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 Abstract - The current tendency is to look at the possibility of 

using high-speed, low-power arithmetic components for Video, 

Image, and Voice processing. Vedic Multiplier (VM) can increase 

the speed of operation three times compared to conventional 

Wallace Multiplier. The Architecture of Enhanced Gate diffusion 

Input (EGDI) is more amenable to Vedic Multiplier than the 

standard Architecture and a power-saving architecture based on 

Gate Diffusion Input (GDI). This paper has presented various 

VM-based arithmetic elements utilizing EGDI, GDI, and CMOS 

through 130 nm CMOS standard Library of Mentor Graphics. 

The results have been compared with conventional CMOS, GDI 

and fixed to be a very encouraging process VM-EGDI as a 

formidable contribution. Finally, design an FIR using VM-EGDI 

reduces the 18%-37%, 50%-75% of power and delay compared 

to FIR using VM-GDI and VM-CMOS. 
 

Index Terms - Vedic Multiplier, CMOS, GDI, EGDI. 

 

I.  INTRODUCTION 

In arithmetic circuit topology, the multiplier is the 

essential component. Digital signal processing (DSP), image 

processing (IP), and neural networking all utilize the 

multiplier. Most IP and DSP contain multiplier functions like 

multiplication, Filtering, Multiplier and applications 

Accumulators (MAC) Multiplier- accumulator convolution, 

accumulate. Multiplier takes nearly 80% to complete 

execution time than other operations like addition, subtraction, 

division, and DSP algorithms. In DSP, the multiplier plays a 

vital function. The multiplier performance determines the 

overall performance of the DSP algorithm. 

Multiplier because the main basic fundamental hardware 

block within most of the processors. It contributes to the total 

personal Computer of the system. The multiplier is that the 

primary important fundamental function in an arithmetic 

operation. Multiplier operation is predicated on the multiply 

and accumulates. Computation-Insensitive Arithmetic 

Functions (CIAF) are currently used in various DSP 

applications, mostly convolutional filters, Fast Fourier 

Transform (FFT), filtering, and logical arithmetic unit's 

microprocessors. Since multipliers take up most of the 

execution time in most DSP algorithms, high speed and low 

power multipliers are required. Presently, multiplier duration is 

the essential factor in deciding the DSP chip's instruction 

period. 

The signal processing applications demand more for high-

speed processing and low power. The results have been 

expanding within the Computer each day. In several 

applications, such as real-time image signal and IP, arithmetic 

operators are crucial to achieving the desired output or 

efficiency. The multiplier is one of the main arithmetic 

functions in such applications, so constructing a fast multiplier 

circuit has piqued interest for decades. 

Optimizing each portion of the planning process is part of 

lowering the Personal Computer in the digital system. This 

paper involves the technology wont to implement the digital 

circuit, circuit style, topology, and circuit architecture. 

This paper focuses on the multiplier for reducing power 

and delay methodology for practicing comparative debugging 

about hardware role play and accurate observations. In 

addition, we look for the optimistic multiplier for different 

types of DSP and IP applications [1]-[3]. Finally, the research 

paper is rearranged as follows: In Section 2, the reported 

literature is seen in greater detail. The techniques used in this 

multiplier section 4 are defined in Section 3 of the basic style 

of VM. Section 5 discusses the essential components used in 

VM. In contrast, Section 6 discusses the results and discussion, 

and an efficient filter with a proposed multiplier. Finally, in 

Section 7, the multiplier design is finished. 

 

II. SYSTEMATIC LITERATURE SURVEY 

  

Mehta et al. [4] have developed VM based on Urdha 

Tiryakbham, resulting in a 26.45% improvement in speed 

compared to the existing multipliers; however, area occupancy 

increased by 10%. Kanchi et al. [5] have reported 23% 

increases in speed compared to existing multipliers. Kamor et 

al. [6] proposed VM supported Nikhilam sutra using barrel 

shifter yielding delay reduction of 45%, including decreased 

area occupancy by 24% compared with the traditional 

multiplier. Anjane et al. [7] used Kogge stone adder-based VM 

for improving speed by 25% concerning conventional 
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multiplier as recorded by [8].  Sanghani et al. [9] proposed 

VM based on the Differential Cascade Pre-resolve Adiabatic 

Logic (DCPAL) idea and uses 57% less power than 

conventional multipliers. Rao et al. [10] used the U.T. sutra on 

N-bit VM and could minimize route delay by 23% compared 

to existing multipliers.  Katreepalli et al. [11] have produced a 

high-speed VM specification based on the Manchester Carry 

Chain (MCC). The use of a hierarchical method by Adder 

resulted in increased speed. Sharma et al. [12] have proposed 

GDI achieving a considerable power reduction of 44% 

compared to existing multipliers. 

 

III. VEDIC MULIPLIER 

 

 The multiplier is that the heart of a DSP Processors as the 

multiplier is operated repeatedly altogether calculative 

procedures. The personal computer concern and the less 

occupancy are mainly used for the fabrication of the DSP 

systems. The crucial procedure for improvement is enhancing 

the performance and size of the multiplier. The performance 

and the size have relied on each other, which means increasing 

performances conclude with more occupancy.  

 In this paper, an 8-bit VM is designed by using 130 nm 

technologies. Urdhva-Triyakbhyam is the main motto that is 

used for the multiplier in Vedic mathematics. Here, the 8-bit 

VM is designed by using 3 Techniques. They are: 

1. CMOS Technique 

2. GDI Technique 

3. EGDI Technique 

 

A.  IMPLEMENTATION OF 2-BIT VEDIC MULTIPLIER  

 

The UT-based 2-bit VM is shown in Fig. 1 and is also 

designed by using 2 Half Adders (HAs) and 4 AND gates for 

partial product generation. Below, the procedure is spitted for 

2 input bit numbers A and B. where the two bit input numbers 

of A are given as 
1 0

A A A=  and similarly for 
1 0

B B B=   

shown in Fig. 2. Initially, the Least Significant Bit (LSB) is 

multiplied, giving the output as LSB bit of output product. 

Within the next step, the LSB of the multiplicand is multiplied 

with the upcoming LSB, which is added with the merchandise 

of the LSB and give next bit of output product and the sum 

gives a second little bit of the ultimate product formed by 

multiplying the MSB bits to get carry and sum. The sum and 

carry are the third and fourth corresponding bits of the last 

result. 

 

0 0 0
Sum A B=          (1) 

1 1 1 0 0 1{ , }C a rry S u m A B A B= +      (2) 

1 2 1 1 1{ , }C a r r y S u m C a r r y A B= +      (3) 

 

The final output occurs as the
0 1 0, ,S u m S u m C a r ry , 

and
1

Carry . This multiplier procedure applies to every 

condition. The 2-bit VM module is made using 4 input AND 

gate and 2 HAs. The corresponding block diagram is shown in 

Fig. 2. 

 
Fig. 1 The VM Method for 2-bit binary numbers 

 The final results are going to be carry2, sum2, sum1, 

sum0. This multiplier method applies to all the cases. The 4-

input AND gates and two HAs shown in Fig. 2 are used to 

construct the 2-bit VM module. 

 The overall power dissipation mixed with the planning is 

often formed together AND circuit delay plus 2 HAs delays. 

The multipliers general implementation has improved circuit 

to high-speed adder designs, resulting in a substantially 

changed AND circuit topology. Figure 2 depicts the topology. 

 
Fig. 2 UT-based 2-bit multiplier Architecture [12] 

It's the crucial element of the 4-bit VM. Other elements are 

utilized in the 8-bit VM explained further about the 8-bit VM 

to clearly understand the mixing of 8-bit VM. 

 

B.  IMPLEMENTATION OF 4-BIT VEDIC MULTIPLIER 
 

 For more number of input bits, we required a 

minor modification. The 2-bit VM is the primary element of a 

4-bit VM. Now, we have divided the number of inputs equally. 

Divide the input signal into two equal parts. Let's do a 4-bit 

VM multiplication calculation with multiplicand A=A [3:0] 

and multiplier B= B [3:0]. The output line for the multiplier 

result, Y [7:0], is shown in Fig. 5. Let's split A and B into two 

parts, with A being "A[3] A[2]" and B being "B[3] B[2]" and 

"B[1] B[0]" for A and B is "B[3] B[2]" and "B[1] B[0]" for B. 

VM's total formula is used. Let's look at the V. of the 2-bit VM 

block one bit and the corresponding circuit shown in Fig 3. 

Each of the above blocks is a 2-bit VM. "A [1] A [0]" and "B 

[0] B [1]" are the first two 2-bit VMs input. The final block is 

a 2-bit multiplier with the input "A [3] A [2]" and "B [3] B 

[2]." Two 2-bit VM with input "A [3], A [2]" & "B [1] B [0]" 

and "X [1] X [0]" and "Y [3] Y [2]" are seen in the middle. As 

a result, the multiplier generates an 8-bit Y [7:0] result. The 
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diagram of the 4-bit VM is shown in Fig. 4. Y [7:0], 2-bit VM, 

and three 4-bit Ripple Carry Adders (RCA) are used to force 

the final output. In this approach, the primary 4-bit RCA is 

utilized to generate two 4-bit operands from the cross 

multiplier of the two middle 2-bit multiplier units. 

 
Fig. 3 Structure for 4-bit multiplication 

 

 The second 4-bit RCA is utilized to have two 4-bit 

operands, namely, concatenated 4-bit ("00" & most 

importantly, two output bits of the rightmost 2-bit multiplier 

module as shown in Fig. 4) and one 4-bit operand obtained 

from the first RCA's output sum. The carry "ca1" is sent to the 

3rd RCA. The third 4-bit RCA is now used to combine two 4-

bit operands: a concatenated 4-bit (carry, "0," and the most 

significant two output sum bits of the second RCA, as shown 

in Fig. 4) and a 4-bit operand derived from the output sum of 

the leftmost 2-bit multiplier module. In the early literature, 

array multiplier topologies supported by VM are mentioned. 

Inside the 4-bit VM, the RCA arrangement is to scale back the 

delay. 

 
Fig. 4 Architecture of 4-bit VM [12] 

 

C. IMPLEMENTATION OF 8-BIT VEDIC MULTIPLIER 

 

The 8-bit VM consists of 4 4-bit VM and three 8-bit 

RCAs. A, and B are 8-bit inputs with 16-bit outputs, and the 

results are produced by taking the partial product and adding 

them together. The 8-bit VM architecture is implemented by 

using logic gates, steps involved in the implementation of VM 

are first the design of 2-bit VM, and second, the design of 4-bit 

VM for these four 2-bit VM is used, and RCA interconnects 

them is shown in Fig. 5. The architecture's total propagation 

delay is often calculated using the 4-bit VM delay, full adder 

delays, and therefore the delay imposed by the 8-bit RCA in 

the final addition stage. The decrease in transistor count is due 

to a reduction in hardware complexity.  

 
Fig. 5 Architecture of 8-bit VM 

 

This 4-bit VM is used in the suggested design, which is a UT-

based 4-bit VM as illustrated in Fig. 5. Some of the input to 

the RCA blocks are given as zero so that uniform bit-length 

high speed for all input to a specific RCA stage is often 

achieved. 

IV. TECHNIQUES 

 

This paper mainly explains the 2 Techniques of high speed, 

such as GDI and EGDI Techniques.  

A. GDI Technique 

Two essential techniques taken for consideration are GDI and 

EDGI. High-speed Multiplier logic Gate for low power 

devices has been conceptualized by Morgenstern et al. by GDI 

to reduce the area of power. 

 
Fig. 6 Basic GDI cell 
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B. Functions of GDI 

 

The GDI cell (Shown in figure Fig. 6) differs from the simple 

CMOS inverter structure as per the following:-  

1) G (Gate) is common to both the PMOS and NMOS. 

2) PMOS and NMOS are linked to P and N. 

The F1 and F2 functions were supported by the developed 

circuits, which are listed in Table 1 below. The reasons for this 

are as follows: [13]: 

1. F1 and F2 are often referred to as complete logic families 

(allowing 2 input functions to be registered). 

2. F1 is registered as a top-quality CMOS process (P) as a GDI 

function, with the N-MOS uniformly biased. 

The main advantages of the GDI Technique are low power, 

high speed, less area, and more flexibility to the designer. The 

GDI Technique is better fitted to a low-power design. The 

most significant disadvantage of a GDI cell is that the 

degraded O/P: The NMOS produces strong logic 0 of weak 

logic 1. Similarly, PMOS produces strong logic 1 or weak 

logic 0. It’s going to be noted that the chief merits of the GDI 

Technique are low power / high speed, less area, and greater 

flexibility. The most significant advantage in output is 

modified logic. NMOS produces stray logic 0 on wave logic 1, 

and PMOS produces stray logic 1 on weak logic 0When G=0, 

PMOS is activated, and the P input is routed to the output. 

NMOS is switched on of the input transmitted to the output 

when G=1. While PMOS is activated. The input is logic 0, 

resulting in a logic 0 that is weak. However, when NMOS is 

ON, input is at logic1 in weak logic 1.Hence, PMOS gives 

weak logic 0, whereas NMOS gives Wave logic 1. The 

primary governing principle is that the GDI cell is modified to 

supply stray logic 0, which may be considered as valid input to 

the subsequent stage. 

 

Table 1: various logic functions implemented by using primary 

GDI cell 

 

N P G D Functions 

Low B A A’B F1 

B High A A’+B F2 

High B A A+B OR 

B Low A AB AND 

C B A A’B+AC MUX 

Low High A A’ NOT 

 

B. EGDI Technique 

 

This modification of GDI by enhancement of gate to salient 

features became noticeable. 

1. The bulk Terminal of PMOS is continuously converted to 

the supply voltage, whereas NMOS reduces the bulk effect. 

2. The conductivity between the transistors is limited to 

deserve static power consumption. 

This design is amenable to twin well CMOS, SOI, and SOS 

technology. 

Fig. 7 shows the primary EGDI cell having for terminal 

structure. Table 2 shows the logic function. 

4.2.1 EGDI Logic Style 

One of the newest techniques for lowering power usage is the 

EGDI Technique. This enhanced gate diffusion input allows 

logic styles to scale back the world, power, and power 

consumption within the digital circuit. The basic improved 

GDI also includes less voltage, as seen in the diagram below, 

and the high voltage connector should be attached to the 

bottom. 

The PMOS transistor is linked to the enhanced GDI cell's high 

voltage, which is referred to as power supply or VDD. 

Similarly, the NMOS transistor is connected to the bottom, 

which is nothing but low supply voltage or VDD. The GDI cell 

that was created is compatible. The proposed GDI cell is 

realized using conventional CMOS technology, with all of the 

PMOS transistors linked to the VDD. All of the NMOS 

transistors are linked to the low constant voltage in the same 

way. The enhanced GDI cell uses standard four-terminal 

PMOS and NMOS transistors. The improved GDI cell can 

also be implemented with non-like twin-well CMOS 

Technology, Silicon on Insulator (SOI) Technology, and 

Silicon on Sapphire (SOS) Technology. Table 2 presents the 

varied logic functions in different input configurations. The 

below figure is that the primary enhanced gate diffusion input 

cell. We connect the bulk of the transistor on the four 

terminals of the improved GDI cell. 

 
Fig. 7 Basic EGDI cell 

 

Table 2: various logic functions implemented by using EGDI 

cell 

N SN P SP G D Functions 

0 0 1 1 A A’ INVERTER 

A A 0 A B AB AND 

1 0 A D B A+B OR 

A’ 0 A 1 B A’B+AB’ XOR 

A 0 A’ 1 B AB+A’B’ XNOR 

0 0 B B B A’B FUNCTION 1 

B 0 1 1 A A’+B FUNCTION 2 

C 0 B 1 A A’B+AC MUX 
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V. ELEMENTS USED IN DESIGNING OF VEDIC 

MULTIPLIER 

 

Mainly in this section explain the primary three modules for 

designing VM.   

The AND gate circuit in CMOS technology is illustrated in 

Fig. 8.  

 
Fig. 8 AND gate circuit in CMOS Technique 

In the previous paper, we can see that CMOS Technology 

AND Gate is constructed or designed based on 6-T, but we 

can design with 2-T with the GDI and efficient GDI Technique 

shown in the above Fig. 9. 

Applying input A to G input and 0, B to P, and N input gives 

output functioning as an AND gate. 

Compared to the traditional CMOS Technique, the number of 

transistors used in designing the AND gate is reduced in GDI 

Technique. It consists of only 2-T, whereas in CMOS 

Technique, it consists of 6-T.  

 

 
Fig. 9 AND gate circuit in GDI technique 

Fig. 10 is illustrated the circuit diagram of the AND gate in the 

EGDI Technique. Compared to the traditional CMOS 

Technique, the number of transistors used in designing the 

AND gate is reduced in EGDI Technique. It consists of only 2-

T, whereas in CMOS Technique, it consists of 6-T. The 

existing HA circuit with EGDI and GDI is shown in Fig. 11 

and Fig. 12. Full adder circuit diagram with EGDI Technique 

is shown in Fig. 13. 

 
Fig. 10 AND gate circuit in EGDI technique 

 
Fig. 11 Schematic of HA in EGDI Technique 

 
Fig. 12 Schematic diagram of HA in GDI Technique 
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Fig. 13 Schematic diagram of Full Adder in EGDI Technique 

 

VI. RESULTS AND DISCUSSION 

 

This section design of 2-bit, 4-bit, and 8-bit VM design using 

CMOS, GDI, and EGDI Techniques and all multipliers design 

with 130 nm CMOS library mentor graphics tool. The 

proposed 2-bit, 4-bit, and 8-bit VMs with EGDI Technique 

achieve reduced delay and power are shown in Table 3, Table 

4, and Table 5. 

 

Table 3: Comparative Analysis for 2-bit VM 

 
Name of the component CMOS GDI EGDI 

No.of Transistors 64 20 20 

Delay 130.7ns 99.6ns 49.7ns 

Power Dissipation 51.781uw 32.87uw 19.66uw 

 

Table 4: Comparative Analysis for 4-bit VM 

 
Name of the component CMOS GDI EGDI 

No.of Transistors 856 376 200 

Delay 139.36ns 111.0ns 100.58ns 

Power Dissipation 86.56uw 40.99uw 23.689uw 

 

Table 5: Comparative Analysis for 8-bit VM 

 
Name of the component CMOS GDI EGDI 

No.of transistors 4624 1744 1040 

Delay 179.23ns 130.76ns 100.67ns 

Power Dissipation 101.98uw 58.336uw 39.584uw 

 

The above tables gives the comparative analysis of power 

dissipation, delay, and transistors among the traditional CMOS 

Technique, GDI Technique, and the proposed EGDI 

Technique. Power dissipation, delay and area of VM are the 

main factors directly affected with the CMOS Technique, 

which we the GDI as the input logic compared with the COMS 

Technique.  

Table 3, Table 4 and Table 5 shows the difference between the 

numbers of transistors used in the implantation of 2-bit, 4-bit 

and 8-bit VMs in CMOS Tech and the conventional GDI and 

EGDI Tech. We can see that the number of transistors used in 

implementing 2-bit VM is the same. In contrast, the number of 

transistors is changed in the implementation of 2-bit, 4-bit and 

8-bit VMs It also gives information about reducing power 

delay and power dissipation of 2-bit, 4-bit and 8-bit VMs for 

the existing and proposed Technique. From the simulation 

results, it is observed that VM with EGDI provide better 

performance compared to all existing techniques with VM.  

 

A. CASE STUDY - FIR FILTER 

 

Today's digital filters are vulnerable to executing a significant 

number of arithmetic operations on the digital signal. There 

are two types of converters, but we only use one: an analog to 

digital converter, also known as analog to digital circuits 

provided by digital signals. These signals operate in two 

domains, mainly in either frequency or time domain. The 

essential FIR filter is of two types those are linear time-variant 

Finite Impulse Response system (LTI FIR) and linear time-

variant Infinite impulse response system (LTI IIR) [13].  

The FIR filter is for a finite number of input signals, the 

equation (4) is for the finite length of the FIR filter. The 

coefficient may vary for various signals. The output equations 

for FIR filter for M taps as an input, the equation is given 

below (2) the output signal is [ ]y n , and the input signal is [ ]x n . 
1 1

0 0

[ ] [ ] [ ] [ ] [ ] [ ] [ ]
n n

m m

y n x n h n x m h n m f m h n m
− −

= =

= × = − = − 
 (4) 

Where m=0 to m-1 

The FIR impulse response is essentially denoted in the z-

domain. The equation is given below. 

( ) ( ) ( )Y z F z X z= ×  (5) 

The impulse response of ( )F z is written in the z-domain is 

given below 

( ) [ ] [ ]H z F z X z m= −  (6) 

The basic diagram is shown below 

FIR filter with 8-bit VM-EGDI, VM-GDI, and VM-CMOS 

simulate using 130nm CMOS standard library and 

corresponding area, power, and delay shown in Table 6. FIR-

VM-EGDI reduction in power and area 18%-37% and 50%-

75% compared to FIR-VM-GDI and FIR-VM-CMOS with and 

without folding.   

 
Fig. 15 Conventional 8-Tap FIR Filter 
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From the Table 6 and Table 7, it is observed that FIR-VM-

EGDI achieves to reduce the power, delay, and area compared 

to FIR-VM-GDI and FIR-VM-CMOS. 

 

TABLE 6: Performance analysis of FIR-VM-EGDI, FIR-VM-

GDI, and FIR-VM-CMOS 

 

 

      Hardware 

 

FIR filter without Unfolding 

CMOS GDI EGDI 

No.of Transistors 19015 10202 10054 

Power Dissipation 302.15 uW 100.25uW 56.55Uw 

Delay 500.25ns 302.65ns 250ns 

 

TABLE 7: Performance analysis of FIR-VM-EGDI, FIR-VM-

GDI, and FIR-VM-CMOS 

 

 

      Hardware 

 

FIR filter  with Unfolding 

 

CMOS GDI EGDI 

No.of Transistors 20021 11525 11109 

Power 

Dissipation 

325.14uW 101.56uW 53.82Uw 

Delay 502.46ns 300.65ns 223.65 ns 

 

VII. CONCLUSION 

 

In this paper, our main aim is to design an 8-bit VM that has 

low power dissipation, more processing speed, and delay. 

After designing and simulation all the circuits present in the 8-

bit VM using Mentor Graphics 130nm. We made a relative 

analysis of the 2-bit, 4-bit and 8-bit VMs. Using several 

Techniques Such as CMOS Technique, GDI Technique, and 

EGDI Technique few observations are achieved. The circuital 

work is feasible just because of using EGDI Technique over 

old-school Techniques, which reduces the power dissipation 

this makes a vast difference between the 3 Techniques high 

speed. 

After a comparative analysis, the effective output has been 

observed, which was reached by comparing our multiplier by 

using a different Tech such as EGDI to other primary 

Techniques like GDI and CMOS. We can see a significant 

change in terms of the circuit area due to the decreasing 

number of transistors used for implementing the multiplier. For 

example, in terms of no. of transistors used in designing the 8-

bit VM in CMOS is about 4624 and in GDI is about 1744, but 

when we take the 8-bit VM using EGDI in 130nm Technique, 

we get an accurate and balanced no. of transistors count which 

is 1040. Similarly, there is a reduction in terms of power 

dissipation and delay of the multiplier designed by using the 

proposed methodology concerning the existing methodologies. 

With EGDI logic in implementing 2, 4 and 8-bit VMs, it is 

feasible to use the EGDI Technique over the conventional 

Technique, namely CMOS and GDI Techniques the power 

dissipation has been decreased. The power dissipation was 

reduced by 20%-40% when we compare the GDI and EGDI 

techniques. And when we compare the CMOS and EGDI, the 

PDD is reduced by 55%-60%, making a huge difference. So 

that we can get a better multiplier at the top of the approximate 

setup. The practical and applicability of the modified EGDI 

Technique need to be explored for more complex circuits such 

as multipliers. Finally, VM-EGDI with FIR filter achieved 

better performance than FIR filter designed with other mention 

two Techniques. 
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