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54AC/7T4AC169*54ACT/74ACT169
4-Stage Synchronous Bidirectional Counter

General Description

The 'AC/’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
counting or parallel loading, are initiated by the LOW-to-
HIGH transition of the Clock.

Ordering Code: see section 8

Features

m Synchronous counting and loading

m Built-In lookahead carry capability

B Presettable for programmable operation
B Outputs source/sink 24 mA

a 'ACT has TTL-compatible inputs

Logic Symbol Connection Diagrams
Pin Assignment
IEEE/IEC for DIP, Flatpak and SOIC
PE-* M(QYD u/D- 1 16 _y
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U/DA-M3(UP) 3f5CT=15hr = po- 3 1 Qo
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- 17m (@) -Q0
Pf @ -Ql
p2- @ -Q2 Pin Assignment
for LCC
P3- (®) -a3
BRNR P
[1O HIE El
1Sc
ou/D
Pin Names Description [DNC
CEP Count Enable Parallel Input djveC
CET Count Enable Trickle Input » Wte
CP Clock Pulse Input
PO-P 3 Parallel Data Inputs
PE Parallel Enable Input 03 @NCoi ca
u/D Up-Down Count Control Input
Q0-Q3 Flip-Flop Outputs
Tc Terminal Count Output
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Logic Diagram

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 'AC/’ACT169 uses edge-triggered J-K-type flip-flops
and have no constraints on changing the control or data
input signals in either state of the Clock. The only require-
ment 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 op-
erations, as indicated in the Mode Select Table. When PE is
LOW, the data on the PO-P3 inputs enters the flip-flops on
the next rising 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 count-
ing. The Terminal Count (TC) output is normally HIGH and
goes LOW, provided 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 the TC signal is derived by decod-
ing the flip-flop states, there exists the possibility of decod-
ing 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»Qi«Q2Q3«(Up)«CET
3) Down: TC = Qq*Qi *Q2*Q3*(Down)»CET

4-106

Mode Select Table

Action on Rising

PE CEP CET U/D Clock Edge

L X X X Load (Pnto Qn)

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

State Diagrams

Count Down
— » Count Up
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Absolute Maximum Ratings (\ded

If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.
Supply Voltage (VCc)
DC Input Diode Current (lik)
V| = —0.5v
V| = VCc + 0.5V

- 0.5Vto + 7.0V

-20mA
+20 mA

Recommended Operating

Conditions

Supply Voltage (Vcc)
"AC

'ACT
Input Voltage (V])
Output Voltage (Vo)

DC Input Voltage (V])

DC Output Diode Current (Igk)

VO = —0.5V
Vo = VCc + 0.5V

DC Output Voltage (VO)

DC Output Source

- 0.5Vto VCc + 0.5V

-20mA
+20 mA

-0.5VtotoVCc + 0.5V

T4ACIACT
54AC/ACT

Operating Temperature 0 a)

Minimum Input Edge Rate (AV/At)
'AC Devices
Vim from 30% to 70% of VCc

VCc @3.3V, 4.5V, 5.5V

or Sink Current (Iq)
DC Vcc or Ground Current
per Output Pin (I<x or Ignd)
Storage Temperature (Tstg)
Junction Temperature (Tj)

CDIP
PDIP

+50 mA

+50 mA
—65°Cto +150°C

175°C
140°C

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 FACTtm circuits outside databook specifications.

Minimum Input Edge Rate (AV/At)

"ACT Devices
VIN from 0.8V to
VCc @4.5V, 5.5V

DC Characteristics for 'AC Family Devices

Symbol Parameter

V[H Minimum High Level
Input Voltage

VIL Maximum Low Level
Input Voltage

\KH Minimum High Level
Output Voltage

VOL Maximum Low Level
Output Voltage

IIN Maximum Input

Leakage Current

74AC 54AC
vCc o ta =

= +
v = FTEC gecio +125°C

Typ Guaranteed Limits

3.0 15 21 21
4.5 2.25 3.15 3.15
55 2.75 3.85 3.85
3.0 15 0.9 0.9
4.5 2.25 1.35 1.35
55 2.75 1.65 1.65
3.0 2.99 2.9 2.9
45 4.49 4.4 4.4
55 5.49 54 54
3.0 2.56 2.4
45 3.86 3.7
55 4.86 4.7
3.0 0.002 0.1 0.1
4.5 0.001 01 0.1
55 0.001 0.1 01
3.0 0.36 0.50
4.5 0.36 0.50
55 0.36 0.50
55 +0.1 +1.0

*All outputs loaded; thresholds on input associated with output under test.

tMaximum test duration 2.0 ms, one output loaded at a time.
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2.0V

74AC

ta =

—40°Cto +85°C

21
3.15
3.85

0.9
1.35
1.65

2.9
4.4
5.4

2.46
3.76
4.76

01
01
0.1

0.44
0.44
0.44

Units

2.0Vto 6.0V
4.5V to 5.5V

0V to Vcc
0V to Vcc

—40°Cto +85°C
—b5°Cto +125°C

125 mV/ns

125 mV/ns

Conditions

Vqut = 0.1V
o Q"o v

Vqut = o.iv
o "o v

IoUT = -50 jaA

*V,n —ViLor V,H

-12 mA

Igh -24mA
-24 mA

wout = 50 A

*IN = V|Lor V|H
12 mA
ot 24 mA
24 mA

V, = Vcc, gnd



DC Characteristics for 'AC Famil . Devices (continued)

74AC 54AC 74AC
Vce Ta = Ta = ta = .
Symbol P t Unit:
y arameter (V)  +25C  —55°Cto +125°C —40°Cto +85°C >
Typ Guaranteed Limits
=0D tMinimum Dynamic 55 50 75 mA
Output Current 55 .50 75 mA
ocC Maximum Quiescent 55 8.0 160.0 80.0 juA
Supply Current
*All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: lin and Ice @ 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
T4ACT 54ACT 7T4ACT
Vcce ta = ta = ;
Symbol P t = ° Unit
ymbo arameter ) Ta = +25°C _B5°C 1o + 125°C  _40°C to +85°C nits
Typ Guaranteed Limits
VH Minimum High Level 45 15 20 2.0 2.0 v
Input Voltage 55 15 2.0 2.0 2.0
V|L Maximum Low Level 4.5 15 0.8 0.8 0.8 v
Input Voltage 55 15 0.8 0.8 0.8
VOH Minimum High Level 45 4.49 4.4 4.4 4.4 v
Output Voltage 55 5.49 5.4 54 5.4
45 3.86 3.70 3.76 v
55 4.86 4.70 4.76
VoL Maximum Low Level 45  0.001 0.1 01 0.1 v
Output Voltage 55 0.001 01 01 0.1
45 0.36 0.50 0.44 v
55 0.36 0.50 0.44
IIN Mabximum Input 55 01 +1.0 +1.0 WA
Leakage Current
et Maximum 55 06 16 15 mA
Icc/Input
wid tMinimum Dynamic 55 50 75 mA
Output Current 55 .50 75 mA
Maxi i t .
mcc aximum Quiescent g o 8.0 160.0 80.0 juA
Supply Current

«All outputs loaded; thresholds on input associated with output under test.
tMaximum test duration 2.0 ms, one output loaded at a time.
Note: Ice for 54ACT @ 25°C is identical to 74ACT @ 25°C.
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Conditions

VoLD = 1.65V Max
VoHD = 3.85V Min

VIN = Vcc
or GND

Conditions

vOouUT = 0.1V
orVcc ~ 0.1V

Vout = 0.1V
orVCc « 0-1V

wut = “ 50 juA

*Vin = Vil °r V|H

-24 mA
10H -24 mA
wout ® 50 YA

*IN= VILorV[H

24 mA
oL 24 mA
V, = VCc. gnd

V] = VOC+ 2.1V

Vold = 1.65V Max
VoHD = 3.85V Min

Vin = Vcc
or GND



AC Electrical Characteristics: see section 2 for waveforms

74AC 54AC
. Ta = —55°C
Symbol Parameter vec T(;__— :_)OZSFC to +125°C
0 =P CL = 50 pF
Min Typ Max Min Max
fmax Maximum Clock 33 75 118 55
Frequency 5.0 100 154 75
tpLH E:OESQL;F'O” Delay 33 25 95 130 10 150
(PE HIGH or LOW) 5.0 15 7.0 10.0 1.0 12.0
tpHL z;ofoa%ar:'on Delay 33 25 105 145 10 165
(PE HIGH or LOW) 5.0 15 7.5 11.0 1.0 13.0
tpLH Propagation Delay 33 45 135 18.0 1.0 22.0
CPtoTC 5.0 3.0 95 13.0 1.0 16.0
tpHL Propagation Delay 33 35 135 18.0 1.0 22.0
CPtoTC 5.0 25 9.5 13.0 1.0 16.0
tpLH Propagation Delay 33 35 11.0 15.0 10 185
CETtoTC 5.0 3.0 8.0 105 1.0 13.0
tpHL Propagation Delay 33 3.0 9.5 125 10 16.0
CETtoTC 5.0 2.0 7.0 9.0 1.0 11.0
tpLH Propagation Delay 33 35 11.0 15.0 1.0 185
U/D toTC 5.0 25 8.0 105 1.0 13.0
tPHL Propagation Delay 33 25 10.0 135 10 16.5
U/DtoTC 5.0 15 7.0 95 1.0 12.0

*Voltage Range 3.3 is 3.3V +0.3V
Voltage Range 5.0 is 5.0V +0.5V
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TA = -40°C
to +85°C
CL = 50 pF

Min Max

65

90

2.0 145

15 11.0

2.0 16.0

15 12.0

35 22.0

2.0 14.0

3.0 20.5

2.0 145

3.0 16.5

25 12.0

25 145

15 10.0

3.0 17.0

2.0 12.0

2.0 155

15 10.5

Units

WithZ

ns

ns

ns

ns

ns

ns

ns

ns

Fig.
No.

19

2-3,4

2-3,4
2-34
2-3,4
2-3,4
2-3,4

2-3,4



AC Operating Requirements: see section 2tor waveforms.

74AC
Vee* T +25°C
Symbol Parameter v "Q =50 pF
Typ
5 Setup Time,
HIGH or Low 3880 a8
Pnto CP ' ' ’
th Hold Time, HIGH or LOW 33 15 0.5
Pnto CP 5.0 0.5 15
ts Setup Time,
HIGH or LOW 23 Zg 17065
CEPto CP ' ’ ’
th Hold Time, HIGH or LOW 33 45 0
CEPto CP 5.0 2.0 0.5
ts Setup Time,
HIGH or LOW gg ‘718 20'50
CETto CP ' ' '
th Hold Time, HIGH or LOW 33 6.0 0
CETto CP 5.0 4.0 0.5
ts Setup Time,
HIGH or LOW ig 23 2153
PEto CP ’ ' ’
th Hold Time, HIGH or LOW 3.3 35 0
PEto CP 5.0 15 0.5
ts Setup Time,
HIGH or LOW gg 4712 16050
U/D to CP ' ’ '
th Hold Time, HIGH or LOW 33 7.0 0
U/D to CP 5.0 4.0 0.5
W CP Pulse Width, 33 2.0 3.0
HIGH or LOW 50 2.0 3.0

*Voltage Range 3.3 is 3.3V +0.3V
Voltage Range 5.0 is 5.0V +0.5V
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54AC

74AC

Ta = —55°C Ta = —40°C
to + 125°C to +85°C
CL = 50 pF CL = 50 pF

Guaranteed Minimum

7.0
4.5

2.0
25

135
9.0

0.5
25

135
9.5

0.5
25

8.5
6.5

0.5
2.0

13.0
9.0

0.5
2.0

5.0
5.0

5.0
25

0.5
15

125
8.0

1.0

12.0
8.0

6.5
4.0

0.5

11.5
75

0.5

4.0
3.0

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Fig.
No.

2-7

07

2-7

2-7

2-7
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AC Electrical Characteristics: see section 2 for waveforms

Symbol

fmax

tpLH

tpHL

tPLH

tpHL

tpLH

tPHL

tPLH

*PHL

Parameter

Maximum Clock
Frequency

Propagation Delay
CPto Qn
(PE HIGH or LOW)

Propagation Delay
CPto Qn
(PE HIGH or LOW)

Propagation Delay
CPtoTC

Propagation Delay
CPtoTC

Propagation Delay
CETtoTC

Propagation Delay
CETtoTC

Propagation Delay
U/D toTC

Propagation Delay
U/DtoTC

*Voltage Range 5.0 is 5.0V 0.5V

Vce*

5.0

5.0

5.0

5.0

5.0

5.0

50

5.0

50

Min

90

2.0

2.0

3.0

3.0

25

25

2.5

25

7TAACT
Ta = +25°C
CL - 50 pF
Typ Max
6.5 9.0
6.5 9.0
9.0 115
9.0 115
7.5 10.0
75 10.0
8.0 10.5
8.0 10.5
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54ACT

Ta = —55°C
to +125°C
CL = 50 pF

Min

Max

74ACT

Ta = —40°C

to +85°C
CL = 50 pF
Min Max
90
2.0 10.5
2.0 105
3.0 14.0
3.0 14.0
25 115
25 115
25 12.0
25 12.0

Units

MHz

ns

ns

ns

ns

ns

ns

ns

ns

Fig.
No

2-3,4

2-3,4

2-3,4
2-3,4
2-3,4
2-34
2-3,4

2-3,4



AC Operating Requirements: see Section 2 for waveforms

T4ACT 54ACT T4ACT
Ta = —55°C Ta = —40°C
= + ° .
Symbol Parameter veer T(?L _ 5025FC to + 125°C to + 85°C Units ';"g
0 =P CL = 50 pF CL = 50 pF :
Typ Guaranteed Minimum
Setup Time,
HIGH or LOW 5.0 25 2.5 ns 2-7
Pnto CP
th Hold Time, HIGH or LOW 50 15 15 ns 2.7
Pnto CP
ts Setup Time,
HIGH or LOW 5.0 7.0 7.0 ns 2-7
CEP to CP
th Hold Time, HIGH or LOW 5.0
0 2-7
CEPto CP 0 ns
ts Setup Time,
HIGH or LOW 5.0 7.0 7.0 ns 2-7
CETto CP
th Hold Time, HIGH or LOW
X 0 2-7
CETto CP 50 0 ns
ts Setup Time,
HIGH or LOW 5.0 6.0 6.0 ns 2-7
PE to CP
th Hold Time, HIGH or LOW g
PE to CP 5.0 0.5 0.5 ns 2-7
ts Setup Time,
HIGH or LOW 5.0 7.0 7.0 ns 2-7
U/D to CP
th Hold Time, HIGH or LOW g
U/D to CP 5.0 0.5 0.5 ns 2-7
tw CP Pulse Width,
HIGH or LOW 5.0 4.0 4.0 ns 2-3
*Voltage Range 5.0 is 5.0V +0.5V
Capacitance
Symbol Parameter Typ Units Conditions
CN Input Capacitance 45 PF Vce = 5.0V
Power Dissipation
CpD e P 60.0 PF VCC = 5.0V
apacitance
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