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Abstract. In this paper, a novel 8-bit barrel shifter is designed using both standard
logic gates and transmission gates. The novelty of our design supports left shift,
right shifi, left rotate, and right rotate operations within a single structure,
enabling versatile directional control through data reversal techniques that allow
streamline control flow and reduce logic complexity. Without limiting functionality
to one operation per cycle, this shifter achieves all four operations compactly,
optimizing resource use and operational flexibility. The design is implemented and
validated at 45 nm and 180 nm CMOS technology nodes, with waveform analysis
confirming reliable performance across all conditions. Simulation results indicate
that the transmission gate-based configuration significantly improves power
efficiency with minimum power dissipation of 98.67 nW achieving up to 99.4%
reduction compared to reversible logic-based counterparts, making it ideal for
power-sensitive applications. This barrel shifter advances conventional designs,
delivering a flexible and power-optimized solution suitable for modern digital
environments.
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1. INTRODUCTION

The design and implementation of efficient barrel shifters is crucial in modern digital
circuit design. Shifters are fundamental components in digital signal processing (DSP)
and are essential for optimizing data in critical operations like division and multiplication
across units such as Floating-Point Units (FPUs), Arithmetic Logic Units (ALUs), DSP
units, and Graphics Processing Units (GPUs). These units rely on efficient data-shifting
mechanisms to perform tasks ranging from numerical calculations to complex graphical
rendering and signal filtering. Among these mechanisms, the barrel shifter is particularly
notable for performing multi-bit shifts in a single operation, a capability inspired by the
synchronized movement of a gun barrel. This paper proposes a novel 8-bit architecture of
the barrel shifter integrating shift and rotate operations in left and right directions, which
is achieved using data reversal, leveraging CMOS technology known for high integration
density and low power consumption, ideal for implementing complex digital circuits like
barrel shifters.

Barrel shifters are often incorporated as a part of the Arithmetic Logic Unit (ALU) for
rapid bit manipulation as well as for fast multiplication and division operations. In DSP
algorithms, such as audio equalization (e.g. bass boost and filtering), barrel shifters are
essential for rotating and shifting coefficients. By combining shift and rotate operations
within a single shifter, the design streamlines these tasks, leading to faster filter updates
and smoother real-time audio processing. In graphics applications, data rotation is
commonly used for pixel manipulation and bitwise rotation operations, such as shifting
color channels or processing textures. A combined shift/rotate unit allows for more
efficient handling of pixel data. Barrel shifters are also used in microcontrollers for faster
data manipulation in tasks like text processing and data compression algorithms.

The remaining paper is organized as follows: Section 2 presents the literature survey
summarizing techniques, technologies, and findings related to barrel shifter design with a
focus on low power, compactness, and efficiency across different logic families and
technology nodes. Section 3 describes the design and working of the proposed 8-bit barrel
shifter using a 2:1 multiplexer, implemented with standard logic gates and transmission
gates. Section 4 discusses the design and operation of the barrel shifter. Section 5 presents
the simulation results of the 8-bit barrel shifter designed in Cadence Virtuoso 6.1. Section
6 summarizes the design achievements, power efficiency, and comparative advantages of
the implemented 8-bit CMOS barrel shifter and outlines future directions for scalability
and optimization in advanced VLSI applications.

2. LITERATURE SURVEY

The literature survey aims to explore and analyze the existing body of work related to
the subject of this research. It provides an understanding of the foundational concepts,
methodologies, and technologies that have been previously proposed, implemented, or
studied. This review helps in identifying the current trends, research gaps, and areas
where further improvement or innovation is possible.

A low-power 4-bit barrel shifter is proposed in [1], optimized for current steering Digital
to Analog Converter (DACs) using 65 nm technology. By leveraging Gate Diffusion Input
(GDI), modified GDI, and full-swing GDI logic for designing 2:1 multiplexer, the design
achieved significant power savings and layout efficiency, demonstrating its applicability in
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low-power digital systems. Similarly, the effectiveness of GDI logic in the design of an 8-bit
barrel shifter is demonstrated in [2], with a focus on compactness and power efficiency,
making it suitable for resource-constrained environments.

In the context of asynchronous systems, completion detection strategies and their
integration into barrel shifter designs are explored in [3], enhancing circuit functionality
and reliability. Further investigations into low-power designs are conducted in [4], where
methodologies for barrel shifters and rotators in 45 nm CMOS technology are compared.
The study provides critical insights into achieving optimal trade-offs between power
efficiency, performance, and area.

Advancements in nanoelectronics have also played a pivotal role in the evolution of
barrel shifter designs. The importance of scalability and low-power operation in
nanoelectronics circuits is emphasized in [5], aligning with the work presented in [6],
which introduced an 8x4 barrel shifter with a binary-to-gray code converter using FinFET
technology at an 18 nm node. This design, while suitable for low-power communication
systems, highlighted challenges related to minimizing transistor count.

The use of reversible logic has gained prominence for its energy-efficient properties.
Reversible universal barrel shifters designed for low-power applications are presented in
[7], while [8] introduces reversible bidirectional barrel shifters using multiple-valued
logic. These innovations highlight the potential of reversible logic for next-generation
low-power digital systems.

Layout efficiency and design optimization are critical for barrel shifters. An area-
efficient CMOS barrel shifter layout is proposed in [9], providing valuable insights into
reducing circuit complexity. A comparison between complementary MOS and pseudo-
NMOS logic in barrel shifters is conducted in [10], demonstrating the potential of pseudo-
dynamic approaches for low power shifting operations. Further investigations into nano-scale
CMOS technologies are carried out in [11], analyzing 4-bit barrel shifters at 45 nm and 90 nm
nodes to optimize delay and power.

Design alternatives for barrel shifters are explored in [12], introducing functionality
for combined shift and rotation operations controlled by select inputs. This work is
complemented by [13], which presents a ternary barrel shifter utilizing reversible
multiple-valued logic, expanding applications to non-binary digital systems.

Additionally, performance trade-offs in 45 nm CMOS-based barrel shifters are analyzed in
[14], with a focus on achieving power and area efficiency. Application-specific designs are
addressed in [15] through the development of area-efficient controllers for barrel shifters in
reconfigurable Low-Density Parity-Check (LDPC) decoders, further highlighting the versatility
of barrel shifter designs. A comprehensive review of barrel shifter designs, emphasizing
optimization techniques for improving processing speed and minimizing power consumption,
was provided in [16]. These findings are supported by innovations in pseudo-dynamic logic
and FinFET technologies, demonstrating their adaptability to modern digital systems.

3. METHODOLOGY

In digital design, multiplexers are essential for implementing barrel shifters, data routing,
and various control logic. A multiplexer (MUX) is a combinational circuit used to select one
of multiple input signals and forward the selected input to a single output line.

Multiplexers are implemented using standard logic gates and transmission gates (TGs).
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3.1. Multiplexer using Standard Logic Gates:

A 2:1 multiplexer implemented with standard logic gates consists of:

i) Two AND gates to create paths based on the select line input.

ii) One OR gate to combine the outputs of the AND gates.

iii) One Inverter to control the selection between the two input signals.

It consists of two data inputs A0 and Aland select line, INPUT. Depending on the
selected line, data inputs are passed at the output.

One advantage of using standard logic gate multiplexers is that they are easy to
implement and are robust, providing full voltage swing outputs as shown in Figure 1.
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Fig. 1 Mux using standard gates

3.2. Multiplexer Using Transmission Gates (TGs):

A 2:1 multiplexer using transmission gates is typically implemented with:

i) One NMOS and one PMOS transistor paired together as a transmission gate.
i) Control signals used for selecting the input.

iii) Inverter to control the selection between the two input signals.
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Fig. 2 Mux using transmission gates

Transmission gates operate by using complementary NMOS and PMOS transistors
that allow the selected input signal to pass through without loss of voltage, as illustrated
in Figure 2.
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TG-based multiplexers provide efficient, high-speed operation with full output
voltage swing, reduced power consumption, and fewer transistors.

Figure 3 shows the circuit of the proposed integrated and efficient 8-bit barrel shifter.
A total of forty-eight 2:1 multiplexers are used.
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Fig. 3 Schematic Diagram of Barrel Shifter

A barrel shifter can perform both logical shifts and circular shifts (rotations). In a logical
shift, data bits are moved left or right, and the vacated bit positions are filled with zeros. In
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a circular shift, also known as rotation, the bits that are shifted out on one end are wrapped
around and reintroduced at the opposite end, maintaining the overall bit count.

The barrel shifter is controlled using several signals: right, s, rotate 1bit, rotate 2bit,
rotate_4bit, shift 1bit, shift 2bit, and shift 4bit. The right signal determines the direction
of the operation. When right is 0, all shift and rotation operations are performed to the
left. When right is 1, they are performed to the right. In this case, the data is first

reversed, then the operation is applied, and finally the data is reversed again to
achieve the correct rightward behavior.

The s signal selects between shift and rotate operations. When s is 0, a logical shift is
performed. When s is 1, a rotation is performed. While performing a rotation, the same
select pins used for shifting (such as 1 bit, 2 bit, or 4 bit) must be set high, and the shift
select pins must be set low. Conversely, for a shift operation, the rotate select pins should
be kept low.

Table 1 provides a summary of all operations. The user configures the appropriate
select inputs (e.g., rotate 1bit, shift 2bit) based on the desired number of bits to be
shifted or rotated.

Table 1 Input Selection for Shift and Rotate Operations

Select Inputs

S right Operations
0 0 Left shift

0 1 Right shift
1 0 Left rotate
1 1 Right rotate

4. DESIGN AND OPERATION OF BARREL SHIFTER

This section discusses the design and operation of the barrel shifter by performing a
2-bit right rotate operation on an 8-bit binary input. The circuit consists of eight rows of
multiplexers, which allows for flexible bit-shifting, and rotation based on specified control
signals.

4.1. Shift and Rotate Operation:

For left shift: Set s=0, right=0, and 1 bit/ 2 bit/ 4 bit which are the control signals that
can be set according to the desired number of bits the user wants to shift.

For right shift: Set s=0, right=1, and 1 bit/ 2 bit/ 4 bit which are the control signals
and are kept as per the desired number of bits the user wants to shift.

For left rotation: Set s=1, right=0, and keep rotating bits (rotate 1bit/ rotate 2bit/
rotate 4bit) and shifting bits (1 bit/ 2 bit/ 4 bit) the same as per the desired number of bits
the user wants to rotate.

For right rotation: Set s=1, right=1, and keep rotating bits (rotate 1bit/ rotate 2bit/
rotate_4bit) and shifting bits (1 bit/ 2 bit/ 4 bit) the same as per the desired number of bits
the user wants to rotate.

Figure 4 shows the circuit of the barrel shifter. Input to the barrel shifter is applied
through the Vpulse instance in Cadence Virtuoso. 8-bit input (DO to D7) is applied to the
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barrel shifter, and it shifts/rotates in the left or right direction based on a 3-bit control
input (SO to S2), allowing shift/rotation from 0 to 7 positions. The data inputs are given
on the left (DO to D7), and the shift/rotate control lines are connected at the bottom. The
shifted 8-bit output (YO to Y7) is displayed on the right.
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Fig. 4 1C Circuit of Barrel shifter

Table 2 shows the actual output generated after performing different operations. This
table essentially serves as the truth table for the given inputs, detailing the outputs

corresponding to all select input pins.

Table 2 Truth Table of all operations performed by integrated barrel shifter

Select Inputs Shift Rotate

b‘t t b2i " bli ¢ Left Right Left Right

0 0 0 10100010 10100010 10100010 10100010
0 0 1 01000100 01010001 01000101 01010001
0 1 0 10001000 00101000 10001010 10101000
0 1 1 00010000 00010100 00010101 01010100
1 0 0 00100000 00001010 00101010 00101010
1 0 1 01000000 00000101 01010100 00010101
1 1 0 10000000 00000010 10101000 10001010
1 1 1 00000000 00000001 01010001 01000101
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Example to check the output of 2 bit right rotate operation:
The initial 8-bit input to the barrel shifter is set as:
Input: 10100010
Starting from D7 to DO
Input becomes 01000101
Control Signals:
Rotate 2-bit pin = 1
2-bit shift pin =1
Right shift pin =1
spin=1
All other control signals are set to 0, as per the user-defined configuration.
Step 1:
Initial Reverse Stage:
At the first stage, the input data is reversed. This yields the output as 10100010.
Step 2:
4-Bit Rotate Operation:
The barrel shifter processes a 4-bit rotation, which, in this context, does not introduce any
additional shift. Therefore, 4-bit rotate operation output is 10100010.
Step 3:
2-Bit Rotate Operation:
The next step performs a 2-bit rotate operation on the 4-bit rotated output. After shifting,
2-bit rotate operation output is 10101000.
Step 4:
1-Bit Rotate Operation:
A 1-bit rotation is applied, which does not further change the output in this configuration.
Thus, the 1-bit rotate output is 10101000.
Step S:
Final Reverse Stage:
Final Output:00010101
The final output 00010101 is available from Y7 to YO. Hence the final output
becomes 10101000 which matches the expected result, thus verifying the correct functionality
of the barrel shifter design in performing a 2-bit right rotate operation. This demonstrates the
accuracy of the circuit and the effectiveness of the multiplexer configuration in handling
various bit-shift and rotate operations.

5. RESULTS AND DISCUSSION

The entire 8-bit barrel shifter is simulated using the Cadence Virtuoso 6.1, and its
output is as per the expectation.

In the design verification process, hardcoded values are given to simulate user inputs.
Through waveform analysis, the functionality of the designed barrel shifter validates its
expected operational behavior across all test cases.

The input to the circuit is 8-bit binary data, and the output waveforms of operations
are shown from Figure 5 to Figure 8 as follows:

Input for the designed circuit: 10100010
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(a) Figure 5 shows 1-bit right shift operation. It gives the output 01010001.
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Fig. 5 Output waveform of 1-bit right shift

(b) Figure 6 shows 2-bit right rotate operation. Output of this is 10101000.
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(c) Figure 7 shows 4-bit left rotation operation. Data cyclically shifts to the right,
preserving all bits. The output for this operation is 00101010.
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Fig. 7 Output waveform of 4-bit left rotate

(d) Figure 8 shows 5-bit left shift operation. Data serially shifts to the left. The output
for this operation is 01000000.
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5.2. Performing Multiple Operations Simultaneously:

Figure 9 illustrates the inputs for multiple operations that can be performed
simultaneously.
Consider the following operations in the given sequence on the input 10100010.
Operation 1: 4-bit Left Rotate
Operation 2: 2-bit Right Rotate
Operation 3: 5-bit Left Shift
Operation 4: 1-bit Right Shift
Each control signal corresponds to a specific net, and the states of these signals dictate
which operations will be performed on the input data.
The control signals are as follows:
s (net8): A signal that likely controls whether the operation is a shift or rotation. It is
configured to be 1100.
Right (net12): A signal to initiate a right shift. It is configured as 0101.
Rotate 1-bit (net13): A signal to perform a 1-bit rotation. It is configured as 0000.
Rotate 2-bit (netl5): A signal to perform a 2-bit rotation. It is configured as 0100.
Rotate 4-bit (net16): A signal to perform a 4-bit rotation. It is configured as 1000.
1 Bit (netl7): A signal that controls a 1-bit shift. It is configured as 0011.
2 Bit (netl): A signal that controls a 2-bit shift. It is configured as 0101.
4 Bit (net2): A signal that controls a 4-bit shift. It is configured as 1010.

were Anabyds @

Fig. 9 Input waveform for all operations

The resulting waveform, shown in Figure 10, illustrates the activation timing of each
signal and how these control the behavior of the shift and rotate operations over time.
Each pulse corresponds to when a specific operation is applied to the input. The timing
parameters are set to perform these operations simultaneously.

All control signals are associated with parameters such as pulse width, period and
delay, which define the timing characteristics of the operations. The pulse width specifies
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how long a signal remains active, the period indicates the interval between successive
activations, and the delay determines the time between signal activation and the start of
the operation. The system clock is used for simulation. The timing parameters are
uniformly applied to all signals to ensure synchronized execution, allowing multiple
shifts or rotate operations to be performed simultaneously on the input data.

This can be illustrated with an example as follows:
net8 (s) has a pulse width of 40 ns, a period of 80 ns, and no delay.
netl2 (Right) has a pulse width of 20 ns, a period of 40 ns, and 20 ns delay.
netl3 (Rotate 1 bit) has a pulse width of 40 ns, a period of 80 ns, and no delay.
netl5 (Rotate 2 bit) has a pulse width of 20 ns, a period of 80 ns, and no delay.
netl16 (Rotate 4 bit) has a pulse width of 20 ns, a period of 80 ns, and no delay.
netl7 (1 bit) has a pulse width of 40 ns, a period of 80 ns, and 40 ns delay.
netl (2 bit) has a pulse width of 20 ns, a period of 80 ns, and 20 ns delay.
net2 (4 bit) has a pulse width of 20 ns, a period of 40 ns, and no delay.

Given an input data of 10100010, the control signals perform a series of shift and
rotate operations. The final output is obtained by combining the results of the following
four operations:

Operation 1: 4-bit left rotate — Output: 00101000
Operation 2: 2-bit right rotate — Output: 01000101
Operation 3: 5-bit left shift — Output: 01000000
Operation 4: 1-bit right shift — Output: 01010001
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Fig. 10 Output waveform of all operations

5.3. Power dissipation using 45 nm and 180 nm technology:

The power dissipation comparison for multiplexer implementation is given in Table 3.
Transmission gate (TG) multiplexers generally consume less power than logic gate-based
multiplexers due to lower switching activity and reduced leakage, especially in smaller
nodes like 45 nm. TG Multiplexers are ideal for energy-sensitive applications, while logic
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gate-based Multiplexers, though higher in power, offer robustness and simplicity, making
them suited for high-reliability environments like 180 nm technology.

Table 3 Power dissipation comparison for Multiplexer implementation

45 nm Technology 180 nm Technology
Mux using logic gates 125.5nW 227.3 W
Mux using Transmission Gate 10.1 nW 17.5 nW

The power dissipation of the integrated circuit using two techniques with left/right
shifter and Left/Right rotator is given in Table 4. It reveals that 45 nm transmission gates
consistently achieve the lowest power consumption across all tested operations, whereas
180 nm standard logic gates exhibit the highest power usage. Consequently, 45 nm
technology is recommended for applications with stringent power efficiency demands,
while the 180 nm node is advantageous for scenarios requiring enhanced robustness and
cost-effectiveness.

Table 4 Power dissipation comparison for various operations of Barrel Shifter

Power dissipation Power dissipation Power dissipation Power dissipation
using standard ~ using standard using transmission using transmission

logic gates logic gates gates gates
(45 nm) (180 nm) (45 nm) (180 nm)
1-bit right shift 720.1 nW 1212 nW 185.1 nW 285.7 nW
2-bit right rotate 925.7 nW 1714 nW 237.7aW 358.7nW
4-bit left rotate 497.1 nW 969.7 nW 1242 nW 195.6 nW
5-bit left shift 390.7 nW 579.9 nW 98.67 nW 148.5 nW

Comparison of existing and proposed barrel shifter is given in Table 5; the present
work proposes a CMOS-based 8-bit barrel shifter using transmission gates and standard
logic to achieve similar functional versatility with improved performance in conventional
digital platforms.

Table 5 Comparison of Existing and Proposed Design

Feature Existing Design Proposed CMOS Design
(Reversible Logic-Based
Design)
Technology 45 nm CMOS 45 nm & 180 nm CMOS
Architecture Type Reversible Logic CMOS with Transmission & Logic Gates
Gates Used Feynman, Fredkin, RLM 2:1 Multiplexers (TGs + Std. Logic)
Power Consumption 16.39 uW 0.185-0.925 pW

(TG Mux of 45nm, by operation)

Barrel shifters have evolved through various architectures aimed at optimizing power,
area, and versatility. One significant contribution is the Universal Reversible Barrel
Shifter proposed in [7], which uses reversible logic gates such as Feynman, Fredkin, and
the novel Reversible Logic Multiplexer (RLM) gate to enable bi-directional shifting and
rotation in a low-power configuration.
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A trade-off exists between shift and rotate operations in terms of power consumption.
The rotate operations demand more power than shift operations due to the higher number
of multiplexers required for bit rotation. Right rotations, in particular, incur additional power
consumption since data reversal necessitates more complex multiplexer arrangements.

6. CONCLUSION AND FUTURE SCOPE

A compact and efficient 8-bit barrel shifter has been developed using CMOS technology,
integrating left/right shift and rotate operations within a unified hardware framework. The
architecture of barrel shifter employs multiplexers based on standard logic and transmission
gates, enabling flexible directional control and efficient data manipulation. Implemented at
both 45 nm and 180 nm technology nodes, the design achieves significantly lower power
consumption with transmission gate-based configurations. The minimum power consumption
0f 98.67 nW is observed for a 5-bit left shift operation at 45nm technology node.

In comparison, existing reversible logic-based designs using gates like Feynman and
Fredkin exhibit higher design complexity and consume up to 16.39 uW, resulting in a
power reduction of up to 99.4% in our proposed design. This demonstrates that the MUX-
based CMOS approach is not only more practical for current VLSI systems but also highly
energy-efficient for power-constrained applications in DSP and embedded systems.

Future enhancements will focus on expanding support to higher bit widths and adopting
FinFET technology for further improvements in power and area optimization. The results of
the design proposed in this work are obtained through simulation. Transmission gates used
in multiplexers have limitations like increased delay and complexity in designing complex
logic. The analysis regarding latency can be the future scope of this work.
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