0.1. Latches and Flip-Flops:

0.1 Latches and Flip-Flops:

0.1.1 Set Reset Latch (S R Latch) using NOR gate

The circuit diagram of SR latch constructed using NOR gate is as shown in Figure 1
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To understand the operation of SR latch made up of NOR gate, first we have to check the truth table
of NOR gate.
The output of two input NOR gate is Table 1: NOR gate truth table
summarized as: ATBTY
e It’s output is 1 when all the inputs are 0. 001
0[11]0
e Otherwise It’s output is 0 if anyone input 11010
is 1. 11110

Consider a circuit a diagram of SR latch 1

e In circuit 1(a), when S=0 and R=0: then output Q is 0 if P=1 and then P=1 because S=0 and
Q=0. Alternatively when S=0 and R=0: then output Q is 1 if P=0 and then P=0 because S=0 and

Q=1. ( It’s same as the previous content of Q) and P)

In circuit 1(b), When S=1 and R=0: @ =1 and P =0

In circuit 1(d), When S=0 and R=1: @ =0 and P = 1.

possible, hence it’s forbidden input.

Working of S R Latch

e When S=0 and R=0: then output is same as the previous content of Q and Q

e When S=0 and R=1: Q =0and Q =1
e When S=1and R=0: Q =0and Q =1

e When S=1 and R=1: When both inputs are 1 then the output should be 0 but its not possible,

hence it’s forbidden input.

—e Q Table 2: SR latch truth table
S R Qn+1 Qﬁl State
00 Q Q No change
- 0|1 0 1 Reset
s 110 1 0 Set
? ? 1
Figure 2 11 ! ! Forbidden

In circuit 1(c), When S=0 and R=0: @ =1 and P = 0, it maintains its previous state.

When S=1 and R=1: When both inputs are 1 then the both the output should be 0 but its not
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0.1. Latches and Flip-Flops:

Table 3: SR latch truth table

S| R | Qn | Qnst State
0]01] O 0 No change
00| 1 1 No change
01 0 0 Reset
0|1 1 0 Reset
110] 0 1 Set
110 1 1 Set
1|1 0 ? Forbidden
111 1 ? Forbidden

0.1.2 Set Reset Latch (S R Latch) using NAND gate

The circuit diagram of SR latch constructed using NAND gate is as shown in Figure 3

Table 4: NAND gate truth table

A|B|Y
0(0]1
0111
1101
11110

Working of S R Latch

e When S=0 and R=0: then output is same as the previous content of Q and Q
e When S=0 and R=1: Q =0 and Q =1
e When S=1and R=0: Q =0 and Q =1

e When S=1 and R=1: When both inputs are 1 then the output should be 0 but its not possible,
hence it’s forbidden input.

—e Q Table 5: SR latch truth table

|
Y

R | Quni1 | Qnit State
?

S
00 ? ! Forbidden
Do_ L e 0|1 0 1 Reset
Re 110 1 0 Q is set to 1
Figure 3 11 Q Q No change
0.1.3 Gated S R Latch
Table 6: SR latch truth table
Seo— —e Q
C S R Qn—i—l Qn—i—l State G o—o! Ga:e:iﬁR
11010 Q Q No change R o o5
1101 0 1 Reset
11110 1 0 Q is set to 1
1111 ? ? Forbidden Figure 4
0] X|X Q Q No change
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0.1.4 Gated D Latch

D Table 7: SR latch truth table Se— —eQ
i 6] Sris®
C|D | Qni1 | Qnst < | | oc
) 1]0] o0 1 * Q
Q 1 1 1 0
01X Q
@ @ Figure 5

0.1.5 Gated Master Slave SR flip-flop
Table 8: Master Slave SR flip-flop truth

Master Slave
s [s ol s ol_o. table
Clook Bk B P Ck C|S|R|Qn+1| Qns1 Status
R R Qo R Q}—q, 11010 Q @ | No Change
1101 0 1 Set
> 1|10 1 0 Reset
11171 ? ? Forbidden
Figure 6: Master Slave SR flip-flop 01 X1 X Q Q No Change

0.1.6 J-K Flip-Flop

The block diagram of J-K Flip-Flop is as shown in Figure 7, which has three inputs J, K and clock. The
working principle is similar to the SR flip-flop. The details of the working of J-K Flip-Flop is summarized
as:

e When J=0 and K=0 it maintain the content of the previous state.(No change)

e When J=0 and K=1 the flip-flop output is reset to Q = 0 after the active clock edge.

e When J=1 and K=0 the flip-flop output Q is set to Q = 1 after the active clock edge.

e When J=1 and K=1 the flip-flop output Q is change from 0 to 1 or 1 to 0 after the active clock edge.

The detailed truth table and operation of the JK using timing diagram is as shown in Figure.

Table 9: Truth table for J K Flip-Flop

CKM_ 1L L1

TTK[ Q[ Quer | Status 'l g
—J Q- 0/0]0] 0 |NoChange g ; §

0011 1 No Change : ¥
T 0[1]0] 0 Reset K—+ M
—x  Q} 01 [1] 0 Reset ti——te  i—

1jolo| 1 Set Q : .
Figure 7: J-K FF o T 1 Sot Lt

11110 1 Toggles

1J1]1 0 Toggles Figure 8: J-K Flip-Flop Timing

Qn—l—l = JQ/ + KIQ
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0.1.

Latches and Flip-Flops:

0.1.7 Edge-Triggered D Flip-Flop

QfF—

Figure 9: D Flip-Flop

Table 10: D Flip-Flop truth table

C|S|R| Qnt1 | Qni1 Status
117010 Q Q No Change
1101 0 1 Set
17110 1 0 Reset
1111 ? ? Forbidden
0| X | X Q Q No Change

0.1.8 Edge-Triggered T Flip-Flop
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Figure 11: T Flip-Flop
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Figure 13: T Flip-Flop

Table 11: D Flip-Flop truth table

C|T| Q]| Qns1 Status
1101]0 0 No Change
1101 1 No Change
11110 1 Toggle
1111 0 Toggle
Quin = TQ+TQ =ToQ
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Figure 10: D Flip-Flop Timing

|

JE l

Figure 12: T Flip-Flop Timing
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