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5.48 Digital Electronics

t4. Tabulate the PLA programmable table for the four Boolean functions lisled
below.

(.1' y,z) —-Zm(O [.2.4 6)

B(x,y,2) = > m(0.
Clx,y2)= ZJH(3.6
D(x.y,z) = ¥ m(1.3.5.7)

15. Tabulate the PLA programming lable for the four Boolean functions listed
below. Minimize the number of product erms.

Alx,y,2) = 2(1.2.4.6)
B(x,y,z) = ¥ (0,1,6,7)
Cl(x,y, z) =3 (2,6)
D(x,yz) =3 (1.2,3,5.7)

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

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

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

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

Tabulate the PAL programming table for the circuil and mark the fuse map
in a PAL diagram.

| Inputs Outputs
x(yjz|AIDB|C D
0|¢|010|1;0]0
glo)1 |1y 1|1 |¢
oteyof1 /0] L)1
oOf1,1{0 |10}
1010110 1|0
L{oj1fojo|0)|1
Lyrjor L1 Vv0
Lyl )1 01 ¢ | 1

/Chapter 6

Synchronous Sequential
Logic Circuit
_

6.1 Introduction

A block diagram of a sequential ciscuit is shown in Fig.6.1. It consists of a combi-
national circuit to which storage elements are connected 10 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 circuwil at that time.

Inputs Cutputs
— ]
Combinational
> Circut '—

Feedback 4
path ‘I

Memary

glements

Fig 6.1 Block diagram of sequential circuits
The sequential ¢ireuit receives the binary mlormation from external inputs,
These inputs and the present stale of memory elements determine Lthe binary value
of the outputs ol the circuit, They alse dewermine the condition for changing the
state  memaory elements. Thus. the next state of the memory clements is also o
tunction of the external inputs and the present state.



0.2 Digital Elcctronics

8.1.1  Mealy Model Sequential Circuit

Fig 6.2 shows l.he Flocked synchronous sequential Mealy machine. The output
of mealy machine is the function of present inputs angd present state (Flip flop

outputs). If X is input, 0, is the present state and the pext state is Quiany. the
output of Mealy Munction (Z) iy given below. o

2= (X0
Qutput
Z
L—)
Next stat
. e Present state Oulput
> Next state Decodar
I
npue X Decodor P
Momory
Comblnational| Q41 Q, 4
logle elrcult m ¥ logic elrcuit
—

L

Fig 6.2 Mealy mode! sequential circuit

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

next state decoder circuit. The output of memory element is considered as present
State,

6.1.2 Moore Model Sequential Circuit

=

Nexl statp Presentsiate
—— —
" Sulpljl
__L axt state N ar
Input X Decoder i f >
—_— I :
| Momery
FR H Qutput
Comblnational | @naq ) Q e Zp

togie circuf logle clreulf  {———————p
Y
. Flg 6.3 Moore model sequential clrcuyit
F?g.6.3 shows the block dagram of a Moore machine. The output of Moore
machine depends only on the present state. So the output of Moore machine is a

{unction of its present state {Qu). If the input is X. the next state is Q, 4, and the

E..:sen[ State 15 (. The output of Moore machine s represented matheratically
¥y

Synchronous Sequential Lagic Circuit 6.3

Z = f(QH)

The differences between the Moore machine and Mealy machine are tabulated as
follows

| §.No. Moore machine ¢ | Mealy machine |
I. The output of this machine is i lts output is function of present
the funcrion of the present statc | input as well as present state

only.
2. Inpul changes do not affect the | lapul changes may affect the ‘

output . output of the circuit
3. | Itrequires 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

Logic diagram

Identify lype of circuit
either Mealy or Woore circuit

}

Derive excilation equation
{Boolean expression)

Analysis Synthesis
Procedure ) _l_ Procedure

Derive next state and
oulput equalions

General slate
table

General slate
diagram

Fig 6.4 Flow chart




6.4 Digital Electronics

The behaviour of sequential cireuit can be determined from the inputs, outputs
and state of its 01p fops. The outputs and next state are both 2 funciion of its inputs
and the present stde. The anatysis of a sequential circuit consists of vblaining a
state table or stale dingram for the time sequence of inputs, outputs and internal
states. The analysis of the clocked sequential circuits can be done by following
the procedure ax shown in Fig.ﬁ.t‘f_"'The reverse process of analysis is krown as
synthesis of clocked sequential Iogic circuit.

For the analysis of scquential eiveuit, we start witl the logic dingram. The
excitation equaion or Bovlean cipression of cach flip-flop is derived from this
logic dingram. Then o obain the next slate equation, we insert ihe excitation
equations inte the charactertstic equations. The output cquations can be dertved
from ihe schematic. Wue can generaie the stute table using output and next stauc
eguations.

6.2.1 Analysis of Example Sequential Logic Circuit

Yy

CLK®

Fig 6.5 Example of sequential fogic circuit

Fig. 6.5 shows a clocked scquential circuit. [t has one input variable x, one
output variable y and two clocked JK flip flops. The {lip fllops are tabelled as A
and B and their outputs are labeiled as A and A.Baud B respectively.

Step 1 : Type of circuit

The output(y} of given logic circuit (Fig.6.5) depends on present uyput and
also on present state (Flip flop outputs) of flip {lops, so that the given sequential
logic circuit is Mealy scyuential machine.

Step 2 : Excitation equations
The excitation cquations or Boolean expressions of {itp flops 4 and B are
obtained. The equations wilt be in the form ol present states A and 8 wand external

v.&. =

Svnclwonous Sequential Logic Circuil 6.5

p i ErDTE the
1c 1]016 aret JK B‘P Qps W‘h".h 1 ha\’e Oulpﬂl A d‘lld [j her
nee he WO ” ~ ] ‘..

o aion (equation formed for flip flop input}

excifation equ

For Flip flop - A Ja=xB

For fiip flop - B Jp=3A

- i . e lllecll)’ i'l'(m
sLaic ¢ can i_(. (lLlllLd o

. i q '| c slalc ﬁqli(\‘.lu“h - o ‘ 1

S(EP 3 H e.\‘l Stalﬂ CqUEItlUns i 5 . ] “ “'ﬂ J ‘ 1

the ﬁ'C t\[l. yar Lll(ik"ln“ af Fig_(\.J we Can sCC l al l] w5 _“‘ H i ]l]) 1t 1)1

l 10 1 aurdnm. £ (it 14

lhe ﬂl]} HUD A ‘-._,C“eh\[e ¥ ule funeion -B‘- ar d ll c s1gna 'l"i .H‘i“.“ K by the
T 3 - o _l . ’ L
A S\b laeng j = Hx and J\, — }3.\ no W .I! }\ “lil nop L.hdl aClel 151C
UHLUUH B\ ubs f[ng .”l

c o oven bY
equation Ziven by o
Ot ';-"Qu'l’KQu

State couation for flip lop A

ha L0 ‘ _ .
Ay = (B0, + (BRI wheve O J

i
S
o

+
=
=~ ]

+
Z

~ABxt+AB+AX

= ﬁ+ x(A +AB)
— AB+x(A+B)
— AB+Ax+DBx

(A+AB=ATt &)
Apst
State cquation for flip Nop B

Sl?l ll) Wwe Ctit { d Ltle b [Elle eqll:l 0l t‘D H. ﬂn ) B.l =
l‘lila P < nin 1 T ‘p 1

. s I . .
Ihe!cl()le [llc slatc [:(‘ 141101 Dl ﬂlp s Hp 1; 18 el s

Ax and K —Ax.

Buat —AXE+ (A VB
= ATB 4+ (A+X)B
= AR+ AB+ X
~T{AB+B) +AB
=TA+B)+AB

By =ATLBELAD
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Output equation

The given sequential eircuit has output y. The output equation can be found from
the Fig.6.5 which is derived using three input AND gate

Step d: State {able _

Table 6.1 is the state lable for the given sequential logic circuit, 1t represents
the relationship between input, output and {lip Nop states, 1 consists of three
columns: present stale, next state and oulput

Present state: 1t specifies the state of the flip flop before occumence of a
clock pulse,

Next state: It 1s the state of flip flop after the application of a clock pulse.
Output: This section gives the value of the oulput variables during the

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

Table 6.1
| Presentstate | Next state Output
AB L AB ¥y

AB r=0|x=1]|x=0]x=1

00 00 10 0o | 0

01 01 00 0 0
B 10 L1 10 0 1
L K § 0 !

We can derive the state table as follows

(i) 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 nexi
state is obtained by nsing next stale equation

Next state for Hip top A

Ansy = AB 4 Ax 4 Bx
~ 01400410
=0

Synchronous Sequential Logic Circuit 6‘.7

Nex state for fiip flop B
By =AY+ BX+AB
=0.1+0.1+0.0
=0

ENEX( state For this case A8 =00 .

(i) 1l present staie AB=00.x =1
Next state for flip-flop A
Ani = AB-+AX +Bx
=0.1+0.1+11

=]

Next state flip flop B
Bn+[ =A.T+B—\-+AB
=0.0+00+0.0
=0

NexI state for this case AB=10

Similarly we can obtain next stae for a
the table.

I jes in the ©

i) Determine the entn ‘ -

( AND gate for all possnble present states and wapul.
o

il these different cases 88 shown in

utput section. For thig, we have to exaimne

@ 1f a present state ap=00, x=0
outpul y=ABX
=010

(o) [{ a present state AB = 0. x=1

outpit ¥ = ARy
=011

(=9l
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Thus, the state table of any sequential circuil can be obtained by the same pro-
cedure used in the above example, This example contains 2 flip flops and one
input, and one output, producing four rows, two columns in the next stae and
output sections. In general, a sequenttal circuit with m fiip-Rops and »-input vari-
ables produces 2" rows and one for each stale and 2" columns, one Jor each input
combination in the next state and output sections of the slate table.
Step 5 State diagram

State diagrum is w graphical representation of a state table. Fip.0.6 shows the
state diagram for sequential circuit. Heve cach state is represcated by a circle.
and wransition belween states is indicaded by directed lines connecting the cireles.
The binary number inside each circle idantifics the state represented by the circle.
The divected lines are labelled with two binary nunmbers separated by &t symbol */'
(stash). The inpul value that causes the state transition is labelled frst and output
value is nexl.

10

Fig 6.6 State diagram of Fig.6.5
L
Example 6.1 Derive the state table and stale diagram for the sequential cireuit
shown in Fig.0.7(a).

3 Solution

Step 1: Type of circuit

The output y of given sequential circuit (Fig.6.7) depends on the prosent input
and also present state (fip flop output) of flip fops, so the given sequential logic
circuit is Mealy sequential maehine.

Step 2: Excitation equation

For flip flop A

Ji=x+R
Ki=4

T

Synchroaous Sequential Logic Cireuit

Fig 6.7
For Nip flop B
Jg= z +x
Kp=

Step 3

We know that characteristic equation of /K flip flop

Opr = -{_Qn + RQH

State equation for flip flop A
Ay =¥ B)0, + AQx
= (x+ B)A +AA
=Ax+AB+0
Ay = ;(.\' +I‘TB
State equation for flip flop B
B L= (E JF.-‘_)QH +‘EQH'
= (A+x)B+B5
B :;_B+§-\'

Quipul equation

(where @, = A for flip Rop A)

{where @, = B for flip fiop B)

V- ABx

69
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Step 4 : Statc table

Fig 6.8

_ﬁ
Example 6.2 Derive the state tap)e
shown in Fig 6.9

0 Solution
Step 1 . Type of circuit

[ . -
T'le output of a given Gircuit(See Fig.6
present states. sg (he given sequential lo

Step 2: Excitation Equation

For fip flop A
For Flip tip 8
For Qutput

and staie digey

am for the sequentia circuit

9) depends on present input

=) depend, and also on
81 circuit is Mealy machines

Ay =Av+By
D_r; = r_'l\
Vv=AB4x

Synchronous Sequential Logic Circuit 611

Step 3:
We know that characteristic equation of I fiip flop (next state depends on input
D)

Anpy =Dy
A”_'_} :A,\'—}—B,\'
BJH-] = Dﬂ
BHH :Zx
A
X
0, Qa A

I
ﬁn A Y
X
>
Qg B8
cP
Fig 6.9

Step 4: State table
The state table contains four rows and three columns. The nexl state and output
have two sub columns. -

| Present state | Next state Output
" AB | AB y
 AB 2=0|x=1[x=0[x=1]

|

U AT
‘ 00 i0

f 11 ] 00 J 10 !

—| )

.
-
-
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Step 3: St.atc Diagram Svnichrongus Sequential Logic Circuit 6.13

/G

Step 3
We know that characteristics equation of JK flip flop

A1 =J0, + KO
State cquation for flip Aop A A, = BA+ (B%) A o @p=A4)
=BA+A(B )
=BA+AB+x
Ay =ADB)+v
State equation for Rip fop B: B, .| =30+ (ﬁ:)b’

110 . ’ ;
=T B+ (Ax+ATX)B
; B AX
__ o o | B, =XB+AxB -+ AN
. erive the state table ang slate di
crown in g e diagram for sequential circuit g Step 4: State table
| Present state | Next state Outpuq
x=0[x=1 Yoo
' : AB AB A8 .
) o1 | 00 0
01 I 10 L
10 7 11 10 t I _
T o [ [ o |
State diagram
- F-
' Solution e
%l]ep 1: Type of circuit
€ output y of the sequential ¢ircy;
> Oulput y Ircul de (
lagic circuit is (he Moore type cireuit R 710 the given
Step 2: Excitation equations
For Rip fiop 4 =8
| K = Bx
For flip flop 5 Jp=x
o  Fote: The stale diagram [or Moore machine is different from Mealv 'I]'li'll.'hillL‘j
y=A:mp | Here eacl cirele is coded wilh state binary number/output. 1
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6.3 State Reduction

Any logic design process must consider the problem of tninimizing the cost of the
final circuit. One way to reduce the cost is by reducing the number of fitp Hops. /.e.
by reducing the number of states. The stale reduction technique basically avoids
the introduction ol redundaat equivalent states. The reduction of redundant siates
reduces the number of Qip flops and logic gates reguired,-thus veducing the cost of
the tinal circuit, Two states are said'to be redundant or equivalent. iV every possible
setof inputs generale exactly the same outputs and the sanic next states. When Lwo
states are equjvalent, one of them can he removed withoat altering input-outpwt
relationship. Let us consider the state diagram shown in Fig 6.11. The suies are
denoted by lciter symbols instead of their binary values because in state reduction
techinique internal states are also important. but input output sequences are mare
Important. The procedure contains two steps.

Fig 6.11
Step 1: Finding ihe siate table for the given siate diagram

First the given state diagram is converted inlo a state table, Fig.G.11 shows the
example of state diagram,

Present state Next state Output _]

Both are
equiva;enl slates
because of stale
c and e having
same next! slale
and same oulpul

Step 2: Finding equivalent states
The two present slales go o the same next siale and have the same output for
hoth the input combinations. We can easily find this from the state able, states

Synchienous Seqguential Logic Circuit 613

lates g0 10 stales © and d

] H des
are equivalent. This is because both ¢ an

aie ¢ can be
e Foand | fora=0,x= | respectively. T Therefore, the st 11] ¢ g“,en
) P oran
e dand 4 by ¢. The final reduced table and state diagr :
e T Fig nd row have e slate for the input * = 1,

Fig.6.12. The secO

}
in e 1 1 e - and ¢ are equivatent.

replaced by ¢ hecause the states

Table 6.2 Rreduced slate table

Present
state

‘\]c\tslﬂtt\ Oulpul \’
AB wﬁ_i__-‘

x:(?_\fl +=0 1--!

0
]
0

140
Fig. 6.12 Redhced state diagram

E am e 6 4 bt l]. I ICd Cd sl e lﬂble n led € Ld |[ d ‘L'|0' a fO )
¢ d LiCl d slate 1 rarm I

Wi
equentml circuit whose stale diagram 15 sho
k)
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i Solution

The given diagram h
the given state diagr
State table

as gven slaies, one input and one outpul.
am 1s converied to a state table.

Table 6.4(a)

Present gtate Next state

Bolh are
equivalent stales
because of stale

_______ ] e and g having
...... 5ame next stale
_________________ and same oulput

From the above state table, it

. is clear that sta : .
state g is replaced by state ¢. The : tes e and g are equiv

reduced state (able is shown in Ex 6.4
Reduced state Table

Table 6.4(b)

equivalen|
Slates

Fror
N the ahpve reduced table, states o

f'cplaced by d and it ¢
0 Table 6.4(c¢)

cod and £ are equivalent, henee [ can be
an be removed. Then finally the reduced state wable i shown

Fiugl reduced table

th REALe (i e F a !
b (llilL ram ()Il [J i ’ 858
e ledllced St H * %8 Wi i i ]
& ale dl)IL 18 hO VYN IC"(‘" {l IR

As per the step 1,

alent. So the
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I’resent state Next state Qutput
AB | AB
I AB | x=0{a=1la-0]x=
« o 2] 0o
b Lo d i
t Lo ¢ 1l 1]
) v o ] | ! ‘
e e fod 0]

6.4 State Assignment

In sequential circuits we know that the behaviour of the circuit is defined in levins
of its inpuls. present state, nex! stalc and outputs. To gencrale the desired next
stale at particular present slate and inputs, it is necessary Lo have specific fiip Aop
inputs. These flip flop inputs are deseribed by a set of Boolean functions called
flip flop tnput functions. To determine the flip Aop input {unctions, it is necessary
to represent states in the state diagram using binary values instead of alphabets.
This procedure is known as stale assignment. The following rules atre used in stale
agsignment.

Rule 1. States having the siame next states for a given input condition should
have assignments wlich can be grouped into logically adjacent cells in a
K-map. (Fig.6.15)

@)

Fig.6.15 Fig.6.16

_ e S p—
Rule 2. States having different next sttes should have assigmiment which can
lbc grouped inlo logically zdjaceat cells in K-map, (Fig.o.16)




0 [8 Dfﬂ“'ll El 'Ong
N ol iecl) olcCs
L;y”(:hf'(]”()(f.‘; Sﬂqﬂeﬁ”ﬂ} LG.L’!‘L' C.’-I'CU” 6 ]9

e v—

" Present state Input | Next State Outpyi_[

Example 6.5 Desipn 4 « Lo
- SIED A sequential cireuil using D A e . , | Y
given below, Use state assignllalllf.:nl rﬂllp ffln!) 101. o st diagram L1 0 1 0 rx XpX X .
compate the required =PIENL rU'Es for assigning states and LI‘] ol 1 [ x I xTx X
Guired combinational cireuit wigh random state |
oo T A )l_‘_l 0 0 (X X |X X
R 1 i‘X'X X X
NP R O RSN
AREANIN RS PAE AN

Fig 6.17

U  Solution

The states are a.b,c.d and e, Each state is randornly

=000, b =001, ¢ = 010, d =011,
considered as don'( care conditions,

Excitation tabje

assigned.

=100 The remaining combinations are

K-map simplification

The £ Mip Lop wput is equal o next stute and the dip flep expression is obtained

directly.

Expression for flip flop input D,

¢
AB\" 00 01 4
00

1,
F\—\-\__'a‘igz

ol* -

-
-
n
=
=

ABN 00 01 11 10
ool @ 1 3 2 B

01

11

2
12
X
3 9 11 10
o T

D= A x+BCx

The random assignment requires

T three inpus AND gates
I two input AND gales
4 two mput OR gates

Expressian for flip flop input Dg

AeS%00 01 11 10,
0 [ 3 IR
oG i 1:1‘:
4 HH [
01 g

Z=BCx+AX

Total 12 gates with 31 inputs and 3 {lip Nlops are required 1o construct the sequen-
tial logic cireuil. Now we apply stale assignment tules, then follow the above

sIeps.
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From Rule 1, The states cEBﬁ Hﬁsl be adjacent j

From Rule 2, states 5 and ¢ st be adj
the 3 variable K-map

acent. We form the adjacent cells in

Excitation table

ATBL
oo
‘ 000
- 00T
: OO
” ' 0 10
o RSN
O
;; Y
b Lo
(1.0 0
1 1o
0 10T
b CLTT T
AEEE
RN
AERRI

K- Map simplification
Expression for fip fop input D,

Cx -
ABN, 00 01 11 10

0o0l0 1 3

o1f4 5 (77 |8 ¢
X| x| *

12 {13 |15 4

"

Expression for Fip fop input Og

Cx
ABN, 00 01 11 10

oef{9 1 3 2
| 1
ot|* |5, |7 |s
(IR EE I KT
o Xt X 1
9 |11 o
B IS IS )

Dg=ABx+ABx

Synchronous Sequential Logic Circuit 6.21

Expression for Gip f.op inpul O Expression for fiip Lop input Dy

asSi 00 0t 31 10 A0 o1 m 10
aolo 1. 3 2. oo| 0 1 3 2
YN 1
5t |5 |7 6 | 4 |5 |7 6
O il 1S o ‘
12 |13 |5 [i4 2113 [15 (14|
] i 1 N e ‘3
& & [t o s |9 It [0
1] R ] o x| ula]
D.=A Da=ABx+AB X

Under the state assignment rules, we require

4 thiee input AND pates
1 two input AND gate
2 1wo input OR gates
A woal of 7 gates with 18 inputs and 3 Nip Nops are required to construet the
sequential Jogic circuit based on the state assignment rulces,

6.5 Design Frocedure

The following steps are followed to design the clocked sequential logic circuit.

i 1. Obtain the state table from the given circvit information such as a stae {
i diagram. a timing dingram er deseviption, |
! . .

The number of states may be reduced by state reduction technique.

)
. 3. Assign binary values to each state in the state table. '
i 4 Determine the number of flip Aops required and assiga a letter symbol ¢
. to each flip Aop. ‘
© 5. Choose the Nlip flop Lype 1o be used according to the application. ‘

i 6. Derive the excitation table from the reduced slate table.
! . . . . .
7 Derive the expression for flip fop inputs and outputs using k-map sim- |
piification {The present state and inputs are considered lor k-map sim-

6.6 Synthesis of Clocked Sequential Logic Circuits

Synthesis means that, ivis the reverse process of analysing u sequential logic cir-
cuil. In this synthesis. we geta logic civeuit [rom the information of state divgram.
word description ete. The detailed steps are given in the example. Now we will

sew the detailed descoption ol cach step.



that there arc no cquiv

diagram. As the sluie diagram contains 4-s
named as A and B.

622 Dicital Blectronics

A state diagram is obtained from the word
other pertanent information. From his state di
The reduction of nusuber of states
gives the reduction in combination
required 1o design any sequenti

e o ——C—
Example 6.6 A sequential circuit has one input and one outpul
diagram is shown in Fig.6.18(

using 1) flip flop

agram, we can lorm a state table,
: and binary value assignment to cach state
al cireuit requirement. The number of flip flops
al logic circuit depends on the number of states,

and its state
arDesign the sequential eireuit

Fig 6.18(a)

O Solution

The given state diagram consists of four states. 1t hat one in

| . 1 : put (x) and one outpul
0} The stae table for the given stale diagr .

am is shown in Table.6.6(a). It is clear
alent states. Therefore, there s no reduction in the state

ates, it requires 2 Aip-flops which arc

Table 6.6 (a)

= LU C) I
. Present state | Next state Output

Y=0|x=1|x=0] x=]
L _Aﬁlw y 1

L 00 {10 | !
0L Ta oo | 0
O T T S
L 0010 T
_ 1 —

description. timing cliagram or

Synchronous Sequential Logic Circuit  6.23

Design using D-flip flop

. For the design of circuit using D fip Hop (or any flip llop). we need the excitation

table. Table Ex 6.6(b} shows the excitalion table of D flip lop from which we can
develop excitation table for the sequired circuit as shown in table 6.6(c).
Table 6.6{b) Excitation table for D-flip flop
Present slul_c_i]ﬁNe.T gﬁﬁi-ﬁ]i—p 'ﬂio_p md]
O Qn-u_'__F b ]
0 ( 0
0

lk
|

|
\ 0 0
1 1 l | ‘J

. Excitation table .
| Present state | Input | Next state | Flip Hop input Outpu_t_l
A B v }A B__‘ Di |  Dg 3

0 0 0 0 0 0 0 0
% o | [ |1 o 1] 0 1
51 1 [0 [T 1 [ | I
0 1 T 1ol o ol 6 [ a0 7
4_1 0 0 11 0 [ 0 1

1 0 L 0 1 0 1 0

1 i 0 (0 0 [O0¢f 0 | ’_(
L1 1 v il o 177 0 0

The flip-Aop input function and the circuil output function are obtained by
using K-map simplification.

Input equation {or) function for flip flop A(D4)
’ Bx

Di=ABx+A B+ ABY Al
=A(Bx+ BV +A(B Y4 By)
Lel us consider 2= By J— BE.henB ¥+ Bx =2z Simplily the above equation
DA = Az + A%

=A<
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Substilute ; = By + BY = B-{-x in the above equation

Dy —ADBDx

[nput equation lor Rip Nop B(Dg) Output function y
Bx
ANO0 D1 1M 10
o0 D 2
% M
1. 5 7 5 ___]
oot | L.

| Dy = ABY -~ ABx y=aAv4+A By
The input equation [or flip and output equation are simulated as follows
DA=ASBox
DB = A B+ ABx
y =A¥+ABx

A sequential circuit using D flip flop is obtained by usi i
. using the abo A ;.
shown in fig 6.18(b). Y g ve equations s

> o =

x—8 &DA Q4 A

CP Q]

.

v_
®
=i o

L —

Fig 6.18{b}
6.7 Sequence Generator

sequential circuit which generates a prescribed sequence of bits, synchronous

\'- o g - Y el . :
with the ¢lock, iy referred Lo us a sequence generator. We can consiruct sequence
generalors by two ways

. Sequence generators using counters

l a = 1 if] 1
2. Sequence generators using shifl cegisters

Synchronous Sequential Logic Circuit ~ 6.25

6.7.1 Sequence Generator using Counters

Fig.6.19 shows the block diagram of i seyuence generaion using counters. L con-
lains two stages
1. counter, and

2. next state decoder.

—_—— —

L MNexi
. . st .
FFinputs * : decoder .

Counter FF oulpuls

Fig 6.19
Design Procedure

Step 1: Determine the number of Nip-fiops required

The number of Nip-Nops required 10 geneiate a parsicular sequence can
bic determined as follows.

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

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

(¢) Take the maximum volue from both. I ‘n" is the required number
of fip-Mops, choose minimum value of 1" ta satisly the following
condition.

maxi0's. Vs = 211
Step 2 ¢ State assignment
Onee the number of fip-Rops s decided. we have (0 assign unque states
coresponding to each bit in the given sequence such that the fip-flop
representing least significant bil generates the given sequence (lie but-
put of the fip-Nop which represents the least significant bie is used
represent the given scquence)

Step 3: Draw the state diagram [rom the atbove state assignment and obtain the

excitation table from the state digris.

Step 4 @ Find the Booleas expression foreach fip-lap inpui by using K-ititip amd

draw e logic diagram for this Boolean expression
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T ST, AT s
Example 6.7 Find the number of flip-flops required 10 generate the sequence
10110110.

i1 Solution

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

max (3,5) < 2!
a-

]

< 2
n=+4

Example 6.8 Design a sequence generator using JK Hip-flap o generate the
sequence 1101011,

1 Solution

Step I: Number of flip-flops required
Number of (s in the sequence = 2
Number of 1’s in the sequence =35

Hence max (2,5) < 2!
5<2v!
n=4

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

Step 2: State assignment

Decimal (A B |C|D
equivalent
1 ololo ;]"\._ Given sequence,
3o oo iR s,
0 0:0[00:
3 Ofv]0L;
2 00|10
7 O]t
9 1Joj0 T

[ I —
Assign binary value based
on non-repeated slales
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Step 3: State diagram
Excitation table
Present state Next state Flip-ilup inpuls
O [ O [ Oc [ [ O jOu 1 Oc T Un [Fa [ K| Kel e[ Kc[dp | Ko
ol oo 0ol ofl o [t Jox |1 [ x|{x{1]1 71X
0 0 0 1 Q {0 1 L 0| X 0| X | X | X 0
0 0 I 0 0 [ | t 0| X I X1 X0 1 X
0 0 ) L 0 0 0 0 1] X0 XX [ X 1
0 1 0 0 X X X X I XIX[x | X | XX 1X]|X
| 0 1 0 L 0 1] | 0 4} X1 X I 1 X1 X 1
{ 0 | 1 0 X X X X X | X | X | X | X|X | X[ X
Q 1 1 1 L 0 0 1 L X | X [ X 1 X 0
! 0 0 0 X X X X [ X[X[X[X|X]|X|X]| X
1 0 0 1 0 0 0 i X 1 o X |0 X | X 0
1 0 1 0 X x X X X[ X | X[ XTX{X|X X
1 0 1 { X X X X X1 X | X] X[ X XX, X
i dolox I x X xIxx i x| xx]|xjx|x
1 1| 0 P XXX XXX X XXX | X[X
1 i ! 0 X X X X XX | X| XXX |X X
1 1 1 1 X X X X [ XX [ X | X | X | X | X X |

] Note : The unused states 4, 6. 8. 10, 11, 12, 13, 14, and 15 are considered as X |

K-map simplification

Q:Q,

For J,

01 N

10

Q.0 _00
0

o1 «

1 x

1 x

For K,
Q.Q,

QAN 00 01 11 10
olix | x| x| =i
ie | 2] x| xi
ol [ x| x| X

K

For Jg
Q.Q,

QN 00 01 11 10
o ...1..‘: :.,... .
ofl xi| x| x |ix
11 x ®)OX 'ex
i | x [

“]B: QD




6.28  Digital Elecironics

Fig 6.20

.-_n___

Example 6.9 Design a pulse train genecator for the w

e 1 107

(1  Solution

Step 1: The pulse is repeated for every <4-bit sequence 011,

quired aumber of fip flop is determined as 1ollaws

aveform shown below.

Therelore the re-

Synchronous Sequential Logic Clireuit 6.29

() number of s = |
(i) munberol {'5=3

Hence miax {1,3)< 2" !

3 S 2”~—- |
D=3}

We need three Aip-lop named as A4 and €. The desired sequence ix
generaled by the C fhip-fop.

Stepr 2 - State assionment
1 e

Ejecimal 1A f B } C

equivalent !

0 IR
{ 0lobi:
3 0|ty
5 RELEAE

Given sequence

Note: The unuscd states are 2.4,6 and 7. Cousider the don't care ]
(X) for these states in the K-map simplification. ]

Step 3 : State diagram

Excitation table
" Present MTsTn:e T

_ Flip-flop inputs
O [ Ou | Oc 1010 [ QT dy [Ky [n | Ky [ Je | Ke

0 RN EEEREES
i'_ﬁ_; 100 | X M IX X0
) BNRAS S YNNENN
R S N AU N N

CNote s Unused states 2.4, 6 and 7 wre considercd as X |



6.30  Digital Electronics

K-map simplification

Expression for J, Expression far K

Expression for Jg
Q. 0,9, Qe
0, N\ 00 01 11 Q. N\ 00 01 11 10 Oa\oo 01 11 10
N CR I F) o P 3
0 97 FEESE
11 % 1% 'x
) Ja=03

Expression for K,

11 10
3.‘.-‘1.

‘This minimal expression torm is K-map simplification
Jr=0n Jy = Qalc Je=1
Ky =1 Ky=1 Ke=0y
Logic diagram

Out'pul

CtK

Flg6.21

6.7.2 Sequence Generator using Shift Registers

This 1s another method for designing sequence generator. In this method shift
regislers with next state decoder logic are used. Fig 6.22 shows the block diagram
ol sequence generator using shill regislers.

From this Ftg.6.22.we see (hat the outpul of next state decoder is a function of
Oa. Oy ... QOp The next stale decoder ts o Jogic circuit which decodes the output

at shift register and generates (input to get desired sequence from Tip Mop A (least
significant bil).

Synchronous Sequential Logic Cireutt 0.31

p| Shifl register

1 e-on
(1

Next slate
decoder

Output

Fig 6.22 Block diagram of a sequence generator using shift registers

veale a [ [
Example 6.10 Design a scquence generaor ta generale the sequence 11010

by shift register method.

‘ 1z, requir generate a
Inn this approach, the minimum number of flip-flops 7. required (o geners
sequence of length N is given by

N < 2Hr-l
In this cxample N =7 and therefore, the minimum value of n, which may generate
n this =
the sequence is
7<2'~1

7Es)

with the three fip-flops. the sequence generation is shown in Table.6.7 The state
1 - . .
diagram is shown In Fig.6.23

Table 6.7 State assignment o
Flip-flop outputs

Diy States

g

AN W R

LRI . Fig.6.23
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K-map simplification for Dy,

Q,Q,
Q. 00 04

Dur == Q!. +QI}Q( + QB Q(.‘
=Qa+0n 2 Qc

The logic diagram is shown in Fig.6.24. The
Dy, Dy and D ave 100 respectively,

1 0 a
o Dy . Dy D
o 3. bit shift register
Q, Qp Qg
] M

Fig 6.24
6.8 Sequence Deatector

A sequence delector is a sequential logic civcuit that can be used 10 detect whether

4 Btven sequence ol bits has been received or not. We can

draw the state diaor
when we know the se ‘ o

Quence and then follow the steps (o desien sequenti

vhen ‘ al logic
cirenit o obtain the sequence detector sequential ] i

ogic circuil.

Inpul seque Seguence \_ﬁ
p quence ﬂ Quiput sequence

Fig 6.25
Gen sequence detector produces an vutpul = |, w
desired input sequence and "0° for other ¢

Generally
¥ henever it deleets the

ases. There ave two types of detectors:

E A detector which delects overlapping inpul seyuence, and

2 whie
2. A detectar which detects non-overlappling input sequence,

inilial state is 100. So the input for

“Synchronous Sequential Logic Circurt 6.33

Example 6.11 Design a sequence detector which detects the sequence 16001 1.
0 Solution

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

in the sequence. Onee the number of states is known, one has 1o draw the directed

fines with inputs and outputs as welghed between the two stales, Let us slarl 1

draw state disgram. assuming initial state 15 A,

State A: In this stale. Lhe detector may receve either an iaput O or [ Based on
these inputs, a sequence delector is cither in same slate or move on 1o
the nex! staie as shown in Fig.6.26.

When mput is 1. we have delecled first bit in the seguence. hence we
have 10 go 10 next state (B) o detect the next bit in the sequence

0:’0
(D)=~

(a)

Fig 6.26

When mput is 0, we have Lo remain in state A, because hit '() 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) 1o detect the nexl bit in the sequence [See
Fig.6.26{b)) '
When input is |, we have to remain in the state B, because | whicli we
have delecled may start the sequence oulput which is sull zero for both
Cascs

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

Fig 6.26(c)

When inpui is [, we have 10 go o stale B. becavse | which we have
detected may not be in the sequence w he detected but it may be the
siartdbil ol the sequence. hence we can move w atate 3. The output is
<ill zero 1 See T 6.260cn
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State D to State F: As explained for stale A, stale B and state C, if the desired
hil is detected, we have Lo go for the next state otherwise we
have Lo go to the previous state Itom where we can conlinue
the desired sequence. When complele sequence is delected,
wc have to make oulput I and go (o the initia! stale. The
complete state diagram is shown in Fig.6.26(d).

0o -

State assignment
Assume that for state assignment, we need 3 flip flops to construct the se-
quence detector circuil. The sequence detector has a tolal of 6 states. Two flip
flops are enough for less than or equal o 4 states. Hence 3(2° = §) Aip Aops
are required to construct the sequence detector. We choose JX flip flop and the
flip Nops are labeled as A. B8 and C, assuming stale assigniments as A = 000.8 =
001.C=010D=011.E=1t00and F = 101.
Excitation table
We can easily write the excitation table from the state diagram.

Fig 6.26(d)

Input | Present state Next state Output Flip fiop [nputs
X A|B c Ay Bt Co ¥ Ja Ky Vde | Ky | e | Ke
] 0j0f 0 0 0 0 0 0| X o x |0} X
() 00 ] 0} L 0 0 o X [ X | X| 1
0 0] 1 4] ¢ J I 0 4] X X 0 1 X
0 011 1 I 0 0 0 | XXt X |
0 I{0] 0 0 0 0 ) X1\ 0] X |0l X
0 1]0 l | 1 {0 0 X1 [ | X | X L
] 0j0] 0 0 0 | 0 o X [0 X |1 X
I 6|0 1 o0 0 L i 0l X0 X | X]O0
o1l o 0 a [ 0 0 [ X [X] T |1 [X
CT el a [ 0 0 [ X | X1 U [XT0
C rlol o . [ 0 X[o ot x 17X
| 1[0 i 0 0 L 1] X | 0N X L

Synchranous Sequential Logic Circuit

K-map simplification

Expression for flip flop input J,

w0 01 1 10
oolo 1 12
4 5 [1ii]e
01 x| x ix x
12 13 15 14
"] x x | x x
B 9 11 10
10
J=%X8c

Expression for flip flop nput Jg

A}(CDD gr 1110
00 0 1 . _?“ 2

CfTR X
5; {7 4|8

01 4 HE! xij x
12 T ETR

1 X x
. 10

0 8 7 [ x

JB=F(C

Expression for flip flop snputl J¢

mcoo 01 %110
00

01

1

10

Expression for flip flop input K,
Cx

ABN, DO g1 11 10
0D x
04 : x
i 1 x.
10 X :\‘E“"“__j X
Ky= X+ C i

Expression far flip flop input Kg

w0 01 11 10
2

ool® |' .-
X ='X ‘:
4 3 7 116
01 X X )(': X
:
12 13 15 | N4
AT x| =
B E RN
10 I“x wx Lt

Kg= X+ C

AX COD g1 11 10
po|? 1 3 2
5
o1|*
12 13
11 Hed
hao-
8 9
10
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Logie diagram for scquenee detector

QW<

—

K:

L

3

O >
=
o

[
W x
=

o
lo

O x|
=
ot
-~
o
I (@]

Tm
B Xl

Fig 6.27 Logic diagram for sequence detector

Example 6.12 Design a sequence deleclor 1o detect the sequence 101 from
10101.

[0 Solution

We have only 3 slates because we have Lo detect the sequence 10] from the
given number [0101. This circuit is allowed repetition.

Initially, we assume thal the cireuit is in its reset state, state . Witha | coming
in as first bit in the valid sequenee, it wilt go Irom stale a to state & with an output
as 0 because we have nol yet detected all the bits in the sequence. When input
is 0, we detecl second valid bit in the sequence so it will go from state b o state
¢, otherwise slate & remains same. When the input is I, we detect third bit in the
sequence, which will go from state ¢ to state & with the output as | because we

are yet o detect all bits in the sequence. If the input is 0. it will go lrom state ¢ 1o
state a with output 0.

0/0

Fig 6.28 State diagram

The binary vatues are assigned to state . b and ¢, Only twa {lip flops are
2 ' . N . . .
enough (2= = 4)o design the sequence detector sequential logic circuit, by using

T fip flops.

Assume the state assignment

a — (0, h=0]. T

Synchronous Sequential Logic Circuit  6.37

Consider the inpat is X and the outpuis ¥.

[MTuput | Present state Next state | Flip flop Inpuls glfﬂ'l_:
X ru_ b tprl | et | T T T
o ol o o o jo 0 o
R 1 0 |1 i KN
o o o 0 |1 0 T
o T U XX X X N
[ T T A N N E N
BRI S I AT S TR S S
T et A R R R o
T N T W RS I S T S I S

K-map simplification

Expression for Ty,

Expression for T, Expression lor Y

b ab an
2 11110 \
Xuo g1 1110 x\ 00 0 LN 00 81 1110
1} 1 _._I_!__ 2 —1 3 2
[ 1 ta e 0 : w1 o |0 .
0 Y EY T %
L axil T T
H 1+ R E 7 16
q 5 A x| 3l 1 - T
! 9 W ) — (- p—
T, =xb+xb=x®b _
T, mavxb b Y=xa
Logic diagram for sequence detector
¥

ol

Clock
Fig 6.29 Logic diagram for sequence detector

a
.
Example 6.13 A scquential circuil with 1wo D {lip Nops A and B and input X
and output ¥ s specilicd by the following next state and output
cquations
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A(t+1) = AX + X

RO —
ol .
‘ B{t +7) = A'X Example 6.14 Reduce the number of siates in the following state wable and
| o Y= (A4 B tabulate the reduced state table.
! {a) Draw the logic diagram of the circuit
. . Tanr A
! {b) Derive the state table . 1 Presen smtc, ; I:e(?t Sl‘“f 1 ‘._%m]n:l_ 1
tc} Derive the slate diagram a »/ b 0 0
O Solution . a4 ¢ E: ?
3 f 14 )
(a) n . o ¢ o | 0
X J ¢ I ¢ 4] 0
S 1 b 1 1
poa X I3 L i 0 |
| 3 J—Alji h g u | 0
cP g A -
I_—! O Solution

Two slates are said to be equivalent if their next states and outputs are equal.

Fig 6.30 .
(b) State Table C0n'1pare state 'a’ with ot}ler states. The next state of’a’ and "f° ure ;qual
Prescnt state | Input | Next state | Flip flop Inputs | Output for the inputs 0 and I but their outputs are not equal. Hence o # f. Similarly
A B X AT | BF | D, Dy ¥ comparing other states it is found that & = ¢ as their next state and outlputs are
0 0 0 0 0 0 0 0 equal and d = h. Hence the state table can be reduced as shown. The row ¢ is
(1) [l) g g 0 0 0 4 rentoved from the table and if any previous row containing ¢, il is replaced by
1 N g 3 g 8 g g b and the rows are compared, If any state has the same next state and outputs
0 0 I 0 ] 9 i 5 replace one row, continue this process (o obtain reduced state Lable.
0 1 I 1 1 1 ] 0 [The strike out lines are kept to illustrate reduction process]
1 0 1 | 0 | 0 0 "
i T I 1 a | 5 5 Present state | Next state Qutpu
_ x=0[x=1]x=0]x=1
{c) State diagram . . a 7 ) 0 0
b d da 0 0
Fa Al £} fal
[ g EfU v pJ
d g u 1 0
L fa) fal
C L4 L k%) hv
f f b 1 |
g g iid 0 1
I 1 —
LI Pe \. o T l LY

Alfter the first comparison.we find Lhat ¢ = ¢ hence the reduced state table i3
as shown below.

Fig 6.31
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Prese

Example 6.15 Desion a sequents
: one input 1. When y -
same. When v = |,

00  Solution

Output

State table _
Present stale | Input | Next state Outpui

A B X (478 Dy 05|
0 1 0O T 0Jolo0]o0
N I 0 [ o |7
0 [ 0 |0 | 0 L
0 1 ] [ ! I I
1 ] 0 [ 0 1] 0

I 0 i ¢l o [ o'fa
1 i 0 ! l i [
R O I T I B T R

K-map simplification

Expression for flip flop input Dy,

Vx
00 0% 11 10
A r—— -

af® B

1 4 5

1

Dy =AX+Bx

Expression for llip llop input Dq

Bx
AN 00 01 11 10
[] [N AR
0 e
g 2 s

D, =Ax+Bx

al ircnit with two D flip Nops. A and B, and
= 1) the state ol the circuit remains (he
. the circnit passes through the stare transi-
tions from 00 10 01 <o 11 10 10 and back to 00 and repaals,

Circuit diagram
A
X

B

Synchronous Sequential Logic Cireuit

Fig .33

6.41

Example 6.16 Design a sequential eircuit that three fiip flops AL B, €, one
input x and one output ¥ . The state diagram is shown in the lig
6.34. The circuit 1s Lo be designed by treating the unused stales
as don’t care conditions. Use JK flip flops in the design.

B Solution

State diagram

Fig 6.34
State table for the circuit
Present State T Next siate ] Ouipuly
=0 =
AlB] C AT BT [CT AT B [ C [a=0 x=1
n]o | 0ol o0 [ 1 1 0 C o
1l 0 0ol 1 jo0-jo l L] o 0
0yl 0 0 ] LJojJo]o ] oo
ofttr ooy tioftiof o | 2
niyo[ o 0 1#1 Lo 0 v 1
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Lxcitation table {or (he circuit
T)-I:LKI-IT\E!(‘VIII[JI‘ITT Next state Flip flop Inputs Output
AR C l X B C|Jy| Ky J Iy | Kp | Jo l Ke 7\'“
00 (H ;01|0><||_x x| 0
010 Voot IX e[ X [ 0[X [
(010 O 101011 [ )_(_)_O_M X X 8] 0
) IR EAN 1 ‘ﬁ___'.r el ol ol X ol xX [xX |11 I
L0 D 0 ] u fojrjfoloel X ixlolo]|X i
R S O O O U0 0 A -
LU J} Do d0 0P o [ Xy X)X o | e o
_i‘l_'.__‘_,., JojiJe]w _.\__I NTo X[
h,g 0w OO NX Lx— S 6 '1,
P LA T o T X T x o
K-map simplification
Note minterms 10, 11,12, 13, 14 and 15 arc don't care
C C
ABN DD 93 11,10 ARG 01 1110
oo|o THER R 0|0 [l 3. ..F2..,
"_1_’ _j: :X X X X
4 5 |7 [ a: |5 7 &
o1 01 9 ] L "
a2 B os e 1 127 |13 (15 [+
H X X X ' T X X X x|
8 J9._|1nn..[10 a9 [ 0
10 x| Ox: LU N L
dp= Bx Ka=1 (since au the ceuis ars groupad)
ABN 00 01 11 10 w00 01 1 10
o0|0.__ |1 3 2 ofo 1 |3 z ..
L x| x| x| =
4, 45 |7 ) 4 5 17 6! |
o1 X % X a 14 1
TR I LA L WA K KO CHE
K X x X X R % T
a: o 11 [0 CEN COH IR (T H
Ol x ] X L S MR S S
Jg=C K+A Kg= Cx+ Cx=Céx
C
%00 01 11 10 ABN00 01 1110
oafo |1 |3 [z..]. oofo [1_ 3. ]z
.. X LR X VX 14
4 5 7 4] 4 5. |7 46
o1 ? X X X 01 "X 1. X
:
12 1315, [ 2 13 s one
x| 'x|" %Y x x| 'x x| x
8 |97 m o 8 j9i oo
L N 10 x| x] x
Jo= A B X*AX Ke= X

Circuit Diagram

»x1TH

#
Example 6.17 Derive the state 1able

Synchronous Sequential Logic Clircuit

w00 o1 10
agy ¢ 1‘_:‘__ 31 2
1 ] 7 i 6

o iy
12 13 1% 14

11 X X X
] 9 11 19

10 «

Y=o Ax

\%’

>

0
& E
ol
o

1
« p @l

Fig 6.35

shown Fig 6.30.

Fig 6.36

=A%

wl

and state diagram for the sequential circuit
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Synchronous Sequential Logic Circuit  6.45
(] Solution
. X
The given cireuit s two flip flops, 4 and B, one input X and one input ¥'. So, it A
produces a stte table with 4 rows as shown below
Present State | Nextstate | Outputy
) x=0]x=1 x=0|x=1 _'
A | B T'AB T AB ¥y y | —8
0 0 0l 1o _l_:_l D Q 7
0 ! 10 10 0 R
FE 00 1 00 | 0 0 \ o S
Ll 0 [ o0 [0 [ 0]
The state diagram for the sequential circuit is shown in Fig 6.37. Fig 6.38
State diagram

(b) State table

[ Present State | Inputs | Next state Qutput 1[
A B x| y|A] B
0 0o jaJo o] © 0
0 o (ol vlt] o 0
0 0 |70 ]0] O 0 |
:? ¢ 0 0 1 1 10 0 0
0o | 1 |olojo] 1 L
L Fig 6.37 ’ 0 1 0] 1 ]1 1 l
S 0 1 1010 0 | |
l Example 6.18 A sequeniial circuit with two D flip flops, A and B. two inputs x 0 1 [ 0 | 1
i and y; and one output 7, is specified by the following next state 1 0 0 l 0,0 m
and output equations: 1 0 01 1 |1 _0__1_‘__{)_
A{t+1) =3y +x4 1 0 |10 1 1 {0
B(t+ 1) =%+ 14 1 0 |y U 0 :]
z=8 1 ! 0 ] 0]0 [ L
o o T v jolv T o1
(@) Draw the logic diagram of the circuit 1 1 \ [f 0 11 1 1
(b) List the state table for sequential circuit 1 1 J N | ! L_l
(¢) Draw the conresponding state diagram —

0 Solution

(a) Logic diagram of the sequential logic circuit (¢) State diagram e dbove
- = 2 3 o e C il

A sequientis ic ¢ircuitis dr ing givi {Ons 48 5 in Fi The s liagram is drawn as shown in Fig.6.349 with the help of the

Asequential logic cireuit is drawn using given equations as shown in Fig.6.38. e state diagram 1s dig

Litble
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mip

Fig 6.39

‘— .

Exampl i ial ci
ple 6.19 Pesngn a sequential circuil with 1wo flip-flops 4 and B, and one
inputx. W = - i e
Putx. When x =0, the state of the clicuit remains same, When

e . )
0, the circuit goes tly ough the state transitions tram 00 to 01

10 11to 1 0 back to 00, and repeals.

U Solution

State table

e VR
Note : the £F Inputs of the D FF is same as the next stale ,
- - ! Sl
K-map simplification .

Expression far flip flop inpul 0
p Inpi A Expression for flip flop input By
Bx

Da=AX+Bx

Synchronous Sequential Logic Circuit

Logic Diagram

647

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

Fig.6.40.
B A
X' X
D, D,lfl
B ®
x X
IR
Q| A
CLK
Fig 6.40

Example 6.20 Design a sequential circuit with two JK flip-flops A and B and
two inputs £ and x, [T £ = 0, the circuit remains in the same
stale regardless of the value of v. When F' = | and x = |, the
circuit goes through the state hransitions from 00100 1 to 10 Lo
11 back to 00, and repeats. When E = | and x =0, the circuit
goes through the state transitions from 00 to 11 w0 10w 0 | back

1o M}, and repeats.
O Solution

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

Present state | Inpul | Next state Flip flop Inpuls
A B |Elx T T K | Js | Kz |
0 i 00 0| X 0] X
D) 0 01 0o X0 X
0 0 1|0 LIX | 1 X
S0 0 1[0 o X || X
) ] 0|0 ERESEE
o1 [0 0| X | X |0
i i 0] 01X [X T’
%T [ U}l LI XX
Pl 0 [ X|l0oj10]| X
E‘ [ 0 |0 J\“F X |00 X
1 0 1[0 X1 ]+t ]X
1T 0 P XTo T 1X
(v Togfo X0 1X I‘
| { 0 X | 0 [ X {0
S 110 XT 0 X |1
Cr HE XTLIx T
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K-map simplification .

Expression lor Ja

Ex
ABN. 00
0ofe

o114

X
Ja=(Bx+BXE

Expression for J

31

"

£ R
agoa o1 g
pojo 1 3

Logic diagram

X m

IEDIm

Expression for Ka

E
X
A8 00 o1 | 1 10,
— e
00f o 1 a [z H
x % x| iz
ot]4 5 7 | B
x] x| ixil x
11 12 < 13 15.: .:14 B
A i
8 L] 1" 10
10
L i

g

x _—
Ka = BEx + B Ex = E(Bx + Bx)

Expression for Ka

E
Ex
a0 014y 10 |
oo| e 1 L
x x ) ix "
4 5 T H
O o 17w [T [ 4
12 13 1] e ! B
A H X i 1:’
8 9 11 A"
0 x| ox
X
Kg=E
E
p
Jg QB B
—a>
8 OB——oﬁ

Fig 6.41
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Short Questions and Answetr

L.

I~

Lh

Mention the steps involved in the analysis of a sequential circuil.

The analysis of a sequential circuit consists of:

{a) Oblaining alable or a diagram for the time sequence of inputs, oulputs

and internal states.
(b} Writing Boolean expressions, which include the necessary Lime se-

guence, either directly or indirecily.

What is a state-equation?

A state-equation (also called transition equation) specifies the next state as
a function of the present state and inputs.

What is a state-table?

A stlate-lable contains data such as the time sequence of inputs, outputs and
fip-fop states. The table consists of four sections labelled present state,
inpui. next state and output state.

What is a state diagram?

A slale 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 informations obtained from a state diagram?

The informations obtained are as follows :

The state of the flip-flops are identified by the binary number inside the
circle.

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

CLITS.

. What are input and ontput equations?

The part of the circuil that generates the inputs to flipAops is described
algebraically by a set of Boolean functions called inpul equations.

. How are the next-state values of a sequential circuit that uses JK or T

iype flip-flops derived?
The next-stale values of a sequential circuit that uses JK or T type Rip-fops
are derived using the following procedure:

t) Determine the fip Aop input equations in terms of the present state

and input variables,
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(by List the binary values of each input cquation.
(c) Use the corresponding ltip Aop characteristic table to determine the
next state value in the state table.

8. How ar¢ the nexi-state values obtained from the characteristic equation?

The next state values can be abtained by evaluating the state equations {rom
the characteristic equation. This is donc by the following procedure:

{n) Determine the flip-Rop input equations in terms ol the present state
and input variables.

{b) Substinite the input equations into the Rip-flop characteristic equation
o obiain Lthe stale equations,

(c) Use the corresponding state equations Lo determine the next state vaiue
in the state table.

9. What are tie two models of sequential circuils?

The two models of sequential cireuits are:

{a) Mecaly model, and
{b) Moare model.

10. Compare Mealy and Moore machine.

~ Mealy machine Moore machine

i.  The output is a funetion of | i.  The output ts a function of
both the present state and in- the present state only.
puL.

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

RS puts that are synchronized
with the clock.

VL. What is the use of initial statement?

The initial statcment is used for generaling input signals to simulate a de-
sign. 1o simulating a sequential circuil, it is necessary to generate a clock
source [or trisgering the fip-Aops. ’

12. How can the always statement be controlled?

The always statement could be coutrolled by delavs that wait for a certain
time or by certain conditions to become true or by events Lo occur.

Synchrenous Sequential Logic Circuit 65!

3. Wihat is a sensitivity list?

A sensitivity list specifies the events that must occur to initiate the execu-
tion of the procedural statements in the always block. Statcinents within the
block execute sequentially and the execution suspends after the last state-
ment has been executed.

td. What are the two kinds of procedural assignments?

(a) The two kinds of procedural ussignments are:
Blocking assignments
Blocking assiznment slatements aic executed sequentially in the or-
der, they are listed in a sequentiai block.
Blocking assignments use the symbol (=) as the assignment operator.

Exainple for procedural blocking assignments:

B=A
C=8+1

(b) Non-blocking assignments:
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

C==08+1

15. How can we determine the behavior of a clocked sequentiaf circuit?

The behavior of a clocked sequential circuit could be determined from the
inputs. outputs and the state of its flip-ilops.

16. What are clocked sequential circuits?

Synchronous sequential circuits that use clock pulses in the inpuis of slorage
elements are called clocked scquential cireuits,

\7. How can we describe the structure of u sequential circutf ?

The sequential circuit is made up of Hip-flops and gates and 50 its structure
can be described by 2 combination of data fow and fehavioral slatements.
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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 Machincs.

Define state assignment,

N

When are two states said (o be equivalent states 7

Review Questions

I. What are the steps {or the design of an asynchronous sequential ¢ircuit ?

i~

. What is the significance ol state assignment ?
3. List the different technigues used for state assignment.
' 4. Write a short note on

{a) Shared row state assignment.

" (b} One hot state assignment.
Exercises
r _ L. A sequential eircuit with two D flip flops, A and B, two inputs x and y, and
3‘ one input z is specified by the following next state and outpul equations.
Alr+1)=xy+x4
B(1-+1)=xB+xA

Z=8

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

T jD—D 0

Ce
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A sequential circuit has one flip flop Q, two inputs x and v: and one outpul
S. It consists ol a full-adder circuit connected to a D [lip Hop as shown in
(ollowing fig.1. Derive the staie table and state diagram of the sequential
circuit.

[

3. Anulyze the circuit in the following Fig.2 and prove that it is equivatent to
a T flip flop.

4. A sequential circuit has two JK Hip ﬂo;ﬁs, one Input x and one oulput y.
Following is the logic diagram of the circuit. Derive the stale lable and
state diagram 7. Design a sequential circuit For the given state diagrain by
using JK flip flop of the circuit.

3. Design a sequential circuit with two JK flip Bops, A and B und two inpuls E
and X. If E = 0, the circuit remains in the same stale regardless of the value
of x. When E =1 and X = 1, the circuit goes through the state transitions
[rom 00 to 01 to 10 to L1 back to 00 and repeats. When E =1 and X =0,
the circuit goes through the state transitions from 00 o 11 1o 10 to 01 back
to 00 and repeats.

6. Design a sequential circuit for the given state diagram.

7. Design a sequential circuit lor the given state diagram in Fig. P5.
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8. Desigu a clocked sequential circuit for the given stute diagram in Fig. P6. . i ) )
1" 11. Obtain the state table for the given state diagram and reduce it.

0/o 110
-~

OmerO

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

() (@) 9O !



