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SR Latch
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R (Reset)

Set state

Reset state

' 1 0 Undefined

(a) Logic diagram (b) Function table




R (Reset)

R (Reset)

Set Operation

R (Reset)

R (Reset)

Store Operation

0

Store Operation

0




R (Reset)

Invalid Operation

1

R (Reset)
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SR Latch Invalid Operation

R (Reset)

—

S (Set)

Unknown State

0

Oor1l

Race Condition

120

1->0
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SR Latch with NAND Gates

Q

Set state
Known as

D)—'i 1|1
o .
>< . 0 .l S the § E LatCh

0 1

Q 1 1 Undefined

R (Reset)

(a) Logic diagram (b) Function table

IfS=0andR=1thenSet(Q =1, Q =0)

IfS=1and R =0then Reset (Q =0, Q =1)
When § = R = 1, Q and Q are unchanged (remain the same)
The latch stores its outputs Q and Q aslongas S=R =1

When S = R = 0, Q and Q are undefined (should never be used)
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SR Latch Operation

Set Operation Store Operation
1

=

R (Reset) -1 R (Reset) -1

Reset Operation Store Operation

: 0 - 0




Invalid Operation

R (Reset) 0
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SR Latch Invalid Operation

Race Condition

0->1

S (Set) 150

R (Reset) 0>1

Unknown State

R (Reset) 1

Oor1l
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Gated SR Latch with Clock Enable

R (Reset) Next state of Q

No change

C (Clock) —— No change

Q = 0:; Reset state

S (Set) J Q = 1; Set state
Undefined
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Gated SR Latch with Clock Enable

Next state of Q

S
): No change

No change
Q = 0:; Reset state

Q = 1; Set state

— defined
R 33 | Undefine

(a) Logic diagram (b) Function table
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Gated SR Latch with Clock Enable

Next state of Q

No change

No change

Q = 0:; Reset state
Q = 1; Set state
Undefined

Next state of Q

No change

No change

Q = 0; Reset state
Q = 1; Set state
Undefined




Pl el O (Al paie) W B b @ 2 050 0 (o slajlae o m
(S o) Cono Jgaz )

el ol Sls Y

S5 Jgas -V




Slide 21

Gated SR Latch with Clock Enable
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D-Latch with Clock Enable

Next state of Q

No change
Q = 0; Reset state
Q = 1; Set state

>o— | P

(a) Logic diagram

One data input D

S=DandR =D

No undefined state
Inverter can be removed
WhenC=1,R=S=D

R

(b) Function table
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Graphic Symbols for Latches
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Due to this uncertainty,
latches are NOT used as
memory elements in
synchronous circuits
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Flip-Flops
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Edge-Triggered D Flip-Flop
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Negative Edge-Triggered D Flip-Flop
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Graphic Symbols for Flip-Flops
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D Flip-Flop
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JK Flip-Flop
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JK Flip-Flop
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JK Flip-Flop
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T Flip-Flop
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(a) From JK flip-flop
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T Flip-Flop
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T Flip-Flop
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Flip-Flop Characteristic Table
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D Flip-Flop JK Flip-Flop T Flip-Flop
D Q(t+1) J K Q(t+1) T Q(t+1)
0 © Reset © © Q(t) Nochange ® Q(t) Nochange
1 1 Set 01 ©  Reset 1 Q'(t) Complement
10 1 Set
11 Q'(t) Complement
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Flip-Flop Characteristic Equation
S oo et 2y Ay S D90 a1y O ld Sy 0 Slae dadiio dlslee
= For D Flip-Flop: Q(t+1)=D
= For JK Flip-Flop: Q(t+1)=JQ'(t) + K'Q(¢t)
= For T Flip-Flop: Q(t+1)=T@d Q(t)

D Flip-Flop JK Flip-Flop T Flip-Flop
D Q(t+1) J K Q(t+1) T Q(t+1)
5 © Reset © © Q(t) Nochange ®© Q(t) Nochange
1 1 Set 01 ©  Reset 1 Q'(t) Complement
10 1 Set
11 Q'(t) Complement
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