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SEQUENTIAL LOGIC
CIRCUITS AND ITS

DESIGN

. INTRODUCTION

There are WO types of Logic Circuits :
1) Combinational Logic Circuits
(2) Sequential Logic Circuits
(1) combinational Logic Circuits
@these circuits, output depends only on the
present input val@

For example : Let us consider an XNOR
gate as an combinational circuit.
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Combinational
circuit
Fig. 4.1.

The output Y is always depends on the
present state of A, B i.e. the present input.

(2) Sequential Logic Circuits
In these circuits, output can depend on past
as well as present input valu@
@gluential circuits are the circuit in which

memory element is present Memory element is
capable of storing binary digits e e

_ F_Or example: Let us consider an sequential
tircuit which is formed by combining memory
element and the combinational circuit.
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- Sequential Logic Circuits are of 'two ty'pes: .
| (1) Synchronous/clocked sequential logic circuits.

| (2) Asynchronous/unclocked sequential logic circuits.
(1) Synchronous/Clocked Sequential Logic Circuits

In these circuits, event occurs in synchroni'zation with clock pulse
is aLﬂBwed to occur only with synchronization with clock pulse, hence

system very much stable, as demanded by latest technology.
(2) Asynchronous Sequential Logic Circuits

In these circuits, event occurs without any synchronization with clock pulse. _
Any event can occur just after combination of another event and hence it dogs

not wait for clock pulse. This makes system unstable.

/{2 COMPARISON BETWEEN COMBINATIONAL AND SEQUENTIAL CIRCUITS
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Combinational Circuits

Sequential Circuits

(1) In these circuits output depends

only on the present input values.
(2) They do not have memory.
(3) No feedback is present

(4) 1t is specified by a set of Boolean
function.

(2) They do have memory.

current inputs and the
(5) It is represented ag

(1) Output can depend on past as well |
as present input values.

(3) Feedbacks are present.
(4) The outputs are a function of the | |

state of

memory elements (past inputs)
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(5) Itis represented as

I z I — Combinational o127,
] 2 ’ z:, lp— Circuit ~—2,

L i ° (Output Memory

2 [ = Z
(6) They are faste
rt :
circuit, o Sequentia] (6) They are not fast due to feedback
(7) Exarpples of combinationg] i
Circuitg are A,

U Ex_amples of sequentia] circuits ar¢’
1p-flops, Counters, Registers et
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it. As one bit of information
s bistable gequential device. | Because of feedback
arrangement, latch is also

g latch. In technical terms,
mory element to | called as sequential circuit,
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Fig. 4.3. Transistor Latch
th clock pulse In this diagram, we have two cross coupled transistors @, and Q,. The output
hence it d?.?? of @, drives input of @, through resistance Rp. Similarly the output of @, drives
input of @, through resistance Rg.
auamouns | 000 tre e e cenin,
Let's take two cases to explain operation of Transistor Latch :
Casel: If@,is saturated, then V=0, means no base current for transistor

¢, Because output of @, is driving Q. Hence Q, goes to cut off state. Hence
output of @, = V.. This high voltage at output of @, produces enough base

n terms of their

=

)ast as well

arrent to drive input of @,. In this way Q, 1s sustained in its saturation state
on of the and output @ for the overall circuit is approximated as V.
tate of Case 2: If Q, is saturated, then no base current for transistor Q,. Because
nputs) ({?tput of @, is driving Q,. Hence Q, goes to cut off state. Hence output of Q=

wﬁ‘; Thl_s-high Ve produces enough base current to drive input qf Q.,:. I_n th}s
i appu?z- is sustained to work in saturation and output of overall circuit is @ 18
et Ximately equal to O V.
o 4 Concluding case 1 and case 2.
H_J E}:’ overall circuit is said to be latched.
»edback o 8¢ 1 Summary — “Circuit is latched and storing logic 1.”

ae 2 Summary — “Circuit is latched and storing logic 0.”
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Fig. 4.4.
Case 1: R=0
S=0
Let’s assume Q=1
As @ = 1, Hence @ is coupled back to input of - It means @, — ON. The
1 1

output of @, =0 js coupled to input of @,. In this way @, will be OFF and hence
output of Q2 =1.

In this way € =1, means no change in output. Qutput is same as that we
have assumed.
Case 2 ; R=9y
S=0
Let’s assume Q=7

Let’s assum




Fig. 4.5.

3 .. S forces the transistor Q, to saturate. I
e 1l circuit is obtained as logic 1.

fQ,isin saturation state, then
It means circuit 1s said to be

t Of Overa 5
f;‘;i 4 and logic 1 is stored.
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Fig. 4.6.
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Weiga}lllﬂlforcgs. the transistor @, to saturate. If Q,is1n saturation, then output
L il eireuit is obtained as logic 0. It means circuit is said to be latched and

“Oig stored.
Case 4.
e R=1
Le S=1
'3 assume Q=1
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Fig. 4.7.

IfR=8S=1, then Q, and @, transistors are forced to saturation.
Suddenly if R and S are returned to low, then both transistors t

Ty to con
out of saturation. It wil] depends on saturation delay time of @, and Q, to come
out of saturation.

Let’s take two cases
Casel: If @, is havi

as faster transistor than Q,
saturation. Then overal] cip ed and overal] output @ of
circuit ig considered to be Jow. :
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Gates, NAND
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" Limitation of Logic Circuit

' dreuit is switched on, then circuit automatica
. stable states, either 1 or O and that state is unpredictable.

. Remedy to Remove above Limitation
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Fig. 4.8.
f inverter I, 1s connected as input

B of inverter I, and output

The output @° ‘ : e itpe
_orter I 18 coupled as input A of inverter I,. This type of connection is
g mvemonly lnown as cross coupling.
11105:;:::1 . Let’s take Q=1 f
Now@=B~ 1 means input of I, = 1. Hence output of i_nverter I, i'.e., Q =0.
we gt input of inverter I, i.e., A=0. Hence outp-ut of inverter I, i.e., @=1
QR=1, Q =0

B;Q B=1,

case 2: Let’s take Q=0
t of I, = 0. Hence output of inverter I, 1.e., g =1

Q=B= 0 means inpu
e., A = 1. Hence output of inverter I, i.e., Q=0

input of inverter 11
Lf:L B=0, @=0, @ =1

und that @ and Q are complementing of each other : mean

Now
gowe get

WEfo Siszlr

then @ =0 and else @ =0, then @ =1.

d digital information when this

This cireuit is not suitable for getting desire
lly switches to one of the two

We modify this latch with provision to enter desired digital information by
placing two cross coupled inverters with either two cross coupled NAND gates

twoinput) or two cross coupled NOR gates (two-input).

4 SR NAND LATCH (SET-RESET LATCH)
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'9.49, SR Latch : Circuit Diagram.  Fig. 4.10. S-R Latch : Logic symbol



