Signetics

Logic Products

FEATURES

® Synchronous counting and
loading

e Two Count Enable inputs for n-
bit cascading

® Positive edge-triggered clock

® Asynchronous reset (160, '161)

® Synchronous reset ('162, '163)

e Hysteresis on Clock input (LS
only)

DESCRIPTION

Synchronous presettable decade
(74160, 74LS160A, 74LS162A) and 4-bit
(74161, 74LS161A, 74163, 74LS163A)
counters feature an internal carry look-
ahead and can be used for high-speed
counting. Synchronous operation is pro-
vided by having all flip-flops clocked
simultaneously on the positive-going
edge of the clock. The Clock input is
buffered.

The outputs of the counters may be
preset to HIGH or LOW level. A LOW
level at the Parallel Enable (PE) input
disables the counting action and causes
the data at the Dg-Dj3 inputs to be
loaded into the counter on the positive-
going edge of the clock (providing that
the set-up and hold requirements for PE
are met). Preset takes place regardless
of the levels at Count Enable (CEP,
CET) inputs.

PIN CONFIGURATION

74160, 74164, 74163, LS160A,
LS161A, LS162A, LS163A

Counters

'160, '162 BCD Decade Counter

'161, '163 4-Bit Binary Counter

Product Specification

TYPE TYPICAL PROPAGATION | TYPICAL SUPPLY CURRENT
DELAY (TOTAL)
74160 - 74163 32MHz 61mA
74LS160A - 74LS163A 32MHz 19mA

ORDERING CODE

PACKAGES Voo = 5V £5% TaZ 0°C to +70°
Plastic DIP N74160N, N74LS160AN, N74161N, N74LS161AN
N74LS162AN, N74163N, N74LS163AN
Plastic SO N74LS161AD, N745163AD
NOTE:

For information regarding devices processed to Military Specifications, see the Signetics Military Products

Data Manual.

INPUT AND OUTPUT LOADING AND FAN-OQUT TABLE

PINS DESCRIPTION 74 74LS
CP, CET Inputs 2ul 2LSul
D, CEP Inputs 1ul 1LSul
PE Input 1ul 2LSul
All Outputs 10ul 10LSul
MR Input (160, '161) 1ul 1LSul
MR Input (162, '163) 1ul 2LSsul

NOTE:

Where a 74 unit load (ul) is understood to be 40pA Iy and —1.6mA [, and a 74LS unit ioad (LSul)

is 20pA Iy and —0.4mA 1.
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Signetics Logic Products

Product Specification

Counters

74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

A LOW level at the Master Reset (MR) input
sets all four outputs of the flip-flops (Qg - Q3)
in '160, 'LS160A, 161, and 'LS161A to LOW
levels regardless of the levels at CP, PE, CET
and CEP inputs (thus providing an asynchro-
nous clear function).

For the 'LS162A, '163, and LS163A, the clear
function is synchronous. A LOW level at the
Master Reset (MR) input sets all four outputs
of the flip-flops (Qg - Qg3) to LOW levels after
the next positive-going transition on the Clock
(CP) input (providing that the set-up and hold
requirements for MR are met). This action
occurs regardless of the levels at PE, CET,
and CEP inputs. This synchronous reset fea-

LOGIC SYMBOL (IEEE/IEC)

ture enables the designer to modify the maxi-
mum count with only one externat NAND gate
(see Figure A).

The carry look-ahead simplifies serial cascad-
ing of the counters. Both Count Enable inputs
(CEP and CET) must be HIGH to count. The
CET input is fed forward to enable the TC
output. The TC output thus enabled will
produce a HIGH output pulse of a duration
approximately equal to the HIGH level output
of Qq. This pulse can be used to enable the
next cascaded stage (see Figure B).

For conventional operation of 74160, 74161
and 74163, the following transitions should
be avoided.

1. HIGH-to-LOW transition on the CEP or
CET input if clock is LOW.

2. LOW-to-HIGH transitions on the Parallel
Enable input when CP is LOW, if the
count enables and MR are HIGH at or
before the transition.

For 74163 there is an additional transition to

be avoided.

3. LOW-to-HIGH transition on the MR input
when clock is LOW, if the Enable and PE
inputs are HIGH at or before the transi-
tion.

These restrictions are not applicable to
74LS160A, 74LS161A, 74LS162A and
74LS163A.
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Product Specification
Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A
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Figure 2. Synchronous Multistage Counting Scheme
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Signetics Logic Products

Counters

LOGIC DIAGRAMS
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Signetics Logic Products

Product Specification

Counters

74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

LOGIC DIAGRAMS

Vge =Pin 16
GND =Pin 8
() =Pin numbers
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Signetics Logic Products Product Specification

Counters 74160, 74161, 74463, LS160A, LS161A, LS162A, LS163A

LOGIC DIAGRAMS

0y 0y Dy %
@) {8) @ (]

CEP o .
CEY
um‘ E W-

> /
2

"0

x e; 4 X c\: 3 K op K oop Y
a o o a [ Q Q ]
T T T
{11} (12 (13) (1L}
s Qy Q, Q4 Qg
TC
LD030708
'LS163A
03 ] Dy Do
® 5) [} @
PE
CEP o
]
19)
ot = T (]

MR W g‘

cP
T
un 02 13 (4
Q3 Q2 Qq Qg
{15}

TC

LD03080S
Vcc =Pin 16
GND =Pin 8
() = Pin numbers

December 4, 1985 5-289



Signetics Logic Products

Product Specification

Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

MODE SELECT — FUNCTION TABLE, '160, '161

INPUTS OUTPUTS

OPERATING MODE - —
MR CP | CEP | CET PE D, Qn TC
Reset (clear) L X X X X X L L
H 1 X X I I L L
Parallel load H 1 X X h H @
Count H 1 h h hte) X | count| (a)
! H X 1® X ho X G ()
Hold {do nothing) H X X |(o) ho X IJ" L

MODE SELECT — FUNCTION TABLE, '162, '163

INPUTS OUTPUTS
OPERATING MODE — —

MR | CP | CEP | CET | PE Dhp | Gn | TC

Reset (clear) | T X X X X L L
hit T X X | 1 L L

Parallel load R 7 X X i h H @
Count htf) 1 h h hh X | count| (d)
) nt X i X ht) X q (d)

Hold (do nothing) e X X (@ ) X q: L

H = HIGH voltage level steady state.

L =LOW voltage level steady state.

h = HIGH voltage level one set-up time prior to the LOW-10-HIGH clock transition.

| = LOW voitage level one set-up time prior to the LOW-to-HIGH clock transition.

X =Don't care.

q = Lower case letters indicate the state of the referenced output prior to the LOW-to-HIGH clock transition.

T = LOW-to-HIGH clock transition.

NOTES:

{a) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (HHHH for '181 and
HLLH for '160).

(b) The HIGH-to-LOW transition of CEP or CET on the 74161 and 74160 should only occur while CP is HIGH
for conventional operation.

(¢) The LOW-to-HIGH transition of PE on the 74161 and 74160 should only occur while CP is HIGH for
conventional operation,

(d) The TC output is HIGH when CET is HIGH and the counter is at Terminal Count (HLLH for "162 and
HHHH for '163).

(e) The HiGH-to-LOW transition of CEP or CET on the 74163 should only occur while CP is HIGH for
conventional operation.

) The LOW-to-HIGH transition of PE or MR on the 74163 should only occur while CP is HIGH for
conventional operation.

ABSOLUTE MAXIMUM RATINGS (Over operating free-air temperature range unless otherwise noted.)

—

PARAMETER 74 74LS UNIT
Vee Supply voltage 7.0 7.0 \
Vin Input voltage -05to +5.5 -05to +7.0 '
I Input current -30 to +5 -30 to +1 mA
Vout Voltage applied to output in HIGH output state -0.5 to +V¢ -0.5 to +Vgo | Vv
Ta Operating free-air temperature range 0 to 70 °C
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Signetics Logic Products Product Specification

Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

RECOMMENDED OPERATING CONDITIONS

74 74LS
PARAMETER UNIT

Min Nom Max Min Nom Max
Vee Supply voltage 4.75 5.0 5.25 4,75 5.0 5.25
Vil HiGH-level input voltage 2.0 2.0
Vi LOW-level input voltage +08 +0.8
ik Input clamp current -12 -18 mA
lon HIGH-leve!l output current -800 -400 uA
loL LOW-level output current 16 8 mA
Ta Operating free-air temperature 0 70 0 70 °C

TEST CIRCUITS AND WAVEFORMS
— | w | (o AMP )
vee '8 NEGATIVE | VM m
n PULSE 10% 0%

ov

vour L— _.I
sur —= tTHLE) TLM() [—
—] ’-—tm-mn lmuma' f—
AMP (V)

AT cL [
90% 90%:
POSITIVE

PULSE v ™

PULSE
GENERATOR

Toozedss 10% . 10%

{ o

WF064508

Vi = 1.3V for 74LS; Vi = 1.5V for ail other TTL families.

Test Circuit For 74 Totem-Pole Qutputs tnput Pulse Detfinition
DEFINITIONS INPUT PULSE REQUIREMENTS
R( = Load resistor to Vge; see AC CHARACTERISTICS for value. FAMILY
C_ = Load capacitance includes jig and probe capacitance; Amplitude | Rep. Rate | Pulse Width | ty y | trae
see AC CHARACTERISTICS for value.
Ry = Termination resistance should be equal to Zgyt 74 3.0v 1MHz 500ns 7ns | 7ns
of Pulse Generators.
D = Diodes are 1N916, 1N3064, or equivalent. 74LS 3.0V 1MHz 500ns 15ns | 6ns
triH. tte Values should be less than or equal to the table 748 3.0V 1MHz 500ns 25ns | 2.5ns
entries.
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Product Specification

Counters

74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)

NOTES:

W o

>

input LOW, all other inputs low and outputs open
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. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.
. All typical values are at Vg =5V, Tp=25°C.
L log 18 tested with Voyr = + 0.5V and Ve = Vg MAX+ 0.5V, Not more than one output should be shorted at a time and duration of the short circuit should not
exceed one second.

lccH is measured with PE input HIGH, again with PE input LOW, all other inputs HIGH and outputs open. Icc, is measured with Clock input HIGH, again with Clock

1
74180, '161 74LS160A, '161A
PARAMETER TEST CONDITIONS' 183 11624, "163A UNIT
. 2 : 2
Min | Typ Max | Min | Typ rMax
) Vee = MIN, Vi = MIN,
Von  HIGH-level output voltage Vi = MAX, lon = MAX 2.4 3.4 2.7 3.4 Vv
Vec=MIN, ], = MAX 02 | 04 035 | 05 v
VoL  LOW-level output voltage VL = MAX,
Vi = MIN loL = 4mA (74LS) 0.25 0.4 \
Vik Input clamp voltage Vee =MIN, | =l -15 -1.5 \
V)= 55V 1.0 mA
| I
D, CEP 0.1 mA
) PE, CP, CET : 0.2 mA
| Input current at maximum Ve = MAX —
: input voltage ce v, =7.0v | MR, (LS160A, o1 | ma
'LS161A) )
MR ('LS162A
’ 02 | mA
'LS163A)
— - IS B S
CP, CET 80 uA
V=24V
Other inputs 40 uA
D, CEP 20 uA
lig HIGH-level input current Voo = MAX M_J _io_l_“i_
V=27V | MR ('LS160A,
'LS161A) 20 | wA
MR (LS1624, 20 A
LS163A)
— — S—
CP, CET -3.2 mA
V=04V b—— ——
Other inputs ~-1.6 mA
D, CEP -04 | mA
I LOW-level input current Ve = MAX PE, CP, CET -08 | mA
Vi=0.4V | MR ('LS160A,
'LS1614) “04 ) mA
MR ('LS162A
'LS163) —08 | mA
los  Short-circuit output current® | Vo = MAX -18 -57 | -20 ~100 | mA
locn
All outputs HIGH 59 | 9 18] 3 mA
lcc  Supply current® (total) Vee = MAX 1 L
CCL
63 101 19 32 mA
All outputs LOW I |



Signetics Logic Products Product Specification

Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

AC ELECTRICAL CHARACTERISTICS T, =25°C, Vg =50V

74 74LS
PARAMETER TEST CONDITIONS | C_ = 15pF, R_ = 4002 CL=15pF, R_ =2k} | UNIT
Min Max Min Max
fmax Maximum clock frequency Waveform 1 25 25 MHz
teLH Propagation delay 35 35
tPHL Clock to terminal count Waveform 1 35 35 ns
tPLH Propagation delay Waveform 1, 20 24 ns
tpHL Clock to Q outputs PE = HIGH 23 27
tpLH Propagation delay Waveform 1, 25 24 ns
tPHL Clock to Q outputs PE = LOW 29 27
tPLH Propagation delay 16 14
. CET input to TC output Waveform 2 16 14 ns
Propagation delay, MR to Q outputs
teHL (160, '161) Waveform 3 38 28 ns

NOTE:
Per industry convention, fuax is the worst case value of the maximum device operating frequency with no constraints on t;, 1, pulse width or duty cycle.

AC SET-UP REQUIREMENTS T, =25°C, V¢e =5.0V

74 74LS
PARAMETER TEST CONDITIONS UNIT
Min Max Min Max
tw(L) Clock pulse width {(LOW) Waveform 1 25 25 ns
tw Master Reset pulse width (1160, '161) Waveform 3 20 20 ns
tw Master Reset puise width {162, '163) Waveform 6 20 20 ns
1s Set-up time, data to clock Waveform 5 20 20 ns
th Hold time, data to clock’ Waveform 5 3 3 ns
1s Set-up time, CEP or CET to clock Waveform 4 20 20 ns
th Hold time, CEP or CET to clock Waveform 4 0 0 ns
ts Set-up time, PE to clock Waveform 5 25 20 ns
th Hold time, PE to clock Waveform 5 0 0 ns
ts Set-up time, MR to clock {162, ‘163) Waveform 6 20 20 ns
th Hold time, MR to clock (162, '163) Waveform 6 0 0 ns
trec Recovery time, MR to CP Waveform 3 25 15 ns
NOTE:

1. For 15ns rise time only, Hold time must be increased by 0.3ns for each nanosecond decrease in rise time.
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Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

AC WAVEFORMS
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TC M Ve
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TC
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VM= 1.5V for 74 and 745; Vi = 1.3V for 74LS. Vn =15V for 74 and 74S; Vi = 1.3V for 74LS.

Waveform 1. Clock To QOutput Delays, Maximum
Frequency, And Clock Pulse Width

)

Waveform 2. Propagation Delays
CET Input To TC Output

Vm CEP ::;) CEJ{cy) o ™
40 |.“(n) =0 14{L)= 1y CP
trec
. JZV,, SaLSTALS ONLY I‘ ;
""FHL '.‘N) !hto ‘ H.(L):*‘ '"‘o
an i cp VM m

WF0BZ505

WF061388

Vm = 1.5V for 74 and 74S; Vyy = 1.3V for 74LS. Vm = 1.5V for 74 and 74S; Vi = 1.3V for 74LS.

The shaded areas indicate when the input is permitted
to change for predictable output performance.
Waveform 3. Master Reset Pulse Width,
Master Reset To Output Delay and Master
Reset To Clock Recovery Time (160, '161)

Po-0a \\\\\\\\\\\\\\\\\“ QLM

s

Waveform 2. CEP And CET
Set-up And Hold Times

tw

e . RO NNNNNCAP /1 O
— S4LS/7ALS onﬁ ;‘" /W//l .’(
SALS/7ALS on:\Er J1t1) 1g(H)

\
- 1 th=0 th=0
)
th=0 cp 7( \ 7[ V
cp m m WF08270S

WF08260S
V=15V for 74 and 74S; Vyy = 1.3V for 74LS.
The shaded areas indicate when the input is permitted
to change for predictable output performance.

Vm=1.5V for 74 and 748; V= 1.3V for 74LS.
The shaded areas indicate when the input is permitted
to change for predictable output performance.
Waveform 5. Parallel Data And Parallel
Enable Set-up And Hold Times

Waveform 6. Synchronous Reset Set-up,
Pulse Width And Hold Times ('162, '163)
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