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ABSTRACT

In this study, gas flow and temperature distribution in the multi-wafer planetary CVD reactor for the Si epitaxial growth
were analyzed. Although the structure of the reactor was simplified as the first step of the study, the three-dimensional
analysis was performed taking all these considerations of the revolution of the susceptor and the rotation of satellites into
account. From the analyses, a reasonable velocity field and temperature field were obtained. However, it was found that
analyses including the upper structure of the reactor were required in order to obtain more realistic temperature results.
DCS mole fraction above the satellite surface and the susceptor surface without satellite was compared in order to check
the gas species mixing. We found that satellite rotation helped gases to mix in the reactor.

Key Words : CVD (Chemical vapor deposition), SEG (Selective Epitaxial Growth), Si epitaxial, Planetary reactor,
Multiple wafers, DCS (Dichlorosilane), Revolution, Rotation
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Fig. 1. Susceptor part with satellites of a multi-wafer
CVD reactor.
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Fig. 2. Cross sectional view of the grid systems.
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Fig. 5. Two cross sections in order to check flow field.
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Fig. 6. Velocity magnitude along the two lines shown in
Fig. 5 at the middle height of the reactor.
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Fig. 7. Velocity vectors in the reactor at Z=0.1 mm, (a)
standard speed, (b) increased rotation speed.

Fig 8& £ Wh87] guid]ie] LEREs gl
% glek. wehwe] Fof <js) WSl B2 94
SRzl QeI o A7he sl o8] #43)
AL AL 2 e e e 2ANE o
BAZE T ALl FAT A 2 & ek ol @
e AAZS FAE FA) BE ol wS £

t:ﬂ'

23 2| A N A WhgT] oM = oo} 2 Y
ATl FEdna A = glrk A7IMe A
Holl ﬁ%lf?} %kgl ﬂ%%ﬂﬁ%ﬁ]—’%& AHE-3HA 7]
O:]
T =

< g-%' 74 OE d &=t} vlebdo) s s dA sk
SEE Fogilen® 34 LE}E nhgre] o W3l
= Q= Aoz et

3.3. 3|™ofl 2 pCS EEE
Fig. 9= Fig 59 FERH Section-A®} Section-Boi| 4]

AEBIIE ¥H XA 9] DCS EEES el 2
gj3zo|t}. DCS ATA WHETIAZ DCSEE o] =

Fig. 8. Temperature distribution at the cross section of
the reactor.



@«
2
)
2
o,
ol
o
_(_0‘
)
=
ofl
@]
<
w)

0.0166

0.0164

0.0162
0.0160 - “ OO OCOACCTOCEC000000000
0.0158

0.0156

0.0154

DCS moale fraction

0.0152 ‘I & Section-A

G- Section-B

0.0150

0.0148

0.0146 T T T T T T T
0.10 015 0.20 0.25 0.30 035 0.40 045 0.50

r(m)
Fig. 9. DCS mole fractions along the two lines A and B
on the surface.

0.0166

- .

".f
0.0162 ;’
!

0.0164 +

s

£ 0.0160

g ’

@ «

2 o018 ‘\

” f

8 0.0156 4 —e— 10RPM

a r o - 20RPM

—y— P

i) } | Y- WRPM
0.0152 - |
0.0150 4

T T T T T T T
0.10 0.15 0.20 025 0.30 035 0.40 045 0.50

r(m)

Fig. 10. DCS mole fractions on the surface along the two
lines A and B for the different satellite rotation
speed.

=
AR ANA =A S & 5 ATk Fig. 1000
Az o] M EgolES] 3 &£k ¥isto| w2
F-go] 2pol= YERA] gttt o] A2 vEgY|
wie] f5730] 31 &=l & TS A 7] i+
of 7k2e] FEE FIFS W] ¢ Zo = AZETH

)
A
i
i

4.4 £

£ ATl T dlold ] S AERIE
7} planetary¥H&-7] QtellA dojub= € 2 £3
g A4S FHALZ AL o] & B3l Rk
QoA ] & Bx9) 33 o Hele| mE BH
oA o] FEstE ARt gk AjETto|EV} 9}

N

3d
o] & Bxo| 2 JL A Pt ole AE
o|E9] yke 3| &xo] 7]Qlsh= Aelth 3 mm &
o] 94 EolE A 3|xdo] Al Fgo] 7]

o] A= AHAF AL F 9} KSRC (Korea Semi-
conductor Research Consortium)7} 3§22 X Q3}=
nl e 2z A 7] EARY (FHAH 5.10052928) €] A
Aoz FYPHAFH

mk
rat

nk!

1. Imai, M., Miyamura, Y., Murata, D., Kanda, T,
“Analytical model for epitaxial growth of SiGe from
SiHy and GeH, in reduced-pressure chemical vapor
deposition”, Japanese J. of Applied Physics, 47(12),
pp. 8733-8738, (2008).

2. Lee, HK., Park, Y.K., Shim, K.H.,, Choi, C.J.,
“Simulation studies on the super-junction MOSFET
fabricated using SiGe epitaxial process”, Journal of
the Semiconductor & Display Technology, 13(3), pp.
45-50, (2014).

3. Visser, E.P., Kleijin, C.R., Govers, C.A.M., Hoooen-
doorn, C.J., Giling, L.J., “Return flows in horizontal
MOCVD reactors studied with the use of TiO, par-
ticle injection and numerical calculations”, J. Crystal
Growth, 94, pp. 929-946, (1989).

4. Ouazzani, J., Rosenberger, F., “Three-dimensional
modeling of horizontal chemical vapor deposition I.
MOCVD at atmospheric pressure”, J. Crystal Growth,
100, pp. 545-576, (1990).

5. Ni, H,, Lu, S., Chen, C., “Modeling and simulation
of silicon epitaxial growth in Siemens CVD reactor”,
J. Crystal Growth, 404, pp. 89-99, (2014).

Journal of KSDT Vol. 15, No. 1, 2016



46 4% . 157 - Qo
6. Parikh, R. P., Adomaitis, R. A., “An overview of gal- gallium nitride growth chemistry and its effect on

=]
il

lium nitride growth chemistry and its effect on reactor
design: Application to a planetary radial-flow CVD
system”, J. Crystal Growth, 286, pp. 259-278, (2006).

. Martina, C., Dauelsberga, M., Protzmanna, H.,
Boydb, A.R., Thrushb, E.J., Heukena, M., Talalaevc,
R.A., Yakovlevd, E.V., Kondratyevd, A.V., “Model-
ling of group-III nitride MOVPE in the closed cou-
pled showerhead reactor and Planetary Reactor®”, J.
Crystal Growth, 303, pp. 318-322, (2007).

. Frijlink, PM., “A new versatile, large size MOVPE
reactor”, J. Crystal Growth, 93, pp. 207-215, (1988).

. Parikh, R.P. and Adomaitis, R.A., “An overview of

EAY~E ol 7]«83]A] Al15d A=, 2016

10.

reactor design: Application to a planetary radial-flow
CVD system”, J. Crystal Growth, 286, pp. 259-278,
(20006).

Im, LT, Kim, D.S., Kim, W.S., “A numerical study
on the growth and composition of InGaAs, InGaP
and InGaAsP films grown by MOCVD?”, Journal of
the Semiconductor & Display Technology, 4(1), pp.
43-48, (2005).

PN
A

201691 29 24, AAML: 20161 3¢Y 8Y,

ANEAL: 201610 3Y 23



