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TYPES SNG4ALS160A THRU SN54ALS163A, SNE4AS160 THRU SN54AS163
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

D2661, APRIL 1982—REVISED DECEMBER 1983

® Internal Look-Ahead for Fast Counting SNG4ALS’, SN64AS’ . . . J PACKAGE
. i SN74ALS’, SN74AS’ . . . N PACKAGE
® Carry Output for n-Bit Cascading (TOP VIEW)
® Synchronous Countin .
Y u u 9 R Uss vee
® Synchronously Programmable cik[Jz  1spdrco
® Package Options Include Both Plastic and ';Ea 4 E]l Qa
Ceramic Chip Carriers in Addition to Plastic and cfl 4 il Qs
Ceramic DIPs 5 12l Qc
ope oo
® Dapendable Texas Instruments Quality and ENP []7 10l J ENT
Reliability GND s o[ JLOAD
description

5 SNB4ALS’, SNG64AS . . . FH PACKAGE
These synchronous, presettable counters feature an internal carry SN74ALS’, SN74AS’ EN PACKAGE

look-ahead for application in high-speed counting designs. The
‘ALS160A, ‘ALS162A, 'AS160, and ‘AS162 are decade
counters, and the ‘ALS161A, ‘ALS163A, 'AS161, and ‘AS163
are 4-bit binary counters. Synchronous operation is provided by
having all flip-flops clocked simuitaneously so that the outputs

{TOP VIEW)

change coincident with each other when so instructed by the Alla 18(joa
count-enable inputs and internal gating. This mode of operation Bll5 17[] 0
eliminates the output counting spikes that are normally associated NC[}se 16 [JNC
with asynchronous {rippie clock) counters. A buffered clock input clz 15{]Qc
triggers the four flip-flops on the rising {positive-going) edge of Dl8 14 []op

the clock input waveform. 9 10 111213

T v Vo T
These counters are fully programmable; that is, the outputs may % % (zJ 9( PZ'
be preset to either level. As presetting is synchronous, setting woo 9 w

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 pulse NC —No internal connection
regardless of the levels of the enable inputs.

The clear function for the ‘ALS160A, ‘ALS161A, ‘AS160, and ‘AS161 is asynchronous and a low level at the clear
input sets all four of the flip-flop outputs low regardless of the levels of the clock, load, or enable inputs.

The clear function for the ‘ALS162A, ‘ALS163A, ‘AS162, and ‘AS163 is synchronous and a low level at the ciear
input sets all four of the flip-flop outputs low after the next clock pulse, regardiess of the levels of the enable inputs.
This synchronous clear allows 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}.

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 (ENP and ENT) must be high to count, and ENT is fed forward to enable the ripple carry output. The
ripple carry output (RCO) thus enabled will produce a high-level pulse while the count is maximum (9 or 15 with Qa
high). This high-level overflow ripple carry pulse can be used to enable successive cascaded stages. Transitions at
the ENP or ENT are allowed regardiess of the level of the clock input.

These counters feature a fully independent clock circuit. Changes at control inputs (ENP, ENT, or LOAD) that will
modify the operating mode have no effect on the contents of the counter until clocking occurs. The function of the
counter {whether enabled, disabled, loading, or counting) will be dictated solely by the conditions meeting the stable
setup and hold times.

The SN54ALS160A through SNS4ALS163A and SN54AS160 through SN54AS163 are characterized for operation
over the full military temperature range of —55°C to 125°C. The SN74ALS160A through SN74ALS163A and
SN74AS160 through SN74AS163 are characterized for operation from 0°C to 70°C.

Copyright © 1982 by Texas Instruments Incorporated

TeXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

ALS AND AS CIRCUITS H

2-137



S1INJYHID SY ANV STV !

TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162

SYNCHRONOUS 4-BIT DECADE COUNTERS

logic symbols

‘ALS180A AND ‘AS160 DECADE
COUNTERS WITH DIRECT CLEAR

, CTRDIV10 " CTRDIV10
CLR Th cT=0 ClR Fh 5CT=0
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01 M2 18 o or M2 (8 peo
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‘ALS160A and "AS160 logic diagram {positive logic)
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‘ALS162A and '‘AS162 decade counters are similar; however the clear is synchronous as shown for the 'ALS163A and 'AS163 binary counters.

‘ALS162A AND ‘AS162 DECADE
COUNTERS WITH SYNCHRONOUS CLEAR

Pin numbers shown are for J and N packages.
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TYPES SN54ALS161A, SN54ALS163A, SN54AS161, SNG4AS163
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163
SYNCHRONOUS 4-BIT DECADE COUNTERS

logic symbols

"ALS161A AND ‘AS161 BINARY ‘ALS163A AND ‘AS163 BINARY
COUNTERS WITH DIRECT CLEAR COUNTERS WITH SYNCHRONOUS CLEAR
m CTRDIV16 - CTRDIV16
CLR EA cT=0 CLR E—h 5CT=0
toaD —t M1 LOAD —t M1
M2 {15) M2 (15
(10) 3¢cT=15 p—— RCO {10) 3CT=15 fp——— RCO
ENT G3 ENT G3
ENP G4 ene —— G4
cLK -'L—Ecwz,s,m CLK ﬂ—b‘csn,z,a»«
(14} 14
A8 e o LA PRRCIESEN Py L~ o,
(4) (13) (4) (13
B8 r (2] -—H—Z) O B —— [2] ——“—2) Qg
¢ @ al i o¢ ¢ ((:; (4l an ¢
D — (8] —— 0p D (8] Qp

'ALS163A and ‘AS163 logic diagram (positive logic)

ALS AND AS CIRCUITS H

royu - L
LOAD ((19—(’”—
ENT 1) — — Ih {15}
ENP = a— RCO
ek 2 — o
L. c1 (14) 0a
—a1D
A3
|
> C1 | a3l Qg
—o 1D
8 {4) {
] 12)
. pa=>C1 ——— Q¢
1 |-41D
c (5) {
LK)
IGLIIP
D [(3]
'ALS161A and 'AS161 synchronous binary counters are similar; however the clear is asynchronous as shown for the ‘ALS160A and ‘AS160 decade counters.
Pin numbers shown are tor J and N packages.
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TYPES SN54ALS160A, SN54ALS162A, SN54AS160, SN54AS162
SN74ALS160A, SN74ALS162A, SN74AS160, SN74AS162
SYNCHRONOUS 4-BIT BINARY COUNTERS

typical clear, preset, count, and inhibit sequences

‘ALS160A, 'AS160, ‘ALS162A, *‘AS162

Hlustrated below is the following sequence:
1. Clear outputs to zero {‘ALS160A and 'AS160 are asynchronous; 'ALS162A and 'AS162 are synchronous)
2. Preset to BCD seven
3. Count to eight, nine, zero, one, two, and three
4. Inhibit

OQUTPUTS
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TYPES SN54ALS161A, SN54ALS163A, SN54AS161, SN54AS163
SN74ALS161A, SN74ALS163A, SN74AS161, SN74AS163
SYNCHRONOUS 4-BIT DECADE COUNTERS

typical clear, preset, count, and inhibit sequences
‘ALS161A, ‘AS161, ‘ALS163A, 'AS163

lliustrated below is the following sequence:

. Clear outputs to zero ('ALS181A and 'AS161 are asynchronous; ‘ALS163A and ‘AS163 are synchronous)
. Presst to binary twelve

. Count to thirtsen, fourteen, fifteen, zero, one, and two

. Inhibit
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CLEAR
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TYPES SN54ALS160A THRU SN54ALS163A
SN74ALS160A THRU SN74ALS163A
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

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

Supply voltage, Ve
Input voltage
Operating free-air temperature range: SN54ALS160A thru SNE4ALS163A
SN74ALS160A thru SN74ALS163A
Storage temperature range

recommended operating conditions

7V

SN54ALS160A SN74ALS160A
THRU THRU
SN54ALS163A SN74ALS163A UNIT
MIN _ NOM MAX | MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 A\
VIH High-level input voltage 2 2 v
ViL Low-level input voitage 0.8 0.8 v
IoH High-level output current -0.4 -0.4 mA
oL Low-level output current 4 8| mA
felock  Clock frequency 0 25 0 30 | MHz
. CLK high or low 20 16.5
tw Pulse duration — ns
‘ALS160A, ‘ALS161A, CLR low 20 15
A B, C. D 20 15
TOAD 20 15
Setup time ENP, ENT 'ALS160A, ‘ALS161A 25 20
tsy 'ALS162A, ‘ALS163A 30 25 ns
before CLK*t = -
2 'ALS160A, ‘ALS161A gﬂ inactive 10 10
- ‘ALS162A, 'ALS163A (ﬂ Io,w - - 20 15
CLR high (inactive} 10 10
> th Hoid time, all synchronous inputs after CLKt (0] o] ns
"’-, TA Operating free-air temperature -55 125 o} 70 °eC
P> electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
% SN54ALS160A SN74ALS160A
THRU THRU
> PARAMETER TEST CONDITIONS SNSAALS163A SN74ALS163A UNIT
(" MIN_TypT max| MmN TYeT max
O |V Veg = 45V, | = -18 mA -1.5 -15| v
5 Vou Ve = 45V1055YV, Ipg = -0.4mA Vee-2 Vee -2 A
0 [va Ve = 45V, oL = 4 mA 0.26 0.4 025 04
C Vee = 45V, loL = 8 mA 0.35 0.5
-
- ! LOAD, CLK or ENT Vee - 5.5V, V=7V 0.2 0.2 mA
(/) éﬂ:frer 0.1 0.1
i LOAD, CLK or ENT Vee - 5.5V, Vi = 2.7V 40 40 b
All other 20 20
i Vee = 5.5V, Vi=04V -0.2 -0.2 mA
Io* RQCO Vee = 5.5V, Vg = 2.2V _;Z ~1:g _;Z _1:(2) mA
Icc Vee = 55V 12 21 12 21 mA
TAIll typical values are at Vee =95V, Ta = 25°C,
#The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, los.
2-142
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TYPES SN54ALS160A THRU SN54ALS163A
SN74ALS160A THRU SN74ALS163A
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

'ALS160A, ‘ALS161A switching characteristics (see Note 1}

Vee = 45Vtob5YV,
CL = 50 pF,
R = 500 Q,
PARAMETER FROM o TL = MIN(Z MAX UNIT
(INPUT) {OUTPUT) AT °
SN54ALS160A SN74ALS160A
SN54ALS161A SN74ALS161A
MIN MAX | MIN MAX
frax 25 30 MHz
1 2
PLH CLK RCO i 30 8 61 s
tPHL 7 25 7 23
1 4 1 3 15
PLH CLK Any Q 8 ns
tPHL 6 20 6 17
1 1
PLH ENT RCO 3 16 3 Sl
tPHL 3 16 3 13
tPHL CLR Any Q 8 27 8 24 [ ns
tPHL CIR RCO 11 31 11 28 | ns
‘ALS162A, ‘ALS163A switching characteristics (see Note 1)
Veg = 45V1055YV,
CL = 50 pF,
Ry = 3
FROM T0 L - 5000
PARAMETER TA = MIN to MAX UNIT
(INPUT} {OUTPUT)
SN54ALS162A SN74ALS162A
SN54ALS163A SN74ALS163A 2
MIN MAX | mIN MAX
frax 25 30 MHz "2
t -—
PLH CLK RCO 8 30 8 L
tPHL 7 25 7 23 8
1 4 18 4 15
PLH CLK Any Q ns o
tPHL 6 20 6 17 =]
1 2 17
PLH ENT RCO 3 o 3 ns o
tPHL 3 16 3 13 o
NOTE 1: For load circuit and voltage wavetorms, see page 1-12. <
Z
(7]
<
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TYPES SN54AS160 THRU SN54AS163
SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

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

Supply voltage, VOG-« -« oo 7V
Input voltage . . . ... ... 7V
Operating free-air temperature range: SN54AS160 thru SNB4AS163 . ... ... .. ... ... . . ~55°C to 125°C
SN74AS160 thru SN74AS163 . ... .. .. ... ... ........ 0°C to 70°C
Storage temperature range . . . .. ... ... -65°C to 150°C
recommended operating conditions
SN54AS160 SN74AS160
THRU THRU
SN54AS5163 SN74AS163 UNIT
MIN NOM  MAX MIN NOM MAX
Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 \2
ViH High-level input voltage 2 2 \
ViL Low-level input voltage 0.8 0.8 \
10H High-level output current -2 -2 mA
loL Low-level output current 20 20 | mA
fciock  Clock frequency MHz
X CLK high or low
tw Pulse duration ns
‘AS160, ‘AS161 CLR low
A, B, C,D
LOAD
¢ Setup time ENP, ENT s
su before CLK t "AS160, ‘AS161 CLR inactive
"AS162, '‘AS163 CLR low :
CLR high (inactive}
th Hold time, all synchronous inputs after CLK t ns
TA Operating free-air temperature -56 125 o 70 °C

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

SN54AS160 SN74AS$160
THRU THRU
PARAMETER TEST CONDITIONS SN54AS163 SN72AS163 uNIT
MIN TYP! MAX | MIN TYP! mMAX

ViK Vge = 4.5V, lj = —18 mA -1.2 1.2 v
VOH Ve =45Vto 55V, Igpy = -2mA Vee-2 Voo -2 \4
VoL Voo = 45V, lor = 20 mA 0.26 0.5 0.25 0.5 \
[l Vge = 6.6V, V=7V 0.1 0.1 mA
I%) Vee =55V, V) =27V 20 20 pA
L ;ﬁ:&:m Vee = 55V, V) =04V _0; ~0.:3 mA
Io* Vee = 5.5V, Vo = 225V -30 -112 | -30 ~112 | mA
Icc Vee = 6.5V 40 40 mA

LAl typical values are at V, =5V, Ty = 25°C.
cc A

The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output cursent, lps.

Additional information on these products can be obtained from the factory as it becomes available.
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TYPES SN54AS160 THRU SN54AS163
SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

‘AS160, ‘AS161 switching characteristics (see Note 1)

change or discontinus this product without notice.

Veec =45Vt056V,
CL = 50 pF,
RL = 500 Q,
PARAMETER FROM To TL MIN to MAX UNIT
A= 0
INPUT OUTPUT
( ! ¢ ) SN54AS160 SN74AS160
SN54AS161 SN74AS161
MIN TYPT  max | min  TYPT  MAX
frnax MHz
tPLH RCO 7 7
tPHL CLK RCO {with LOAD high) 6 6 ns
tPHL RCO (with LOAD low) 10 10
1 5 5
PLH CLK Any Q ns
tPHL 6 6
1, 3
PLH ENT RCO 3 ns
TPHL 4 4
tPHL CLR Any Q 7 7 ns
‘AS162, 'AS163 switching characteristics {see Note 1)
Voo = 46V 1055V,
Cp = 50 pF.
RL = 500 Q,
FROM To TL MIN to MAX UNIT 2
= (]
PARAMETER (INPUT) (OUTPUT) A
SN54AS162 SN74AS5162
SN54AS163 SN74AS163 [75]
MIN TYPT MAX | MIN TYPT MAX =
fmax MHz )
tPLH RCO 7 7 o
tPHL CLK RCO (with LOAD high) 6 6 ns o
tPHL RCO (with LOAD low) 10 10 O
t 5 5
PLH CLK Any Q ns 7]
TPHL 6 6 <
1 3 3
PLH ENT RCO ns o)
tPHL 4 4 Z
tPHL CLR Any Q 7 7 P74
tau typical values are at Voo = 5V, Ty = 25°C w
NOTE 1: For load circuit and voltage waveforms, see page 1-12. 1
Additional information on these products can be obtained from the factory as it becomes available. <
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TYPES SN54ALS160A THRU SN54ALS163A, SN54AS160 THRU SN54AS163
SN74ALS160A THRU SN74ALS163A, SN74AS160 THRU SN74AS163
SYNCHRONOUS 4-BIT DECADE AND BINARY COUNTERS

TYPICAL APPLICATION DATA
N-BIT SYNCHRONOUS COUNTERS
This application demonstrates how the look-ahead carry circuit can be used to implement a high-speed n-bit counter. The

'ALS160A, ‘AS160, ‘ALS162A, and "AS162 will count in BCD and the ‘ALS161A, ‘AS161, ‘ALS163A and ‘AS163 will
count in binary. Virtually any count mode (modulo-N, N1-to-N2, N1-to-maximum) can be used with this fast look-ahead circuit.

Ls8
TR CTR
CLEAR (L) LR PJer-o
ORD 1) 11
COUNT (H) AND ENT RCO
DISABLE (1) e |58 3CT-max
G4
ok b cei2.3a+
LOAD (L) A0 [ %a
8 — 12) |— g
c— 13) ac
COUNT (H) AND 0 - 4} l— ap
DISABLE (L)
CIR CTR
CLOCK ——@ cT=0
’ LOAD )
ACO
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A—150 M) l— aa
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v G3  a3cT=MmAX
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CIR e1-0CTR
TOAD M1
ENT 63 3CT-Max j—c2
ENP
CLK s
[~ c5/2,3.4+
=
a—Jis0 ) — aa
B — {2) — Qp
C— (3) — Q¢
p— (a) — ap
1
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\
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