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Y EREMEEARAERER, BHMERNFBATMBERTR: (1) + (1-0)x(2) +
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C(A &) + (1-N)x H*+AX'N*=C(£ R &)+ 1/2(1-N)x(H2+1/2Ax'N,
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AGy = AG) + (1 = A\)xAGs + AX'AG3 < 0; P < 10°Pa; TN R x, X' FEK/D (4")
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®1 C-H-N GRPTAEBEERUNHEIGELNE, B AZTERIESX
Table 1 Enthalpy (H), entropy (S) and heat capacity at constant pressure (C},) of activated
graphite (gra®(H, N) ) in C-H-N system with x and x’ values (Tactivatea=2600 K, Reference
state: 298.15 K, 10°Pa)

Hgear ()= 217.9860(1-A)x+ 472.7920Ax’ (kJ/mol)
Serav(1.N)= 5.6861476.4582(1-A\)x+175.2421Ax’ (J/mol*K)
Co=A+107°BT +10°CT~? + 10~°DT?

298~1000 K

1000~1500 K

A 0.159745.7635(1-A)x + 8.3816Ay’ 25.5710 + 5.7635(1-A)x + 8.3816Ax’

B 38.8990+1.2400(1-A)y — 4.8120\y’ -0.2232+1.2400(1-\)x — 4.81207’

C ~1.5154 + 0.2988(1-A\)y — 0.7029A’ ~39.1476 + 0.2988(1-A)x — 0.7029\y"

D ~17.4142-1.3416(1-A)x + 0.9967Ax’ 0.0978-1.3416(1-A)x + 0.9967Ax’
1500~1850 K 1850~2600 K

A 25.5710 + 5.9518(1-A)y + 8.3816A’ 25.5710 + 5.9518(1—A)y + 12.7690\y’

B ~0.2232-1.6351(1-\)x — 4.8120)y’ -0.2232-1.6351(1-A)x — 7.5580Ax"

C ~39.1476 + 20.6857(1-A)x — 0.7029Ay’ -39.1476 + 20.6857(1-\)x — 34.5515A

D 0.0978 + 0.1076(1-A\)x + 0.9967AY’ 0.0978 + 0.1076(1-A)x + 1.4858Ay'
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Table 2 Data of diamond deposition experiments in C-H-N system

Points Reactant CVD method Growth condition Xcox Xux RIS Ref.
1 CH4-H>-N2 MW plasma 993 K, 2.7 kPa 0.8333  0.9975  0.0005 10
2 CH4-H3-N» MW plasma 1033 K, 4.7 kPa 0.9800 0.9975 5E-5 10
3 CH;4-H2-N, MW plasma 1033 K, 4.7 kPa 0.9900 0.9975 2.5E-5 10
4" CHj-H»-N, MW plasma 1198 K, 4.0 kPa 0.0244 0.9939 0.1980 01
5 CH4-H2-N» MW plasma 1188 K, 4.0 kPa 0.0698 0.9778 0.2326 01
6" CH4-H,-N, MW plasma 1073 K, 5.0 kPa 0.9999  0.9927  0.0000 06
7 CH4-H>-N» MW plasma 1073 K, 5.0 kPa 0.9999  0.9927 1E-6 06
8 CH4-H,-No MW plasma 1073 K, 5.0 kPa 0.9996  0.9927 3E-6 06
9 CH;4-H2-N» MW plasma 1123 K, 5.0 kPa 0.9998  0.9975  0.0000 05
10 CH;4-H,-N, MW plasma 1123 K, 5.0 kPa 0.9999  0.9927  0.0000 05
11 CH;4-H3-N» MW plasma 1103 K, 22 kPa 0.9999 0.9856  0.0000 04
12 CH4-Hz-N» MW plasma 1103 K, 22 kPa 0.9999 0.9856  0.0000 04
13 CH4-Hz-N» MW plasma 1103 K, 22 kPa 0.9999  0.9956  0.0000 04
14 CH4-H2-N» Hot filament 1093 K, 2.0 kPa 1.0 0.9951  0.0000 03
15 CHa-Hz-N» Hot filament 1093 K, 2.0 kPa 0.8333 0.9951 9.8E-4 03
16* CH4-H,-N, Hot filament 1093 K, 2.0 kPa 0.5556  0.9951  0.0039 03
17 CH;4-CO2-N; MW plasma 1093 K, 3.3 kPa 02

* Signed the depositions are ’amorphous carbon *~ Signed no solid phase is deposited
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Phase Diagrams in C-H-N System for Low Pressure
CVD Diamond Growth

WAN Yong-Zhong!, ZHANG Zhi-Ming!, SHEN He-Sheng!, HE Xian-Chang?,
ZHANG Wei?, WANG Ji-Tao?

(1. Microelectronic Technique Center, Shanghai Jiao Tong University, Shanghai 200030, China;
2. Dept. of Electronic Engincering, Fudan University, Shanghai 200433, China)

Abstract: The ternary C-H-N phase diagrams for low pressure diamond growth were theoretically
calculated through thermodynamic analysis. There are diamond growth regions in these phase
diagrams. Almost all the diamond growth regions in triangle phase diagrams located below the
CH,4-N line in the low carbon concentration region, and its shape and position change greatly
with substrate temperature. The diamond growth regions allow us to optimize the experimental

conditions of low pressure CVD diamond growth with nitrogen addition.

Key words chemical vapor deposition, diamond, phase diagram, nitrogen



