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Abstract A complex chemical equilibrium analysis was performed to study the hot-wall CVD process of the SiC/C func-
tionally gradient materials (FGM). Thermochemical calculations of the Si-C-H-Cl system were carried out, and the effects
of process variables(deposition temperature, reactor pressure, C/[Si+ C] and H/[Si+ C] ratios in the source gas) on the
composition of deposited layers and the deposition yield were investigated. The CVD phase diagrams of the SiC/C FGM
deposition were obtained, and the optimum process windows were estimated from the results.
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Table 1
Chemical species considered for the equilibrium analysis of the Si-C-H-Cl system with selected thermochemical values
Species AHF (298 K) Ref S°(298K) Ref C; (cal/mol-K) Form Ref.
(kcal/mol) (cal/mol-K) a b C d
Ci(g) 28.992 14 39454 14 5779 —0.4083 —0.3869 1 14
CLg 0 - 5329 14 88 0.208 —0.67 1 16
H(g) 52.103 14 27391 14 4968 1 17
Hy(g) 0 - 31207 14 15256 2.12 —0.5906 -1.462 1 16
HCl(g) -22.063 14 44.643 14 6224 1.29 0.3251 1 16
C(s) 0 - 1372 14 -17.1316  -1.60216  —0.0668695 3.45777 1 18
C(g) 171.284 18 37.785 18 498547  -0.0198897 -1.08235x107°  .30269x.07" 2 18
e 200.2 18 47.653 18 7.51095 0.855327  0.0143954 230531 3 18
Ci(® 196 18 56726 18 659140 520650 -12.2284 0.857811 3 18
Si(s) 0 - 4498 14 57300 0.68110 -1.0560 1 16
Si(l) 11.596 16 10.64 16 65100 1 16
Si(g) 108 16  40.123 16 4.820 0.180 0.420 1 16
Si(g) 140.989 18 54921 18 8.00232 3.75550 -13.6699 —0.736554 3 18
Sis(g) 152.008 18 6403 18 146562  0.158199  0.106007 -1.38632 3 18
SiCl(g) 457 21 56.82 21 8.89 0.12 —-0.34 1 21
SiCly(g) —40.3 15 6735 15 11.263 —0.234 -1.105 0.40610 1 15
SiCly(g) -933 12 76.17 16 12797 —0.762 -1.7607 1.1120 ! 16
SiCl(g) -158.4 15 79.07 15 14.511 -1.210 -2.4160 1.7780 1 15
SiH(g) 90 16 47.306 16 663 1.423 -0.09884 1 16
SiH,(g) 58.652 20 49.570 20 5.49522 135182 -53.7118 -0.617591 3 20
SiH,(g) 50.048 20 51721 20 559441 15.614 —49.4383 -0.499761 3 20
SiH,(g) 8.2 16 48.89 16 -74824  —6.170 3.329 14.597 1 16
SiHCl(g)  -119.5 16 74924 16 =791 242 -1.535 4983 1 16
SiH,ClL(g) -75.0 21 6847 21 2034 2.58 -5.86 1 21
SiH,Cl(g)  —34.0 21 59.85 21 1413 7.65 -3.82 1 21
Si,Cl(g) ~236 21 1010 21 4215 1.03 -8.46 1 21
Si,He(g) 19.192 16 654 19 2247 38.201 —0.11049x107° 2 16
CH(g) 142 18 43.746 18 7.18229 —1.55761  2.96462x10°"  -8.22205x107° 2 18
CH,(g) 92.35 18 46.346 18 7.0979 3.75499 431174x1077  —4.2449x107° 2 18
CH,(g) 34.82 18 46406 18 -30.1372  -0.814955 237775 6.49193 1 18
CH/(g) -17.895 18 44.506 18 ~77.0678 -3.93376  5.57928 14.1329 1 18
C,Hy(g) 54.19 18 4803 18 6.37138 16.9068 -8.56284x10"  1.70937x10° 2 18
CH,(g) 12.54 18 54422 18 -84.1903  -503535  3.68186 16.1141 1 18
C;Hy(g) -24.82 18 64536 18 -1.01 732 -3.79%107" 7.68x10” 2 18
C,H(g) 114.01 15 52955 15  6.6121 9.1543 —044224x107"°  0.86441x10° 2 15
SiC(s) -175 18 397 18 ~1.12904  33.82 -3.20607x107°  1.06298x10° 2 18
CCl(g) 120 18 53.656 18 6.4043 5.6267 —0.44253x107°  0.12173x10° 2 18
CCly(g) 57 18 63426 18 842 11.694 -0.85124x10™°  0.25725x10° 2 18
CCly(g) 19 18 70946 18 9.9909 23.585 —0.2018x10” 0.58332x10° 2 18
CCl(g) 24 18 74.161 18 844885 272467  —0.435229 5.23662 2 18
CHCl(g) 80.067 16 57.821 16 67442 6.5564 0.12333x107"°  —0.13381x10° 2 16
CHCl(g)  -24.2 18 70.686 18 7.7824 33.956 -025965x10°  0.70853x10° 2 18
CHClL(g) —22.83 18 646 18 47185 30.479 -0.18572x107°  0.42057x10° 2 18
CH,Cl(g)  —20.63 18 56.066 18 3.09 25.526 -0.11784x10”°  0.20338x10™° 2 18
GHCI(g)  51.099 16 612 16 9.4684 152 —0.86206x10™°  0.1798x10°® 2 16
C,CL(g) 50.01 16  68.376 16 11912 16.352 -0.12166x10°  0.32738x10° 2 16
C,ClL(g) 34 18 81.486 18 14.103 38.543 -0.31206x10”°  0.87112x10° 2 18
C,Cly() -33.8 18 94.796 18 00392333  5.67519 ~17.6584 -6.80115 3 18
CHy(® —-20.24 18 54876 18 129 25 ~1.66x107" 2.08x1077 2 18
CH,(2) -30.09 22 166.895 22 3.844845 73350105 -226.53787 3 22
CH,SiCly(g) -126.521 23 84.01 23 49.1 -1104 8.3x107 4x107 2 23

Form (heat capaci
ex107 T2+ dx10°T ™.

ty relation): 1: C=a+bx10"T+cx10°T +dinT. 20 C,=a+bx10"T +cx10°T’+dT". 3: C,=a+bx10° T+
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Fig. 2. Hydrogen effect on the SiC/C CVD phase diagram: P = 10 Torr; (a) Hy/[SiCl, + C;Hy] = 0. (b) H/[SiCL + C;Hy] = 10; (¢) H,/
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[Si precursor + C;H,] = 100.
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