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Abstract

The aggressive scaling of silicon CMOS technology has been the key driving catalyst in
nearly all technological achievements in today’s revolutionary era of supercomputing. However,
CMOS scaling is nearly hitting its saturation regime owing to the significant power dissipation arising
due to the detrimental short channel effects. The constant field scaling driven by the supply voltage
scaling and device miniaturization has accommodated the power dissipation for few decades but is,
however, limited by the Boltzmann tyranny of 60 mV/decade which imposes a stringent constraint to
the lower limit of the supply voltage scaling. Therefore, it is imperative to push our focus towards
alternate emerging device topologies and engineer them for establishing a new foundation for

unconventional non-planar devices to continue the incessant scaling trend.

Therefore, in this regard, SOl FETs and multi-gate FET architectures of gate-all-around
nanowires (NW) and core-shell nanotube (NT) have gained fair attention to mitigate the concerns of
the short channel effects. However, at advanced technology nodes, the need for accomplishing the
sharp junctions with a very steep gradient profile is indispensable for realizing the ultra-short channel
FETs which requires complex fabrication and costly annealing techniques. In recent years, junctionless
(JL) FETs and junctionless accumulation mode (JAM) FETSs have proved to be very instrumental in
overcoming these stringent requirements of ultra-steep metallurgical junctions and exhibits a lower

susceptibility to the short channel effects.

The amalgamation of JLFETs and JAMFETSs on the emerging platforms of SOI, NW and NT
architectures are expected to offer the optimum performance and enhanced immunity over the short

channel effects. Unfortunately, SOI- JLFET exhibits a unique leakage mechanism of inefficient
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volume depletion which considerably rises their OFF-state leakage current. Furthermore, addressing
the leakage mechanism results in a substantial band overlap of the valence band of the channel region
with the conduction band of the drain region leading to an additional leakage component namely lateral
band-to band-tunneling (L-BTBT). Thus, the simultaneous suppression of both the leakage mechanism
in JLFETs is itself a challenge. Moreover, the L-BTBT is quite amplified in the architectures with the
efficient electrostatic gate control and is, therefore, considered as gate induced drain leakage (GIDL)
which is unique to NW and NT topologies. The L-BTBT not only rises the OFF-state current which
increases the static power dissipation but also results in a degraded sub-threshold swing, and a
suppressed source-channel barrier height which facilitates drain—induced barrier lowering and parasitic
BJT action in OFF-state and negative gate bias regime. All these issues are against the device scaling
and therefore, compensates the promising benefits of SOI, NW and NT configurations for adoption in

future technology nodes.

Therefore, this doctoral thesis investigates the feasible ways to address the aforementioned
leakage issues in JLFETs and JAMFETSs on the variety of emerging platforms to facilitate their
scaling to the ultra-short channel regime without adopting any sub-60 mV/dec steep subthreshold
mechanisms. First, the leakage mechanism of inefficient volume depletion and detrimental L-BTBT
in SOI-JLFETs is simultaneously addressed by the incorporation of a ground plane at shallow
depth in the high-k Buried oxide (BOX). The proposed configuration can realize the efficient
volume depletion, and, therefore, relaxes the constraints of an ultra-thin silicon body for SOI-JLFET
and circumvents the need for complex device architectures for achieving the same. Furthermore, the
device presents sustainable immunity to the process variations of doping and film thickness along

with the reduced short channel effects.

The NW JAMFETSs exhibits a pronounced L-BTBT induced parasitic BJT action in the OFF-

state as well in the negative gate bias regime. Therefore, the role of doping profiles in emerging NW
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JAMFETs is studied from the perspective of L-BTBT. Various doping profiles are investigated in the
channel and drain regions to explore the individual effect of region-wise doping profile on the L-BTBT.
Next, the efficacy of gate-on-drain overlap is also analyzed to diminish the dominant L-BTBT induced

GIDL in NW JAMFETSs without degrading their enhanced ON-state current.

The detrimental lateral band-to-band tunneling (L-BTBT) governing the OFF-state
performance of the junctionless (JL) FETs is more pronounced in recently demonstrated nanotube (NT)
transistor architectures. Therefore, for the first time, the application of a dual-material gate (DMG) is
explored in the emerging NT junctionless accumulation mode FETs to alleviate the enhanced
detrimental L-BTBT. The incorporation of DMG reduces the OFF-state current in the NT JAMFETS
by more than two orders of magnitude leading to a substantial ON-state to OFF-state current ratio. The
essential design guidelines for DMG NT JAMFETSs are also provided in terms of the work function of
the dual gates and their respective lengths. It is also shown that the DMG NT JAMFET exhibits a
reduced gain in lon/lorr at the scaled gate lengths owing to the increased sensitivity of the NT

JAMFETS to the gate length modulation and a reduced effective gate length.

Furthermore, a symmetric intrinsic pocketed NT JLFET and NT JAMFET architecture is
proposed which has narrow intrinsic pockets on both sides of the channel region leading to a
diminished L-BTBT induced lateral parasitic BJT action. We demonstrate that the inclusion of the
intrinsic pockets greatly alleviates the L-BTBT originated parasitic BJT action and facilitates the
scaling of NT architecture to a gate length of 10 nm. Additionally, the proposed architectures exhibit
lower sensitivity to the gate length modulation, unlike their conventional counterpart. The proposed
architecture exhibits superior immunity against the short channel effects of threshold-voltage roll-off
due to the reduced electrostatic source/channel-to-drain coupling. Furthermore, incorporating gate
engineering of the dual-material gate (DMG) with the proper tuning of the dual metal gate work

functions further enhances the performance of the proposed architectures.



3T o hifdb Rt G T T Ut dev-iant Iuafsrdl 8 fifeidi CMOS ddb-iie &1 3MishTad
WH T TG SIS IARS @ © | BIaifs, CMOS WhiehT AT 3T+ Wit I & HRUT
gIH® RS TG IA-Td THTA! & HRUT I 81 aTel! Hgqu! fareTelt 31Ueqg & HRUT§ | 3T dieest
THTCNT 3R IUHRUT TYHUI GRT YeTferd AR & ThieiTT - o Gb] & forg faeredl srueqd
raiford fora 8, A, 60 mV/dec & Seesta fem gRT S g, St Sgfd alees wWhfei o1
et i & oI U FAR T AT 31 | 3R, A IHRAT g3 fSarsd Aaarsh &t 3R
SURT &M HiEd BT IS ¢ 3R AR ThiehT vy 1 IRY [ & e IR-gRufkes IR-
TR JUHRN o 7T Ueh s +1d RAUT B & oY I it B Sa=a e g |

ST, 39 FaY &, SOI FETs 3R Te-3{1d-3RI$SS AR (NW) 3R $R-]d AHieqd
(NT) & HeSl-91e FET Silfcheder A O o THTal ot feldrsft o1 w1 &l 3 forg Sfad e faam
2| gTaiifer, Iod W) ey ¥, U 9gd &) TSl oTd MHTd & 1Y d SIa=H! bl RT B
DI TIRIHAT 3 TY 99 FET &I UIHR HA & forg ke § foraw wifea fmfor ok #esf
ddb-1eh] ! SMTAIH T BIdll ¢ | 8T & ani #, Sfa= fed (JL) FETs 3R SiavH Afed Tag As

(JAM) FETs 3fcgl-%U Hedafoidhd Sia-Ml &1 37 HOR AaIHarsl &I IR &4 § 9gd
He@yUl I1fed gU & 3R Y I THTG & 1T & GaeThadr ferd B

SOI, NW 3R NT 3fifheaeR & IHD WAl IR JLFETS 3R JAMFETs & JH AT
T Y I THTA! TR IFTH TR 3R T¢1 §3 UTcRe &1 U6 R - & SWIG ¢ | gH F, SOI-
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JLFET 7 3GRa 961 § S8 &1 Th 3131 R4ma o Uefid far g, S 37 $iith-ee ama
JIHH B HTH! TeTdl ¢ | 3T 3IaTdT, uarg-1d AR § HH & Rard dF &1 Jaifdd o gy,
I & F A0 5 & T U S ST F URUMRGEY AT 8 & Yagdhd 88 & 1Y
ue ifafkad g g srfq ury d'8-g-d8-eAfelt (L-BTBT) BT 8 | 39 UHR, JLFETs H g1
fTa T BT U W1 GH 310 310 H U A ¢ | SHP 31ardT, Ta-siciare! sffdheaar  HId
ZAdCRefe® e fg=r & a1y w1t yafifd g ok guferg, e OfRa el g (GIDL) & = #
AT ST § o TSsey 3R TS Sriaron & fare sifgcfr 81 L-BTBT A %ad $fith-ee Hic &
JeTdT &, S ¥fed Ul fSHeHTeR Bl TgIdl 5, Jicwh T (SIS s Ha-2Ries R # ot uRord g
2, 3R U aaT g3 Hd-aTet SRER s, S b 3iTh-S-Sfver dreif aik SRif¥e BIT v
B §¢ PAT 81 -1 3R THRIAD e Yaiie 1 I Joft Te, fEars Wl & Raams € ok
Tl WSy &) dieifest Aigd F e & & R SO1, NW 3R NT STRFRRA & 8HeR arHl

P HUTE B 8 |

3{d:, T8 Sldexe MR ILFET 3R JAMFET ¥ SWRied R41d & Tgl &l 86 HA & forw
HYT T DI TG T @, Sl fob [hat ot IU-60 mV/dec Ha-IRIics R Hopfod BT fomm
3UATY 3fee]-RITS od UM B Thd B b (078 IHRD WeHIH! B! fafaedr IR snemid g1 Jad
Ugd, SOI-JLFET ¥ 3= U1 § S SR giA®R® L-BTBT & R4d 3 & T A1y I=-
TR SifeTgs (SH3Nuad) H SU 7eRTE R U T3S Wi & T gRT Falferd fbar St gl
TR fa=m =Te A B ! ) HEgy o3 W WeH 8, 3R 3oy, SOI-JLFET & fog sreer-
el Rfeei aiet @t aruslf o Wid HRaT & SR IW & U FA & o Sfed fEargw
3MfHCaRR BT ARAHT B GABR BT & | SHD AT, [SASH HH Y o-d YHTa! & 1Y
ST SIR firert &1 HieTs 1 fafaerarsti o1 T $3 & fow Rird ufiRen TRgd axar 6|
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NW JAMFETs 3{lh-¥c & ATY-HIY THRIAS TIC Yaig - § U W¥ L-BTBT
URT IRSId! BIT HRATS UG RId Bl ¢ | SHY, 87 L-BTBT & URU&d ¥ 34 NW JAMFETs
& SIfthT ieTga & YfHehT &t Sifd Hd ¢ | L-BTBT W &3-dR SIfU UIwhIsd & Al Td UHId
&1 Td1 T & o ot SR A7et & & faflt Sifthy iergd &t S &1 It § | 59 dle, NW
JAMFET # U@ L-BTBT URd GIDL & HH & & folE Te-3iH-g Sfiaval’ & THIagaw1Rdl
&1 fa=eryuT foraT SITdT 8, 3% S9d 3HTH-%C Hec PI gert [Tl

JLFET & 3ffh-%e UeRH & fAafid - ara gifReR® Y §8-g-o's eafei (L-BTBT)
BT &1 § UeRid Aeyd (NT) giftiex anfhedwr & ifie @y §1 39, Ugdl SR, Us qlgt
It e (DMG) & SIIVREIRT &1 IHRA §UNT JLFET ® UdT I 711 § i §¢ §s 8BRS

L-BTBT oI GHIG 1 &1 Yob | DMG o1 RMMAd &4 & NT JAMFETs H 3{1h-%¢T Hc HH
B SITdT &, ST URATUT & &1 SHIGRN W 31fieh 3iith-¥e aa urd H 81dl ¢ | 89 algx! Biead! 3R
I Tl daTs & T GRS & e H NTFETs & forg simawaes fomg feznfadwr ot vem
& | g1 g 11 f3@Td & {6 DMG NT JAMFET, lon / lorr # %50 71T &1 dialTs BH HRA &

T NT JAMFETs &1 Sga YaaRiad & HRU T dals Aigad iR Th & YHTE! I dars
& HRU HH YGRId PRl 5|

3P AT, T THHT 3idike NT JLFET 3R NT JAMFET ¥ 3{idike 51§ & SruanT
T URATA § Sff, FoTeH <l &3 & a1 fh IR IR Tl SHidR® oid sidil &, S L-BTBT Ufka oy
TRt It HIRATS BT HH B o (o1 TRATId ¢ | AP oI D! [MHA B J L-BTBT UReid!
ot HRATS I Bt & 3R 10 nm &1 T TaTs d NT SffchedmR B Whiei o1 gfaet firerdt
g1 9 ke, TRaifad sfifdheamr 3 URURS TGS & f[AuRId, Tic daTs Alga & o

HH YdgiadT UefRid #d g1 TN fdhear HH SadeRefed Hld / ITd-¢-4 T &
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PRI IRNcS-dleesl Ad-3ATF & T Id JHTET & RIAs dgaRk UfaRer velRid s g1 39&
3{TTET, GIEXY 4T IC H1 BT Bt SfeId g+ o A1 Glgsl AR e (DMG) & 71T =T
B! AT HIAT AT bR & U= &) 3R dgral |
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