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The demand for quick and effective real-time DSP ("Digital Signal Processing") applications has in-
creased as a result of rapidly developing technologies. One of the fundamental mathematical processes that
any application needs is multiplication. There are many uses for the Vedic Multiplier in the broad fields of
image processing and DSP, notably the several variations of the original Vedic Multiplier topologies that
improve speed and performance. The aim of a paper is to design the Vedic multiplier in MOSFET and Fin-
FET technology and reduce the power and time of the design. For reducing the delay and power three differ-
ent technology of adder is designed which are “GDI”, “Dual domino rail adder” and “Traditional adder”. The
GDI technology has a better performance like lower power, delay and number of transistors so that using
the GDI technology is used as the logic to design as full adder half adder and AND gate. To design the 2-bit
multiplier it required four AND gate and two half adders to obtain the partial product. Later by using the 2-
bit multiplier and 4-bit Ripple Carry Adder the 4-bit multiplier is mapped. Later using the 4-bit multiplier
design the 8-bit multiplier is mapped. The proposed design is designed in MOSFET and FinFET technology
as the result FInFET technology consume lower power and delay because of its lower leakage, higher drain
current and higher performance. By using the FIinFET technology overall performance will be 433.05 mW
power and 0.981ns delay and MOSFET consumes 657.65 mW and 1.367 ns.

Keywords: Fin Field Effect Transistor (FinFET), Metal Oxide Semiconductor Field Effect Transistor

(MOSFET), Gate Diffusion input (GDI) technology.
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1. INTRODUCTION

Moore developed his law based on empirical observa-
tions. It was predicted that the number of transistors on
a microchip grows two times every year based on observ-
able statistics. The complexity of semiconductor process
technologies has always risen. The growth of complexity
has accelerated recently. Nowadays, transistors behave in
ways that are neutralize for three-dimensional objects. To
accurately duplicate the extremely small feature sizes of
modern manufacturing techniques on a silicon wafer, nu-
merous patterning was necessary. The design process has
become considerably more difficult as a result. Device
scaling, which leads to denser and quicker device integra-
tion, is a crucial component of “Very Large Scale Integra-
tion” (VLSI) design to advance the industry's success.
Leakage current and circuit reliability become the main
challenges as technology node goes into the extremely
deep submicron level. Both are getting worse with each
new technology generation and have an impact on how
well the logic circuit functions as a whole. With the scaling
of a transistors, the power dissipation and circuit perfor-
mance must remain balanced by the VLSI developers. Dif-
ferent devices are proposed for reducing leakage current
and power dissipation [1-4]. FInFET technology is one of
most important technology for VLSI design [5-8].

PACS numbers: 72.80.Vp, 85.30.Tv

and digital transmission, the multiplication is an essen-
tial primary role in arithmetic logic process. Every cus-
tomer wants a quicker gadget with less power usage.
Performance is improved by the device's high-speed ele-
ments and lower power consumption. The desire for
portable electronics configurations, which utilize various
forms of "Digital Signal Processing" (DSP), is rapidly ris-
ing nowadays. As a response, manufacturing such func-
tionalities necessitates thoughtful consideration of the
small and quick multiplier [9-11].

In this work, we proposed an optimized Vedic multi-
plier using FinFETs. FinFET technology helped for the
multiplier to have impact in the performance by reduc-
ing delay time and power dissipation.

2. VEDIC MULTIPLIER

The Vedic technique typically yields immediate solu-
tions to large quantities of money or "tough" challenges
[12]. These elegant and stunning techniques are simply
a small portion of a much broader and more coherent
mathematical system than the current system. The ap-
proaches used in Vedic Mathematics provide a mathe-
matical framework that is complimentary, straightfor-
ward, and unified. In vedic technique there are 16 sutras
and 13 sub-sutras they are namely “Ekadhikina

In several applications, particularly digital filtering Purvena”, “Nikhilam Navatashcaramam
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dashatah”,”urdhva-tiryagbyham” etc, Out of this sutras
in my project we will be using the “Urdhva-Triyagyham”
sutra which is also referred as “Vertically and crosswise”
which is mainly used in multiplication

2.1 4-bit vedic multiplier

With the use of 2-bit Vedic multipliers and adders, a
4-bit Vedic multiplier may be created. This partial prod-
uct term is formed using a 2-bit Vedic multiplier, pro-
ceeded by such a partial reduction and terms of adding
step using a simple adder circuit. It is feasible to utilize a
straightforward 4-bit RCA circuit. Consider that M and N
are the two four-bit values, respectively: M = "m3 m2 m1
mo" and N ="n3z nz2 n1 no". "f7 fs f5 f1 f3 f2 f1 fo" is the resultant
of the multiplication. Say "ms ms" & "mi mo" for M and "ns
n2" & "n1 no" for N when dividing M and N into two parts.
Now it is assumed that the number of bits to be multiplied
by the 2 x 2 vedic multiplier is two bits added together and
regarded as a single bit. Four bits will be the outcome of
the multiplication. The input for the first 2-bit multiplier
are "mi1 mo" & "n1 no" (Vertically), the final block is a 2-bit
multiplier using the "ms ms" & "n3 n2" (Vertically) and the
two 2-bit multipliers with inputs "m3 mz" & "ni no" and
"m1 mo" & "n3 na" are in the center (Crosswise). In the end,
there are 8-bits total: "f7 f6 f5 fa f3 f2 1 0" and "co," which
serves as the carry bit.

The operation is flow as following,

fo = mono 1)

cifi = mino + mon1 (2)

cef2 = ¢1 + ma2no + mini + monz 3)
c3f3 = c2 + m3no + men; + minz + mons 4)
cafs = c3 + msni + mens + mins (5)
csfs = c4 + man2 + mons (6)

frfe = ¢5 + mans (7)

The 4-bit vedic multiplier is as shown in Fig. 1

m3m2  n3n2 mlmd n3n2 m3m2 alal mlm0 nln0
2x2 vedic 232 vedic 22 vedic 2x2 vedic
miltiplier miuttiplier miltiplier miultiplier
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Fig. 1 — Schematic Drawing of 4-bit vedic multiplier

2.2 8-bit vedic multiplier
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With the use of 4-bit vedic multiplier and RCA adder,
a 8-bit vedic multiplier is may be created. The partial
product formed by 4-bit vedic multiplier is given to adder
circuit. Consider M and N are two 8-bit value,
“M = m7 me m5 m4 m3 m2 m1 mo” and “N = n7 ne ns n4 n3
nz2 ni1 no’. The M is divided into two part as MH (“m7 ms
m5 m4”) and ML (“ms mz m1 mo”), similarly N is NH (“n7
ne n5 ns”) and NL (“ns n2 n1 no”). The operation can be
formed to obtain the partial product is

F = MxN
= (MH — ML)x(NH — NL)
= MHxNH + (MHxNL + (MLxNH) + MLxNL.

The block diagram 8-bit vedic multiplier is shown
in Fig. 2.
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Fig. 2 — Block diagram of 8-bit vedic multiplier

3. SIMULATION AND RESULT

3.1 4-bit vedic multiplier
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Fig. 3 — Diagrammatic representation of 4-bit vedic multiplier
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Fig. 4 - Waveform of 4-bit vedic multiplier

The Diagrammatic representation and output wave-
form of 4-bit multiplier's is as shown in Fig. 3 and Fig. 4
respectively. For inputs of “ms m2 m1 mo” and “ns n2 n1
no”’. Various test cases are generated for the inputs by
pulse waveforms, each of which has a different pulse
width and time. The outputs are represented by “f7 fg f5
f4 f3 f5 f1 £f0”, where “f7” is the “MSB” and “fo” is the “LSB”.

Table 1 — Power and Delay of vedic multiplier of 45 nm for
MOSFET and FinFET for 4-bit multiplier

Product MOSFET FinFET
terms Power Delay (ps) Power Delay (ps)
(mW) (mW)

f7 900.3 14.42 225.4 155.5
fe 0.3896 10030 238.2 114.8
fs 450.8 35.53 549.9 92.79
fy 490 10060 178.7 88.52
f3 720.5 25.49 471.7 145.4
fo 709.6 129.5 522.5 10190
f1 582.3 87.91 0.2958 80.20
fo 359.5 62.88 501.8 75.34

Table 2 — Power and Delay of vedic multiplier of 45 nm and
22 nm for FinFET for 4-bit multiplier

Product | 45 nm 22 nm
terms Power Delay (ps) Power Delay (ps)
(mW) (mW)
f7 225.4 155.5 46 236.1
fe 238.2 114.8 269 160.2
f5 549.9 92.79 504.1 115.8
fy 178.7 88.52 114.3 111.4
f3 471.7 1454 535.6 234.8
fo 522.5 10190 644.8 10230
f1 0.2958 80.20 0.433 100.3
fo 501.8 75.34 600 94.74

The power and delay are calculated for 45 nm with
respected to FinFET and MOSFET is tabulated in
Table 1 for 4-bit. As an overall result MOSFET consume
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50.0 70.0

dme (ns)

60.0

526.69 mW and 2555.718 ps whereas FInFET consume
336.06 mW and 1367.818 ps from the table the optimized
results are obtained for FInFET technology compare to
available technology (MOSFET). To have better results
the analysis are carried out for 22 nm FinFET technol-
ogy. The comparisons between 45 nm and 22 nm FinFET
technology is listed in Table 2.

3.2 8-bit vedic multiplier
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Fig. 5 — Diagrammatic representation of 8-bit vedic multiplier
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Fig. 6 — Waveform of 8-bit vedic multiplier inputs are in (a) and product terms are in (b)

Table 3 — Power and Delay of vedic multiplier of 45 nm for Table 4 — Power and Delay of vedic multiplier of 45 nm and

MOSFET and FinFET for 8-bit multiplier 22 nm for FinFET for 8-bit multiplier
Product | MOSFET FinFET Product | 45 nm 22 nm
terms Power Delay Power Delay terms Power Delay Power Delay
(mW) (ps) (mW) (ps) (mW) (ps) (mW) (ps)

fis 79.54 83.48 466.4 184.1 fi5 466.4 184.1 112.5 10550
fiy 468.9 94.76 616.8 273.4 fiy 616.8 273.4 301.8 120.5
fis 662.9 140.2 543.3 501.5 fis 543.3 501.5 393.9 197.8
fiz 542.5 32.98 567.5 106.8 fia 567.5 106.8 589.6 56.38
i 953.7 337.9 613.9 171.8 i 613.9 171.8 463.1 88.04
fio 829.6 47.86 378.4 1017 fio 378.4 1017 564.4 375.4
fo 938.5 337.4 726.4 92.76 fo 726.4 92.76 591.3 59.65
fs 708.7 18.14 286.3 88.52 fs 286.3 88.52 215.7 57.59
f7 759.4 90.41 347.2 203.3 f7 347.2 203.3 391.1 101.1
fe 853.7 148.4 2229 423.3 fe 222.9 423.3 202.1 168.3
5 757 43.66 236.5 150.6 f5 236.5 150.6 203.9 80.55
4 449.4 51.14 551.4 191.4 f4 551.4 191.4 582.6 89.54
fs 809.2 10070 197.9 145.3 fs 197.9 145.3 198.1 79.21
fo 359.2 33.02 1.438 12010 fo 1.438 12010 201.3 15150
f1 855.2 10020 374.2 80.20 f1 374.2 80.20 0.827 53.55
fo 495.1 11.92 798.3 75.34 fo 798.3 75.34 600 51.66
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The diagrammatic representation and waveform of 8-
bit multiplier are shown in Fig. 5 and Fig. 6 respectively.
For input of “m7 me ms m4 m3 mz m1 mo” and “n7 ne ns n4
n3 nz2 n1 no” for various test cases. The output is “f15 f14 f13
fi2 f11 f10 fo fs f7 f6 f5 f4 f3 f2 f1 fo”. The power and delay are
calculated for 45 nm with respected to FinFET and
MOSFET is tabulated in Table 3. for 8-bit. As an overall
result MOSFET consume 657.65 mW and 1358.86 ps
whereas FInFET consume less power and delay time as
433.05 mW and 981.58 ps. To have better results the
analysis are carried out for 22 nm FinFET technology.
The comparisons between 45 nm and 22 nm FinFET
technology is listed in Table 4.
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IHinBumenHa NPOAYKTUBHOCTI BeIUIHOr0o MHOKHUKA 3a nonomoromo FinFET

P. Vimala, Soumya G. Hosmani

Dayananda Sagar College of Engineering, Bangalore, Karnataka, India

TloruT ma mBuaKi # edpexTuBHI mporpamu DSP («irmdpoBoi 06pobky curHaiB») y peaJbHOMY Jaci 3pic y
pe3yJIbTaTl IIBUAKOTO PO3BUTKY TexHouorii. OnHuM 13 pyHIaMeHTAIBHUX MaTeMAaTUYHUX IIPOIeciB, HeoO-
XITHUX OyIb-AKi¥ mporpami, e maHokeHHs. Vedic Multiplier moxxHa BuKOpHCTOBYBaTH y Oarathox cdepax 06-
pobkm 300paskens 1 DSP, 3okpema kisibka BapiauTiB opuriHaigpHux Tomosoriii Vedic Multiplier, skl mokpa-
IIyIOTH IIBUAKICTH 1 IPOAYKTUBHICTH. MeTor craTri € po3poOka BeIWYHOr0 IIOMHOMKYBA4Ya B TEXHOJIOTII
MOSFET i FinFET i amenurenss nory:xHoCTi Ta 9acy po3poOku. Js1s 3MeHIIeHHS 3aTPUMKH Ta IIOTYKHOCTI
po3pobsieHo Tpu pisHi TexHosoril cymaTopa: «GDI», «Dual Domino Rail Adder» i «Traditional adder». Texwo-
soria GDI mae kpaiiy mpoagyKTHBHICTD, HAIPUKJIA MEHIILY MOTY/KHICTD, 3ATPUMKY Ta KiJIBKICTh TPAH3UCTO-
piB, Tomy Buropucranus TexHosorii GDI BuKopuCTOBY€ETHCS SIK JIOTIKA /IS IIPOEKTYBAHHS SIK IIOBHOTO CyMa-
Topa, HamiBcymaropa ta Bentuiist 1. J[71sa npoekTyBaHHS 2-pO3PSIIHOTO MHOMKHUKA Ta OTPUMAHHS YaCTKOBOTO
I0OYTKY 3HAmOoOMJIOCA Y0TUpH BeHTI I I Ta nBa Hamiscymaropu. [lisHinre 3a J0moMoromo 2-po3psaaIHOro MHOMK-
HHKAa Ta 4-01TOBOr0 cyMaTopa MepeHoCy MMyJIbCAIliil BimoOpaskaeTbes 4-01TOBMI IIOMHOMKYBAY, a 34 JOIIOMOIOK0
KOHCTPYKIIiI 4-01THOr0 MHOYKHUKA BimoOpaskaeTbesa 8-0ITHMI MHOKHUK. 3aIPOIIOHOBAHA KOHCTPYKIILS PO3POo-
6siena 3a rexsosoriero MOSFET 1 FinFET, ockineru texuosoris FInFET cnoskusae menmry nmory:xHicTh 1 3a-
TPUMKY Yepe3 MEHIIMI BUTIK, BUII CTPYM CTOKY Ta HPOAYKTUBHICTH. 3aBISKM BHKOPHUCTAHHIO TEXHOJIOTI

FinFET zaramnpua mpomykrusHicTb cranosutume 433,05 mMBr, uac sarpumin -

MOSFET 657,65 mBr i 1,367 He.

0,981 Hc, BIAIOBITHO JJIs

Knrouori cmoma: Fin monboBuit tpamsucrop (FInFET), Meran-oxkucesn-HamiBIpOBIIHUK —ITOJIBOBUI

tpausucrop (MOSFET), Texuosoris GDI.
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