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Synchronous Presettable BCD Decade Counter

General Description

The 'F160A and 'F162A are high-speed synchronous dec-
ade counters operating In the BCD (8421) sequence. They
are synchronously presettable for applications in program-
mable dividers. There are two types of Count Enable inputs
plus a Terminal Count output for versatility in forming syn-
chronous multistage c¢ounters. The ‘F160A has an asyn-
chronous Master Reset input that overrides all other inputs
and forces the outputs LOW. The 'F162A has a Synchro-
nous Reset input that overrides counting and parallel load-

ing and allows all outputs to be simultaneously reset on the
rising edge of the clock. The 'F160A and 'F162A are high
speed versions of the 'F160 and 'F162.

Features

® Synchronous counting and loading

& High-speed synchronous expansion

m Typical count rate of 120 MHz

B Guaranteed 4000V minimum ESD protection

Ordering Code: see Section 5
Connection Diagrams

Pin Assignment for
DIP, SOIC and Flatpak

'F160A
_ \/
WR—{1 16 =Yoo
cP—2 15 =1C
Pg—{3 14}=0q
P~{4 130,
P15 121—0,
Py~{6 103
CEP—17 10 |=CET
GND—18 gf=PE
TL/F/9485-1
'F162A
— ./ .
SR—{1 16 =Vee
cP—{2 15k=T1¢C
Po=]3 14}-0Qq
P14 13p=0Q
Pa—15 12f=q,
Py—{6 1105
cep—{7 10 J—=cET
GND—]8 ] 21
TL/F/9485-9

Pin Assignment
forLCC

'F160A

[l 8
Q5 @ NC 0y Qg
TL/F/9485-2

'F162A

Py Py NC Py Py
EDEEME

] 8 "l
Q5 Q; NG 0,
TL/F/9485-10
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'F160A 2
CIRDIV10
MR —= CT=0
PE —t M1
CET M2 .
cer g3 dT=0 ©
CEP aw——d] G4
P——P>c5/2,3,4+
P s Q
TL/F/9485-9 0 LS (1) 0
Py (2) Q
Py — @ %
Py— (8 —Q
TL/F/9485-6
'F162A
CTRDIV10
SRt 5CT=0
ﬁ—t M1
CET M2 1
3CT=9
TL/F/9485-8 Cer e
CEP eo—o G4
CP et 05/2,3,44
Pp=——1,50 (1) Q
Py = (2) Q
Py =——1 4 Q
Py — (8 Q3
TLIF/9485-7
Unit Loading/Fan Out: see Section 2 for U.L. definitions
54F/74F
Pin Names Description u.L. Input i/l
HIGH/LOW Output lon/loL
CEP Count Enable Paraliel Input 1.0/1.0 20 pA/—0.6 mA
CET Count Enable Trickle Input 1.0/2,0 20 pA/—1.2mA
CP Clock Pulse Input (Active Rising Edge) 1.0/1.0 20 pA/—0.6 mA
MR ('F160A) Asynchronous Master Reset Input (Active LOW) 1.0/1.0 20 uA/—0.6 mA
SH ('F1624) Synchronous Reset Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Po-P3 Parallel Data Inputs 1.0/1,0 20 uA/—0.6 mA
PE Parallel Enable Input (Active LOW) 1.0/2.0 20 pA/—1.2mA
Qp~Q3 Flip-Flop Outputs 50/33.3 —1mA/20 mA
TC Terminal Count Output 50/33.3 —1mA/20 mA
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Functional Description

The 'F160A and 'F162A count modula-10in the BCD (8421)
sequence. From state 9 (HLLH) they increment to state 0
(LLLL). The clock Inputs of all flip-flops are driven in parallel
through a clock buffer. Thus all changes of the Q outputs
(except due to Master Reset of the ('F160A) occur as a
result of, and synchronous with, the LOW-to-HIGH transition
of the CP input signal. The ¢ircuits have four fundamental
modes of operation, in order of precedence: asynchronous
reset ('F160A), synchronous reset ('F162A), parallel load,
count-up and hold. Five control inputs—Master Resst (MR,
'F160A), Synchronous Reset (SR, 'F162A), Parallel Enable
(PE), Count Enable Parallel (CEP) and Count Enable Trickle
(CET)—determine the mode of operation, as shown in the
Mode Selact Table. A LOW signal on MR overrides all other
inputs and asynchronously forces all outputs LOW, A LOW
signal on SR overrides counting and parallel loading and
allows all outputs to go LOW on the next rising edge of CP.
A LOW signal on PE overrides counting and aflows informa-
tion on the Parallel Data (P,) inputs to be loaded into the
flip-flops on the next rising edge of CP. With PE and MR
('F160A) or SR ('F162A) HIGH, CEP and CET permit count-
ing when both are HIGH. Conversely, a LOW signal on ei-
ther CEP or CET Inhibits counting.

7745 -23-05 |

The 'F160A and 'F162A use D-type edge-triggered flip-flops
and changing the SR, PE, CEP and CET inputs when the CP
is in either state does not cause errors, provided that the
recommended setup and hold times, with respact to the ris-
ing edge of GP, are observed.

The Terminal Count (TC) output is HIGH when CET is HIGH
and counter Is in state 9. To implement synchronous multi-
stage counters, the TC outputs can be used with the. CEP
and CET inputs in two different ways. Please refer to the
'F568 data sheet. The TC output is subject to decoding
spikes due to internal race conditions and is therefore not
recommended for use as a clock or asynchronous reset for
flip-flops, counters or registers, In the 'F160A and 'F162A
decade counters, the TC output is fully decoded and can
only be HIGH in state 9. If a decade counter is preset to an
illegal state, or assumes an illegal state when power is ap-
plied, it will return to the normal sequerice within two counts,
as shown in the State Diagram.

Logic Equations:
Count Enable = CEP-X CET X PE
TC = Qg X @y X Qa X Qg X CET

Mode Select Table State Diagram
- — Action on the Rising

SR PE CET CEP Clock Edge (")

L - X X X Reset (Clear)

H L X X Load (P, = Qp)

H H H H Count (Increment)

H H L X No Change (Hold)

H H X L No Change (Hold)

*For 'F162A only

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

TUF/9485-4
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Absolute Maximum Ratings wote 1)

Recommended Operating - .

if Military/Aerospace specified devices are required, Conditions -~
please contact the Natlonal Semiconductor Sales N ; 7 - L/ S' '3 3 o S
Oftfice/Distributors for avallabllity and specifications Free Alr Ambient Temperature B T
* Military —55°Cto +125°C
Storage Temperature ~65°Cto +150°C : Commercial 0°Cto +70°C
Ambient Temperaturs under Bias —55°Cto +125°C Supply Voltage
Junction Temperature under Bias —55°Gto +175°C Military +4.5Vt0 +56.5V
Vg Pin Potential to N Commercial +4.6Vio +5.5v
Ground Pin —0.5Vio +7.0V ) T
Input Voltage (Note 2) —-0.6Vto +7.0V
Input Current (Note 2) —30mAto +5.0 mA
Voltage Applied to Output T
in HIGH State (with Vog = 0V)
Standard Output —0.5Vto Ve -
TRI-STATE® Output —0.5Vto +5.5V
Current Applled to Output
In LOW State (Max) twice the rated Igr (mA)
ESD Last Passing Voltage (Min) 4000V )
Note f: Absolute maximum ratings are values beyond which the device may e
be damaged or have its useful life impalred. Functional operation under h
these conditionis is not implied.
Note 2: Either voltage timit or current limit Is sufficlent to protect inputs. ~
DC Electrical Characteristics
Symbol Parameter - 54F/74F Units | Vee Conditions
Min Typ Max
VIH Input HIGH Voltage 2.0 V- - | Recognized as a HIGH Signal
ViL Input LOW Voltage 0.8 \ Recognized as a LOW Signal
Veo Input Clamp Diode Voltage —1.2 \ Min | Iy = —18mA
VoH Qutput HIGH 54F 10% Veg | 256 loH=—1mA
Voltage 74F10%Veo | 25 v Min { iog= —1mA
74F 5% Vo 2.7 lon=—1mA
VoL Output LOW 54F 10% Vo 0.5 v Min loL = 20 mA
Voltage 74F 10% Voo 0.5 foL = 20 mA
IIH Input HIGH 54F 20.0 ) ViN =27V
Current 74F 6.0 KA Max -
IBvI Input HIGH Current  54F 100 ViN = 7.0V
Breakdown Test 74F 7.0 HA | Max
lcex Output HIGH 54F 250 Vout = Vee
Leakage Current 74F 50 KA | Max
Vip Input Leakage : Ip=19pA
Test 4F 475 V' | %9 | atother Pins Grounded
lob QOutput Leakage Viop = 150 mV
Circuit Current 74F 3.75 KA | 00 All Other Pins Grounded
I Input LOW . —0.6 | mA | Max | Vjy = 0.6V (CP, CEP,P,, MR ('F160A))
Current } -1.2 | mA | Max | Vjy = 0.5V (CET, SR (F162A), FE)
los Output Short-Circuit Current —60 —150 | mA | Max | Voyt = OV
lcc Power Supply Current 37 85 mA | Max | Vo = HIGH
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AC Electrical Characterlstlcs- See Section 2 for Waveforms and Load Configurations ~ g
°
T4F 54F 74F 5 -
. Ta = +25°C L - ] N
Symbol Parameter Veg = +5.0V Té’ vjcso ’:“ TAévcf 50 c: ™ 1 units I;lg >
CL = 50pF L=230p L=230p | Ne-
Min Typ Max Min Max Min Max
frmax Maximum Count Frequency 90 120 75 80 MHz | 2-1
- tpLH Propagation Delay, Count 3.5 55 7.5 a5 9.0 3.5 856 . | - ns 23
tPHL GP to Qp (PE Input HIGH) 35 7.5 100 | 85 - 115 35 110 | =
" tpLH Propagation Delay, Load 4.0 6.0 8.5 4.0 10.0 4.0 9.5 ns 2-3
- tpHL CP to Qp (PE Input LOW) 4.0 6.0 8.5 4.0 10.0 4.0 9.5
. tpLH Propagation Delay 5.0 10.0 14.0 5.0 165 | 5.0 15.0 ns 2'_3
tPHL CPto TC 50 10.0 14,0 50 155 5.0 15.0 :
trLH Propagation Delay 25 4.5 75 25 9.0 25 8.5 ns | 2-3
tPHL CETto TC 25 45 75 2.5 9.0 25 8.5
teHL Propagation Delay ~ -
WRto Qn (F160A) 6.5 9.0 12.0 6.5 14.0 5.5 13.0 ns 2-3
tPHL g%‘;zgﬁg"(,l?gé% 45 80 105 | 45 125 | 45 115 | ns | 2-3
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AC Operating Requirements: sees Section 2 for Waveforms

_160A * 162A

T45-23-05

74F 54F 74F
Ta = +25°C . _ Fig.
Symbol Parameter Voo = +5.0V 7TA, ch Mit Ta Vce : Com Units No.
Min Max Min Max Min Max
ts(H) Setup Time, HIGH or LOW 4.0 55 40 o ns- | 2-8
t(L) Pn to CP (F160A) 5.0 5.5 5.0
' t(H) Setup Time, HIGHor tOW | 5.0 55 50 .
tg(l) Pp to CP (F1624) 5,0  B5. 5.0 s | 2-8
th(H) Hold Time, HIGH or LOW 20 25 20 s
[ (L) P to GP 20 2.5 2.0
ts(H) Setup Time, HIGH or LOW 11.0 13.5 11.5
ts(L) PEorSRtoCP 8.5 105 9.5 ie: | o-8
th(H) Hold Time, HIGH or LOW 20 20 20 T
th(L) PEorSRtoCP 0 0 . 0
tg(H) Setup Time, HIGHor LOW |  11.0 13.0 s .} -
t(l) CEP or CET to CP 5.0 6.0 5.0 ‘s | 2.6
th(H) Hold Time, HIGH or LOW 0 ] ) - )
th(L) CEP or CET to CP 0 0 0
tw(H) Clock Pulse Width (Load) 6.0 5.0 5.0 ns P
tu(L) HIGH or LOW 5.0 5.0 5.0
tw(H) Clock Pulse Width (Count) 4.0 5.0 4.0
twlL) H_I(-EH or LOW 6.0 8.0 7.0 ns | 2-a
- tw(l) MR Pulse Width, LOW A
i (F160A) 5.0 5.0 5.0
trec Recovery Time _
MR to OP (F160A) 6.0 6.0 6.0 7 ns | 2-6
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