Signetics

FAST Products

FEATURES

o Synchronous counting and
loading

o Two Count Enable inputs for
n-bit cascading

o Positive edge-triggered Clock

o Asynchronous Reset ('F160A,
'F161A)

¢ Synchronous Reset ('F162A,
'F163A)

¢ High-speed synchronous
expansion

o Typical count rate of 120MHz

DESCRIPTION

Synchronous presettable decade
('F160A, 'F162A) and 4-bit ('F161A,
'F163A) counters feature an internal car-
ry look-ahead and can be used for high-
speed counting. Synchronous operation
is provided by having all flip-flops
clocked simultaneously on the positive-
going edge of the clock. The Clock input
is buffered.

PIN CONFIGURATION

FAST 74F160A, 74F161A,
74F162A, 74F163A
Counters

'F161A, 'F163A 4-Bit Binary Counter
Product Specification

TYPE TYPIGAL fyax TYPICAL s&xg;k{)cunasm
74F160A 130MHz 46mA
T4F161A 130MHz 46mA
74F162A 130MHz 46mA
74F163A 130MHz 46mA

ORDERING INFORMATION

COMMERCIAL RANGE

PACKAGES Ve =5V £ 10%; Tp = 0°C to +70°C
. . N74F160AN, N74F161AN
16-Pin Plastic DIP N74F162AN, N74F163AN
. - N74F180AD, N74F161AD
16-Pin Plastic SO N74F162AD, N74F163AD

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE

74F(U.L) LOAD VALUE

PINS DESCRIPTION HIGH/LOW | HIGH/LOW
CEP Count Enable Parallel input 1.0/1.0 20pA/0.6mA
CET Count Enable Trickle input 1.0/2.0 20pA/1.2mA
CP Clock Pulse input (active rising edge) 1.0/1.0 20uA/0.6mA
e :;scytacat}{%nw%us Master Reset input 1.0/1.0 20uA/0.6mA
SR Synchronous Reset input (active-Low) 1.0/2.0 20uA/1.2mA
Dp~Dsq Parallel data inputs 1.0/1.0 20pA/0.6mA
PE Parallel Enable input {(active-Low) 1.0/2.0 20uA/1.2mA
Qp-Qg Flip-flop outputs 50/33 1.0mA/20mA
TC Terminal Count output 50/33 1.0mA/20mA

NOTE:
1. One (1.0) FAST Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state.

LOGIC SYMBOL

LOGIC SYMBOL (IEEE/IEC)

'F160A
i [78) vee
crLE? %] ve
Do [3 7] oy
oy [© 73] Q
oz [5] 7] oy
03 [5] [71] 0,
cep [7] [10] cEY
GaND [2] ak3

COM74IS

'F160A

2—cp

7 —{cer
10 —] cer TC [—18

1—QMR Gy G Oy Og

LS041818

‘F160A

1117

LT[
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Signetics FAST Products

Product Specification

Counters

FAST 74FA60A, 74F161A, 74F162A, 74F163A

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL
'F181A 'F181A 'F161A
' CTRDIVIE
LN
1 ) 3 4 [ ¢ :—h :1
7 0 vec L] o
”E %"’ % o o, 0 0 Lnjeannaae
G (E V4] Gy 1
o4 [ 73] 0 u: — $ T [—18 a_| ;zLD "
0, (5] 7] 0 2—]cr ‘ - 13
o3 (€] [T1] 0y 1—c{wr @ 9, 05 o R
cer (7] 0] cer I I ] I s | 12
awo (3] g “ 1 o1z n - 1
CO047408 LS041815 — .
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL
'F162A 'F162A 'F162A
$ 3 4 5 & EA 2:' e
wo 0 vec L] ] i
o [ ve e B o, 0 0 £ o
%E E% 7 —Jces ——E‘cﬂi.&l‘f
04[] 73] 0y 10 —Jcer cl—s . Co.
0z [7] 7] 0, 2—Jcp s
03 [E] ms 1—dsn a a a; 0 — =
cep [7] 0] cer I l l l 5| 2
awo (8] 9} 7€ o131z 1 s | "

CD047428

15041828

PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL
'F163A 'F163A 'F163A
$ 3 4 5 8 (N 2: e
sel 9w L[] an
cr 7] [15] ¢ PE Oy D, Dy D w 108
0y (3] 17 a9 1 —lecer e, 3,44
0, (5] 3] 0y 10 — cer TC [—18 1 L
o; (5] 7] 6y 2—7Jcp o L
by (5] [77] 03 t—aer G a G 4 i 2
cep [7] 18] cer | I | l 5| 2
ano (] 8L w13 12 1 6 | f
CD0sT428 1628 i_]‘cr'“ |
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Signetics FAST Products

Product Specification

Counters

FAST 74F160A, 74F161A, 74F162A, 74F163A

The outputs of the counters may be preset to
High or Low level. A Low level at the Paraliel
Enable (PE) input disables the counting ac-
tion and causes the data at the Dg - D3 inputs
to be loaded into the counter on the positive-
going edge of the clock (providing that the
setup and hold requirements for PE are met).
Prosget takes place regardiess of the levels at
Count Enable (CEP, CET) inputs.

A Low level at tho Master Reset (MF) input

sets all four outputs of the flip-flops (Qgp ~ Qq)
in 'F160A and 'F161A to Low levels, regard-
less of the levels at CP, PE, CET and CEP

STATE DIAGRAMS

inputs (thus providing an asynchronous clear
function).

For the 'F162A and 'F163A, the clear func-
tion is synchronous. A Low level at the Reset
(SF) input sets all four outputs of the flip-flops
(Qg - Q3) to Low levels after the next positive-
going transition on the Clock {CP) input (pro-
viding that the setup and hoid requirements
for MH are met). This action occurs regard-
less of the lavels at PE, CET, and CEP inputs.
This synchronous reset feature enables the
designer to modify the maximum count with
only one externat NAND gate (see Figure A).

The carry look-ahead simplifies serial cascad-
ing of the counters. Both Count Enable inputs
(CEP and CET) must be High to count. The
CET input is fed forward to enable the TC
output. The TC output thus enzbled will
produce a High output pulse of a duration
approximately equal to the High level output
of Qg. This pulse can be used to enable the
next cascaded stage (see Figure B).

The TC output is subject to decoding spikes
due to internal race conditions. Therefors, it is
not recommended for use as clock or asyn-
chronous reset for flip-flops, registers, or
counters.

'F160A, 'F182A

Logic Equations: Count Enable = CEP.CET.PE
TC = Qqeli{+Q¢Qy«CET

Logic Equations: Count Enable = CEP.CET.PE
TC = QgeQy+Q2¢Q3+CET

'F161A, 'F183A
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Signetics FAST Products

Product Specification

Counters

FAST 74F160A, 74F161A, 74F162A, 74F4163A

LOGIC DIAGRAM, 'F160A, 'F162A
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LOGIC DIAGRAM, 'F161A, 'F163A
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Signetics FAST Products

Product Specification

Counters FAST 74F160A, 74F161A, 74F162A, 74F163A

MODE SELECT — FUNCTION TABLE, 'F160A, 'F161A

INPUTS QUTPUTS
OPERATING MODE

MR | CP | CEP | CET | PE Dn Q, TC
Reset (clear) L X X X X X L L
Parallel load : I § ; : :l }':I (I{)
Count H T h h h X count| (1)
. H X | X h X dn (1)

Hold (do nothin
( ing) Hl x| x| ®@|n| x|a]L

MODE SELECT — FUNCTION TABLE, 'F162A, 'F163A

INPUTS OUTPUTS

OPERATING MODE

SR CP | CEP | CET | PE D Q, TC

Reset (clear) I 1 X X X X L L
h 1 X X | | L L

Parallel load h t X X i h H @
Count h t h h h X jecount| (2)
. h X | X h X Qn @)

Hold (do nothing) h X X A h X o L

H = High voltage level steady state.

L = Low voitage level steady state.

h = High voltage level one setup time prior to the Low-to-High clock transition.

| = Low voltage level one setup time prior to Low-to-High clock transition.

X = Don't care.

q = Lower case letters indicate the state of the referenced output prior to the Low-to-High clock transition.

1 = Low-to-High clock transition.

NOTES:

(1) The TC output is High when CET is High and the counter is at Terminal Count (HHHH for ‘F161A and
HLLH for ‘F160A).

{2) The TC output is High when CET is High and the counter is at Terminal Count (HLLH for 'F162A and
HHHH for 'F163A).
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Signetics FAST Products Product Specification

Counters FAST 74F160A, 74F161A, 74F162A, 74F163A

ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device.
Unless otherwise noted these limits are over the operating free-air temperature range.)

SYMBOL PARAMETER RATING UNIT
Ve Supply voltage -05 to +7.0 "
VIN input voltage -0.5 to +7.0 \'
Iin Input current -30 to +5 mA
Vour Voltage applied to output in High output state -0.5 to +Veo v
lout Current applied to output in Low output state 40 mA
Ta Operating free-air temperature range 0o +70 °C

RECOMMENDED OPERATING CONDITIONS

LIMITS
SYMBOL PARAMETER UNIT
Min Nom Max

Vee Supply voltage 4.50 5.0 5.50 v
Vi High-level input voltage 20 v
ViL Low-level input voltage 0.8 v
hk fnput clamp current -18 mA
lon High-level output current -1 mA
loL Low-level output current 20 mA
Ta Operating free-air temperature 0 70 °C

DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.)

LIMITS
SYMBOL PARAMETER TEST CONDITIONS! 2 UNIT
Min | Typ Max
Vee = MIN, +10%Vee 25 \
Von High-level output voltage Vi =MAX, oy = MAX
Vi = MIN, *5%Vee 27 3.4 v
Vee = MIN, +10%Vce 0.35 | 0.50 \%
VoL Low-level output voitage ViL=MAX, g = MAX
Vin = MIN, +5%Vgg 035 | 050 | V
Vik Input clamp voltage Voo = MIN, | = |k -0.73| -1.2 v
input current at maximum - _
h input voltage Voo = MAX, V(=7.0V 100 HA
igh- i CET, SR, PE 40
» High-level input . Voo =MAX, V=27V MA
current Other inputs 20 pA
- i CET, 3R, PE -1.2 | mA
h Low-love input : Voo =MAX, V| =05V
Other inputs -04 | ~06 [ mA
los Short-circuit output current® Vee = MAX -60 -150 [ mA
| s ¢ (total) |- Voo = MAX 42 ] 85 | mA
current® (to! -
cc upply lecL i 49 | 85 | mA
NOTES:

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type.

2. Al typical values are at Vog = 5V, Ta = 25°C.

3. Not mare than one output should be shorted at a time. For testing los, the use of High-speed test apparatus and/or sample-and-hold techniques are praferable in
order to minimize internal heating and more accurately reflect operational values. Otherwise, prolonged shorting of a High output may raise the chip temperature
well above normal and thereby cause invalid readings in other parameter tests. In any sequence of parameter tests, log tests should be performed last.

4. lcoH is measured with BE input High, again with PE input Low, all other inputs High and outputs open. Iccy is measured with Clock input High, again with Clock
input Low all other inputs Low, and outputs open.
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Signetics FAST Products Product Specification

Counters FAST 74F160A, 74F161A, 74F162A, 74F163A

AC ELECTRICAL CHARACTERISTICS

T4F160A, 74F162A
Ta = +25°C Ta=0°C to +70°C
Vee = +5.0V Vee = +5.0V: 10%
SYMBOL PARAMETER TEST CONDITIONS €L = 50pF C_ = 50pF UNIT
Ry = 500 R = 5000
Min Typ Max Min Max
fmax Maximum clock frequency Waveform 1 100 130 20 MHz
teLH Propagation delay Waveform 1 2.0 4.5 7.0 20 8.0 ns
oL CP to Qu PE = High 40 7.0 10.0 4.0 11.0
toLH Propagation delay Waveform 1 20 4.5 7.5 2.0 8.5 ns
tpHL CPto Q, PE = Low 40 6.0 8.5 4.0 9.5
teLH Propagation delay 45 10 10.5 45 15
tr. | OP to TC Waveform 1 45 10 95 45 15 ns
tpLH Propagation delay 1.5 45 6.5 1.5 85
tp | CET to TC Wavsform 2 25 45 7.0 25 85 | ™
Propagation delay B
tpHL WA to Q, F160A Waveform 3 6.5 9.0 12 6.5 13 ns
Propagation delay )
"y WA to TC F160A Waveform 3 6.0 8.0 10.0 5.5 11.0 ns
AC SETUP REQUIREMENTS
74F160A, 74F162A
Ta=+25°C Ta=0°C to +70°C
Ve = +5.0V Vee = +5.0V+10%
SYMBOL PARAMETER TEST CONDITIONS L = 50pF Cy = 50pF UNIT
R.= 5002 Ry = 50002
Min Typ Max Min Max
ts(H) Setup time, High or Low 5.0 5.5
) |D,tocCP Waveform 5 5.0 5.0 ns
th{H) Hold time, High or Low [ 0
L) D, to CP Waveform 5 0 0 ns
tg(H) Setup time, High or Low 1 11.0
il BE or 5F to CP Wavsform 5 or 6 70 70 ns
th(H) Hold time, High or Low 0 0
(L) PE or 5B to CP Waveform 5 or 6 0 0 ns
ts(H) Setup tims, High or Low 11.0 11.0
() | CEP or CET to CP Waveform 4 6.0 75 ns
th(H) Hold time, High or Low 0 0
) | CEP or CET to CP Waveform 4 0 0 ns
tw(H) Clock pulse width (load), 4.0 4.0
wlL | High or Low Waveform 1 50 65 ns
tw(H) Clock pulse width {(count), 4.0 4.0
twl) | High or Low Waveform 1 55 6.0 ns
tw(l) MR pulse width Low 'F160A Waveform 3 5.0 5.0 ns
Recovery time, .
troc ME to CP F160A Waveform 3 5.0 6.0 ns
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Counters FAST 74F160A, 74F161A, 74F162A, 74F4163A

AC ELECTRICAL CHARACTERISTICS

74F161A, 74F163A
Ta=+25°C Ta=0°C to +70°C
Vo = +5.0V Voo = +5.0V+ 10%
SYMBOL PARAMETER TEST CONDITIONS €y = 50pF CL = 50pF UNIT
Ry = 5000 R, = 50002
Min Typ Max Min Max
fmAx Maximum clock frequency Waveform 1 100 130 20 MHz
tLH Propagation delay Waveform 1 20 4.0 8.5 20 7.0 ns
temL CP to Q, PE= High 4.0 6.5 10.5 4.0 1.0
teLH Propagation delay Waveform 1 20 4.5 6.5 2.0 75 ns
tpHL CP to Q, PE = Low 35 55 8.5 3.5 9.5
tpLH Propagation delay 5.0 7.5 10.5 5.0 115
. | CP to TC Waveform 1 45 75 105 40 115 | "
teLH Propagation delay 1.5 3.5 6.5 1.5 7.0
. | CET to TC Waveform 2 25 50 75 25 go | ™
Propagation delay .
teHL MR to Q, F161A Waveform 3 6.5 8.5 125 55 13 ns
tn Propagation delay "F161A Waveform 3 6.0 8.5 110 50 120 | ns
HL MR to TC - : : " g
AC SETUP REQUIREMENTS
74F161A, 74F163A
Ta= +25°C TA=0°C to +70°C
Vee = +5.0V Vee = +5.0V 10%
SYMBOL PARAMETER TEST CONDITIONS €, = 50pF Co = 50pF UNIT
R = 50002 Ry = 50002
Min Typ Max Min Max
ts(H) Setup time, High or Low 5.0 5.0
W) | DntoCP Waveform 5 5.0 5.0 ns
th(H) Hold time, High or Low 0 0
iy D, to CP Waveform 5 0 0 ns
ts{H) Setup time, High or Low 9.0 9.5
WL |PEorBRtocP Wavetorm 5 or 6 6.5 7.0 ns
th(H) Hold time, High or Low 0 0
tall) BE or SR to CP Waveform 5 or 6 0 0 ns
ts(H) Setup time, High or Low 105 105
tl) | CEP or CET to CP Wavelorm 4 7.0 70 ns
th(H) Hold time, High or Low 0 0
tl) | CEP or CET 1o CP Waveform 4 0 0 ns
tw(H) Clock pulse width {load), 4.0 40
twll) | High or Low Waveform 1 5.0 55 ns
tw(H) Clock pulse width (count), 4.0 4.0
tw(l) | High or Low Waveform 1 8.0 7.0 ns
twil) MR pulse width Low 'Fi61A Waveform 3 4.5 45 ns
e Recovery time. F181A Waveform 3 6.0 65 ns
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FAST 74F160A, 74F161A, 74F162A, 74F163A

Counters

AC WAVEFORMS
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Waveform 6. Parallel Data and Parallel Enable Setup and
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NOTE: For all waveforml Vi = 1.5V,
The shaded areas indicate when the input is to change for predi output par
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Counters FAST 74F160A, 74F161A, 74F162A, 74F163A

APPLICATION
+Veoo
PE Do Dy D2 Dy
CEP
CET 'F163A TC
cLocKk—] cP
SR Q & G2 O
TERMINAL COUNT =8
AFO20838
a
= ENABLE COUNT _&||ll Jl|l| _AH'
L = DISABLE COUNT PE Dg D1 02 D3 PE Do D1 Dz D3 PE Dp Oy 02 O3 P€ 0o Dy D2 O3 PE Dg Dy D2 O3
cEP p— cep L cEp —] cep L cer
H = ENABLE COUNT
L= DISABLE COUNT CET Tc CEY A(% CET T CEY 1€ CET TC p—
cp — cP — CP — — P
8A Q001 Q2 O3 —o{ S8R Qo 0102 Q3 ~of SR Q0 Qy 02 O3 -0l SR Qo0 Qy 02 O3 ~of 88 Qo 0y 02 Oy
AFQ2102S
b. Synchronous Multistage Counting Scheme
TEST CIRCUIT AND WAVEFORMS
| W . AM
90%% o 20% PV
Vee NEGATIVE | VM i
PULSE
10%;
I 10% ov
" v ) L'THL(") ATLH(tn—~ [e—
PULSE N ot our
GENERATOR - — I-—m.mm THU— e
AMP
Rr T SR 0% 0% "
POSITIVE
= <+ = = = = PULSE '™ M
Tonnees 10% 10%
b tw { ov
WFOS4508
Vi = 1.5V
Test Circuit for Totem-Pole Outputs Input Pulse Definition
DEFINITIONS INPUT PULSE REQUIREMENTS
R_ = Load resistor 1o GND; see AC CHARACTERISTICS for value. FAMILY
C_ = Load capacitance includes jig and probe capacitance; Amplitude | Rep. Rate | Pulse Width | truy | true
see AC CHARACTERISTICS for value.
Ry = Termination resistance shouid be equal to Zoyr 74F 3.0v 1MHz 500ns 2.5ns | 2.5ns
of pulse generators.
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