Signetics

Logic Products

FEATURES

® Synchronous counting and
loading

® Two Count Enable inputs for n-
bit cascading

® Positive edge-triggered clock

® Asynchronous reset ('160, '161)

® Synchronous reset ('162, '163)

® 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, 74161, 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 Vee =§3 !?;H‘T:LA: 053":25 70°C
Plastic DIP N74160N, N74LS160AN, N74161N, N74LS161AN
N74LS162AN, N74163N, N74LS163AN
Plastic SO N74LS161AD, N74S163AD
NOTE:

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

Data Manual.

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

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

NOTE:

Where a 74 unit load (ul) is understood to be 40uA 4 and —1.6mA |, and a 74LS unit load (LSul)

is 20pA iy and ~0.4mA I .
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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 (Qp - Qg3)
in '160, 'LS160A, '161, and 'LS161A to LOW
levels regardiess 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 (Qp - Q3) 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 external 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 Qo. 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 shouid
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, 74L.S161A, 74LS162A and
74LS163A.
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Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A
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Figure 2. Synchronous Multistage Counting Scheme
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74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

Counters

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

LOGIC DIAGRAMS
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Counters

74160, 74461, 74163, LS160A, LS161A, LS162A, LS163A

LOGIC DIAGRAMS
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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 Dy Q, TC
Reset (clear) L X X X X X L L
H T X X I | L L
Paralle! load H 1 X X I h H @
Count H T h h h© X | count| (a)
) H X 1®) X h( X Gn (a)
Hold (do nothing) H X X |6) he % an L

MODE SELECT — FUNCTION TABLE, '162, '163
INPUTS OUTPUTS

OPERATING MODE

MR | CP | CEP | CET | PE Dn Q, TC
Reset (clear) 1 1 X X X X L L
Parallel load ::g ; ; ;2 : rl1 :_" (:;)
Count h(® T h h h® X | count| (d)
Hold (do nothing) ::2 X ':) o :f:{ X I

H = HIGH voltage level steady state.

L =LOW voltage level steady state.

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

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

X =Don't care.

= 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 '161 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.

o

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

PARAMETER 74 74LS UNIT
Vee Supply voltage 7.0 7.0 A
ViN Input voltage -05 to +55 -0.5to +7.0 v
™ Input current -30 to +5 -30 to +1 mA
Vour Voltage applied to output in HIGH output state -0.5 to +Vg¢ -0.5 to +V¢c¢ v
Ta Operating free-air temperature range 0 to 70 °C
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Counters 74160, 74161, 74163, LS160A, LS161A, LS162A, LS163A

RECOMMENDED OPERATING CONDITIONS

74 74LS
PARAMETER UNIT

Min Nom Max Min Nom Max
Vce Supply voltage 475 5.0 5.25 4.75 5.0 5.25 \
Vin HIGH-level input voltage 2.0 2.0
ViL LOW-level input voltage +0.8 +0.8 v
ik Input clamp current -12 -18 mA
low HIGH-level output current -800 -400 HA
loL LOW-level output current 16 8 mA
Ta Operating free-air temperature 0 70 0 70 °C

TEST CIRCUITS AND WAVEFORMS
o | W ~ Foow AMP (V)
vee vee NEGATIVE | XYM M
" PULSE 10% 10%

vour L__
ouT tTHLAD ATLH(t) —
|-—m.u<t«) THL(t) —] r_

AMP (V)

AT CL D
90% 90%
POSITIVE

PULSE vMm vm

PULSE
GENERATOR

TCo28408. 10%: 10%

WF06450S

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

Test Circult For 74 Totem-Pole Outputs Input Pulse Definition
DEFINITIONS INPUT PULSE REQUIREMENTS
R_ = Load resistor to Vcc; see AC CHARACTERISTICS for vaiue.| FAMILY
C_ = Load capacitance includes jig and probe capacitance; Amplitude | Rep. Rate | Puise Width | trw | tri
see AC CHARACTERISTICS for value.
A1 = Termination resistance should be equal to Zoyt 74 3.0v 1MHz 500ns 7ns | 7ns
of Pulse Generators.
D = Diodes are 1N916, 1N3064, or equivalent. 74L8 3.0v 1MHz 500ns 15ns | 6ns
trn, ttHL Values should be less than or equal to the table 748 3.0V 1MHz 500ns 25ns | 2.5ns
entries.
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Signetics Logic Products Product Specification

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

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

74160, '161 74LS160A, '161A
PARAMETER TEST CONDITIONS® 163 '162A, "163A uNIT
Min | Typ? | Max | Min | Typ? | Max
Vce = MIN, Vi = MIN,
Von  HIGH-level output voltage Vil = MAX, loy = MAX 2.4 34 2.7 34 A
Vec=MN, [, - max 02 | 04 035 | 05 v
VoL  LOW-level output voltage VL= MAX,
ViH = MIN loL = 4mA (74LS) 025 | 0.4 v
Vik Input clamp voltage Vec=MIN, )=k ~1.5 -1.5 v
V| =55V 1.0 mA
D, CEP 0.1 mA
) PE, CP, CET 0.2 mA
| Input current at maximum Ve = MAX
! input voltage cc vi=7.0v | MR, (LS160A, 0.1 mA
'LS161A) ’
MR (LS162A,
'LS163A) 02 | mA
CP, CET 80 uA
V=24V
Other inputs 40 MA
D, CEP 20 HA
W HIGH-level input current Voc = MAX PE, Cp. CET 40 | A
Vi=27V | MR ('LS160A,
'LS161A) 20 | wA
MR ('LS162A,
'LS163A) 40 1 wA
CP, CET -3.2 mA
V) =0.4V
Other inputs -1.6 mA
D, CEP -04 | mA
W LOW-evel input current Vee = MAX PE, OP, CET 08 | mA
V)=0.4V | MR ('LS160A,
'LS161A) -04 | mA
MR (LS162A,
'L5163) -08 | mA
los Short-circuit output current® Vce = MAX -18 -57 -20 -100 { mA
lecH
. All outputs HIGH 59 94 18 3 mA
lcc Supply current® (total) Vce = MAX 5
CCL
All outputs LOW 63 | 101 19 1 82 | mA

NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. All typical values are at Vgg =5V, Tp = 25°C.

3. lpog is tested with Vour = +0.5V and Vee = Voc 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.

4. Iccn is measured with PE input HIGH, again with PE input LOW, all other inputs HIGH and outputs open, IceL is measured with Clock input HIGH, again with Clock
input LOW, all other inputs low and outputs open.
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AC ELECTRICAL CHARACTERISTICS T, =25°C, Ve =5.0V

74 74LS
PARAMETER TEST CONDITIONS | Cg = 15pF, R = 40052 C = 15pF, R_= 2k2 UNIT
Min Max Min Max
fmax Maximum clock frequency Waveform 1 25 25 MHz
tPLH Propagation delay 35 35
tpmL 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
tpLn Propagation delay 16 14
toq.  CET input to TC output Waveform 2 16 14 ns
Propagation delay, MR to Q outputs

tpHL (160, '161) Waveform 3 38 28 ns
NOTE:

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

AC SET-UP REQUIREMENTS T, =25°C, Vcc = 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 (160, '161) Waveform 3 20 20 ns
tw Master Reset pulse width (‘1162, '163) Waveform 6 20 20 ns
ts Set-up time, data to clock Waveform 5 20 20 ns
th Hold time, data to clock' Waveform 5 3 3 ns
ts 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
tg 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 1] o] 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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cp {_P
tw —
letPLH = tPHL:
j( 17 \7
On ~ " - Tc
\7 Vm
[tpLn [*=tPHL "
WF08230S8
Vm Vm

Tc

CET '™ Vm

WF081715
VM= 15V for 74 and 74S; Vy = 1.3V for 74LS. Vm =15V for 74 and 74S; Vy = 1.3V for 74LS.
Waveform 1. Clock To Output Delays, Maximum Waveform 2. Propagation Delays
Frequency, And Clock Pulse Width CET Input To TC Output
R y A \(] CEP AND CET(c) v v
54174 ONLY ™ L
tw '-a.m) tell)= tyCP
trec
CEP AND CET 772
cP Vm 54LS/74LS ONLY ////////////////
bl 18
cP
Qp A
WF08250S
WF06135S
VM =15V for 74 and 74S; Vy = 1.3V for 74LS. VM =15V for 74 and 74S; Vjy = 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, Waveform 2. CEP And CET
Master Reset To Output Delay and Master Set-up And Hold Times

Reset To Clock Recovery Time ('160, '161)

Dg-Dy

R NNNNNSTSP /5T

[
saLSTLS ONLY v,, /:7/////// ""
t.mj ty(H)

th=0 th=0
cp Vm 7"
WF082605
Vm = 1.5V for 74 and 74S; Vy = 1.3V for 74LS. VM =15V for 74 and 74S; VM= 1.3V for 74LS.
The shaded areas indicate when the input is permitted The shaded areas indicate when the input is permitted
to change for predictable output performance. to change for predictable output performance.
Waveform 5. Parallel Data And Parallel Waveform 6. Synchronous Reset Set-up,
Enable Set-up And Hold Times Pulse Width And Hold Times ('162, '163)
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