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Analysis of Clocked Sequential Circuits

»The behavior of a clocked sequential circuit is
determined from the inputs, the outputs, and the sate of
flip-flops

~A clocked sequential circuit can be analyzed by using:

~ (1) The state equation obtained by replacing flip-flop
input equations in its characteristic equation, or

> (ii) a state table.

» A state equation (or transition equation) specifies the
next state as a function of present state and inputs
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~State table - a multiple variable table with the following
four sections:

~Present State - the values of the state variables at time (t) for each
allowed state.

~Input - the input combinations allowed.

»Next-state - the value of the state at time (t+1) based on the
present state and the input

»QOutput - the value of the output as a function of the present state
and (Mealy) the input.

ﬂ
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Analysis (Contd.)

»Procedure: Write the Boolean expression for each flip-
flop input, which is, in fact, the flip-flop output right after
the next active clock edge.

»Consider the circuit shown in next slide

~ 1t consists of two D flip-flops A and B, an input x and an
outputy

~Since the D input of a flip-flop determines the value of
the next state, it is possible to write a set of equations for

the circuit
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Analysis (Contd.)
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Fig. 5-15 Example of Sequential Clircuit
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Analysis (Contd.)

»Flip-flop input equations or excitation equations
(for a circuit with D flip-flops, it is the same as the
state equation):

D,=AXx + BX
Dg=A'X
y=(A+B)X
~ As the FF in use is the D FF:

~Q(t+1) =D
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Analysis (Contd.)

»The state equation can be written as:
A(t+1) = A(t).x(t) + B(t).x(t)
B(t+1) = A’(t).x(t)

»Or simply:
A(t+1) = Ax + Bx
B(t+1) = A'X

~Similarly, the present state of output is:
y(t) = [A(t) + B(t)]x'(t),

or y=(A+B)X _
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2™ rows <

Analysis (Contd.)

m flip-flops n Inputs Ax+Bx A'x Ax+Bx’
—r A
Present state Input Next state Output
A B X A B ¥
0 0 0 0 0 0
0 0 1 0 1 0
0 1 0 0 0 1
0 1 1 1 1 0
1 0 0 0 0 1
1 0 1 1 0 0
1 1 0 0 0 1
1 1 1 1 0 0
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Analysis (Contd.)

~A state diagram is a graphical representation of a state table

Present state Next state

Input/output

~represented by a circle, and the transitions between states are
indicated by directed lines connecting the circles

» Number of states = 2number of Flip Flops

~The binary number inside each circle identifies the state of the

flip-flops
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Analysis (Contd.)

: . 3 0/0 1/0
»The directed lines are 1/0
A

labeled with two binary
numbers separated by a

SIaSh 1/0 0/1

»The state diagram follows
from the state table
1/0 *\{D

’ . 01
~The state diagram for the
given circuit: Fig. 5-16 State Diagram of the Circuit of Fig. 5-15

e A

0/1 10
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State Diagrams Types

ENOTE:

» Mealy model -the output values are determined
by both current state and current inputs.

» Moore model - the output values are determined
only by current state.

e .
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1) FF Input equation:

Analysis of D FF: summary o,-ax+ex

DB = A'X

2) State equation and output:
N g:)ﬂ},) A Characteristic equation:
= A(t+1)=D,, B(t+1)=Dg

State equation:
A(t+1) = A(t).x(t) + B(t).x(t)
B(t+1) = A’(t).x(t)

) D B Or A(t+1) = Ax + Bx
o , B(t+1) = A’
g
CLx state of output is:
N\ = (A +B)x’
, y y = (A +B)
o 3) State table.

Fig. 5-15 Example of Sequential Circuit 4) State diagram (Mealy) _
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Analysis with JK flip-flops

»The next state values of a sequential circuit that uses
flip-flops such as JK can be derived using following
procedure:

~Determine the flip-flop input equations in terms of the
present state and inputs

~Use corresponding flip-flop characteristic equation to
determine the next state values

~We consider the sequential circuit with two JK flip-
flops A and B, and one input x

ﬂ
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Analysis with JK flip-flops (Contd.)
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Fig. 5-18 Sequential Circuit with JK Flip-Flop
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Analysis with JK flip-flops (Contd.)

~The circuit has no outputs and, so, the state table
does not need an output column

»The outputs of the flip-flops may be considered as
the outputs in this case

~The circuit can be specified by the flip-flop input
equations

J,=B K, = BX
Jg=X Kg=AX+AX =A@ X

ﬂ
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Analysis with JK flip-flops (Contd.)

~find the next state from the state equations by
substituting the input equations into the flip-flop
characteristic equations.

» Characteristic equation for the JK flip-flop is:
A(t+1) = J A" + K' A
B(t+1) =JgB’ + K'gB

ﬂ
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Analysis with JK flip-flops (Contd.)

~Substituting the values of J, and K,, and Jgand Kg,
from the input equations, we obtain state equations for

A and B as:
A(t+1) =BA’ + (BXx')A=A'B + AB’ + AX
B(t+1) = x'B'+ (A ép x)')B = B'X' + ABx + A'BX’

a
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Analysis with JK flip-flops (Contd.)

Present state Input Next State

4 B . 4 B A(t+1) = A'B + AB’ + Ax
0 0 0 0 1 " B(t+1) = B'X' + ABx + A'BX’
0 0 1 0 0
0 1 0 1 1
0 1 1 1 0

o 0 0 1 1
1 0 | 1 0
1 1 0 0 0
| 1 | 1 1

ﬂ
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Analysis with JK flip-flops (Contd.)

»The state diagram of the ll/\‘v'k 0 (\ k
sequential circuit is shown \Q
right-side. Since the circuit has ;’ / "\l
no outputs, the directed lines 0: ()/ 0
out of circles are marked with | // )
one binary number only to \
designate the value of input x. @LIM@
U‘l

Fig. 5-19 State Diagram of the Circuit of Fig. 5-18

4
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Analysis of JK FF: summary ;) FF'B”pU;equgtion:
A= A = BX

JB = 5 Kg = A @ X

J J—A 2) State equation and output:
Characteristic equation:
A(T+l) = J,A'+ K 4A

— || (1+41)= T oA + K,y

- B(t+1) = JgB' + K'zB

State equation:

A(t+1) = BA' + (Bx')'A
L = AB+ AB' + Ax
[ B B(t+1) = xB'+ (A D X)B
—PpC = B'x' + ABx + A'BX'

3) State table.

4) State diagram.
CLK
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Analysis with T flip-flops

»Similar to the analysis with JK flip-flops, the state table
can be obtained by using characteristic table or the
characteristic equation

Qt+)=TH Q=TQ+TQ
~Consider the sequential circuit given in the next slide
~1t has two flip-flops A and B, one input x, and one outputy

ﬂ
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Analysis with T flip-flops (Contd.)

1) L P

CLK
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Analysis with T flip-flops (Contd.)

~1t can be described algebraically by two input equations
and one output equation

To=Bx, Tg=X, y =AB
»The characteristic equations are
Alt+1) =T, D A, B(t+1)=Tg & B

~Substituting the input equations with characteristic
equations we get

A(t+1) = (Bx)'A + (BX)A’ = AB’ + AX' + A'BX

B(t+1)=x 6 B _
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Analysis with T flip-flops (Contd.)

» The state table is as follows:

Present state Input Next State Output

1 B - 1 B - A(t+1) = AB' + Ax' + A'Bx
0 0 5 - E ; B(t+1)=x D B

0 0 1 0 1 0

0 1 0 0 1 0

0 1 1 1 0 0

1 0 0 1 0 0

1 0 1 1 1 0

1 | 0 1 1 |

1 1 1 0 0 1
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Analysis with T flip-flops (Contd.)

0 0
~The state diagram is in right- 1
side 00/0 01/0
|

»The output is only a function of 1

current state, not the input, and

that is why the output is written 111) 10/0

inside state circles @ g
0 0

s
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. Ta=Bx Tg=,
AﬂClIYSlS of T FF: SUMMAary ) state equation and output:

Characteristic equation:
: —'—D k } A(t+1) =T ', A+ T, A’
| S B(t+1)=TgB +Tg B’
g- State equation:
A(t+1) = (Bx)'A + (Bx)A'
= AB'+ Ax' + A'Bx
I —l— B(t+1)=x' B +x B’
D B XS
[ R State of the output:
»—-T y = AB

3) State table.

CLK reset
4) State diagram (Moore)_
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Present Next
state  Inputs state
A _xy A
0 00 0
D A 0 01 I
0 1 0 1
0 11 0
(&
> 1 00 1
1 0 1 0
1 1 0 0
GLA 1 11 1
(a) Circuit diagram (b) State table
e— 01,10
00.11(\ i 2L 00, 11
- -
- __’//
01,10

(c) State diagram

Fig. 5-17 Sequential Circuit with D Flip-Flop

A sequential circuit with one D flip-
flops . two inputs x and y, and one
output A is specified by the following
logic diagram of the circuit.

a. List the stale table for the
sequential circuit.

b. Draw the corresponding state
diagram.

D, =4A®x®y
At+1)=ADxDy
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A sequential circuit with two D flip-flops A and B. two inputs x and y, and one
output z is specified by the following next-state and output equations:

A(t+1) =x'y + XA
B(t+1) = x'B + XA
Z=B

1- Draw the logic diagram of the circuit.
2- List the stale table for the sequential circuit.
3- Draw the corresponding state diagram.

g
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A(t+1) =x'y + xA
B(t+1) = x'B + XA
Z=B

5

|— cp 4 >
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Present  Inputs Next  Output : 00/0
State State : 10/0
‘AB xy AB z : 110 00/1
10/1
00 00 00 0 . oI ‘
00 01 10 0
00 10 00 0
00 11 00 0
I
A(t+1) =x'y + XA 01 00 01 1 :
. A S I .
B(t+1) =X B : g XA 01 1 00 1 :
Z=1B 10 00 00 0
10 01 10 0
10 10 11 0
10 11 11 0 . W
1 00 01 "o
1 01 1 01/0 omn

-t ok b
.
e
—a

1" 10 "
1" 1 1"
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Derive the state table and the state diagram of the sequential circuit
shown 1n the following Figure.

Clock
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§m~'¢a
s =S
€3 =S
A BA B
0o 0 0 1
0 1 1 0
I 0 0 0
I 1 0 0
Ta = (A+B)
Te = (A'+B)

At+1)=T @A

@

=(A+B)®A
Bt+1)=T: ® B

=(A+B)®B

.
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A sequential circuit has one flip-flop Q. two inputs x and y, and one
output S. It consists of a full adder circuit connected to a D flip-flop.

as shown in the following Figure. Derive the stale table and state
diagram of the sequential circuit.
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SzzB(xDYy)

C=2(x Dy)+ xy

XV Z X .\. 218 €
0o o 0 0 0 l

FA : ‘l ' : ' Output Equation
$=Q®&x DY)

Input Equation:

=€

Lo CzQ(XG')Y)"'XY
D=Q(x®y)+xy

Since Q(t+1) =D
State Equation
Q(t+1) =C

= Q(x ®y) + xy _
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= - =
cy & E§ §

£ § 23§ &
Q Xy Q S

0 0 0 0 0

0 g J 0 !

0 /1 0 0 !

0 1 1 l 0
! 0 0 0 !
! 0 1 ! 0
/ 1 0 ! 0
! ! 1 / !

State Equation:

/0 010
Q(t+1)=C 01 1000
10/1 11/0 1171
Output Equation: il
S=QD(xDy) »
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*A sequential circuit has two JK flip-flops A and B and one input x.
The circuit is described by the following flip- flop input equation.

Ja=x K,=B
J,z.t KB”A

1.Derive the state equations A (t + 1) and B(t + 1 ) by Substituting the
input equations for the J and K variables,

2.Draw the state diagram of the circuit.

ﬂ



08 Sequential Circuits Part Il

State Equations: State Table:
Present State Next State
A B X A B
- ' ¥ ey 0 0 0 0 0
A(t+1) =J A"+ K'A = xA"+ BA AN - O
. ; - - 0 1 0 0 1
B(H‘/):./BB +KBB=.\'B + A'B 0 ] ] ] 1
1 0 0 0 0
1 0 1 0 1
1 1 0 1 0
1 1 1 1 0

ﬂ
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State Diagram
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