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Abstract. This work represents the Development and realization on 3-bit Vedic 

Arithmetic Multiplier anchored in MAC Unit in FinFET Technology. Nowadays 

for designing any Integrated Circuit, Delay and power should be low to make IC 

more advantageous. We opted for FinFET Technology because of its advantages 

over CMOS.As in FinFET the leakage is lessen, it has 3D structure and also it has 

good control on its Channel. As Vedic Multiplication gives faster results than tra-

ditional Multiplication also it is time saving process. Carry save Adder (CSA) is 

very advantageous than other adders as its time delay and avg. power are very low 

and CSA is more efficient. MAC is mainly used in DSP applications. To imple-

ment MAC, we integrated Vedic Multiplier, Carry save Adder (CSA), full parallel 

sequential register. Throughout research, delay- power measures examined along-

side between CMOS and FinFET. 

Keywords: Multiply-and-Accumulate Unit (MAC), Carry Save Adder (CSA), 

Parallel-in-Parallel-out (PIPO), Complementary Metal-Oxide-Semiconductor 

(CMOS), D-Latch, Vedic Multiplier, Fin Field Effect Transistor (FinFET), 
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1 Introduction 

Multiply-and-Accumulate Unit The result remains in the accumulator upon the 

MAC device concurrently employs multiplication and adder. The multiplier-accu-

mulator (MAC) equipment is utilized in a multitude of digital signal processing 

(DSP) applications. Both addition and multiplication are assessed using MAC. Prod-

uct generator, summer, and storage element are critical modules of MAC. A signif-

icant part of computers, notably digital signal processors (DSPs), is the MAC unit. 

It additionally offers the microcontroller signal processing capabilities for an array 

of applications, which includes both audio and servo control. A specialized MAC, 

which is composed of an adder, a multiplier incorporated into combinational logic, 

and an accumulator register which saves the result, is often encountered in modern 
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computers. Each clock cycle adds the multiplier's output to the corresponding reg-

ister since the register's result gets routed back to summation inputs. Analytical Ma-

chine, researched by Percy Ludgate in 1909, was the original concept of a MAC. 

 One type of digital adder that is particularly useful for swiftly determining the 

sum of multiple binary values is the carry-save adder. Unlike other adders, it stands 

out because it produces two or more outputs, which are subsequently combined to 

achieve the final sum. The multiplier is a fundamental component in digital system 

design. Research has identified numerous rapid multiplier algorithms. Among these, 

the Vedic multiplication method is notable for its efficiency in creating effective 

multipliers. This article discusses the Vedic multiplier in detail. 

1.1 Research Objectives 

The decision regarding the type of multiplier and adder in a Multiply-Accumulator 

(MAC) unit is important, especially when dealing with DSP applications. It is vital 

to carefully choose these components considering their performance characteristics 

in order to save cost and development time. When evaluating multipliers, aspects 

like area, latency, and power usage are typically taken into effect. Because of the 

efficacy it provides, the Booth multiplier tend to sticks out among the other alterna-

tives. In a similar vein, the adder is picked by evaluating the performance across 

multiple sorts to guarantee the selected design yields the best outcomes for the in-

tended purpose. 

The effectiveness of Vedic multipliers and their potential benefits with regard of 

speed, power, and area are examined in MAC (Multiply-Accumulate) units. It had 

been noted that in contrast to other hardware implementations, involving Xilinx Vi-

vado-based systems, CMOS technology affords lower power and latency. Further-

more, integrated Vedic multipliers are ideal for energy-efficient systems as they de-

mand less power than other traditional multiplier forms. Incorporating Vedic math-

ematics advances performance substantially by cutting down on delay intervals as 

compared to conventional multiplication methods. These advancements illustrate 

how essential Vedic multipliers have been for leading to rapid, Low-wattage MAC 

architecture, which furnish benefits in contemporary electronic deployments.  

The RTL compiler in the CADENCE tool can be employed as well to assess the 

performance characteristics; nevertheless, in the present research, FinFET technol-

ogy facilitates implementation. A thorough comparison of the power and delay at-

tributes between FinFET and CMOS technology is carried out. The current research 

emphasizes the influence of combining Parallel-In-Parallel-Out (PIPO) registers, a 

Vedic multiplier, and a Carry Save Adder (CSA) on overall performance. 
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2  Review Methodology 

A Vedic multiplier, a Carry Save Adder (CSA), and Parallel-In-Parallel-Out (PIPO) 

registers are employed in the actualization of the MAC unit. Following the 

deployment, the power and latency metrics are assessed and compared between 

CMOS and FinFET technologies. 

2.1 3-bit Vedic Multiplier 

The Vedic multiplier, renowned for its speed and performance, is an immensely effi-

cient multiplication algorithm which frequently appears in digital circuits. Utilizing 

the foundations of Vedic mathematics—an old Indian statistical system—it strength-

ens contemporary computational methodologies. Vedic mathematics, that has its roots 

with ancient Indian comprehension, is the foundation of the Vedic multiplier. Sri Bha-

rati Krishna Tirthaji developed and popularized this method of calculation between 

1911 and 1918. 

2.1.1 Implementation 
The steps that constitute 3-bit Vedic multiplication are outlined as follows: 

The Vedic multiplier's design primarily makes use of AND gates, half adders, 

and full adders. For bit-wise multiplication, AND gates are employed, implemented 

specifically using transmission gates. Utilizing a Half Adder equipped with a 12-tran-

sistor (12T) layout, two-bit addition is accomplished. Similarly, for three-bit addition, 

a Full Adder is incorporated, built from 14 transistors (14T). 

A transmission gate comprises of two field-effect transistors (FETs), where, unlike 

conventional discrete FETs, the substrate (bulk) terminal is not internally connected 

to the source. It contains of a p-channel and an n-channel[22] MOSFET that are wired 

concurrently with their source and drain connections linked. The control terminal is 

generated by linking the gate terminals of these transistors via an inverter (NOT gate). 

  fig. 1. AND gate with transmission gates   
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An AND gate functions in accordance with the truth table that follows: 

  fig. 2. Truth table for AND gate  

Half-adders are digital circuitry aimed for handling the summing of two 1-bit values. 

Generates 2 outputs, SUM and CARRY, from two inputs, designated A and B. A 12-

transistor (12T) half adder arrangement is used in this study. 

         fig. 3. 12T Half Adder 

Full-adders are digital circuitry aimed for handling the summation of three 1-bit 

values. It generates 2 outputs, SUM and CARRY, from three inputs, designated A, B 

and C. A 14-transistor (14T) full adder arrangement is used in this study. 

  fig.  4. 14T Full Adder  

  fig.  5. Transient Response of 3-value Adder   
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The 3-bit Vedic multiplier is constructed by integrating an AND gate, a 12-transistor 
(12T) half adder, and a 14-transistor (14T) full adder. This multiplier is implemented 
using FinFET technology, utilizing nlvt and plvt transistor types for enhanced perfor-
mance. 

  fig. 6. Schematic of 3-bit Vedic Multiplier 

The transient response is presented below:  

 fig. 7. Transient Response of 3-bit Vedic Multiplier 

2.2 6-bit Carry-save computation unit 

CSA are digital circuitry optimized for adding multiple binary numbers by reducing 

carry propagation delay. Rather than propagating the carries immediately between bit 

positions, it stores them temporarily and processes them in parallel, generating two out-

puts: the sum and the carry. This architecture enhances computational speed, making it 

particularly effective for high-performance systems such as multipliers and Multiply-

Accumulate (MAC) units. 

Instead of propagating carries immediately between stages, it stores them temporarily, 

generating two outputs: a partial sum and a carry. These intermediate results are com-

bined in a final stage to produce the complete sum. By performing operations in parallel, 

the CSA boosts processing speed, making it ideal for high-performance applications 

such as multipliers, MAC units, and digital signal processing systems. 

2.2.1 Implementation 
This work first designs a 3-bit CSA, which is subsequently utilized to build 

a 6-bit carry save adder. The      3-bit and 6-bit CSA schematics are displayed coupled 

with transient response. 
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fig. 8. Interior Schematic of 3-token CSA 

  fig. 9. Test Symbol for 6-token CSA 

 

  fig. 10. Transient Response of 6-token CSA 

2.3 Dual Parallel Interface 

A Dual Parallel Interface is a concerning register that grants multiple bits of metrices 

loaded and retrieved simultaneously. Within this configuration, all The incoming bitstream 

provided in parallel, and after a clock pulse, the entire data set is output unison as well. 

PIPO shift registers are commonly used in applications requiring fast data storage and trans-

fer, such as buffers, data conversion, coupled by digital signal processing. Their ability to 

handle multiple bits simultaneously makes them suitable for high-speed operations.  

PIPO shift registers offer superior efficiency compared to other types and are simpler to 

implement. 

2.3.1 Implementation 
In this work, a PIPO register is realized using D-latches. Since a latch is a level-triggered 

device, we employed six D-latches to build a 6-bit PIPO shift register. The 6-bit CSA sche-

matic is displayed coupled with its transient response. 

  PIPO with six D-Latches is displayed below: 
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                                                fig. 11. Schematic of 6-bit PIPO 

Each D-latch is composed of a total of ten transistors (10T). 

fig. 12. 10T D-Latch 

fig. 13. Transient Response 6-bit PIPO 

2.4 MAC Unit 

A vital component of many contemporary processors and digital signal processing (DSP) 

systems is the MAC (Multiply-Accumulate) unit[23]. Multiplication and accumulation are 

its primary tasks, which typically conclude in a single cycle. The end product of the 

multiplication of two numbers—typically integers or floating-point values—by the MAC 

unit has been added to the total value that is kept in a register. Applications involving 

recurrent multiply-accumulate steps, such as digital filters, convolution, Fourier transforms, 

and machine learning algorithms, rely upon this process. The MAC unit, which blends 

multiplication and addition, improves computational efficiency and speed and is hence a key 

part of compute-intensive jobs. 

The MAC unit's block diagram is illustrated below: 
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   fig. 14. Block structure of MAC Unit  

 

The system accepts two inputs: the Multiplier and the Multiplicand, represented at the top by 

arrows. These inputs are fed into the Multiplier Block, which computes the product and 

passes it on to the Adder Block. The Adder then combines this product with the value stored 

in the Accumulator, a critical component of Multiply-Accumulate (MAC) units that facili-

tates the aggregation of multiple products over successive iterations. The Accumulator holds 

the intermediate sums, essential for operations like dot products by maintaining a running 

total of multiple additions. After each addition, the updated sum is saved back into the Ac-

cumulator, allowing the process to continue if additional inputs are available. Once all cal-

culations are finished, the final accumulated result is sent to the output. 

2.4.1 Implementation 
The MAC Unit integrates a 3-bit Vedic Multiplier, a 6-bit Carry Save Adder (CSA), 

and a 6-bit PIPO shift register, all constructed with FinFET technology. The schematic below 

depicts this configuration for the MAC. 

fig. 15. Schematic Diagram of 3-bit MAC Unit in FinFET Technology 

Test symbol and Transient response are below: 

  fig. 16. Test symbol of 3-bit MAC Unit 
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The provided graph illustrates the transient response of the 3-bit MAC Unit. It displays how 

various signals evolve over time during the operation of the unit. This visualization is essential 

ing the dynamic behavior and performance characteristics of the design. 

                               fig. 17. Transient Response of 3-bit MAC Unit 

for analyz

                 

3. Power and Delay Comparison 

The table provides a comparative analysis of power consumption and delay times for different 

components using both CMOS and FinFET technologies. In the FinFET configuration, the 3-

bit Vedic Multiplier achieves a noticeable reduction in both power usage and delay, indicating 

higher efficiency. Similarly, both 3-bit and 6-bit Carry Save Adders (CSAs) benefit from lower 

power consumption and reduced delay in FinFET implementations. The 6-bit PIPO shift 

register, in particular, experiences a substantial decrease in delay when implemented with 

FinFET technology. Overall, the 3-bit MAC unit built with FinFET consumes less power and 

operates faster than its CMOS equivalent, underscoring the suitability of FinFET for advanced 

applications. 

The graphical sketch of power and Delay between CMOS and FinFET Technologies. 

                           fig. 18. Power and Delay Comparison 

                             fig. 19. Graphs on Power and Delay Comparison 

 

4. Conclusion 

This paper offers a comprehensive examination of how FinFET technology effectively reduces 

both delay also wattage when examined by conventional Traditional technology. It emphasizes, 

significant benefits of FinFET, including its capability to operate at lower voltage levels, which 

results in lower power requirements. The analysis highlights the advantages of the unique 

three-dimensional architecture of FinFET transistors, which provides superior electrostatic 
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control, thereby enhancing switching speeds. Additionally, the paper explores the increasing 

importance of FinFET in contemporary electronics, particularly in high-performance sectors 

such as processors and memory devices. By addressing the limitations associated with power 

scaling in traditional CMOS, FinFET presents itself as a vital solution for the future of semi-

conductor technology. Ultimately, the results underscore FinFET's potential to drive advance-

ments in efficient and high-performance electronic systems.   
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