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ABSTRACT

This project presents the technique of selected area synthesis of diamond films using
combustion activation chemical vapor deposition (CACVD) by acetylene (C,H,) and oxygen (O,)
gas at atmospheric pressure. The main point of thesis is the development of CACVD technique
for synthesized semiconductor material which is developed for application in electronics devices.
The surface nucleation of substrate was studied by using surface pretreatment. The resulting of
surface nucleation, silicon polished diamond powder, silicon dioxide and silicon dioxide polished
diamond powder, are very different. For the pattern fabrication, silicon dioxide mask technique
was used for nucleated diamond protection, but silicon polished by diamond poWder in ultrasonic
technique was used for nucleated diamond generation. The synthesized diamond films can be
studied by Scanning Electron Microscope and Raman spectroscopy. The electrical properties-of

diamond film were studied. THss
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~1,140 cm’ | Small size (< 0.1 tm ) Occasionally observed in diamond films with very
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1,315-1,326

gl

Hexagonal diamond Broad band, Observed in shock wave produced

cm diamond

1,332 cm’ Cubic diamond First order peak with FWHM of 1.9 cm’ for natural
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1,345 cm Amorphous carbon Broad band. It becomes a shoulder of the 1,550 cm|

band when the material is hydrogenated

1,355 em’ Microcrystalline graphite | Observed in materials with small grain sizes

1,550 cm’| Amorphous or DLC Broad band

1,580 cm - | Graphite FirseOTaor peak

2,458 cm’ Cubic diamond Second order peak

2,710 cm’ Microcrystalline graphite | Second order peak

3,240 cm” Graphite Second order peak
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CVvD Single-crystal

diamond diamond
Density (g cm ) 3.515 2.8-3.51[1]
Thermal capacity at 27 °C (J mol 'K ) 6.12 6.195
Standard entropy at 27 °C (J mol” K ) 2.4 28
Standard enthalpy of formation at 27 °C (J mol-l) 1.8 34
Effective Debye temperature at 0 — 827 °C, (K) 1860+ 10
Thermal conductivity at 25 °C * (Wm 'K ) 2100%*** 2200
Thermal expansion coefficient at 25-200°C**(10°°C™") | ~2.0[2, 3] 0.8-1.2[2, 3]
Band gap (eV) 5.45 5.45
Electrical resistivity ({2-cm) 1012-1016 1016
Dielectric constant at 45 MHz — 20 GHz 5.6 5.7
Dielectric strength (V cm’) 106 106
Loss tangent at 45 MHz — 20 GHz < 0.0001
Saturated electron velocity (107 cm s-l) 2.7 2.7
Carrier mobility (cm” V''s™)
electron (n) 1350-1500 480
positive hole (p) 2200 1600
Young’s modulus * (GPa) at 0-800 °C [4] 820-900*** 910-1250
Compression strength (GPa) 8.68-16.53
Poisson’s ratio 0.10-0.16
Coefficient of friction in air 0.035-0.3 [5] 0.05-0.15
Vickers hardness * (GPa) [varies with crystal 50-100 57-104
orientation]
Index of refraction at 10 um 2.34-2.42 2.40

* higher than any other known materials

*** Young’s modulus=895 GPa), where T in °C[6].

** Jower than Invar

**** Anisotropic characteristic of thermal conductivity of a thick CVD diamond film
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Material Conductivity‘(Watt/cm-oC)

Diamond (Type II) 20.00
Boron nitride (Theory) 13.00
Beryllium oxide 3.70-5.90
Water 5.61
Silicon carbide 4.90
Silver 4.18
Copper 3.80
Aluminum nitride 3.70
Gold 3.11
Aluminum 2.38
Tungsten 1.70
Silicon 1.50
Oil, Transformer 1.36
Iron 0.82
Graphite 0.80-2.50
Palladium 0.70
Platinum 0.69
Tin 0.65
Gallium arsenide 0.46
Germanium 0.28
Titanium 0.20
Quartz 0.07-0.14

Indium arsenide

0.07
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Material Coefficient (X10°/°C)
Silicon dioxide 0.5
INVAR (18-100/°C) 0.64
Diamond (300K) . 0.8
Diamond (193K) 0.4
Diamond (400-1,200K)’ 1.5
Silicon 2.6
Aluminum nitride 4.5
Tungsten (polycrystal) 4.5
Sapphire 5.5
Germanium 5.7
Gallium arsennide 5.9
Beryllium oxide 59
YAG 7.8
Graphite (in plane) 8.8
Platinum (polycrystal) 8.9
Magnesium oxide 11.0
Gold (polycrystal) 14.1
Graphite (along ¢ axis) 273

Gruneisen’s law obeyed in this region
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M3190 V-4 1aasnsidSouiouan Molar heat capacity

Material Capacity (J/mols°C)
Silver 25.50
Gold 2541
Copper 24.50
Aluminum 24.37
Silicon 19.85 -
Graphite 8.54
Diamond 6.19
Water 4.22
BeO 0.74 cal/cc
Sapphire 0.69 cal/cc
S10.42 cal

d' =4 o 1
MINN -5 uaasmsiTouneum Hardness

Material

Knoop hardness (kg/mmz)(298K)

Diamond 5,700-10,400
Cubic BN 4,500
Boron carbide 2,250
Tungsten carbide 2,190
Titanium carbide 2,190
Aluminum oxide 2,000

Silicon carbide

1,875-3,980

Titanium nitride 1,800
Casc hardened steel 800
High carbon steel 400
Copper 40




M990 U-6 uarasnsISe R Sound velocity (m/s)

49

Material Longitudinal Shear
Diamond 18,000 -
Boron 15,000 -
Beryllium 12,890 8,880
Silicon carbide 11,400 -
Silicon 7,500 -
Boron nitride 7,000 -
Tungsten carbide 6,900 -
Aluminum 6,420 3,040
Nickel 6,040 3,000
Aluminum nitride 5,500 -
Tungsten 5,220 2,890
Copper 4,760 2,325
Gold 3,240 1,200
Water 1,498 -




M3190 ¥-7 uaasmsilSouihevs Young’s modulus

Material Value (X10" dynecm®)
Diamond 105.0
Tungsten 34.0
Steel 1_7.2-20.5
Ferrites (most) 15.0
Platimaum 14.7
Cast iron 13.8
Copper 12.8
Silicon 11.3
Quartz 7.9-10.7
Gold 7.4-8.0
Silver 7.1-7.8
Aluminum 6.9
Tin 4.1-4.5
Lead 1.4

m3197 ¥-8 uarnemsiFeuifiuum Coefficient of friction

Material Coefficient
Diamond 0.05
Teflon 0.05
Metals (lubricated) 0.10
Graphite 0.10
Tungsten carbide 0.20
Sapphire 0.20
Nickel (bare) 0.70
Iron (bare) 1.00
Aluminum 1.30
Lead 1.50
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Material Refractive Index
Germanium 4.00-4.10
Silicon 3.42-3.50
GaAs 3.34-2.12
Diamond 241-2.44
Sapphire 1.58-1.83
Fused silica 1.40-1.48
Crystal quartz 1.52-1.69
Water 1.33-1.34
Calcium fluoride 1.31-1.51
Lithium fluoride 1.11-1.45
Magnesium oxide 1.62-1.77
MN319H U-10 waasmsafoudious Density
Material Density (g/cmB)

Osmium 22.8
Platinum 21.5
Tungsten 19.3
Uranium 18.7
Copper 8.9
Germanium 54
Diamond 3.52
Beryllium oxide 2.86
Aluminum 2.7
Quartz 2.65
Boron 2.54
Silicon 2.42
Graphite 2.25
Hydrogen (solid) 0.076
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T (°C)| o 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90
-200 -5.891 | -6.035 | -6.158 | -6.262 | -6.344 | -6.404 | -6.441 | -6.458
-100 -3.553 | -3.852 | -4.138 | -4.410 | -4.669 | -4912 | -5.141 | -5.354 | -5.550 | -5.730
-(0) 0.00 -0.392 | -0.777 | -1.156 | -1.527 | -1.889 | -2.243 | -2.586 | -2.920 | -3.242
+(0) 0.00 0.397 | 7.798 1.203 1.611 | 2.022. | 2436 | 2.805 3266 | 3.681
100 4.095 4508 | 4.919 | 5.327 | 5.733 6.137 | 6.539 6.939 | 7.338 | 7.737
200 8.137 8.537 8.938 | 9.341 9.745 | 10.151 | 10.560 | 10.969 | 11.381 | 11.793
300 12.207 | 12.623 | 13.093 | 13.456 | 13.874 | 14.292 | 14.712 | 15.132 | 15.552 | 15.974
400 16395 | 16.818 | 17.241 | 17.664 | 18.088 | 18.513 | 18.938 | 19.363 | 19.788 | 20.214
500 20.640 | 21.006 | 21.493 | 21.919 | 22.346 | 22.772 | 23.198 | 23.624 | 24.050 | 24.476
600 24,902 | 25.327 | 25.751 | 26.176 | 26.599 | 27.022 | 27.445 | 27.867 | 28.288 | 28.709
700 29.128 | 29.547 | 29.965 | 30.383 | 30.799 | 31.214 | 31.629 | 32.042 | 32.455 | 32.866
800 33.277 | 33.686 | 34.095 | 34.502 | 34.909 | 35.314 | 35.718 | 36.121 | 36.524 | 36.925
900 37.325 | 37.724 | 38.122 | 38.519 | 38.915 | 39.310 | 39.703 | 40.096 | 40.488 | 40.879
1000 41.269 | 41.657 | 42.045 | 42.432 | 42.817 | 43.202 | 43.585 | 43.968 | 44.349 | 44.729
1100 45.108 | 45.486 | 45.863 | 46.238 | 46.612 | 46.985 | 47.356 | 47.726 | 48.095 | 48.462
1200 48.828 | 49.192 | 49.555 | 49.916 | 50.276 | 50.633 | 50.990 | 51.344 | 51.697 | 52.049
1300 52.398 | 52.747 | 53.093 | 53.439 | 53.782 | 54.125 | 54.466 | 54.807






