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Abstract

CMOS scaling has been the driving machinery behind this era of internet of things (1oT)
and big data. However, CMOS scaling has reached its bottleneck owing to the
significant power dissipation. The incessant scaling of the MOSFETS has increased the
OFF-state leakage current significantly resulting in significantly high static power
dissipation. Although scaling the power supply may reduce the static power dissipation,
it degrades the ON-state to OFF-state current ratio because of the Botzmann tyranny of
60mV/decade sub-threshold swing in the conventional MOSFETSs which arises due to
the inherent thermionic conduction mechanism.

Two probable solutions have been proposed to overcome this CMOS scaling
bottleneck: (a) alternate device architectures with improved electrostatic gate control
like finFETs, gate-all-around nanowire (GAA NW) (b) alternate conduction
mechanism i.e. band-to-band-tunneling or impact ionization based steep sub-threshold
swing devices such as Tunnel FETs (TFETSs) and impact ionization MOS (IMOS).

Although GAA NWFETs offer the best possible gate control leading to
suppression of the short channel effects, unfortunately, the efficient gate control results
in a considerable band overlap of the valence band of the channel region with the
conduction band of the drain region. This facilitates a band-to-band-tunneling (BTBT)
of electrons from channel to the drain increasing the OFF-state leakage current
significantly. This new component of gate-induced drain leakage (GIDL) known as
lateral BTBT (L-BTBT) is unique to the NWFETSs and hinders their scaling.

Furthermore, scaling the MOSFETS to the sub-10 nm regime requires ultra-
steep doping profiles at the metallurgical junctions. However, realising such an ultra-
steep doping profile is extremely difficult. Therefore, FETs without any metallurgical
junctions known as junctionless FETs (JLFETS) were proposed. However, the GIDL in
JLFETSs leads to the formation of a parasitic bipolar junction transistor (BJT) which is
triggered in the OFF-state leading to a significantly high leakage current.

Therefore, this thesis addresses this important issue of GIDL in emerging nano-
scale FETs which increases the OFF-state leakage current in NWFETs and JLFETS.
First, a physical insight into the nature of GIDL in different NWFET configurations is

\'



provided. A parasitic BJT theory is proposed to explain the difference in the nature of
NWILFETs and NWMOSFETs. The diameter dependent dominant leakage
mechanisms in the NWJLFETSs are then analysed. The spacer design guidelines for: (a)
NWEFETSs without source/drain extension underlap and (b) NWFETSs with source/drain
extension underlap are provided from a GIDL perspective.

Furthermore, a NWFET with a dual metal stacked gate architecture (DMSG) is
proposed to mitigate the GIDL and efficiently scale the NWFETSs to the sub-10 nm
regime. A comprehensive analysis of GIDL in the recently reported nanotube (NT)
FETs which are essentially NWFETSs with a core gate is performed. A NTJLFET is also
proposed to suppress the GIDL i.e. BTBT induced parasitic BJT action. A core-shell
NWJLFET with a p*-core is proposed to (a) mitigate the BTBT induced parasitic BJT
action in NWJLFETSs with nanowire diameter < 10 nm and (b) realize efficient volume
depletion in NWJLFETSs with nanowire diameter >10 nm.

The efficacy of the dual-material gate (DMG) architecture to mitigate the GIDL
in NWJAMFETSs is also analysed for the first time. An extended back gate architecture
for scaling the double gate (DG) JLFETS to the sub-10 nm regime by diminishing the
GIDL is proposed. In addition, a SOl JLFET with a hole sink layer to suppress the
parasitic BJT action GIDL is presented. Buried oxide (BOX) engineering i.e. inclusion
of a high-k BOX to realize efficient volume depletion is also proposed for SOl JLFETS.

Vi



LUK

CMOS &l (I0T) 3T a2 S2T1 & 38 I o e STefast 7efi Tl g1 gretifeh, Fgeaqor
fasTett sTaea T % H10T CMOS &&{T 9+ bottleneck 9% 7g= 74T &1 MOSFET %
REa SRl § sih-vee T it agiadl | 91 g5 & Sa vga =7 9 3g ©&4fas
a4 T H gf5 g g TAT fasett it smafd &1 w=hfenT fuw ofth =17 &t %9
F7 @l 2, 72 MOSFET %1 ON-OFF-£32 ST SIuTd 1 Tl & F410% qrafv

MOSFET ® 60 mV / 9% % sub-threshold & & afestd@« tyranny &t awig o
JHT [ ATAT G o HILIT I gral 2l |

CMOS Tt arermsit & o & forw a1 sarfaa aaram yeartea & o
2. () IgaAT TAFEIEe e e I S# FinFETSs, e-sta-araraT (GAA NW) ()
AFH(CTF TaTgdh<d aF AT de-g-a¢- aqa FET (TFET) 3T 91 smaare®em MOS
(IMOS) ST& [T AT THTT ATTAHLOT LT T @et sub-threshold & fRaT=+|
gTeAit, GAA NWFETS e 31T &63e e fAg=ror Y Tersher weq & ST 3 gre 3eer
THATAT I THT FLA o (o0 JUVT AT &, TART &, FAA I =07 TR0H, drain &=
% conduction T F HTT 99 & % valence 9 % FIHT ST AGLAT | graT gl T8
AT F Fe-g-Sg-zatent (BTBT) #t giarar zar 8 redr sitw-ree Rama J1e 21 & A1er
H TR gl Thdt gl 97 Ereer (L-BTBT) % &9 # ST e & YR drain fEma
(GIDL) T Ig 7471 =gk NWFET  form srfadiar @ e srae whfeir & arfaa #zar 2|
HH AT, MOSFET &I 3T 10-nm TTHA H ER{T T o [olT gTqahd Sl 9%
HIT-GET SO TIRTSe i1 SAF9THAT BT gl STAlth, 30 d¥g & Ae-@sl ST
TTRTS T UZHTH dga HI2Hd | T, et AT e SieFere o faa1 FET T y&ara
T 1T =T, [’/ Junctionless FET (JLFET) &1 STaT =Tl grerite, JLFET # GIDL
e Te(AT TRt Srerm gifsrees (BJT) & o il 3% 31U@< & ST sub-20 nm & 9=
ARG A EEERER EEE U RSIE R SRR
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=T, =9 fifoe F 39 447 99" % FET @ GIDL & =0 #gaaul 92 & "darted
FaT § ST NWFET 3fiT JLFET # sifw-¥ee AT &7 9gmar gl 999 ggd, At
NWFET #ifefmee § GIDL: i 9fd # UH Aids dAqgre T 6 STt gl
NWJLFETSs 3i® NWMOSFETS #T Y& ® d¥ &l ¥IF Fd * (o[ UF qesiiat BIJT
Frgia searfaa T @ g1 39 a1e NWFET # =11 u< {9 st st dr =t
fergrror o Strar 21 FeR Bemee feentaaer 9 % forw: (W) Source / drain faeame
& =T NWFET 3fiT (3T) Source / Drain fa&am® % &@rr NWFET GIDL gRves &

3T FIT AT 2

=e% 3rerraT, NWFET, T 2129 &g 91it 712 (DMSG) ¥ @rr GIDL 77 F7#
T ST I -10 TAUH o8 % Ferear & NWFET &l Tl Fde &7 T&d1d gl &1 of
H A9t (NTFET) & GIDL &7 Us ST [G[wor 63T T3 8 ST 7% 517 & 91
srfqard =7 % NWFET g1 NTJLFET & «T GIDL & &7 &1 S&a1d &, 97q BTBT
IR gestret ot Fars| P -#iE % 91 UF we-og NWJILFET yearfad g (1)
NWJILFET ¥ S91aTa =ATH & |1 SEtdiel Id TSt 6t disiel Fars ol wH &7
AT & 3 (1) NWJILFETSs ® nanowire 9 % dT21> 10 TAUH T27H AT H FHT A
FA B

NWJLFET & GIDL F F® &% & [T S[a-Hea gate (DMG) Arfehea= #if
TATARTAT T ST T8t a1 fFeuor f7ar 73T 81 GIDL &1 %7 &g 39 -10 TAuH
am_ & U =9« e (DG) JLFET ThfeiT % o v feeariia 9 e amwqaar
AT &1 THF STATAT, TLSITET STofel THH AT U &l &9 & o0 UF Hole
2 e 3 =T SOI JLFET e f v 21 afve sitarmee (BOX) st ameft
SOl JLFET % forw worat /T § FHT %7 UgHTH F3 % o7 3g-k BOX &7 9THe
FEAT AT B
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