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54LS161A/DM54LS161A/DM74LS161A,
54LS163A/DM54LS163A/DM74LS163A
Synchronous 4-Bit Binary Counters
General Description

These synchronous, presettable counters feature an inter-  gating. Instrumental in accomplishing this function are two
nal carry look-ahead for application in high-speed counting  count-enable inputs and a ripple canmy output.

designs. The LS161A and LS163A are 4-bit binary counters, Both count-enable inputs (P and T) must be high to count,
The carry output is decoded by means of a NOR gate, thus  and input T is ted forward to enable the ripple carry output.
preventing spikes during the normal counting mode of oper-  The ripple carry output thus enabled will produce a high-lev-
ation. Synchronous operation is provided by having all flip- el output pulse with a duration approximately equal to the
flops clocked simultaneously so that the outputs change co- high-level portion of the Q4 output. This high-level overflow
incident with each other when so instructed by the count- ripple carry pulse can be used to enable successive cascad-
enable Inputs and internal gating. This mode of operation e stages. High-to-tow level transitions at the enable P or T
sliminates the output counting spikes which are normally  inputs may occur, regardiess of the logic level of the clock.
assocated with asynchronous (ripple clock) counters. A These counters feature a fully independent clock circuit.
buffered clock input triggers the four flip-flops on the rising Changes made to control inputs (enable P or T or load) thai

(positive-going) edge of the clock input waveform. will modify the operating mode have no effect until clocking
These counters are fully programmable; that is, the outputs  ooyrs, The function of the counter (whether enabled, dis-
may be preset to either level. As presetting is synchronous,  gpjed, loading, or counting) will be dictated solely by the
setting up a low level at the load input disables the counter  gnditions meeting the stable set-up and hold times.

and causes the outputs to agree with the setup data after
the next clock pulse, regardless of the levels of the enable

input. The clear function for the LS161A is asynchronous; Features
and a low level at the clear input sets all four of the flip-flop
outputs low, regardiess of the levels of clock, load, or en-
able inputs. The clear function for the LS163A is synchro-
nous; and a low level at the clear inputs sets all four of the Synchronous counting
flip-flop outputs low after the next clock pulse, regardless of Load control line

B Synchronously programmabie
n
]
]
]
the levels of the enable inputs. This synchronous clear al-  m Diode-clamped inputs
]
]
[ ]
]

Internal look-ahead for fast counting
Carry output for n-bit cascading

lows the count length to be modified easily, as decoding the Typical propagation time, clock to Q output 14 ns
maximum count desired can be accomplished with one ex- Typical clock frequency 32 MHz

ternal NAND gate. The gate output is connected to the clear Typical power dissipation 93 mW

input to synchronously clear the counter to all low outputs. Alternate Military/Aerospace device (54LS161
The carry look-ahead circuitry provides for cascading coun-  54) 5163) is available. Contact a National Semiconduc.
ters for n-bit synchronous applications without additional tor Sales Office/Distributor for specificaitons.

Connection Diagram

Dual-In-Line Package

RIPPLE DUTPUTS
CARRY e ENARBRLE
Voo OUTPUT Q4 O Qg Qp T LOAD

llB 15 14 12 12 1" 10 9
Order Numbers 54LS16 1ADMQB, 54LS161AFMQB,
54LS161ALMQB, 54LS163ADMQB, 54LS163AFMQB,
54LS163ALMQB, DM54LS161AJ, DM54LS161AW,
DM54LS163AJ, DM54LS163AW, DM74LS161AM,
DM74LS161AN, DM74LS163AM or DM74LS 163AN
See NS Package Number E20A, J16A,
M16A, N16E or W16A
1 2 3 4 S [} 7 8
CLEAR CLOCK A B 3 D ENABLE GND
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Absolute Maximum Ratings (ote)
If Military/Aerospace specified devices are required, Note: The “Absolute Maximum Ratings” are those values
please contact the National Semiconductor Sales beyond which the safely of the device cannot be guaran-
Office/Distributors for availability and specifications. teed. The device should not be operated at these limits. The
Supply Voltage 7V parametric values defined in the “Electrical Characleristics”
Input Voltage v table are not guaranteed at the absolute maximum ratings.
P 9 . The “Recommended Operating Conditions” table will define
Operating Free Air Temperature Range the conditions for actual device operation.
DMS54LS and 54LS —55°Cto +125°C
DM74LS 0°Cto +70°C
Storage Temperature Range —65°Cto +150°C
Recommended Operating Conditions
Symbol Parameter DM54LS161A DM74LS161A Units
Min Nom Max Min Nom Max
Voo Supply Voltage 4.5 5 5.5 4.75 5 5.25 \4
ViH High Level Input Voltage 2 2 v
ViL Low Level Input Voitage 0.7 0.8 \
loH High Level Output Current —-0.4 —-0.4 mA
loL Low Level Qutput Current 4 8 mA
fork Clock Frequency (Note 1) 0 25 0 25 MHz
Glock Frequency (Note 2) 0 20 0 20 MHz
tw Pulse Width Clock 20 6 20 6
Note 1) ns
( Clear 20 9 20 9
Pulse Width Clock 25 25 ns
(Note 2) Clear 25 25
tsu Setup Time Data 20 8 20 8
(Note 1) Enable P 25 17 25 17 ns
Load 25 15 25 15
Setup Time Data 20 20
(Note 2) Enable P 30 30 ns
Load 30 30
tH Hold Time Data 0 -3 -3
Note 1) ns
{ Others 0 -3 -3
Hold Time Data 5 ns
{Note 2) Others 5 5
tREL Clear Release Time (Note 1) 20 20 ns
Clear Release Time (Note 2) 25 25 ns
Ta Free Air Operating Temperature —55 125 0 70 °C
Note 1: C_ = 15 pF, R, = 2kf}, Ta = 25°C and V¢ = 5.5V.
Note 2: C_ = 50 pF, R = 2kf1, Tp = 25°C and Vg = 5.5V.
2
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’LS161 Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)
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Symbol Parameter Conditions Min Typ Max Units
{Note 1)
Vi Input Clamp Voltage Voc = Min, lj = —18 mA —-1.5 v
VoH High Level Output Vge = Min, lpy = Max DMS54 2.5 3.4
Voltage Vi = Max, Vi = Min v
9 i » ViH DM74 27 3.4
Vor Low Level Output Vee = Min, lg = Max DM54 0.25 0.4
Voltage V)L = Max, Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Voo = Min DM74 0.25 0.4
k Input Gurrent @ Max Voo = Max Enable T 0.2
Input Voltage V=7V Clock 0.2
. mA
Load 0.2
Others 0.1
4 High Level input Vee = Max Enable T 40
Current V) =27V Glock 40
rA
Load 40
Others 20
IR Low Level Input Voo = Max Enable T -08
Current V| = 0.4V Clock —08
- mA
Load -0.8
Others —-0.4
los Short Circuit Voo = Max DM54 —20 -~100
Qutput Current (Note 2) mA
P DM74 —20 —-100
lcecHn Supply Current with Veo = Max 18 31 mA
Outputs High (Note 3)
lcoL Supply Current with Vee = Max
Outputs Low (Note 4) 19 32 mA
Note 1: All typicals are at Vo = 5V, Ta = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: IccH is measured with the load high, then again with the [oad iow, with all other inputs high and all outputs open.
Note 4: Icc) is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.
’LS161 Switching Characteristics
at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
R =2kn
From (Input)
Symbol Parameter To (Output) Cp = 15pF C|. = 50 pF Units
Min Max Min Max
fMAX Maximum Clock Frequency 25 20 MHz
tPLH Propagation Delay Time Clock to 25 30 ns
Low to High Level Output Ripple Carry
tpHL Propagation Delay Time Clock to 30 a8 ns
High to Low Level QOutput Ripple Carry
tpLH Propagation Delay Time Clock to Any Q 29 27 ne
Low to High Level Output (Load High)
tpHL Propagation Delay Time Clock to Any Q 27 ag ns
High to Low Level Output {Load High)
3
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’LS161 Switching Characteristics

at Voo = 5V and Ty = 25°C (See Section 1 for Test Waveforms and Output Load) (Continued)

R = 2k
From (Input)
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
tpLH Propagation Delay Time Clock to Any Q 24 30 ns
Low to High Level Output (Load Low)
tpyL Propagation Delay Time Clock to Any Q 57 a8 ns
High to Low Level Qutput (Load Low)
tpLH Propagation Delay Time Enable T to 14 27 ns
Low to High Level Output Ripple Carry
tpHL Propagation Delay Time Enable T to 15 27 ns
High to Low Level Qutput Rippte Carry
tpyL Pl:opagatlon Delay Time Clear to 28 45 ns
High to Low Level Output Any Q
Recommended Operating Conditions
Symbol Parameter DM54LS163A DM74LS163A Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \
ViH High Level Input Voltage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 v
lon High Level Output Current —0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
folk Clock Frequency (Note 1) 25 ] 25 MHz
Clock Frequency (Note 2) 20 20 MHz
tw Pulse Width Clock 20 20 ]
Note 1) ns
(No Clear 20 20
Pulse Width Clock 25 25 ns
(Note 2) Clear 25 25
tsu Setup Time Data 20 8 20 8
{Note 1) Enable P 25 17 25 17 ns
Load 25 15 25 15
Setup Time Data 20 20
{Note 2) Enable P 30 30 ns
Load 30 30
ty Hold Time Data -3 -3
ns
(Note 1) Others -3 -3
Hold Time Data ns
(Note 2) Others 5
tREL Clear Release Time (Note 1) 20 20 ns
Cloar Release Time (Note 2) 25 25 ns
Ta Free Air Operating Temperature —58 125 1] 70 °C

Note 1: G = 15 pF, R = 2 ki, T = 25°C and Vg = 5V.
Note 2: G, = 50 pF, AL = 2 kf), Ta = 25°C and Vgg = 5V.
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’LS163 Electrical Characteristics

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

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

'B@ L501l22 008L783 L?T WA

Symbol Parameter Conditions Min Typ Max Units
{Note 1)
\'7 Input Clamp Voitage Voo = Min, ) = —18 mA —1.5 v
VoH High Level Output Veo = Min, lpy = Max DM54 2.5 3.4
Voltage ViL = Max, Vi = Min v
iL » YIH DM74 27 34
VoL Low Level Output Voe = Min, Igg = Max DM54 0.25 0.4
Voltage ViL = Max, ViH = Min DM74 0.35 05 v
foL = 4 mA, Vgg = Min DM74 0.25 0.4
Iy Input Gurrent @ Max Voo = Max Enable T 0.2
input Voltage V=7V Clock, Clear 0.2
mA
Load 0.2
Others 0.1
in High Leve! Input Vee = Max Enable T 40
Current V=27 Load 40
HA
Clock, Clear 40
Others 20
e Low Level Input Voo = Max Enable T -0.8
Current V) = 0.4V Clock, Clear —08
mA
Load —0.8
Others —0.4
los Short Circuit Vec = Max DMS4 -20 -100
Qutput Current (Note 2) mA
uip DM74 —20 —100
lccH Supply Current with Voo = Max 18 31 mA
Outputs High (Note 3)
lcoL Supply Current with Voo = Max
Outputs Low (Note 4) 18 32 mA
Note 1: All typicals are at Voo = 5V, Ta = 26°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
Note 3: iccH is measured with the Ioad high, then again with the load low, with all other inputs high and all outputs open.
Note 4: Icc, is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.
’LS 163 Switching Characteristics
at Voo = 5V and Tp = 25°C (See Section 1 for Test Waveforms and Output Load)
From (Input) R = 2ka
Symbol Parameter To (Output) CL = 15pF CL = 50pF Units
Min Max Min Max
fmAX Maximum Clock Frequency 25 20 MHz
tpLH Propagation Delay Time Clock to 25 30 ns
Low to High Level Qutput Ripple Carry
tpHL Propagation Delay Time Clock to 30 38 ns
High to Low Level Output Ripple Carry
tpLH Propagation Delay Time Clock to Any Q 22 27 ns
Low to High Level Qutput (Load High)
tpHL Propagation Delay Time Clock to Any Q 27 a8 ns
High to Low Level Cutput (Load High)
5
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’LS163 Switching Characteristics
at Voo = 5V and Ta = 25°C (See Section 1 for Test Waveforms and Output Load) (Continued)
From (Input) R = 2ka
Symbol Parameter To (Output) CL = 15pF C_ = 50pF Units
Min Max Min Max
tpLH Propagation Delay Time Clock to Any Q 24 20 ns
Low to High Level Output (Load Low)
tenL Propagation Delay Time Clock to Any Q 27 a8 ns
High to Low Level Output (Load Low)
tpLH Propagation Delay Time Enable T to 14 27 ns
Low to High Level Output Ripple Carry
tpyL Propagation Delay Time Enable T to 15 27 s
High to Low Level Output Ripple Carry
tpHL Propagation Delay Time Clear to Any Q 28 45 ns
High to Low Level Output (Note 1)
Note 1: The propagation delay clear to output is measurad from the clock input transition.
Logic Diagram
LS163A
) a Q
CLOCK ~——— >0 <P CLOCK *
1 [l
13) 3
DATA A
[
E ™
CLE L/ 4 —
I K 13)
a s
@) —Opb CLOCK
DATA B o G
®) 1 3
LOAD —-:D 4
@
ENABLE P
- |
oo 1 %
K (12
ENABLE T —[>o : o oc
(5) bt cLOCK
DATA C — aQ
1 Al
) [ ) o J
—
K “n
Q Qp
(6) — CcLOCK
DATA D — —
)| 1o
%‘Dﬁ s
EL_>° {15) RIPPLE
= CARRY
=3 ouTeUT
TL/F/8307-2
Tha LS161A is similar, however, the clear buter is connected directly to the flip flops.
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Vary PRR to measure figax.

Note C: VRgr = 1.5V.

PRR to measure tyax-

Note C: Vggp = 1.3V,

Parameter Measurement Information

Switching Time Waveforms

[=— fwecrockt

v —
cLock V. \
v v v v
iNPUT f REF REF REF N
o
toLh torr
IMEASURE AT ty,) 1 |' ™ (MEASURE AT ty,5)
v
outrur "
0, 113 Vaer
e— P
Ty —— ToLm
(MEASURE AT ty.q) ] (MEASURE AT 1.2}
Vou
OUTPg: \ Vaer
Var
tow . tein
(MEASURE AT ty.g) (MEASURE AT t,.,)
v
outPuT
o VRer
Vo, ey
IMEASURE AT 1y, 1q —={ _4| toun
. R tuure) (NOTE B IMEASURE AT 1y.4)
outeur " v
H mer
® VoL ~
to
(MEASURE AT tyo1g
RippLE Vo OR ty.16} (NOTE B)
CARRY
OUTPUT Voo

Note B: Outputs Qp and carry are tested at 1,4 1g where ty, is the bit time whan ali outputs are low.

Switching Time Waveforms

v
CLOCK INPUT ' 4
L5161A RIrer_J Veer
:: twicLock)
CLEAR \
wWeur KVaer ’{VI(F
10v - TwicLean) trarue
S:ﬁ? \V_ns_sjlvnu
w TgETye
3ov
DATA INPUTS V \
A,8,C ANDD Vaer K Vaer
e tori hae LT
0 OUTPUTS —_—
sis1a Yo" \
Vaee Vaer
Vo N
.0V
ENABLE P OR M \ v r j
ENABLET Rer ner Vaee
Vou tsequp |— tvnf=
CARRY Vaer Vrer
v
CLoTK ST 30V PN
1S163A _\_} Vage K Vaer ,{V“;
vﬂ\l s topaL | —efteL
e ouTPUTS
LS183A Veer Vaze
Vo 1

Note B: Enable P and enable T setup times are measured at tn 4 g.

TL/F/8397-3

Note A: The input pulses are supplied by generators having the follewing characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 500, 4 < 10ns, ty < 10ns.

TL/F/6397-4

Note A: The input pulses are supplied by generators having tha following characteristics: PRA < 1 MHz, duty cycle < 50%, Zoyt = 500, t < 6ns, § < 6 ns. Vary
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LS161A, LS163A Synchronous Binary Counters
Typical Clear, Preset, Count and Inhibit Sequences

CLEAR
L5161A || iasvncHRoNOUS)

AR
L5163 LI syncnroncus)

LOAD l l

DATA — —— —— —
INPUTS
I:_l---—_—‘l.._ — — — —

o [ 1T IZIZIZC

CLOCK e
LS161A

[ 1]

ioon Ly
1
J

o e e e e e —— —— — — — ———

ENABLEP I
ENABLE T I
0" — ] [ e I |
W ] 1
QUTPUTS
o ] 1
%0 7] 1
RIPPLE CARRY n
OUTPUT 12 13 1 15 0 1 2
COUNT . INHIBIT

CLEAR PRESET

Sequence:

(1) Clear outputs to zero

(2) Preset to binary twelve

(3) Count to thirteen, fourteen, fifteen, zero, ons, and two
(4) Inhibit

TL/F/€397-5
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Physical Dimensions inches (millimeters)

16-Lead Ceramic Dual-In-Line Package (J)

NS Package Number J16A

0.2000.005
{5.080 £0.127)
Hig _ w5 1520000
R » {0.38120.254)
015
. | 0.083-0.075 (:;,,, Wl \ 0.007-0.011
I i 11.600 - 1.905) MIN TYP Y (0-17:;"'}-?7%
| H U 0.0220.028
0,077 0,083 r ﬁ‘ = rco.sss—u.m)
9.077—0.633 2 TP
{1.959-2.352) e —
C3 _f 1'
o o048 0055 L =
Z 1.183-1.397) _,l
e 0.067 - 0.083
DETAIL A 0.067-0.083 . 0.045-0.05%
(1.702=2.106) TGy
Top View Side View v
457 0.040£0.010
{1.016£0.254)
arLcs
Bottom View
w015
—(:::';: 10.381)
MIN TYP MAK TYP
0.022
10.550) L3 4 0.006,
MAX TYP (0.152)
MIN TYP
Detsil A
E20A (AEV Or
Ceramic Leadless Chip Carrier Package (E)
Order Numbers 54LS161ALMQB or 54LS163ALMQB
NS Package Number E20A
0.785
[19.94] MAX ™
16 9
D AN AN A T
0.220-0.310
[5.59-7.87]
L
0.025 PV RV R v v v
R [0.54] 1 8
R 0.005-0.020 [y
[0.13-0.51]
-]
0.005
[0.13] —»] i«
GMIN T GLASS SEALANT
0.200
[5.08] =
MAX TYP L | 0.010£0.002 1yp
) [ [0.25 £ 0.05]
!
0.125-0.200
[5.18-5.08) TP —
(Z.03) Wt ] =
BOTH ENDS
0.100£0.010 J18a (REV L)
[2.5410.25] ''P

Order Numbers 54L.S161ADMQB, 54LS163ADMQB, DM54LS161AJ or DM54LS163AJ
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Physlcal Dimensions inches (millimeters) (Continued)
0.386 - 0.394 »
{9.804 — 90.00)
S 15 14 11 122 1 1 9
0.228—0.244 300
{5.791-6.198) P
LEAD NO.1 /1 & 7 8 [}
10ENT 0.010 pay
(0.254)
0.150-0.157
Bs0_asey [
iy 0.053.-0.069
&%‘_&% x33°—] l‘— (1.346-1.753) 0.004-0.010
8° NAX TYP {0.102 —0.254)
ALL I.EADS . .
4 1
L o 11 1 = X SEATING
1 J PLANE
0.008—0.010 UL X 0.014-0.020
{0.203-0.254) -»] L .06 0.050 (0.358) ‘“(12; (_o.’gs‘_:+mnp
VP ALL LEADS ® ws 1. 270] otk 008 -
ID lllil > <_(Ojl’(ﬂj b M18A (REV Hy
ALL LEAD TIPS
16-Lead Small Outline Molded Package (M)
Order Number DM74LS161AM or DM74LS163AM
NS Package Number M16A
0.740 - 0.780 I 0080
18.80- 19.81 -
(1820 ) {(2.286)
0.250£0.010
8.350£0.254)
PIN NO. 1__A ———L
IDENT
0.065
0.130 £ 0.005 {1651}
0.060 4° TP 0.300 - oszo 1.851)
y B3z '275 = [~ a5 ™ [ erionaL (_—)7 £20-B.128 i
0,145 = 0.200 \l
{3.683-5.080) [
l 95°%5° 0.008-0.016
9D°t 4° TP
Zg:ggg) NIN N 0.280 {0203-0.408 ™"
0.125-0.150 o 003020015 (7"2)
(3175-3.810) m
0.014-0.023 £.10020.010 (. 3254»0040
{0356 - 0.534) 0.050 40, 0,0 {2540£0.254) AOe0~0.015
v ™ 31.016 HisE (Rev )
{127020.254) (825538}
e .
16-Lead Molded Dual-In-Line Package (N)
Order Numbers DM74LS161AN, DM74LS163AN
NS Package Number N16E
11
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4-Bit Binary Counters

54LS161A/DM54LS161A/DM74LS161A, 54LS163A/DM54LS163A/DM74LS163A Synchronous

Physical Dimensions inches {millimeters) (Continued)

0.050-0080 | 0.371-0.390 _
{1.270-2.032) = {8.423—9.906)
0.004—0.006 0.007—0.018 | 0.050:+0.005
®az—o.52 " 018-0.057) - pezoam '
e — | |—0.000 MK Tvp
0.250-0.370
{6.350—9.398)
_ : y 1
W A 16151413 121110 8 —
| % ) 0.245-0.275
1 AR GRS (6.223 —6.985)
i 2345673
H A | ——t—
DETAIL A—»~! Ig'h
L Pl
PIN NO. 1 0.250-0.370
0.250—0.370 DETAIL A
IDENT (6.350—9.398)
0.026 —0.040 JL 0.015-0.013
P.Ee0—1.035) T e 10.381_0.482)
e W1GA [REV H)

LIFE SUPPORT POLICY

16-Lead Ceramic Flat Package (W)

Order Numbers 54LS 16 1AFMQB, 54LS163AFMQB,
DM54LS161AN or DM54LS163AW

NS Package Number W16A

0.008 —0.012

{0.203—0.305)

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor
Corporation

1111 West Bardin Road
Arington, TX 76017

Tel 1(800) 272-8959
Fax: 1(800) 737-7018

o)

National Semiconductor

Europe
Fax
Email
Deutsch Tel
English Tel
Frangais Tel.
Italiano  Tel.

: (+49) 0-180-530 85 86
: cnjwge @tevm2.nsc.com
; (+49) 0-180-530 85 85
: (+49) 0-180-532 78 32
: (+40) 0-180-532 93 58
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