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. Tabulate the PLA programmable table for the four Boolean functions listed

below.

Alx,y,2) = ¥ m(0,1.2,4,6)
B(x,y,2) = 3 m(0.2.6,7)
Clx,y2) = Zm(3.6)
D(x.y,z) = Y m(1.3.5.7)

. Tabutme the PLA programming table for the four Boolean functions listed

below. Minimize the number ol product terms.

Alx,y,2) = Y (1.2.4.6)
Bix,y,2) = ¥.(0,1.6,7)
Clx,»n2) = 2(2‘6)
D(x,y,2) = 2(1.2.3.5.7)

Derive the PLA programming table for the combinational circuit that squares
a 3-bit number. Minimize the number of product terms.

. List the PLA programming table for the BCD to excess 3 code converter

whose Boalean functions are simplified.

List the PAL programming table for the BCD to excess 3 code converter
whose Boolean functions are simplified.

. The following is a truth table of a 3-input, 4-output combinational circuit.

Tabulate the PAL programming table for the circuit and mark the fuse map
in a PAL diagram,

{oputs Outputs

x|ylz|A|B|C!D
010|001 0|0
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(Chapter 6

Synchronous Sequential
Logic Circuib

6.1 Introduction

A block diagram of a sequential ciccuit is shown in Fig.6.1. It consists of a combi-
national circuit to which storage elements are connected to form a feedback path.
The storage elements are devices capable of storing binary information. This bi-
nary information stored in these elements al any given time define the state of the
sequential circwil at that time.

Inputs__. Oulpdts
f——r—
Combinational
> Clreud
Feedback
path 1
Matnory
elements

Fig 6.1 Block diagram of sequential circuits
The sequential circuit receives the binary snformation from external mpuls.
These inputs and (he present state of memory elements determine the binary value
of the outputs of 1he circvit. They also deiermine the condition for changing the
state i memaory clements. Thus, (he next state of the memory clements is also i
tunction ol the external inputs and the present shate.
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§.1.1 Mealy Model Sequential Circuit

s;gl n6.2l shows !hc c_:locked synf:hmnous sequential Mealy machine. The outpui
ealy machine is the function of present mputs and present state (Flip flop

ovtputs). If X is input, Q, is the pres
] ' present state and the is
output of Mealy function (Z) is gtven below. SRR gy e

W Z= (X, 0,)
Qutput
2

— —
f > SR
-1 >
Nox! gtate Present stare
P ——

Mamory
Combinational] Quay Q, &

fogle circult —-L opie thew)
]

B—

Fig 6.2 Mealy model sequential circult

The output of memory element is conneeted to the input of output deeoder and

next State dCCOd I uil. p 13 y « p

6.1.2 Moore Model Sequential Circuit

Neal stato Present siats

Oulput
Cecad

1 nmsowe
‘nm. x » Decogar T »

—)

o Momory
Combinatonal| Opay o Ou;pu ‘

feglc circud fogk chesly [

) Fig 6.3 Moore model sequential clreyit
Fig.6.3 shows the block diagram of 5 Moore machine. The output of Moore

e

machine depends only on the
: pends present state. So the output of achine is
function of its present state (Qn). If the input is X. 3 s

p.osent state is 9, The o achine i
3 Q. utput of Moore machire is represented mathematically

the nexe state is Q(n+1) and the

Synchronous Sequential Logic Circuit 6.3

Z =f(Qn)

The differences between the Moore machine ancé Mealy machire are tabulated as
follows

! S.No. Moore machine  * . Mealy machinc ]

" 1. [The output of this machine is | lts output is function of present |
the funchion of the present statc | inpul as well as present state,

_J only.

[ 27 | Input changes do not affect the | lnpul changes may afiect (he
output ; output of the circuit

e requires more number of states | It requires less number of staies
for implementing same function | for implementing same function

6.2 Analysis and Synthesis of Synchronous Sequen-
tial Circuits

|

Logw diagram

Identify type of circuit
either Mealy or Moore circuit

!

Derive exchation equation
{Boolean expression)

Analysis r—

Procedure _L

Sthosis
Procedurs

Derive next state and
oulput equations

= T

General stale -
tavle

General slate
diagram

Fig 6.4 Flow chart
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The behaviour of sequeatial cireuit ean be determined from the mputs. outputs
and state of its flip fiops, The outputs and next state are both a Funciton of its inputs
and the prescat staie. The analysis of a sequential circuit consists of ublaining a
state table or stawe diagram for the tinie sequence of inputs, outputs and internal
states. The analysis of the clocked sequential circuits can be done by following
the procedure us shown in Fig.6.4. The reverse process of analysis is known as
synthesis of clocked sequential logic circuit.

For the analysis of sequential eiweut, we start with the logic diagram, The
excitation equation ur Boolean cxpression of cach flip-flop s derived from this
logic diagram. Thea. o obiain the next state equation, we insert ihe escitation
equations into the characterstie equations, The output equations cin be dertved

from the schematw. We can generute the siwte table using outpat and next stae
equtions.

6.2.1 Analysis of Example Sequential Logic Circuit

IES

CLK e

Fig 6.5 Example of sequentiai fogic circuit

Fig 6.5 shows a clocked scquential circuit. It has one input variable x, one
output variable ¥ and wwo clocked JK flip flops. The {lip flops arc labelled as A
and B and their outputs are labeiled as A and A. B and B respectively.

Step 1 : Type of circuit
'The output(y) of given logic circuit (Fig.6.5; depends on present input and

also on present state (Flip lop outputs) of flip flops, so that (he given sequential
logic circuit is Mealy sequential machine,

Step 2 : Excitation equations

The excitation cquations or Boolean expressions of flip flops A and 8 are
obiainzd. The equations will be in the form of present stiates A and 8 und external

amm s mEweing  —

Swichronous chuenlia] Logic Ciheuil 6.5

( i _Therefore the
ince here are two JK flip flops which hutve oatput A mdB. T
input x, since b it .
:;citla:ion equation (equation formed for fiip flop inpul)
- /’
For Fiip flop - A Ja=xB "

K,—*B /

or fipflop -8B =54
For fiip fop P o

. : » RATEY ""ec“y ”‘Q‘Iﬂ
“ons | ate eguations can be devived ¢

. quatipns The state egu o o TiAT of
Step 3 : Next state equatiyns The stale e thal the signal o
. i dig ing at Fig.6.3 we C : s ik
the logic m.«gr:ﬂ.“- E;:::;dgby he funcsion By and the signal h:r nq.:nml(c::iisuc
i ﬂ%’ As‘l\lbg\":ilul;l:o J=RByvand K = A% o 1 JK Mip fop cha
function GX. ! &/

uation given by -
“ Q',.H ‘-:JQ,,+KQII

State equation for (ip flop A

po L% )
Apet = (Bx)0,+ (BX)Qn where Q=4 J

—AB+x(A+B) (A+ZI§.—.A+B)

Agst = AG+Ax+By

State cquation for fip flop B

1 i J=Axand K = Ax.
Similarly, we catt find the state equation for fip flop B

Therefore the stic cquanion of tip flup B is given as

B, =AXB+(AN)B
=ATR 4+ (A+X)B
= AR +AB+ BT
~TAB+B)+AB
=TA+B)+AB

By =aAXl By A8
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Output equation

The given sequentizl circuit has output y. The output equation can be found from
the Fig.6.5 which is derived using three input AND gatc

Ff%kﬁ{

e e

Step 4: State table .
Table 6.1 is the state table for the given sequential logic circuit. 1t icpresenty

the relationship between input, output and Nip Nop states. 11 consists of three
columns, present state, next state and ouiput

Present state: [t specifies the state of the 1lip Nop before accurrence of a
clock pulse, .

Next state: 1tis the state of fip flop aftcr the application of a clock pulse.
Output: This section gives the value of the oulput variables during the

present state. Both nexlt state and output section have two columns repre-
senting two possible input conditions r =0and x = 1.

Table 6.1
Present state | Nextstate |  Output
| AB i AB y
AB x=0|x=]]x=0]|x=1
00 00 10 0 | O
01 01 00 0 0
10 i1 to ¢ 1
MRL 01 il 0 1

We can derive the state table as follows

(1) If present state AB = 00,x=0
When a present state is 00 i.e. A =0 and B =0 and input x = 0, the nex
stale is obtained by nsing next state equation
Next state for Hip flop A

An+| - A-B"'A.\"fn.\
=014+0041.0
=

- E—— "

Synchronous Sequential Logic Circurt 6..7

Next state for flip flop B

BJH" = A'.\' B3 Bi+AB
=04+0.1+00
=0 -*

[Next stae for this case AB = (5’].
(ii) 1f present stuie AB=00x=1
Next state for flip-flop A
AL =AB+AYH Bx
=0.140.1+1.1

Next state flip flop B

R“*‘ =A_T+B.? +AB
=00+00+00
=0

[Next state for this case AB = 10|
Similarly we can obtain next state for all the
the table.

(ii) Determine the entries in the output section, .For this,
AND gate for all possible present slates and input.

se different cases as shown in

we hazve to exaimine

@ If a preseni state AB = on, x=0
output y = ABx
=010

=

(b) If a present state AB=00. *= 1
outpst ¥ = Allx
=0.11

=0


http://www.jntufastupdates.com/

6.8 Digital Electronics

Thus, the state table of any sequential circuii can be obtained by ihe same pro-
cedure used in the above example, This example contzins 2 flip Nops and one
input, and onc output, producing four rows, two columns in the wext staie and
output sections. In general, a sequential circuit with m flip-Hops and n-input vari-
ables produces 2" rows and one for cach state and 2" columns, one [or each inpul
combination i the next state and oulput sections of the state table.
Step 5 State diagram

State dingram is u graphical representation of a stae table. Fip.6.6 shows the
state chagram for sequential circuit, Here cach state is represented by a cirgle.
and transttion between states is indicated by directed lines coanceting the cireles.
The binary number inside each circle identitics the state represemced by the circle.
The divected lines e Jabelled with wwo binary ninbers sepaiated by a symbol /'
(stash). The inpul valuc that causes the state transition is labelled lirst and output
value is next.

Fig 66 State diagram of Fig 6.5

Example 6.1 Denve the state table and stale diagram for the sequential circuit
shown in Fig.6.7(a).

I Solution

Step 1: Type of circuit

The output y of given sequential circuit (Fig.6.7) depends on the present input
und also present state (Hip flop output) of Aip flaps, so the given sequential logic
circuit is Mcaly sequentiol machine.

Step 2: Excitation cquation

For flip flop A

Jy=1+8B
Ky=4

Svachmnous Sequential Logic Circuil

Step 3

We know that characteristic equation of JK fiip fop

O+l = "‘Qn + RQn

State equation for flip flop A
Auey = 5+ BIQ, + AQu
= (X + BIA +AA
=Ax+AB+0
Ay = Av+AB
State equation for flip Nop B
Bt = (A + X0, + B
= (A+\)B +BA
B"n |-= x ‘,; Tﬁ\'

Quipui equanon

(where @, = A for flip flop A)

{where @ = B for fiip fiop B)

v oo ABN

69
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R ——— Synchronous Sequential [.ogic Circuit  6.11

Step 3:
We know that characteristic equation of D flip flop (next state depends on input
D)
Appy =Dy
B0y = Dy
!‘ Booy = Z\]
A
: X
10y Gy A
4 —~4
¥ ¢ g = :
: = B
> O 2 5 y
! A X
A~ o o b—B8
. x— ) Os Qg
: Fig 6.8 T
¢
. -2 Derive the state able i l
and st
shown in Fig 6.9 ¢ staie diagram for the sequential circyiy i
Fig 6.9

) Solution

Step 4: State lable
The out . : The state table contains four rows and three columns. The next state and output
put of a given circuit(See Fig.6.9) depends on ek sub columag: )

Step 1 . Type of circuit

uential logic circuir iv 2
P > OgIC circuit is Mealy machines | Present state | Next state Output |
 clation Equation | AB | AB y |
For flin ' | AB x=0lx=1]x=0[x=1]
" F"p (')p/l 1 = Ax+ By [__00 0w | of ot 0 |
.0. llPﬂlpB Dn‘—;\-,\' |.__ [41] \_LOO i ”_‘ I ;.._,_0_*
For Qutput SSRGS v R ) o 110 E ) ]
J R B R A | 0 |
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Step 5: State Diagramn

110
10
h .
Example tve
ple 6.3 Derive 'lhe state table and stme diagram f; i
o Or sequential circuit

2 {
cP
8— "
O Solution e e
Step 1: Type of circuit
The output y of the s

equential circuit depends o

logic cireuit is (he Moore type citcuit

present state only. so the given

Step 2: Excitation equations

For flip flop A Iy=8B
. K,; = B.T
For flip flop # Iy =%
Ky=A®x
Y=Aa®p

Svichronous Sequential Logic Circuit 6,13

Step 3
We know that characteristics equation of JX flip flop

Anit =40, +KQn
State equation for flip flop A 1 A,y = BA + (B7) A (- Qn=4a)
=BA+A(B+y)
=BA+AB+ v
Apl =(AD B} 44
State equation for Nip Nop B B, , =3B+ (A=)B
=3B+ (Ax+ AN
By =XB+AxB+AY8

Step 4: State table

[ Presentstate | Nextstate qu;ﬁ'
» x=0lzx=1] y |
AB AB | AB
00 ] 00 _h"‘
0l 1 o |
10 I 10 ]
i oo [ 1 0

State diagram

———

| Note: The state diagram (or Moore machine is difterent from Mealy machinc. |
| Hewe cuclicivele is coded with state binary musber/outpus, |



http://www.jntufastupdates.com/

6.14  Digital Electronits

6.3 State Reduction

Any logic design process must consider the problem of minimizing the cost of the
final circuit. One way to reduce the cost is by reducing the numbey of flip Nops. i.e.
by reducing the number of states. The state reduction technique basically avoids
the introduction of redundaat equivalent states. The reduction of redundant states
reduces the number of flip flops and logic gates required,-thus ieducing the cost of
the inal circuit, Two states are said'to be redundant or equivalent. il every possible
set of inputs generale exactly the same outputs and the samie pext states. When two
states are eqivalent, one of them can he removed withoul altering input-ouiput

relationship, Let us consider the state diagram shown in Fig 6.1 1. The sttes are
denoted by lciter symbols instead of their binary vidues because in state reduction

technique intérnal states are also important. bul inpul output sequences are more
Important. The procedure contains two steps.

Fig 6.11
Step 1: Finding the state table for the given state diagram

First the given state diagram is converted into a staie table, Fig.6.11 shows the
example of state diagram.

I Present state Next state Output

1 x=0 x=1 | xs0 | x=1

4

{ 2 b | ¢ 0 0 | ’ Both are '

| D s O P T o iol-m | equivaien slales
e c _l..@ t 0. ). 1 | because of state
FRSTRTEE B R AR St R0 SEF: { cm:ah?m
............................ i Tl At
'-e. ......... C_‘_._ ...d.-....o..-- .-?- Wgamecu‘p"[

Step 2: Finding equivaleat states
The two present staies £o (o the same next state and have the same outpur for
both the tnput combinations. We can easily find this from the state ible. states

Synchivnous Sequential Logic Circuil 6.15

CQ « . « S S
pu. oS- -— A l)L , y b i (4 Caﬂ be
‘ 1

¢ i =11
) ble 6.2 and Fig.6.12. Ihe second fow have e stale for the input
,r';p!i?c::! by c' because the smies © and ¢ are equivalent.

Table 6.2 Reduced state table o
'l Present __F{L\_?i[\_u_ i Ou;pu( i
state __"A_B___ _1}5 | B
T AB s=01)= 1 x= ].r(—i 5
a | bl ¢ 0 | ) t
' o 1 ¢ 1 |‘
1 . l ) H
e | € | d o | g
| a | ald o | o |
- 10
Fig. 6.12 Reduced state diagram
#

reduced state table and reduced state diagramt for a

Example 6.4 Obtain the is shown in Fig.6.13.

sequential circuit whose stite diageam

Fig 613
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J  Solution

The given dingiy Asperthe s ep
agram has seven slates, one | P
- : : : " tnput and one outpuy « AN pe

State tahle
Table 6,4(a)
Present s(ate Next state Output
x=0 I x=1 x=0 =1
a a b
0 0
: s d 0 0,
a4 [ & d 0 0 Both are
BRI TTEY PP s beadinals 0.._|.1 equivalen! states
____________ '”"l"!"""o l” because of slale
B B 155 } ] i I o Ty & and g having
TR & a G B e i same next stale
iR LTI 2 and same oulpul

From the above sta iti
te table, it is clear that i
State o i o " states e and g are e
81sreplaced by state e, The reduced state table is shg\vn inqi:i.:?.’:m. Soihe

Reduced state Table

Table 6.4(b)

!Prescntstatc ’ Next state }— Output —l

i x=0 r=[|x=0 l'}=|
a a b 0 0
b [ d 0 O
a d 0 0
¢ f 0 I
a f 0 [
¢ S 0 I 1 7}

From the ‘
above reduced table, states d and f are equivalen henee *f" can be

replaceq by o and itcan
: il Then fin;
e o be removed, Then finally the reduced state table is shown

Fing| reduced tahle

i C (' i .
lhk shine wera 8] S I' )'Q‘ S8 “)l\" in Fl"h4 ln
g ani ¢ ‘ ‘he t'edllced state dl IS S I ‘
SRR

Synchronous Seguential Logic Circuit 6.17

Present state | Nextstate | Output
AB AB
| Al o x={|x=1 \_ lJ] L

a o i LU §
I ! ¢ d 1 oa | llﬂ
N X o o l " 1
d ¢ d | Wl
e A I A | _'__J

6.4 State Assignment

In sequential circuits we know that the behaviour of the ciccuit is defined in tetms
of ils inputs. present state, next state and outputs. To gencrate the desired next
state at particular present slate and inpuls, it is necessary 1o have specific flip flop
inputs. These flip flop inputs are deseribed by a set ol Boeiean functions called
flip flop wput functions. To derermine the flip Aop input functions, it is necessary
to represent stales in the state diagram uging binary values instead of alphabets.
This procedure is known as staie assignment. The following rules are used in stale

assigniuent.

Rule 1. States having the sine next states for a given input condition should
have assignments which can be grouped into logically udjacent eells in a
K-map. (Fig.6.15)

() @ (9 ()

© ) (9 (9 (9

Fig.6.15 Fig.6.16

Rule 2. States having ditterent next states should have assigmment which can
be grouped into Iogically adiwecin cells in K-map. (Fig.6,16)

9
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“
Example 6.5 Design a sequential cireuit using D flip flop for v state diagr, m
. ; b - Zra
sl’wzn below, Usc‘ state assignment rules for assigning states and
ompare the requllnzd combinational cirenit with mm;om state

Fig 617

U Solution

The states are a.b,c.d and e. Each state js randomly assigned.

a=000, b=001. ¢ =010, d =0]], o= ni '
e oA e A 100. The remaining combinations are

Excitation table

P_resenl state | Knput Next State ' Ont
A rB C X Alh" B:l-. ’C.:uvl ! Zput
Vg_ﬂg 0 0 0 ) ! 0
0 |1 0 1 0
r9>i~°-~'—— 0 0 Tl I 2
0107 1 I NEN 0 0
0T 0 0 i 0 0| o
O] Ll 0 T 0 1 [ f =
of1] T 0 0 1 o )0 o
R I DR GE B
ENENEC o o o | 0}
L N O 0 0

Synchronous Sequential Logic Circuit 6,19

Present state | Tnput | Next State | Output |

0 T [0 IXTXEX] X

'}l G T A b

Iy
|

T

!
L3 o T TR R
VT 0_ XX
2 B ¢ I

K-nap simplification
The D Mip Hop mput is equal o next state and the fip Qop expression is obtained

directly.

Expression for flip flop lnput O, Expreseion for fip flop nput Dg
x ox
Aaﬁ 00 01 11,10 ABN 00 01 1110,
m'o—‘j\ ENE wol® 1P .1° [?.
i i 4
] 5 ’ 3 4 [ e
I ol 1w |
125 1]y 1s e 12 13 15 4
" ] o x! x x M ox| x| x X
. 5 I e | 3 0] 1 0.
0 iifl % 10 x| i
D,=BCx+8Cx Dg=ACX+BCK
Expression for i flop Inpu! Da Expression for Mlip Mop input O,
ABNCOD 01 11 10 AS 00 D1 11 10
0o* | 3 1 e 1 H 2
% B [+ 208 ool
01 4 s ;,‘_’ T 4 ) o1 a4 5 l','.'.
— —— - .’

12 ug s e n"__ 1 "5 : 14 ol
"oxl ik x| %! MUl x| ! (%
T o CFR (T - U CRN (O
10 x| ) 0. ¥ o) i)

- o -
D= A8x+BCx Z=BCxtAX

The random assigament requires

T theee input AND gates
1 twa input AND gates
4 o mput OR gales

Total 12 gates with 31 inputs and 3 flip flops are required 10 canstruct the sequen-
tial logic cirenit. Now we apply slate assignment rules. then (olfow the above

sieps. 1 0
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6.20  Digital Electronics Synchronous Sequential Logic Circuit 621
From Rule 1, The states ¢ and d niust be adjacent 7 Expemtiion or  C2n mps O RpCr Brie on N Op
’ Cx X
From Rule 2, states 5 and ¢ nus ‘ AN LT ABN O a1 It b0
RN st be adjacent. We form the adjace i [ & .0 P |2
the 3 variable K-map G = 51 Y A 2'?‘-. ®
ISR 43 Is 17 |6 ! 4 (5 |7 |6
B 0o o Sx) oox) 1) 1S o )
A It 10 Wz 3 5 | N 2 EEO G
010 1'b' ;_c_ 2 L] Ry Eai 1 il x 3]
S g Ja |1 i 8 (0 | [0
N ET e W Y
Excitation table —— D= A Do=AB x + AB x
..'Al;ré.. ‘. R LR . )
b s;;'“ At ["‘3'?'.‘ . NextState : Output : Under the state assignment rules, we require
s © XA s By Conrs  Z . )
-‘_0_:.9-‘._“(!‘ L I ¢ B e i ek o 4 three input AND autes
K T O O O Wiy Vs e I two input AND gate
- 0.0 I R TR T R l 2 two input OR gates
f 0 X 0 K l : i """""" ‘: """ I f-vacecaa ' )
;-6-5--!-1--6..,...0.... "'0 | A total of 7 gates with 18 inputs and 3 flip Nops are required to construct the
1'6 et et diair i X e X- X , sequential Jogie circuit bused on the state assignment rules.
el Qo U s XX N |
oL DL T TN N O T [ 6.5 Design Procedure
AT SO T R o
i N S R S e e el e ; The following steps are followed to design the clocked sequential logic circuit.
100 0 VT Y X ‘X seteseiioa. ! ' R S S I RO USSP SPRTRT RTEe SR RO eI PSS
30 RO S A s xelblis X .t | 1. Obin the state table from the given circuit information such as a slate
S T T A T R R e s or i diagram. a timing diagram or deseription, i
e R RS S ‘- = I - ; 2. The number of states may be reduced by state reduction technique.
L [ e b e P 1 ¥ ¥ Ga . . 3. Assign binary values to each state in the state table. ;
P fosdsnges S S S e R I LN X i 4. Detcrmine the number of flip Aops required and assign a letter symbol
‘Ilal‘l ------ R ok'z : to each fip flop. .
oM T T S e B AR e - P 5. Choose the Nip flop type to be used according (o the application. !
TP s'mp"ﬁcf‘“"“ - 6. Derive the excilation table (rom the reduced state table. ;
Expression lor f3p fop input D, Expression for (ip fiop input D, 7 Derive the expression for flip Nop inputs and outpuls using k-map sim- |
a0 o1 1 10 %00 i 1 10 : plification (The present state and inputs are considered for k-miap sim-
oofd T T, o0 1T 1 T3 x plification) and draw logic circuit using Oip flops and gates
o1 g 7:. § 4 5 7 8 . 5 = ¢ =
-3l 4 N R B % 1 6.6 Synthesis of Clocked Sequential Logic Circuits
] P R L Wiz 13 [5 fa
9 I O T (T T & = 3 i Synthesis means that, it 1s the reverse process of analysing a sequential logic cir-
% R B S 1. T i cuit, kn this synthesis. we gera logic circeunt from the infoemation ol stute disgram.
Dy=AC Dg=AB x +AB x wond deserption etc.. T!w detailed steps are given i the example, Now we will
sew the detaited descaption ol cach step.

11
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A state diugram is obtained from the word d
other pertinent information, From his state di

‘ agram, we coan form a state (able.
The reduetion of number of stales and bi

required 1o design any
- —
Example 6.6 A sequential circuit has one input
tagram is shown in Fig.6. 18
using 12 Mip Nlop

sequential logic circuil depends on the number of states.

avDesign the sequential civeuit

on
Fig 6.18(a)

O  Solution

The given state ding‘mm consists of four states. 1t hat one input (x) and one output
) The stae wble for the given state diagram is shown in Table.6.6(a). It is clear
that there arc no cquivalent states, Therefore., there is no reduction in the state

diagram. As the state diagram contains 4-states. ; i i
sk -states, it requires 2 fip- i ¢
named as A and B. i

- Table 66{a)

. Present state | Next state Output !

I (I=0|x=1|yv=0]x=]
AB AB | AB [ y | y:J

t_ o_ 80 "o T 1]

SR oo

| 01 [ 00

L0 "“I 10 | 01 [ %
] 00 0

(=]~
Ll

I‘UI

escription, timing cliagram or

. lary value assignment to cach siaie
% » % p . . - . . < s e
gives the reduction in corbinational cireuit requirement, The number of flip flops

and one output and its state

Synchronous Sequential Logic Circuit 6,23

Design using D-flip flop

. For the design of circuit using 12 Rip flop (or any llip llop). we need the excitation

table. Table Ex 6.6(b) shows the excitation table of D lip flop from which we can
develop excitation table for the required circuit as shown in table 6.6(c).

Table 6.6 (b) Excitation table for D-flip flop

Present stale | Next smle—[—ﬁlip flop input |
) Bk e

- —

O ) O D
0 | 0 0
0 " | l \
| | 0 0 ~|
I L
- . Excitation ta .
| Present state Input | Nextstate | Flip fop input | Output
A B x VA] B [Da[ Dg y
o] 0o "0 o[ o o] © 0 |
0 0 I (1| © 1 0 1
o[ 1 A T A ! | 0
0 1 i (0] 0 1O o | o
I 0 0 (1| 0 | 0 |
I 0 i [0] 1 0 I 0
1 i 0 [0 0 JOo] 0© 1
i 1 S A i R

The flip-flop input tunction and the circuil output function are obtained by
using K-map simplification.
Input equation (or) function for Mip flop A(D4}

Bx
AN 00 0F - T W

0 1 3 2

0 &3 1
P 5 716

W Ea) i1}

Diy=ABy+ABia ARV Abix
=A(Bx+ B+ A(B X+ Bx)
Let us consider == By + B, thenB ¥+ Br = 2. Simplify the obove equation
DA = Az + A
=Auz

12
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Substitute z = By + BY = B |-v in the above equation

IrDA =-A’£86xl

Input equation for Aip Nlop B(Dg)

A Output fupction y
AN " 10 Ao o1 110
o|® 2. o T3
AR LA 1
; : OB (S ERRN [ s
—1 I — (R

' Dy = ABY - ABx y= AV 4+ A By
The input equation for (ip and output equation we simulated as follows
DA=A@Bax
DB = A By +AB)
y=AZ+ABx

A sequential circuit using D flip flop is obtained by using the above equations us

shown in fig 6.18(b).

A
B
x

x DA QA o K D. Q. 8
> :

r®e % 5
A

¢ G,

F

5
‘Ra=Dk
Fig 6.18(b)

6.7 Sequence Generator

A.sequcuual cifcuil .which generates a prescribed sequence of bits, synchronous
with the clock, is referred 1o as a sequence generator. We can construct sequence
eeneralors by (wo ways

1. Sequence gencralors using counters

2 Sequence generntors using shifl registers

Synchronous Sequential Logic Circuit  6.25

6.7.1 Sequence Generator using Counters
Fig.6.19 shows the block diagram of it seyuence generatol using counters, ltcon-
lains (wo stages

1. counter, and

2. next state decader.

N * |
Next g

nag %
oeooder p

FF inputs *

>

r Counler FF oulpuls 1

Fig 6.18

Design Procedure

Step 1: Determine the number of Rip-fiops required

The aumber of Mip-lops required 1o gencrate a pariicular sequence can
be determined as follows.

(a) Find the number of 1's in the sequence.

(b) Find the number of 0's in the seguence.

(c) Teke the maximum value from botl. If "0 is the required aumber
ol fip-Nops. choose (winimum value of ‘0" o satisly the following
condition.

muxi0's. Vs ) = 277!

Step 2@ State assignment

Once the number of Nip-Nops is decided. we have to assign unwgue stales
conesponding to each bit in the given sequence such that the Nip-flop
representing least significant bit generates the given sequence (lite out-
put of the Rip-Nop which represents ihe least significant bit is vsed o
represent the given seyuznce)

Step 3+ Draw the state diagram [rom the above state assigrment and obtin the
exeitation table from the state dingrie.

Step 4 : Find the Boolean expression for cach flip-top mpus By using k=nilp and
draw the Jogic diagram for this Boolee expression

13


http://www.jntufastupdates.com/

¥

0.20 Dianal Electronics

AT Tt T —— )
Example 6.7 Find the number of flip-Alops required 10 generate the sequence
10110110.

7] Solution

In the given sequence, the munber of 0's are 3 and number of 1's are 5.

max (3,5) < 2!

B
Example 6.8 Design a sequence generator using JK Bip-lop to generate the
sequence 1101011,
{J Sotution !

Step 1: Number of flip-Rlops required
Number of 0's in the sequence = 2
Number of 1’s in the sequence = 5

Hence max (2,5) < 2*!
5< 21

|n=4l

We need four flip-flops nained as A, B, C and D. The desired sequence
is generated by the D fiip-flops output

- Decimal (A B |C|D
cquivalent

] 0(0(0 ! I 4— Given sequence,

30 (ool e

0 0[O0 0!

5 Ofv|of:

2 0|01 o:

7 01| fr

9 1{o]ofr:

[ —
Assign binary value based

on non-repeated stales

Svachronous Sequentiul Logic Circuit 6.27

Step 3: State diagram

Excitation table

" Presentstate | Nex@lo Fip-flup inpults

Q1 | O | Oc [ @ | Oa | On | Oc [ Cn | Ja | Ka | Jo [ Ko ! Je [ Ke [Jo | Kn
0] 0{0]joloJr]oe]|t|o[X|V|X|XT1t1]T1T]X
0 Jo 0] 1Jo0|o|1 [T ]o|X|o[x]tiiX]|XxX][o0
010 |V |ojJolt | rlrtlolx]tr]XixXx]jo[1l[X
0|01 [T ]O]O] O |0 |O0|XJO|XITX]1[X]1
Ol T oo X [ XX XIX[XTX[X | X|XTX]|X
DjTloJt1Jojo| 1 0o X|X| 1|1 | X{X]1
0 1 |1 (0 XITX[XIX|X[| X[ X[ X|X[X]TX[X

(0|t [t (v jrJotofi |t (X x[T|xT1]x(®
i 0] 0] 0| X{Xx[XIX[|X[XIX[X[X][X][XTX
T 100 |1 |0]a]ol1 x| V]o|X|[O0]X[X{0|
L1010 X[ X[X|X|[X[X|X[XITXTX|X]|X]
T {01 |1 | X|X|X| X|X[X|X|X|[X|X|X|X
T 11 olo0 [ XI X[ XXX XIX][X[X|X|X]X
111 (0] 1 | X|XI X[ X|X]|X|XIXIX|X[X]X
T 1 T ]0 X | XN | XX [ X]|X[XIXTXIX[X!]X
T |1 |1 |1 X[ X | X| X |X]X[X]|X]|X]|X[|[X]| X

["Note : The unused states 4, 6. 8. 10, 11, 12, 13, 14, and 15 arc considered as X _ |

K-map simplification
For J, For K, ForJg
.0, Q.Q, Q.Q,
Q.OND00 0t 11 10 qa\00 0t 11 10 QQN 00 01 11 10
..";. x| x| x o 1} Al
o f1fxt ofix | x| x| x o xi| x| = |ix
o x| x|ix]x; wix [ x| x| x  xif x| o= lix
1w x| x| xfx i | 2] x| % 0 %/ x| 1
9470a0c Ka=1 Y=

14
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For K
Q.0, or Ky Q.q, Fordg o.0. Fork,
QA%O 00 r:n 1 10 Q.Q.\ 00 01 n_1e  QQ, ‘05 0t 11 10
o R Svn el T D T
& x| el |¥ £1 ] x4 x 0of x ."f" 11 x
ONix| x| x xi 01 x f 1] xil x off x [ix | 1
s : 2 Wl i x
Mix | x| x x- Wx | x|alx 1 x x| x x
g XL XL LX) % 1 o S
= . & I N N B BN P Y
a Jc’OAOt,r K2 Qg

£
ot
LA
“HL
7
e
o s
R P
FA
" -
. .'i 1.
Fig 6.20
e ——— e w—— .
3 Exam s 2s)
ple 6.9 Design a pulse train geaerator for the waveform shown below.
1Helt 1 1lo s
3 Solution

Step 1 : The pulse 2
» W p’ulu ¥ repeated for every 4-hit segueice OHHE Therelore the re-
quired number of fip Rop is determimed as foliows

Synchronous Sequential Logic Circuit - 629

() numberof 0% = {
(1)) nwnberol I's=3
Hence miax (1,3)< 2"
3 < 2»«-\
(n=3]
We need thnee flip-flop named as A8 and £ The desired seqguence is
gepevaled by the C lip-flap.
Step 2 @ State assignment

[ Decimal {ATB]C

!___e_(_;ilivalent ___'___

0 00107

: ] 0}0kt:

i 3 011 ’E B

| 5 110051

Given sequence

I Note: The unused states ate 2.4.6 and 7. Consider the don't care !
| (X) for these states in lhc c K-map siniplification. i,

Step 3 : State disgram

——

Excitation table

-

[ Tresent state ! Next staie Flip-fop inputs
iL’\ Q! Qci@; 1Qr [ O 0y [ Ky T x| Ke [ Jc | Ke

(oo _(_\JJ"U___!___Q X[o|X111X
(o et e PO T I o b X T X FXL0
P o} Lpr g oo s b oaN o Xl r X0
i o {iJo oafa !N 1[0 xTx)7T|

e e —————e—in,

“Note: U n\l\sLd sm(c\ Y 6 .md 7 are um\ulux:d l\ z\ ]
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K-map simplification
Expression for J,

Expression for K, Expression for Jy
Q,Q. 0,0, Q0
Q. N\N00 01 11 10 0.\ 00 01 11 10 Q 00 01 11 10
Cl O B (0 S Y
° r'- 0 :-'x" v N x X 0 e 1:.1--4 -3-;-‘ ? x
1‘K s ] 1 4; 31 y I 1 P s 7 [
] 3 N IR OF, 3 L. ¥, X x| x
da=0y Ka=1 dy= 0,0
Expression for K, Expression for J. Expression for K,
Q.Q. Q,0. Q,0,
0.\ 00 01 11 .10 Q \00 01 1t 10 o,\ 00_ 01 11 10
oL 3.1z ) (YO WY I TN Fue | e v 3.3
HENEAEN S 051 x lx Py 0 x 328
ORI € 15 17 e 4 ls. . J7.. 4.
kL L x b o "Ueled . ) & A 07 % g
Kg=1 Jo=i Ko™ Qu

This minimal expression form is K-map simplification

Ji=0a Js = 04 0c Je =1
Ky=1 Kg=1 Ke=0Q,
Logic diagram

CLK

Fige.21

6.7.2 Sequence Generator using Shift Registers

This is another method lor designing sequence generator. In this method shift
regisiers with sext state decoder logic are used. Fig.6.22 shows the block diagram
ol sequence generator using shifl registers

From this Fig.6.22.we see (hat the outpul of next state decoder is a function of
Qs Qy. .- @y The next staie decoder is i Jogic vircun which decodes the output

of shift tegister and genccates (input to get desired sequence from ip Top A (least
significant bit).

Synchronous Sequential Logic Circuit  0.31

o s |
Shift registe

ister
12 | R

Output

Nex! state
decoder

s 2

Fig 6.22 Block diagram of a sequence generator using shift registers

>
Example 6.10 Design i sequence generalor to gencrale the sequence LIOEOT]
by shift register method.

In this approach, the minimum number of flip-flops », required 10 generate a
sequence of length N is given by

Ng2!

In this example N = 7 and therefore, the minimum vahie of n, which may generate
ntns ——
the sequence is
7<2"~1
=)
jn=13]

With the three Hip-flops. the sequence generation is shovn in Table.6.7 The state
diagram is shown In Fig.6.23

Table6.7 State assignment °
Flip-flop oulp|_|£s_,| Din | States ,' o o
O R RSN
Lilol 1 ]o | 50
‘ ool o |1l o] (2) O
l ' 'l : 2 ‘ (,) |' g I' o
) 0 2 |
[ 0 i 0 T e

16
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K-map simplification tor D,,

Q,Q,
Q, 00  0f
0 |1
o [ Y
4iils
J i

D= 0y + 040, + QsQc
=04+ Q0 5 Q¢

The logic diagram is shown in Fig.6.24. The init

ial state is 100. So the input for
Dy Dy and D awe 140 respectively. s aee

1 0 g
|
o, Ox | D Oc

3- bl shitt register

Fig 6.24
6.8 Sequence Detector

A sequence delector is a sequential logic circuit that cin be used 1o detect whether

s = :

wﬁ: en sc:;uence al bits has been received or not, We can draw the state diagram
hen we now the sequence and then follow the steps o design sequential logic

cirenit o obtain the sequence detector sequential logic circuil.

Inout se Sequence
pul sequence ————p detector Ouiput sequence

Generall : s
Y sequence detector produces an output = 1. whenever it delects the

ired 1 SCCILICIN e « I
desired input sequence and 0" for other cases. There are two types of detectory:

I A detector which detects overlapping inpt

! It seyuence. and
2. A detectar which de

lects non-overlappling inpu sequence,

‘Synchronous Sequential Logic Cireunt - 6,33

Example 6.11 Design 2 sequence detector which detects the sequence (00011,
J Solution

In general, the number of states in the state diagram is equal to the number of bits

in the sequence. Once the number of states is known. one s 10 dew the directed

lines with inputs and outputs as weighed between the two stales. Let us start 10

drawy state diagram. assuming inital ste s A,

State Az Tn this sinle. the detector may receive either an input O or |, Based on
these iputs, a sequence detector is cither i same stite or move on Lo
the nex! state as shown in Fig.6.26

When iput is 1. we have detected first bit in the sequence, hence we
have 1o go 10 next state (B) o detect the next bit in the sequence

oy
OF0

When input is 0, we have 1o remain in state A, because bit "0' is not the
first bit in the sequence

State B: When input is 0, we have detected the second bit in the sequence. Hence
we have to go to Next state (C) to detect the next bit in the sequence [See
Fig.6.26(h)) — ‘
When input is |, we have 10 remain m the state B, becavse | which we
have delecied may start the sequence output which is sull zero for both
cascs

State C: When inpul is 0. we have detecied the third bit in the sequence, hence
we have 10 go next state (D) to detect the next bit w1 the sequence

(2)
Fig 6.26

Fig 6.26(c)

When input is [, we have 10 go 1o staie B, becavse | which we have
detected may not be in the sequence 1o he detected bat it nuty be 1he
siart/bic ol the sequence. hence we can move to atate B The output is
sil) zero i See Fig 6.26(¢))

17
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State D to State F: As explained for state A. state B and state C, if the desired K-map simplification )
bil is detected, we have (o go for the next state olhenvise we Expression for Mip flop inpat J, Expression foc fip flop input Ky
have lo'go to the previous state from where we c:.m conlinue 0 01 11 10 AR 00 01 110
the desired sequence. When complele sequence is detecied, gole I3 E ool /% e | %] x%
we have to make output 1 and go o the initial statle. The | A i
complete state diagram is shown in Fig.6.26(d). o' o ®x | ixd N L&) N R LR .
VY = P
' i " ‘“ x " Y %
o " L" 10] x|wxl x| *
: A
J=XBec Ka= X+ C .
Expeession for thp flop npul by Expression for flip flop input Kg
Ax’{coo 01 11 10 AXC00 01 11 10
oofo | 1‘.1‘_'3" o l‘ ool " 1 _i..‘.!...i_ 2
o '8 | H
Wi - ! &
Pish ol '§17x§‘¥ O‘I'xix’x x
I KL B T tz (% (15 ! 4
1 x| x oA x| Xy
Fig 6.26(d) i 7 i1 " '°: 3 B E 9 1 i 10 z
State assignment 10 O wltxly LV
Assume that for state assignment, we need 3 flip flops to construct the se- , Jg=XC Kg= X4 C
tuence detector circuit. The sequence detector has a tolal of 6 states. Two flip Expression for fip flop mput Jg Expression fof flip Rop input K¢
flops are enough for less than or equal to 4 states. Hence 3(2* = 8) Aip Aops c o Or 1 90
are required to construct Lhe sequence detector, We choose JK flip flop and the xﬁn '°° ‘m ," 120 xﬁo P K e § 0 § R
flip Nops are labeled as A. B and C, assuming state assignments as A = 000.8 = Eas ¥l111 ; o
001.C=010.0=011.E = 100 and F = 101. 1 C I 9 LT e
Excitation table Tt —Ts 3 T ETR Ko O
We can casily write the excitation table from the state diagram. n AT 1 x| W1 ] x| x
Input | Present state | Next state OQutpnt Flip flop nputs » O
X [AJB] C [duat [Bost [Gonn | ¥ |5 [Ka[Jn [ Ka]%c [ Re +L
1 0(0} O 0 0 ! 0 0 o/ X [0 X |0} X
i [olo] 1 0 [ ] 0 Jo[ X1 [xX[X]1
n lojijo 0 1 3 0 Ol x| x| 0|1 |X
WU TR ELH L7 o | 01 0 j1iXiXitRXN]]
n J1j]o0] 0 0 0 [V X tjol X |l X onfo 1 3
o J1]o o | {i U X |1 I X[ X |
I_Jo{0] o0 ® 0 ] 0 (o0 | X |0 X[1][X o N A i b
I Jo0j0]| &t | 0 0 [ 0 DX | 0| X|X|0 S —
R K ) O 0 o[ X[ X]T[T[X n|® et «
L jodtl v | o ¢} (1 o 10lX XV [x18) R o T
L F[Oo] 0 | ( = X[olo!lX || X 10 ‘
[ 1[0 ] 1 0 10 [ L X{TjoiNx X[

I
<
"
b
(¢

18
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Logie diagram for sequence detector

D P D—

- X gi
J A

c
=D
B Y
Cc

Fig 6.27 Logic diagram lor sequence detector

O
=
o

O x>

'_L.

o
[o

x
o

T
S

o
lo

Example 6.12 Design a sequence delecior 10 detect the sequence 101 from
10101.

[0 Solution

We have only 3 states because we have Lo detect the sequence 101 from the
given number L0101, This circuit is atlowed repetition.

Initially, we assume that the cireuit is in its reset state, state . Witha | coming
in as first bit in the valid sequenee, 1t will go from stale a to state b with an output
as 0 because we have not yet detected ull the bits in the sequence. When input
18 0, we detect second valid bit in the sequence so it will go from state b (o state
¢, otherwise slale & remains same. When the input is |, we detect third bit in the
sequence, which will go from state ¢ to state & with the output as | because we

are yet to detect all bits in the sequence. If the input is 0, it will go [rom state ¢ 1o
state a with outpue 0.
0/0

OO

in
Fig 6.28 State diagram

QO

The binary valucs are assigned 1o state «. b and ¢. Only two Nip flops are

enough (2% = 4)i0 design the sequence detector sequential lugic circuit, by using
T Oip fops.

Assunie the state assignment

a — (1), h=0]. o= 10

Synchronous Sequential Logic Circuit - 6.37

Consider the input is X and the output is V.

“Tuput | Presentstate | Nextsuate | Flip flop Inputs | guq_ml_:
TN Tl b aa [ (T T
T ‘J’ii{_ 0|0 i |0 0 o

TR |___|_'Lo [ W
o 7T o 10 0 0L

0 [ ? X_ X X B

T o, "B 10 -J--—l-- o T |_u_

T n i T [ 1) (I 1!

! ’“‘ O O O B %% SR }_ S5
ity I '.,L,[ T N
T S s W O P 5 DO I W

K-map simplification
Expression foc T, Expreasion for T, Expression for Y
) ab
an
xaboo 01_11_10 % ?o ‘0' ',' :o <\ 00 01 1 10
0l | atdotn 0 q h—,—g 1 ol T Pkt
7 s"l ;H:sié I oL ‘.'3"' 0N I [P 5 20 L Yy
1 AR ke U LR
Tooasib T, =xb+xb=x®db w5
Logic diagram for sequence detector
1. af>
—
K. Q|
A ,
b
X i ) T Q
—b
Q.

Clock
Fig 6.29 Logic diagram tor sequence detector

Example 6.13 A scquential circul with 1wo D Nip Dops A and B and input X
and output ¥ s specilicd by the following next state and ouiput

cLuitiony

19
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2 A(t+1)=AX + BX
' - T e & e e——
- Ay '
: Bt +1)=A'X Example 6.14 Reduce the number of states in the following state wble and
. o Y= (A+ 81X tabulate the reduced state table,
) (a) Draw the logic diagram of the circuit
; (b} Derive the state table - Dresent stave = iy :e:,“ s‘:‘ = T j;up:t: 1
(¢} Derive (he state diagram a T | P 0 0
[0 Solution b d c 0 0
“‘) Iy f v il 0
d o [ o I 0
X '513_, I ¢ d § e | 0| 0
—D / ! b 1 ]
? 5 % 0 & ¢ P I I
o g u | 1 0 |

] Solution

Two states are said 1o be equivalent if their next states and outputs are equal.

Fig 6.30 2
(b) State Table Con.lpare state 'a’ with ot.her states. The next state of’a” and 'f* are equal
Present siate | Inpul | Nextstate | Fiip flop Inpais | Output for the inputs 0 and I but their outpuis are not equal. Hence a # f. Similurly
A H X AT ] 8" 1D, Du v comparing other states it is found that b = ¢ as their next state and outputs are
0 0 0 ol 00l 0 0 equal and d = h. Hence the state table can be reduced as shown. The row e is
? :, g g 010 0 0 removed from the table and if any previous row containing ¢, it is replaced by
] N B ) g g g g b and the rows are compared. If any slate has the same next state and oulputs
0 il i o1 1 o i o | replace one row, continue this process o obtain reduced state table.
[} I | I I | 1 0 [The strike out Jines are kept to illustrate reduction process)
1 0 |
] ] 1 : 2 : g g Present state | Next state Output
N . ' x=0fx=1[x=0]x=1
(c) State diagram a Fi ) ib 0 0
b d da 0 0
'l O 0
< J yV At "4
d ¢ a 1 [ 0
L fat 0.
€ R LY A\ 8 A
S f b i 1
8 g sd 0 1
4 L ‘ 8
mw b Ii o , l v

Alter the first comparison.we find that a = ¢ hence the reduced stale table is
as shown below.

Fig 6.31

20
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Present state | Nestsiate |
| v=017=1],

‘ o f B
b o “
o & a 1
I r ! ‘ b 1
L& [ s | &40 |

B
s ——— X = e

Example 6.15 Design a sequential Gircuit with two D fip Nops, A and £, and
e mput o When y = (), the state of the cireuil remains the
sume. When x = |, the circuit passes through the stae transi-
tions from (KHo U1 o 11 10 10 and back 1o 00 and repeals,

Synchronous Sequential Logic Circuit  6.41

Circuit diagram
A A
X

X S—

B
c
X P

Fig £.33
|

Example 6.16 Design a sequential circuit that three flip flops A, B, €, one
input x and one output ¥ . The state diagram is shown in the fig
6.34. The circuit 15 10 be designed by veating the unused stales
as don't care conditions. Use JK flip llops in the design.

0O Solution
State table
| Present state [ Input | Next state Output
A ] X AT | B* Dy | Dy
o 4] 0 0 0 0 {l
0 0 I o710/
0 { 0 O T (01
0 I i HEEREER
[T 0 O [ t[o T v [0
K 0 | o | 0ol
A i 0 I [ [ [
1 G P o7 To
K-map simplification
Expression for fip Rop input D, Expression for llip flop inpwt D,
Bx 8x :
A °oo 0111 10 A\oo 01 11 10
0 1 :.,,,_ 2 ol® LI 5 U
1] AL %
(LY N O] Ly I OO L O O
=) ek R A
Dy =Ax+8x D, =Ax+8x

& Solution

State diagram

State table for the circuit
[ Present State Next state ! Outputy
ll =0 x=1 ! .___J
1Af8] C A TBTTC AT |8 1£_L‘—° x=1
[njel v ToTo T Troj o 4 "
1jofojJotirjojoftl 0 0
pjrroJoyrjofo ool m 1
ofrtrTolo yofiTlTol 6 |
vjolofolviv]vfolo, » 1]
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Excitation table for the circuit ABN 00 01 11 10
i L e ;
! Present s slnlc lnmll  Next state Flip lop Inputs Output I 2 :
b- l L T P 1 4 5 LA )
r»qﬁ L . X0 LA B|C |, 1{;. 'u»;__ Ry | Je | Ke v 01 11 _.1:
EKD B 0 OftftjorXi1|X I X {) e [ 1% =
orop 0y j1iojol1axtojxXjelxy) t Wl %] x] x| _x
0o 1 O JoJol T o[ X 0o X|IXI0 0 = Ts |1 e
ofjol v U ot el [ X0 [ X X[ kg 10 x| x
T I R ) 5 o
(afry oo {00l o] X INI[ 0 L
Lo TI o 6o TN X] X0 |0 | Circuit Diagram
S8 I 3 3 R 5 A
e e 0 jojrIo|N |,|$x 0] X v
g b - e O
K-map simplification
Note , minteyms 10, 11. 32, 13, 14 and L5 are don't cace &
-4 Jg Qyp—8
¥
A0 g1 1,10 A$* 00 0 110 —>
oofo [+ [3 2 oofo __|1..]5...[2... A B
B BSET X ¢ X ’ b3 ¢ X " K Gf——8
4 |5 |7 e la . |5 |7 |6 |
ol o x| x| x| X b
i 13 s e 7 < 12. [13 (18 [14 1 A
X x X % o R % X x4
9 10 8.9 |n o
10(° :;"n','; L] NS DT Y I :
1= Bx Ka=1(since a. Ihe cels ars grouped)
00 01 11 10 00 01 1 10
oojo.. |1 [3 |2 ojo [V _. |3 |2.. ]
"1, x JX' x :X' |
4, 45 |7 6 4 s 7 6. cpa
4] 0 Pl ———— ' | circuit
X X X 114 oy o o or the uential Ci
12, 13, .115.. I8 P CE R T Example 6.17 Derive the state table and stae diagram f seq
b1 ot il Ak et 1 ' 1. wn-Fi 6'46
el x| ox) X x| oaxyl ox o shown-Fig
CRE! N I CO CEOE (K (GO “
b G 1 0 K 0. x| s x| s ' : \
Jg=C R+A Kg= Tx+ Cx=Cox n o‘ b O al
X —> (B)
A0 01 1 10 AB00 01 1110 . e ® '| .o _
ofo_ v [3 [2..]. owlo [t _[3_]2 : A — %0l [ S—re
x| LX), x{ ¥} e
4 |5 |7 e a |5 [7 {6 -
ot |+ o o Y T [ ——
a2 W (18, e P (FI AT L : —
x| Tx] %Y x x| x| xq4 x Fig 6.36
8 g. |11 10 8 9. W o
® A xt o x w loxy x
Je= AQ x+Ax KC: X

22


http://www.jntufastupdates.com/

644 Digital Elecironics

) Synchronous Sequential Logic Circuit  6.45
[ Solution
The given cireuit has two flip flops, A and B, one input X and one input Y. So, it ;-1 - yhlo @ A
produces a state table with 4 rows as shown below Jb
Present State | Next state Output y . N L
.  x=0(x=1]|x=0|x= [ S
A (B TAB | AB | y [ » . ——8
0 0 ot |1 [o I
—_ T Y . =) D O
[0 _g_i_ 0 "1 [0 T 1] ' w :
A I A T O
CT T 1T® oo 0 o i
The state diagram for the sequential circuit is shown in Fig 6.37.
State diagram Fig 5.38
A (b) State table
E.:; | Present State | Inputs Next state | Qutput
I A B x|y |4 k2 B :
it ¢ o0 Jejotol 0 } 0
i 0 0o |[o] 1 {1 0 0]
1 0 ] 0 [1{0]0f 0 0
4 o [ o IijLio} 0 | ¢
i ' 3 |
; i Fig 6.37 . 0 1 ol 1 |1 | 1
: 0 y |[tjojo] O LI
Example 6.18 A seyuential circuit with two D flip flops, A and B: two inputs x 0 i 110 0 L]
o and y; and one output 7, is specified by the following next state 1 0 fo|] 00| O i ...
and output equations: i 0 [0] 1|1 0 0 |
At + 1) =Xy +3A 1 0 l—r_!)_,_ ! ,‘.__l_.g—ﬂ
B(r4 1) =3B + 24 0 (v c[t] 1 0|
1 L 5
=8 ] I o0 j0f 1 { :
. o] ]! l
(2) Draw the logic diagram of the circuit ; : 7011 T
(b) List the state table for sequential circuit o T T B T T
(¢) Draw the corresponding state diagram = R

7 Solution

(@) Logic diagram of the sequential logic circuit (¢) State diagram
Sy s — . o . 2 hown in Fig.6.39 with the help of the above
A sequential logic ¢ireuil is drawn using given equations as shown in Fig.6.38. The state diagram is drawn as shown in Fig.6.39 w ith th= help of

luble
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Example 6.19 pesign a sequential circuil w
mputx. When x = 0, the stare

x= 10, the circuit goes through the state tra
0 1110 10 back to 00, and repeats.

of the circnit

o

Nex! state " FF inputs

B | by

Dn

Lo Jol0

1 Solution
State table
Present state | nput
A a 22 A
}_0 0 0 Jo
] i |0
L2 0 |0
0 [ 1 I
| 0 U |0
| n 1 1
| [ 0 |
Lt I 1 =

il

S =
Note : the F-f ¥ :
| ofe : the FF inputs of the D FF is Same as he next state

0
N
K)
{

|

I

K-map simplification
Expression far flip flog input 0,
Bx
aN00 01 11 1p

of ",

Ha... |5 7

LTS5 B

S| | o) [ —

—

T

.

Expression for fiip flop input Dy,

\Bx
a2 o1 1
e|® I

-

arG

10
g
10

111

s 7

S O

Dy =Ax+BX

ith two flip-flops A and 2. and one
remains same. When
nsitions tram 00 10 0}

Logic Diagram
By using the above Boolean Expression, the diagram is constructed as shown in

Fig 6.40.

Syachronous Sequential Logic Circutt 647

DA Q” Oe q ¥
B : B
x X
alA — g
|
CLK
Fig 6,40 B

Example 6.20 Design a sequential circuit with two JK flip-flops A and B and

0 Solution

The excitation table is derived directly [tom the given specification.

two inputs £ and x. If £ =0, the circuit remains in the same
state regardless of the value of x. When £ = | and x = |, the
circui! goes through the state transitions from 00 o 0 1 10 1010
11 hack to 00, and repeats. When E = 1 and x = 0, the circuit
goes through the state transitions from 00 10 11 w0 10w 0 1 back
1o ND, and repeats.

Present state | Inpul | Next state Flip flop Inputs
A B Elx A B I | Ky | J2 E
0 U _(0(010] 0 [0(X]|0/[|X
0 0 [ojrjol D JOoO[X]O]X
0 0 | T|o0jv]| T [T X|T[X
L0 0 [T[7{a]| v o (X [T |X]
0 I_|oJoln| T [O0O|X|X]|0
[0 I [011]0 1 |[0O[X[X|©
0 } ttojlo;, o 1o X X[ 1
T a C ey rli|l o [T[X}Xy0)
i 0 j0jo0j1] 0 [X[O0J0}X
FT | o (0lv[1] 0 ‘X|[0[@a]|X
i 0 (1(0o o] t XTTTVI{X
e b L Ve X O G|
i T P i o[l 0 [X10 X
[ 1 | Dbt 1t X[ o X ]
AL LT T R A O N S
39 W HEEEENOEEINNEIN
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K-map simplification ,

Expression for J, Expression for Ka
£
Ex l J '_mfﬁ
adN00 01! 1 1 a0 o1 10
Gofe 1t b |2 il oo oofe v 3 [ai
e x ¥ %
[T R ’-'"":‘ , oile s 1‘5.“
H x| x| ixl «x
17 n 15! 4
; L Y e o B ul® ]? ls!‘gld B
™ G I TR T Al ot
X|ox[ x|y 10 L LA (e
; == i
I - — l I . I S0 |
.l Ja = (Bx+BX)E Ka=BEx+ B Ex = E(Bx + Bx)
3 ' Expression '°‘-éa Expression for Ky
Ex l——-| E
of Ago 000 '01 :" 1:0 AB{X oo e
b o £ oole v ]z
i 1 x [ x| x| X
: NI ERD s I8 i 1s
g. X X X x o1 X x .1 1
£ "“l "x "x" ‘f E P E (N T 8
¢ A : x 1 1
; o L I X P Al B
i 1] 1 5 0 ')( "]
Jg =€ Kg = E
Logic diagram
E
8 3
X
lJ A
g A QA —— JB Qa B
B
X S —
I Ky G,
A Qy Kg Gy e B
C ———
Fig 6.41

Synchronous Sequential Logic Circuit (.49

Short Questions and Answer

I. Mention the steps involved in the analysis of a sequential circyit.

The analysis of a sequental circuit consists of:

(a) Obtaining a table or a diagram for the time sequence of inputs, outputs

and internal states.
(b) Writing Boelean expressions, which include the necessary lime se-

yuence, either directly or indiectly.

1

. What ix a state-equation?
A state-equation (also called wansition equation) speciies the next state as
a lunction of the present state and inputs.
3. What is a state-table?
A state-table contains data such as the time sequence ol inputs, outputs and
fip-flop states. The table consists of four sections labelled present state,
input. next state and output state,
4. Whatis a state diagram?
A state diagram is a graphical representation of the information available in

a state table. In the diagram, a state is represented by a circle and the tran-
sitions between states are indicated by directed lines connecting the circles,

. What are the informmations obtained from a state diagram?

)

The informations obtained are as fallows :

The state of the Rip-fops are identified by the binary number inside the

circle,

A directed line connecting a circle which indicates thal change of state oc-

curs. .

What are input and output cquations?
The part of the circuil that generates the inputs to flipfops is described
algebraically by a set of Boolean functions called inpul equations,

1. How are the next-state vaiues of a sequential circuit that uses JK or T
type flip-flops derived?
The next-state values of a sequential circuit that uses JK or T type flip-flops
are derived using the following procedure:

6.

=

() Determine the flip flop input equations in terms of the present stage
and input variables,

25
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() Fast the binary values of each nput equation.
{c) Use the commesponding Itip fop characteristic table to determine the
next state value in the state table.

8. How are the next-state values obtained from the characteristic equation?

The next state values can be obtained by evaluating the state equations from
the characteristic equation, This is done by the following procedure:

(a1} Determine the flip-Rop inpul cquations in terms off the present state
and input variables.

th Substinste the input equations o the Nip-fiop characteristic equation
w obiain the stale equations.

(c) Use the corresponding stale cquations Lo determine the next state value
in the state able.

9. What are the two models of sequential circuits?
The two models of sequential cireuils are:

(a) Mecaly model, and
(b) Moore model.

10. Compare Mealy and Moore macltine.

Mealy machine 1 Moore machine

i, The output s a function of | i. The output is a function of
both the present state and in- the present state only.
put.

ii. The outputs may change if | ii. The cutputs are synchronized
the inputs change during the with the clock, because they
clock cycle. . depend only on flip-flop out

e puts that are synchronized
~ with the clock.

\1. What is the use of initial statement?

The iniual statement is used for generaling input signals to simulawe a de-
sign. o simulating a sequential circuit, it s necessary to generate a clock
source Jor wiggering the fip-Aops. :

12. How can the always statement be contralled?

The always statement could be contolied by deliys that wait for a certain
time or by certain conditions to beeome true or by events (o occur.

Synchronous Sequential Logic Circuit 6.51

13. What is a sensitivity list?

A sensitivity list specifies the events that must occur Lo iniliate the exceu-
tion of the procedural statements in the always block. Statcinents within the
block execute sequentially and the execution suspends afier the last state-
ment has been execated.

14, What are the two kinds of procedural assignments?

(a) The two kinds of procedural assignments are:
Blocking assignments ’
Blocking assignment statements arc executed sequentially in the or-
der, they are listed in & sequential block.
Blocking assignments use (he symbol (=) as the assignment operator.
Example for procedural blocking assignments:

B=A
C=B+1

(b) Non-blocking assignmenis:
It evaluates the expressions on the right hand side, but do not make the
assignment to the left hand side, until all expressions are evaluated.

it uses the (<=) as the operator.
Example for non-blocking assignments: B <= A

Ce=B8+1

|5. How can we determine the behavior of a clocked sequential circuit?

The behavior of a clocked sequential cireuil could be determined [rom the
inputs. outputs and the state of its flip-flops.

16. What are clocked sequential circuits?

Synchronous sequential circuits that use clock pulses in the inputs of storage
elements are called clocked sequential circuits,

17. How can we describe the structure of a sequential circuit?

The sequential circuit is made up of flip-flops and gates and so its structure
can be described by a combination of data low and hehaviaral statements.

26
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Short Answer Questions

Differentiate synchronous and asynchronous sequential logic circuits,
. What are the classification of sequential machine ?

Definc Mealy and Moore Machines.

Define state assignment. =~

o

When are two states said (o be equivalent states 7

Review Questions

I. What are the steps [or the design ol in asynchronous sequential circuit ?
2, What is the significance of stale assignment ?
3. List the different techmques used for state assignment,

' 4. Write a short note on

{a) Shared row state assignment,
o (b) One hot state assignment.

Exercises

5 L. A sequential eircuit with two D flip flops, A and B, two inputs x and y, and
}! ) one input z is specified by the following next state and outpyt equations.

: Aft+1)=xy+xA
9 B(t+1)=xB+A
Z=B

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

T )0«

Ce

Synchronous Sequential Logic Circuit - 6.53

2

. A sequential circuit has one flip flop Q, two inputs x and v: and one output
S. It consists of a full-adder circuit connected to a D lip Aop as shown in
tollowing fig.1. Derive the slaie table and state diagram of the sequential
circuit.

w

. Anmalyze the circuit in the following Fig.2 and prove tha it is equivatent to
a T Mip flop.

. A sequential circuit has two JK fip fops, one input x and onc output vy,
Following is the logic diagram of the circuit, Derive the state table and
state diagram 7. Design a sequential circuit for the given state dragram by
using JK flip llop of the circuit,

EON

5

. Design a sequential circuit with two JK flip flops, A and B ind two inpuis E
and X. If E =0, the circuil remains in the same state regardless of the value
of x. When E = | and X = 1, the circuit goes through the state transitions
Irom 00 to 01 to 10 to |1 back 10 00 and repeats. When E = 1 and X = 0,
the circuit goes through the state transitions from 00 to |1 10 10 to 01 back
to 00 and repeats.

o

. Design a sequential circuit for the given state diagram.

o0
ey ©
/0

7. Design a sequential circuit for the given state diagram i Fig. PS.
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8. Design a clocked sequential circuit for the given stute diagram in Fig. PG, ) : ) .
"4 11. Obtain the state table for the given stare diagram and reduce it. ™

9. Design a sequential cireuit for the following state diagram.

P

(o) (029

@) ‘|
@

@9

10. Design a sequential citcuit [or the given stale diagram using JK flip flop.

-
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