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FEL w3 9t} o] F 2F Alo|E FZ MOSFET

Abstract FH, Y= 2AY W% MOSFET 34¢ +%7]

A& x5 d(self-aligned) °}FA°]E MOSFET +

In this paper, we report our quantum mechanical Z<]l, FinFETeo| 713 FE¥%E& 235 R Ad45

approach for the analysis of FinFET in a I gloH1l

self-consistent manner. The simulation results are FinFET Tx9 4 3 HH3E AfAxe 244 &

carefully investigated for FinFET with an electrical 2} o33 2] & # o] A (quantum mechanical

channel length(Leff) of 30nm and with a fin simulation)¢] H &3t ol& d FASI}F Y

thickness(Tsi) of 10735nm. We also demonstrated 2AY A HxE BEAdo S viAr] g

the differences in the simulations for the classical &, oltj& FinFET# Z2 vx 2AdTxY 33

and quantum-mechanical simulation approaches, AL Y A¥H Folb-FHTA WAy

respectively. These simulation results also imply (coupled Poisson and Schrédinger equations)®] 4 -
that it is necessary to solve the coupled Poisson and #A A A€ E(self-consistent)§ 37} H 23t}

Schrédinger equations in a self-consistent manner 2 =fdiAe, A=Z-7A 2" E(self-consistent) #

for analyzing the sub-30nm MOSFETS including WS %3 FInFETY ¥4A 983U HA2WdS A

FinFET. Algt, dA, 1S g o]23 wA2] 2 7

WS o AoA AE B3, 30nme] A7 Hd A

L A—] = o] (electrical channel length)®} 10735nm¢] # 57 (fin

thickness)®] ZZAAA FHE FnFETY AlE#@ oM

sxrlee] AiumHe musHe @ Bpesz & o 9% @3"}11])_*] 2% HEE ’31_-7»‘1‘31-. obga], mHH

<, 40y o} 3H(sub-40nm) MOSFET(Metal Oxide W Y A YAl AT MGHAL A

’ Aelg B dx 9 ABeo|del HadE Hol

Semiconductor Field Effect Transistor) 4%te] A&

=& sz
< 93t o]FAI°|E F Z(double-gate structure)’} &
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Ui 2AY Azte AEHME YA vlAY
ol AN FPA HANE AZ-AALHE
(self-consistent) 31 A] FoJof 81 o] 4 (1), 2)&
FEso v
ve(NVHr) =

—_h- V—-l-—— VAN +WVNT()=EW»)

2 m*(7)

7] A A, KNS AH xaAd
(electrostatic potential), o(r)Z % HILdE, WL
3% g(wave function), h& Z%F3 A4 (Planck’s
constant), m*(N< FAEHF(effective mass), V&
T4 dUYR, Ex AU E vhebdth

ANEH) Ao ALY FR8E wAAFFY stust &
2t A= WE(quantum electron density)e]™, oji= 4
(3)3} 2ol EHEY.

oy
2)

—o(7)

gn< /A

"(’)=“}F( zm.(:)zkET)_Zszz(r)F ( o~ E (r))

— &)

)

o 714 A+4=(Boltzmann's constant),

Te Adex, E & #A2v9 ZY(Fermi

F (n¥ #Ev]-ti&(Fermi-Dirac) F&ojd, 4
2

@} Zol yehnoj T,

RyE B2

¢

level),

F, (= T+ fm——e-;T_l_T k>—1 (4)

A @9 #Han-zx HEe o 6o FE F4o 3
o.

Fp=F,(» k<—1 5)
sAgoz ARAE PANE YR 4 6), (DF
Zo
dv J,(N—q- 22 =g R ®)
div J,(+q- L =—g R )

714 (N AFLEE JebdY ol 4 (8), (D=

g¥8d0

Jo=—d g, n-vVO— D, -Vn) )
Jy=t+a(p, - p-vO0— D, V) 9
22 A EHol A HAA

2 =AM e k8- <l A A=A (iterative
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calculation procedure)® A XA ¢ g&H P& F
gk olE A FHx 4 HEEY "7y U4
(electric potential) € T3tz YA, o7|A F§ LA
#g &7 gez §9 A (DA wE o wEY
(Newton's iteration)o] l3} W5 9 (built~in
potentia)& AAgch ololM 4 (1), (2), (B)LZRH
AZ-AAN LB E (self-consistent)$ HE ALY W=
oz AHE eAIYE wEHE w7tz 7o B2y
o] Ap&-€ 3]

a9 18 £ 9794 A8¥ FinFETY @dE 9
A =t B agelth & dAFdAE vr‘l’l' X
(FDM; Finite Difference Method)E F&4 3=
(gridd® AAsa, =2 748 gz o4
Edd g doJEE dE WL AHLENT o H
O HE oz Re @A Hied ojHd oYy Alxd
€ Gunther's grid 2 & 99 o] ¥2d =A

At
Gate oxide 25
e

[nm]

&
1 310 %
'S P iy
a9 1. ARA WeitE FinFETe gwd

g =44 a9,

N-#1'd(N-channel) FinFET?] 17nm&] Alo]E Zo|
72 £ dAld F I (short-channel effect)”t Ve
O Aoz 47z golld], TYE =AM AEBH

oldg APk ok A FI}AF(drive
current)®) Ao 5387 AT simple
drift-diffusion model& Al&3te] 9d EHE 1
sl

B AFqAHE dald EHE 27 YE wyew
EE A ¢)5l9 7]-&7)(sub-threshold swing), =& ¢
f71 A4 Z4(Drain Induced Barrier Lowering,

DIBL)$} 22 mevelg &3
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29 2 .Gunther’s grid : 22 & A7) w
AR wis] A4

=

23 AEdHA A7 ¢ HE
2 =894 AP AgdHeAde HAAEs F=2
FinFETY ddlld £948 4HEDR SA ¢ U4 98
A Ayl ndEeRY A8 97 AHghe xpe)d
a4 dFott. AlEHelAY FEFS &) AT
BYPeg, et AEHA BIdE AL =F o
Bl J. Kedziersk [5] and D. Hisamoto [1]9] 4233
tl o] e e} v Wttt

29 3 4 Uy A AJF-HYA-V) EHYITHE B
oF= HeR Leff(effective channel length)=30nm,
Tsi(fin thickness)=20nm 7|9 FinFET|A Al &d
ol sttt 29¥ 3& N-channel FinFETS =d<
AFAD-ACIE AM(Vg) F4E& Yed ZHeg =9
A HY(VdE 44 01V ¢} 15V stof £33 F3
olty. ¥ 3o=2¥E EHAYZ ols  7)&7
(sub-threshold swing)=74.58mV/dec ¢ #& ¥+ +
7t ARt

—  Our work
===- Ref.[1]

Va(V)

a3 3. L;=30nm, T=20nm n-FinFET 9]

=8 AF-AlE A 4.

777

29 4. L=30nm, Ts=20nm n-FinFET ¢
=< AF-z=Ed Ay 4.

a9 45 =99 AFAD-= AHVD) F4L
Bl o2y, AoE HY(Vg)E 0.0VAA 1.0V7AR
sweep WA AAGE &G ool 1y 29
35 B3 e Ad =3  FE(phosphorous=
1x10% om 73 Y= B7stn BHAYl ¥
A 5 (subthreshold leakage current)7} 2z A€ L
&4 AATHIL

39y 5% Leff/Teffol ti3t N-ald FinFET2 #9
A<t ¢|3l 7]&7l(sub-threshold swing)g A% @3}
A5l el vlwE FHM WebUglth ol Leff=30nm
d @ TsiE 10nmolA 35nm7R] ©3A7|H A B
oldg HAAZ = HAPVA=01V d @ Fx1 =
2[5]e 48 dHA S A dAYE BT

s £, dAld g9 Mo F8% v

EPYES

B¢l ¥ A (Threshold voltage, Vth)=-045V# =
H4 F71 @Y Z2A(drain induced barrier lowering,
160
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St=(ial =2 & H26H His

DIBL)=130mV/V 9 gg& F&gdozHd 43 Z3A
[5l¢ vix=ge 2=+ st

FE nAA B FA 93 Wy AlEdol
A Il #alM dATFede 28 63 7] o F
W AF AF-FY F49 AolE yehle
2, ¥4 A5y wye g% AEgeld ZH}rt
A Zol vlE o 30%7F JAHUSE €5 ATh
e of AEdolddAN FA gy Wy
g dolEst 41 =Fo2REe H4¥ ZAFAA
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Ao
zd
o
-3

4
=

RS
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v, 2 &

h

=R E U &2AY FinFETY 2xd £ 3
3 A gl AdFHE AYH dolEs} H
stgith A7l 71€ 9 FinFETE §3% AlEd ol
ARE BHAHE & F AR, A H4¥FH dHo
o] ZAtg dxn @& B3 AEdHoldy AEFES
A 4 dAdx, @AY &I (Short-channel effects)
} 843 EAdAE £ 71 U

EF, FA 9EE W Ay Wl oF Alg
" ABH)A AFAE nms Bt 4y e F
walol o3 A EH ol A2 HE FinFETS X &3
30vte o] 3H(sub-30nm)8} MOSFETsE ¥41¢e] gl
o ZA¥E FolF-wHEA WA (coupled Poisson
and Schrodinger equations)?] AI-HAAHE
(self-consistent)d 3|7} w=A "Wages &4 & A
=3
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