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DE S CRI PT IO N - The LS 160A/161 A I 162AI 163A are high-speed 
4-bit synchronous counters . They are edge-triggered, synchronously 
presettable. and case ad ab le MSI build ing blocks for coun ting. memory 
address ing . frequency div iSion and other applications . The LS 160A 
and LS 162A count modulo 10 (BCD). The LS 16 1 A and LS 16 3A count 
modulo 16 (bina ry.) 

The LS 160A and LS 161 A have an as ynchronous Master Reset (Clear) 
input that overr ides, and is independenl of , the clock and al l other 
cont rol inputs . The LS 162A and LS 163A have a Synchronous Rese l 
(Clear ) input that overrides all other control inputs, but IS active only dur­
Ing the ri sing clock edg e. 

BCD (M odulo 10) Binary (Modulo 16) 

Asynchronous Reset LS160A LS 16 1A 

Synchronous Reset LS162A LS163A 

• SYNCHRONOU S COU N TI NG AND LOAD IN G 
• TWO C O UNT ENABLE INPUTS FO R HIGH SPEED 

SYN C HRONOUS EXPANSION 

• TE RMINAL COUNT FULLY D ECODED 
• EDGE-TR IGGERED OPERA TION 
• TYPICAL COU NT RA TE O F 3 5 MHz 

PIN NAMES 

PI 
PO-P3 
CEP 
CET 
CP 
MR 

SR 
00- 0 3 
TC 

NOTES, 

Parallel Enable (Active LOW) Input 
Parallel Inputs 
Count Enable Parallel Input 
Coun t Enable TriCk le Input 
Clock (Active HIGH Going Edge) Input 

Master Resel (Active LOW) Input 
Synchronous Rese t (Active LOW) Input 
Parallel Outpu ts (Note b) 
Terminal Count Outpu t (Note b) 

a. 	 1 TTL Un ll L oad (U.L .) '" 40 pA HI GH/1 .6 mA LOW. 
u. 	 The Output LOW drive f3eter IS 2.5 U.L. fo r Military (54) 

Tempe rature Ran ges . 

LOAD ING (Note al 

HIGH LOW 

1.0 U.L. 0 5 U.L 
0.5 U.L. 025 U L. 
0.5 U.L. 0. 25 U L 
1.0 U.L. 0.5 U.L 
0 .5 U.L 0.25 U.L 
0.5 U.L 0 25 U.L 
10 U.L '),5 U.L. 
10 U.L. 5 (2 5) U L 
10 U.L 5(2 5)UL. 

and 5 V.L. for Comme rlcal (74) 

STATE DI AGRAM 

LSl60A • LS162A LS161A. LS163A 

NOTE . 

LOGIC EOUA T IONS 

COUnt Enabl e · CEP. CET - PE 
TC tor LS l60A & LS1 62A " CeT -aO -0, - 51 - a3 
TC tor LS 16 1A & LS 163A • ee T . ao - a, - a 2 - Q3 
Preset :::I PE _CP .. (rising clock edgel 
Rese t . MA ILS l60A & LS1 6 1A I 
Reset ;:c. SA. CP t (rising clock edge) 

ILS162A & LS163A) 

Th e LSI60A oand LS162A can be p reset t o any stal e, but will not count beyond 9 . " p re'et 
to st a t e 10, 1" 12, 13, 14, or 15, il wi ll retUfn to ItS norm al sequence within two clock puls~, 

SN54LS/74LSl60A
SN54LS/74LS161A
SN54LS/74LS162A

SN54LS/74LSl63A 


BCD DECADE COUNTERS/ 
4-BIT BINARY COUNTERS 

LOW POWER SCHOTTKY 

LOGIC SYMBO L 

9 3 4 5 6 

10 15 

2 

, 14131211 

Vee:' Pin 16 


GNO:= Pi n 8 


"M A fa, LSt60A and LS t6 tA 
"SA fa, LS 162A and LS t 63A 

CONN ECTION DIAGRAMS 


DIP (TOP V IEW) 


16 

15 

14 

13 

12 

11 

10 

"MA 1o, LSl60A and LS161A 
·S A fa, LS162A and LS163A 

J Sufhx - Case 620-08 
(CeramiC) 

N Suffix - Case 648-05 
(Plastl cl 

NOrE 
The Flillpall; ve r si on h as t h e same 
Pono ul s CC onne<lIOO Dlagr aml (IS the 
Dual In · U ne Pacll;age 
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SN54LSI74LS160A·SN54LSI74LS161A 
SN54LSI74LS162A·SN54LSI74LS163A 

FUNCTIONAL DESCRIPTION - The LS160A!161A!1 62A/1 63A are 4-bi t synchronous counters w ith a synchro­

nous Parallel Enable (Load) fea t ure . These counters consist o f four edge-triggered D flip-flops w ith the appropri ate 

data routing networks feeding the D inputs. All changes of the a outputs (except due to the asynch ronous Master 

Reset in the LS 160A and LS 161A ) occur as a result of, and synchronous with, the L OW to HIGH transition of the 

Clock input (CP). As long as the se t-up time requirements are met, there are no special timing or activity constraints 

on any of the mode control or data inputs. 

Three control inputs - Parallel Enable (PE), Count Enable Parallel (CEP) and Count Enable Trickle (CET) - select 

the mode of operation as shown in the tables b elow. The Count Mode is enabled when th e CEP, CET, and PE inputs 

are HIGH. When the PE is L OW, the count ers w ill synchronou sly load t he data frorn the para liel inputs into the 

flip-flops on the LOW to HI GH transit ion of the c lock. Either the CEP or CET can be used to inhibit the count 

sequence. With the PE held HIGH, a LOW on either the CEP o r CET inputs at lea st one set -up time prior to the LOW 

to HIGH clock transition will cause the ex isting output states to be retai ned . The AND featu re of the two Count 

Enab le inputs (CEToCEP ) allows synchronous cascadi ng withou t external ga ting and w ithrut delay accumulat ion over 

any practical number of bits or digits. 

The Terminal Count (TC) output is HIGH w hen the Count Enable Trickle (C ET) input is HIGH w hile the counter is 

in its maximum count state (HLLH for the BCD counters, HHHH for the Binary counters). Note that TC is fully 

decoded and will, therefore, be HIGH only for one count state. 

The LS160A and LS162A count modulo 10 follow ing a binary coded d ec imal (B CD) sequence. Th~y generate a T C 

output when the CET input is HI GH w hile the coun ter is in state 9 (HLLH). F rom t his state they increment to state 

II 
o (LLLLI . I f loaded with a code in excess of 9 they return to their legitimate sequence within two counts, as 

explained in the state diagram . States 10 through 15 do not generate a TC ou tput. 

The LS161A and LS163A count modulo 16 following a binary sequence. Th ey generate a TC when the CET input is 

HIGH while the counter is in state 15 (HHHH). From this state they increment to state 0 (LLLLI . 

The Master Reset (MR) of the LS160A and LS 161A is asynchronous . When the MR is LOW , it overrides all other 

input conditions and sets the outputs LOW . The MR pin should never be left open . If not used, the MR pin shoul d be 

tied through a resistor to VCC . or to a gate outpu t w hich is permanen t ly set to a HIGH logic level . 

The active LOW Synchronous Reset (SR) input of the LS162 A and L S163A acts as an edge-triggered control input, 

overriding CET, CEP and PE , and resetti ng the four coun ter flip -f lops on the LOW to HIGH transition of th e c lock. 

This simplifies the design from race -free logic controll ed reset c ircu its, e .g ., to reset the cou nter sy nchronously after 

reachin~ a predetermined value . 

MODE SE L ECT TAB LE 

' SR PE CET C EP ACIIon on the R ising Clock Edge ( I) 

L 

H 

H 

H 

H 

x 
L 

H 

H 

H 

x 
X 

H 

L 

X 

X 

X 

H 

X 

L 

RES ET (Clear I 

LOAD (Pn - On) 

COUNT ( Increment) 

NO CHA N GE (HOl d I 
NO CHA N G E (H oldl 

~For the L S162A and 
L S163A on ly . 
H c HI GH Voltage Level 
L • LOW Voltage Level 
X .. Don't Care 

GUARANTEED OPERATING RANGES 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VCC Supply Voltage 54 4.5 5.0 5. 5 V 
74 4. 75 5.0 5.25 

T A Operat ing A m b lenl Temperature Ran ge 54 - 55 25 125 °C 
74 0 25 70 

IOH Output Current - High 54 . 74 - 04 rnA 

IOL Output Current - Low 54 
74 

40 
8.0 

rnA 
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SN54lS174lS160A. SN54lS174lS161A 

DC CHARACTERlsnCS OVER OPERA11NG TEMPERATURE RANGE (unless otherwise spec ified) 

SYMBOL 

VIH 

VIL 

VI K 

VOH 

VOL 

PARAM ETER 

Input HIGH Voltage 

54 
Input LOW Voltage 

74 

Input Clamp Diode Voltage 

Output HIGH Voltage 
54 

74 

54.74 
Output LOW Voltage 

74 

MIN 

20 

2.5 

2.7 

LIMITS 

TYP 

- 0 .65 

3.5 

3.5 

0 .25 

0 .35 

MAX 

07 

0 .8 

- 1.5 

0.4 

0 .5 

UNITS 

V 

V 

V 

V 

V 

V 

V 

TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

Vce = MIN. liN = - 18 mA 

VCC = MIN. 10H = MAX. VIN = VIH 
or VIL per Truth Table 

10L ­ 4 .0 rnA I VCC - VCC MIN. 

10L = 8 .0 mA IVIN =VIL or VIH 
per Truth Table 

IIH 

Input HIGH Current 
MR. Data. CEP. Clock 
PE. CET 

MR. Data. CEP. Clock 
PE. CET 

20 
40 

Ot 
0 .2 

IJA 

mA 

VCC = MAX. VIN = 2.7 V 

VCC = MAX. VIN = 7 0 V 

IlL 

lOS 

ICC 

Input LOW Current 
MR. Data. CEP. Clock 
PE. CET 

Shon Circuit Current 

Power Supply Current 
Total. Output HIGH 
Total . Oulput LOW 

- 20 

-04 
- 0 .8 

- 100 

31 
32 

mA 

mA 

mA 

Vec = M AX. VIN = 04 V 

VCC = MAX 

VCC = M AX 
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SN54LSI74LS162A. SN54LS174LS163A 

DC CHARACTERISTICS OVER OPERAnNG TEMPERATURE RANGE (unless othe rwise specified) 

SYMBOL 

VIH 

VIL 

VIK 

VOH 

VOL 

IIH 

IlL 

lOS 

ICC 

PARAMETER 

Input HIGH Voltage 

54 
Input LOW Voltage 

74 

Input Clamp Diode Voltage 

Output HIGH Voltage 
54 

74 

54,74 
Output LOW Voltage 

74 

Input HIGH Current 
Data, CEP. Clock 
PE, CET. SR 

Data, CEP. Clock 
PE,CET. SR 

Input LOW Current 
Data. CE P. Clock 
PE. CET. Sri 

Short Ci rcuit Current 

Power Supply Current 
Total. Output HIGH 
Total. Output LOW 

M IN 

2.0 

2.5 

2. 7 

- 20 

LIMITS 

TYP 

- 0.65 

3.5 

3.5 

0 .25 

0.35 

MAX 

0.7 

08 

- 1.5 

0.4 

0.5 

20 
40 

0.1 
0.2 

-0.4 
-0.8 

- 100 

31 
32 

UNITS 

V 

V 

V 

V 

V 

V 

V 

/JA 

rnA 

rnA 

rnA 

rnA 

TEST CONDITIONS 

Guaranteed Input HIGH Voltage for 
All Inputs 

Guaranteed Input LOW Voltage for 
All Inputs 

VCC = M IN. liN =-18 rnA 

VCC = MIN, 10H = MAX, VIN = VIH 
or VIL per Truth Table 

10L ­ 4 .0 rnA I VCC - VCC MIN. 

10L = 8.0 rnA IVIN = VIL or VIH 
per Truth Table 

VCC = MAX. VIN = 2.7 V 

VCC = MAX, VIN = 7.0 V 

VCC = MA X. VIN = 0.4 V 

VCC = MAX 

VCC = MAX 
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SN54LS174LS160A. SN54LS174LS161A 

SN54LS174LS162A. SN54LS/74LS163A 


AC CHARACTERISTICS' TA = 25°C 

LIMITS 
TEST CONDITIONS UNITSSYMBOL PARAMETER 

TYP MAXMIN 

MHzM aximum Clock Freq uency 25 32IMAX 

Propagation Delay 20 35tPLH ns
18Clock to TC 35tPHL 

13 24Propagation DelaytpLH VCC = 5.0Vns
18 27 Clock to QtpHL CL = 15 pF 

14Propagation Delay 9.0tPLH ns
9.0 14CET to TC tpHL 

MR or SR 10 Q 28 ns20tpHL 

AC SETUP REQUIREMENTS' TA = 25°C 

SYMBOL PARAMETE R 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS 

twCP Clock Pulse W idth Low 25 ns 

tw MR or SR Pu lse Width 20 ns 

Setu p Tim e, other· 
VC C = 5.0 V 

ts 20 ns 

ts Setup Time PE or SR 25 ns 

th Hold Time. Any Input 0 ns 

' CEP, CET or DATA 

DE FINITION OF TERMS: 

SETUP TIME (ts) - is defined as the minimum time required for the correct logi c level to be present at the logic input prior 

to the clock tran sit ion from LOW to HIGH in order to be recogni zed and transferred to the outpu ts. 


HOLD TIME (th) - is defined as (he minimu,m time fOllowing the clock transiti on from LOW [Q HIGH th at the logi c level 

must be maintained at the input in order to ensure con t inued recogni t ion . A negative HOLD TIME indicates that the correct 

logic level may be released prior to the clock transition from LOW to HI GH and still be recognized. 


RECOVERY TIME (tred - is defined as the minimum time required between the end of the reset pul se and th e clock 

transition from LOW to HIGH in order (Q recognize and transfer HIGH Data to the Q outPLItS. 


AC WAV EFOR MS 

CLOC K TO OUTPUT DELAYS. 
COUNT FREQUE NC Y. ANO CLQCK PULSE WIDTH . 

CP \3 v Other Conditions: "V 
PE • MR (SRI · H 
CEP =eET • H 

o -t ' 3V j-13 V 
:1 " -I;:::LH PPIHL 'P

'---------' 

Fig . 1 

M ASTER RESET TO OUTPUT DELAY, MASTER RE SET 

PULSE WIDTH . AND MASTER RE SET RECQVERY TI ME. 


O[h (~ r ConditionsTree 
PE - L 

'3v Po P 1 " P2 = P3 = H 
Cp ____~~---------JI 

-----,Ir-- 'w--~/------------
MA 13V 

Fig. 2 
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SN54LS/74LS 160A. SN54LS174LS161A 
SN54LSI74LS162A. SN54LS174LS163A 

AC WAVEFORMS (Cont'dl 

COUNT ENABLE TRICKLE INPUT 

TO TERMINAL COUNT OUTPUT DELAYS 


The positi ve Te pu lse occurs when the outputs are In the 

(00 ·0, • 'Ci2 . 031 state for the LS 160 and LS 162 and the 

(00· 01· 02· 031 state for the LS161 and LS 163 


Fig . 3 Other Conditions ' CP = PE = CEP := MR = H 

CLOCK TO TERMINAL COUNT DELAYS. 

The positive Tepulse is coincident with the out pu t state {GO 

.0,. 02· 031 fort he LS 16 1 and LS 163and (00 · 01· 02 
• 031 for the LS 161 and LS163 . 

Fig . 4 Other Conditions : PE := CEP = cer ~ MA = H 

II 

RESE T CO UNT OR LOAD 

o RESPO 

Fig . 6 

SETUP TIME (tsl AND HOLD TIME ('hl 
FOR PARALLEL DATA INPUTS. 

The shaded areas indicate when (he Input is permitted to 

change lor predictable output performance . 

Fig . 5 Other Conditions' PE := L, M R = H 

SETUP TIME ('sl AND HOLD TIME ('hl FOR COUNT 
ENABLE (CEP) AND (CETI AND PARALLEL ENABLE 
(PEl INPUTS . 

The shaded ar f!:as Indicate when the input is permilled 10 

change for predict iJble ou tput perform ance. 

COUNT HOLD HOLD 

Q~,-------
Olher Conditions: fiE = H, MR = H 

Fi g . 7 
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