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Abstract

Multiple gate-FET architecture emerged as a mainstream device to take the
CMOS scaling beyond 22-nm technology node. But below 10-nm node, there
are inevitably various scaling issues, which pose hindrance to the use of
these devices. The thesis highlights some of these scaling issues and pro-
posed solutions to handle it. The presented simulation work in this thesis
is performed in Sentaurus TCAD environment, and all the characterization
work is done using Cascade microtech manual probe station and Keysight
B1500 parameter analyzer. In stacked NWFET architecture, position depen-
dent nanowire current degrades the overall drain current and it is a reliabil-
ity concern. The thesis includes a solution to this issue without degrading
other performance parameters of the device. Further, a comparison of posi-
tion dependent drain current for three modes of NWFET architecture namely
inversion mode (IM), junctionless mode (JL), and junctionless accumulation
mode (JLAM) NWEFET is performed. With the use of the measurement set up,
characterization of different types of FInFET structures namely Si-bulk Fin-
FET, Si-SOI FinFET, and SiGe-SOI FinFET, is performed. Gate induced drain
leakage (GIDL) current, which is the dominant source of leakage current at
lower technology nodes, is compared on different types of FInFET structures.
Also, a new device architecture is proposed to reduce GIDL current.

Due to small nanowire dimensions, NWFETs are vulnerable to the im-
pact of process-induced local variations, such as the line edge roughness
(LER) and random dopant fluctuation (RDF). The thesis presents a variabil-
ity analysis on different modes of NWFET architecture namely IM, accu-
mulation mode (AM) and JL mode. A 3-D quasi-atomistic LER model is
used for the analysis of LER-induced mismatch in JL, IM, and AM NWEFETs.
The impact of 3-D LER is also compared with that of 2-D LER. In addition,
another emerging simulation methodology known as statistical impedance
field method is utilized to analyze the impact of RDF on the three flavors of
NWEFETs.



NIN

22-nm WS A€ ¥ T CMOS WhfeTT T4 & ol Aeciud Ae-FET affhedmR
TR & fSaZAT & U H SH§ | Al 10-nm 78 ¥ =, sifard = u 4 faft=
WA e B, S 37 fSareay & Iuai § 9147 S0 X g1 iR I 370 A 50
THICT T SR T/ YU & forT TRefTfad ST UR UhI=T S1a ¢ | 39 iR &
TR RIgeRE &1 $ERT TCAD TaiaRul § fasar a1 &, iR Tt @ieqor o= o
Hh S HIZghIcd HJ3(d offd W 3R HIATEe & 1500 TRIHTER fIRas® 1 IudT
B [HaT T 81 WIS NWFET &mﬁ,Wﬁ“—hnamwireﬁ?{gﬁWW
fagga uRT & fiRTge Arar § $iR 98 Ue fasmiaan fofar &1 fawa 8 | i & fEagw
& 3 TR AUCS! B A fhT 971 39 ge &1 THy™ itd g1 $Hb S,
NWFET 3fifhcaeR & oF Aig 3rdfq 3adq A8 (IM), SiaRMey HIS (JL), 3R
SR SFIHRM A8 (JLAM) NWFET o fog i AR §71 fagga e &t gaqn
& T 1 A YT 3U & IUINT & 1Y, fAfd UHR & FinFET IRa1S & A&
Ui 34l Si-§e® FinFET, Si-SOI FinFET 3R SiGe-SOI FinFET T U&= faar ar
g1 7 Ofkd 39 dfideT (GIDL) faggd o, Sif fob @eR aridiion A1gd | diidof faggd
YRT BT U Id 8, fAftd YR & FinFET I18T R o & St o | 91y g,
GIDL faggd 4T &1 HH B & o TP T3 fearzy snfdheaer Uxaifad g

BIC nanowire AT & HRU, NWFET Ufhar-Ofia Rita fafduarst & wvra &t
IUe # §, SN fr 134 TS IB- (LER) SR T iU UAagUR (RDF) | iR
NWFET 3ffheaer & fafird Mg W 1M, 3fagqaR= WIS (AM) 3R JL A8 W
gfad-=iierdr fazas o uRga HRar g 1 L, IM, 3R AM NWFETs & LER- ORd 90 d &
fazayor & oW U 3-D S1ef-URA] LER HIST &1 SUTNT fohdl 71 81 3-D LER &
UG &1 gaT 2-D LER ¥ ot @) Tt §1 S0P 31dTdl, Th 3R IRt g3 FIgazH
Tgfa o Tiftegeta sriie=y wics fafYl & U o ST f1dT §, &1 UG NWFETS
& T 16! IR RDF & YHTd &1 fa=eyor a3 & for fosar T 31
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