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161A, LS161 are similar, however,
the clear is asynchronous as shown
for 160A, LS160 decade counters.
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Contatore 741.5163A
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DM54/DM74160A,LS160,161A,LS161,162A,L.S162,163A,LS163

mall Scale Integration (~ 10)
Medium Scale Integration (~ 100)
Large Scale Integration (~ 1k)

LSI
VLSI Very Large Scale Integration (~ 10k)

function for the 160A,

General Description

These synchronous, presettable counters feature an
internal carry look-ahead for application in high-speed
counting designs. The 160A, 162A, LS160, LS162, are
decade counters and the 161A, 163A, LS161, LS163
are 4-bit binary counters. The carry output is decoded
by means of a NOR gate, thus preventing spikes during
the normal counting mode of operation. Synchronous
operation is provided by having all flip-flops clocked
simultaneously so that the outputs change coincident
with each other when so instructed by the count-enable
inputs and internal gating. This mode of operation
eliminates the output counting spikes which are normally
associated with asynchronous (ripple clock) counters.
A buffered clock input triggers the four flip-flops on
the rising (positive-going) edge of the clock input
waveform.

These counters are fully programmable; that is, the
outputs may be preset to either level. 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 regardless
of the levels of the enable input. Low-to-high transitions
at the load input of the 160A through 163A or LS160
through LS163 are perfectly acteptable, regardless of the
logic levels on the clock or enable inputs. The clear
161A, LS160, and LS161 is
asynchronous; and a low level at the clear input sets all
four of the flip-flop outputs low regardless of the levels
of clock, load, or enable inputs. The clear function for
the 162A, 163A, LS162, LS163, is synchronous; and a

Synchronous 4-Bit Counters

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
the maximum count desired can be accomplished with
one external NAND gate. The gate output is connected
to the clear input to synchronously clear the counter to
all low outputs. Low-to-high transitions at the clear
input of the 162A and 163A are also permissible regard-
less of the logic levels on the clock, enable, or load inputs.

The carry look-ahead circuitry provides for cascading
counters for n-bit synchronous applications without
additional gating. Instrumental in accomplishing this
function are two count-enable inputs and a ripple carry
output. Both count-enable inputs (P and T) must be
high to count, and input T is fed forward to enable the
ripple carry output. The ripple carry output thus enabled
will produce a high-level output pulse with a duration
approximately equal to the high-level portion of the Qp
output. This high-level overflow ripple carry pulse can
be used to enable successive cascaded stages. High-to-
low-level transitions at the enable P or T inputs of the
160A through 163A or LS160 through LS163, may
occur regardless of the logic level on the clock.

LS160 through LS163 feature a fully independent clock
circuit. Changes made to control inputs (enable P or T,
load or clear) that will modify the operating mode havé
no effect until clocking occurs. The function of the
counter (whether enabled, disabled, loading, or counting)
will be dictated solely by the conditions meeting the
stable setup and hold times.

Features

® Synchronously programmable

® Internal look-ahead for fast counting TYPICAL PROPAGATION  TYPICAL TYPICAL
® Carry output for n-bit cascading TYPE TIME, CLOCK TO CLOCK POWER

® Synchronous counting Q OUTPUT FREQUENCY  DISSIPATION
® Load control line 160 thru 163 14 ns 35 MHz 315 mwW

® Diode-clamped inputs LS160 thru LS163 14 ns 32 MHz 93 mW




Contatore 741.5163A

161, LS161, 163, LS163 SYNCHRONOUS BINARY COUNTERS
TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES
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Contatore modulo N

Quando le uscite O sono tutte 1
diventa 1 anche l'uscita R (riporto)

mentre l'ingresso Ly (load) diventa

0, predisponendo per il caricamento
dei dati.
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logica negativa
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contatore modulo N Dc

Al successivo fronte di salita
del clock viene caricato il dato
presente agli ingressi A B C D
(1100) ed R torna a zero.
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modulo N
ciclicamente gli impulsi al suo ingresso
(clock) da 0 a N-1:

Un contatore conta

. N-2 N-1 0 1..

e fornisce all'uscita un impulso ogni N
impulsi  di (divisore di

frequenza per N).

1ngresso




Visualizzazione dei dati

—

+5 conteggio load

per visualizzare lo stato logico dei segnali del circuito. 12 4

8
I diodi led (rossi) a base di semiconduttori composti
(areniuro di  gallio) hanno una tensione di
polarizzazione diretta Vp ~ 1.5 V.
| 7 T
9

Si possono utilizzare diodi led (light emitting diode)

Una porta della serie TTL-LS puo' erogare (assorbire — Z1 7
sink) nello stato basso una corrente I; =8 mA a Vi, = 16T
0.4 V. +5 Re Q4 Op Oc Op Er Lp
Con R =470 Q si ha nel led una corrente:
Ip=(5-15-04)V/470 Q2 =6.6 mA 74LS163A
cC, ¢, A B C D E, G
Il led viene pilotato con 4:\5 ll l 2
logica negativa: acceso per ll
indicare lo stato Low (0). L
Non e' possibile accendere 470 O % ¢
un led con una porta TTL LU
nello stato alto in quanto I,y hv4
=800 pA. | 4
_} —— Stato alto (> 2.4 V): led spento

Stato basso (< 0.4 V): led acceso

Circuito di pilotaggio di un diodo led



Gli ingressi enable Ep ed E7 non sono utilizzati € sono

in posizione sempre attivi.

L'ingresso clear C; non €' utilizzato ed €' in posizione

inattivo.

Il segnale di riporto R~ viene combinato con il segnale
clock per ridurre la durata del segnale load Lp, al solo

mezzo ciclo low del clock.

La lunghezza del conteggio viene programmata
mediante ponticelli. In logica negativa: ponticello
inserito = 1; 1l valore impostato indica 1'inizio del
conteggio, decrescente fino a zero; 1 led (a logica
negativa) riportano il conteggio in discesa.

La porta NAND all'ingresso serve solo a ridurre il fan-in

del circuito (circuito buffer).
Contatore modulo N
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Caratteristiche elettriche
del 741.5163A

%4 MSs|

' DM54/DM74160A,L5160,161A,L5161,162A,LS162,163A,LS163

Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted)

DM54/74 DM54LS/74LS
160A, 161A LS160, LS161
PARAMETER CONDITIONS 1624, 163A LS162, LS163 UNITS
MIN TYP(1) MAX |MIN TYP(1) MAX
Vin High Level Input Voltage 2 2 \
ViL Low Level Input Voltage DM54 0.8 0.7 v
DM74 08 0.8
\'/ Input Cl Volt Iy == -1.
| nput Clamp Voltage Vee = Min | 12 mA 1.5 v
I, =-18 mA -15
lon High Level Qutput Current -800 —400 HA
Von High Level Output Voltage Vee = Min, V, =2V DMS54 24 34 25 34 v
V)L = Max, loy = Max DM74 | 24 34 27 34
lovL Low Level Qutput Current DM54 16 » 4 R
DM74 16 8 "
Voo Low Level Output Voltage Vee = Min | " DM54 0.2 0.4 025 04
= X
Vi = 2V oL = V& "pm4 02 04 035 05 v
Vi = Max lo =4 mA | DM74 0.25 04
L Input Current ax Maximum | All V, =55V 1
Input Voltage Data or Enable P 01
Load, Clock, or Enable T 0.2 mA
Ve = Max Vv, =7V
Clear (LS160, LS161) 0.1
Clear (LS162, LS163) 0.2
™ High Level Input Current Load 40 40
Clock, Enable T Vee = Max 80 40
Ea'ab - V) = 2.4V (160A—163A) 40 20 | A
nable V, = 2.7V (LS160—LS163) = =
Clear (160, 161) 40 20
Clear (162, 163) 40 40
e Low Level Input Current Data, Enable P -16 04
Ciock -3.2 =12
Load -16 0.8
da Vee =Max V) =04V mA
Enable T =3:2 -08 ;
Clear (160, 161) -16 04
Clear (162, 163) -16 -0.8
los Short Circuit Qutput Current Vee = Max(2) DM54 | —20 -57 |-30 =130 mA
DM74 | —18 -57 |-30 -130
Iccu | Supply Current, All Outputs High DM54 59 85 18 31
Vce = Max(3 A
e Maxl3) DM74 59 94 B 31 | "
lccL | Supply Current, All Qutputs Low Ve = Max(4) DM54 63 91 19 32 o
DM74 63 101 19 32
Notes

(1) All typical values are at Vgc = 5V, Ta = 25°C.

(2) Not more than one output should be shorted at a time, and for DM54LS/74LS duration of short circuit should not exceed one second.
- (3) lccH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs open.

(4) IccL is measured with the clock input high, then again with the clock input low, with all other inputs low and all outputs open.




Tempi di commutazione
del 74L.5163A

ﬁfj MSI DM54/DM74160A,LS160,161A,LS161,162A,LS162,163A,LS163

Switching Characteristics Vo =5V, T, =25°C

DM54/74 DM54LS/74LS
PARAMETER FAON 19 160A, 161A, 162A, 163A LS160, LS161, LS162, LS163 | UNITS
(INPUT) (OUTPUT) - - - d - d
CONDITIONS | MIN TYP MAX|CONDITIONS | MIN TYP MAX
fmax Maximum Clock Frequency 25 35 25 32 MH:z
t Propagation Delay Time, '
PLH bagatk v 18 27 23 35 ns
Low-to-High Level Output Ripple
Clock
t Propagation Delay Time, carry
PHL, L v 6 24 23 35 ns
High-to-Low Level Output
t Propagation Delay Time,
el ropagation Detay 1 20 6 24 s
Low-to-High Level Output Clock
fosd nguricilighs] S ©
t Pr tion Delay Time, oad Input Higl
PHL Opagihom Beay-Tims 16 23 18 27 ns
High-to-Low Level Output CL = 15 pF C_ = 15pF
1 Propagation Delay Time, R, = 40082 Ry =2k§2
PLA i L 12 t 17 25 ns
Low-to-High Level Output Clock
[Load lnwtLowd | - 0 &
1 Propagation Delay T oad Input Low
PHL ropagation Delay Time, 18 25 19 29 o
High-to-Low Level Output
1 P t Delay Time, 3
PLH ropaga |(l)n elay Time 10 15 15 23 o
Low-to-High Level Output Ripple
Enable T
1 P t Delay Time, carry
PHL r‘opaga o ey 12 16 15 - 23 ns
High-to-Low Level Qutput
t Propagation Delay Time,
e i yom Clear (5) Any Q 24 36 26 38 s
High-to-Low Level Qutput
twicLock) | Width of Clock Pulse 25 25 ns
tw(cLEAR) | Width of Clear Pulse 20 20 ns
Setup Ti Data Input .
tSETUP etup Iime ata Inputs 20 20
A,B,C,D
Enable P 20 25 ns
Load / 25 25
Clear(6) 20 25
t Hold Time at
HOLD a 0 0 ns
Any Input

Notes
(5) Propagation delay for clearing is measured from the clear input for the 160A, LS160, 161A and LS161 or from the clock input transition for

the 162A, LS162, 163A and LS163. _
(6) This applies only for 162, 163, LS162 and LS163, which have synchronous clear inputs.




o s ‘e SWITCHING TIME WAVEFORMS
Tempi di commutazione

CLOCK INPUT 3.0V \

del 74LS 163A 160A, LS160 . \V““ }( VRer
161A, LS161 gy N
3.0V '
CLEAR Yvacr Avner
3 :: s tw(cLEAR) tseTup
LOAD (
INPUT \VREF } VRer
3:\\; . tseTuP
DATA INPUTS /v Xy
AB.CANDD REF "N YREF
—— tpp —=tpLH
QOUTPUTS _
161A, L5161 O \ \ v
0, AND Qp OUTPUTS |, N BEP i
160A, LS160 V°L ] tppp fe— —{tp_ 1 |=— (MEASURE AT ty,, OR ty.4)
Qg AND Qc OUTPUTS O \ \ ’:
160A, LS160 N\ ReF S Rer
Voo ;
3.0V
ENABLE P OR v v v
ENABLE T i | REF REF REF
tseTur — teLH[= = {tpy
Vo {
CARRY ' Vnep} Vrer
v
CLOCK INPUT 3 ov e /—\.tsmp
IEZA, LS162 _\_} VREF VREF {VREF
163A,LS163 gy X
Q OUTPUTS vy, ol i
163A, LS163 . . " &
04 AND Qo OUTPUTS , FREE HEE
162A, LS162 Vg: — tpy | f— —tp 1 (MEASURE AT ty:2 OR ty.a)
Qg AND O; OUTPUTS \ v v
1624, L5162 N REF
oL

Notes: ‘

(A) The input pulses are supplied by generators having the following characteristics: PRR < 1 MHz, duty cycle < 50%, ZgyT = 5052. For 160A
through 163A, t, < 10 ns, tf < 10 ns, and for LS160 through LS163,t, < 15 ns, tf < 6 ns.

(B) Enable P and enable T setup times are measured at t,+(.

(C) For 160A through 163A, VReF = 1.6V; for LS160 through LS163, VRgfg = 1.3V.



Parameter Measurement Information
SWITCHING TIME WAVEFORMS

F=— twicLOCK)
CLOCK oy [ \
INPUT VRer Veer VRer N
ov
teLH
(MEASURE AT ty.q) = (MEASURE AT ty.o)
Vv
outPur "
Qa VRer Veer
. vDL i
teHL — i i
(MEASURE AT ty.4) (MEASURE AT ty.2)
Von
QUTPUT Voer e
Qg
Voo
toro toLm
(MEASURE AT ty.g) — | N (MEASURE AT ty.4)
VDH
T
- Vrer Vrer
Oc v
oL = T
(MEASURE AT ty, 10 —— - o
OR ty.16) (NOTE B) ' (MEASURE AT tn.g)
) Vowu
ouUTPUT Vege Veer
Qp . -
Voo T
—{ oL f— teuL
(MEASURE AT ty.10
RipPLE VoM /; - OR ty.16) (NOTE B)
CARRY REF REF

Notes:

(A) The input pulses are supplied by a generator having the following characteristics: PRR < 1 MHz, duty cycle < 50%, ZoyT = 5092, for 160A
through 163A, t, < 10 ns, t§ < 10 ns; for LS160 through LS163, t, < 15 ns, t§ < 6 ns. Vary PRR to measure fpax.-

(B) Outputs Qp and carry are tested at th4+10 for 160A, 162A, LS160, LS162, and at t,+1g for 161A, 163A, LS161, LS163, where t, is the
bit time when all outputs are low,

(C) For 160A through 163A, VRgF = 1.5V; for LS160 through LS163, VRgg = 1.3V.




Contatore
programmabile

modulo N
(1<N<16)
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Contatore programmabile modulo N (1 <N <16)
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* Collegare un generatore all'ingresso ~clock;
regolare per una frequenza bassa (< 10 Hz) e
verificare che la sequenza di conteggio sia
corretta, per diversi valori di N.

* Aumentare la frequenza di clock e misurare
(con l'oscilloscopio) 1 ritardi tra l'ingresso Cj e
le uscite Q ed R ed il tempo di propagazione

attraverso le porte NAND.

*Aumentare ancora la frequenza e determinare
(se possibile) la frequenza massima di
conteggio.



