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SISPAD2014 P-12 A three-dimensional TCAD system M —
focused on power and nano-scaled devices applications

Yasuyuki Ookura, Nobuhiko Kato, Shin-ichiro Kobayashi, Takuhito Kuwabara, Masanori Harada, Ken Yamaguchi and Hideaki Koike
AdvanceSoft Co., Tokyo, Japan
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INTRODUCTION

A new 3-D TCAD system has been proposed Hrerprinciples P rediyraioe

aiming close coupling of first-principles calculator,

process, and device simulators in response to | integrated 3D process | <
. N control platform simulator il
requirements for ultra-small to high-power Laht daliii A
semiconductor devices of which crystals and Advance/TCAD system. = e e
materials have been diversified unlimitedly Three parts are seamlessly operated by integrated control platform
i H with flexible graphical user interface. (a) Calculation model in the case of 4H-SiC(0001) -Al (111).
d In th;S tpgper’ topics of each program are LDOS at the interface (b) and bulk (c).
emonstratea. -
P
[V - o =
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T P - -'-5"_'_-? bed? B S ST — STI MOSFET FINFET
e \h-/ g An example of STIMOSFET and IGBT structure using the 193,987 elements 1,099,168 elements
srwart s ksl Iraea - 7 1 proposed algorithm. Examples of the final structures using a new algorithm.
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wa L2 L o L2 o Change of boron profile by channel width due to the arsenic 0.15, 55 T80 Tt 350 750
The distribution of As(total), B(total), As(active) (a) as implantation, deactivation (Wg = 250 nm (left) / 80 nm (right) and Lg = 50 nm). Appearance of narrow-channel‘effett Bf the threshold voltage of
(b) after annealing. The peak of B shifts toward the peak of As. MOSFETS due to the change of boron profile by the deactivation

o e ||

of arsenic.

CONCLUSIONS
The derivation of Schottky-barrier height using first-principles
frorid Ko calculator, a robust and high-speed topographical algorithm using
p the distance function for the process simulator, a 3-D narrow-
i v I | channel effect of MOSFET due to arsenic deactivation,robust
= - s = e calculation for high-voltage breakdown characteristics of wide-gap

S T Phvmin Tetsim (%75 ' : devices has been demonstrated by a new 3-D TCAD system.
Current-voltage characteristics of SiC diodes over 10 kV.

i

Current-voltage characteristics of SiC vertical MOSFET over 2 kV.
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RITOEZAHISET IV BPAs BT,

As+ 1 <> Asl P+l < Pl
l+V & ¢
As+V <> AsV P+V < PV
l+1 1,
Asl +V < As Pl +V < P
AsV + 1 <> As PV+I <P
B+1 < BI et AV <5 A
Bl+V <5 B S+ AsV < As, Bl + Bl & B,lI,
As,V + Asl <> As, BI+B 1 <B I .

HEEZ/NTA—FETEE
I, V. BI, PI, PV, Asl, AsV : ¥LEkiE 778
As, P, B :iEM4E(FF—-T7Ho+1T42) 3%&
I, Bl As,V, As,: TNiEME{LTE 478 BEt 1478
R7VUABRREESD ISEORMY AER

[2] H. Sakamoto, et.al., SISPAD,137(1997).
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£ (6) Ref[71] N ! 1017 | (5): Ref[63] .
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(8 Ref[64] W | jgu n(BUReiST LW
i ! 8
[3 7 8 9 10 1 I 6 7 8 9 10 "
Eoeq (V) 3.18 2.0 | o
1 Ti"C)
D (CmZ/S) 51 3.0X 102 E 14001200 1000 800
1 i )
BN A ek ®
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weE E 0¢ £
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£ R
.'H: —_— ~ v “ i = 109 ([\F\\ ~
BAST LRI TED i
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HR/INSGA—FZRTE wf Gm S i ‘
1 ] o 1 1 1 1
6 7 % 9w u b e 7 s 9w
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= Bracht® D #5 R 2L FH [3]1 H. Bracht, et. al., Phys. Rev. B., 52, 16542(1995).
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[4] W. A. Orr Arienzo, et. al., J. Appl. Phys,

(poly Si(gas) 4x10201/cm3 )
Si-poly SiE#r%850°C. 4 hr [4]
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i— =% (Si4) SUPREMIT 1 lﬂ
) X
10" | L ! [P '
— 400 - 200 o 200

3
SCHKfE
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63, 116(1988).
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#
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[5] P. M. Rousseau, et. al., IEDM Tech. Digs., 861(1999).
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Al into (0001) 4H-SiC
Energy=60keV Tilt=0°Rotation=0°
Dose= 4.9 x1013/cm?2

csv PR [ “HATrAIE" .csv ] 1.E+19
1518 . ZEAZR (MELE ~ SESPEAAAAIE) 1.E+18 L.
251 AR c
S 1.E+17
g
EREERL. (SA—5—T7 (L% | §
BICEET B ECLD. KDBREEIC 1.E+16
INS A -5 —A%En]HE
o o 1.E+15 S
0 0.2 0.4 0.6 0.8
Depth [micron]
[Material] ### LUF. BEFMHIEEE. REEFREESILVIGEIEMBERESD D

1
1
| ## MBREEPICET (DA hOFHFDIT) (FEILE,

## IBFEUTDEB0ETS

4% MER B BFREIEEETILE

| Material Si  CRYSTAL  VIENNA

| NUM_KIND_OF ATOMS 1 ## MEEBRIRTIRDE
i ATOM[1] a_Si 4.99678E28 ## HMU{ART#[/m3]
i LATTICE_CONST 5.43E-10 ## AEFER [m]
i THERMAL_VIBRATION 6.40E-12 ## ZMRENRIE [m]
! NUMBER_OF_ATOM_IN_UNIT 8 ## HIfa0DRF4K
| LPoint[1] 0.000E0 0.000EQ 0.000EOQ a_Si
i LPoint[2] 0.250E0 0.250E0 0.250EOQ a_Si
i <<Eig>>
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[LSS_MODEL]

# - ETEEOHATFEMENSEND
##4# LSS fitting parameter (Default = 1.0)
##4# LSS_CK[ion_name][material_name]

LSS_CK[a_B][Si] 1.50
LSS_CK[a_P][Si] 1.30
<<@lg>>
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> ERRECOLE (4H-SICER) :

Al into (0001) 4H-SiC

Al into (0001) 4H-SiC Tilt=7.5°Rotation=0° Al into (0001) 4H-SiC

Energy=60keV Tilt=0°Rotation=0° Energy (keV)/ Dose(1013cm~-2) Energy=60keV, Tilt=9°, Rotation=0°

Dose=0.63, 1.3, 3.4, 4.9 x103cm~-2 [1] =40/3.0,90/7.9, 195/38 [1] Dose=0.48, 2.1, 5.1 x1013cm~-2 [2]
1019 : 1020 : . .

'Dose 1E13cm 2

Lines : Calculations 10191

1019 . 40keV
S0keV »
195keV 1018

Dose 1E13em™

—

L]
L
=]

Circles : SIMS i
Lines : Caleulations

1[]1?

Al Concntration (em™)
—h
=
=4

1018]

1015 EERa e [
0 0.2 04 06 0.8
Depth (micron)

0 02 04 06 08
Depth (micron)

B—/\SXA—FEICHT.

ERANDFrRUZT - Tith - R—XEMKFHZHIR

Experimental data:
[1] J. Wong-Leung et la, Journal of Applied Physics 93, 8914 (2003)

[2] Sang-Sun Lee et al., Journal of the Korean Physical Society,41, 5, 591 (2002)
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Boron, into (0001) 4H-SiC Tilt=7.5°,

Energy(keV)/Dose(1013cm~-2)= Nitrogen into (0001) 4H-SiC Tilt=7.5°,
40/5.3, 100/8.3, 300/19.4 [2] Dose=2x1013 cm~-2, Energy= 30, 100, 190 keV [2]
J H ! 15 1022 """"" T T T AT E
102 Energy E‘kg}:ﬂ x:: DHGSEE{E%D fem?). Dose 2E13 cm”™
e 3. .
ey /82 3 ooV -
- =2 & Ll e [ |
‘FE 101 Lines : Calculations | lg 1021 190keV : a 3
2 ~ Lines : Calculations 1
= c ]
S 0
@ o 20
£ 10" ] 5 10
] 0
c Q
3 5
m 10V - o 10"
Z ']
1016 | |. [ L i ; 1018 st ¢ h’._
00 02 04 06 08 10 0 100 200 300 400
Depth (micron) Depth (nm)

ZRERA AT U TS A—IF 1 -2 T FKH

Experimental data:

[2] Sang-Sun Lee et al., Journal of the Korean Physical Society, 41, 5, 591 (2002)
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B, 5 keV, 1x10*> cm~2 into (100)-Silicon, Tilt 10°, Rotation 0 °
STEERIFEN : 1007518, StE8¥M : 2635 s by Intel(R) Xenon(R) X5660 2.80GHz 1core
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Boron , 2keV, 1x1015 cm-2, into (100)-Silicon
TiltF =0° Tiltf=45° TiltF=15°
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MERE n-Si(100), P:1e20[cm3]
1 EEn++EER T YF, 20um
2 IEREERNE 84T 7R, 20um, P:le15[cm™]
3 7 —hERACRE RS B AL TR, Si02, 50nm
4 7 —kRYSifERL YRAVIEE . AT R, poly-Si:lum
5 BRAC IR MR RAVIETE. FHMTR, Si02: 500nm
6 e TR FHMHETR, Si02: 1.5um
7 fIETYF FEHMTYF. Si02: 1.5um
8 FrRIVBRAAEAN Al, 300keV, 5e13[cm2]
9 Fi/N- N2, 1200°C, 5B
10 Y—ABHI R TR RAVIEE. FAHMT R, $i02:500nm
11 Y—RBHAF A N, 50keV/, 1e16[cm2]
12 b/ /¢ N2, 1000°C, 105>
13 AVEIMER (V=R T—h) RRAVIEE. FEAETYF
14 BBHE(V—R, 7—h) Al EHHETHR
15 MAKER FEETR, Si02
16 TAREER TEETYF
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BiRZE@Vd=1000V

I d -Vd #% ,|,$ [TOTAL_CURRENT_DENSITY[A/cmZ]_mag (log)]

5.0E-02 +5.5384142+000
+5.013722e+000
4.5E-02 -
it I : #91000V M +4.489030e+000
4.0E-02 ’ +3.964338e-+000
T 35E-02 I +3.439647e+000
£ 3002 +2.914955e-+000
= I i
5 +2.390263e+000
£ 25E-02 i
3 I +1.865571e+000
£ 20802 I +1.340879+000
Q 15E-02 Va=6V I +8.1618742.001
1.0E-02 9 +2.914955¢ 001
5.0E-03 I
0.0E+00 —J.
0 200 400 600 800 1000 1200
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[ELECTRIC_FIELD[KW/cm]_zz]

+2.308001e+003
’Héjfnéﬁ' (n i“-.t _ﬁ n +2.093503e+003

+1.8679005e+003

25
= +1.664506e-+003
S 20 +1.450008e+003
2 \ +1.2355106+003
o e +1.021012e-+003
% 1.0 _ +8.065137 e+002
S \ Vd=1000V +5.920155e-+002
§ 0.5 +3.775173e+002
w J \ +1.630191a+002
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