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cH Xl (Latches)

ch X
£ SOl OHEE AEIE 2= A ME X
S—-R(Set-Reset) 2l Xl

R ¢ —

S - A2

(a) Active-HIGH input S-R latch (b) Active-LOW input S-R latch

Figure 8—1 Two versions of SET-RESET (S—-R) latches. Open file
FO8-01 and verify the operation of both latches.
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Latch starts out RESET (Q = 0).

goes back HIGH.
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No transitions
occur because
latch is
already SET.
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Latch starts out SET (Q = 1).

(a) Two possibilities for the SET operation

I
Q()-tk

Outputs make

transitions when R
goes LOW and remain
in same state after R
goes back HIGH.

| o

Latch starts out SET (Q = 1).

No transitions occur
because latch is
already RESET.
Latch starts out RESET (Q = 0).

(b) Two possibilities for the RESET operation

Outputs do

not change

state. Latch

remains SET if

previously SET and
" remains RESET if

previously RESET.

HIGHS on both inputs
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(¢) No-change condition

Output states

are uncertain when
input LOWSs go
back HIGH.
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= 92

5 I
Simultanecous LOWSs on both inputs

(d) Invalid condition
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(a) Switch contact bounce (b) Contact-bounce eliminator circuit
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H Al EC|A!

1PN EE|D1‘: S-REE-
= ()

CLK jL —C

Iy

0 R o—— O

(a) S=1,R=0 flip-flop SETS on positive ¢

edge. (If already SET, it remains SET.)

lock

R o—— 0

(b) $=0.R =1 flip-flop RESETS on positive
clock edge. (If already RESET, it remains
RESET.)

R

P 5

Q = @, (no change)

O—— ()

(¢c) §=0,R=0 flip-flop does not change. (If SET, it
remains SET; if RESET, it remains RESET.)
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gk L Pulse
— | transition |—®
detector
R

Steering gates

Latch
(a) A simplified logic diagram for a positive edge-triggered S-R flip-flop

Short pulse (spike) produced by delay
I)cla_yl (when both gate inputs are HIGH)
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(b) A type of pulse transition detector
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AL 2| L =
= H = 9

H Al EC|A!

This gate is enabled. This spike SETS flip-flop. a

CHIGH (1) /

Triggering S
edge

\ Pulse

|
CLK I I ——{ transition ——@ <— Positive
' detector 0

>

LOW (0)

This gate is disabled because R is LOW.

Figure 8—16 Flip—flop making a transition from the RESET state to
the SET state on the positive—going edge of the clock pulse.
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This gate is disabled a

because S is LOW.

~LOW (0) / |

. . S -4
Triggering & HIGH
edge —

'\ Pulse l
CLK ¢ l l— transition ——@ l

detector 0

R

HIGH (1) T
\() | e This spike RESETS flip-flop.

This gate is enabled.

Figure 8—17 Flip—flop making a transition from the SET state to
the RESET state on the positive—going edge of the clock pulse.
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Al ECIHE S2-=5
IT IT @
Al E2lHE J-K =E-=5
* Set, Reset, No change 2E0lAM= S-R SE-251 s&0| 20

* |[nvalid CH4&l Toggle 2 =D QULE.

Pulse
(LK —— transition
detector

Figure 8—20 A simplified logic diagram for a positive edge-triggered
J—K flip—flop.
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L
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« | AEHOIA J=1, K=1= otH,
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J
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CLK —j U u l—— transition
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Figure 8—-21 Transitions illustrating the toggle operation when J~=1 and K=1.
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Figure 8—28 Basic logic diagram for a master—slave J—K flip—flop
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output on the following negative- transferred to output on the
going edge. following positive-going edge.
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Figure 8—-33 Set-up time (t,). The logic level must be present on
the D input for a time equal to or greater than t, before the triggering
edge of the clock pulse for reliable data entry.
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Figure 8—-34 Hold time (t,). The logic level must remain on the D
input for a time equal to or greater than t,, after the triggering edge
of the clock pulse for reliable data entry.
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Figure 8-43 A simple one-shot circuit. ’
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