Shift Registers

Digital Registers- Flip-flop is a 1 bit memory cell which can be used for storing the
digital data ( either a logic “0” or a “1”) . To increase the storage capacity in terms of
number of bits, we have to use a group of flip-flop. Such a group of flip-flop is known as
a Register. The n-bit register will consist of n number of flip-flop and it is capable of

storing an n-bit word.( Flip-flop T& 1 fd€ memory cell & o geT 39ateT Boea
3T Fl TER Il & ToIw ThaT ST Fohar gl To¢ &r T&AT & terms H storage
capacityEIT:EI?f & foT gx FIT-FellT &% Th HHg &l 39T AT % | T%elg-
FTT & 0H HIg I Register gl IATAT & | n-bit ITFEET H n number of flip-flop
AT 8la & 31 IE n-bit word I TILT e H T&IH 8)

The binary data in a register can be moved within the register from one flip-flop to
another or towards right hand side or towards left hand side . The registers that allow

such data transfers are called as shift registers. IToTEe H EI'IS?-Iﬁ 3T Pl Tah
fFerg-orelra & q:\‘zli' H oEeT # a1 right hand side or towards left hand side move
foram ST @ehaT &1 TH ST AW T ITATT ol aTel AT T shift registers

el ST Bl
An ‘N’ bit shift register contains ‘N’ flip-flops (T& 'N' fae farFe IGwFeT & 'N' [Fay-
T @ &)

Register is a sequential circuit . Which have memory element (Register T&
sequential circuit /™ & memory element /a1 § )

- When a number of flip flops are connected in series, this arrangement is
called a Register .A simple Shift Register can be made using only D-type flip-

Flops, one flip-Flop for each data bit. ( ST flip flops series # connected fhaT

ST § df 3 arrangement FI a Register &gl SITdT & .Teh ATYROT
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Rire ST Fad S-esT TFAT-FATT T 3YTNET e ST ST bl
%’,W?ﬂﬁ?*ﬁ?@%—ﬁqﬂusemmg)

The output from each flip-Flop is connected to the D input of the flip-flop at its
right (9cdeh TFoIT-FallT ahT 33<Yc 39 right TFT9-FATT & D input &
STST §31T 81l & )

Shift registers hold the data in their memory which is moved or “shifted” to their
required positions on each clock pulse. (Shift registers memory # 3T &l hold
{dl %} S 98 clock pulse 9T 3791 required positions YX shifted T
moved BIdT %’I)

Each clock pulse shifts the contents of the register one bit position to either the
left or the right. (Icde clock pulse IX ITAEET T contents Sl AT Al §TT T
aIq shifts gl g1)

The data bits can be loaded one bit at a time in a series input (SI) configuration or
be loaded simultaneously in a parallel configuration (Pl1). (3T ﬁ'c’:ﬂ series
input (SI) configuration # Teh HHAT H Teh foc olls T ohdl g o7 4y -
"YU parallel configuration (P1) 3T H ol A Hohdl %’ )

Data may be removed from the register one bit at a time for a series output (SO)

or removed all at the same time from a parallel output (PO). (series output (SO)

H Data T dR H T+ foc register & §CAT ST Hohdl %’ T parallel
output (PO) & T & THT H T Data T §ErAT ST HehdT gl)

One application of shift registers is in the conversion of data between serial and
parallel, or parallel to serial. (f@l‘CI—_c," TIERT 1 T 3-1?:ID'§I'€I>I?T data & serial

and parallel, or parallel to seria #H conversion %\’)
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Basically shift registers are of 4 types. They are

[EEY
1

Serial In Serial Out shift register

N
1

Serial In parallel Out shift register

w
1

Parallel In Serial Out shift register

I
1

Parallel In parallel Out shift register

1-Serial In Serial Out shift register :-
The shift register, which allows serial input and produces serial output is known as
Serial In — Serial Out SISO shift register. The input to this register is given in serial
fashion i.e. one bit after the other through a single data line and the output is also
collected serially. The data can be shifted only left or shifted only right. Hence it is
called Serial in Serial out shift register or a SISO shift register.
As the data is fed from right as bit by bit, the shift register shifts the data bits to left. A
4-bit SISO shift register consists of 4 flip flops .

The registers which will shift the bits to left are called “Shift left registers”.
The registers which will shift the bits to right are called “Shift right registers.

farFe IEE, ST serial inputB-ﬁT serial output fr Hﬂﬂﬁ &dr & Serial Out SISO
shift register & &9 & STl STl &1 38 AT T Soiqe ART et H fear
IRT § I single data line & ATEIH H Tdh o dIG T foc f&ar Jrar g
3R output #T serially T forar SATaT §1 3er & only left or only right shifted
fhar ST gar g1 safev 58 AT 3m3e Rive (e a1 siso fve
ST gl 1 &l

4-f9¢ siso fAwe WAEEX # 4 [Fed Fallg g1 &

Page 3 of 15



ST 2
St e f9ga &1 Use & e 9N, 3¢ "shift ST AT el AT gl

Data IN > - > Data OUT

Stage 1 Stage 2 Stage 3 Stage 4

Serial 1 0 1 0 Serial
D 2 LY D Q hY D Q LY D Q]
Data IN . 4 ’ Data QUT
FF 1 FF 2 FF 3 FF 4
CLK S

l—} l—.':-‘— >
This one is the simplest register among the four types. the clock signal is connected to

all the 4 flip flops. the serial data is connected to the left most or right most flip flop. The
output of the first flip flop is connected to the input of the next flip flop and so on. The

final output of the shift register is collected at the outmost flip flop.

In this shift register, when the clock signal is applied and the serial data is given; only
one bit will be available at output at a time . The use of SISO shift register is to act as
temporary data storage device. But the main use of a SISO is to act as a delay element.

Ig IR 9hRI H & a0 Tl IfoieeX g1 clock signal T8 4 FelT wallq &
@mﬁ.serialdatamaﬁmmmﬁwaiww
connected@mglmwmﬂwmwmmw
bR 3T flipflop s 8ld & | Rive ISieeT &1 3m3eqe ge@  3ifaA
T FellT X & Tehd T SITT B

e mﬁ,ﬁclocksignal applied glar & 3R serial data eT f&ar Sram
g Al Th THI A Fad T 9T 33eye W 3Ty glam| siso Rive Ieex
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I 3T IEART 3T TR f3asd & §9 & fhar g1 dfeed T siso a1 &g

39T delay element® & & fhar STar gl

Serial in Parallel Out shift register:-

The input to this register is given in serial and the output is collected in parallel. T

The shift register, which allows serial input and produces parallel output is known as

Serial In — Parallel Out SIPO shift register.

Data IN%
CLK %
Stage 1 Stage 2 Stage 3 Stage 4
Q1 Q2 Q3 Q4

Parallel OQutputs

Q4

N

Serial = - “ - - - - "
L L L
Data IN L4 i 8
FF 1 FF 2 FF 3
CLK > [ [
Clear

The clear (CLR) signal is connected with all the 4 flip flops to RESET the flip flop and
the serial data is connected to the flip flop at either end (depending on shift left register
or shift right register). The output of the first flip flop is connected to the input of the
next flip flop and so on. All the flip flops are connected with a common clock.

cIear(CLR)signaIWﬁqﬁﬁ@?m?ﬁ?ﬂﬁﬁ 4TI FAIT & Iy
SIST g3 &IdT & 3R WRI 3T FelT FeAlT & either end & ST §3T & T
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fIFe ore ST a1 RAve 8T IS W depend BT § . U8 el Fellq
I HT3CYC 3MaTel T Felid HR S JhR 3T Feld FollT e B &
T eI FlTT common clock & Wﬁ@?g@@ﬁ gl

The output of Serial in Parallel out (SIPO) shift register is collected at each flip flop. Q1,
Q2, Q3 and Q4 are the outputs of first, second, third and fourth flip flops, respectively.

Serial in Parallel out (SIPO) fIFe ISEET H YAS [FolT FATT W output TehT
feram SIram €1 Q1, Q2, Q3 31X Q4 FAA: Tge, gy, A 3R =i fFeld wralla &
33eYe &l

The main application of Serial in Parallel out shift register is to convert serial data into

parallel data. Hence they are used in communication lines where demultiplexing of a
data line into several parallel line is required.

Serial in Parallel out shift TTEeT & T HEY E?IDWT RIS 32T & FATR
3T H FColell &l SHTU 3o7ehl 3UART AR Sl # fhdT ST § SigT Sel
STSsT &Y several parallel line & f3fFecafdger fir 3maegesar gdr gl

Parallel in Serial out shift register:-
The input to this register is given in parallel i.e. data is given separately to each flip flop

and the output is collected in serial at the output of the end flip flop. (SH e &
gelYe FAGCR H fedm a1 § Il 9cdsh Ford Felld & AT 3reer & Ser feam
ST & 3R e [Fea Felld & 3M3eYe & H3EYC serially Tehd foham ST
gl)
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The clock input is directly connected to all the flip flops and the input data is
connected individually to each flip flop through a multiplexer at input of every flip flop.
Here D1, D2, D3 and D4 are the individual parallel inputs to the shift register. In this

register the output is collected in serial. (WU'IEF goTqc gy FeT Falia & SEl §3—1T
¢ 3R sAqe o7 v fFa wAld & SAqC W Ao # F3T g3 2
T 31 1,3 2,3 33K & 4 RIvre IS A 37097-37009T AR 3A9e &1 39
e & 3r3¢9c I WRNTT H ThT  collected THAT JATAT &)
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The output of the previous flip flop and parallel data input are connected to the input
of the MUX and the output of MUX is connected to the next flip flop.

A Parallel in Serial out (PISO) shift register converts parallel data to serial data. Hence
they are used in communication lines where a number of data lines are multiplexed into

single serial data line. U@l TFaIT Fellg T 313cqe 3R AR 3T $o1qc
MUX & So9¢ & 8T 8ld & 3R MUX &l 313eYE 39T [Feld Felld @ ST
gl &l

Parallel in Serial out (PISO) farFe IoEeX parallel data #l serialdata® gRafda
Il %’I S'Hﬁ'(f 3oTehT 39T communication lines & fhaT SATAT %’ o16i number
of data lines T single serial data line & multiplexed THIT SATAT & |

Parallel in Parallel out shift register:-

In this register, the input is given in parallel and the output also collected in parallel.
The clear (CLR) signal and clock signals are connected to all the 4 flip flops. Data is given
as input separately for each flip flop and in the same way, output also collected
individually from each flip flop.

5 ST A, 39 FAGAR A fear S1cr g 3R 3m3eqe o AR
# wHT fRar Srar g
clear (CLR) signal 3T clock signals T3 4 TFaT Falla & @? g1 9ds a9 Ty
& T 37T & gai9e & §9 H ST o rdr g 3R 38 @E, 93 oy

FAlT & HT3CYC Teha fohdl ST &
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CLK %
€ € € €
Q1 Q= Q3 Q4
D4
iﬂDS
£ D2
2 b1
o B B . o) el B L

o ] ] e

Q1 Q2 Q3 Q4

Parallel Data OUT

The above diagram shows the 4 stage parallel in parallel out register. Qa, Qb, Qc and Qd
are the parallel outputs and Pa, Pb, Pc and Pd are the individual parallel inputs. There

are no interconnections between any of the four flip flops. 3URIFd 3R parallel in
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parallel out register & 4TROT & fe@rdar %I Qa, Qb, Qc and Qd FHTATNR 3-||:5ch
¢ 3R Pa, Pb, Pcand Pd FHATAIR 3oTqe &1 el 8 IR Terd wrlla & oI FIg

interconnections a_-lﬁ %I

A Parallel in Parallel out (PIPO) shift register is used as a temporary storage device and
also as a delay element similar to a SISO shift register.

Parallel in Parallel out (PIPO) ferFe IEEeT &1 99T T temporary storage device
& &7 # frar arar g 3R siso e STeT & AT delay element & 9 &
3gAeT foRar ST g

Applications of Shift Registers

Registers are used in digital electronic devices like computers as

e Temporary data storage
e Data transfer

e Data manipulation

e As counters.

Shift registers are used in computers as memory elements. All the digital systems
need to store large amount of data in an efficient manner there we use storage
elements like RAM and other type of registers.

Many of the digital system operations like division, multiplication are performed
by using registers. The data is transferred through serial shift registers and other

type
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Delay Line

Delay line is the most important use of shift registers. A serial in serial out shift
register is used to produce time delay, to digital circuits. The time delay can be
calculated by using below formula.

At=N*1/fc

Where N represents number of stages / flip flops and fC represents clock
frequency. So an input pulse is delayed by At at output. The amount of time delay
is controlled flip flops in the shift register or the clock signal frequency.

Shift Right Operation :-

Data is shifted in the right-hand direction one bit at a time with each transition of the
clock signal. The data enters the shift register serially from the left hand side and after
four clock transitions the 4-bit register has 4-bits of data. The data is shifted out serially
one bit at a time from the right hand side of the register if clock signals are continuously
applied. Thus after 8 clock signals the 4-bit data is completely shifted out of the shift

register.

=
Data In Data Out

5
Data OQut Data In

Shift Left Out Operation:-
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Data is shifted in the left-hand direction one bit at a time with each transition of the
clock signal. The data enters the shift register serially from the right hand side andafter
four clock transitions the 4-bit register has 4-bits of data. The data is shifted out
seriallyone bit at a time from the left hand side of the register if clock signals are
continuously applied.Thus after 8 clock signals the 4-bit data is completely shifted out of

the shift register.
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Universal Shift Register :-
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A Universal shift register is a register which has both the right shift and left shift with
parallel load capabilities. Universal shift registers are used as memory elements in
computers. A Unidirectional shift register is capable of shifting in only one direction. A
bidirectional shift register is capable of shifting in both the directions. The Universal shift
register is a combination design of bidirectional shift register and a unidirectional shift
register with parallel load provision

n-bit universal shift register —
A n-bit universal shift register consists of n flip-flops and n 4x1 multiplexers. All the n
multiplexers share the same select lines(S1 and SO)to select the mode in which the shift
register operates. The select inputs select the suitable input for the flip-flops.
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Basic connections —

1. The first input (zero th pin of multiplexer) is connected to the output pin of the
corresponding flip-flop.
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2. The second input (first pin of multiplexer) is connected to the output of the very-
previous flip flop which facilitates the right shift.
3. The third input (second pin of multiplexer) is connected to the output of the very-
next flip-flop which facilitates the left shift.
4. The fourth input (third pin of multiplexer) is connected to the individual bits of
the input data which facilitates parallel loading.
The working of the Universal shift register depends on the inputs given to the select

lines.

The register operations performed for the various inputs of select lines are as follows:

0 0 No changes
0 1 Shift right
1 0 Shift left

1 1 Parallel load

Page 15 of 15



