-air temperature range: SN54LS’ Circuits e i i i e e e e .. -—B5CrIBC
o
SN74LS'Circuits . . . - . . - -« . v ... ... 0Cr70°C
ol ]
Storage temperature range e e . e i i e s e... —65Cto150C
NOTE 7: Voltage values are with respsct to network ground terminal.
_ recommended operating conditions
SNB4LS' SN74LS"
UNIT
MIN NOM MAX| MIN NOM MAX|
Supply voltage, Voo 45 65 55 475 5 528] v
High-level output current, IgH —~400. —400 | uA
Low-level autput current, i 4 8 ] mA
Clock frequency, fainck 0 25 ] 25 | MHz
Width of clock pulse, twiclock) 25 25 N ns
Width of clear pulse, ty{clear) 20 20 ns
Data inputs A, B, C,D 20 20
. . Enable Por T 20 20
Setup time, 1y, {see F 1and 2
g {see Figures 1 and 2) Losd 20 20 ns
Clear® 20 20
Hotd time at any input, ty, 0 0 ns
Operating free-air temperature, T —55 125 0 70| °C
0 This appiies only for 'LS162 and ‘L5163, which have synchronous clear inputs.
21 TEXAS INSTRUMENTS
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TYPES SN54LS160A THRU SN54LS163A, SN74LSIS0A THRU SN7ALS63A
SYNCHRONOUS 4-BIT COUNTERS

electrical characteristics over recommended operating free-air temperature rangs (uniess otherwise notad)

_ 5418 SN74LS"
PARAMETER TEST CONDITIONST SNSALE — UNIT
MIN TYPE MAX [MIN TYPE MaX
Viy High-level input voltage 2 2 \"2
ViL Lowlevel input voitege 0.7 08| v
ViK Input clamp voltage . Vce * MIN, lj=—~1BmA -1.5 -15| Vv
) Vee=MIN, V=2V,
Vi High-level output voitege 25 34 2.7 34 v
OH Vi = Vi max, IoH = —400 gA
Vee=MIN, |10 =ama 025 04 025 04
VoL Lowlevel output voitage ViH=2V, v
V)L = vy max |fOL=8mA 035 05
Date or ensble P 0.1 0.1
Inputcurrent [ ek, of ensble T 0.2 02
t at i Ve =MAX, V=7V - -
1 MmN T Ciear (15 160A, 'LS161A]| ¥ CC ! 0.1 01| ™
input voltage
Clear 'LS162A, ‘LS163A) 0.2 0.2
Dats or ensble P 20 20
High-level Load, clock, orenable T 40 40
' Ve = MAX, V=27V A
M oputcurrent | CiearLS180A, LS161A]|  °C ! 20 x| *
Clear ('L5162A, ‘L§163A) 40 40
Data or enable P —0.4 0.4
Low-level Load, clock, orenstite T —08 -08
I Voo = MAX, Vi=04V mA
IL inputcurrent [ Cloart'L.S160A, LEIBIA)| ' CC ! —0.4 04
. Clear{'LS162A, 'LS163A) —0.8 -0.8
Igg Short-circuit output currentd Vee = MAX —20 -100 |—20 -100| mA
tcey Supply current, alf outputs high Voo * MAX,  SesNote 3 18 31 18 31| mA
IccL Supely current, ail outputs low Ve =MAX, SeeNote 4 19 32 19 321 mA
TFor conditions shown as MIN or MAX, use the sppropriate value spacified under r operating

1A typical valies are st Voo = 6 V, T4 = 26°C.
§Not more than one output shouid be shorted st & time, and duration of the short<circult should not exceed one second,
NOTES: 3. lCCH is measured with the load input high, then sgsin with ths losd input low, with all other inputs high and all cutputs open.

4. 1pgy is measured with the clock input high, then again with the clock input low, with 8ll other inputs low and all outputs open.

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

FROM )
1 TEST CONDITIONS P IT

PARAMETER (NPUT) (OUTPUT) c MIN  TYP MAX |UN

frnax 2% 32 MHz

tPLH Clock Fipple > ®I.

PHL carry L =15 0F TS

e Clock Any R'- - k’; ’ TN

PHL {load input high} Q L= o 18 27

See Figures

tPLH Clock Any 13 24

r {1oad input tow} a 1 and 2and Ty

PHL = Notes 8 and 9 -

PLH Enable T ipple 9 - ns

tPHL carry 9 14

tPHL Clear Any Q 20 28 ns

1f,““ = Maximum clock frequency
tp M = propagation delay time, low-to-high-lsvet output.
tpi = propagstion delay time, high-to-low-level output.
NOTES: 8. Load circult Is shown on page 3-11.
9, Propagstion delsy for clesring is messured from the clear input for the 'LS160A and "L S181A or from the ciock transition
for the ‘LS162A and ‘LS163A,

77
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TYPES SN54S5162, SN564S163, SN74S162, SNMS163
SYNCHRONOUS 4-BIT COUNTERS

REVISED AUGUST 1877

schematics of inputs and outputs
EQLIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
- 1 Vee
Vee - 3502 NOM
0kENOM 4 SR }
{OPEN FOR CLOCK 2 b eq —_
AND LOAD INPUTS) }
INPUT —t -—
: ouTPUT
L
Enable P or T inputs: Req = 1.4 k2 NOM
Other inputs: R.q =2.8 k{2 NOM
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, Vo {see Note 1) 7v
Input voltage 55V
Interemitter voitage (see Note 2) ... BBV
Operating free-air temperature range: SN54$162 SN54$163 (see Note 10) —55 Cto 125°C
SN74S162, SN745163 0°C to 70°C

Storage temperature range
recommended operating conditions

—65°C to 150°C

SN545162, SN545163 | SN745162, SN745163 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, VcC 4.5 5 55 4.78 5 5.26 v
High-tevel output current, iQH -1 -1 mA
Low-ievel output current, lQ|. 20 20 | mA
Ciock frequency, foiock ] 40 4] 40 | MHz
Width of clock pulse, ty(ciock) (high or Jow)} 10 10 ns
Width of clear pulse, ty(ciear) 10 10 ns
Data inputs, A,B8,C, D 4 4
EnablePor T 12 12
. Load 14 14
Setup time, g {see Figure 4) Clear 2 2 ns
Load inactive-state 12 12
Clear inactive-state 12 12
Release time, trplease {see Figure 4) Enable Por T 4 q ns
Data inputs A, B.C, D 3 3
Hold time, tp, (see Figure 4} Load ] Q0 0 ns
Clear 1] Q
Operating free-air temperature, T o (see Note 10} —58 125 0 0| 'C

NOTES: 1. Voltage values, except interamitter voltage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-amitter transistor. For these circuits, this rating applies between the count
enabla inputs P and T.
10. An SN545162 or SN545163 in the W package opsrating at free-air temperatures above 91°C reguires a heat sink that provides a
thermal resistance from case to free-air, Rgca. o not more than 26 C/W.
7-200 TexAs INSTRUMENTS
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TYPES SN545162, SN545163, SN743162, SN74S163
SYNCHRONOUS 4-BIT COUNTERS

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

8SN545162 SN748162
PARAMETER TEST CONDITIONS? SN54S163 SN745163 UNIT
MIN TYPT MAX |MIN TYP MAX
Vin High-level input voltage 2 2 v
ViL Lowlevel input voltage 0.8 08| Vv
ViK Input clamp voltage Vge =MIN, 11 =-18mA -1.2 -12| V
Vgu High-level output voitage Vee=MIN. Vin=2V. [, 34 27 34 v
ViL =08V, Igy=-1mA
VoL Low-level output voitage Vee =MIN, Vi =2V, 05 05| v
ViL =08V, loL =20mA
W Input current st maximum input voltage Vee =MAX, Vy=556V 1 1| mA
i  High-level input current Enatle T Vee = MAX, V=27V 100 190 uA
Other inputs 50 50
i Low-level input current Enable T Vee = MAX, V=05V —4 -4 mA
Other inputs -2 -2
) Igs Short-circuit output current® Voe = MAX ~40 —100 | —40 —100 | mA
. icc  Supply current Ve = MAX 95 160 95 160 | mA
tFor conditions shown as MIN or MAX, use the appropriate valua specified under recommended pperating conditions.
) tan typicat values are at Ve =5V, Ty = 25°C.
§Not more than one output should bs shorted st a timse, and duration of the short<circult shouid not exceed one sacond.
switching characteristics, V¢ =5V, Ta=25°C
PARAMETERY FROM To TEST CONDITIONS MIN TYP MAX |UNIT
{(INPUT) {OUTPUTI
fmax a0 70 MHz
PLH Clock Ripple 14 25 s
tPHL carry CL=15pF, 17 25
PLH Clock Any Q Ry = 280 Q, 8 s |
PHL See Figures 1, 3, and 4 and 10 15
tPLH Enable T Ripple Note § 10 15 e
PHL carry 10 15
16,“‘,( maximum clock frequency
tpH M propagation delay time, low-to-high-level output
tpy | = propagation delay time, high-to-fow-level output
NOTE 6: Load circuit is shown on page 3-10.
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TYPES SN54160 THRU SN54163, SHSQI.SWU? .THRU SN54LS183A,

SN545162, SN548163, SN74160 THRU  SN7418

SN74 g JA THRU SN7 3A, SN74St1
SYNC!H's us 4-817 “HST‘E’ 82, SNT4S163

PARAMETER MEASUREMENT INFORMATION

l‘-‘w(u:ior:ld -l
! I
I

|
L—-l—tpu.‘ Iv.—d|—tp|.| |
| | (measure at theq) | | {measure at t,42) |
| I ] i ——_—— v
oo | i ] oM
OUTPUT
Oa I Vref i Vief i
} Py !
| | )4 I VoL
| le—ed— tpp lo——ol— tp
1 | | (messure at tn.g) | (measure at tyyo)
| | | |
! | ! | i VoH
OUTPUT
| | Vref l Vet
£C
: | 7 T T - - T =- Vot
el tppyt [o—>t—tpLH
: i : {measure at tn4+g} ' i {measure at t;14)
|
\Y
| } OH
OUTPUT ! | I
Qc | | Vref | Vet
|
| . g
|
IQ—-'-— tPHL PLH
I | | (measure at tn410 | {measure at th4g)
i or tn+16}
! I {See Note B) | VoH
OUTPUT | |
ap | | Vref
{ | ——————— — VoL
= tiu tPHL
| t (measure at tys10
| | or th+16) (See Note B}
|‘-‘__‘_——__—_‘—_“"—V0H
RIPPLE |
CARRY Vref Vref
OUTPUT ['4
r VoL
VOLTAGE WAVEFORMS

NOTES: A, The input pulses ara

lod by a

having the g characteristics: PRR < 1 MHz, duty cycle < 5O%, Z,,; ™ 50 0;

for "180 thru '163, 1, <10 ns, tf < 10ns; for” 1LS180A thru’ LS163A Y, < 16 ns, t¢ € 6 ns; and for ‘S162, “S163, 1y € 2.5 ns,
¢ < 2.6 ns. Very PRR to messure fo, .

8. Outputa Qp and cerry are tested at tp,qg for'160,°182,°LS160A,°LS162A and ‘S162, and 8t thyqg for 161, “163,'LS1614

*1LS163A, and 'S163, where tp, is the bit tims when all outputs sre low.
C. For 160 thru 163, 'S162, and "S163, Vet = 1.5 V: for ‘LS160A thru‘LS163A, Vegr= 1.3 V.

FIGURE 1-SWITCHING TIMES

1-202
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TYPES SN54160 THRU SN54163, SN54LS160A THRU SN54LS163A,
SN74160 THRU SN74163, SN74LS180A THRU SN74LS163A
SYNCHRONOUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

CLOCK INPUT 3v
160, 'LS160A
"161,LS161A |
ov
:’—'w(clock)—'.
l 3v
CLEAR
INPUT ' Vref Vref :
|
—————————— ov
: tw(t:lainr)"I :
) 3v
LOAD i [
INPUT | |
] | ov
' |
] | 3v
DATA INPUTS | I
A,B,C,andD I |
ov
—! oL :'— 1
QOUTPUTS 1 1 : VoH
161, 'LS161A | v
Qp and Qp OUTPUTS | ref :
*160, LS160A i v
—*) PHL :‘— i oL
l 0 | VoH
Qg and Q¢ QUTPUTS ]
*160, "LS160A : Vref ]
|
| \ VoL
| |
ENABLE P or : :
ENABLE T , |
! I
| |
RIPPLE ) |
CARRY ) i
OUTPUT | |
: T 1 vou
‘ lo— ta —o ! 3v
CLOCK INPUT i |
! 162, ‘LS162A
1 “163, 'LS163A \
: ] ov
j —>4 tpHL :‘— —* PLH !"
QOUTPUTS t \! P Vo
‘163, ‘LS163A | Vief | Vet
Qp and Qp OUTPUTS : 1
'162,'Ls1624 0 e————— . - e e e — v
_.l PHL }.— }n-—-:— tpLH (measure at tp49 or tn4a) oL
. 00 | |/‘"""""’——_"""_—VOH
g and Qg OUTPUTS
162, "LS162A Vret # Vret
e e e e e e e e - VoL
VOLTAGE WAVEFORMS

NOTES: A. The input pulses are suppliad by genarators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, 25, = 50 Q;
for ‘160 thru ‘163, t, < 10 ns, ty < 10 ns; and for "LS160A thru 'LS163A, 1, < 15 ns, ts < 6 ne.

Enable P and enable T sstup times are measured at Tn+0-

. For “160 thru *163, Vyef = 1.5 V; for ‘LS160A thru 'LS163A, Vg = 1.3 V,

op

FIGURE 2—SWITCHING TIMES
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TYPES SN54S182, SN5483, SN74SH62, 8"143‘3
SYM!HMDUS 4-BIT COUNTERS

PARAMETER MEASUREMENT INFORMATION

ENABLE T 15V 15V
INPUT d I
{ | ov
1 o PHL —ay
le— tpLn -—': )
: e
CARRY
15V
OUTPUT 18V
Vo
VOLTAGE WAVEFORMS

NOTES: A. The input pulse is supplied by a generator having the following characteristics: t, < 2.5 ns, 4 < 2.5 ns, PRR < 1 MH2z, duty
cycle < 50%, Zgyy = 50 £2.
B. tpLn and tpyy from enable T input to carry output sssume that the counter is at the maximum count {Qa and Qp high for
‘S162, all Q outputs high for ‘S163}.

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

$o— twiclock! —-1
e— twiciock) ——

3v
CLOCK
iNPUT
o ty —ol f—
{ lactve sate) ba— th —1  (ingcrive state) |
| |
CLEAR ’ 15V ’ 15V :
INPUT ’ ’
h i |
¥ T ] _
le—— ty(cicar) = tw 1
| lactive state) ™t
{
i |
LoAD !
v
INPUT . |
-ty —
|
|
|
DATA INPUTS 1.5V
A 8, C andD
ENABLE Por
ENABLE T
VOLTAGE WAVEFORMS

NOTE A: The input pulses are supplied by gensrators having the following characteristics: t, < 2.5 ns, 5 < 2.5 ns, PRR < 1 MHz, duty
cycls < 50%, Zg,¢ = 50 .

FIGURE 4—-PULSE WIDTHS, SETUP TIMES, HOLD TIMES, AND RELEASE TIME
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SN54LS160A THRU SN54LS163A,

SN54163

TYPES SN54160 THRU

3,

, SN748163

SN74186 THRU SN7416

162, SN548163, ¢
SN741S160A THRU SN741S163A, N74S162

SYNCHRONOUS 4-BIT COUNTERS

- %0070
SLNd1NO SLAdLNO $LNdLNO SLNdLNO
_‘4 H M H HvI10
Qp Jp 8p Yp ¥ Qp 9p 8p Yp y1o Op 9p 9p Yo yo Gp dp 8p Yo y1o
<
%0
M onll 50 & HO G~ 44—
o $39VIS
2 INVOI4INDIS & 1ndLno 1NdLno
1Ndino 1nd1no -
m -3HOW OL o A¥HVD LN3 AHHVD 1N3 AHHVD L NI AHYVD in3 |m.hwﬂww_ - _.“
< ANddiy IddIy I1ddiY Fddiy
Q
' 318vsia =1
a. FYYE] — d N3 4 N3 FEE] —
M INNOD = H
N_ a 29 val a5 8 val a2 8 val a5 8 va
o
o
>
[ —— | W — —_—
SLNAN S1NdNI SLNJNI SLNANI

“HN2119 Peaye-)OO| 158} SIYI Y3IM Pasn aq ued (winwixew-0l-LN ‘TN-0k-LN ‘N-O|npow) spow
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