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4.21 REGIS ¢ i flops and is used for Storing.binary informatm
Itisa g“’uf:‘ t of information and is called as binary cell or 1-bit Memory ;
b on;in;ry cell or 1-bit memory cell. In this way—
Ca”::izs‘n’ bit register is basically a group of a n-flip-flops and is capgy, of
storing n-bit informatioft:

Applications of register
, — It is used in memories
| — Usedin microprocesors.

Reé‘ister can be classified into two categories

Register
I

1
Memory register ~Shift register

-

Memory Register

(A register that is used to store binary information is know
registe__a

Shift Register

(A register that is used to shift bi
left is called as shift register.j
Shift Register

Shift Register is a type of Sequential circ
that'is formed by combination of flip flo
left to right or right to left]

Shift register performs two basic functions

(z) Shifting of Data (Transfer of Data)
(if) Storage function

n as memory

nary information either to right or to the

uit (means which has memory)
Ps and is capable of shifting data from

Shifting of Data
ﬁghtttzslgf?tﬁr:ﬁ(:h?z Eﬁe movement, of data from stage to stage (left to !‘ighF‘Of
tion of clocé € register or into or out of the register upon the appli®
Storage F unction
stor ;tgtasfiifirtlﬁ)ii:ii?sélumber of bits (I’s or 0's) of digital data it can retain. T
to gi Pends upon the nymp

8

er of flip flops which are conne¢ s
nnected together, then rengFer 3
if ‘N’ flip flops are there, then 1t cﬂt
1s an important memory device-
age feature :

orm regigtep e.g. if thre
capable of oring 3.hifs 0e

flip flops are co
store ‘N pits.

Wecan say that
Storage feature, jt
he concept of gy

|
|

g ed W]
{0 bit is St?r
mains a ‘0" if alre

422 BASIC CO

It deals with the

Shift Regist
digital system. .
process of mover
The classificatic

1 (1) Serial sl
(1i7) Parallel
(v) Rotate
Generally s

— Serial s

— Paralle
Serial shi
clock pulse e.g.
Paralle] g

are there, the
Pulse,

Various g
(l') Serial Shi



.-- ;_ ---;---
G, S e
Logic ang 1 Logic circuits and 1S Qe - 297“
esi { ; ;
Slgn ﬁﬁnﬂdl on alr bit is appltéd to the /\
. . ;s applied that ]
d CIOCk pulse 1_ ﬂl{; is Said I D Q= 1 -_‘_—1

ol & T and hence flip _p to Input

Jﬂfﬁ‘s he a7 on the input 18 removed,

ist’f- { ewill remains in the set state,

;:uri“gthenﬂ =1, then @= I means - L-

{0 w il when clock occurs or re- Fig. 4.82.

~ o gto /
1bit 18 ?l' f already in that state.

m .nsa i) B l. d ¢

v W ip-flo gal 1 When 0 blt. 15 app ted to ot
bit memory, D 4 clock pulse 1S applied that Sh"‘: mo t}:" at
3 8z flip flop is said I——\ i

15 o iher::;U“ -0’ and hence fhip I .
apable of i Reset state. When ‘0" on thein- 9 1D a— 1
0= removed’ the flip flop will re-  'nput i
pt li inthe Reset state, storing the ‘0’
,qaﬂI‘t {g shown as below: e . =
* go when p="‘0, then @ ="0" means 25N
ghitis stored when c}ock occurs or re- Fig. 4.83.
pains 8 0 if already 1In that state.

12 BASIC CONCEPTS
the functions performed by the shift Register.

e commonly used for temporary storage of data with in the

ters are formed by flip flops[The shifting of data is the
f the register “oith the help of clock inpuf)

[t deals with
Shift Register ar

N as memory figital system. Regis
1 process of movement of bits into or out o

The classification of data shifting are:

ight or to the (i) Serial shift right (ii) Serial shift left
{ (iii) Parallel shift in \(iu) Parallel shift out
(v) Rotate right (vi) Rotate left.
has memory) . Generally shifting involves tWo process L.e.
ng data from — Serial shift
. — Parallel shift

Serial shift means bits are transferred/shifted one by one according to

- ek pulse e.g. for four bits, «4’ clock pulses are required to shift.

. Parallel shift means bits aré transferred simultaneous means if ‘4’ bits

ft to right oF ::éhere, then ‘4’ bits are transferred at the same time and in single clock
 the applica- V ) '3 bits are packed

arious data Shifting Methods in '3' blocks

H]‘ 1 . “"'_ 1
in. The S;nal R0 10 Data bits sout" data
n retain. ereif we have ‘3’ bits, then right ahife. = | e / ’
di
Fig

—l

re connecte tans the in 1
! . : movement of AALA In Tight &r
" regls_ter 18 "eetion T — T (a). . 4.84. (a) Serial shift Right and
o, then it can Here 18 y than out
g device. Le* i oS indicate 70 Of MOVEE . o kbt g
' e, serial or parallel) the movement of bits in right direction, the ‘3 blocks
%d to indicate ‘3’ bits-

P




‘3'bits are packeg ™ |

Ny TR I

: in '3' blocks
Gsanis Shlﬂl;'lLeﬂ‘;& bits, then shift left
.0 vere have y o - -

Her;:?f:;ﬁvclnent Of data n IEft dlrec Data out - -+~ - Dﬂhh\
s Zhown in figure 4.85 fb)l- . Ny ‘ . =
tion a‘s ' pits are packed in 3'b PO Fig. 4.84. (b) Serial shjf left g

3 the arrow indicate the direction thans ouf nq
dgfiar:of data movement (serial or par-
an
allel) '
llel shift in . .
(m)H i:::he data is entered parallelly means simultaneously. It is repreﬁentw
i figure 4.85.
B Parallel Data bits "in"
B
v
Fig. 4.85.
Here ‘3’ bits are entered in parallel order.
(iv) Parallel shift out

Here the data bits are out in parallel mode. It is shown as follows:

] ] l /
:l ] v,
Parallel shift out Data bits

Fig. 4.86.

parallel mode. The arrow indicate the direction and

Here ‘3’ bits are out in
type of data movement.

(v) Rotate right
Here the data bits are shifted in right dj i i i
Irect a5
shown in figure 4 71 g ection and keeps on circulating
Feedback shows
the rotation _
Data il i /
bits *in*
Fig 4.87. R i Feedback shows
Here the feedback ; o the rotation
and the arroy Indicate t;f "&&.‘.ed to rotate the bits '
e directj
(vi) Rotate left o Mamemnet ,_ -—
Here the i dhies
and keepg op ((i:ii::l ?:;s are shifted jn left direction biDtsa'E:'l"
Here the feedh '8 as shown jp ig. Fig. 4.88. Rotate left
used to jp, icat ac}f 18 used to rotate the bitg ; : : ws 8¢
ate the directjop, of movement "0 e direction and et
nt.

l

|

So, wWe can. slz
Mg =
its if it is serl
IsJilgniﬁcal:lt bit (1
4.23.1. Shift Le

Shift left regi
Let us draw t

Qp

—Q DI

Q <t

Here ‘4’ D i
‘4’ bits, Suppose
most bit. ‘0’ bit
Storing ‘0’ b, mm,
Olor flip flop A
Connecteqd to @ .

ﬂop‘Xhen the S
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DWS:

lirection and

irculating as

.ck shows
otation

otate left

| - # HI
LEFT AND S —
for shifting the data into the register.

ts Design

. Circuits and
FT RIGHT CONCEPTS

used

3
LJ ilf-epts
e’ b —
& Lfﬁ bits are Shift.ed into Data bits out I
it Y pedat? its ar s ou Data bits “in"
’ { 18 shown as o=t s | —

Heff' . action: 1t
e lfﬁ dlre
as

shown by arrow-

(MSB) (LSB)
D, Dy means 3’ bitsi.e. 110 are ghifted in

smke an e.g. 1.0 ; Y p

- first clock cycle ‘¢, Dys passed 1.e. ‘0 is fed i.e. D= 0

fpeniD next (second) clock cycle ‘€ D, is fed into the flip flop i.e. D=1

Then i third clock cycle ‘C;, D, is fed into flip flop ie.,D,=1

Go, We can say that %’ clock pulses are required to fed the ‘3’ data
ial shift left and data should be outered or 4n’ from least

bits ifitis serl 4
L fcant pit (LSB or D, asn example).
123.1. ohift Left Register Circuit
ghift left register can be formed using D and JK flip flop-
the shift left register using D flip flop first, i-e-
% Serial
input
data

Clk

Fig. 4.90. Using D fiip flop
dhenceit1s capable of storing

Here ‘4’ D flip flops are connected together an f stor
register, it begins With right

¥bits. Suppose we want to pass 1100 into the : _
~ most bit, ‘0’ bit is app . 1 :oout data, then flip flop A 18 reset, thus
making D=

- :'}“ﬁng .‘0’ bit means @, 18 «y. Next ‘0’ 18 applied to the serial input, 1 .
lor flip flop A and D =0 for flip ¢ of flip flop B 18

the Inpu
“nnected to @, output. : '
" When the second clock pulse occurs, the ‘0’ data input is shtts '
‘i nul:nA and the ‘0’ in the flip flop A is shifted to flip flop The ‘O’ in the binary
| umber is now applied at the serial input lin e
] lied at flip flop

-
| “plied. Then at third clock P¥ se
| d the ‘0’ stored in flip flo

g’prg’lh is shifted to flip flop Band?l nt :

Alae The last bit i.e. ‘1’ i8 POV applied at the serial input line ar_xd four .

te. S applied. This ‘1’ enters into A flip flop and the ‘1’ stored 1n flip flop 18

the sn,d to ‘B’ flip flop and the ‘0’ stored I B’ flip flop 18 shifted to C’ﬂip flop aqd

shify stored in C flip-floP is shifted to D flip flop. Thus entry of ‘4’ data bits 10
left is carried out-




The timing diagram or waveform is as shown below.

1"Clock 2™Clock 3" Clock 4" Clock

Clock
0 0 0
Qp 0 0
QB 0 0 0 0 0
1
Q 0 0 0 0
1 1
Qu 0 0 0
Fig. 4.91.
Qg Q
—Q J—21q
——— <__-
_ﬁ_——_._

it requ; .
?;?ncol?n'e? to Bha Tt i‘::l;i;es Connection
Sl he*"PutsatJ=1&K~g(a NoOT
=0(as

x A

————

—— ClocX

- Using Jk flip flop shift left register

ion to both J-K inputs. Input d;z?,
£ the right most (LSB) of flip flop. In o7

gate is connected to K input) 8"

d

Initial »
|
I Cloc
(e

2" cl

3" Cl

4" cl
In case 2, the_ sh
all stages are set 1.e.

P
M

In case 3, consi

more shift pulses t
below:

Note, In orde
D)l AsaTaT
4-23.2‘ Shi& Ri!

il'lto ﬁ!‘e the dat;

© Tight dire
Ows:



follows:

serial
input
data

___ Clock

jput dat@
In order
aput) an

ph togllf: o5 85 showing.
I'r]ﬂ pl ’
_’D % % O

: » 2 L b
T oGS Gircuits and its Design "
¢ UQL y — 1 -h 1d b .
320 & K =11'shetl e applied and when dodkanalae & )
'ﬂ-t;m ﬂ-'J . shifted bit by bit to the left. pulse is applied,
I:f’]dﬂwt‘l‘ll stages are reset and steady ‘1’ 1s applied at the serial input data
b Ifio stag A ThedWo after four shift pulses are given as follows. Here
'ﬁﬂed-ed 1 inpu® enters int0 stage A & then shifts left to stage D after four

C
o™ Clock pulse m
4" Clock pulse

Shifting of alte
e.1111. These stages are

fmease 2 B rnate 0 and 1 data into stage A, starting with
shown as follows:

] stages are set 1.

Initial value

| below:

I* Clock pulse

2™ Clock pulse

3" Clock pulse

4" Clock pulse

able and applying four
to stage A as shown

110 as shown int
‘O at serial input

[n case 3, consider starting with O
nore shift pulses but placing logical

Initial value

I* Clock pulse

2™ Clock pulse

3" Clock pulse

4" Clock pulse
ificant bit

Note:
B]oite' In order to chift the bits
. AisLSB & D is MSB in the P

it always start with least sign

articular example.

K _
| 23.2. Sh“t Righ e
: HEI‘ A Data bits "in" Data bits out
o 'ﬁhe‘e the data bits are ghifted e —
i) right direction. It 18 shown
Fig. 4.93. Shift Right

Owg:




{ Digital L°9ic

circuits
- ifted in right direction as shown in h e“tial e . The
Here the three bits are sh : g Dl 1SB) T & ﬁg. (h}' i ,I 5aql.l qeformf- outp
arrows) . Let Us take an examp e 132 0 ?ﬂ ) st clock C¥ely ‘:t fvv:v‘eform "
is fedie. D, =T - ; Ay ' the
Dy 1o 60 ond clock cycle, the D is fed i.e, D, = 0. |
Then in third clock cycle, the Dy is fed i.e. D, =1
s ewe can say that ‘&’ clock pulses are required to feq the ¢ clock —
. i?i ¢ is serial shift right and data should be entered or “jp» throd‘t‘
MSB (Most significant bit 1.€. D,). 1" &
Shift Right Circuit ‘ e Qo
It can be formed using D or JK flip flop. The circuit formed using D) i
is shown below: Py
Sl —p. @ D Q D Q D o %
inp [~
data
= - 0
Clock —> Q a o 5 Qc —
L
Fig. 4.94.
In this shift regi e . _
means Ieassi}:slift rff'gmter,bt‘he e i bit (LSB) of Data input s fed fint The designing ¢
s gnificant 1t_ (LSB) acts as serial Input data. The clock pulseis ——
PPLet a kt:he flip flop simultaneously. e 1
us ta 2.1 i i s . rial
input data & a(:: %\n’ fhg ;ie. 1(’2}111 l; .Pz‘i?e_;ed, then LSBbit i.e. ‘1’ is passed to seria .o >
Bt Lt b tlop, this bit T is passed to D and at first clock pulse, iy data
: » thus storing the T'. Then next bit i.e. ' j ; ial i K
making D = 1 for flip flop A & D = 1 for f1; 1s applied to serial input
is connected to @ , output = 1for flip flop B because the input of B flip flop -~
When the second cl . :
the flip flop A & then (‘:1’0311: Eliisz&r?‘ées’ the 1 on the data input is shifted b Clock ——
and the third clock pulse is now he to B and ‘0’ bit is applied at data inpt
stored in ‘A’ is shifted to d b iod. The ‘0 is entered in flip flop A & the' H
flop. Then fourth clock pulseal ;13 the value stored on B i.e. 7 is shifted to ‘C fi? in e:e i 50
0’ stored in flip flop A is noy sﬁffi)hed and T bit is passed to data input and th¢ : tﬁ: 8. %ﬂ ordex
shifted to flip flop C and the o :ddtp B C.z?;nd the I’ stored in flip flop B is no¥ : 4 Vt ue of J
e = ed1n ‘C i 3 ¢ . e
e Ny, e e
[ — sl
—— ] Q, Q A
Initial vajyg ""———-‘_i_____ Qc .Qp [Serial output at Qp
s 0 0 . X
I Clock puise ﬁ 0 0
| e 0 .
2" Clock pulse 1*\‘ N o ‘
_\
3" Clock puise ‘ 0 \\ 0 0 | . i
4 CIOd( pu|se M‘ \ 0 0 i

. Y reset shift



ut is fed first
lock pulse is

;sed to serial
ck pulse, flip
serial input
of B flip flop

is shifted to
t data input
op A & the T
ed to C’ flip
aput and the
lop Bis now
).

___-—-—
it at 00
___._..---"'"

]

T

D

’ i sign
 Circuits and its Des'd

. The opera

of outputs Qy

1% Clock

tion is shown in

Qy Qc & Q,, as shown

——

the table, from there we can draw

2™ Clock 3° Clock 4" Clock

—a 303

below:

0 0

Qy — :
Fig. 4.95.
The designing of the serial right register using J-K flip flop is shown as below:
J at— Qo
| sui J og 1 - o o
| o |
- e Q a K Serial
j 3 " K ’ output
A B c D data
:. M - ] .
Fig. 4.96. Using JK flip flop serial right register | :
Here the data is entered from the LSB bit. The‘ d,afta mputé is gévt? t;)sl;c;':lt;u:c
Eyinputs. In order to pass input T, the J=T& K='0"is passe and top
the value of J = ‘0’ and Ks = T. . :
data input 1101 is given as below:

st s

The truth table showing the

r‘&\lThri truth table showing the &
set shift register a8 below :

e action of shifting all

logical - 1 inputs into i




B e

Dlgltal Loglc an
q

_'_'__f#r—aﬁ Qg Q¢ _—C;;—- b
0 0 0 0 .
g \
I* Clock pulse ‘.
nd 0 1 \0 T ‘L
2™ Clock pulsé i
3™ Clock pulse 1 ¥ [l s e ™ \0 }
S
4" Clock pulse 1 e 1 0 1
Suppose we want to pass 1011 to JK base shift right shift register, try
table is shown as follows:
__‘_--_---‘-"‘-l-
QA(I‘SB) QB QC QD (MSB)
Initial condition 0 0 0 g
!:Ist clock pulse 1 0 0 0
ﬁnd clock pulse 1 1 0 0
| 3rd clock pulse 0 1 1 0
[ 4th clock pulse 1 0 1 1
Here when 1011 is applied at J then K is 0100 because NOT gate is applieg
K. -
So, the waveform is shown as below.
G | & | & | G
Initial value 0 0 \ 0 e 0
st .
"Clockpuise | 1 N Mo Y
nd
2" Clockpuise | 1 1 \0 0
rd
el . 1\31 b
th
4" Clock pulse 1 \1 \1 \1
Fig. 4.97.

4.24 TYPES of SHIFT REGISTER

In shift registe
shift; g r. the

(3) Parallel- in, Ser

(4) Paralle] in, par

€

ng !



