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A Study on Chemical Vapor Deposition Process for the
Preparation of Thin SiC Films
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ABASTRACT

SiC thin film on silicon wafer was prepared by the CVD process with SiH,, CH, and H.
in a horizontal chemical vapor deposition reactor. Growth rates were obtained at one at-
mosphere in the range of temperatures between 650C and 850C. The total flow rate of
reactant gases was 1000 scem. The ratio of molar flow rate of SiHy to CH, was also var-
ied. Eley-Rideal reaction mechanism and m-th o;'der empirical overall reaction rate expres-
sions were postulated. The kinetic parameters in these rate expressions were obtained by
regression analysis of experimental deposition rates. M-th order overall reaction rate ex-
pression fits the experimental data slightly better than Eley-Rideal model, although deposi-
tion rates calculated by both rate expressions slightly deviate from experimental results.
This suggests that the deposition in our experimental conditions occurred in the transition
region between the diffusioncontrolled and surfacereaction-controlled mechanisms. How-
ever, the values of Ks and K, adsorption equilibrium constants of silane and methane, ob-
tained from the Eley-Rideal model are reasonable, when compared with the results ob-
tained from the minimization of Gibbs free energy change in the CVD system.
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& SEM(JEOL, Japan)2& Al-£-3t bles in SIC CVD reactor
A EAE FHI}BEA bl Systom.

_ Dimensionless variable  Order of magnitude
79 2R 3719 HAPAE s Re 01 —10
B ALgsgen AEHL + Pr 0.65—-0.75
59%qto] S31th o] ZAIA Reynolds e L5 18

Pe 05 —1.0

No.& ¥ &% Fx9d dHEE HIYE Gr 100 —1000
Table 10 UERAQ T}

a. H; was balanced to have a total flow rate of 1000 sccm.
3. 1 ¢ na

3.1 EHTH0| IE ST W3t

ZFR}2EE 650C, 750C, 800C,
850C= WA A, SiHeS §%e
6scem& RAFHA CHe FFg u}
FAed SHE 53 £ & Table 2
o JEMRATH F34E+ SEMARR O

2]5—}])\-] —‘,L.E_E]‘E. )61'“?‘9] SiC !'a}‘-’}ﬁl a9 3 w4y SC 4uts] SEM 4 (22y; @5 = 750°C, AMRS = 1.000 scem,
= - N R CH, #% = 6 sccm, SiH, = 6 socm).
TI}“ i TE! é‘@ E] 9‘1 E"(Flg' 3)- Fig. 3. SEM picture of amorphous SiC thin film (Deposition conditions ;

T = 750°C, Total flow rate = 1,000 sccm, Flow rate of SiH, = 6 sccm.
Flow rate of CH, = 6 sccm).

E 2. CH2 S% X2si0IA SEMO| 2siM ZHE SiCutet HERE
Table 2. SiC fim growth rate measured with SEM under various deposition conditions.

Input flow rate* Input flow rate  Temperature Growth rate

Run#t of SiHi(scem)  of CHi(scem) (C) (4zm/min)
1 6 4 650 0.028
2 6 6 650 0.032
3 6 12 650 0.038
4 6 24 650 0.044
5 6 4 750 0.065
6 6 6 750 0.081
7 6 12 750 0.086
8 6 48 750 0.117
9 6 4 800 0.092

10 6 6 800 0.110

11 6 12 800 0.127

12 6 24 800 0.142

13 6 4 850 0.135

14 6 6 850 0.153

15 6 12 850 0.167

16 6 24 850 0.182

17 6 48 850 0.200
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Table 3. Kinetic parameters in Rideal-
Eley rate equation.

Parametar Value
kp 7.06 x 10~%gmole/m’sec.Pa’
E 6481.5 cal/gmole
Ks 0.82%107¥Pa!
Es —35766.0 cal/gmole
Ko 73x107*Pa™!
e —4985.0 cal/gmole
: _ kiPsnPou
reaction rate = T+ K P T KPocs P+ KPes
(gmole/m%sec)
k=ky exp(—E/RT)
Ks=Kg exp(—E¢/RT)
Ke=Ka exp(—E¢/RT)

kie, Et, Koo, Ex : from regression
Ko, Es : from Wilke's results[11].
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Table 4. Kinetic parameters in m-th
order rate equation.
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Parameter Value
ko 2.02 x 10~ gmole/m’sec.Pa®
E 14800.0 cal/gmole
m 0.152

reaction rate=k(PguPax)™(gmole/m’sec)
k = ko exp(—E/RT)

E 5. o2 B2 2z5tolMel K@t K¢
Table 5. Ks and K¢ at different tempera-

tures.
400° K 800° K 1200° K
Ks 29%x10° 48x107! 27x107*
K¢ 39x107"  1.7x107* 59x107°
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