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Abstract

Multiple-gate FETs are the device architecture of choice beyond 22 nm
node CMOS devices. To suppress the short channel effects below 10nm node,
gate-all-around NWFETs, along with some novel structure like inserted-oxide
FinFET and negative capacitance based CMOS devices are the promising
candidates. This thesis presents DC/RF characterization, simulation, and
modeling of these structures. As feature size approaches sub-10nm regime,
process variation which is a naturally occurring phenomenon becomes promi-
nent. This causes measurable variance in output characteristics of all circuits
and it also degrades the manufacturing yield. In this thesis, DC model pa-
rameters of NWFETs are extracted and process variations have been mod-
eled, using the BSIM-CMG model card by performing Monte Carlo simula-
tions. The NWFETs used in this work are designed with vertically stacked
nanowires in order to attain the same current density and equivalent layout
area efficiency as FInFETs. This significantly surge the process complexity in
NWEFETs as compared to FINFETs. Inserted-oxide FinFET (iFinFET), which
is recently proposed as another multigate transistor, has similar fabrication
process flow as FInFETs, yet it achieves better device performance. In this
thesis, parasitic capacitance in Inserted-Oxide FInFETs is modeled analyti-
cally using conformal mapping techniques.

With continued device scaling, NWFETs may be considered by industry,
since it provides the best electrostatic control of the channel due to gate all
around geometry. However, self-heating effect in NWFETs is a major concern
due to their strong confined geometry. In this thesis, self-heating effect is
characterized in NWFETs using small-signal output conductance technique
and analog/RF figures of merit of these NWFETs have been investigated.
To reduce the power density in the modern processors, the transistors with
steeper slope or lower subthreshold swing (SS) are preferred. Ferroelectric
based negative capacitance FETs (NC-FETs) are the emerging devices with
lower SS (< 60mV/decade). In this thesis, RF performance of NC-FinFET
is investigated using BSIM-CMG compact model extracted from DC and RF
measured data of 10nm technology node bulk FinFET devices. A globally
scalable RF model usable for the low power and high-frequency applications
has been reported with detailed model description of NC-FinFET.



AS1RS

22nm A8 CMOS f3aET & W & fow FEITel 3e FET 3MfhedwR gHeIer f3arsd g1 10nm a1
o 1Y o] ool JeTd Y EaTel & AT, AT-31TT-3RT38 NWFETs & 1Y FS oAdlel AT 9
AiFATIT-31TFATSS FinFET TUT AhRIcHS UTRAT I TeTRd CMOs f3arsd glgR 3FAGaR
¢ | 75 NAw 37 T3t & Y / 3RTE F&Tor quT, Rgorere 3R AT weqa Far gl S
f3aTSd TR 39-10nm o I TgaClY &, TR fAeeTaT St T TaTeATTaeh €9 & et aTell T
& T 81 STl ¢ | SHeh! aoTe O Hell Fiche & T3eYe TARIWe3i & 3aa gof o faeror aar
fafYAToT TIfeT 7 FaY 3T AT 5| 39 NTAT F, NWFETs o 314 ATSl ATICST ol folehlell 13T &
3R BSIM-CMG HISeT &I &I 3TN hleh Hle Hroil fAHARIT FedleT hieh TfshaT [Heeicll
Hisel T 31T §1 FinFETs T dRE T Halcd IR THBET oI3113C &1 G&TdT ITed Hlal &
fIT, 3T &1 A SEAAT ThT ITT NWFETs I shed H T3l TCFS Aalaray & a1 f3armsgeT fohar
T 1 $H ITE A FinFETs BT Jefall & NWFETs & 9fehar Y Sifeerar & #rér gfg gs ¢
GiFAfIT-31eFa1SS FinFET (iFinFET), ST 8TeT &1 & J&dTiad Uah 3 Acdle gifoiel F &I H,
FinFETs 2T oRE THATA [AAT0T 9fehar yarg &, i 8T I8 sgak fBarsa vl gred axarg | 39
NJT &, gPATAT-3A1SS FinFET & W) THTS Y HtheTol AT dehellen T 3TN Fleh
faeeuTTcA® ¥ & Alse fhar g |

AR f3arga Ehfeler & AT, NWFET &l 36191 GaRT HTAT ST HehdT g, FiTeh SATTAT
% TRT 3R AT & HRUT T AAl T IH 3TOT SoIFeITe e AT YeleT hidT & | BTATTeh,
NWFETs & Hoiqd MAT AR & FROT, TG J11a Teh 9@ TIdr 1 AT g1 50
NTAT A, TaT-EIET T Y TL-Hehcl ITICYE TeleT cdTeheilch WWW? NWFETs &
guieT T araT § 31 3T NWFETs T 313 & oI TATAT9T/3TRTH 3i7ehal T S hr 373 gl
3megforen IEET 7 fASTell & Uelcd 1 il el & fAT, Teh ol GolleT AT forerel Hadeies feder
(SS) & AT CITAECT l ITATHHAT &T AT & | TISeliargeh AT ARRIcHS STRAT FET (NC-
FETs) @ SS (<60mV / &2Ieh) & TTY 3 YT & | 3T MAF H, NC-FinFET & RF 92T Fr
BSIM-CMG hiFIae AISel T 3UANRT &leh ST T 3T § ST 10nm FIANIAT 1S dosh FinFET
fEarsd & AT 10 ST 3R 3RTE ST & forseh ¥ | ot arfeber 3R 3= 3nmgfea srporaant
& ToIT S1eT et AT Teholdlel RUE ASS &I NC-FInFET & faEdd AlSel faa3or & |1y
giad frar s g
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