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Abstract: Based on the thermodynamic data for related pure substances, the relation of (n¢i/ny)eq (i-e. the mole ratio of Si
to Cl at equilibrium), and the feeding mole ratio of Cl to H (nc/ny) was plotted in Si-Cl-H system. Then, the
thermodynamics of silicon deposition process when n(TCS)/n(STC) of 1/4, 1 and 4 were studied in order to obtain the
reasonable ratio of STC to TCS. The effects of temperature, pressure and feeding mole ratio of STC to TCS on silicon
yield were investigated. When the mixture of STC and TCS is fed to Siemens reactor, the best conditions are obtained as
following: the temperature of 1400K, the pressure of 0.1MPa. In order to maintain the higher silicon yield (higher than
35%), the ncy/ny should be 0.055 when the n(TCS)/n(STC) is 1/4, 0.07 when the n(TCS)/n(STC) is 1 and 0.09 when
n(TCS)/n(STC) is 4. The reasonable silicon yield can be obtain under higher nc/ny when n(TCS)/n(STC) is higher.
Finally, the range of nc/ny is obtained to maintain the reasonable silicon yield when n(TCS)/n(STC) is a constant. The
range of n(TCS)/n(STC) is also obtained to maintain the reasonable silicon yield when n¢/ny in the feed is a constant.
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Table 1 Thermodynamic data for related pure substances under standard condition of 0.1 MPa and 298 K
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Species AHE (Fmol ™) $O/(J-mol 'K ") a b c d e
u 0 1306 3.298 8.2%X107* -8.14X107  —9.47x107! 4.13X107"°
: ' 2.991 7.0X10* -5.63X10°  -9.23x107 1.58X 107"
. 3113 —233X10° 3.52X10° —2.42%X107°  6.39x10°"
Si(s) 0 18.82 »
2775 —6.21X10 484X 1077 -1.28X 1071 1.13x 107"
5.252 3.12X1072%  -5.25%X107° 4.10X1078 -1.22%x107"
SiCly —-662970 331.02
11.709 1.97X107°  -1.27X107° 3.90x107°  —476x107"
3.338 1.26X107°  -3.67X107° 470%X107° ~1.84X 107"
HCl —-92365 186.82
2.755 1.47X107° —4.97X1077 8.11 X107 -5.07X107"
2.883 331X1072% -5.17X10°° 3.95%X10°% -1.17%x107"
SiHCl, —-496369 313.48
9.663 3.56X1072 —1.21X10°  —-1.61x107" 5.64X 107"
3.827 1.31X107% -2.22%X10°° 1.76 X108 —5.27X 107"
SiCl, -168652 281.24
6.491 8.24X10*  —5.77X107 1.97X107°  —271x107"
1.100 3.26X1072% —4.69%X107° 3.49%x 1078 -1.04X 107"
SiH,Cl, -311806 286.26
7.727 5.03X1072  —1.09%X10°° 442X1071° 1.63X10°"
0.506 270X107% -3.30%X107° 2.30%X1078 —6.78X 1072
SiH;Cl —134779 250.25
5.964 6.28X1072  —820X107 —9.28X107® 2.80x107"
3.096 5.74X1072 -9.74X107° 7.64X107°  —2.28 X107
SiCl 158604 241.90
4.258 4.02X10* —2.89x1077 1.01X107°  —141x107"
4.486 224X1072  -3.79X107° 2.98X1078 -8.86X 1072
SiCls -320180 315.99
9.098 1.41X107° -932x10°° 2.98X1071° ~3.82X 1072
. 2.475 9% 107 2.18X10°° -2.68X107°  —6.62Xx107"
SiH, 33915 204.66
6.894 4.03X107° —4.18x107  -223x107"° 438%x107*
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Fig. 1 Relationship between (ngsi/ncy)eq and ney/ny in Si-H-CI
system at 0.1 MPa
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Fig. 2 Relationship between (ngsi/ncy)eq and ney/ny in Si-H-CI
system at 1300 K
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Fig. 3 Variation of sillicon yield with temperature at 0.1MPa
and different ncy/ny and nrcs/nste: () nres/nstc=1/4; (b)
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Fig. 4 Variation of sillicon yield with nc/ny at different
temperatures and feeding nrcs/nstc: (8) ncs/nsrc=1/4; (b)

nics/nstc=1; (€) nrcs/nsrc=4
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Fig. 5§ Change of silicon yield with molar fraction of TCS (x)
in feed at 0.1 MPa and 1400 K
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feed at 0.1 MPa and 1400 K
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