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Abstract— Experiments of silicon CVD (Chemical Vapor Deposition) using trichlorosilane and hydrogen gas mix-
ture were conducted to determine the deposition rate and power consumption for the bell-jar type reactor used for
semiconductor grade polycrystalline silicon manufacture. We studied the effects of reaction temperature, flow rate of
reactant gas, and trichlorosilane concentration on the silicon deposition rate experimentally.

An empirical equation to predict the silicon deposition rate was proposed and was compared with experimental
data. On the other hand, a mode! equation to predict power consumption of the bell-jar type reactor was derived from
the deposition rate equation and the heat saving equation in the reactor Predictions by this model were agreed well
with experimental data.
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Fig. 1. View angle, 4(t).
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Fig. 2. Schematic flow diagram of the experimen-

tal TCS CVD system.
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Fig. 5. Effect of TCS concentration on silicon

deposition rate.

Silicon sheet temperature: 1100°C

Gas flow rate: 5.87—6.87 x 107%//min/cm® ®;
2.94—3.21 x 1072//min/cm® A
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Table 1. Values of rate constant at each condi-

tion.

Condition Value
1100°C, 1 atm 6.7 x 1073
1150°C, 1 atm 7.7 x 107
1200°C, 1 atm 83 x1073

Standard deviation, Sp = 0.21 x 107
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Table 2. Experimentél conditions & data.

Experimental condi-
tions and results

Experiment #1 Experiment #2

Silicon rod size
(diameter x length)

0.8cm x33.6cm 0.8cm % 35.0cm

Initial rod weight 169 ¢ 176¢
Rod temperature 1100°C 1100°C
TCS flowrate 13 c¢ TCS/min 5.4 cc TCS/min
TCS concentration  35.7 % 19.7 %
Run time 240 min 240 min
Deposited silicon 67.6 g* 42.0 g*

61.0 g** 38.1 g**

*Experimental value
**Calculated value
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Fig. 8. An example of electric power and weight
of the silicon sheet according to run time.
Initial sheet size: 2.5 x 0.1 x 30cm
Silicon sheet temperature: 1100°C

TCS feeding rate: 4cc/min
TCS concentration: 9.7 mole %
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NOMENCLATURE
Cpi  : Specific heat at constant pressure for compo-
nent i, J/g/K

Cres @ Concentration of TCS, mole %
Do Distance defined by Fig. 7, cm
D : Distance between the electrodes, cm
k : Constant defined by equation (22)
1 : Total length of the silicon sheets or rods, cm
m; : Mass flow rate for component i, g/min
P : Reaction pressure, bar
Q : Electric energy consumption, W-hr
q . Electric power consumption, W
Rs, : Silicon production rate, g-Si/min

HWAHAK KONGHAK Vol. 26, No. 1, February 1988
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g © Intrinsic reaction rate, g-Si/min
S . Surface area of the silicon sheet or rods, cm?
T - Thickness of the silicon sheet or rod, cm
T,Ti, T2, T3, T4 : Temperature; of the silicon sheet; at
the reactor wall; of inlet gas; of outlet gas, K
t : Run time, min
v : Volumetric flow rate of reactant gas at 25°C, 1
atm //min
W Weight of the silicon sheets, g
w  : Width of the silicon sheet, cm
X : TCS feeding rate, cc/min
x : TCS feeding rate per unit surface area, cc/
min/cm?
y : Silicon deposition rate per unit surface.area,
g/min/cm?

Greek Letters

. Emissivity, —
: Factor of heat saving effect, —

€
7
6,8 : View angle; average value of, radian
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a

BESNE

pSi
o

=
. Density of silicon, g/cm3
. Stefan-Boltzmann constant, 3.406x10™° I/

min/m*/K’*
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