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SISPAD2014 P-12 A three-dimensional TCAD system |

Advance Soft

focused on power and nano-scaled devices applications e

Yasuyuki Ookura, Nobuhiko Kato, Shin-ichiro Kobayaskakuhito Kuwabara, Masanori Harada, Ken YamageohiHideaki Koike
AdvanceSoft Co., Tokyo, Japan

= .
INTRODUCTION e l ’ ‘ ’
first-principl 3D devi =& - - A H
A new 3-D TCAD system has been proposed caleulator | simulacor =a sgol —“,«kau‘j MWAJNWMTWH& A
aiming close coupling of first-principles calculator, | o =I= B P . o
H H H 3 S @
process, and device simulators in response to | integrated 3D process | e |
N . control platform simulator === o \
requirement for ultra-smal to high-powel £ “’r“—' i:h WW\ v‘“WLMMW 0
semiconductor devices of which crystals and Advance/TCAD system. _ S
materials have been diversified unlimitedly. Three parts are seamlessly operated by integrated control platform
H H with flexible graphical user interface (a) Calculation model in the case of 4H-SiC(0001) -Al (111).
In this paper, topics of each program are LDOS at the interface (b) and bulk (c).

demonstrated.

gas-Si interface
2. The new vertex
is created at the
pointwhere the
distanceis
shortest.

:

1. Calculate
shortest distance

7

betweena specified 3. Divide clement = : BAWAY . STI MOSFET FINFET
Sl e An example of STIMOSFET anc IGBT structure using the 193,987 slements 1.099.168 elements
materialindex. proposed algorithm. Examples of the final structures using a new algorithm

Proposed 3D form tracing algorithm.

0.30
1e+021 le+021 [ By . E e T
\ i & E "
te+020 |- 1e+020  §  § 0
F i B
1c+019 g oo " . - o <
1ec+018 £ 1c+o1s L . 0.
1evo17 S icror7 e — |
1ci016 ' A 1c1016 § . X ILg/W g = 107 A
o 0.1 - 0.3 o 0-1 0z 03 Change of boron profile by channel width due to the arsenic 0.15, 59 T80 150 200 250
The distribution of As(total), B(total), As(active) (a) as implaitat deactivation Vg = 250 nm (left) / 80 nm (right) antig = 50 nm). Appearance of narrow-chaniier éfféet of the threshold voltage of
(b) after annealing.The peak of B shifts toward the peak of As MOSFETSs due to the change of boron profile by the deactivation
10 .
° o of arsenit.
o = = E 6
e £ - 1
T £ s = 32 CONCLUSIONS
i; o 1oy J E s S ! The derivation of Schottky-barrier height using first-principles
43: 100 [ g ;‘ ™ Svalanehe calculator, a robust and high-speed topographical algorithm using
E o T =0 7] the distance function for the process simulator, a 3-D narrow-
1012 JV - 1 channe effec’ of MOSFET due to arseni deactivatio,robus
o oo acoe  coon  s0oe  10meo 12000 12000 1800 o5 =00 000 =00 o000 2.s00 calculation for high-voltage breakdown characteristics of wide-gap

Reverse-bias veltage (V) Drain bias (V) devices has been demonstrated by a new 3-D TCAD system.

Current-voltage characteristics of SiC diodes over 10 kV.
Current-voltage characteristics of SiC vertical MOSFET over 2 kV

Copyright©2014 AdvanceSoft Corporation. All rights reserved
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Gumme | _scheme | Poisson | Elec. _continuity | Hole_continuity
Iter. Variance | Iter. Residue | Iter. Residue | Iter. Residue + Number Of elements 10929600
1 3.2510E+00 | 180 8.5932E-17 | 1514 9.7060E-21 | 1982 8.4757E-21
2 2.0000E+00 | 198 9.0545E-17 | 1556 8. 4593E-21 | 2060 3.7648E-21 + Number of control volumes... 11224192
3 2.0000E+00 | 202 8.9030E-17 | 1454 9.3644E-21 | 1884 7.8539E-21
4 2.0000E+00 | 193 O O485E-17 | 1236 2 2482E-21 | 1996 7.9176E-21 + Volume of mesh.............. 1.034375E-20 [m3]
5 1.4214E+00 | 207 6.1573E-17 | 1658 9.8613E-21 | 1968 9.1451E-21
6 4.9579E-01 | 192 9.6994E-17 | 1600 9.8952E-21 | 1852 5.0425E-21
7 2.5046E-01 | 191 6.3475E-17 | 1988 7.8848E-21 | 1852 5.0399E-21
8 1.2577E-01 | 187 7.3493E-17 | 1352 6.9013E-22 | 1756 6.4650E-21 45000
9 6.2980E-02 | 189 5.3850E-17 | 3516 8.6712E-22 | 1838 8.7255E-21
10 3.1509E-02 | 186 8.0647E-17 | 1516 9.8485E-21 | 1982 2.2908E-22 40000
11 1.5759E-02 | 181 9.8131E-17 | 1738 9.8074E-21 | 1984 3.0990E-21
12 7.8804E-03 | 163 9.3682E-17 | 1428 5.6255E-21 | 1920 7.1339E-21
13 3.9405E-03 | 171 7.0361E-17 | 1334 6.0594E-21 | 1950 5. 4918E-21 35000
14 1.9703E-03 | 172 7.8395E-17 | 1806 9.3893E-21 | 1768 5.2351E-21
<K< Extrapolation has been achieved. >>> 30000
15 9.8515E-04 | 145 9.2349E-17 | 2558 8.6646E-21 | 1884 9.6151E-21
16 2.3889E-09 | 79 9.9986E-17 | 848 5.6381E-21 | 1602 9.2970E-21
25000
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p-body p-buried layer o-body p-buried layer 0.35um T OEAR—R
p-well F—rE 0.35um
p-well p-well F— ERLIEE 12nm
FUDRE 2.65um
— . TN RIE 0.3um
: 27 JLRESURFHE & (FA—IFTL—hE 1625um)
| T2 ILRESURFIBE | + (GA— KT~ FRL
EHFEA VB 0.312um)
p-sub p-sub p-sub
Yy Yy Yy
PERE =EREER EEEME RS K G B
-RUTNMEEDIEEIE
N ” = RUYTrEEHE/N (FUTMERIET +EILE v F5EHE)
B4 A i » = 24— LK -TL—MBM(FUTZMERO F—X E1#m)
- —R R D EEGE
= Y—ROF—X=EEM
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% D LB
| D S_V DS CI:# | X
V=5V V=5V
1.6E-04 3.5E-05
1.4E-04 3.0E-05 C 1
. onventiona
1(2;-2: Clrrent Conventional /| 2.5E-05
=z New  expansion < 2.0E-05
< 80E-05 \ ‘ < New
=] 6.0E-05 _o 1.5E-05
ror0n 10505 High Reliability
> 0805 High Reliability 5 0E.06
0.0E+00 *- 0.0E+00
0 10 20 30 40 50 60 0 0.5 1 15
Vps (V) Vps (V)

los- Vs 1 D L% (RF4E L)

los-Vips HHED E 85 (12T 4E180)

(1 HERXBETOHOHAEGRIEK (Current Expansion) M F 4
(2)R,,A (MQ mm?) =68.7(HE K HY), 69.3(FEREIER!), and 44.8 (F7HY)
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A DMOSD |-V, and 1o~V FEME

2.5E-04 .
2.0E-04 Vs (V)
6
< 1.5E-04 2
— 1.0E-04 5
y'e
5.0E-05 4
X3
0.0E+00
0 10 20 30 40 50 60

Vs (V)

FEILDMOSD -V 451

1E-05

1E-07

1E-09

1E-11

Ips (A)

1E-13

1E-15

1E-17

Vps=40V
VA
Vps=0.1V
0.5 1 15 2 2.5 3
VGS (V)

FHEILDMOS DI,V 451

(1) FELDMOS = V=6V THCurrent ExpansionDFEATL
(2) Vit (at Is=1 X 108A, V,¢=0.1V) =2.08V (FEILDMOS), cf. 2.11V (&5 1H ELDMOS)
(3) Vt (at lpg=1 X 10°A, Vp=40V) =2.02V ($TELDMOS) = FHELDMOS®D DIBL [F/hE0y
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1E-03
1E-05
1E-07
1E-09

los (V)

1E-11
1E-13
1E-15
1E-17

Vgs=0V

High Reliability NI

N
ew\

Conventional

10

20 30 40 50 60
Vis (V)

TL—05 o %%

70

BVps=67.9V (f3&E! LDMOS)
BV,s=61.2V (H{E%EMEZILDMOS)
BVs=60.3V (#7E!LDMOS)

BVps: Vps at Ips=1 X 10-13A under V=0V.

BV s [EHT 2 LDMOS TR EIELVAY,
SOVEIMEIZ T+ 5
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Drift for conv. and high reliability LDMOS Drift for conv. and high reliability LDMOS

7E+04 == 6E+02 — - —

= A .. . .-e-::tb-r _ >< >
/' . . .. .

E 6E+04 Gate Drift for new LDMOS Drain E 5E+02 | Gate < Drift for new LDMOS 'Draln
< sevon 2z Conventional
Zz Conventional o 4E+02
S 4E+04 E
S 3e+04 High Reliability L 38402 High Reliability
5] S
[
S 2E+04 |\ New o 2802
< G
% 1E+04 ob 1E+02
* s

0E+00 OE+00

0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Distance (nm) Distance (nm)
== 325 02 S = = = =E) 2 T _ _ —
FEAERBEDLLE Vps=40V, V=5V aty=0nm BAMIRDELE V=40V, V=5V aty=15nm

(1) EAERTE: Hif! 5E@EMELDMOSK HEEEILDMOS (K1) T B i)
(2) EAERZEE FHELDMOSIE x=1900 nmTE—9ZF DM, F— MR ZMGETIESEE R LDMOSERIEE
(3) BEROKRES KRB LESEEMERLDOMOSIE. FLAUAIRYTMETE—9ZEFHDH, FEIDMOSIEZENEF =1Ly
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Vps=40V, V=5V Vps=40V, V=5V

Deep path

(1) BFERIIRUIFMEERNOFE L EEE KNS
(2) ELERFEOEVEEA2ERT (ALB) HD

AN A EIZEBEAER < EFER X TR xexp(-a/BR) a: EH
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HEIDMOSHOEAERFE. EFERBE. ERMIK
(y=10nmIZHB T ExHRAVESAL)

Vps=40V, V=5V V=40V, V=5V
_7E+03 1.4E+06 __ __7E+02 1.4E+06 __
g a £ 5
€ L i £ S L i S
§ 6E+03 Hole current 1.2E+06 § E 6E+02 Electron current 1.2E+06 §
T SE+03 x density 1 L.0E+06 3 S 5E+02 .~ density 1 L.0E+06 3
= B o e
2 4E+03 | : 1 8.0E+05 ¢ & 4E+02 1 8.0E+05 <
5 Peakin \ Electron current g g Magnitude of g
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5 2E+03 4 4.0E+05 § o 2E+02 3 1 4.0E+05 E
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S 5 5
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HFE DMOSHEFAERZE. EFEREZE. ERBIK
(y=100nmIZHBFADxARBYTL)

V=40V, V=5V V=40V, V=5V
DS GS DS Gs
3.5E+03 3.5E+05 __ 3.5E+02 3.5E+05
E 3.06+03 | 1 3.0es05 § € 306402 | Magnitude of 1 3.0E+05
3 Hole current < > ¥ electric field
< 256403 ! { 2.5E+05 2 = 2.5E+02 | Elect 1 2.5E+05
Z & density  Electron current @ 2 petron qurren
§ 2.0E+03 | X density 2.0E+05 éJ < 2.0E+02 | density 1 2.0E+05
£ 1.5E+03 | /‘ 1 156405 § § 156402 |- 3 4 1.5E+05
() f —_
5 106403 | , 1 1.0E+05 3 © 1.0E402 | { 1.0€+05
@ Peak in 5 @
© 5.0E+02 _/\ B region 4 5.0E+04 5 FS0E401 | 1 5.0E+04
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FAERFELEFEREERK EFERBEELERBIK
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Electron current density (A/cm?)
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Source n*
Drift for conv. and high reliability LDMOS

Source n”
80 -
J Gate " o
§ 7o [ 2L oritfornewtovos AR S
- £ |
£ & | Highreliabilt i iR
2 G5 igh Reliability Conventional Eben #E3&F LDMOS =12 # % LDMOS
2 E AN LDMOS
3 g% v —Z n-(Q) 1,640 3 2761 5% 1,661 45
2 €30 New
<5 FrRIL(Q) 8,214 14% 10366 18% 10397 26Y
O
£ 3 20 r V.25V KU (Q) 47,420 83% 44,610 774 28015 704
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Qe 10 o Q) 57274  100% 57,737 1004 40074 1004
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0 1000 2000 3000 4000 5000
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110
100 Conventional —e—Ref[1]
0 High Reliability \ ——Ref[2]
80
g . \ " Ref[3]
£ w0 et #FHELDMOSD
(@ e " N - y
g < A AR - E 1
< 10 —- Conventional = EiFELANIL
=]
o
30 High Reliability
20
10 - New
0 —Si-limit
0 10 20 30 40 50 60 70 80

BVps(V)

Ref[1]:S.Pendharkar “7 to 30V state-of-art power device implementation in 0.25um LBC7 BiCMOS-DMOS process technology” Proc. Of ISPSD,
p419-422, 2004. (Texas Instruments () )

Ref[2]:R.Zhu, “Implementation of high-side, “high-voltage RESURF LDMOS in a sub-half micron smart power technology” ,ISPSD, p403-406,
2001. (Motorola (k) )

Ref[3.4]:Choul-Joo Ko, et al., “Implementation of Fully Isolated Low Vgs nLDMOS with Low Specific On-resistance,” ISPSD, pp. 24-27 (2011).
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S—rt BRI EEEE/NT—1E

EVAWES PN
PD,total = MGDr +WSN,turn—on +WSI\/,turn_0ff )f + DPON
= (VVGDr + 2VVSN,turn—on)f + DPON

f: FA D: Ta—T7«Ltt

WGDI': 1 Jﬁﬁﬁé’lf:U@b"‘—l‘Eﬁifﬁéiﬁ WGDr = 2{ J.vgsigsdt]

p— 40V turn—on period
Wanrnon 8= AV HIDRAYFUTEES Woy oo = | Vet
turn-on period
WSN,turn—off: g_pj—jgﬁﬁﬁo)x’r‘ya:ydiéi: WSN,turnfoff = J.vdsidsdt
turn—off period

B— 7 BT R
Pon: BBEFD/AT—BEK=> Py = 1peVps

Ips Vpg DC component
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300 | R
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[ o N N
o wv o wv
o o o o

Total Power Dissipation Density
w
o

0

£ (kHz2)
2N\ —BEEEDORIRBIKEFLE
Ips(on-state)=7.1 A/mm? FEILDMOS
Ips(on-state)=6.6 A/mm? E{E#E1ELDMOS

1E+01 1E+02 1E+03 1E+04 1E+05

RAYFUTEREDFOM (R, Q)
Ron* Q=141 mQ-nC #E!LDMOS
Ron* Q=104 mQ-nC Z{EFEM4EELDMOS
ENT—BREE
D=0.1
f<1.5MHz = #HE 1DMOS< H1EHE 4 E LDMOS

D=0.5
f<9MHz = FHELDMOS< ={E5E1E R LDMOS

<

2N\J—EBLFE = HEIDMoS< EEE MR LDMOS
(DC-DCAVN—EDZERER AT B EH)
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HH PEREY =iEER gt
FLAUEREX 5Y L L
(Current Expansion)
R,,A (mQmm?) 68.7 69.3 44.8
BVps (V) 68 61 60
TL—o30 D&M NILY NILY INILY
BEH4EMOSFETORL A 4 — A Y TD =
4>/\°';|~-4=r>1tr:;éz£ﬂ%;ﬁ@§ = 15 15
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) —iE 4R EE ERARMVFUIRR | RRARVFUTRAR
NI —RREE HEETAEL HHEFET/SL
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Lo Tl TmE
y—MEiE (F5)
MOSFET/IGBT STI MOSFET

BAAE %%k 80,866
=IRERE: 193,987
MIEEERI:5mO03s

FsRE R % 40,911
RIREFRE: 111,033
ALIBREER 2 m 13

!

o —
STI MOSFET

BAtRE %%k 109,863

BRIRERE: 412,245

AMIBRERT: 29 m 17 s
FIN{E#E FINFET
BASRE R 394,457
RERERH: 1,099,16 ,
MIEFEERI:3h5m16s .

CPU: Intel Xeon X5660 (2.80GHz) 8
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RIRMELDLLE (4H-SICER) .

Al into (0001) 4H-SiC

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

Energy=60keV Tilt=0° Rotation=0° Energy (keV)/ Dose(10%3cm—2) Energy=60keV, Tilt=9° , Rotation=0°

Dose=0.63, 1.3, 3.4, 4.9 X 1013cm—2[1] =40/3.0, 90/7.9, 195/38 [1] Dose=0.48, 2.1, 5.1 x 10%3cm=—2 [2]
1019 : 1020

'Dose 1E13 cm 2

Lines : Calculations 1019

40keV » "
QOkEV | | )
195keV 1018 % %

Dose 1E13 cm™
1019 |

Circles : SIMS i
Lines : Calculations

1018

Al Congcntration (cm™)

1017

04 06 08 - 0 02 04 06 08
Depth (micron) Depth (micron)

B —/NSA—FEIZE T,

BERAMLADFRIT Tt -F—XEXKFHEHR

Experimental dat
[1] J. Wong-Leung et la, Journal of Applied Physics 93, 8914 (2003)
[2] Sang-SunLee et al., Journal of the Korean Physical Society,41, 5, 591
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RERMEED LI (4H-SICEHR)

Boron, into (0001) 4H-SIC Tilt=7.5° ,

Energy(keV)/Dose(1083cm—2)= Nitrogen into (0001) 4H-SiC Tilt=7.5° ,
40/5.3, 100/8.3, 300/19.4 [2] Dose=2 x 10'3 cm—2, Energy= 30, 100, 190 keV [2]
T T T 52 1022 --------- T T |2 """
1020 L Energy (A,kglyg\; D/OS%(;Q om™)J Dose 2E13 cm™
ey 82 A oy -
— e 4 a | 100keV : =
& . . : 21
ol Lines : Calculation g 10 190keV - a
S = : Lines : Calculations
c C
2 he
= o 20 |
510" 5 10
o 0]
c o]
8 5
o 1017 O 1019
pd
1016 ! | 1018 it & H M
0.0 0.2 04 .0.6 08 1.0 0 100 200 300 400
Depth (micron) Depth (nm)

SRRIEATUITRHLTINGA—EFa—= T FH

Experimental data:

[2] Sang-SunLee et al., Journal of the Korean Physical Society, 41, 5, 591
Copyright (©2016 AdvanceSoft Corp((rzmzjll rights reserved. 12
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BRTBENDAA LV EAGTRESEH !

LD I
NAEMTFIEE(SER) 1e+018 1ﬁ [lcm3]

Boron, 5keV, 1% 10%5 cm~2into (100)-Silicon, Tilt 50° ,
Rotation 60° , 150° , 240° ,330° (EEXHIA M)
ETEH 78 400518, SHERERS:6205s ( Intel(R) Xenon(R) 2.80GHz 1core)

/
/
/
/
/
/
/
(noFm
Tilt - Rotatiorfd, H o HEH LG R DZEIXRRESNTIVS
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BRTIEBENDAF VEAGTHHEEH ’
e

Si MOSFET extensioniF A 10+018 16+021 [lem3]
Boron, 2keV, 1x 105 cm~2, into (100)-Silicon
TitA=0° TiltF=45° TiltF=15°

010
10

o |

AR REEAR VYNV VYAV VY VbV VLY

0.05
5}

0.0
0.08

S 5
= !
2 2"
i 4 <
N : !
g & 3 N g
= S =
=k e =
Q directior e S
0 / (100) direction o o
2 S o
0.00 0.05 0.10 0.15 0.20 0.00 .05 010 0.15 0.20 " 0.00 0.05 010 015 020
X-Axis X-Axis X-Axis
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LD mis
4H-SIC MOSFET extension;¥ A le+018

Aluminum, 5.0keV, 1x 10 cm~2, into (0001) 4H-SiC
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+ Number of nodes............. 12416
= + Number of elements.......... 6231
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2DMETIVELETHIEIZKY.,
BIEEITXH T 5N FEEFHER

X-Y increase model

+ Number of nodes............. 2604000
nMOS + Number of elements.......... 2522520
+ Number of control volumes... 2617844
Base model +Volume of mesh.............. 5.171875E-21 [m3]
+ Number of nodes............. 1215200
+ Number of elements.......... 1161270
+Number of control volumes... 1222366 Zincrease model
+Volume of mesh.............. 5.171875E-21 [m3]
+ Number of nodes............. 2391200
+ Number of elements.......... 2287350
+ Number of control volumes... 2398366
+Volume of mesh.............. 5.171875E-21 [m3]

Copyright (©2016 AdvanceSoft Corporation. Al iignts reserved.

10




FTRIER

http://www.advancesoft.jp/

=7 increase model

= X-Y increase model

lcoreDEEHEIH T HEIA

o
o
=

1core 2core 4core 8core

24core

36core

P
[=]

HERRIXT 58

1core®

o
o
=

T
lcore 2core 4core 8core 16core 32core

W2 PCHSRA—IZHITH2DDETIVIZ

E17 53 5 ANEE D LLER

UV2000I2B W THELNDE NGB EREIE.

UV2000IZ&1+5. Z-increase model D
it 51 0 R FE

ATERIRIEICEITS

TARERENKRETHNRETRLTNDEZZALOND

Copyright (©2016 AdvanceSoft Corporation. Al iignts reserved.

Advance Soft

11

A
=]

1

=
]

FHREERICH T HEERRE D

137D

0.1

0.01

UV2000IZHI1T5E1E

]

http://www.advancesoft.jp/

Advance Soft

» Z-increase®T )L : 1287 T33EFEE D i 5| hniE =K
> 500 A Ei mET L1287 T25{ZFEE O i 51| N =
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+ Number of nodes............. 2391200 + Number of nodes............. 5584464
+ Number of elements.......... 2287350 + Number of elements.......... 5464800
+ Number of control volumes... 2398366 + Number of control volumes... 5612096
+ Volume of mesh.............. 5.171875E-21 [m3] + Volume of mesh.............. 5.171875E-21 [m3]
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