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44 SEQUENTIAL CIRCUITS

— =
4.4.1. MEMORY CELLS AND FLIP-FLOPS
Basic Memory Cell

_ it informa
A basic memory cell is a circuit that store one blt. lnlf;
flip-flop or a latch, since it latches (or locks) data in it.

I
I

‘ it memory element . ‘
tion. Thas one-bit m g

l th l q .Rtat-e. Q i;& “l\\“‘ 1\‘

D i > 0). For a flyu
o ah is LOW (loghc ( i,
and Q is LOW (logic 0); whereas in reset state Q is HIGH (loglcr:(; i:ditQThus. 1t ia met miate
to act as a memory dev’ice, it should retain the info-rmat}O:I store
remain set and if it is in reset state, it should remain reset.

: 'S O cted in a feedback loop as 4,
This function can be realized by using two NAND or NOR inverters connec
in Fig. 4.47.

4
't Shoyly

Q= A, =A,
[ - !
A,?“\“—‘““’ ‘x —— 1 Q Q= Ay =A
\\‘\ ~ - B :
.z’“/““ Q :\: Q A; Q
Ay == — — .’}x —g—0 Q 1 1 0 0 1
L 0 0 1 1 0

Fig. 441 : Basic memory cell
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™~ king J K and Q, #9 inputs are shown in F,q 4
W K-mapa with § and R ae outputs and tAkINE .
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! L= 8 1 ] M0
1o ’ i pe G,
Retid Fig 447

" nd ita qualified cip
Based on Kemap JK FF has boen demigned ns shown in Fig 448 a cunt tiag,
Fig 4 49
’ Y R (g oD

jo—1 T Yoo N p—1 "

CK®

J o—
CKo——
K o——
Cr
Fig. 4.49
Table 4.10 : Truth-table JK Flip-flop

J K QMI
0 0 Q,
0 1 0
1 0 1
} 1 Q

4.4.7. JK MASTER-SLAVE FLIP-FLOP

T'his ﬂiP-QOp is ma.de of two SR flip-flops. The output of the first, called the m

gip-.ﬂop, is given to the inputs of the second, called the slave flip-flop. The output of the slave is fed:

nez :tmi;‘)’l;tilof lt{he urixaste;.t Tbe ;n:ster 1s triggered by a positive clock pulse and the slave is triggere
ock pulse, obtained by inverting the clock i ircul

fip iop i shos n Big. 4150 g pulse applied to the master. The circuit of
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ol

Ys0 O

Fig,
8- 4.50. JK master-slave flip-flop

the clock is high (CK =1, Pr = ,
M}c? 0. So, the master ﬁmcﬁonslli)kr L, Cr = 1), the master is enabled, while th glav cppr
“,l\ ’C.K is low, the slave is inacti 3 aJKﬂip'ﬂOP and its output appears at the input (5, R)of the 8 as; 2,
ol lock goes low, th ve. Thus Q remains unchanged for the duration of the clock pulse .
When thetct;ce fl;?ft :fv:’hte e slave ﬁlpctions like an SR flip-flop and its output change? to Qy which 21%
apPe"_‘rs a : master. Since the clock is low, the master is inactive 80 that Q" ands0S and R)
romains unchanged as long as the clock remains low, '

P
~

Thus, when the clock is high, Q, changes according to JK flip-flop logic and it is iransferred t0 Q when

the clock goes low (negative edge transition). This eliminates the race-around condition a8 the output

remains constant for the duration of one clock pulse. This flip-flop is called as master glave flip-flop

pecause the master decides the output, which is simply latched out by the slave- The truth-table of this

flip-flop is shown in Table 4.11.
Table 4.11 : Truth-table for MS JK Flip-flop

pp O CK J K Q,  Sttes

0 0 X X X ? Not desired

0 1 X X X 1 Preset

1 0 X X X 0 Clear

1 1 X 0 0 Q, Inactive

1 1 | 0 1 0 Zero

1 1 I | 1 0 1 One

1 1 ﬂ_ 1 1 Q, Toggle
44.8.D FLIP-FLOP

In a D flip-flop the output follows the input whenever the flip-flop is triggered. This can be realized by
means of a JK/SR flip-flop. The JK/SR inputs needs to achieve D Jogic are given in the truth table of

Table 4.12.
Table 4.12: Truth-table JKSR Flip-flop

D Q | 9. J K S R
0 0 0 0 0/1 0 0/1
0 1 0 01 1 0 1

1 0 1 1 0/1 1

1 1 1 01 0 01 0
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t follows that

. ich i
The K-maps for J, K, S, R are given in Fig. 4.51 from wh¢
D =J=

Also D =S=

o
O lo
-
o
x
x

JK flip-flop/SR flip-flop along with it

Using these equations the design of a D flip-flop using the output follows the input, when ¢}, i

as given in Figs. 4.52 (a), (b) and (c) respectively. Here Vo
tri g . i e,
8gered. If the fhp-ﬂop is edge triggered, the output1s delay device. From figure 4.53, short 4, "

b . s - R . & t )
Spurious pulses in the datas (D) (called glitches) are eliminated in the outpu @
Truth-table

4

D J Prg D—r——l J Prog— D Q.
CK o= ck—— FF 0 0

J Cr | J CrQ 1 1

T

(a) (b) (C)
Fig. 4.52

gL
UL L
Positive level- /P T1onn
tn‘gzgeil . | | - __JHJL
Positive edge- |

tnggered | | ; ‘
o 1 [ | :.

— [ '
delay ‘delay d:l;Jy m

A,
Pl

Fig. 4.53 Wave form of a D flip-flop
4.4.9. T FLIP-FLOP

Two combinations of J and K inputs of a JK flip-flop are used to make a D flip-
K=1andJ =1 K =0. The remaining two combinati
combinationsareJ =K=0and J=K=1. AsJ = K for
T (0/1) connected to both J and K as shown in Fi
called a T flip-flop.

flop. These we
ons can be used to make a T flip-flo
both the inputs, this is equivalent to a sin
g 4.54 along with its truth-table. This configt
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‘. 4'11_ BEGISTER-S
M emory Registers

M omOTyY registers store n bits of data yg;

puffer) composed of four D flip-flops wllxlis;?g " flip-flops. Figure 4.55 sh it memory reg

JJeaved by giving a 0 at the CLR input 1; ata: € triggered by a comx'mmB cl?;iv\: aA\ﬁ)}? Ifncmr fli aeg:t::‘:(:e
- Data input (4-bits). ’ ) v

Q,
__‘ D, Q, Q, 1Qq
D
FF3 ’
> CK FFO
& >

= > CK
-~ Cr

+ i [

CK —
CLR

Fig. 4.55 4-bit memory register.

shift Registers

Shift registers store chows a 4-bit shift register.

Q)| <=
Parallel
out

as well as manipulate data. Fig. 4.56

Parallel in

Preset
enable ;
L . Serial

Serial
in

CK
CLR

4-bit shift register:

Fig. 4.56
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D1
0|TAL Q\R |
Q“h, ‘i

ater functions as a shift i
*Tight
e

nnd t}“' re “i i
'ﬂl" ch 4 2 # ar »
¢ 4 1 l‘f) LN VI'“"')

| and the ones

vhl, dn‘ﬂ f()f ”hl
rec

yled
ft ﬂ“ht Opnrati()n is ente Ny
}TQ(} at

R, R, R, ure enal
:
t
» Shi ‘ b
i at the Shift Left Serjy | i %
In, ‘ T
by,

the AND gates labeled as Ry, R

:;}::,:n]:ki? 0, the AN]) gatea labeled a8 R, are disu‘hh« '

e Rig}:“":h(‘_ ro;mﬂ.ﬂ‘ function as a Joft shift rvlentx\r I |
Serial-In input (DR,). The data for shift left regt#

b\"‘

ter is ente

(DL
4.4.12. COUNTERS
Binary ¢ | | | .
y counters are most important and widely used digital circuits. A counter i8 a circuit thag .,
» , oy ! i nlrt
g of positive T negative edge transitions in the cage : 8
q
a counter cou e
counting ;. ry
ety

e counter: Hence,
ter is also known ag ‘
I’ll,(/,”, \

iy

of

numbe .
r of occurrences of an input (in term
or, 18 called a sta

number of different

input). Each ¢ i

- ch count, a binary numb te of th
DO a n 1 [

s has 2" different states. The Ll OERRE

’h(’ col
«nter. Thus an n-bit counter 18 a modulo
tuted of flip-flops whic

9n._ counter.
inational elements .
are ey

Counter circui
circuits are primarily consti b alongwith s

o1 the ge‘]cl ﬂthll ()f Colltlo S]gll nters (:alx W0 Ma
. . .

Dependi
ng on the manner in which the flip-flops are triggere

categories :
1. As
ynchronous Counter (ripple counter), and

2. Synchronous Counter
imultaneously, wheregs

In case of an
asynchoronous counter, all the flip-flops are not clocked s

synchronous i
counter all the flip-flops are clocked simultaneously.

If the counte
r counts i i
in such a way that the decimal equivalent of the cutput increases with su
vl Ceesg;
it is called a DOWN counter. An UP/D:;::Q
N

clock pu i e e
P Ises. It is called an UP counter. If it decreases
ction depending upon the control input

“.

A decoding circui
et high i‘:’izult can be connected to the output of a counter in suchaw
w) only when the counter contents are equal to a given state

4.4.13. ASYNCHRONOUS COUNTERS

Fi

; igure 4.59 shows a 4-bit (modulo-16) asynchron
re converted into T flip-flops by makingJ =K =1

to the CK input of the next one. )

ous counter. Four negative edge triggered JK flip |
. 1p
or all four of them. The Q output of one flip-flop Osz
-flopisfe

(LSB) Q
o ‘01 Q, Q,, (MSB)
3
P
J
o Froe ot T N
2 r
nput —Fa>ck 1o | L ek FF 3 iy

(clock)
K Q b -
0o C, ™o K ¢ Q
i &K Q
. 2cr21K Q
3 C, ™3

Fig. 4. -bi
8. 4.59. 4-bit asynchronous counter
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