\\N\N\N\N\N‘\\‘\N‘\\‘\\N\‘\'\‘\'\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\N‘\‘}

Logic design

Prepared by

Dr. Baidaa A. Atya

First stage

(Lecture 12)

2026 - 2025

\

Palalalalalalalalalalal el ol el ol ol ol o ol ol ol ol ol ol ol ol ol al el el al ol el el el el el ol o o o oV oV e o o o ol ol o o ol el el el eV o eV e o e e ol
B S R e e e T T e e e T 2 T T R R T T T S e e e T T S e e 20 20 0 e P R e S e Ve M e e e i 20 it Pt M 2 e e P 20 2 Y

TR A AL a4l el el ol ol ol ol el ol ol all oV alv oVl oV oVl otV ol vl vl Vvl el el Vel vl vl el vl Vel vl valval vl Vel



\\N‘\N‘\N\N\N\\‘\\‘\\‘\\‘\\‘\\‘\'\‘\‘\‘\‘\‘\‘V\‘\‘\‘\‘\‘\‘\‘\‘\‘\N‘\‘}

Chapter three

-A sequential circuit-

Definition of Sequential Circuit

Unlike a combinational circuit which operates solely based on the present, a
sequential stores and processes digital information in a sequential manner
l.e. it has an additional element called memory which enables it to consider
not only the present but also the past inputs or states. This memory element
plays a vital role as it enables the processing of streams of data.

L External
External Combinational Outputs

Inputs Circuit

Current Mext
State State

Memory
Internal Element Internal
Cutput Inputs

Figure: Sequential Circuit

As shown in the above figure, there are two types of input to the
combinational logic:

« External inputs which are not controlled by the circuit.
« Internal inputs, which are a function of a previous output state.

Y
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Flip Flop

S-R Flip Flop

Block Diagram

N

Circuit Diagram

S
(Set)

w

E
(Enable)

F N

R
(Reset)

Truth Table
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—.‘S

Inputs <\CLK T

Flip flop is a sequential circuit which generally samples its inputs
and changes its outputs only at particular instants of time and not
continuously. Flip flop is said to be edge sensitive or edge
triggered rather than being level triggered like latches.

It is basically S-R latch using NAND gates with an
additional enable input. It is also called as level triggered SR-FF.
For this, circuit in output will take place if and only if the enable
input (E) is made active. In short this circuit will operate as an S-
R latch if E = 1 but there is no change in the output if E = 0.

7~ Qutputs

> QOutputs
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Operation

S.N. Condition

Inputs Outputs
— Comments
E S R Qs | Qe
1 0 0 Q- 5 No change
1 0 1 0 1 Rset
1 1 0 1 0 Set
1 1 1 X X Indeterminate
Operation

S=R=0:No

change
S=0,R
1
S=1,R
1
S=1,R
1

If S = R = 0 then output of NAND gates 3 and 4
are forced to become 1.

Hence R' and S' both will be equal to 1. Since S'
and R' are the input of the basic S-R latch using
NAND gates, there will be no change in the state
of outputs.

Since S = 0, output of NAND-3 i.e. R"=1andE
= 1 the output of NAND-4 i.e. S' = 0.
Hence Qn+1 = 0 and Qpn+1 bar = 1. This is

reset condition.

Output of NAND-3 i.e. R' = 0 and output of
NAND-4 i.e. S' = 1.
Hence output of S-R NAND latch is Qn+1 =1

and Qn+1 bar = 0. This is the reset condition.

AsS =1, R=1andE = 1, the output of NAND
gates 3and 4 bothare0i.e. S'=R' = 0.

Hence the Race condition will occur in the basic
NAND latch.

¢
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Master Slave JK Flip Flop

Master slave JK FF is a cascade of two S-R FF with feedback from the output of
second to input of first. Master is a positive level triggered. But due to the
presence of the inverter in the clock line, the slave will respond to the negative
level. Hence when the clock = 1 (positive level) the master is active and the
slave is inactive. Whereas when clock = 0 (low level) the slave is active and

master is inactive.

Circuit Diagram

J ’:‘ —
~ O..
3 s

I_—

Enable

Outputs

Truth Table
|
‘ Inputs Outputs
! Comments
| E [J [K | Qu|Q
‘ 1 0 0 Q- Q. No change
1 0 1 0 1 Rset
1 1 0 1 0 Set
1 1 1 Q. | Q- | Toggle
Operation
S.N. Condition Operation
When clock = 0, the slave becomes active and
master is inactive. But since the S and R inputs
3=K=0(No P

change)

change if ] = K =0.

]

have not changed, the slave outputs will also
remain unchanged. Therefore outputs will not
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J=0andK=1
(Reset)

J=1and K=0

(Set)
J=K=1
(Toggle)
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Clock = 1 — Master active, slave inactive.
Therefore outputs of the master become Q1 = 0

and Q1 bar = 1. That means S = 0 and R =1.

Clock = 0 — Slave active, master inactive.
Therefore outputs of the slave become Q = 0
and Q bar = 1.

Again clock = 1 — Master active, slave inactive.
Therefore even with the changed outputs Q = 0
and Q bar = 1 fed back to master, its output will
be Ql =0and Ql bar = 1. That means S =0
and R = 1.

Hence with clock = 0 and slave becoming active
the outputs of slave will remain Q = 0 and Q bar
= 1. Thus we get a stable output from the
Master slave.

Clock = 1 — Master active, slave inactive.
Therefore outputs of the master become Q1 =1

and Q1 bar = 0. That means S = 1 and R =0.

Clock = 0 — Slave active, master inactive.
Therefore outputs of the slave become Q = 1
and Q bar = 0.

Again clock = 1 — then it can be shown that the
outputs of the slave are stabilized to Q = 1 and
Q bar = 0.

Clock = 1 — Master active, slave inactive.
Outputs of master will toggle. So S and R also
will be inverted.

Clock = 0 — Slave active, master inactive,
Outputs of slave will toggle.

These changed output are returned back to the
master inputs. But since clock = 0, the master is
still inactive. So it does not respond to these
changed outputs. This avoids the multiple
toggling which leads to the race around
condition. The master slave flip flop will avoid
the race around condition.

o
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Delay Flip Flop / D Flip Flop

Delay Flip Flop or D Flip Flop is the simple gated S-R latch with a NAND inverter
connected between S and R inputs. It has only one input. The input data is
appearing at the output after some time. Due to this data delay between i/p
and o/p, it is called delay flip flop. S and R will be the complements of each
other due to NAND inverter. Hence S = R =0 o0or S =R = 1, these input
condition will never appear. This problem is avoid by SR = 00 and SR = 1
conditions.

Block Diagram

Inputs Outputs
— E —_—

Circuit Diagram

ol

> Outputs

Truth Table

Inputs Outputs
Comments

1 0 0 1 Rset
1 1 1 0 Set

Y
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Operation
S.N. Condition Operation
1 E=0 Latch is disabled. Hence no change in output.

IfE=1and D =0thenS =0andR = 1. Hence
E=1and D irrespective of the present state, the next state is

2 = Qn+1 = 0 and Qn+1 bar = 1. This is the reset
condition.
IfFE=1and D=1, thenS =1 and R = 0. This will set
E=1andD . .
3 1 the latch and Qn+1 = 1 and Qn+1 bar = 0 irrespective

of the present state.

Toggle Flip Flop / T Flip Flop

Toggle flip flop is basically a JK flip flop with J and K terminals permanently
connected together. It has only input denoted by T as shown in the Symbol
Diagram. The symbol for positive edge triggered T flip flop is shown in the Block
Diagram.

Symbol Diagram

——7 Qi

Inputs [ L Outputs
K —
<l 2 E Q J

—

Block Diagram

Inputs <CLK —[—"E ~ Outputs
T O

o

A
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Truth Table
Inputs Outputs
— Comments
E T Q- | Qs
1 0 Q- | Q. | Nochange
1 1 Q- 9.7 | Toggle
Operation
S.N. Condition Operation
T=EODQI=K
1 > The output Q and Q bar won't change

T=1,]J=K Output will toggle corresponding to every leading edge
=1 of clock signal.

ﬁ
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