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ABSTRACT

In this research work, the electrical charactewstiof the double gate FINFET have been simulatedifterent channel
materials. Three materials, Silicon (Si), Germaniffe) and Silicon-Germanium (SiGe) has been consitidor

simulating the drain current VS gate voltage of HieFET. The characteristics of the threshold vgeieof FINFET have
also been studied for these three channel materidie channel length has been considered 50nmr. &fiyzing the
simulations, it has been proposed the smooth irsered drain current with the gate voltage for diffiet values of drain
voltage and the less decrease of the thresholégelfor higher drain voltage can be achieved fdic&n-Germanium

(SiGe) channel of the FinFET.
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INTRODUCTION

High performance and high speed chips are beingnited, because the intensive downscaling of CMGSbkean major
driving force behind the aggressive increase indistor density and performance. As the device d#ioms are scaled
towards the nanometre regime, conventional singte yfOSFETs experience various short channel sfi&CE’s) that
deteriorate the drive current and lead to off-statkages. To address such scaling down issuesnaté multiple gate
device structures and materials have been explmddare under continuous study. Multiple-gate Figffict Transistors
(MuGFETS) have been reported [1] to show excebdiotrt channel effect performance to replace thmiventional single
gate planar device structures. FinFET, [2, 3] dleiamplementation of multiple gate MOSFET struethas been reported
as the most promising candidate to eliminate sintschannel effects while maintaining the downisgabf CMOS to
follow the projections of ITRS roadmap [4]. FinFE&chnology is very attractive that suffices deviesigners to
aggressively look for their efficient structuraldaprocess variations, leading to a high end rekearcsuch nano-

dimensional device structures.
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FINFET DEVICE STRUCTURE AND CURRENT-VOLTAGE RELATIO NSHIPS

FIiNnFET is basically a fin type FET structure andyvirequently named as a double-gate transistaromisists of a thin
body of silicon wrapped by gate electrodes or iligon layer and the current flows in the charfinein source to drain.
FINFET has many advantages such as good scaladmilityexcellent electrostatic control with promispeyformance for
the present day nanoscale technology [5,6]. Witisg limits and the associated SCE’s of FinFETssdems that
additional scaling down of FInFET device structwwdl be much more complicated because of variouaciical

limitations, such as gate leakage through hot @atunnelling, DIBL, SS, and threshold voltage -affi, which can put a
limit on scaling of the FinFET structures. As aiptted, while reducing the device dimensions ireotd comply with the
Moore’s law and the ITRS roadmap further improvetriarFinFET speed and performance at low power lsupgl be

possible by using new channel material other thafi7®]. In this research work, silicon, germaniuend silicon-
germanium have been used to simulate the electllacteristics of the FInFET. The structure & EBinFET device

considered for this research work is shown in Fadur

Gzte
Figure 1: Structure of Double Gate FinFET Structure

In the linear region of the I-V characteristicsSFOhFET, the relation of drain to source curreptwith drain to

source voltage, for a given gate voltageg, ¢ > threshold voltage (vis given bellow [10][11]:
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Here, W/ L is the device width to length ratio aBgls the gate oxide capacitance per unit area.

In the saturation region, the relation betwegmith vgsis given here [12]:
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Here, X is the depletion layer thickness apgdis the oxide thickness.
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SIMULATIONS

In this simulation work, the |-V Characteristicstbe FinFET has been studied with varying the cbhnmaterial of the
FinFET. Silicon, Germanium and Silicon-Germaniumatenials are considered as the channel materidleoFinFET and
the drain current VS gate voltage characteristfch® FINFET have been studied. The channel lenfithe FinFET has
been considered 50nm for all the simulations «f thsearch. The each |-V characteristics is stuidiedoth drain voltage

0.5 Volt and 1 Volt. The I-V characteristics foti&n channel has been shown in Figure 2.
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Figure 2: I-V Characteristics for Si Channeled FinFET for 0.5 V (Red Lined) and 1V
(Black Lined) Drain Voltage.

The red colored line is for the I-V characteristios drain voltage 1 Volt and the black colorectlis for the 1-V
characteristics for drain voltage 0.5 Volt. Fronstfigure we see that, for 1 volt drain voltageg tirain current is higher
than that for the gate voltage of 0.5 Volt and als® gradual increase of drain current with increagate voltage is
noticed for the drain voltage of 1 Volt. The I-Varhcteristics for the Germanium channeled FinFESh@swn in Figure 3
where it is seen that, the increase of drain ctiméth gate voltage is more smooth and gradual than for the Silicon

channeled FinFET shown in Figure 2.
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Figure 3: I-V Characteristics for Ge Channeled FinFET for 0.5 V (Red
Lined) and 1V (Black Lined) Drain Voltage.
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Here, more drain current is found for the drainagé of 1 Volt and when the gate voltage is inadas higher
values, the drain current for 1 volt drain voltagé converge with the drain current for drain \agie of 0.5 Volt. The I-V

characteristics for the Silicon-Germanium (SiGeagrateled FinFET is shown in Figure 4.
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Figure 4: I-V Characteristics for SiGe Channeled RIFET for 0.5 V (Red
Lined) and 1V (Black Lined) Drain Voltage.

From this figure, it is noticed that, The increa$elrain current with gate voltage is more smob#mtthat for the
Si and Ge channeled FinFET shown in Figure 2 arich8.1-V characteristics for the SiGe channeled-Eif is shown for
both 1 volt and 0.5 volt drain voltage and for btile voltages, smooth and converging |-V charasties have been
studied from this simulation. The threshold voltadmaracteristics of Si, Ge and SiGe channeled Fink&s also been

simulated in this research works and the simulatestacteristic curves are shown in Figure 5, 67and
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Figure 5: Threshold Voltage for Si Channeled FinFET
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Figure 6: Threshold Voltage for Ge Channeled FinFET
From the figure 5, it is seen that, for Si chantied, threshold voltage for the FIinFET decreasadually with
increasing the drain voltage. Bur from the Figuran@ 7, it is seen that, for Ge and SiGe chanrf@ielgET, the threshold
decreases to certain values with increasing thia drarent. The highly decreasing threshold volta§&ilicon channeled
FINFET (shown in Figure 5) may result quick breakddor the FInFET for high values of drain voltaged drain current.
So, for the Ge and SiGe channeled FinFET, the pitissiof breakdown for the FinFET will become lowand also

smooth drain current VS gate voltage charactesistém be obtained.
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Figure 7: Threshold Voltage for SiGe Channeled FinET.

RESULTS

The three different channel materials have beersidered for the FinFET here, Si, Ge and SiGe ardetlectrical
characteristics of the FInNFET has been simulatedhese three materials. The smooth |-V charatiesisor the SiGe
channeled FIinFET has been studied from the sinoulatf the drain current VS gate voltage charadtesi®f the FInFET.
After that, the characteristics of the thresholttage for the Si, Ge and SiGe channeled FinFETBtudied in this research
work and highly decreasing threshold voltage charastics for Silicon channeled FINFET has beenntbdrom the
simulation. The FinFET with Ge and SiGe channellass quickly to be reached to the breakdown feirtmoderate
threshold voltage decreasing characteristics witheiasing drain voltage, which has been studiem fiee simulation. So,

SiGe can be a suitable channel material for th€Einthan the Silicon and Germanium.
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CONCLUSIONS

The electrical characteristics of double gate FinF&s been simulated in this research work forethiéferent channel
materials. The |-V characteristics of the FIinFETs Hzeen studied for Si,Ge and SiGe channel materdso the
characteristics of the threashold voltage have lsagtied for the FINFET with these three materiatem the simulations,
the SiGe has been found as the most suitable charaterial for the FinFET for its smooth currenttage characteristics
at different drain voltages and for the tendencybéoslowly reached to its breakdown. In future, #dmalysis of this
simulation can be used to determine the electdlatacteristics for trigate FInNFET structure anchih also be applied for

the fabrication purpose of highly electrically eféint FinFET with these three materials. [10].
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