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1. Introduction

12nm gate length, 4nm fin width, 1nm gate oxidekhess, and

As the channel length of MOSFETs scale down to 5nm source and drain regions. Note that the gaigtheis the

nanoscale,
detrimental that the conventional bulk structureveh poor
electrical performance. To improve the gate contover
channel, multiple-gate MOSFETs or FinFETs are itigated
[1-5] and have a great possibility to be used | 22 nm and
below VLSI technology node. Furthermore, silicontnsulator
(SOI) FIinFET structure has been considered as itimate
structure for future VLSI devices. In this kind efructure,
however, quantum confinement of the channel cresfion is
significant and must be taken into account pregiséin the
other hand, the channel length is approachingdonavelength
of electron so that the carrier transport shouldalse treated
guantum mechanically. We recently developed a neantym
transport simulator, Schrédinger equation Monte @&3aB
(SEMC-3D), which can handle 3D MOSFET geometry tahe
scattering and 2D quantum confinement into accgintMost
previous studies on quantum transport simulatiomarfowire
(NW) MOSFETSs focused on the ballistic limit [7-10h this
paper, we apply SEMC-3D to examine the effects arfymg-
degree quantum confinement combining with scatiedn the
electrical characteristics of 12nm SOl FinFETSs.

2. The Schrddinger Equation Monte Carlo-3D

Basically, the Schrodinger equation Monte Carlo (SEMC)

approach is a variation of non-equilibrium Greefumction
(NEGF) method with particular treatment on scatigriThe
benchmark between SEMC and the well
simulator NANOMOS [11,12] had been done in the ibdl
limit and the results showed excellent agreemeg{. [The
schematic diagram of how scattering is treated EME is
shown in Fig. 1 which contains one initial statel &nuindreds of
final states. The Schrddinger equation for iniiaite is
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For each final state, the Schrddinger equation is
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known NEGF

the short channel effects (SCEs) become striple of the fin width to ensure the immunity t€Bs and the

validity of decoupling confinement and transporedtions. The
dgging concentration in the source and drain regism-type
10°° cm® and the channel region is undoped. For simplitkig,
work-function difference between the metal gate ahe
underlying Si channel is assumed to be zero. 2bauds are
considered, and the scattering processes includedhé
simulation are inter- and intra- valley acousticd aoptical
phonon scatterings. The channel orientation is %100

3. Results and Discussion

Fig. 5 shows theptV g curves of the SOl FINFET with 4nm
fin height in ballistic and with scattering casé&e drain
current is defined by the current through the dedwided by
the fin periphery, so the unit is A/m. The degramatof the
drain current and transconductance due to scajteim
significant (about 33% reduction afJ which is defined by the
drain current under Y= Vp = 0.4V) even at 12nm gate length.
Figs. 6(a) and (b) show thg-V¢ curves of the SOl FinFETs
with 3, 4 and 5nm fin height in the ballistic liméind under
scattering, respectively. In the ballistic case ¢imain currents
(in nA/nm) of different fin height are almost thanse which
implies that the total current through the devicdl e
proportional to the fin periphery according to aigfinition.
However, when scattering is included, thg of 5nm fin height
device is about 7% higher than those of 3 and 4innndight
devices. To explain this phenomenon, first, we dranthe
subbands of the SOI FinFETSs. The first three suttbaf the
devices with varying fin heights are listed as FEabl As
expected, the subbands of the device with lowehéight have
higher energies. Note that as the fin height isabtpu4nm, the
first subband and the second subband are degenmkrat® the
symmetry of the fin cross section. Fig. 7 showsfitts¢ subband
profiles along the channel of different fin height®ieir barrier
heights are almost the same and barrier tops asateld around
X = 6nm. Second, we check on the scattering ratendrahe
barrier top which is regarded as the bottleneckhef current

In (1) and (2)r represents the carrier coordinate in real space.flow [14]. Fig. 8 shows the average scattering cdtehe carriers
¢ (r) and ¢4 (r) represent the initial state and one of the final injected from the source side (only these carmenstribute to

states, respectivel¥; (r) andH; (r) are the Hamiltonians for the
carrier in initial state and final state, respeglyv M, (r) is the
coupling potential between the initial state arfohal state. Af)
is the artificial source term representing injectioto the
simulation region via the carrier coordinates gedtion via a
known prior state. (1) and (2) are solved for thigdl and final

states in 1D, i.er, is replaced by, and served as the transport

equations for SEMC-3D. Fig. 2 is the flowchart &NC-3D.
The formation of subbands due to 2D quantum conferd of

the drain current). Around the barrier top, thettecang rate of
5nm fin height device is lower than those of 3 amn fin
height devices and thereby results in highgr The degeneracy
of the first and the second subbands of the dewitte 4nm fin
height (the fin width is also 4nm) facilitate ther-subband (or
inter-valley) scattering and thus make the scaiterate anddy
close to those of the device with 3nm fin heighbeTcarrier
density distributions on the fin cross sectionsvafying fin
heights are shown in Fig. 9. As the fin height dases, the

channel cross section can be obtained by solving 2Dcarriers are concentrated toward the center arslitttwease the

Schrédinger equation of each slice along the cHanne
. . 3
hod ho9 _
{_{me a7 om0 ] +V,(y, Z)}ﬁm(y, 2) = E,. B (¥:2)

where the subscript stands for the!" eigenstate, the subscript

v stands for the/" valley, and the subscript stands for the
position along the transport direction. The elesttic self-
consistency is achieved by solving 3D Poisson égu#br each
iteration. More details about SEMC approach and SBB@C
can be found in [6,13].

Fig. 3 shows the simulated SOI FInFET structurey. Bi
shows the three simulated fin cross sections wighfin height
of 3nm, 4nm and 5nm. All of the simulated SOl Fiiskhave
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scattering rate.

4. Conclusions

Quantum transport simulation of 12nm SOl FinFETghwi
varying fin heights had been done by an in-housaulsitor,
SEMC-3D. The simulation results show that the degtian of
the drain current and transconductance due toesitajtis still
significant even at 12nm gate length. When scatteris
considered, reducing the fin height, i.e., incnegghe quantum
confinement, will degrade of because of increasing the
scattering rate around the barrier top of the cbhrrhe square
fin cross section should be avoided since the dgen
subbands will increase the scattering rate andadegiy.
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Fig. 5 The p-Vs curves of the SOl FinFET with 4nm fin height under
Vop = 0.4V in the ballistic and with scattering cases.
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Fig. 2. Flowchart of SEMC-3D [6].

Fig. 7 Profiles of the first subband along the cterfor different fin

heights under ¥ = Vp = 0.4 V. Scattering is taken into account.
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Fig. 3. The simulated SOI FinFET structure.

Table I. The first three subbands under differamheights and 4nm fin
width. The energy of conduction band edge at tlecsoend is 0 eV.

Subbarllzm height 3nm 4nm 5nm
Eo (eV) 0.09480 0.08280 0.06135 (@) (b) (c)
Ei (eV) 0.1313 0.08280 0.07998 Fig. 9 Electron density distributions on the filngs sections with the fin
E, (eV) 0.1880 0.1392 0.1091 heights of (a) 5nm, (b) 4nm, and (c) 3nm at thes®end.
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