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General Description 

These synchronous, presettable counters feature an 
internal carry look-ahead for application in high-speed· 
counting designs. The 160A, 162A, LS160, LS162, are 
decade counters and the 161A, 163A, LS161, LS163 
are 4-bit binary counters. The carry outPUt is decoded 
by means of a NOR gate, thus preventing spikes during 
the normal counting mode of operation. Synchronous 
operation is provided by having all 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 co.unting spikes which are normally 
associated with asynchronous (ripple clock) counters. 
A buffered clock input triggers the four flip-flops on 
the rising (positive-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 Io.ad 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 input_ Low-to-high transitions 
at the laad input af the 160A thraugh 163A ar LS160 
thraugh LS163 are perfectly act:eptable, regardless af the 
lagic levels an the clack or enable inputs. The clear 
function far the 160A, 161A, LS160, and LS161 is 
asynchronaus; and a law level at the clear input sets all 
faur af the flip-flap autputs law regardless af the levels 
af clock, laad, ar enable inputs. The clear functian far 
the 162A, 163A, LS162, LS163, is synchranaus; and a 

Features 
• Synchranously programmable 
• Internallaok-ahead far fast caunting 

• Carry output for n-bit cascading TYPE 

• Synchranaus caunting 

Synchronous 4-Bit Counters 

law level at the clear input sets all faur af the flip-flap 
autputs law after the next clack pulse, regardless af the 
levels af the enable inputs. This synchronous clear 
allows the count length to. be modified easily, as decading 
the maximum count desired can be accomplished with 
one external NAND gate. The gate autput is connected 
to. the clear input to. synchronously clear the counter to. 
all law autputs. Low-ta-high transitians at the clear 
input af the 162A and 163A are also permissible regard­
less af the logic levels on the clock, enable, or load inputs. 

The carry laok-ahead circuitry pravides far cascading 
caunters far n-bit synchranous applicatians withaut 
additianal gating. Instrumental in accomplishing this 
functian are twa caunt-enable inputs and a ripple carry 
autput. Bath caunt-enable inputs (P and T) must be 
high to caunt, and input T is fed forward to enable the 
ripple carry autput. The ripple carry autput thus enabled 
will praduce a high-level output pulse with a duration 
approximately equal to. the high-level portion af the QA 

output. This high-level overflaw ripple carry pulse can 
be used to. enable successive cascaded sfages. High-to­
low-level transitions at the enable P ar T inputs af the 
160A thraugh 163A ar LS160 through LS163, may 
occur regardless af the lagic level an the clack. 

LS160 through LS163 feature a fully independent clack 
circuit. Changes made to control inputs (enable P ar T, 
laad ar clear) that will modify the aperating made have 
no effect until clocking accurs. The functian of the 
caunter (whether enabled, disabled, loading, ar caunting) 
will be dictated salely by the canditians meeting the 
stable setup and hold times. 

TYPICAL PROPAGATION 

TIME, CLOCK TO 

Q OUTPUT 

TYPICAL 

CLOCK 

FREQUENCY 

TYPICAL 

POWER 

DISSIPATION 

• Load cantralline 

• Diade-clamped inputs 

160 thru 163 

LS160 thru LS163 

14 ns 
14 ns 

35 MHz 

32 MHz 

315mW 

93mW 
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54160A(J), (W); 74160A(J), (N), (W); 
54LS160/74LS160IJ), (N), (W); 

54161A(J), (W); 74161A(J), (N), (W); 
54LS161/74LS161 (J), (N.), (W); 

54162A(J), (W); 74162A(J), 010, (W); 
54LS162/74LS162(J), (N), (W); 

54163A(J), (W); 74163A(J), (N), (W); 
54LS163/74LS163(J), (N), (W) 
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Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 

" 

DM54/74 DM54LS/74LS 

PARAMETER CONDITIONS 
160A,161A LS160, LS161 

UNITS 
162A,163A LS162, LS163 

MIN TVPl11 MAX MIN TYPl11 MAX 

V ,H High Level Input Voltage 2 2 V 

V,L Low Level Input Voltage DM54 0.8 0.7 
V 

DM74 0.8 0.8 

V, Input Clamp Voltage 11 =--'2 mA -1.5 
Vee"" Min V 

II::: -18 mA -1.5 

IOH High Level Output CUrrent -800 -400 pA 

V OH High Level Output Voltage Vee = Min, V IH = 2V DM54 2.4 3.4 2.5 3A 
V 

V1L == Max, IOH ::: Max DM74 2A 3A 2.7 3A 

IOL Low Level Output Current DM54 16 4 
mA 

DM74 16 8 

VOL I Low Level Output Voltage Vcc=Min DM54 0.2 OA 0.25 OA 
V 1H = 2V 

tOl = Max 
DM74 0.2 OA 0.35 0.5 V 

VI L = Max i Ol ==4 mA DM74 0.25 OA 

I, Input Current ax Maximum All V, = 5.5V 1 

Input Voltage Data or Enable P 0.1 

/ Load, Clock, or Enable T 0.2 mA 

Clear ILS160, LS1611 
Vcc=Max VI = 7V 

0.1 

Clear {LS162, LS1631 0.2 

I'H High Level I nput Current Load 40 40 

Clock, Enable T 
Vcc=Max 

80 40 

\ 
Data 

V, = 2AV 1160A-163AI 
40 20 

pA 
Enable P 

V, = 2.7V ILS160-LS1631 
40 20 

Clear {160, 1611 40 20 

Clear 1162, 1631 40 40 

I,L Low Level Input Current Data, Enable P -1.6 -0.4 

Clock -3.2 1.2 

Load -1.6 0.8 
Vee = Max V, =OAV mA 

Enable T "- -3.2 0.8 

Clear 1160, 1611 -1.6 -{)A 

Clear 1162, 1631 -1.6 -{).8 

los Short CirCUit Output Current DM54 -20 -57 -30 -130 
Vee"" Max(2) mA 

DM74 -18 -57 -30 -130 

ICCH Supply Current, All Outputs High DM54 59 85 18 31 
Vee::: Max(3) mA 

DM74 59 94 18 31 

Iccj.- Supply Current, All Outputs Low DM54 63 91 19 32 
Vee = Max(4) mA 

DM74 63 101 19 32 

Notes 

11) All typical values are at VCC ~ 5V, TA ~ 25°C. 

121 Not more than one output should be shorted at a time, and for OM54LS/74LS duration of short circuit should not exceed one second. 

131 ICCH is measured with the load input high, then again with the load input low, with all o~her inputs high and all outputs open. 

14) leel is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open . 

. -
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Switching Characteristics v cc = 5V, T A = 25° C 

DM54174 DM54LS/74LS 

PARAMETER 
FROM TO 

160A, 161A, 162A, 163A LS160, LS161, LS162, LS163 UNITS 
(INPUT) (OUTPUT) 

CONDITIONS MIN TYP MAX CONDITIONS MIN TYP MAX 

f MAX Maximum Clock Frequency 25 35 25 32 MHz 

tpLH Propagation Delay Time, 
18 27 23 35 ns 

Low-ta-High Level Output Ripple 
Clock 

tpHl Propagation Oe.lay Time, carry 
16 24 23 35 ns 

High-ta-Low Level Output 

tpLH Propagation Delay Time, 
14 20 16, 24 ns 

Low-to-H igh Level Output Clock 

(Loap Input High) 
Any Q 

tpHL Propagation Delay Time, 
23 16 18 27 ns 

High-to-Low Level Output CL =15pF CL = 15 pF 

tpLH Propagation Delay Time, RL = 40011 
14 21 

RL = 2 kH 
17 25 ns 

Low-ta-High Level Output Clock 

(Load Input Low) 
Any Q 

tPHl Propagation Delay Time, 
18 25 19 29 ns 

High·ta-Low Level Output 

tpLH Propagation Delay Time, 
10 15 15 23 ns 

Low-ta-High Level Output Ripple 
Enable T 

tpHl Propagation Delay Time, carry -12 16 15 23 ns 
High-ta-Low Level Output 

tpHl Propagation Delay Time', 
Clearl5) Any Q 24 36 26 38 

High-to-Low Level Output 
ns 

tW(CLOCK) Width of Clock Pulse 25 25 ns 

tW(ClEAR) Width of Clear Pulse 20 20 ns 

tSETUP Setup Time Data Inputs 

A.B.C.D 
20 20 

Enable P 20 25 ns 

Load 25 25 

Clear(6) 20 25 

tHOlO Hold Time at 
0 0 ns 

Any Input 

Notes 

(5) Propagation delay for clearing is measured from the clear input for the l60A, LS160, 161 A and LS161 or from the clock input transition for 

the 162A, LS162, 163A and ['S163. 
(6) This applies only for ,162, 163, LS1~2 and LS163, which have synchronous clear inputs. 

! 
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~MSI 
Logic Diagrams 

DM54/DM74160A,LS160,161A,LS161,162A,LS162,163A,LS163 

160A, LS160 

'2' 
ClOCK---{;»---'-~======ttjj:~C===]rt 

il' 
DATAA----...J 

111 
CLEAR 

'41 
DATA 8--------++--1++1-1"'\ 

151 
DATA C-------H-t1++-t+l-1"'\ 

16' 
DATA D-------I+++-H+H-1-, 

162A, LS162 are similar; however, 
the clear is svochronousas shown 
for the 163A, LS163 binary counters. 

DATAi.c.31 ____ ---' 

171 
ENABLEP 

Oil} 
ENA8LET--r::">--+--~ 

'" 

163A, LS163 

OATAC-------H~F=:l=I:::j::j:::j::::::f.., 

'6161-------+-Wd=UJJ:k~r:;:=~-~ OATAD-

161A, lS161 are similar; however, 

the clear isasynchroflousasshown lJJ:~~~~~~~~~g®=)c 
for 160A, lS160 decade counters. 
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Timing Diagrams 

160, 162, lS160, LS162 SYNCHRONOUS DECADE COUNTERS 
TYPICAL CLEAR; PRESET, COUNT AND INHIBIT SEQUENCES 

CLEAR 
160A, LS16D 

CLEAR 
162A,LS162 

LOAD 

r---f-----.--------------
,----+--,--------------

DATA [ : 

INPUTS: '--+--'r= _===_======== __ +----L 
ClOCK---+' 

160A,lSl11D 

CLOCK 
162A,LS162 

HIIASLEP 

ENABlET 

---+-+' 
---+-+' 

RIPPLECARRY ___ +_+:--l-:-~ I' 

OUTPUT a 9 0 I 2 3 

------COUNT----I----INHIBIT ----

CLEAR PRESET 

Sequence: 
(1) Clear outputs to zero 

(2) Preset to BCD seven 

(3) Count 10 eight, nine, zero, one, two, and three 

(4) Inhibit 

161, LS161, 163, LS163 SYNCHRONOUS BINARY COUNTERS 
TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 

CLEAR 
161A LS161 

CLEAR 
163A,lS163 

LOAD 

r--------------

INDp~~~ [ D:' ~~~~~~::~~~~.Lr = = = = = = = = = = = = = = ,----+--,--------------L _______ ' ______ _ 

""'--+---"T- - - - - - - - - - - - --
ClOCK---+' 

16lA,LSt61 

CLOCK 
16lA,LS163 

ENABlEP 

ENABLET 

--t--+' 

--t--+' 

'-f~; -+-+--+--' 
OD __ 

RIPPlEOCU~~~~ ---+-+,,:-10,::-, -':":-.... ,, 
---COUNT --- ---~INHIBIT~.---

CLEAR PRESET 
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Sequence: 

(1) Clear outputs to zero 

(2) Preset to binary twelve 

{3) Count to thirteen, fourteen, fifteen, zero, one, and two 

(4) Inhibit 
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Parameter Measurement Information 
SWITCHING TIME WAVEFORMS 

CLOCK 
INPUT 

OV 
"lH 

(MEASURE AT tN+11 

OUTPUT 
VOH 

D. 
VOL 

VOH 
OUTPUT 

DB 
VOL 

OUTPUT 
VOH 

Ilc 
VOL 

VOH 
OUTPUT 

Do 
VOL 

RIPPLE 
VOH 

CARRY 
OUTPUT VOL 

Notes: 

(A) The input pulses are supplied by a generator having the following characteristics: PRR $. 1 MHz, duty cycle::; 50%, ZOUT J'::l 50n, for 160A 
through 1.63A, tr S 10 ns, tf S 10 ns; for LS160 through LS163, tr S 15 ns, tf S 6 ns. Vary PRR to measure fMAX. 

(B) Outputs DD and carry are tested at t n+l0 for 160A, 162A, LS160, LS162, and at t n+16 for 161A, 163A, LS161, LS163, where tn is the 
bit time when all outputs are low. 

(C) For 160A through 163A, VREF = 1.5V; for LS160 through LS163, VREF = 1.3V. 

Notes: 

SWITCHING TIME WAVEFORMS 

CLOCK INPUT 3.0V-------""\ 
160A.LS160 
161A, LS161 OV _______ --.,,'-_J 

3.0V ,---+=---~;..;::==-------
CLEAR 

INPUT OV -_I-'-_J 

LOAD 3.0V --"1--+=="{ 
INPUT 

DATA INPUTS 
A, B, C. AND 0 

D OUTPUTS 
161A, lS161 

OV-~---r---H·~--' 

3.0V --t-----j---t-t,r-"""\ 

OV --:-+:--,--+---{ 
VOH 

QA AND Q16~~,T~s~~~ VOL --t--+'y---I---*""' 
VOH 

Oa AND Dc OUTPUTS 

16M, lS160 VOl--j--''-I---I---i--J 

3.0V --I---+--......j--,-....... 
ENABLE P OR 

ENABLE T 

CARRY 

CLOCK INPUT 
162A, LS162 
16JA,lS16J 
a OUTPUTS 
163A, LS163 

QA AND 00 OUTPUTS 
162A, lS162 

DB AND Ilc OUTPUTS 
162A,lS162 

ov ---l--+--:-J-J 
VOH----t---~----~~~--+_------~"f,~~ 

VOl----t===~~~~~----+_--------I 

3.0V r----------

VOH-----t~ 

Voc--------......j.-+,------*""' 
VOH----...::!,;::;' 

VOl -------------,----------' 

(A) The input pulses are supplied by generators having the following characteristics: PRR S 1 MHz, duty cycle S 50%, ZOUT ~ 50n. For 160A 
through 163A, tr S IOns, tf :0; IOns, and for LS160 through' LS163, tr S 15 ns, tf :0; 6 ns. 

(B) Enable P and enable T setup times are measured at tn+O. 

(C) For 160A through 163A, VREF ~ 1.5V;for LS160,hrough LS163, VREF ~ 1.3V. 
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