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IEEDIGEFHETINA ADEEIARFE UL, REHBDERICIHRS
D (CEENFEHZND & ULSHERRFLEEMBINANSNS.

i 1v v Semiconductor materials:,
5B 6c 7N e |V (C, Si, GE)
13 14 15 ® V-1V (SiGe, SiC)
Al | Si | P e 1I-V (InP, GaAs, GaN)
31 32 33
Gal Gel As ® |I-VI (HgTe, CdSe, ZnS)
49 50 51 ® Ternary (HgCdTe, AlGaAs)
In Sn Sb
® Quaternary (InGaAsP)

81 82 83

TI Pb Bi ... to be continued in near future
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MI (=H8BFExRHBF) ZFBUEMBREDEANTEFRE
{ELTED, &DF - Bl - MEMRATHRINGIEMUTWS.

Structure + Composition

® Theory I::I:} ® Super ionic

® Experiment conductiony

e Simulati ® Low thermal
imulation } } conductivitys;

® Big data ® Novel crystal

® Database Pgrformance structurey

° Experience (Time dependent) P Long Iife

/ \ cycle-times,

m e
Properties
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$B5EDEF (PECVD, Etching) [CBWVWTHEEA DBV DH
BRondh GRXZzR3ED) BEETDTRSAENMHETHS.

¢ HfO,BEOIYVF>JEE% @ Data-driven approach

BALISHNODEE  ammcamentr—sna
oo 8 FRRIRER 0% Bl 2 VRN A (Chit
0 et vl U= tRlERstoigst & 93
é 006 experimental values
£ w0 ® Physics-driven approach
¥ R PRI ST BB & (4]
O Hz EEREAHDSHERIEL, 20

s =m0 mo, HABSOE THREIRET 3

HIROMITRWSNS FRAIETIVIE, EEREZ 2 (CIEEE U

= Physics-driven approachZ#RU TFHIETILEICTES
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SiGeBIRIKFED FEMILLZZELETE DI LT, MHEZEERIC
A THDIZENS, Z<DAEHINRSNS.

® 3D structure devicems PECVD equipment Deposition processes

Source °§°@3 Q SiH, + GeH, + H
® MEMSq gas o ¥ /I ‘ e* AN
Radical || Polymer || Minus lon| | Plus ion
® Infrared detector i1 0 siH, || siHe || siH- || siH,

Inlet g O%OO%) & & ® SiH, GeHy || GeH,~ [| GeH,*
® Biomedical % G G % o D@@g@}f GeH, || SiGeH || SiH,- SiH,*
Ic to 0%3 0@3 Plasma GEHZ Si3H3 GeH3_ GeH3+
app Ica IOHS[12] d%o& P O@o@(; 9 o B Surface reactions Repulsion
Outlet R
® Thin film solar cellins) gy, * ¢ < 4|6,
Substrate ‘@’ ‘dfi
v C% (o]
> e © 00

HBIEADGei=EIE
= BSNEFIENEIL Heater

CVD/ALDEIEMEIR [CH T B FIRFEDWE(C(E, /o 0O0tRE

185 /AN DENEZ#IAY S5 EDNBERARTHS .
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SiGeBIRIKFED FEMILLZZELETE DI LT, MHEZEERIC
HIEHRIRETH DI Eh5, Z<DRASEFMNRSNS.

® 3D structure deviceys Structure + Composition
® MEMSio
® Infrared detectori I Our study
® Biomedical
applicationsii; Performance

(Time dependent)

® Thin film solar cells; / ~

- ]
HIRAIDGe NN il [ —
= BEIIELE(L Properties
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185 /MARDEREZFAYT S ENBEARTIRTHS .
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SFLF - DFIHNFEABOMRZLIBICHEE T BI=HRIG E iR
ZFF(CIRS ReaxFF MDZEZIERAUIE.

A1 Electrons

10°| II :Atoms V-FEM, FVM
— IIT :Microstructure
£ 10-3| IV :Film IV-Geometrical,
) V :Reactor Potts, Level-set
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[RFEREEED SEH ULEESRBDMEICIHUT, EFESHSBEES,

ZEBANDBSHREBRZBRT S.

E
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= Ebond + E
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[14] Surface Science 646, Vol. 646, 253-260 (2016)

—— ReaxFF (This study)
--O-- ReaxFF (Ref.)

|_—®—DFT (GGA/PBE)

Si-H bond length in SiH 4 (A)

. 100

—8— ReaxFF (This study)
--O-- ReaxFF (Ref.)

—®— DFT (GGA/PBE)

Si-H bond length in SiH 5 (A)
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e Rk

H X 1 30.72%26.88x45.00 [A3]
FEFN0FRI : 7.5 ps / 60 ps (B1/1%)

® [EDF

7> F#ER% : SiH;: GeH,

ABPRE : 1300 K

fiI&E : X, Y=81FR, Z=1-2A/ns
AGHERRE ¢ 7.5 ps

AHHEZK : 20004E]

o Bin[EF

o : WEHRF O : MESi |mEF
O BIESIFEF O : HEGelEF

[RFFE/455m : Si(100)-(2%1)
[RF2 : 2244@ (Si)

HiIEE : 800K-1500K

IFS Annual Meeting [2020.07.15]



sTEFIE | HIREIR(CXI D Af

OVITO (Open Visualization tool) ZfERAUT, #EZERPD
BEs (RS BLUHEM (RFRE) ZfRrUIE.

® Crystallinity C, Center
C = Cubic + 1st neighbor + 2nd neighbor 1 st neigh.
;=
Ndepo
o Cubic : BNERTH IUELMERTFOLTHNISEYI AV ES RIGTFHIE CHE
SNTVS

e 1st neighbor : ENAERFODETCIFBFMEICBESNTULDN, F2HIFEEFD
PIRK EBIDHECE AT TL VRN

e 2nd neighbor : [RFBEKIIBFAIECERESNTLDN, TOBHEDDIR EE1D
MRE LU TVNDIMEFALE (CECE S TLVRON.

® Composition (atomic content)

o
-

Remained x atoms s
X content =

N 2

e xisH,Si orGe Before After

i
y i
-9
y

depo

[15] Comp. Phys. Commu., Vol. 205, 13-21 (2016)
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_ Cubic + 1st neighbor + 2nd neighbor ﬁ Center
Cd — N 1 st neighbor
depo
10—
= o HimEmkE
80+ ~ - EMmEDEBICHW,
Xgenz = 0.0
I etz = 0.3 fEaa T (IEINLAR
— 60_+ GeH3 — 0.5 —
S ! GeHd icl)g
S 4op - T 1 o fEmtbkEE
0L GeH;DEISIBIN T AW,
- SEfaE CHEmER
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_ Remained H atoms (AT | } &
H content = i |
Noepe Before {EHNEEE After [HREEEN E
100 I T I T I T I T =
L (a) Xoos = 0.0 —0— Xgue =0.7 |  © EARNREEIKRTFIE
S, 80 T Xeen 203 X SL00 IR DIEIICHEL,
s KEBESHE>RS
=  60r .
8 L
S 40_— 1 o HEmRL&kEFE
§ 20l | GeH;DEIEBICHEWN,
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S 1 (e
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et 9 DIcHKFESBE>RI U EBZAENS.
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Remained Si atoms

STEER | FFSB=E (Si content)

17

Si content =
Ndepo
100 ! I . | - |
(b) XGe 3 = 0.0 —o— XGeHS =0.7
— 8oL —0— Xgerg = 0.3 —0— Xger3 = 1.0 |
X —O— Xeenz = 0.5
S 60 .
c I
o
S 40t -
S I
= 20t
9 L o— —— —e e
Of ‘I . r . | ¢ | .
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1600

o BiimE k1%
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o FHRLLIRTFTE
GeH; DEISIEMICH LY,
SIZa2(I2HITHRL

gL, HXNICSISREE>IBMUEEZTZASNS.
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Remained Ge atoms

Ge content =

Ndepo
10— . socmerem
T O mmlaaEnih | R
= 80F o X =05 i 1 EfUEEOEIMICH,
g o GeZ (1B
S | ]
e e
= 1 GeH;DENEIBI(CHLY,
3 1 | GemmEIFEMNMHL
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BEEL, HXNICGeSHEEIBMULELEZTASNS
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SIZRE(IX gy DIEMCHNVSHEICHI L, GeSHREIZHICIE
9 SHEAHLERESNZ = GelBEM(SEIRAICHDIAEXND

100— T T T 100 04—
0 o ))éGeHS = 8g __:__ §GeH3 = 28 = L) o ;((GEHS fgg __:__ieem fgg | 03
— =0. =1 GeH3 = Y. GeHs = L O o—0—-9__
R = B~ Xars-05 ] & 02 S o o\.
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CVD/ALDEBIRBI(ICH T ME/ D OER L& /DI sEE A& B
EUTSMEDFHMLE (SiH; : GeH;) EBIREEDLERE - RFSHEE
(CRUF T EZE(C DUV TReaxFF MDEICKDAELUE.

o 1BE (F&R1TE : Crystallinity)

— BECRE OISV, ERIEEIEIER
— GeH;DEIGIEMICHL), SEREE CRhmitEE—o&iHD

e Rk (FF=HB= : Atomic Content)

— B OEN(CHLY, HERERED

— BEIRCEE OBV, Si, GeEHE(IIEN

— GeH;DEIGEN(CHV, EEICRE C/KESHE(TIEM

— GeH,DEISEIICHL, SIZSBEIKRIECHL, GeSBE(TKIRICIEM

BIRAXBEMADSIGeEIRICEWNWT, GeSHERMICHVWESHIFED
BT SDERFHEAD I —{EURBRENMET UISIZEEZTRAENS.
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