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ABSTRACT

Nowadays, the other semiconducting materials are studied for using instead of Si
and GaAs. Diamond is one of the most interesting material because of the better physical
properties such as high charge-carrier mobility, high breakdown voltage and high thermal
conductivity. Furthermore, wide energy band of diamond (5.5 V) is suitable for operating in
high temperature. So synthesized semiconducting diamond is developed for electronic devices.
In some case, the structure of some electronic devices are very complex or being integrated
circuit. So it is necessary to determine the area of pattern form of synthesized diamond films.

In this thesis, a study on selective deposition of semiconducting diamond films is
presented for leading to develope diamond electronic devices. Surface preparation of silicon
substrate that effects to the diamond nucleation, is varied the different conditions. The important
parameters of fundamental circuit design are studied by designing patterns of diamond films. For
the pattern fabrication, fabrication techniques are used differently such as silicondioxide mask
technique or Mirror-polished technique in order to protect diamond films generation. With the
low cost and high safety of thermal (Chemical vapor deposition) CVD, the synthesized diamond
films has high purity as well known that can be studied its surface by microscope and Scanning
Electron Microscopy (SEM). With respect to structure and properties, can be characterized by X-
ray diffraction and Raman spectroscopy.From the experiments were found that the best method
for fabricating diamond film patterns are using silicondioxide mask technique compared with

using mirror-polished Si for synthesized diamond films protection.
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1.2.1 Thermal Enhanced CVD Methods

1.2.1.1 Filament-Assisted Thermal CVD
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1.2.2 Plasma-Enhanced CVD Methods

1.2.2.1 DC-Plasma-Assisted CVD
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1.2.2.2 DC - Plasma Jet CVD
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1.2.2.3 RF-Plasma-Assisted CVD
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1.2.2.4 Microwave-Plasma-Assisted CVD
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Pretreatment method

Nucleation density, Nd (cm”)

No pretreatment 10°-10"
Scratching 10%10"°
Ultrasonic scratching 10™-10"
Seeding 10°-10"
Biasing 10-10"
Covering / Coating with

Fe film 4.84X10°
Graphite film 10°
Graphite fiber 10°
a-C film >10°
C,, cluster biasing 3%10"

Y-ZrO,, a-BN, SiC layer

=seeding effect enhancement

C ion implantation on Cu enhancement
As’ ion implantation on Si 10°-10°
Pulsed laser irradiation +

Coating a-C, WC.cBN layer enhancement

Carburization

enhancement
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Pretreatment method Advantages

Disadvantages
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mirror-polished Si

-large, separate grain

-no damage/impurities

-continuous film not practical

Scratching

-proven technology

-dirty, damage surface

-difficult to control

Ultrasonic scratching

-uniform, reproducible

-dirty, damage surface

Graphite film -in situ process -sp2 and defective bonding at

Graphite fiber interface

a-C film

Biasing -1n situ process -diamond nuclei are defective
-high Nd possible

ion implantation -in situ process -low Nd
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(a) 71303 Si (b) §7UI01 SiO, [5]

Interface A - |1

(a)
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Peak position ' Type of carbon Description
~1140 cm’ small size (< 0.1 Lm ) cubic | occasionally observed in diamond
diamond films with very small grain sizes
(<0.1 tm)
1315-1326 cm’' hexagonal diamond broad band , observed in shock

wave produced diamond

1332 cm” cubic diamond first order peak with FWHM of

1.9 cm’' for natural diamond

1345 cm” amorphous carbon broad band. It becomes a shoulder
of the 1550 cm’ band when the

material is hydrogenated

1355 cm” microcrystalline graphite observed in materials with small
grain sizes

1550 cm’”’ amorphous or diamond-like carbon broad band

1580 cm’' graphite first order peak

2458 cm’ cubic diamond second order peak

2710 cm’’ microcrystalline graphite second order peak

3240 cm’’ graphite second order peak
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Film Relative x-ray diffraction peak intensity
{111} {220} {311} {400}
Powder (ASTM) 100 25 16 8
A 100 5 3 1
B 100 8 8 100
c 100 28 10 1
E 100 7 7 5
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MINN 3.4 LAAIA Interplanar spacing MIATFIUYDUNYTTITUNA (ASTM6-675) [5]

Interplanar spacing (A) hkl
2.06 111
1.261 220
1.0754 311

; 222
0.8916 400
0.8182 331
0.7280 422
0.6864 511,333
0.6305 440
0.6029 531
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MANUIN N

MTN N-1 UAAINSIUTEUINALUAT Thermal conductivities [3]

143

Material Conductivity (Watts/cm.’C)

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




M1519 A-2 UaaIN1513 UMY UA1 Thermal expansion Coefficients [5]

Material Coefficient (X1 0"/ OC)
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 S
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) 27.3

Gruneisen’s law obeyed in this region




M99 A-3 UaRIMsfiounoua Molar heat capacity [5)
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Material Capacity (Joules/moles-OC)
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

1319 N4 LUARINISIUToUMoUAT 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
Case hardened steel 800
High carbon steel 400
Copper 40




M54 A-5 uARIN15IU0UMEUA Sound velocities (mv/s) [5]
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Material Longitudinal Shear
Diamond 18,000 N
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 7 5,220 2,890
Copper 4,760 2,325
Gold 3,240 1,200
Water 1,498 (n/a)




A3 -6 LaasnsiToumoum Young's modulus [5]
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Material Value (X10" dynes/cm’)

Diamond 105.0
Tungsten 34.0
Steel 17.2-20.5
Ferrites (most) 15.0
Platinum 14.7
Cast iron 13.8
Copper 12.8
Silicon 1.3
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




M3 0-7 uaaensiUsouiouni Coefficient of friction [5]
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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

A1519 -8 11AAINSITUUINBLAT Optical properties [5]

Material Refractive Index
Germanium 4.00-4.10
Silicon 3.42-3.50
GaAs 3.34-2.12
Diamond 2.41-2.44
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




M1914 N-9 LAAIMSIUSoUINUVAT Density [5]
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Material Density (gm/cm])

Osmium 22.8
Platinum 21.5
Tungsten 19.3
Uranium 18.7
Copper 8.9

Germanium 5.4

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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51N A-3 UAAUNTDI SEM (Scanning Electron Microscopy) ¥84 JEOL U JSM-5200

UAUAZIDYA (Resolution) 5.5 nm. LAYAIAIVIWFITA 200,000X
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319 A-4 LAAUATOA FT-Raman Spectroscopy (FUaINA Ty Iat lanzins Jaqunama)
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