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Abstract — Selective epitaxial growth process is very important to meet the demanding needs of
next-generation ULSIC, especially, for the advanced dielectric isolation. Therefore, in this study,
the systematic approach for selective epitaxial growth process was performed using transport pheno-
mena, thermodynamics, and microscopic simulation. First, simulation of reactive fluid dynamics
was done to examine transport phenomena in AMT 7700 barrel epitaxial reactor widely used in
the semiconductor industry. Gas velocity, temperature, and concentration distributions were obtai-
ned by finite element method. And the effect of operating conditions including pressure, substrate
temperature, total flow rate, and composition of gas species on the deposition rate and uniformity
was studied and discussed in detail. Second, thermodynamic equilibrium study for Si-H-Cl system
was conducted and the system behavior depending on pressure, temperature, and CI/H inlet compo-
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sition ratio was investigated. Third, Monte Carlo simulation was carried out to study the selective
deposition pattern profile in the microscopic trench structure. The effect of aspect ratio, re-emission,
and surface diffusion on deposited film profile was investigated. It was found out that the low
sticking coefficient and low surface diffusion coefficient are required to obtain high selectivity.
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Fig. 2. Schematic diagram of vertical selective epita-
xial reactor with boundary conditions specified.
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Fig. 3. Illustration of various mechanisms of selective
chemical vapor deposition.
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P ke 25 torr 25~100 torr
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Table A-1. 8 @u O and g« parameter values used
in Equations (A-2) and (A-3)

(8 [ cal
“'( cm sec) k'( sec cm K)
species, 1 B0 o B o
H, 205X10°% 066 631x10°° 0.725
SiH,Cl, 1.20X10°% 0.82 979Xx10°% 09
HCl 1.06X10°° 087 176X10°7 0941
I Xili
umix: ;1 n (A-S)
= _21 x Dy, W)
J:

of ojsfx AitEedl e

i, )= 7}(”% ) () M
J

] i
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2. ¥}<d(specific heat)

7 A e vl 2Rl gl WA
bt o] EHY 4 sk,

Cl)i:al+Bl T+ T (A-5)
b el o, B, viel S EOA-20] gokEdch

Table A-2. a, B, and y; parameter values used for cal-
culation of specific heat in Equation (A-5)
(cal/gmole K)

species, i a; Bi Yi
H, 69516 —1.938X10 * 4.708X10 7
SiH.Cl,  20.34 258 X10 * -586 xX10 °
HCl 6.744 4.197x10 * 3.688%x10 7

3. ¥d3%=%x (thermal conductivity)
o} 2K polyatomic) 7| Aol sl 4= A& 2264

Adrwel A s #AA4 AL Eucken HHAEA[A-1]
_ 5R M
k,_<c.,,+ ; ) " (A-6)
o) AM&E|=d] o] 2 7Zhekslalw
}(1:61(; Tq)ki (A'7)
b om 5,9 g E Alel sesielch B¢
o) AHERE A3)AH FAHE A
n XiK;
le ; T (A—8)
=1 x @itk k)
i=1
L2 el oglon o374 dyk, k)E (A-4)4

A& oty Al 22 ko) kS Abgabw =l
4, #FAA(diffusion coefficients)
OV ij EAIZEY) Ak S
1 1 e
T2 ( M, Ry M, )

Dj=1.858X10 3 — A-9
' P O',j Ql):j ( )

5|z, A 3@ A4z, 1994

whg

Table A-3. M, o, and g/k parameter values used for
calculation of diffusion coefficient in Equa-

tion (A-9)
species, 1 Mi(g) o(R) £/k(K)
H, 9 2827 59.7
SiH,Cl, 102.995 5977 390.2
HC 36.453 3.339 3447

Aol olsl 4] AERsdel 93714 o= (0it+05)/20] ™
Que= F2959 diffusion collision integral 4]
&= (g9 ol AR Oy Neufeld of al.
[A-2]e) Alatgt

C E G
Q=—+ + +
T*B exp DT* exp FT* exp HT*
(A-10)
A& Abgstel Aakstodct o714 A=1.06036, B=

0.15610, C=0.19300, D=0.47635, E=1.03587, F=1.
52996, G=1.76474, H=3.89411, T*=kT/e;solc}. &
S AE el g M, 6,9 e3tS Table A-
3 eofstsict.
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