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Shift Register

A group of flip flops which is used to store
multiple bits of data and the data is moved from
one flip flop to another is known as Shift
Register. The bits stored in registers shifted
when the clock pulse is applied within and inside
or outside the registers. To form an n-bit shift
register, we have to connect n number of flip
flops. So, the number of bits of the binary
number is directly proportional to the number of
flip flops. The flip flops are connected in such a
way that the first flip flop's output becomes the
input of the other flip flop.



A Shift Register can shift the bits either to the
left or to the right. A Shift Register, which shifts
the bit to the left, is known as "Shift left
register”, and it shifts the bit to the right, known
as "Right left register’.



The shift register is classified into the following

types:

o Serial In Serial Out

o Serial In Parallel Out

o Parallel In Serial Out

o Parallel In Parallel Out

o Bi-directional Shift Register

o Universal Shift Register

Serial IN Serial OUT




In "Serial Input Serial Output”, the data is shifted
"IN" or "OUT" serially. In SISO, a single bit is
shifted at a time in either right or left direction

under clock control.

Initially, all the flip-flops are set in "reset"
condition i.e. Y3 =Yy = Y1 =Yg = 0. If we pass
the binary number 1111, the LSB bit of the
number is applied first to the Din bit. The D3
input of the third flip flop, i.e., FF-3, is directly
connected to the serial data input D3. The

output Y3 is passed to the data input d, of the

next flip flop. This process remains the same for
the remaining flip flops. The block diagram of
the "Serial IN Serial OUT" is given below.



o—Dy O——>D; Q—»D; Q ——>D QU—>
FF-3 ‘ _L FF-2 ‘ FE-1 ‘ Fo Ovteut
| B
Clk
JU L
Operation

When the clock signal application is disabled, the

outputs Y3 Yo Y4 Yg = 0000. The LSB bit of the

number is passed to the data input Dy, i.e., Ds.

We will apply the clock, and this time the value of

D3 is 1. The first flip flop, i.e., FF-3, is set, and

the word is stored in the register at the first

falling edge of the clock. Now, the stored word is

1000.

D— D,

_G

Clk

1
Oy —D;

FF-3

FF-2
—0

0
Q — D,

i

0 0
Q —> D Q —>

FF-1 FEg | Pt
—o

UL



Serial-In Parallel-Out shift
Register (SIPO) -

The shift register, which allows serial
input (one bit after the other through a
single data line) and produces a parallel
output is known as Serial-In Parallel-Out

shift register.

The logic circuit given below shows a
serial-in-parallel-out shift register. The
circuit consists of four D flip-flops which
are connected. The clear (CLR) signal is
connected in addition to the clock signal
to all the 4 flip flops in order to RESET
them. The output of the first flip flop is
connected to the input of the next flip
flop and so on. All these flip-flops are
synchronous with each other since the
same clock signal is applied to each flip

flop.
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Parallel-In Serial-Out Shift
Register (PISO) -

The shift register, which allows parallel
Input (data is given separately to each flip
flop and in a simultaneous manner) and
produces a serial output is known as

Parallel-In Serial-Out shift register.

The logic circuit given below shows a
parallel-in-serial-out shift register. The
circuit consists of four D flip-flops which
are connected. The clock input is directly
connected to all the flip flops but the
input data is connected individually to
each flip flop through a multiplexer at the
input of every flip flop. The output of the
previous flip flop and parallel data input
are connected to the input of the MUX
and the output of MUX 1s connected to the
next flip flop. All these flip-flops are
synchronous with each other since the

same clock signal is applied to each flip



flop.

Parallel Input
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A Parallel in Serial out (PISO) shift
register us used to convert parallel data

to serial data.

Parallel-In Parallel-Out Shift
Register (PIPO) -

The shift register, which allows parallel
input (data is given separately to each flip
flop and in a simultaneous manner) and
also produces a parallel output is known

as Parallel-In parallel-Out shift register.



The logic circuit given below shows a
parallel-in-parallel-out shift register. The
circuit consists of four D flip-flops which
are connected. The clear (CLR) signal and
clock signals are connected to all the 4
flip flops. In this type of register, there
are no interconnections between the
individual flip-flops since no serial
shifting of the data is required. Data is
given as input separately for each flip
flop and in the same way, output also

collected individually from each flip flop.
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Bidirectional Shift Register -

If we shift a binary number to the left by
one position, it is equivalent to
multiplying the number by 2 and if we
shift a binary number to the right by one
position, it is equivalent to dividing the
number by 2.To perform these operations
we need aregister which can shift the

data in either direction.

Bidirectional shift registers are the
registers which are capable of shifting
the data either right or left depending on
the mode selected. If the mode selected is
1(high), the data will be shifted towards
the right direction and if the mode
selected 1s O(low), the data will be shifted

towards the left direction.
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Shift Register Counter -

Shift Register Counters are the shift

registers in which the outputs are

connected back to the inputs in order to



Shift Register Counter -

Shift Register Counters are the shift
registers in which the outputs are
connected back to the inputs in order to
produce particular sequences. These are

basically of two types:

1. Ring Counter -
A ring counter is basically a shift
register counter in which the output of
the first flip flop is connected to the
next flip flop and so on and the output
of the last flip flop is again fed back to
the input of the first flip flop, thus the
name ring counter. The data pattern
within the shift register will circulate

as long as clock pulses are applied.



Clock Q1 Q2 Q3 Q4
Pulse
0 1 0 1 <
1 1 0 0
2 0 1 0
3 0 0 1 1
Ii.
D Q D Q D Q D Q
Flip Flap 1 Klip Flop 2 Flip Flop 3 Flip Flop 4
Clock
Clear

A Ring counter is generally used
because it is self-decoding. No extra
decoding circuit is needed to determine

what state the counter is in.



2. Johnson Counter -
A Johnson counter is basically a shift
register counter in which the output of
the first flip flop is connected to the
next flip flop and so on and the
inverted output of the last flip flop is
again fed back to the input of the first
flip flop. They are also known as
twisted ring counters.
The logic circuit given below shows a
Johnson Counter. The circuit consists of
four D flip-flops which are connected.
An n-stage Johnson counter yields a
count sequence of 2n different states,
thus also known as a mod-2n counter.
Since the circuit consists of four flip
flops the data pattern will repeat every
eight clock pulses as shown in the truth

table below:

Clock Qi Q2 Qa3 Q4

Pulse

1 0 0 0 0
2 1 0 0 0




Clock Q1 Q2 Q3 Q4

Pulse

0 0 0 0 i .

1 1] 1] 0 1]

2 1 1] 0 1]

3 1 1 0 1]

4 1 1 1 0

5 1 1 1 1

6 0 1 1 |

7 0 1] 1 1
D Q D Q D Q D Q J
Flip Flap 1 Flip Flop 2 Flip Flop 3 Flip Flop 4

__1 o

Clock
Clear

The main advantage of Johnson counter
1s that it only needs n number of flip-
flops compared to the ring counter to
circulate a given data to generate a

sequence of 2n states.



