&National Semiconductor

DM74ALS161B, 162B, 163B

Synchronous Four-Bit Counter

General Description

These synchronous presettable counters feature an internal
carry look ahead for application in high speed counting de-
signs. The 'ALS162B is a four-bit decade counter, while the
"ALS161B and 'ALS163B are four-bit binary counters. The
’ALS161B clears asynchronously, while the "ALS162B and
’ALS163B clear synchronously. The carry output is decoded
to prevent spikes during normal counting mode of operation.
Synchronous operation is provided by having all flip-flops
clocked simultaneously so that outputs change coincident
with each other when so instructed by count enable inputs
and internal gating: This mode of operation eliminates the
output counting spikes which are normally associated with
asynchronous (ripple clock) counters. A buffered clock input
triggers the four flip-flops on the rising (positive-going) edge
of the clock input waveform.

These counters are fully programmabile, that is, the outputs
may be preset to either level. As presetting is synchronous,
setting up a low level at the load input disables the counter
and causes the outputs to agree with set up data after the
next clock pulse regardless of the levels of enable input.
Low to high transitions at the load input are perfectly ac-
ceptable regardiess of the logic levels on the clock or en-
able inputs.

The 'ALS161B clear function is asynchronous. A low level at
the clear input sets all four of the flip-flop outputs low re-
gardiess of the levels of clock, load or enable inputs. These
two counters are provided with a clear on power-up feature.
The 'ALS162B and 'ALS163B clear function is synchronous;
and a low level at the clear input sets all four of the flip-flop
outputs low after the next clock pulse, regardless of the
levels of enable inputs. This synchronous clear allows the
count length to be modified easily, as decoding the maxi-
mum 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 all low outputs. Low to
high transitions at the clear input of the 'ALS162B and
'ALS163B are also permissible regardless of the levels of
logic on the clock, enable or load inputs.

The carry look ahead circuitry provides for cascading coun-
ters for n bit synchronous application without additional gat-
ing. Instrumental in accomplishing this function are two
count enable inputs (P and T) and a ripple carry output. Both
count enable inputs must be high to count. The T input is
fed forward to enable the ripple carry output. The ripple car-
ry output thus enabled will produce a high level output pulse
with a duration approximately equal to the high level portion
of QA output. This high level overflow ripple carry pulse can
be used to enable successive cascaded stages. High to low
level transitions at the enable P or T inputs of the ’ALS161B
through ALS163B may occur regardless of the logic level
on the clock.

The 'ALS161B through 'ALS163B feature a fully indepen-
dent clock circuit. changes made to control inputs (enable P
or T, or load) that will modify the operating mode will have
no effect until clocking occurs. The function of the counter
(whether enabled, disabled, loading or counting) will be dic-
tated solely by the conditions meeting the stable set-up and
hold times.

Features

® Switching specifications at 50 pF

B Switching specifications guaranteed over full tempera-
ture and Vg range :

W Advanced oxide-isolated, ion-implanted Schottky TTL
process

m Functionally and pin-for-pin compatible with Schottky
and low power Schottky TTL counterpart

m Improved AC performance over Schottky and low pow-
er Schottky counterparts

| Synchronously programmable

® Internal look ahead for fast counting

W Carry output for n-bit cascading

m Synchronous counting

| Load control line

| ESD inputs
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161B * 162B » 163B

Absolute Maximum Ratings

Supply Voltage 7v
Input Voltage v
Operating Free Air Temperature Range

DM74ALS 0°Cto +70°C
Storage Temperature Range —65°Gto +150°C
Typical 8JA

N Package 78.1°C/W

M Package 106.8°C/W

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
paramaetric values defined in the “Elactrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Recommended Operating Conditions

Symbol Parameter 161B, 1626, 1638 Units
Min Nom Max
Vee Supply Voltage 4.5 5 5.5 v
Vi High Level Input Voltage 2 v
ViL Low Level Input Voltage 0.8 \
loH High Level Output Current —-0.4 mA
loL Low Level Output Current 8 mA
fok Clock Frequency 0 40 MHz
tsETUP Setup Time Data; A, B,C,D 157 ns
EnP,EnT ALS161B 157 ns-
ALS162B/163B 151 ns
Load 1571 ns
Clear (Only for Low 1517 ns
162Band 1638) | yon 121 s
Setup 1 (Only for 161B) Clear Inactive 10 4 ns
tHoLD Hold Time Data; A, B,C,D oT -3 ns
EnP,EnT oT -3 ns
Coad ot -4 ns
Ciear (Only for 1628 and 1638 ot -7 ns
Hold 0 (Only for 161B) Clear 0 —4 ns
tw Width of Clock CLK High or Low 125 ns
or Clear Pulse ALS1618 CLR Low 15 ns
Width of Coad Pulse 15 ns
Ta Operating Free Air Temperature 0 70 °C

Note 1: The symbol ( T) indicates that the rising edge of the clock is used as a reference.
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Electrical Characteristics
over recommended operating free air temperature range. All typical values are measured at Voo = 5V, Ta = 25°C.
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Symbol Parameter Conditions Min Typ Max Units %
Vik Input Clamp Voltage Voo = 4.5V, = —18mA -1.5 v ?
VoH High Level Output loH = —0.4 mA _ -
Voltage Voo = 45V 5.5V Voo 2 v §
VoL Low Level Output Voo = 4.5V loL = 4mA 0.25 0.4 \
Voltage loL = 8 MA 0.35 0.5
I Input Current at Max Vg = 5.5V, Vg = 7V
041 mA
Input Voltage
I High Level Input Current Vog = 5.5V, Vi = 2.7V 20 pA
IiL Low Level Input Current Voo = 5.5V, V)L = 0.4V —-0.2 mA
lo Output Drive Current Veg = 5.5V, Vg = 2.25V —30 -112 mA
lcc Supply Current Voo = 5.5V 12 21 mA

Switching Characteristics

over recommended operating free air temperature range. (Note 1)

Symbol Parameter Conditions From To 1618 Units
Min Max
fmax Max. Clock Freg. Voo = 4.5V 40 MHz
tpLH Propagation Delay Time lo SEV Ciock Ripple 5 20 ns
Low to High Level Qutput R = 5000 Carry
CL = 50 pF
tPHL Propagation Delay Time Clock Ripple 5 20 ns
High to Low Level Output Carry
tpLH Propagation Delay Time Clock Any Q 4 15 ns
Low to High Level Qutput
tpHL Propagation Delay Time Clock Any Q 6 20 ns
High to Low Leval Output
tPLH Propagation Delay Time EnT Ripple 3 13 ns
Low to High Level Output Carry
tpHL Propagation Delay Time EnT Ripple 3 13 ns
High to Low Level Output Carry
tPHL Propagation Delay Time Clear Any Q 8 24 ns
High to Low Level Qutput Clear Ripple
11 23 ns
Carry

Note 1: See Section 5 for test waveforms and output load.
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’ALS162B, 'ALS163B Switching Characteristlcs

over recommended operating free air temperature range. (Note 1)

161B * 162B ¢ 163B

Symbol Parameter Conditions From To 1628, 1638 Units
Min Max

famax Max. Clock Freq. Ve = 4.5V 40 MHz

tPLH Propagation Delay Time to va Clock Ripple 5 20 ns
Low to High Level Output g'— - :gog Carry

- - L= 30p

tPHL Pfopagatron Delay Time Ta = Min Clock Ripple 5 20 ns
High to Low Level Output to Max Carry

tPLH Propagation Delay Time Clock Any Q 4 15 ns
Low to High Level Output

tPHL Propagation Delay Time Clock Any Q 8 20 ns
High to Low Level Output '

tPLH Propagation Delay Time EnT Ripple 3 13 ns
Low to High Level Output Carry )

tPHL Propagation Delay Time EnT Ripple 3 13 ns
High to Low Level Output Carry

Note 1: See Section 5 for test waveforms and output load.
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161B » 162B » 163B

NNENEEE
IR )
ININEEE
TREEENE |
ININEEE
W = o S e e o
TNIEENE | L }
TNENENE _ )
w TNIEENE |
< NI EEE _ L.
I e O I T O S e B
H_ - H 5.5 L _H_H I
H_ e 20 0 o e e B
...................................... T R

< m (3] [=]
< (<] (=] (=]
\

ng Diagrams
-
-
-1

[ o < @ © a }%4 o = [e]
_I. < o} z = o
[ o N o i [~] - x
=3
=e 4
22 2
—
=
E = 3
o
-

9-73

B b501l22 0082870 233 WA




RN
11
RN
RN -
TN |
g (1 . -
IR i
1 B .
TR B [
IRINENE i
TR = . |

’ALS161B, 'ALS163B

TL/F/6206-7

INHIBIT

L

15
COUNT
9-74

14

S TR O T O O Rl IR R R N Y m
L L _ o b

u ----f----}---4---- - - - - ---- --|m
g 4 ox
2 R BEEE S - - - -1---- -- £
1 —
SN A IO DEDRDN N N DR AR S - - - ey - - —
2 ‘ 1 moIr 25
[
5 1 1 R N
o B g % ° ° 3 & &8 § & & & 8
b4 58 8
E = 5
-

4e91 © G291 ¢ 919}

BN L50Ll22 0082871 17T WA



Logic Diagrams
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Logic Diagrams (Continued)

161B » 162B » 163B
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Logic Diagrams (Continued)
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