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Abstract— Bit-wise operations are pivotal when 

programming hardware registers in embedded systems. 

There are many instances where we need to change only one 

bit of a complete register, in this case, changing the whole 

register value can be time consuming and undesirable. Bit 

shifting is one of the many useful bit operations one can 

perform. In this paper we have designed bit-shifter using 

CMOS 32nm technology that can perform left-shift, right-

shift, no-shift and arithmetic shift depending upon what the 

user demands, and studied its characteristics. The simulation 

results are carried out using SILVACO software. 
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                               I.     INTRODUCTION 

It is the area of hot research nowadays to improve the 

characteristics of a circuit by reducing its size and power 

consumption. 32 nanometer" refers to the average half-

pitch (i.e., half the distance between identical features) of a 

memory cell at this technology level. The bit shifters help 

in shifting the bit (left shift/ right shift) and also store the 

out-going bit for some required operation. Due to the vital 

role played by the bit-shifter in many arithmetic as well as 

logical operations. An optimized design of bit shifter is 

required to achieve low power, small size and delay. In this 

paper we have tried to design bit shifters with minimum 

number of transistors possible. The objective of the design 

methodologies in this paper is to propose a simple but 

accurate design of different types of Shifters. 

                          II.     BASIC THEORY OF SHIFTERS  

 

There are four types of shifters: 

a. Logical Shifter (Shift Right / Shift Left) 

b. Arithmetic Shifter 

c. Barrel Shifter 

d. Funnel Shifter (Combination of the above three 

Shifters) 

 

 LOGICAL SHIFTER: 

Left Shift and Right Shift Operation 

As we can see in the figure, Left shift involves shifting the 

input bits to the left and 0 is appended at the Least 

Significant Bit(LSB).The Most Significant Bit(MSB) of the 

input is discarded or it can be saved for further use. By, 

shifting the input one time to the left we are actually 

multiplying the input by the 2 

 
Figure 1: Basic left shift operation 
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a. Left Shift Operation 

b. Right Shift Operation 

In Right Shift operation, the input bits are shift right and 0 is 

appended at the Most Significant Bit(MSB).The Least 

Significant Bit(LSB) of the input is discarded or stored for 

any further operations. By, shifting the input right one time 

we are actually dividing the input by 2. 

 

General Structure for Left and Right Shift Operation 

As we can see in the figure below, both Left Shift and the 

Right Shift is being done in the same circuit depending on 

one of two control lines. Examine the AND gates at the 

extreme left and at extreme right, If the LEFT control line is 

active, the leftmost AND gate sends its output to the “bit 

bucket.” If the RIGHT control line is active, the other AND 

gate of the pair sends signal D3 to output S2 via the OR gate. 

Each of the remaining pairs of AND gates can send their 

outputs either left or right, depending on which control line 

is active. Also it is worth noting that we are not saving the 

LSB, MSB of the input bits for Left, Right Shift operation 

respectively. 

   

 
Figure 2 : Modification of General Structure 

 

 

 
Figure 3 : Schematic of General Structure 

 

A major problem in above structure was that the bit that was 

shifted out was not stored. However, the bit shifted out is of 

interest. In a right shift, it is the remainder after division by 

two. In a shift left, it can be tested for significance so that 

the results of a left shift can be evaluated for validity. The 

bits shifted out are available from the AND gates at the 

extreme left and right of the circuit. 

 

 

 

 

In the below figure, this issue is resolved such that both 

shifted out bits are given input to the OR Gate. 

For the circuit shown, this will be D3 for a left shift or D0 

for a right shift. Often the bit shifted out is saved in the 

CARRY flag.                             

Figure 4: Improvised General Structure 
 

 
Figure 5: Schematic of Improvised General Structure 

 

If we design a shifter that can shift left or right, data must be 

routed through the shifter when shifting is needed and 

around it at other times. This increases the complexity of the 

control unit. Another alternative is to design the shifter to 

have three options: shifting left, shifting right, or not shifting 

at all. This compromise adds two gate delays when shifting 

is not needed, but at a saving of complexity elsewhere. 

Adding a “no shift” option is accomplished with a third 

control line and a third AND gate for each bit. In the below 

figure an extra option (No Shift) is added. Each input bit now 

drives three 

AND gates, only one of which is selected by one of the three 

control lines. The middle AND gate sends input to output 

without shifting 

 

 
Figure 6:  Left/Right/No Shift
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Figure 7 : Schematic 

 

 

 ARITHMETIC SHIFTER 

So far we have no way to deal with the sign bit when 

performing a right shift on signed data. In other words, we 

cannot do an arithmetic right shift. For a logical right shift, a 

zero is supplied at the left. Each of the circuits above does 

this. For an arithmetic shift, the leftmost bit of the input is 

considered the sign bit. It must be shifted to the right and 

also copied to the leftmost bit of the output. The design for 

such a shifter is shown below. A fourth control line is added 

for arithmetic right shift. An OR gate drives the RIGHT 

control line when either an arithmetic or a logical right shift 

is commanded. A second OR gate drives the copy function 

for the leftmost bit when an arithmetic right shift is 

commanded. 

 

 
Figure 8 : Final Circuit 

 

A decoder is used to generate the control lines. This means 

that the control unit has to generate only two bits to specify 

shifting and guarantees that one and only one set of control 

lines within the shifter is active at any time. The codes used 

for the four types of shifts are arbitrary. 

 

 

 BARREL SHIFTER  

It is a very important part of a combinational Logic Block. 

It has the ability to shift data work in a single operation over 

standard shift left or right registers that utilize more than one 

clock cycle. It rotates numbers in a cycle such that empty 

spots are filled with bits shifted of the other end. 

Example: Barrel Shift Right - 1100 after shift operation will 

become 0110 

                  Barrel Shift Left – 1010 after shift operation will 

become 0101 
 

 
TABLE 1: Input-Output Table of Barrel Shifter 

 

 

 

 

 

 

 

 

 

 

 
 

                            III.    SIMULATION RESULTS 
 

 
Figure 9 

 

 
Figure 10 : Input 
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This is the input that we have given to the shifter. There are 

4 inputs namely D0, D1, D2, D3 .Here D0 is assumed to be 

LSB and D3 is assumed as MSB of the input bits. 

Each input is shown in different color such that: 

D3-Green 

D2-Red 

D1-Blue 

D0-Yellow 

 

 
Figure 11 : Left Shift 

 

Now if we select Left Shift as operation using the 

control bits (0,0) in multiplexer we get the above 

output. 

If S0,S1,S2,S3 are assumed as the outputs, and taking 

S0 as LSB and S1 as MSB, then in Left Shift S0 is taken 

as 0 and DO,D1,D2 are passed to S1,S2,S3 

respectively. The same we have got in the output.S0 bit 

has 0 value and all the other bits are just the shifted 

version of the input.  

 

 
Figure 12 : No shift 

 

 

 

 

 

 

 

 

 

 

 

Now if we select the control bits in multiplexer as (0, 

1) then no shift operation is performed. 

As we can see above the output is same as that of the 

input. D0, D1, D2, D3 is passed to S0, S1, S2, S3 

respectively without any shift operation.   

 

 
Figure 13 : Right Shift 

 

Now if the control bits are (1, 0) then Right Shift 

Operation is performed on the input. 

0 is passed to S3 and D3, D2, D1 is passed to S2, S1, 

and S0 respectively. The output of the Right Shift is 

shown above and as we can see S3 has 0 value and all 

the other bits are shifted version of the input. 

 

 
Figure 14: Arithmetic Shift 

 

The arithmetic shift is same as that of the right shift just 

that the input D3 is passed to S3 as well as to S2.So, the 

output signal of both S2, S3 is same. The Arithmetic 

Shift can be done by passing (1, 1) as control bits to the 

multiplexer. 

 

So, as we can see we can perform Left Shift, No Shift, 

Right Shift and Arithmetic Shift through this circuit. 

And since it is made using CMOS so the size as well as 

complexity of the circuit is negligible 
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Figure 15: Schematic of Barrel Shifter 

 

 
Figure 16: Schematic output of barrel shifter 

 
 

For an input of 1011, the output comes out to be 0111. Here 

we can see that no additional 0 has been added. The number 

has been rotated clockwise 3 times. 

 
TABLE 2: Parameters of Shifters 

Types of Shifters Number of transistors 

  

Left Shift / Right Shift 66 

Arithmetic 52 

Barrel 216 

W/L ratio of pmos 7/1 

W/L ratio of nmos 2.4/1 

Delay 27.4ps 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV.    NCLUSION 
 

Different types of Shifters are studied, designed, analyzed 

by using SILVACO EDA TOOL full custom using 32nm 

technology.  

The schematic has been implemented using cmos. The W/L 

ratio of the transistors are chosen so as to get minimum delay 

possible between the input and output.  

The delay in the shifter circuit is 27.4ps. 
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