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4-Stage Synchronous Bidirectional Counters

General Description Features

The 'F168 and 'F169 are fully synchronous 4-stage up/ M Asynchronous counting and loading
down counters. The 'F168 is a BCD decade counter; the  m Built-in lookahead carry capability
’F169 is a modulo-16 binary counter. Both feature a preset m Presettable for programmable operation
capability for programmable operation, carry lookahead for

easy cascading and a U/D input to control 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 saction s
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Unit Loading/ Fan Out: see Section 2 for U.L. definitions

54F/74F

Pi @ L i u.L. Input Iyy/ly

Erﬂl %4F168D M ﬁﬂw HIGH/LOW | Output lon/ioL
CEP Count Enable Parallel Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle Input {Active LOW) 1.0/2.0 20 pA/—1.2mA
CcP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
Po-P3 Parallel Data Inputs 1.0/1.0 20 pA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/1.0 20 pA/—0.6 mA
u/D Up-Down Count Control Input 1.0/1.0 20 pA/—0.6 mA
Qp-Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
TC Terminal Count Output (Active LOW) 50/33.3 —1mA/20 mA

Functional Description

The 'F168B and 'F169 use 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 other opera-
tions, as indicated in the Mode Select Table. When PE is
LOW, the data on the Pyp—P3 inputs enters the flip-flops on
the next rising edge of the clock. In order for counting to
occur, both TEP 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 9 (15 for

Logic Diagram

Py

'F168

the 'F169) in the Count Up mode. The TC output state is not
a function of the Count Enable Parallel (CEP) input level.
The TC output of the 'F168 decade counter can also be
LOW in the illegal states 11, 13, and 15, which can occur
when power is turned on or via parallel loading. if an illegal
state occurs, the 'F168 will return to the legitimate se-
quence within two counts. Since 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 be-
low).
1) Count Enable = CEP e CET ¢ PE
2) Up: (F168): TC = Qp* Q; * Qo * Qg * (Up) » CET
(F169): TC = Qg * Q1 * Q2 * Q3 * (Up) » CET
3) Down: TC = Qg * Q; * Q ® Q3 * (Down) » TET

P2 Py

i EIJ:'

\| 6T AT
; r-** D
: [ -
: . X Tk
z il N =
; Y Y
: -
u/b E oF —
= 1
y ON
E mlm-] DETAIL A J DETAL A
@ 5 1
o a 0 TL/F/94868-4

Please note that these diagrams are provided anly for the understanding of logic operations and should not be used to estimate propagation delays.
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Logic Diagram (continued)

el

Mode Select Table
=5 P = Action on Rising
PE CEP CET u/D Clock Edge
L X X X Load (P, — 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)
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Please note that these diagrams are provided only for the understanding of logic operations and should notbe used to estimate propagation delays.
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Power ed by

Absolute Maximum Ratings (ote 1)

Recommended Operating

It Military/Aerosp pecified devi are required, Conditions
please contact the National Semiconductor Sales Er . .

o " ee Air Ambient Temperature
Off@lstl@ﬁlﬂgﬁmmﬁltﬂ@ specifications. Military _55°Cto +125°C
Storage Temperature 65°Cto +150°C Commercial 0°Cto + 70°C
Ambient Temperature under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Cto +175°C Military +4.5Vto +5.5V
V¢ Pin Potential to Commercial + 4.5V to +5.5V

Ground Pin —0.5Vto +7.0V
Input Voltage (Note 2) -0.5Vto +7.0V
Input Current (Note 2) —30mAto +5.0mA
Voitage Applied to Output
in HIGH State (with Vo = 0V)
Standard Output —0.5Vto Ve
TRI-STATE® Output —0.5Vto +5.5V
Current Applied to Output
in LOW State (Max) twice the rated Ig (mA)
Note 1: Absolute maximum ratings are values beyond which the device may
be damaged or have its useful life impaired. Functional operation under
these conditions is not implied.
Note 2: Either voltage limit or current limit is sufficient to protect inputs.
DC Electrical Characteristics
Symbol Parameter S4F/74F Units Vee Conditions
Min Max
VIH Input HIGH Voltage 20 v Recognized as a HIGH Signal
Vi Input LOW Voltage 0.8 v Recognized as a LOW Signal
Vep Input Clamp Diode Voltage -1.2 v Min in= —18mA
VoH Output HIGH 54F 10% Vo 25 loH= —1mA
Voltage 74F 10% Voo 25 v Min loH= —1mA
74F 5% Voo 27 loH= —1mA
Voo Output LOW 54F 10% Vco 0.5 v Min lop = 20mA
Voltage 74F 10% Vo 0.5 loL = 20mA
liH Input HIGH 54F 20.0 ViN = 2.7V
Current 74F 5.0 A Max
lgyvy Input HIGH Current  54F 100 ViN = 7.0V
Breakdown Test 74F 7.0 A Max
lcex Output HIGH 54F 250 VouTt = Vce
Leakage Current 74F 50 A Max
Vio Input Leakage p=1.9puA
74F X .
Test 475 v 0.0 All Other Pins Grounded
lop Output Leakage Viop = 150 mvV
Circuit Current 74F 8.75 #A | 00 | A\ Other Pins Grounded
e Input LOW Current -0.6 Vin = 0.5V (except CET)
_qp | ™A Max |y = 05V CED
los Output Short-Circuit Current —60 —150 mA Max | Vgyr = 0V
lcoL Power Supply Current 52 mA Max Vo = LOW
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AC Electrical Characteristics: see section 2 for Waveforms and Load Configurations 8
O J34FIooDIVITLT LT T 74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vec = +5.0V Te’ v:cso_ ':“ TA(-:chc .f;) c: ™ | Units ':g
CL = 50 pF L p L p .
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency 100 115 6.0 90 MHz | 2-1
tPLH Propagation Delay 3.0 6.5 8.5 3.0 12.0 3.0 9.5 ns 2-3
tPHL CP to Qp, (PE HIGH or LOW) 4.0 9.0 11.5 4.0 16.0 4.0 13.0
tpLH Propagation Delay 5.5 12.0 155 5.5 20.0 5.5 17.0 ns 2-3
tPHL CPtoTC 4.0 8.5 11.0 4.0 15.0 4.0 12,5
tPLH Propagation Delay 25 45 6.0 25 9.0 25 7.0 ns | 223
tPHL CETto TC 2.5 6.0 8.0 2.5 12.0 25 9.0
tpLH Propagation Delay 3.5 8.5 11.0 3.5 16.0 3.5 125 ns 2-3
tPHL U/DtoTC 40 125 16.0 4.0 14.0 4.0 18.0
AC Operating Requirements: See Section 2 for Waveforms
74F 54F 74F
Ta = +25°C - _ Fig.
Symbol Parameter Vee = +6.0V Ta, Voc = Mil Ta, Voc = Com Units No.
Min Max Min Max Min Max
1s(H) Setup Time, HIGH or LOW 4.0 4.5 4.5
1s(L) P,to CP 4.0 4.5 45 ns P
th(H) Hold Time, HIGH or LOW 3.0 35 35
th(L) Phto CP 3.0 3.5 35
ts(H) Setup Time, HIGH or LOW 5.0 8.0 6.0
ts(L) CEP or CET to CP 5.0 8.0 6.0 ns a6
th(H) Hold Time, HIGH or LOW 0 0.0 0
th(l) CEP or CET to CP 0 1.0 0
ts(H) Setup Time, HIGH or LOW 8.0 10.0 9.0
ts(L) PEtoCP 8.0 10.0 9.0 ns o g
th(H) Hold Time, HIGH or LOW 0 1.0 0
thil) PEtoCP 0 0 o]
ts(H) Setup Time, HIGH or LOW 11.0 14.0 125
ts(L) U/Dto CP 16.5 12.0 18.0 ns 26
th(H) Hold Time, HIGH or LOW 0 0
thil) U/Dto CP 0 0 0
tw(H) CP Pulse Width 5.0 6.0 5.5 ns o_4
twlL) HIGH or LOW 5.0 9.0 55
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© AC Electrl al Characteristics: see Section 2 for Waveforms and Load Configurations
A OB 7
74F 54F 74F
Ta = +25°C _ _
Symbol Parameter Vee = +5.0V Ta' v:cso_ I:" T‘év‘fs_o c: ™ | units ':2
CL = 50 pF L P! L p d
Min Typ Max Min Max Min Max
fmax Maximum Count Frequency g0 60 70 MHz | 2-1
tPLH Propagation Delay 3.0 6.5 8.5 3.0 12.0 3.0 95 ns 2-3
tPHL CP to Qp, (PE HIGH or LOW) 4.0 9.0 115 4.0 16.0 4.0 13.0
tpLH Propagation Delay 55 120 16.5 55 20.0 55 17.5 ns 2-3
tpHL CPto TC 4.0 8.5 12.5 4.0 15.0 4.0 13.0
tpLH Propagation Delay 25 4.5 6.5 25 9.0 25 7.0 ne 2-3
tPHL CETtoTC 25 8.5 11.0 25 12,0 25 12.0
tpLH Propagation Delay 35 8.5 11.5 35 16.0 3.5 125 ns 2.3
tPHL U/DtoTC 4.0 8.0 12.0 4.0 14.0 4.0 13.0
AC Operating Requirements: see section 2 for Waveforms
74F 54F 74F
Ta = +25°C _ _ Fig.
Symbol Parameter Ve = +5.0V Ta, Voc = Mil Ta, Vec = Com Units No.
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 4.5 4.5
ts(L) Pnto CP 40 4.5 45 ns 28
th{H) Hold Time, HIGH or LOW 3.0 35 3.5
thiL) Phto CP 3.0 35 35
ts(H) Setup Time, HIGH or LOW 7.0 8.0 8.0
ts(L) CEP or CET to CP 5.0 8.0 6.5 ns o g
th(H) Hold Time, HIGH or LOW 0 0 0
thil) CEPor CET to CP 0.5 1.0 0.5
ts(H) Setup Time, HIGH or LOW 8.0 10.0 9.0
ts(L) PE to CP 8.0 10.0 9.0 ns P
th(H) Hold Time, HIGH or LOW 1.0 1.0 1.0
thiL) PE to CP 0 0 0
ts(H) Setup Time, HIGH or LOW 11.0 14.0 125
ts(l) U/Dto CP 7.0 12.0 8.5 ns 28
th(H) Hold Time, HIGH or LOW 0 0 [o]
thiL) U/DtoCP 0 0 0
tw(H) CP Pulse Width 4.0 6.0 4.5 ns 24
twl(L) HIGH or LOW 7.0 9.0 8.0
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