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ABSTRACT: A novel method for squaring binary numbers using Vedic mathematics is proposed in this paper. The implementation
of the binary squaring circuit uses the improved Vedic multiplier architecture. The circuit is designed in DSCH using the 14nm
technology. Dwandwayoga has a duplex property that is used to find a square of an N-bit number. Also, Yavadunam is a special
case for finding the square of a number that is closer to the base. This work targets a comparative analysis of these two square
circuits having a Vedic approach with a conventional array multiplier. TThe circuit synthesis is performed using the Micro-wind,
DSCH. The schematic based simulation is presented for 4-bit in DSCH. The design can easily be expanded for large bit sized
inputs. The device utilization and delay comparison are presented using existing methods. The binary squaring circuit presented in
this paper show better parametrised performance than the previously reported squaring circuits.
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INTRODUCTION: Among the forceful investigation in the field of low power, high speed digital applications due
to the growing demand of systems like phones, laptop, palmtop computers, cellular phones, wireless modems and
portable multimedia applications etc has directed the VLSI technology to scale down to nano-regimes, allowing
additional functionality to be incorporated on a single chip. The designer*s novel purpose in the field of multifaceted
digital circuit design is minimization of power consumption. These investigations are responsible for special design
techniques for digital circuits distant from conventional CMOS design style. A large body of investigate has been
performed to expand and advance conventional Complementary Metal Oxide Semiconductor (CMOS) techniques for
the fabrication of ULTRA low power integrated circuits (ICs). The purpose of this study is to expand a faster, lower
power, and reduced area substitute to standard CMOS logic circuits. Mod-VEDIC technique is one such new technique
for minimization ofpower consumption in the digital circuit design field[1,2,3]. The increasing market of portable,
battery-powered electronic systems preferred microelectronic circuits design with ultra low power dissipation. Since
the size, complexity and integration of the chips keep on to increase, thecomplexity in providing enough cooling might
either include important cost or limit the operability of the computing systems which formulate utilization of those
integrated circuits. At the same time as the technology node scales down to 65nm regime, not to a great extent increase
in dynamic power dissipation is noticed, though the static or leakage power is similar as or exceeds the dynamic power
beyond 65nm technology node. Therefore the methods of power dissipation reduction are not limited to dynamic
power. In this paper we discuss circuit and logic level design approaches to power minimization such that dynamic,
leakage and short circuit power dissipation. Power optimization for low power applications can be achieved at different
levels such that System level, Algorithm level , Architecture level, Circuit/Logic level and technology level. Logic
level power optimization method have been considered here which have a huge potential for power saving. As a result
optimization at circuit / logic level is moreover very imperative for miniaturization of IC[4]s. For the period of the
last two decades investigation has resulted in the progress of numerous logic design techniques. An alternative
approach to CMOS logic design is pass-transistor logic (PTL) design having advantages over standard CMOS design,
these are: high speed which results from the small node capacitances; low power dissipation which results from the
reduced number of transistors used in fabrication; and lower interconnection effects which results from small area.
But there were also some basic problems in PTL realizations; i) the threshold drop across the single channel pass
transistors which results in reduced current drive and therefore slower function at reduced supply voltages [1]. This
threshold voltage drop is significant for low power design because it is advantageous to function at the lowest possible
voltage level. ii) In view of the fact that the input voltage for a high logic level at the regenerative inverters is not
VDD, the PMOS device in the inverter is not fully turned off, and for this reason direct-path static power dissipation
can be important. After that many investigations have performed to resolve these problems which results in techniques
like: Transmission Gate CMOS (TG), Complementary Pass-transistor Logic (CPL), and Double Pass-transistor Logic
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(DPL). The multiplier finds its usage in practically all kinds of processing systems ranging from application specific
processors dealing with an infinitely large bit width or a small scale general processor dealing with a comparably
smaller subset of data. It also happens to be one of the most time-consuming digital processes and offers a good scope
for improvement in terms of area, delay as well as power efficiency.

LITERATURE SURVEY: There are different types and designs of full adder which is discussed in various papers
at state of the art level and process and circuit level. Twelve state of the art full adder cells are: conventional CMOS,
CPL, TFA, TG CMOS,C2MOS, Hybrid, Bridge, FA24T, N-Cell, DPL and Mod2f. R. Shalem, E. John, and L.K. John,
proposed a conventional CMOS full adder consisting of 28 transistors [1]. Later, the number of transistor count is
reduced to have less area and power consumption. A. Sharma, R Singh and R. Mehra, Member, IEEE, have improved
performance with Transmission Gate Full adder using CMOS nano technology where 24 transistors are used [2]. The
Complementary Pass transistor Logic (CPL) full Adder contains the 18 transistors. The power consumption of this
structure is 2.5uw [3]. A Transmission Function Full Adder (TFA) based on the transmission function theory has 16
transistors. The power consumption of this structure is 12uw. N-CELL contains the 14 transistors and utilizes the low
power XOR/XNOR circuit. The power consumption of this structure is 1.62uw. Mod2f Full Adder contains the 14
transistors, generates full swing XOR and XNOR signals by utilizing a pass transistor based DCVS circuit. The power
consumption of this structure is 2.23uw [3]. Saradindu Panda, N. Mohan Kumar, C.K. Sarkar, optimized the full adder
circuit to 18 Transistor using Dual Threshold Node Design with Submicron Channel Length [4]. T. Vigneswaran, B.
Mukundhan, and P.Subbarami Reddy, designed 14 transistor high speed CMOS full adder and significantly improved
threshold problem to50% [5]. Gate Diffusion Input Technique is a new method of reducing power dissipation,
propagation delay with less area. T. Esther Rani, M. Asha Rani, Dr.RameshwarRao, designed an area optimized low
power arithmetic and logic unit in which Arithmetic Logic Unit is implemented using logic gates, pass transistor logic,
as well as VEDIC technique [6].Manish Kumar, Md. Anwar Hussain, and L.L.K. Singh explained a Low Power High
Speed ALU in 45nm UsingVEDIC Technique and Its Performance Comparison [7].

EXISTING MTHOD:

SQUARE CIRCUIT USING URDHVA TIRYAGBHYAM and GDI:

URDHVA TIRYAGBHYAM :

Urdhva — Triyakbhyam is the general formula applicable to all cases of multiplication and also in the division of a
large number by another large number. It means vertically and crosswise. We discuss multiplication of two, 4 digit
numbers with this method [8-9].

VEDIC MULTIPLIER ARCHITECTURE : The hardware architecture of 2X2, 4x4 and 8x8 bit Vedic multiplier
module are displayed in the below sections. Here, “Urdhva-Tiryagbhyam” (Vertically and Crosswise) sutra is used to
propose such architecture for the multiplication of two binary numbers. The beauty of Vedic multiplier is that here
partial product generation and additions are done concurrently. Hence, it is well adapted to parallel processing. The
feature makes it more attractive for binary multiplications. This in turn reduces delay, which is the primary motivation
behind this work

VEDIC MULTIPLIER FOR 2X2 BIT MODULE: The method is explained below for two, 2 bit numbers A and B
where A = ala0 and B =b1b0 as shown in Fig. 2. Firstly, the least significant bits are multiplied which gives the least
significant bit of the final product (vertical). Then, the LSB of the multiplicand is multiplied with the next higher bit
of the multiplier and added with, the product of LSB of multiplier and next higher bit of the multiplicand (crosswise).
The sum gives second bit of the final product and the carry is added with the partial product obtained by multiplying
the most significant bits to give the sum and carry. The sum is the third corresponding bit and carry becomes the fourth
bit Of the finel product. The 2X2 Vedic multiplier module is implemented using four input AND gates & two half-
adders which is displayed in its block diagram in Fig. 3. It is found that the hardware architecture of 2x2 bit Vedic
multiplier is same as the hardware architecture of 2x2 bit conventional Array Multiplier [2]. Hence it is concluded that
multiplication of 2 bit binary numbers by Vedic method does not made significant effect in improvement of the
multipliers efficiency. Very precisely we can state that the total delay is only 2-half adder delays, after final bit
products are generated, which is very similar to Array multiplier. So we switch over to the implementation of 4x4 bit
Vedic multiplier which uses the 2x2 bit multiplier as a basic building block. The same method can be extended for
input bits 4 & 8. But for higher no. of bits in input, little modification is required.
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Fig.1 Block Diagram of 2x2 bit Vedic Multiplier
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The 4x4 bit Vedic multiplier module is implemented using four 2x2 bit Vedic multiplier modules as discussed in Fig.
3. Let"s analyze 4x4 multiplications, say A= A3 A2 A1 A0 and B=B3 B2 B1 B0. The output line for the multiplication
result is — S7S6S5S4 S3 S2 S1 SO .Let™s divide A and B into two parts, say A3A2 & Al A0 for A and B3 B2 & B1B0
for B. Using the fundamental of Vedic multiplication, taking two bit at a timeand using 2 bit multiplier block, we can
have the following structure for multiplication as shown in Fig. 4.
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Fig. 2 Sample Presentation for 4x4 bit Vedic Multiplication

Each block as shown above is 2x2 bit Vedic multiplier. First 2x2 bit multiplier inputs are A1A0 and B1B0. The last
block is 2x2 bit multiplier with inputs A3 A2 and B3 B2. The middle one shows two 2x2 bit multiplier with inputs A3
A2 & B1B0 and A1A0 & B3 B2. So the final result of multiplication, which is of 8 bit, S7 S6S5S4 S3 S2 S1 S0. To
understand the concept, the Block diagram of 4x4 bit Vedic multiplier is shown in Fig. 5. To get final product (S7 S6
S5 S4 S3 S2 S1 S0), four 2x2 bit Vedic multiplier (Fig. 3) and three 4-bit Ripple-Carry (RC) Adders are required. The
proposed Vedic multiplier can be used to reduce delay. Early literature speaks about Vedic multipliers based on array
multiplier structures. On the other hand, we proposed a new architecture, which is efficient in terms of speed. The
arrangements of RC Adders shown in Fig. 5, helps us to reduce delay. Interestingly, 8x8 Vedic multiplier modules are
implemented easily by using four 4x4 multiplier modules
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Fig. 3 Block Diagram of 4x4 bit Vedic Multiplier

GATE DIFFUSION TECHNIQUE:

The GDI method is based on the use of a simple cell as shown in Fig. 1. At a first glance the basic cell resembles the
standard CMOS inverter, but there are some important differences: GDI cell contains three inputs — G (the common
gate input of the nMOS and pMOS transistors), P (input to the outer diffusion node of the pMOS transistor) and N
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(input to the outer diffusion node of the nMOS transistor). The Out node (the common diffusion of both transistors)
may be used as input or output port, depending on the circuit structure.

The GDI cell is similar to a CMOS inverter structure. In a CMOS inverter the source of the PMOS is connected to
VDD and the source of NMOS is grounded. But in a GDI cell this might not necessarily occur. There are some
important differences between the two. The three inputs in GDI are namely-

1) G- common inputs to the gate of NMOS and PMOS

2) N- input to the source/drain of NMOS

3) P- input to the source/drain of PMOS

Bulks of both NMOS and PMOS are connected to N or P (respectively), that is it can be arbitrarily biased unlike in
CMOS inverter. Moreover, the most important difference between CMOS and GDI is that in GDI N, P and G terminals
could be given a supply “VDD’ or can be grounded or can be supplied with input signal depending upon the circuit to
be designed and hence effectively minimizing the number of transistors used in case of most logic circuits (eg. AND,
OR, XOR, MUX, etc). As the allotment of supply and ground to PMOS and NMOS is not fixed in case of GDI,
therefore, problem of low voltage swing arises in case of GDI which is a drawback and hence finds difficulty in case
of implementation of analog circuits.

P
¢

& 0+ -0 Dut

0

N

Fig 4: Basic GDI gate
Multiple-input gates can be implemented by combining several GDI cells. The buffering constrains, due to possible
VT drop are described in detail in [8], as well as the technological compatibility with CMOS (and with SOI).
Morgenshtein has proposed basic GDI cell shown in Fig.1 [8]. This is a new approach for designing low powerdigital
combinational circuit.GDI technique is basically two transistor implementation of complex logic functions
whichprovides in-cell swing restoration under certain operating condition.
PROPOSEED METHOD:
SQUARE CIRCUIT USING Dwandwayoga SUTRA WITH FIN-FET
The Duplex Combination or ‘Dwandwa Yoga’ is used for squaring the numbers. It is based on the Duplex property.
According to this property, to find the square for the even numbers, the result is taken as twice the product of the
outermost pair and then the product of the next outermost pair and so on, until no pairs are left. To find the square for
the odd numbers, the same procedure is followed except that the one bit left in the middle and this enters as its square
along with the product elements.

D(a) = a”

D{ab) = 2ab
D(abc)=2ac+b”
D{abcd) = 2ad+2bc
D(abede) = 2ae+2bd+c”

D(abcdef) = 2Zat+2be+2cd

As we seen above, D of any number is the sum of the square of the middle number and twice the product of
the other pairs. When compared to array squaring algorithm, our squaring algorithm gives low delay. The performance
of proposed squaring algorithm is increased compared to the conventional multiplier. Less number of LUT’s is used
in the proposed algorithm when compared to the conventional multiplier. The size of the hardware circuit can be
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decreased as a result of decrease in the number of LUT’s due to the increase in number of bits. In the same way the
delay of the squaring algorithm is decreased and so it can be used in many applications where high speed is required.
Algorithm for the 4x4 bit Square using Dwandwa Yoga.

1. D(AO0)=A0*A0=A.
2. D(ATAQ)=2*A1*A0 = B.

3. D(A2A1AQ)=2%A2*A0 +A1*Al =
i
4. D(A3AZALAQD)=
2FAZAFAQH2*AZ*ALl =D.
5. D(A3A2A1)=2*A3*Al + A2*A2 =E.
6. D(A3A2)=2*A3*A2=F.
7. D(A3)=A3*A3=G.
G(0) F(1) F(0) E(1)E0) D(2)D(1)D(0) Cﬁ((}} B(1) B(0) A(0)
. ' |

i '

L .L |
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Figure . Blocks In Square Architecture

SQUARE CIRCUIT USING YAVADUNAM SUTRA WITH FIN-FET
YAVADUNAM SUTRA: Yavadunam sutra is used to find the square of a number that is closer to the base.
Yavadunam Tavadunikartya Varganacha Yojayet is up sutra which means, “Find the deficiency that is added or
subtracted from the number and later square the deficiency”. This sutra works efficiently for the numbers that are
closer to the base of power of 10. Hence it can be considered a special case to calculate the square of a number.
Proof: Let A be base and B be deficiency and (a + b) is the number
(atb)2=a?+2ab +b?

=a(a + 2b) + b?

= a(at+b+b) + b?

= Base(number + deficiency) + (deficit) 2

Let’s see how this Yavadunam sutra works stepwise. (1) Calculate the deficiency close to the base. Here,
Deficiency is the difference between number and base. (2) Find the square of deficiency and keep it to the right side
of the final answer (3) Add deficiency to number (if deficiency (def) is negative then subtract) (4)
Result = (Num + def + Carryforward) and (def)2 Let’s see an example to calculate a square of 102 which is close to
base 100.
So deficiency = 102-100 = 02.
Deficiency square = (02) 2 = 04

INTERNATIONAL JOURNAL OF ENGINEERING IN ADVANCED RESEARCH SCIENCE AND TECHNOLOGY

Vol.01, Issue.03, March-2026, Pages: 417-425
Copyright @ 2026 IJEARST. All rights reserved.




DOI: 30.2892/ijearst.77.02.3945 https://ijearst.co.in/

Result = 100(102 + 02) + 04 = 10404 We will see another example of negative deficiency. Ex.(995) 2here deficiency
is 995 - 1000 =-5

Deficiency square = (=5) 2 =025

Subtract deficiency from number =995 — 5 =990

Result = 990025 For Binary numbers, we can calculate the square of binary numbers using the same methodology.
Binary numbers have base 2. The algorithm is used to find the square of the 4-bit binary number as follows. [1]

Let Input = A3 A2 A1 A0

[2] Let Du[put = E? Eﬁ, B';—.., Eq_ B3 B: B. Bu
[3] Deficiency = As A; Ay
[4] {D-E'ﬁfiflli:}'jl =S {AE .ﬂﬂ!l.g .ﬂ"..l.u]_? = I:P_-, P_.; P:.l; Pz P] Pu::l

Whtre B‘: Bi En = Pl P] Pﬂ

[5] Carry = P5 P4 P3

[6] Az Az Ay Ap 4+ Az Ay Ap= Xs X3 X3 X3 X; Xp

[7] By Bs Bs B4y Bz Ba By Bp = Xs X4 X3 X3 X; Xo+ Ps
Py Ps

Ex. J"Ljﬁgﬁ].!"l.[p 1110
Deficiency = AA;.45 = 110

fDeﬁciency]l = (AsA A
(PsP4P3P2P1Po)
100100
B:BiBp = P2P;1 Pqg
100 Carry = 100
AzAz AL A + A A Ap KX a4XasXX 3 Xp = 10100
B7BgBsB4BiB:B 1By = Xs Xy X3X-2X 1 Xp
-+ PsP4Ps
= 11000100

FinFET

Basic Structure of FinFET
The basic structure of FinFET consist of 3D shaped Fin , gate , drain and source and substrate

e Fin: Name of FinFET is derived from this 3 D vertical shaped fin like structure that act as channel in FinFET
. Fin is made of semiconductor material or silicon.

e Gate : Role of gate in FinFET is similar to common MOSFET.Fin of the FinFET surrounds the gate of
FinFET and gate form 3 D structure , their can be more than one gate in FinFET . Gate is made up of metal .
Gate is used to control the flow of electric current in channel .

e Drain and Source : Drain and source of FinFET plays similar role as in MOSFET . Current enter from
source and drain and gate is used to control the current . Carriers in channel enter through source and exist
from drain . As in MOSFET , In FinFET also drain is in high potential and source is in low potential.

e Substrate : Substrate of FinFET act a base for whole structure and it helps to isolate device in chips.
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Fig: Basic Structure of FinFET

Computing FinFET Transistor Width

Width of transistor is denoted by w , w plays a crucial role in determining the current flowing through transistor , short
- channel effect . width is also used to determine aspect ratio(w/l) which decide the design rule of transistor . For a
double gate finFET w is equals to twice of FInFET effective height.

B e
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.
L~ H
-
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Fig: FInFET Dimensions
Here,

L= length of gate

T= thickness of Fin

H=height of fin

w= 2(H) for digate FinFET
w=(2(H)+T ) for trigate FinFET
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CONCLUSION: All Simulations are performed through microwind based on CMOS technology, and results show
power characteristics of VEDIC technique of low power digital circuit design. VEDIC approach allows realization
of a broad variety of multifaceted logic functions by means of less transistors.

Innovative square units are proposed in this work which is based on Vedic mathematics using 14 nm FinFET
technology. The proposed design gives primitive results. Proposed designs also excel in previous conventional designs
in terms of area and speed. Also, design complexity is reduced. Hence, the proposed square architectures are improved
designs and can be used in digital arithmetic applications efficiently. FUTURE SCOPE: Overall, the future scope of
a squarer unit will be applied to dual channel multiplier project is likely to be shaped by the continued growth and
development of various industries that rely on signal processing, control systems, and other applications that require
the manipulation of analog signals.
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