LS160 LS162

Synchronous BCD Decade Counters

LS161 LS163

FEATURES

4-bit synchronous counters

Synchronously programmable

Internal look-ahead counting

Carry output for n-bit cascading

Synchronous or asynchronous clear

Advanced low-power Schottky technology

100% reliability assurance testing in compliance with
MIL-STD-883

DESCRIPTION

The LS160, LS161, LS162 and LS163 synchronous, pre-
settable counts have internal look-ahead carry and ripple
carry output for high-speed counting applications. The
LS160 and LS162 are decade counters and the LS161 and
LS163 are 4-bit binary counters. Counting or loading
occurs on the positive transition of the clock pulse. A LOW
level on the load input causes the data on the A, B, C and D
inputs to be shifted to the appropriate Q outputs on the
next positive clock transition.

The LS160 and LS161 feature an asynchronous clear. A
LOW level at the clear input sets the Q outputs LOW re-
gardless of the other inputs. The LS162 and LS163 have a
synchronous clear. A LOW level at the clear input sets the
Q outputs LOW after the next positive clock transition
regardless of the enable inputs.

Both count-enable inputs P and T must be HIGH to  count.
Count enable T is included in the ripple carry output gate
for cascading connection.
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Synchronous 4-Bit Binary Counters
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Synchronous BCD Decade Counters LS160 LS162

Synchronous 4-Bit Binary Counters LS161 LS163
LOGIC DIAGRAMS
LS160 Synchronous
Decade Counter
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LS162 synchronous decade counters are similar; however,
the clear is synchronous as shown for the LS163 binary
counters.
LS163 SYNCHRONOUS
BINARY COUNTER
CLR 0 a q a
cLEAR —1—>— A 8 g 0
18 13 12 n
P, |
CLOCK | ]
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[} D _ 0 _
Q [0 a
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LS161 synchronous binary counters are similar: however,
the clear is asynchronous as shown for the LS160 decade
counters.
2-87



LS160 LS162

Synchronous BCD Decade Counters

LS161 LS163

Synchronous 4-Bit Binary Counters

Recommended Operating Conditions

9LS/54LS 9LS/74LS Unit
Min | Nom | Max Min | Nom | Max "
Supply voltage, Vec 4.5 5 55 |4.75 | 5.0 5.25 \%
High-level output current, lon -400 —400| pA
Low-level output current, loL 4 8 mA
Clock frequency, folock 0 25 0 25 | MHz
Width of clock pulse, twiclock) 25 25 ns
Width of clear pulse, ty(clear) 20 20 ns
Data inputs A, B,C, D 0 0
B . EnablePor T 20 20
Setup time, terp (see Figures 3 and 4) Toad 0 20 ns
Clear® 20 20
! Data inputs A, B, C, D 254 25 ns
H
old time, thoid Other inputs 104 10
Operating free-air temperature, Ta 55 125 0 70 °C

o This applies only for LS162 and LS163, which have synchronous clea

r inputs.

{ The minimum hold time is as specified or as long as the clock input takes to rise from 0.8 V to 2 V, whichever is longer.

Electrical Characteristics Over Recommended Free-

Air Temperature Range (Unless Otherwise Noted)

Parameter Test Conditions” Min 9L$v/i4'l..s Max | ™in stz’tl:s Wax Unit
ViH 2 2 A"
ViL 0.7 08 Vv
Vi Vee=MIN, I|=-18mA -1.5 -1.5 v

Vee=MIN, Vin=2V,
VoH VyL=VyLmax, lon=-4004A 25 34 2.7 34 v
N Vee=MIN, Vig=2V, lgL=4mA 025 | 04 0.25; 0.4 v
oL VL=V Lmax, ToL=8mA 035| 05

Data or enable P 0.1 0.1

Load, clock, or
I} {enable T Vee=MAX, V=7V 0.2 0.2 mA

Clear (LS160,161 0.1 0.1

Clear (L$162,163 0.2 0.2

Data or enable P 20 20

L oad, clock, or
ljn lenable T Vee=MAX, V=27V 40 40 uA

Clear (L.5160,161 20 20

Clear (LS162,163) 40 40

Data or enable P -0.4 -0.4

Load, clock, or
1)L |enable T Vee=MAX, V=04V -0.8 -0.8] mA

Clear{L5160,161) -0.4 -0.4

Clear{LS162,163) -0.8 -0.8
lost Vee=MAX -15 -100| -15 -100| mA
leeH Vee=MAX, See Note 1 18 31 18 31 mA
fccL Vee=MAX, See Note 2 19 32 19 32 | mA

*Eor conditions shown as MIN or MAX, use the approgpria

device type.

** A typical values are at
1+Not more than one autput s

NOTES:

1. lggH is measured with the load input

2. IgoL is measured with the clock input hi
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Ve =5V, Ta=25°C.
hould be shorted at a time.

high, then again with the load input low, with all other inp!

uts high and all outputs open.

gh, then again with the clock input low, with all other inputs low and all outputs open.

te value specified under recommended operating conditions for the applicable



Synchronous BCD Decade Counters LS160 LS162

Synchronous 4-Bit Binary Counters LS161 LS163
Switching Characteristics, V_. = 5V Over Recommended Free-Air Temperature Range
R ) From To —55°C +25°C +125°C Vi
arameter (input) (output) Min | Typ | Max | Min | Typ | Max | Min [ Typ | Max nit
Test Conditions: C, = 15pF, R, = 2k} (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174)
frax 30 40 MHz
tPLH . 28 39 25 35 28 39
Clock Ripple carr
tPaL peTe carry 23 | 39 20 | 35 23 [ 39 | ™
tpLH (.:IOCK A Any Q 13 22 10 18 13 22 ns
tpHL (load input high) 18 24 15 20 18 24
tpLH (?Iock Any Q 13 22 10 18 13 22 ns
tPHL (load input low) 18 24 14 20 18 24
tpLH . 18 | 25 15 | 20 18 | 25
Enable T Rippl
e nabe ippie carry 13 | 18 9 | 14 13 | 18] ™
tpHL Clear Any Q 17 32 14 28 17 32 ns
Test Conditions: C, = 50pF, R, = 2k(} (See Fig. 1 and 2 and Notes 3 and 4 and Fig. A, page 2-174)
teLH . 31 | 44 28 | 39 31 | 44
Clock Rippl
ToHL o ppie carry 26 | 44 23 | 39 26 | 44 | ™
LK Clock 1% | 27 13 | 22 16 | 27
Any Q
tPHL (load input high)| a 21 29 18 24 21 29 ns
LA Clock 16 | 27 13 | 2 16 | 27
A
tPHL {load input low) ny Q 21 29 17 24 21 29 ns
toLu . 21 | 30 18 | 24 21 | 30
Enable T Ripple ¢
TPHL navie 'pple carry 16 | 23 12 | 18 6 | 23| ™
tPHL Clear Any Q 20 37 17 32 20 37 ns
NOTES:

3. Propagation delay for clearing is measured from the clear input for the LS160 and LS161 or from the clack input transition
for the L.§162 and LS163.

4. AC specification shown under —55°C and +125°C are for 9LS devices only. All 50pF specifications are for 9LS only.
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LS160 LS162

Synchronous BCD Decade Counters

LS161 LS163

Synchronous 4-Bit Binary Counters

TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES

CLEAR
LS160 }_mvnscnaomous)
CLEAR l
Ls162 l_l; {SYNCHRONOUS)
LOAD ': |
A _] ! |::::::::::::
! — —— — — — e - m— e m— =
pata J B - I - . e = - -
INPUTS | ¢ — - — - - - --Z-Z-Z-ZC

o__ ) — —_— = - -

CLOCK ——— — M M UL UL
LS160 |

FIGURE 1
LS160, LS162

llustrated below is the following sequence:

1. Clear outputs to zero

CLOCK
LS162 L 2. Preset to BCD seven
! ! : 3. Count to eight, nine, zero, one, two, and three
ENABLE P (A 1 [ 4. Inhibit
1 1 1
T !
ENABLE T i i 1
- i :
oa_ — L] I
L :
e " -2 L I
UTPUTS 1 '
i e B =
[l i ]
- i 1 '=
— .
' :
RIPPLE CARRY N ;
OUTPUT 7 ig 9 0 1 2 3!
1 | k——count -4 INHIBIT
CLEAR PRESET
CLEAR
Ls161 ILJT&SYNCMm'mu:)us)
CLEAR !
Ls163 LT (syncHRONOUS)
1
LOAD -
| — — — — — — — — — —
A
]
i _—_——— = = = = = = = =
o
pata J B : e - — = = - — = = = =
INPUTS v -— - - — - - = — — =
c I e e e e am — — — — — —
‘ FIGURE 2
D 5 e e e — — — — — — — — LS161,LS163
Cl[gt;::;(‘ ' | | | | | l | [ | | | | [ | | | | | | lliustrated below is the following sequence:
Lo 1. Clear outputs to zero
CLOCK LU EgigipipEgEpup Ly 2. Preset to binary twelve
LS163 o 3. Count to thirteen; fourteen fifteen, zero,
enapLep 11 A one, and two
b : 4. Inhibit
ENABLET_____:_I ' L
¥ ol Sy N gy IO g
—_—t :
e N RN py I [y
QUTPUTS . — '
Qc _ _ _L :
op ~ — | 1 i
| ]
]
RIPPLE CARRY | 1
OUTPUT 12 13 14 15 0 1 2
J——— COUNT INHIBIT

1
CLEAR PRESET
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Synchronous BCD Decade Counters LS160 LS162
Synchronous 4-Bit Binary Counters LS161 LS163

FIGURE 1

PARAMETER MEASUREMENT INFORMATION

v
CLOCK INPUT 3
LS160 1.3v
LS161 ]
| m—— = - ——— —— - - - — OV
1™ twiclock) "j av
CLEAR | |
INPUT 1.3V 1.3V ] :
1
Iy _: ————— : ————— e e e ov
1*twiclear) | tsetup - av
|
LOAD | | 1.3v
INPUT ! )
: P N e e e e o —_————— v
|
ATA INPUTS : B T T T T T T T T e e v
DATA INPUT ' 14 1.3v 13v
A.B,C, ANDD i ; \
! tpLpt— o
PLH
1
t
Q OUTPUTS ! | VoH
LS161 : 1.3v
Qp AND Qp OUTPUTS
A D e o e e o o _ VoL
LS160

' - === Vou
Qg AND Q¢ OUTPUTS |

LS160

______________ VoL

ENABLE P OR
ENABLE T

RIPPLE
CARRY
OUTPUT

gl -

CLOCK INPUT
L8162
LS163

|
| VoH
Q OUTPUTS | : !
Ls163 13v ! 1.3v
Qa AND Qp OUTPUTS

1
I
|
l
LS162 —’l tpHL :‘- P_’IL_ tpLH{measure at t,42 or th+q)

II—-——-——————— VoRr

| /
Qg AND Q¢ OUTPUTS \1,3v A 1av
J

LS162

VOLTAGE WAVEFORMS

NOTES:
A. The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, Zout =~ 50 &2;

tr <15 ns, tf <6 ns.
B. Enable P and enable T setup times are measured at t, = 0.
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LS160 LS162 Synchronous BCD Decade Counters

» .
LS161 LS163 Synchronous 4-Bit Binary Counters
FIGURE 4
PARAMETER MEASUREMENT INFORMATION
:-————‘l—'w(clock)
i i 3v
CLOCK
INPUT 1.3V 1.3V 1.3v 1.3v
! ! | N e - ov
b—e—tpLH et tpHL |
! | imessure at the1) | (messure at tn42)
| \ i | \ — —— VOH
{ )
QUTPUT ) 13V Il 13v ,
Qp | \ | VoL
| )
i bo——et— tPHL f—BLH
'. 'I | {measure at ‘nfd) | imeasure at tq:+2)
T | | | ! VoH
oUTPUT l | 13V I 13V
Qg X v
| | e—— - = oL
| :-——1— PHL f—et—tPLH
| \ : (measure at ty+g) | (messure at tyrg) Von
ouUTPUT i [ 1
L 1.3v 1 1.3v
Qc | \
! I ; - — - = — ——=- Vot
| jo—vp— tPHL bt tpLH
| ' | -Umessure 2tni10 | {messure at tn+g)
. 1o tn+16) | VoH
OUTPUT 1 | {See Note B}
ap | I 1.3v 1.3v
| e — = = -— Vot
1 WLH ‘-—"—, PHL
i : (messure at tn+0 Of tn+16}
RIPPLE || o - (SeeNoteB) — -- — — — — — — = VoH
CARRY 1.3V 1.3V
ouUTPUT )
— VoL
NOTES: VOLTAGE WAVEFORMS

A. The input pulses are supplied by a generator having the foliowing characteristics: PRA < 1 MHz, duty cycle < 50%, Zoyr ~ 502 t, <1513,

1¢ < 6 ns. Vary PRR to measure frmax-

8. Outputs Qg and carry are tested at th+10 LS160, LS162, and at ta+1g for LS161, LS163 where tp, is the bit time when all outputs are low.
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
LS160 or LS162 wil! count in BCD and the LS163 will count in binary. Virtually any count mode (modulo-N, N1-to N2,
N1-te-maximum) can be used with this fast look-ahead circuit.

INPUTS INPUTS - INPUTS INPUTS
e N, ——P——, —_—N — A
tDABCD LbABCD LDABCD LDABCD
H = COUNT
- —EN P ENP NP
L=DisABLE |5 © E E
H = COUNT RIPPLE RIPPLE RIPPLE RIPPLE
L =pisaBLE JENT CARRY ENT CARRY ENT CARRY EN T CARRY TO MORE
OUTPUT OUTPUT OUTPUT OUTPUT SIGNIFICANT
STAGES
— CK — CK —4$ CK —p CK
Qa Qc Qa Q¢ Qp Q¢ Qa _ Oc
CLR Qg Qp CLR 0g QD CLR 0 " Qp cLR QB ©D
CLEAR
e —
OUTPUTS OUTPUTS OUTPUTS OUTPUTS
cLoCcK >
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