H D 74 L S 1 63 @Synchronous 4-bit Binary Counters (synchronous clear)

This synchronous 4-bit binary counter features an internal HBLOCK DIAGRAM
carry look-ahead to application in high-speed counting de-

signs. Synchronous operation is provided by having all flip- Clock 50— Outpur
flops clock simultaneousiy so that the outputs change coin- Clear Qs
cident with each other when so instructed by the count- Lm;}@ _F g E
enable inputs and internal gating. This mode of operation eli- s...u.{ P D] |

T

minates the output counting spikes that are normally associat- To—1
ed with asynchronous (ripple clock) counters. A buffered A el
clock input triggers the four flip-flops on the rising (positive-
going) edge of the clock input waveform. This counter is
fully programmable; that is, the outputs may be preset to
either fevel. As presetting is synchronous, setting up a low level
at the load input disables the counter and causes the outputs
to agree with the setup data after the next clock pulse regard-
less of the levels of the enable inputs. Low-to-high transitions
at the load input would be avoided when the clock is low if
the enable inputs are high at or before the transition. The clear
function is asynchronous and a low level at the clear input sets
all four of the flip-flop outputs low after the next clock pulse,
regardless of the levels of the enable inputs. This synchronous
clear allows the count length to be modified easily as decoding Rigple

the maximum count desired can be accomplished with one Oupet
external NAND gate.

The gate output is connected to the clear input to synchro- B TYPICAL CLEAR, PRESET, AND INHIBIT SEQUENCE

nously clear the counter to LLLL. Low-to-high transitions at

Outpur

-

Output
Data oQ

Inpurs

the clear input should be avoided when the clock is low if [
the enable and load inputs are high at or before the transition. Load
The carry look-ahead circuitry provides for cascading counters A
for n-bit synchronous applications without additional gating. e B
Instrumental in accomplishing this function are two count- ,M,ic
enable inputs and & ripple carry output. Both count-enable lo
inputs (P and T) must be high to count, and input T is fed
forward to enable the ripple carry output. The ripple carry Clock i A AN AT
output thus enabled will produce a high-level output pulse E”"‘*"———L———J l—J
with a duration approximately equal to the high-level portion Emble T —-—J.—J S
of the Q, output. fr .
This high-level overflow ripple carry pulse can be used to en- o I 1 I
able successive cascaded stages. High-to-low-level transitions poso L
at the enable P or T inputs should occur only when the clock , - 1L
input is high, s —
12 |13 15 0 1 2
EPIN ARRANGEMENT Clear Preset
colF— [ M RECOMMENDED OPERATING CONDITIONS
ClorkE-—— cxck‘,‘,,., __B 2;‘:‘:0‘"’“ Item Symbol | min [ typ | max [ Unit
Carey Clock frequency Setack 0 - 25 | MH:z
*E——- A Qub— 14 |Q -
Clock pulse width bRy 25 - - ns
In:):: BE"‘—" Quf—] 13 fQ s Clear pulse width bectry | 20 - - ns
c E—-c Qf— 12 {Qc A,B,CD 20 - - ns
N . Enable P, T 20 - - ns
K d E% Setup time Load b P — — s
Enable PEL— P Load TH—— 10 |Enable T Clear 20 - - ns
GND| 8 Z]Lma Hold time ) 5 - - ns
(Top View)
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HD74LS163

ETIMING DEFINITION

Clock

Clear

Enable 13V v
Por T o

S ELECTRICAL CHARACTERISTICS (Ta=—20~+75C)

Item Symbol Test Conditions min typ® max Unit
Input voltage :;::’ 21) : 08 x
Vou Vee=4.75V, Vin=2V, Vi.=0.8V, Jon = —400u4A 2.7 - - v
OQutput voltage Vor |./(‘('=4.75V‘ Vin=2V lor.=4mA - - 0.4 v
) Vi.=0.8V Ioi.=8mA - — 0.5
Data, Enable P - - 20
ki Itw Vee=5.25V, Vi=2.7V - - 40 | uA
Clear - - 40
Data, Enable P - - —0.4
Input current Load, Clock. I, Vee=5.25V, Vi=0.4V - - -0.8 mA
Clear - — -0.8
Data, Enable P - - 0.1
BT I Vee=5.25V, Vi=7V - - 0.2 | mA
Clear - - 0.2
Short-circuit output current Ios Vee=5.25V -20 - —100 mA
Supply current** Iccn Vee=5.25V - 18 31 mA
Iccr Vee=5.25V - 19 32 mA
Input clamp voltage Vix Vee=4.75V, Ix=—18mA - — -1.5 \
* Vce=5V, Ta=25°C ** Jocy is measured with the load input high, then again with the

load input low, with all other inputs-high and all outputs open.
IccyL is measured with the clock input high, then again with the
clock input low, with all other inputs low and all outputs open.

BSWITCHING CHARACTERISTICS (Vec=5V, Ta=25C)

Item Symbol Inputs | Outputs Test Conditions min typ max Unit

Maximum clock frequency: Jmx Clock Qs—~Qn 25 32 - MH:z
tei. Rippl - 20 35
PLH Clock ipple ns
tene Carry - 18 35 ns
trLH Clock Q-Q - 13 24 ns
trmr | (Load=H)| - 18 27 | ns

Cr.=15pF,
Propagation delay time triu Clock - 13 24 ns
L. Qa—Qu Ri.=2kQ -

trHL {Load="L") - 18 27 ns
trr. Rippl - 9 14
e Enable T pele e
tril, Carry - 9 14 ns
trHL Clear Qa~Qn - 20 28 ns
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HD74LS163

45V vi( by
WMTESTING METHOD [ H Tl .
ircui on $h, Load circuit 1
1) Test Circuit HETE R . :
Input “ e Pr o PT |
— A !
PG 3 8
Zout=508 ; ¢ &
wa| 21
FE T 4k
M X
Zour=500 o
il » Mool Sume us Lowd Cireuit 1.
cL c'.’:r:
L »L Notes) 1. Cj includes probe and jig capacitance.
2. All diodes are 152074 (H).
2) Testing Table
. Inputs Qutputs
From input to -
Item Enable Data ) Ripple
output Clear | Load P T Clock A B C D Qa Qr Qc Qn Carry
Srmax 4.5V 1 4.5V ] 4.5V | 4.5V ] IN GND | GND | GND | GND { OUT | OUT | OUT | OUT | OUT
CK—»8ivet 4.5V | 4.5V [ 4.5V | 4.5V | IN GND | GND | GND | GND = = - - ouT
” CK—Q 4.5V | 4.5V 4.5V i4.5V | IN GND | GND | GND | GND | OUT |OUT [OQUT [OUT | ~
,’_"" CK—Q 4.5V |GND [GND [GND | IN_|IN* [IN* | IN* |IN* [OUT | OUT | OUT |OUT | —
bt Enable T-8%% [ 4 5V |GND | 4.5V [ IN | IN* | 4.5V 4.5V | 4.5V 4.5V | - - = — |ouT
: CLR—Q IN GND | GND | GND | IN* [ 4.5V | 4.5V | 4.5V [ 4.5V |OUT { OUT |OUT [OUT | -
* For initialized
Waveform—1 fu.,, teiu, tene (Clock—Q, Ripple Carry) Waveform—2 tppy, trus. (Clock—Q)
rin iruL
iy ITHL
W
W Clock
13V J 13v o
Clock \
ni{ Me. . o Data Inputs 3v
PHL asure a
TMeasure ¢ tae1) tens) Vo ABC.or D o
Q 13V 13v / ; Oupare Vo
— Var
trusl Measure at Jtriw(Messure at tasz) QuQnQc o @
faed] » Vou
" Notes) Input pulse: t17 y<15ns, 1757 <6ns, Clock input: PRR=
w \av Lav 1MHz, duty cycle 50%, Data input: PRR=500kHz, duty cycle 50%
+ Vot Waveform—3 tpru, trur (Enable T—Ripple Carry)
Lplj(uu,uu at {tren{Measure at tuss) rn o
Lass) Vou
Q 13V Lav
ten) alz Vor
(Measure stitrix(Measure at toca)
tosts)
e Vo
Qu 13V L3V Note) Input pulse:tn_ﬂ'élfms, tTHLgsm-PRR'lMHl
o —i Vou Waveform—4 ey, (Clear—Q)
(Measure at ltrus (Measure at tes1s)

it

tas1s)

Von
Ripple
Carry Clock
13V 1.3V
9

.y Var

Clear
Notes) 1. Clock input pulse: 177 y<15ns, t75 <6ns, PRR=1MHz,
duty cycle=50% and: for fmgx, ITLH=ITHLS2-5ns.
2.ty is reference bit time when all outputs are low.

e
Note) Input pulse:
trrasisns, tnﬂéGm Vo.
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HITACHI/ LOGIC/ARRAYS/MEM

M 4495203 0014913 C

PACKAGING INFORMATIONS 7-90-20

Factory orders for circuits described in this databook should
include a three-part type number as explained in the follow-
ing example.

BPlastic DIP

HD 74LS00 P

L— Package ; Plastic DIP ; letters P

Cerdip ; non-letters
Circuit description
Prefix : HD : Hitachi Digital IC

= 7 &)

]

X e e M =
|2 == °
a———20, 32 max ————

-

5.06max 2.54min
0.51min
Lo

o
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@14 Pin
OP-14
- 5.06max 2.54min
. 4AMmax
F—“"I S 6.1 _
7 _ﬂ 5
; e M Iz
12i
3 ) Ep—lg
N l..E 3
5 o B
§ a
? 8 L
" 1.62.
025t
0'~15"
@20 Pin
bP-20
Plimaxet
3
1
s
1
]
5
5
7
8
q
1
o
125",

31.6
32.6r

2.54%0.25 04810.]
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PACKAGING INFORMATIONS

T-90-20

RCerdip
@14 Pin @16 Pin
DG-14 0 28 DG-16
“6.3"‘ ma X WMk X
14] il §
24 pIE &
3] (12 <
44 Bn " g ]
54 b0 B
64 o] 3
74 [ 8
762
0.20~0.38 0'~15" 0'~15 0.20~0.38
@20 Pin @24 Pin
D6-20 §.Al—= 3,34mar 228 DG-24 F=—13.2—= 5. 2.8min
) 'LSC-.:l 0.5min
1 iE] ] g 14] hd x;.
2 Ble % 54 E:
) p :
N Iy 1 2
! g 5¢ 3
3 =) &g H
w | 5
R’ 3
) 12 :;{
n L _ L -
=762 b p—15.20—]
[
|
020~n3 0-15 0'~15¢ o_,m_;\.ﬁﬁ
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