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Fig. 5-1 Block Diagram of Sequential Circuit
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(a) Block diagram

(b) Timing diagram of clock pulses

Fig. 5-2 Synchronous Clocked Sequential Circuit
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00— R (reset)

S R QQ
Q 71T 010
0 0|1 O (afterS=1.R =0)

— 01 01
0 0 0 1 (afterS=0.R=1)
)'
0— —— S (set) ¢ 1 1 .0 0
(a) Logic diagram (b) Function table

Fig. 5-3 SR Latch with NOR Gates
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0 —[ S (set) S R|IQC

0 0
1 10

1
1 (afterS=1,R=0)
1 0
111 0 (afterS=0.R=1)
011 1

0’

—_—
S

0 e R (reset)——

(a) Logic diagram (b) Function table

Fig. 5-4 SR Latch with NAND Gates
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(a) Logic diagram

Fig. 5-5 SR Latch with Control Input

C Next state of Q

0 X X | Nochange

1 0 0O Nochange

1 0 1| Q=0;Resetstate
1 1 0 Q= l:setstate

1 1 1 Indeterminate

(b) Function table
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D _} .

CD Next state of Q
C

0 X | Nochange
1 0 Q = 0. Reset state

j Q' 1 1 Q = 1: Set state

(a) Logic diagram

(b) Function table

Fig. 5-6 D Latch
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SR S

Fig. 5-7 Graphic Symbols for Latches
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(a) Response to positive level

0 s I I

(b) Positive-edge response

S O I S U

(c) Negative-edge response

Fig. 5-8 Clock Response in Latch and Flip-Flop
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D latch

(master)

D latch
(slave)

Q

CLK {>c

Fig. 5-9 Master-Slave D Flip-Flop
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> C o— —d> C O

(a) Positive-edge (a) Negative-edge

Fig. 5-11 Graphic Symbol for Edge-Triggered D Flip-Flop
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D

CLK 1> C

(a) Circuit diagram

Fig. 5-12 JK Flip-Flop

Table 5-1

Flip-Flop Characteristic Tables

JK Flip-Flop

Lo K Q(r + 1)

0 0 0(1)
0 1 0
1 0 l
11 Q'(r)

No change
Reset

Set
Complement

(b) Graphic symbol
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(a) From JK flip-flop (b) From D flip-flop (c) Graphic symbol

Fig. 5-13 T Flip-Flop
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A
H——o— A’
A(t + 1) = Ax + Bx
B(t +1) = A'x
B
e B
y = (A + B)x
y

)
_J

o

Fig. 5-15 Example of Sequential Circuit
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All

|
|
|

1) = Ax + Bx

B(t +1) = A'x

(A + B)x’

.\- =
Table 5-2
State Table for the Circuit of Fig. 5-15
Present Next
State Input State Output
A B X A B y
0 0 0 0 0 0
0. .0 l 0t 3l 0
0 | 0 0 0 I
0 1 I I l 0
0 0 0 0 |
0 | | 0 0

|
|
l
I

l
l

State equations or transition

equations

Output boolean eqguation

Table 5-3

Second Form of the State Table
Present
State Next State

X X

AB AB AB
00 0 0l
0] 00 11
10 (X 10
11 00 10

0
0
0
0
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/0 represents the output

during the present state
with the given input
oo | o (o
[t \ N A
1 'I
N0
vo| 0N o 1/0
| N\
\u | \

O’ 1/0 \\®
S

Fig. 5-16 State Diagram of the Circuit of Fig. 5-15

Mealy Finite State Machine (FSM) — output Is a function of
present state and input
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Example:

D LA

it

CLK

|. FInd the state table
2. Draw the state diagram
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it

- — 01,10 -
00,11 { b PO, el A Vg ,
i e

01,10
(c) State diagram

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

Present Next
state Inputs state
A b A
0 0 0 0
0 01 1

0 1520 I
0 IR | 0

1 00 I
1 01 0
I 1 0 0
1 | 1

(b) State table

) 00,11
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3-6 A sequential circuit with two D tflip-flops. A and B; two inputs, x and y; and one output, z, is spec-
ified by the following next-state and output equations:
A(r +1) = X'y + xA
B(tr+1) =xB+ xA
z =5

(a) Draw the logic diagram of the circuit. (b) List the state table for the sequential circuit.

(¢) Draw the corresponding state diagram.
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CLK

Fig. 5-18 Sequential Circuit with JK Flip-Flop
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flip-flop input equations

Josmely) K. = Bx'

Jp = X' K =A'x+ Ax' = A®x
Table 5-4
State Table for Sequential Circuit with JK Flip-Flops
Present Next Flip-Flop
State Input State Inputs
A B X A B | Jh K I8 K
0 0 0 0 I 1 0 0 I 0
0 0 I 0 0 0 0 0 1
0 I 0 I I I I I 0
0 | | | 0 | | Qing 10 |
| 0 0 1 I 0 0 I I
l 0 | l 0 | 0 0 0 0
I l 0 0 0 | l | | |
| | 1 1 | | | R N
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Fig. 5-19 State Diagram of the Circuit of Fig. 5-18
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."
. Moore FSM
S C . .
R Output is a function
i of present state only
0 0
Az Y
’ @)
*
C
e R 1 1
<>—T
Y
()
CLK Reset
(a) Circuit diagram (b) State diagram

Fig. 5-20 Sequential Circuit with 7" Flip-Flops
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3-10 A sequential circuit has two JK flip-flops A and B, two inputs x and y, and one output z. The flip-
flop input equations and circuit output equation are

Ja= Bx + By K, = B'xy
Jg = A'x Kg = A+ xy
z = Ax'yY + Bx'y'

(a) Draw the logic diagram of the circuit. (b) Tabulate the state table.

(¢) Denve the state equations for A and B.
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Design Procedure

.

T

.

~N S

From the word description and specifications of the desired operation, derive a state
diagram for the circuit.

Reduce the number of states if necessary.

Assign binary values to the states.

Obtain the binary-coded state table.

Choose the type of flip-flops to be used.

Derive the simplified flip-flop input equations and output equations.

Draw the logic diagram.
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State reduction

00/
Y

@ ()()
-
p *()()'
g (B0
Y

o0
1/0

Y
0/0 \ y

1/0 ‘
@’ @
@' :

B

Fig. 5-22 State Diagram

Table 5-6
State T(zhh

Next State

Present State x=0 x 1 x=0

States are application-dependant.
The names given here (a,b,c,d,...)
are arbitrary.

It Is assumed that only the output
response to a given sequence of
Inputs Is iImportant.
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“Wait" state

sum<75

coin sreturn

coin *return

comn sreturn

Ss/return_all_coins, clear_sum

S /release_candy, clear_sum

sum=75

sum>75

v
A
G change_available
S4/return_change
-
change_available
> AR
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Table 5-6
State Table

Next State Output
Present State x=0 x=1

a a b 0 0
b ¢ d 0 0
C a d 0 0
d ¢ f 0 |
¢ a f 0 |
f g / 0 |
5 a f () |

An algorithm for the state reduction of a completely specified state table is given here with-
out proof: “Two states are said to be equivalent if, for each member of the set of inputs, they
give exactly the same output and send the circuit either to the same state or to an equivalent
state.” When two states are equivalent, one of them can be removed without altering the

input—output relationships.
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Table 5-6
State Table

Next State Output
Present State x=0 x=1 0 x=1
a a b 0 0
b ¢ d () ()
C a d ] 0
d ¢ f 0 |
¢ a f 0 |
f g f 0 I
g a f 0 |
Table 5-7
Reducing the State Table
Next State Output
Present State x=0 x=1 x=0 x
a a b () 0
b C d () ()
C a d 0 0
d ¢ I 0 |
e a f 0 |
f ¢ f 0 |

Sunday, April 8, 12




Table 5-8
Reduced State Table
Next State Output
Present State x=0 x=1 x=0 x=1
a a b 0 0
b C d () 0
C a d () 0
d € d () |
¢ a d () |

/\

0/ 0 "')

)/() /0
/ | /N

ORN

=

0/0"\

Fig. 5-23

0/0 ( )

,, ! |/0
‘

Reduced State Diagram
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State Assignment

Table 5-9
Three Possible Binary State Assignments

State Assignment 1 Assignment 2 Assignment 3

Binary Gray code One-hot
a 000 000 00001
b 001 001 00010
C 010 011 00100
d 011 010 01000
e 100 110 10000

Table 5-10
Reduced State Table with Binary Assignment 1
Next State Output
Present State x=0 x=1 x=0 x=1
000 000 001 0 0
001 010 011 0 0
010 000 011 0 0
011 100 011 0 I
100 000 011 0 I
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Sequence detector: circuit that detects 3 consecutive |'s
in a string of bits coming through the input line

| ‘Ili 0
0
0 |

Fig. 5-24 State Diagram for Sequence Detector
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Bx B

00 01 11 10
A
1 1
0
A}l 1 1 1 1 1
X
D4 = Ax + Bx Dyp=Ax + B'x vyv=AB

Fig. 5-25 Maps for Sequence Detector
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D B
B’
CLK
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J

Fig. 5-26 Logic Diagram of Sequence Detector

y
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Using |K or T flip-flops

Table 5-12
Flip-Flop Excitation Tables
Q) Qt+1) | J K
(0 0 0 X
0 I I X
I () X I
I I X 0

(a)JK

Qt) Qt+1) | T
0 0 0
0 | |
| 0 |
| | 0

(b)T
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Table 5-13
State Table and JK Flip-Flop Inputs

Present Next

State Input State Flip-Flop Inputs
A B X A B 1o Ks Jg  Kg
0 0 0 0 0 0 X 0 X
0O 0 1 0 I 0 X R ¢
0 1 0 I 0 I X X 1
0 1 | 0 1 0 X X 0
Liin0 0 1 0 X 0 Q100X
kd I 1 I AR FERD ¢
I I 0 l 1 a1 U X 10
I I I 0 0 b, SR ) W
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Bx
00 01 11 10
A
|
0
Al X X X X
X
-’A = Bx'
Bx B
00 01 11 10
A
1 X X
0
ALl | X X
X
‘IB - X

Bx B
00 01 11 10
A
X X X X
0
Al 1
X
KA = Bx
Bx B
00 01 11 10
A
X X 1
0
All X X 1
X
Kp=(ADx)

Fig. 5-27 Maps for J and K Input Equations
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CLK

Fig. 5-28 Logic Diagram for Sequential Circuit with JK Flip-Flops
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STATE ASSIGNMENT
GUIDELINES

* assign neighboring codes If states have the same
* next state (GI)
* previous state (G2)
» outputs (G3)

* prioritize state combinations for which G|, G2, G3 apply more than
once
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Sequence detector for 010 or 1001

0/0

s3 & S5 are equivalent

present next | output
x=0Q x=0Q
S0 si s4 |0 O
S| si s2 |10 O
Y) S3 S4 | | 0
S3 s¢ s2 |0 0
S4 Scot SN NN
S5 s s2 |0 O
S6 si s2 |0 |
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Sequence detector for 010 or 1001 (cont)

g next | output
P =0 x=0
SO s; s4 | O 0
S| s; s2 | O 0
) S sa 0
S3 s S |0 0
S4 s3 s4 | O 0
S¢ s; 52 | 0O |

* (sO0;51,86), (52, 54),

(sO0,52,54), (sl,s3,56) gl

* (s1,52),(s3,54) g2 X 2

* (sO,sl,s3,54) g3

0
|

OO Ol 10

sO S| s6 X
s4 s2 X S3

one possibility
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Sequence detector for 010 or 1001 (cont)

Next output
present
x=0 | x=1 |x=0| x=I
sO oA OOl 100| 0 0
O
s||OOI|OCOI| 1Ol | 0 0
s2| 1Ol | O | 10O | 0
s3| O | Ol | 1Ol O 0
) QO HE | 1O € 0
s6| Ol |OOI| 1Ol | O |
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5-19 A sequential circuit has three flip-flops A, B, C: one input x: and one output y. The state dia-
gram is shown in Fig. P5-19. The circuit is to be designed by treating the unused states as don’t-
care conditions. Analyze the circuit obtained from the design to determine the effect of the
unused states.

(a) Use D flip-flops in the design. (b) Use JK flip-flops in the design.

7\
‘, 0/0

FIGURE P5-19

Sunday, April 8, 12




5-19 @)
Next

T tesek f i ok it
ARC X ABC Y
OO0 © o\ O
o0 V' (00 |
%ol © ool o©
ool V 100
o010 © 010 o
OtO 1 ool |
ol oool o
Do Al 010 )
|00 O ol V0
(0o ). 01\ o
d(k,B,C’— X) = Z_(o n 12137 15

Sa ot N 1 ap B ! 11O
bl 10 & ey +
uh x| x %] " L
(0 x|x| oLt X ¥
Da=A'8'1 'DB'—'A-}-G")('*BC‘X

) c 1N

[ l
* | (X TR % w | X [*¥]x
%)% % |7
De=Cx'+hthABX 'z

Sunday, April 8, 12




Use TK flip fhps ¢

(b>$aw€ state lalle 24 i~ gart(a).

LAY -(’OP ‘.\j\’fﬁ

Th ¢A J& k8| JC KT J-A.=3'q(
x| 1 X X - '
?Xo‘»(éx Je =atex .
0 X|®& %X| % D Te =hAx+ABX
T4 W E
O *| X 0| o X H.—A
g)’(‘i:og of - eovecl
_e\
o Alxol| % Self - toecin]
x \| I X| o X
x 1|1 X1 X
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Fig. 5-29 State Diagram of 3-Bit Binary Counter
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A|

1 1 | 1 1 |

A»> | | | | | |
/1“

Thr=A1Ag Th1=Ag Tho=1

Fig. 5-30 Maps for 3-Bit Binary Counter
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A Ay Ay

C C
A T A T T

CLK l l
( . 1

Fig. 5-31 Logic Diagram of 3-Bit Binary Counter
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- XERCIS

* draw the state diagram for a circuit that detects the sequence
“O101" (left-to-right) using

* a moore finite state machine (FSM)

* a mealy fsm
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- XERCIS

» for a clocked synchronous state machine with two inputs, X
and Y, and one output, Z, The output should be | If the

number of | inputs on X andY since reset is a multiple of 4,
and O otherwise. draw the state diagram for a

* moort machine

 Mealy machine

Sunday, April 8, 12



-XERCIS

* design a circuit to detect the sequence dod|d2d3D4=01 101,
where Do Is the first bit to arrive at input “x"". The output "y"”
should be a logic-1 for a full clock cycle following detection

of the sequence.
* Draw a state diagram
* assign binary states

* Write a state table

» find the combinational circuit’s logic expressions If d, K and
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Full
adder g

D

Fig. P5-7
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Fig. P5-8

CLK
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Fig. P5-19
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