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National Semiconductor
54LS160A/DM74LS160A, 54LS162A/DM74LS162A
Synchronous Presettable BCD Decade Counters
General Description Features
The 'LS160 and °LS162 are high speed synchronous dec- B Synchronous counting and loading
ade counters operating in the BCD (8421) sequence. They  m High speed synchronous expansion
are synchronously presettable for application in programma-  m Typical count rate of 35 MHz
ble dividers and have two types of Count Enable inputs plus  m Fully edge triggered
a Terminal Count output for versatility in forming synchro-
nous multistage counters. The 'LS160 has an asynchronous
Master Reset input that overrides all other inputs and forces
the outputs LOW. The ’LS162 has a Synchronous Reset
input that overrides counting and parallel loading and allows
all outputs to be simultaneously reset on the rising edge of
the clock.
Connection Diagram
Dual-In-Line Package
_ \—/
R—{1 16 [=Vee
CP—2 15p=TC
P0O—3 14 —Q0
P1— 4 13 =0t
P2—5 12—Q2
P3—6 1M1p—0Q3
CEP—7 10 p—CET
GND—{8 9|—-FE
TL/F/10177-1
*MR for ’LS160
*SR for 'LS162
Order Number 54LS160ADMQB, 54LS160AFMQB, 54LS160ALMQB,
54L.S162ADMQB, 54LS162AFMQB, 54LS162ALMQB, DM74LS160AM,
DM74LS160AN, DM74LS162AM or DM74LS162AN
See NS Package Number E20A, J16A, M16A, N16E or W16A
i Logic Symbol
Pin Description °g Sy o
Names
CEP Count Enable Parallel Input 9 3 4 5 &
CET Count Enable Trickle Input 6 | I | I
CP Clock Pulse Input (Active Rising Edge)
MR ('160) Asynchronous Master Reset PE PO P1 P2 P3
Input (Active LOW) 7 —qcep
SR ('162) Synchronous Reset 10—CET 15
Input (Active LOW) 2—cpP
PO-P3 Parallel Data Inputs *R Q0 Q1 Q2 Q3
PE Parallel Enable Input ? | | | |
(Active LOW) 114 13 12 1
Q0-Q3 Flip-Flop Outputs TL/F/10177-2
TC Terminal Count Output Voc = Pin 16 *MR for 'LS160

GND = Pin8 *SR for’LS162
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Absolute Maximum Ratings (Note)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage "
Input Voltage "
Operating Free Air Temperature Range

5418 —55°Cto +125°C

DM74LS 0°Cto +70°C

—65°C to +150°C

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Storage Temperature Range

Recommended Operating Conditions

54L.S160A/162A DM74LS160A/162A .
Symbol Parameter Units
Min Nom Max Min Nom Max

Veo Supply Voltage 45 5 5.5 4.75 5 5.25
ViH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8
loH High Level Output Current —-04 —-0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —55 125 0 70 °C
ts(H) Setup Time, HIGH or LOW 20 20 ns
ts(L) Pn to CP 20 20
th(H) Hold Time, HIGH or LOW 0.0 0.0 ns
th(L) P, to CP 0.0 0.0
ts(H) Setup Time, HIGH or LOW 20 20 ns
ts(L) PE to CP 20 20
th(H) Hold Time, HIGH or LOW 0 0 ns
th(L) PE to CP 0 0
ts(H) Setup Time, HIGH or LOW 20 20 ns
ts(L) CEP, CET or SR to CP 20 20
th(H) Hold Time, HIGH or LOW 0 0 ns
th(L) CEP, CET or SR to CP 0 0
tw(H) CP Pulse Width, 15 15 ns
tw(L) HIGH or LOW 25 25
tw(L) MR Pulse Width

LOW (160) 1 18 ns
trec Recovery Time

MR to CP (160) 20 20 ns

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

Symbol Parameter Conditions Min (N?t,: 1) Max Units
\ Input Clamp Voltage Vee = Min, || = —18 mA —-1.5 \
VoH High Level Output Vce = Min, oy = Max, 54LS 25 v
Voltage ViL = Max DM74 27
VoL Low Level Output Vce = Min, IgL. = Max, 54LS 0.4
Voltage Vi = Min DM74 05 v
loL = 4 mA, Vgg = Min DM74 0.4

Note 1: All typicals are at Vg = 5V, Tp = 25°C.
Note 2: Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Electrical Characteristics

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
] Input Current @ Max Vce = Max, V| = 7V | Other 0.1 mA
Input Voltage PE, CET Inputs 0.2
i1 High Level Input Current Vce = Max, V| = 2.7V | Other 20 JA
PE, CET Inputs 40
IiL Low Level Input Current Vce = Max, V| = 0.4V Inputs 5418 —0.4 mA
DM74 -1.6
PE, CET Inputs -0.8 mA
los Short Circuit Vce = Max 5418 —20 —100
Output Current (Note 2) mA
utp DM74 | —20 —-100
lccH Supply Current with Vcc = Max, PE = GND 31 mA
Outputs HIGH CP = _/7, Other Inputs = 4.5V
lccL Supply Current with Vce = Max, Viy = GND 31 mA
Outputs LOW CP=_—~
Switching Characteristics vcc = +5.0v, 15 = +25°C
RL = 2kQ
Symbol Parameter CL = 15pF Units
Min Max
fmax Maximum Clock Frequency 25 MHz
tPLH Propagation Delay 25 ns
tPHL CPtoTC 21
tPLH Propagation Delay 24 ns
tPHL CPtoQp 27
tpLH Propagation Delay 14 ns
tPHL CETto TC 23
tPHL Propagation Delay
! 28
MR to Qn ('160) ns

Functional Description

The ’LS160 and 'LS162 count modulo-10 in the BCD (8421)
sequence. From state 9 (HLLH) they increment to state 0
(LLLL). The ’161 and ’163 count modulo-16 binary se-
quence. From state 15 (HHHH) they increment to state 0
(LLLL). The clock inputs of all flip-flops are driven in parallel
through a clock buffer. Thus all changes of the Q outputs
(except due to Master Reset of the 'LS160) occur as a re-
sult of, and synchronous with, the LOW-to-HIGH transition
of the CP input signal. The circuits have four fundamental
modes of operation, in order of precedence: asynchronous
reset ('LS160), synchronous reset ('LS162), parallel load,
count-up and hold. Five control inputs—Master Reset (MR,
’LS160), Synchronous Reset (SR, 'LS162), Parallel Enable
(PE), Count Enable Parallel (CEP) and Count Enable Trickle
(CET)—determine the mode of operation, as shown in the

Mode Select Table. A LOW signal on MR overrides all other
inputs and asynchronously forces all outputs LOW. A LOW
signal on SR overrides counting and parallel loading and
allows all outputs to go LOW on the next rising edge of CP.
A LOW signal on PE overrides counting and allows informa-
tion on the Parallel Data (P,) inputs to be loaded into the
flip-flops on the next rising edge of CP. With PE and MR
('LS160) or SR ('LS162) HIGH, CEP and CET permit count-
ing when both are HIGH. Conversely, a LOW signal on ei-
ther CEP or CET inhibits counting.

The ’LS160A and 'LS162A use D-type edge-triggered flip-
flops and changing the SR, PE, CEP and CET inputs when
the CP is in either state does not cause errors, provided that
the recommended setup and hold times, with respect to the
rising edge of CP, are observed.
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Functional Description (continued)

The Terminal Count (TC) output is HIGH when CET is HIGH
and the counter is in its maximum count state (9 for the
decade counters, 15 for the binary counters). To implement
synchronous multistage counters, the TC outputs can be
used with the CEP and CET inputs in two different ways.
These two schemes are shown in the 9310 data sheet. The
TC output is subject to decoding spikes due to internal race
conditions and is therefore not recommended for use as a
clock or asynchronous reset for flip-flops, counters or regis-
ters. In the decade counters of the 'LS160, 'LS162, the TC
output is fully decoded and can only be HIGH in state 9.

LOGIC EQUATIONS:
Count Enable = CEP e CET ¢ PE
TC=Q0eQ1eQ2Q3CET

State Diagrams

Mode Select Table

B — Action on the Rising
SR PE CET CEP Clock Edge (_")
L X X X RESET (Clear)

H L X X LOAD (P, — Qp)

H H H H COUNT (Increment)
H H L X NO CHANGE (Hold)
H H X L NO CHANGE (Hold)

*For the 'LS162
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

’LS160,’LS162

TL/F/10177-5
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Logic Diagrams
’LS160
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TL/F/10177-4
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Bottom View
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/
0.007-0.011
(0.178-0.279)
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0.022-0.028
{0.559—0.711)

TYP

A

0.045-0.055
—{1143-1.307)
P

E20A (REV D)
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i i i inches (millimeters;
Physical Dimensions inches (millimet
0.200+0.005
(5.080£0.127)
TYP
s L e »
Ve
0.350+0.008 00630075 0.015 2NN
(8.890+0.203) | e 206320075 0.381
‘ ‘ l (1.600—1.905) |3u~ TV)P ¢ \
0.077-0.093
(1.959 —2.362)
0.045-0.055 4 |
D ey S (1_14371.397|J
DETAILA e 0.067-0.083
(1.702-2.108)
Top View Side View e
/4505 0.040£0.010
(1.016£0.254)
3PLCS
0.015
(g ggg'_ {0.381)
MAX TYP
MIN TYP W
0.022 A )
Ooe0 | e 0006
MAX TYP {0.152)
MIN TYP
Detail A
Ceramic Leadless Chip Carrier Package (E)
Order Number 54LS160ALMQB or 54LS162ALMQB
NS Package Number E20A
0.785
[19.92] MAX ——»]
16 9
[ B T e T B B i B M T
0.220-0.310
[5.59-7.87]
¥
025 [PRLVRLW I W I W I W L W BN
[o 64] ! 8 0.005-0.020
R T0.13-0.51] TP
0.0370.005
T lossxolis] TP 0.290-0.320
0-005 [7.37-8.13]
[0.13] —] [« ~ =4050500% e :
*MIN TYP f
0.020-0.060 yp
0.200 L [0.51-1.52] 0.180
180 MAx
[5.08] H H [4.57]
MAX TYP || 1
¥ 'l | H [ ¥ ;I N TP !
! .
0.125-0.200
[3.18-5.08] ""P — e
0.080 —
[2.03]MAX == =
BOTH ENDS 0.018+0.003
[o.46+0.08] TP
0.100£0.010 yp
[2.54 £0.25]
Ceramic Dual-In-Line Package (J)
Order Number 54LS160ADMQB or 54LS162ADMQB
NS Package Number J16A

3164 (REV L)
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Physical Dimensions inches (millimeters) (Continued)

, 0.385-0.304

(9.804 —10.00}

16-Lead Molded Dual-In-Line Package (N)
Order Number DM74LS160AN or DM74LS162AN
NS Package Number N16E

1 15 1M 13 12 11 19
g A g A
0.228-0.244 00
{5.791-6.198) TYP
‘ O
LEAD N1 /1 2 3 4 5 6 71 8
IDENT 0.010 yay
(0.258)
0.150 -0.157
{a.810-3.988) |~
0.010-0.020 0.053 -0.069.
0.254 0508 <4 7| {1386 -1.753) 0.004-0.010
8° MAX TYP (0.102-0.25¢)
ALL LEADS =
e ﬁ%# j—l:H:u:-j SEATING
* L T ¢ ? PLANE
0.008—0.010 0.014 0.050 0.014—0.020
— —0. e —| —TV
{0.203-0.254) % (0.356) (1 z7m "~ {0.356— 0.508)
TYP ALL LEADS 0.004 TYP ALL LEADS 0.008 .
©.102) (0.203) 16 RV Hy
ALL LEAD TIPS
16-Lead Small Outline Molded Package (M)
Order Number DM74LS160AM DM74LS162AM
NS Package Number M16A
) 0.740 - 0.780 | 0090
1880~ 19.81 0,090
‘ { ) _’1 I" 2.286)
[9]
0.250£0.010
{6.350£0.254)
PIN NO. 1
ient— U1 (2] 131 (4T 151 [81 12 (8]
OPTION 01 OPTION 02 0.065
0.130£0.005 165
o e0 Ty —»l 0.060 40 TYP 0.300- 0.320 (1.651)
| st 27)' (50 P /'\ "\ OPTIONAL j (.620-8.128) [ }
0.145 = 0.200 1 i
{3.683-5.080) { 1 ; f
! ‘ 959£5° 0.008-0.016
0.020 v 905 k40 TP {6205-0.408) T
0.508
(0:508) 125 = 0.15¢ 0.03040.015
(5175 3510 (0.762£0.381)
0.014-0.023 0.100£0.010 (0.325+0.040
(. 35%{ Po .584) 0.050£0.010 (2.54$Y xPo.25¢) -0.015 NISE (ReY F)
{1.270£0.254) (@.255*5%18)
P .
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