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54AC169 « 54ACT169

4-Stage Synchronous Bidirectional Counter

General Description

The 'ACI'ACT169 is fully synchronous 4-stage up/down
counter. The '"AC/'/ACT169 is a modulo-16 binary counter. It
features a preset capability for programmable operation,
carry lookahead for easy cascading and a U/D input to con-
trol the direction of counting. All state changes, whether in

Synchronous counting and loading
Built-In lookahead carry capability
Presettable for programmable operation
Outputs source/sink 24 mA

'ACT has TTL-compatible inputs
Standard Microcircuit Drawing (SMD)
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counting or parallel loading, are initiated by the 5962-91603
LOW-to-HIGH transition of the Clock.
Features
m | reduced by 50%
LOgIC SymbOIS Pin Description
Names
| 11| CEP Count Enable Parallel Input
—olpe Po P1 P2 P3 CET Count Enable Trickle Input
—]u/D cP Clock Pulse Input
—Ofcep cjo— Po—Ps Parallel Data Inputs
—Ofcer —
PE Parallel Enable Input
—cP q 0 Q, 03 —
I | I I u/D Up-Down Count Control Input
DS100276-1 Qo_Qs F”p'FIOD Outputs
TC Terminal Count Output

IEEE/IEC
ﬁt M1 (LOAD)
M2 (COUNT)
U/B'E M3(UP) 5 5c7= 15 fng—TC
M4 (DOWN) £5CT=0 3_
CET—IMG5
CEP—BNG6
CcP [>2,3,5,6+/C7
t>2,4,5,5-
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Connection Diagrams

Pin Assignment
for DIP and Flatpak

_ —/

u/b—1 16 |=Vee
cP—2 15=TC
Po—3 14—0Qq
Pi—4 130
P,—5 121—-Q,
P;—6 110z
CEP—7 10 f—CET
GND—{8 9-PE
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Logic Diagram

Pin Assignment
for LCC
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Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Functional Description

The 'ACI'ACT169 uses edge-triggered J-K-type flip-flops
and have no constraints on changing the control or data in-
put signals in either state of the Clock. The only requirement
is that the various inputs attain the desired state at least a
setup time before the rising edge of the clock and remain
valid for the recommended hold time thereafter. The parallel
load operation takes precedence over the other operations,
as indicated in the Mode Select Table. When PE is LOW, the

data on the Py—Pj inputs enters the flip-flops on the next ris-
ing edge of the Clock. In order for counting to occur, both
CEP and CET must be LOW and PE must be HIGH; the U/D
input then determines the direction of counting. The Terminal
Count (ﬁ)ﬂtput is normally HIGH and goes LOW, pro-
vided that CET is LOW, when a counter reaches zero in the
Count Down mode or reaches 15 in the Count Up mode. The
TC output state is not a function of the Count Enable Parallel
(CEP) input level. If an illegal state occurs, the 'AC169 will
return to the legitimate sequence within two counts. Since
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Functional Description  (continued) State Diagrams

the TC signal is derived by decoding the flip-flop states,
there exists the possibility of decoding spikes on TC. For this
reason the use of TC as a clock signal is not recommended
(see logic equations below).

1. Count Enable = CEP +CET « PE

2. Up:TC = Qo*Q:Q Qq*(Up):CET

3. Down: TC = Qg* Q1°Q,*Q3 *(Down)*CET

- = > Count Down
— Count Up

Mode Select Table

— — DS100276-6

PE CEP CET U/D Action on Rising
Clock Edge

L X X X Load (P, to Q)

H L L H Count Up (Increment)

H L L L Count Down (Decrement)

H H X X No Change (Hold)

H X H X No Change (Hold)

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
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V, = -0.5V

Vg = -0.5V

CDIP

Absolute Maximum Ratings

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

Supply Voltage (Vec)
DC Input Diode Current (I,«)

V, = Ve + 0.5V
DC Input Voltage (V,)
DC Output Diode Current (lok)

Vo = Vee + 0.5V
DC Output Voltage (Vo)
DC Output Source
or Sink Current (Io)
DC V¢ or Ground Current
per Output Pin (Icc or lgnp)
Storage Temperature (Tsrg)
Junction Temperature (T ;)

(Note 1)

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to Ve + 0.5V
-20 mA

+20 mA

—0.5V to V¢ + 0.5V

+50 mA

+50 mA
-65°C to +150°C

175°C

Recommended Operating
Conditions

Supply Voltage (V)
'AC
'ACT
Input Voltage (V,)
Output Voltage (Vo)
Operating Temperature (T,)
54AC/ACT
Minimum Input Edge Rate (AV/At)
"AC Devices
VN from 30% to 70% of Ve
Ve @ 3.3V, 4.5V, 5.5V
Minimum Input Edge Rate (AV/At)
'ACT Devices
V,n from 0.8V to 2.0V
Vee @ 4.5V, 5.5V

2.0V to 6.0V
4.5V to 5.5V
0V to Ve
0V to Vee

-55°C to +125°C

125 mV/ns

125 mV/ns

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. National does not recom-
mend operation of FACT™ circuits outside databook specifications.

DC Characteristics for ’AC Family Devices

54AC
Symbol Parameter V cc Ta = Units Conditions
V) -55°C to +125°C
Guaranteed
Limits
Vin Minimum High Level 3.0 2.1 Vour = 0.1V
Input Voltage 45 3.15 \% or Vee - 0.1V
55 3.85
Vi Maximum Low Level 3.0 0.9 Vour = 0.1V
Input Voltage 45 1.35 \ or Vee - 0.1V
55 1.65
Vou Minimum High Level 3.0 2.9 lout = —50 pPA
Output Voltage 45 4.4 \%
55 54
(Note 2)
Vin = ViLor Viy
3.0 24 lon = —12 mA
4.5 3.7 \% lon = =24 mA
55 4.7 lon = =24 mA
Voo Maximum Low Level 3.0 0.1 lout = 50 pA
Output Voltage 4.5 0.1 \%
55 0.1
(Note 2)
Vin = ViLor Viy
3.0 0.50 lop =12 mA
45 0.50 \Y loL =24 mA
55 0.50 loL = 24 mA
Iin Maximum Input 55 +1.0 HA V, = Ve, GND
Leakage Current
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DC Characteristics for 'AC Family Devices (Continued)
54AC
Symbol Parameter V cc Ta = Units Conditions
) -55°C to +125°C
Guaranteed
Limits
lolo Minimum Dynamic 5.5 50 mA Voup = 1.65V Max
lonb Output Current (Note 3) 5.5 -50 mA Voup = 3.85V Min
lec Maximum Quiescent 5.5 80.0 HA Vin = Vee
Supply Current or GND
Note 2: All outputs loaded; thresholds on input associated with output under test.
Note 3: Maximum test duration 2.0 ms, one output loaded at a time.
Note 4: Iy and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V Vcc.
Icc for 54AC @ 25°C is identical to 74AC @ 25°C.
DC Characteristics for 'ACT Family Devices
54ACT
Symbol Parameter V cc Ta = Units Conditions
) -55°C to +125°C
Guaranteed
Limits
Vin Minimum High Level 45 2.0 \% Vour = 0.1V
Input Voltage 55 2.0 or Vee - 0.1V
Ve Maximum Low Level 45 0.8 \% Vour = 0.1V
Input Voltage 55 0.8 or Vee - 0.1V
Vou Minimum High Level 45 4.4 \% lout = =50 pA
Output Voltage 5.5 5.4
(Note 5)
Vin = Vi or Viy
45 3.70 Y lon = =24 MA
5.5 4.70 lon = —24 mA
Voo Maximum Low Level 4.5 0.1 \ loutr = 50 pA
Output Voltage 55 0.1
(Note 5)
Vin = Vi or Viy
4.5 0.50 \Y loL = 24 mA
5.5 0.50 loL = 24 mMA
Iin Maximum Input 5.5 +1.0 HA V, = Ve, GND
Leakage Current
lcer Maximum 5.5 1.6 mA V, = Vge - 2.1V
lec/Input
loo Minimum Dynamic 55 50 mA Voo = 1.65V Max
lomn Output Current (Note 6) 55 -50 mA Voup = 3.85V Min
lee Maximum Quiescent 55 80.0 HA Vin = Vee
Supply Current or GND

Note 5: All outputs loaded; thresholds on input associated with output under test.

Note 6: Maximum test duration 2.0 ms, one output loaded at a time.

Note 7: I for 54ACT @ 25°C is identical to 74ACT @ 25°C.
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AC Electrical Characteristics

54AC
Vee Ta = -55°C Fig.
Symbol Parameter ) to +125°C Units No.
(Note 8) C, =50 pF
Min Max
frnax Maximum Clock 3.3 55 MHz
Frequency 5.0 75
toLn Propagation Delay 3.3 1.0 15.0
CPto Q, 5.0 15 12.0 ns
(PE HIGH or LOW)
tonL Propagation Delay 3.3 1.0 16.5
CP to Q, 5.0 1.5 13.0 ns
(PE HIGH or LOW)
toLn Propagation Delay 3.3 3.0 22.0 ns
CPtoTC 5.0 3.0 16.0
tonL Propagation Delay 3.3 3.0 22.0 ns
CPtoTC 5.0 3.0 16.0
toLn Propagation Delay 3.3 1.0 18.5 ns
CET to TC 5.0 15 13.0
tone Propagation Delay 33 1.0 16.0 ns
CET to TC 5.0 15 11.0
toLn Propagation Delay 33 1.0 18.5 ns
UDto TC 5.0 15 13.0
tone Propagation Delay 33 1.0 16.5 ns
UDto TC 5.0 15 12.0
Note 8: Voltage Range 3.3 is 3.3V £0.3V
Voltage Range 5.0 is 5.0V £0.5V
AC Operating Requirements
54AC
Vee Ta = -55°C Fig.
Symbol Parameter V) to +125°C Units No.
(Note 9) C, =50 pF
Guaranteed
Minimum
ts Setup Time, 3.3 7.0
HIGH or LOW 5.0 4.5 ns
P, to CP
th Hold Time, HIGH or LOW 33 2.0 ns
P, to CP 5.0 25
tg Setup Time, 3.3 135
HIGH or LOW 5.0 9.0 ns
CEP to CP
th Hold Time, HIGH or LOW 3.3 0.5 ns
CEP to CP 5.0 25
ts Setup Time, 3.3 135
HIGH or LOW 5.0 9.0 ns
CET to CP
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AC Operating Requirements  (Continued)
54AC
Vee T = -55°C Fig.
Symbol Parameter V) to +125°C Units No.
(Note 9) C, =50 pF
Guaranteed
Minimum
th Hold Time, HIGH or LOW 3.3 0.5 ns
CET to CP 5.0 25
ts Setup Time, 3.3 8.5
HIGH or LOW 5.0 6.5 ns
PE to CP
th Hold Time, HIGH or LOW 3.3 0.5 ns
PE to CP 5.0 2.0
t Setup Time, 3.3 13.0
HIGH or LOW 5.0 9.0 ns
uD to CP
th Hold Time, HIGH or LOW 3.3 0.5 ns
U/D to CP 5.0 2.0
tw CP Pulse Width, 3.3 5.0 ns
HIGH or LOW 5.0 5.0
Note 9: Voltage Range 3.3 is 3.3V £0.3V
Voltage Range 5.0 is 5.0V £0.5V
AC Electrical Characteristics
54ACT
Vee Ta = -55°C Fig.
Symbol Parameter V) to +125°C Units No.
(Note 10) C, = 50 pF
Min Max
frnax Maximum Clock 5.0 75 MHz
Frequency
toLn Propagation Delay
CP to Q, 5.0 15 12,5 ns
(PE HIGH or LOW)
tonL Propagation Delay
CP to Q, 5.0 1.5 12.5 ns
(PE HIGH or LOW)
toLn Propagation Delay 5.0 15 16.5 ns
CPto TC
tonL Propagation Delay 5.0 15 16.5 ns
CPto TC
toLn Propagation Delay 5.0 15 135 ns
CET to TC
tone Propagation Delay 5.0 15 135 ns
CET to TC
toLn Propagation Delay 5.0 15 14.5 ns
UD to TC
tone Propagation Delay 5.0 15 14.5 ns
UD to TC
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AC Electrical Characteristics  (continued)
Note 10: Voltage Range 5.0 is 5.0V £0.5V
AC Operating Requirements
54ACT
Vee T, = -55°C Fig.
Symbol Parameter V) to +125°C Units No.
(Note 11) C, =50 pF
Guaranteed
Minimum
ts Setup Time,
HIGH or LOW 5.0 4.5 ns
P, to CP
th Hold Time, HIGH or LOW 5.0 25 ns
P, to CP
t Setup Time,
HIGH or LOW 5.0 9.0 ns
CEP to CP
th Hold Time, HIGH or LOW 5.0 25 ns
CEP to CP
ts Setup Time,
HIGH or LOW 5.0 9.0 ns
CET to CP
t, Hold Time, HIGH or LOW 5.0 25 ns
CET to CP
t Setup Time,
HIGH or LOW 5.0 6.5 ns
PE to CP
th Hold Time, HIGH or LOW 5.0 2.0 ns
PE to CP
ts Setup Time,
HIGH or LOW 5.0 9.0 ns
U/D to CP
th Hold Time, HIGH or LOW 5.0 2.0 ns
U/D to CP
tw CP Pulse Width, 5.0 5.0 ns
HIGH or LOW
Note 11: Voltage Range 5.0 is 5.0V £0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Ve = Open
Cep Power Dissipation 60.0 pF Vee = 5.0V
Capacitance
www.national.com 8




Physical Dimensions

inches (millimeters) unless otherwise noted

0.2000.005
. usu+u 127)
450 0.015+0.010
<—>[ {0.3810.254)
0.350£0.008 0.015
035040008 0.01 _
I (8.89010.203) — | % riﬂnawp ¢ / (g?%gg_;;‘)
RTYP
0.022-0.028
T— {0.559—0.711) 559 0.711)
0077-0033 A 'r Tvp
(1.959—2.362) .
P 0.045-0.055 § | T i
S~~~ Z (1.143—1.397)
DETAIL A e —?-gg;*“-““ ¢’ < A ous—oos
(. T;Pz‘ms] (1.183-1.397)
Top View Side View TYP
450 % 0.040+0.010
{1.01620.259)
3PLCS
Bottom View
0.003 L05
{0.076) sl
MNTYP Y - P
0.022 [}
0559 —»>| |« 0006
MAX TYP 0.152)
MIN TYP
Detail A
E20A (REV D)
20-Terminal Ceramic Leadless Chip Carrier (L)
NS Package Number E20A
0.785
[19.94] MAX ———>|
16 ]
[ T B o B B M B | T
0.220-0.310
[5.59-7.87]
¥
0.025 FU U U U U UQ
" [0.64] ! : 0.005-0.020
R T0.13-0051] TP
0.037 £0.005
> f— TYP
0.005 [0.94%0.13] ?4290—0.32?
. | < 0.055%0.005 7.37-8.13
M[I?"T?(]P—’ N > [ Trsozo0r3] TP — GLASS SEALANT
¥ 0.020-0.060 1yp v
0.200 . [0.51-1.52] 770 4 189 W
[5.08] = H [4.57) MAX
MAX TYP || L | 0.010 02
f [ [ F [0.150 win Tve ! [0.25 5]
.| . 1 [3.81]
0.125-0.200 j
Tvp — 959 50
[3.18-5.08] L TvP S TYP
Glos) M= = 1 0.310-0.410
BOTH ENDS 0.018+0.003 ;910-0
T o [0.46£0.08] TP [7.87-10.41] 116 (REV L)
[2.54£0.25] 1P

16-Lead Ceramic Dual-In-Line Package (D)
NS Package Number J16A
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54AC169 » 54ACT169 4-Stage Synchronous Bidirectional Counter

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0,050 —0.080 0.371-0.390
(1.270-2.032) {9.423-9.906)
0.004 — 0.006 I 0.007 -0.018 | 0.050+0.005
wiz=o5y " oiTe—0457) > ‘}‘_ {enzoiz "
v —| [<—0.000 MIN TYP
0.250 ~0.370
(6.350-9.398)
|
y 1
161512 13121710 9 A
\ .
% 0.245-0.275
s 6.223—6.985)
Y {..23455673]|
Yt 0.008—0.012
DETAILA 3= g1 >11~""10.203—0.305)
A
PIN ND. 1 0.250 - 0.370
02500370 DETAIL A
IDENT (6,350 9.398)
0.026—0.040 L JL 0.015—0.019
—_— — - - - v
neeo—1015) 0.381-0.482)
TYP WI1BA (REV H)

16-Lead Ceramic Flatpak (F)
NS Package Number W16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure 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 in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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