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A Thermodynamic Calculation of Equilibrium Concentration
for the CVD of SiC

Myoung-Gi So

Abstract

Thermodynamic calculation for the CVD of SiC from methyltrichlorosilane(MTS) was done in some range of
deposition condition to identify optimum condition, The results show that the most considerable chemical
species are chloride and chlorosilane for silicon source and methane and acetylene for carbon source, In
order to yield single phase 8—SiC it is believed that optimum temperature range is between 1500 and
1700°k, With increasing temperature, stable phase is changed from Si+SiC phase to C+4SiC phase, It is
believed because equilibrium concentration of silicon source decreaes and equilibrium concentration of carbon

source increases with increasing temperature,
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Table 1., Equilibrium concentration of Si-C-Cl-H system at different temperature,
CHEMICAL TEMPERATURE, °K.

SPECIES | 1000 | 1100 | 1200 | 1300 | 1400 | 1500 | 1600 | 1700 | 1800

B8-8iC J72E—02 .89E—02 .95E—02 .97E—02 ,98E—02 .98E—02 ,99E—02 .98E—02 ,98E—02
SiCl 14E—13 .85E—12 ,25E—10 .35E—09 .28E—08 ,15E—07 .6lE—07 .22E—06 .77E—06
SiCl, .21E—05 ,98E—05 ,29E—04 ,57E—04 ,82E—04 ,99E—04 ,11E—03 ,13E—03 .16E—03
SiCl; J11E—03 ,15E—03 ,14E—03 .96E—04 ,56E—04 ,31E—04 ,18E—04 ,11E—04 ,83E—05
SiCly .25E—02 .85E—03 ,21E—03 ,45E—04 ,94E—05 ,22E—05 ,57E—06 ,18E—06 ,74E—(7
SiCIH; J11E—03 .86E—04 ,69E—04 .46E—04 ,27E—04 ,(15E—04 ,89E—05 ,57E—05 ,43E—05
SiCl;H; ,81E—05 .73E—05 .56E—05 ,35E—05 ,19E—05 ,(36E—06 .53E—06 .32E—06 ,23E—06
SiClH .32E—04 .21E—04 ,11E—04 ,44E—05 ,17E—05 ,64E—06 .26E—06 .12E—06 .71E—07
SiCCl3Hs . 11E—07 ,39E—08 ,98E—09 ,27E—09 ,87E—10 .32E—10 ,14E—10 .89E—11 ,71E—I1
CCIH; .39E—08 .54E—08 ,54E—08 ,59E—08 .76E—08 ,10E—07 ,14E—07 .19E—07 ,20E—07
CCl,H, J11E--14 .58E—14 ,14E—13 ,33E—13 ,72E—13 .I8E—12 ,40E—12 .77E—12 _,12E—11
CHj; .21E—09 .10E—08 .34E—08 .11E—07 .34E—07 .10E—06 .29E—06 .68E—06 ,13E—05
CH, .28E—02 .11E—02 ,46E—03 ,25E—03 .18E—03 .15E—03 ,12E—03 ,11E—03 ,89E—04
C;Hp _16E—10 .22E—09 .15E—08 .10E—07 ,75E—07 ,53E—06 ,32E—05 ,15E—04 ,41E—04
CyHy L 27E—08 .48E—08 .59E—08 ,95E—08 ,21E—07 ,50E—07 ,12E—06 .24E—06 .35E—06
Cl .68E—10 .10E—08 ,82E—08 .46E—07 .19E—06 .70E—06 ,21E—05 ,56E—05 ,I3E—04
Cl, .22E—13 .3lE—12 ,21E—11 ,97E—11 ,35E—10 ,10E—09 ,27E—09 ,63E—09 ,13E—08
CIH J19E—01 .26E—01 ,28E—0l1 ,29E—01 ,29E—01 ,29E—01 .29E—01 ,L29E—01 ,29E—0!
H, L49E4-00 .49E+00 ,49E--00 ,49E-+00 ,49E+4-00 ,49E400 ,49E--00 .49E400 . 49E--00

System pressure 5 300 Torr,

input MTS fraction ; 0 01
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Table 2, Equilibrium concentration of each chemical species at different system pressure

CHEMICAL PRESSURE, Torr,

SPECIES 200 300 400 500 600 700
8-siC L98E—02 .98E—02 .98E—02 .97E—02 .97E—02 .96E—02
SiCl .30E—08 .28E—08 . 26E—08 .256E—08 . 24E—08 . 23E—08
SiCly .72E—04 .82E—04 .89E—04 L95E—04 L99E—04 .10E—03
SiCly .40E—04 .56E—04 .7T0E—04 . 83E—04 .95E—04 .11E—03
SiCly .56E—05 .94E—05 .I4E—04 .18E—04 . 22E—04 .29E—04
SiClH, .16E—04 .27E—04 .39E—04 .53E—04 .66E—04 .89E—04
SiCl;H; L 11IE—05 .19E—05 .27TE—05 .36E—05 .45E—05 .60E—05
SiCl3H . 98E—06 L17E—05 .24E—05 . 32E—05 .39E—05 .53E—05
SCiCl3H; .38E—10 .87E—10 .15E—09 ., 24E—09 .34E—09 . 54E—09
CClH; .59E—08 .76E—08 .92E~08 . 11E—07 .12E—07 . 15E—07
CClLH, .53E—13 J72E—13 .94E—13 .11E—12 J12E—12 L15E—12
CHy L32E—07 .34E—07 .36E—07 .37TE—07 .39E—07 J41E—07
CH, .14E—03 .18E—03 .22E—03 .25E—03 .29E—03 .35E—03
CzH; .98E—07 .75E—07 .63E—07 . 55E—07 L49E—07 LM4E—07
C:H, . 18E—07 . 20E—07 . 23E—07 .25E—07 L2TE—07 .31E—07
Cl .24E—06 .19E—06 .17E—06 . 15E—06 .14E—06 .12E—06
Cl, .35E—10 .35E—10 .34E~10 .34E—10 .34E—10 .34E—10
CIH .29E—01 .29E—01 L29E—01 .29E—01 .29E—01 L29E—01
H, . 49E4-00 .49E4-00 . 49E--00 . 49E+00 L49E+00 L49E+00

System temperature ; 1400°K, input MTS fraction ; 0, 01



1 L
H,
107t |
HCI
107 | SiC
172]
(3]}
3
—3
o 107 |
T‘S’ CHy
et —4
R
S SiCls /—%
= 107} SiC1H3/—///’__—
(8]
3]
(5]
SiClez///-
= -6
o 10 " siClsH
5
S Cl
—7
g \\CH
2412
‘g CH, —
S CoHy
g 107} //
© CClH;
g SiCl
= 107° |
= MTS
3
@ 10710}
Cly
10—11 |
10—12 |
10-18 | CCth
/
200 300 400 500 600 700

system pressure : Torr
MTS input fraction : 0. 01 Temp : 1400°K

Fig.2. Equilibrium concentration of each chemical species at different pressurc,

J— 78_



y.a =

Computer & ©] 83« Si-C-H-ClAlgl MTS/
H; gas mixture Yo A + J+ ZE 3

FE¢ 7ATS Q4 ARE +9T A,
thesh 2e ARE U 4+ U
L & eFld 2HE 4 gt B9Ee 1

7FA 9] gas species 2+ 17}X] 2] condensed phase
el B—SiColrt,

2, 18749 A& EFAA A3 FasA =
2l 3tedoF & AL Si source 24 SiCly, SiCl,
SiCly, SiClH,, SiClH,, SiClH %o]w] C source
24 CH,, C,H, CHjeolt},

3. A& A& Si source 7}
Lo A& C source 7 go] EAdE BFo=
1o} A.Le] A& Si-+SiC phase 7} +A43Fa =
Lo] A & C-SiC phase 7} A 3lH, FLE
o] w41(1,500~1,700°K) el 4 stoichiometric
SiC7b £ Aoz o3,

4, o] FaFd v BE FAFEY
BEFE} g4 F4EH

Bo] EAshx =

7l

1

H Q79 computer A4 B FzE &

1.

10.

. W.B. White, S M,

M. J. Chappel, R, S. Millman, J, of Materials
Science, 9, 1933(1974)

J. Chin, P K. Gantzel and R,G, Hudson, Thin
Solid Films, 40, 57(1977)

A 1, Kingon, L, J. Lutz, P, Liaw and R.F,
Davis, J. Am, Ceram, Soc,, 66 (8] 558 (1983)
G.S. Fischman, W.T, Petuskey, J. Am, Ceram,
Soc,, 68 (41 185 (1985)

JANAF, Thermochemical Tables, NBS (1971)
G.S, Fischman, S.D, Brown, Materials Secience
and Engineering, 71, 295(1985)

G, Eriksson, Acta Chemical Scandinavia, 25,
2651 (1971)

Johnson and G, B, Danzig,
J. Chem, Phys,, 28, [5] 751 (1958)

Balzhiser, Samuels and Eliassen, Chemical Eng-
ineering Thermodynamics, Prentice Hall, London,
Chap, 10, 11 (1972)

C.S. Park et al., J. Electrochem, Soc,, 130,
1607 (1983)



