General Description

These synchronous, presettable counters feature an inter-  gating. Instrumental in accomplishing this functi
nal carry look-ahead for application in high-speed counting  count-enable inputs and a ripple carry output.
designs. The LS161A and LS163A are 4-bit binary counters.  Both count-enable inputs (P and T) must be hi

The carry output is decoded by means of a NOR gate, thus  and input T is fed forward to enable the ripple caxry ov
preventing spikes during the normal counting mode of oper-  The ripple carry output thus enabled will i
ation. Synchronous operation is provided by having all flip- | output pulse with a duration approxj
flops clocked simultaneously so that the outputs change co-  high-level portion of the Qa output. Th
incident with each other when so instructed by the count-  (ipple carry pulse can be used to enable g
enable inputs and internal gating. This mode of operation e stages. High-to-low level transitions 2 ndblé P or T
eliminates the output counting spikes which are normally  jnputs may occur, regardiess of the logic I&vet-of the clock.
associated with asynchronous (ripple clock) counters. A These counters feature a fully independent clock circuit.

buffe.r_ed CIO.Ck input triggers the fc?ur flip-flops on the rising Changes made to control inputs (enable P or T or load) that
(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  occurs. The function of the counter ther enabled, dis-
may be preset to either level. As presetting is synchronous,  apjed, loading, or counting) will be digtated solely by the
setting up a low level at the load input disables the counter  conditions 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;
and a low level at the clear input sets all four of the flip-flop
outputs low, regardless 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
flip-flop outputs low after the next clock pulse, regardless of
the levels of the enable inputs. This synchronous clear al-
lows the count length to be modified easily, as decoding the
maximum count desired can be accomplished with one ex-
ternal NANDEate. Thle glate Ol:]tput is connectﬁcli to the clear ypical power dissipation 93 mW
input to synchronously clear the counter to all low outputs, . .

Alternate Military/Aerospace device 5415161,
The carry look-ahead circuitry provides for cascading codn 20S163) is availawble. ConF;act a National Selsniconduc-
ters for n-bit synchronous applications without additional tor Sales Office/Distributor for specificaitons.

cal propagation time, clock to Q output 14 ns
pical clock frequency 32 MHz

&National Semiconductor ey 19%2
54LS161A/DM54LS161A/DM74LS161A,
54LS163A/DM54LS163A/DM74LS163A
Synchronous 4-Bit Binary Counters Q
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RIPPLE QUTPUTS
CARRY ENABLE
Voo OUTPUT Qo Qg Qe Qp T LOAD
16 15 14 13 12 11 10 9
Order Numbers 54LS161ADMQB, 54LS161AFMQB,
54L.S161ALMQB, 54LS163ADMQB, 54LS163AFMQB,
54LS163ALMQB, DM54LS161AJ, DM54LS161AW,
DM54LS163AJ, DM54LS163AW, DM74LS161AM,
DM74LS161AN, DM74LS163AM or DM74LS163AN
See NS Package Number E20A, J16A,
A M16A, N16E or W16A

1 2 4 5 6 7 8

CLEAR CLOCK D ENABLE GND
P

TL/F/6397-1

©1995 National S& %o\r}’ rporation TL/F/6397 RRD-B30M105/Printed in U. S. A.

ulg Hg-v
/V191LSTYS

SNOU0JYdUuAS VE9LSTYLZINA/VEILSTYSING/VESLSTYS ‘VIOLSTYZING/ VLS



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 N
Input Voltage Y
Operating Free Air Temperature Range

DMB5A4LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

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.

Symbol Parameter DM54LS161A DM74LS161A
Min Nom Max Min Nom Max—,
Vee Supply Voltage 4.5 5 55 4.75 5 /56;
ViH High Level Input Voltage 2 2 \ \
ViL Low Level Input Voltage 0.7 \0\8\4
loH High Level Output Current —-0.4 —-0.4 mA
loL Low Level Output Current 4 8 mA
foLk Clock Frequency (Note 1) 25 0 25 MHz
Clock Frequency (Note 2) 0 20 9/ 20 MHz
tw Pulse Width Clock 20 <26 6 ns
(Note 1) Clear 20 9 20 9
Pulse Width Clock 25 \25\ ns
(Note 2) Clear 25 [ (] 23
tsu Setup Time Data 20 8 \20/ / 8
(Note 1) Enable P 25 17 5 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 ns
(Note 1) Others W -3
Hold Time Data 5
(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_ = 2k, Tp = 25°C and/V.
Note 2: C| = 50 pF, R, = 2k, Tp = 25°C and

= 5.5V. :




’LS161 Electrical Characteristics

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

Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Y Input Clamp Voltage Vee = Min, I = —18 mA —1.5 VN
VoH High Level Output Vee = Min, oy = Max DM54 25 3.4 /A
Voltage ViL = Max, V|§ = Min DM74 2.7 3.4 (\
VoL Low Level Output Vee = Min, o = Max DM54 0.25 0.4
Voltage VL = Max, Vig = Min DM74 035 p@\
loL = 4mA, Voo = Min DM74 0.25 ( (£.4
Iy Input Current @ Max Veec = Max Enable T \Q2
Input Voltage V=7V
Clock 7 02 A
Load ( ( %\2\
Others \ \/6)/
I High Level Input Voo = Max Enable T 40
Current V) =27V Clock 40
wA
Load 40
Others 20
I8 Low Level Input Voo = Max Enable T —0.8
Current V) = 0.4V _
Glosk 0.8 A
Lo%x —0.8
Otyéys/\ —-0.4
los Short Circuit Vce = Max DIQISX\ 3 —?Z%) —100 mA
Output Current (Note 2) /D/M>>$\ 20 —100
lccH Supply Current with Voo = Max 18 31 mA
Outputs High (Note 3)
lcoL Supply Current with Veec = Max
Outputs Low (Note 4) 1° 32 mA
Note 1: All typicals are at Voc = 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 loaq low, with all/other inputs high and all outputs open.
Note 4: Icc is measured with the clock input high, then agairi with the clock inputtow, with all other inputs low and all outputs open.
’LS161 Switching Characteristi
at Vog = 5V and Tp = 25°C (See Sectiont 1 veforms and Output Load)
\' RL = 2kQ
From (Input) ~ — .
Symbol Parameter To (Output) C_L = 15pF CL = 50 pF Units
Min Max Min Max
fMAX Maximum Clocl<F}e\quency 25 20 MHz
tPLH Propagation i Clock to
Low to High bevel Qutpu Ripple Carry 25 30 ns
tPHL Propagatti M ime Clock to 30 38 ns
High tgig\ox Le utput Ripple Carry
tPLH Prepagati lay Time Clock to Any Q
Low %ﬁ{ev Output (Load High) 22 & ne
tPHL ion\Delay Time Clock to Any Q
hto L evel Output (Load High) 27 38 ns




’LS161 Switching Characteristics

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

RL = 2kQ
From (Input)
Symbol Parameter To (Output) C_ = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Clock to Any Q 24 30 ns /\(
Low to High Level Output (Load Low) (
e s | oot e o |
tpLH Propagation Delay Time Enable T to 14 27 < Qs 3
Low to High Level Output Ripple Carry
tPHL Propagation Delay Time Enable T to 15 2 x_/
High to Low Level Output Ripple Carry
tPHL Propagation Delay Time Clear to o8 Qg\ ) )s
High to Low Level Output Any Q
Recommended Operating Conditions
Symbol Parameter DM54LS163A DM74LS163A Units
Min Nom Max Min Nom |/™~Max
Vee Supply Voltage 45 5 5.5 4/5A \ 5 5.25 v
ViH High Level Input Voltage 2 <2/ \ \"
ViL Low Level Input Voltage 0\7\ 0.8 \"
loH High Level Output Current 70/ﬁ \/ —-0.4 mA
loL Low Level Output Current 4 Q \ 8 mA
foLk Clock Frequency (Note 1) 25 \/0// 25 MHz
Clock Frequency (Note 2) 0 20 0 20 MHz
tw Pulse Width Clock 20 6 20 6 ns
(Note 1) Clear 20 9 20 9
Pulse Width Clock 25 25 ns
(Note 2) Clear s ([ 4 25
tsu Setup Time Data 20 w / 20 8
(Note 1) Enable P N 25 17 ns
Load 2& 15 25 15
Setup Time Data \ZOA 20
(Note 2) Enable P 30 \ 30 ns
Load 30 30
tH Hold Time Data -3 -3
(Note 1) Othere 3 3 ne
Hold Time DAt~ ns
(Note 2) /\Ot\h‘e(s 5 5
tREL Clear Release Tiui\em 20 20 ns
Clear Releasg!‘ﬁmé(u\bke 2) 25 25 ns
Ta Free Air Ope(;ﬁqmemge\r})ture —55 125 0 70 °C

Note 1: G| = 15 pF, R =
Note 2: G| = 50 pF, R =

TA=25G and Ve — 5V.
k&, Ta =25°C and Voo = 5V.




’LS163 Electrical Characteristics

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

. . Typ .
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vee = Min, I = —18 mA -1.5 AN
VoH High Level Output Voo = Min, loq = Max DM54 25 3.4 /A
Voltage VL = Max, V|4 = Min DM74 27 3.4 (\
VoL Low Level Output Vee = Min, loL = Max DM54 0.25 0.4
Voltage VL = Max, V|4 = Min DM74 0.35 0)5,\
loL = 4mA, Voo = Min DM74 0.25 ( <).4
Iy Input Current @ Max Vce = Max Enable T 0.\2\,
Input Voltage V=7V Clock, Clear 0.2
mA
Load ( ( <Q§)
Others \ /6/
I High Level Input Vce = Max Enable T 40
Current V) =27V Load 40
HA
Clock, Clear 40
Others 20
i Low Level Input Vce = Max Enable T —0.8
Current V) = 0.4V Sck. Cleaf 08
mA
Load —0.8
Othefs —04
los Short Circuit Voo = Max DM‘§4\ ?220 —100 mA
Output Current (Note 2) WM —20 ~100
lccH Supply Current with Voo = Max 18 31 mA
Outputs High (Note 3)
lccL Supply Current with Vee = Max
Outputs Low (Note 4) 18 32 mA
Note 1: All typicals are at Voc = 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 loaq low, with all/other inputs high and all outputs open.
Note 4: Icc is measured with the clock input high, then agairi with the clock inputtow, with all other inputs low and all outputs open.
’LS163 Switching Characteristi
at Voc = 5V and Tp = 25°C (See Secti veforms and Output Load)
From (Input) R = 2k
Symbol Parameter To (Output) CL = 15pF CL = 50 pF Units
Min Max Min Max
fmAX Maximum Cloc@:\reguency 25 20 MHz
tpLH Propagation/Dé m Clock to
Low to High Lev put Ripple Carry 25 30 ns
tPHL Propagafi \el%a ime Clock to 30 38 ns
High toL.ow LevetQutput Ripple Carry
tPLH Pr a\ti&%D ay Time Clock to Any Q 22 27 ns
row ] %@ Output (Load High)
- \ropeg\at\\uo§elay Time Clock to Any Q . o .
igh to Low~Level Output (Load High)




’LS163 Switching Characteristics

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

From (Input) RL = 2ko
Symbol Parameter To (Output) C_ = 15pF CL = 50 pF Units
Min Max Min Max
tpLH Propagation Delay Time Clock to Any Q
) 24 30 ns

Low to High Level Output (Load Low) (
tPHL Propagation Delay Time Clock to Any Q

High to Low Level Output (Load Low) 27 38 P
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 2 \nsv/

High to Low Level Output Ripple Carry /7/\
tPHL Propagation Delay Time Clear to Any Q o8 4 s

High to Low Level Output (Note 1)

Note 1: The propagation delay clear to output is measured from the clock input transition.

Logic Diagram
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ever, the clear buffer is connected directly to the flip flops.




Parameter Measurement Information

Switching Time Waveforms
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Note A: The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, le < 50%, ZoyT = 50Q, t, < 10 ns, t; < 10 ns.

Vary PRR to measure fyjax.

Note B: Outputs Qp and carry are tested at t, 1 1 Where t, is the bit time when all outpyts.are low.
Note C: VRer = 1.5V.
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Note A: The input pulses are suppli ators ha@he following characteristics: PRR < 1 MHz, duty cycle < 50%, Zoyt = 500, t; < 6 ns, t; < 6 ns. Vary

PRR to measure fyax.
Note B: Enable P and enable 3 eqsured at th 4 0.
Note C: VRer = 1.3V.




Timing Diagram

LS161A, LS163A Synchronous Binary Counters
Typical Clear, Preset, Count and Inhibit Sequences
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CLEAR PRESET

Sequence:

(1) Clear outputs to zero

(2) Preset to binary twelve

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

INHIBIT
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Physical Dimensions inches (millimeters)
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Physical Dimensions inches (millimeters) (Continued)
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4-Bit Binary Counters

54LS161A/DM54LS161A/DM74LS161A, 54LS163A/DM54LS163A/DM74LS163A Synchronous
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FO
DEVICES OR SYSTEMS WITHOUT THE EXPRESS
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or syStems are devices or
systems which, (a) are intended\for sur I implant

ain life, and whose
be reasonably expe: o
to the user.

it in_a significant injury

SE AS CRITICAL COMPONENTS IN LIFE SUPPORT
ITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

effectiveness.

DETAIL A

&

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
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