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Ladkrabang
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ABSTRACT

Conventionally known semiconductors such as Si and GaAs have a band gap of
1.12 eV and 1.43 eV, respectively. In electronic devices, they are’ mot suitable for high
temperature condition because of their relatively narrow band gap. Diamond has 5.5 eV band
gap which is so wide that this material can potentially be used in high temperature condition.
Furthermore, it has high mobility, high breakdown voltage and high thermal corductivity. So,
it can be used widely in engineering application.

In this thesis, the synthesis of diamond films using thermal filament CVD method is
reported. The mixture of ethyl alcohol and hydrogen is used as the source in atmospheric
pressure. This hydrocarbon-hydrogen mixture is dissociated by the thermal- generated from
tungsten filament. To determine the optimum condition of diamond film growth, the
controlling of source concentration and sustrate temperature is studied. The surface
morphology of the films is studied through scanning electron microscopy(SEM). The
structures and properties of the films are characterized by X-ray diffraction and Raman
spectroscopy, respectively. Boron doped diamond films are fabricated at various boron trioxide
concentration. Basic electrical properties of the films such as semiconductor type, resistivity,
conductivity, carrier concentration, carrier mobility and activation energy are measured. In
addition, the electrical properties of metal-diamond film contact and p-i junction are studied.
Finally, high operating temperature Schottky diodes are fabricated and their properties are

reported.
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faiuaruduiug (s-10) Wleuuzhi wansommndaaunszquld duh
msdanszuaiulsiusugamgdl Adasduvesluseudemiveuss q Taotoussauns
[] [l v ' k4
7110 mv uaadlddmaed s-s ddeyaitldl)@ounswldsgiit 514 dmualdunuds

Wuunuvesnszualumitouenuds wazunuuouidluunuvesdunduvesgungiluniae

2R UARIY
M3 5-5 uansdoyavenszuaiiguuginig 4
gunQu TSI (A)

(Co) 0.1 ppm 1 ppm 10 ppm | 100 ppm | 1000 ppm | 10000 ppm
-20 S00E9 | 1.5E-7 | 240E-7 | 1.03E-6 | 550E-6 | 193E-4
-10 9.00E-9 | 120B-7 | 245E-7 | 1.03E-6 | 5.75E-6 2.09E-4
0 9.90E-8 | 120B-7 | 245B-7 | 1.08E-6 | 6.25E-6 2.13E-4
10 1.00E-8 | 130E-7 | 270E-7 | 1.08E-6 | 6.65E-6 220E-4
20 1.50E-8 | 142E-7 | 3.70E-7 | 1.15E-6 | 7.15E-6 2.28E-4
30 1.97E-8 | 163E-7 | S5.00E-7 | 1.37E-6 | 7.20E-6 2.33E-4
40 2.33E -8 | 235E-7 | 6.00E-7 | 1.50E-6 | 8.60E-6 2.41E-4
50 280E-8 | 286E-7 | 633E-7 | 1.63E-6 | 880E-6 2 41E-4
60 337E-8 | 3.60E-7 | 733E-7 | 1.83E-6 | 10.5E-6 2.42E-4
70 49TE-8 | 433E-7 | 867E-7 | 210E-6 | 1145E-6 2.45E-4
80 705E-8 | 457E-7 | 1.02B-6 | 235E-6 | 12.00E-6 2.50E-4
90 9.92E-8 | 467E-7 | L.17E-6- | 2.58E-6 | 13.25E-6 2.52E-4
100 1.50E-7 | S83E-7 | 1.30E-6 | 2.85E-6 | 14.25E-6 2.55E-4

nnasannsasnnumamdnunszquld  Tesdwasnanutuveansiv

gnérptamsfnuimsandulusoudemivoudu 1000 ppm WOITUINIAANAIT(5-9)

I =Iexp(~(E,~ E,)[kT) (5-9)

taglaunisiniez 14

E.= —len( %o)

H Y Y . .
Tagi E,=E, - E, ncjuwmd‘mﬂizﬂu(actwatmn energy)
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113311, ¢
pA:——IM(V2+V4—V1—V3)

113317 ¢
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97



Lﬁmmnﬁnym:vm“f;mmﬁmmaumm Foviugh geometrical factor (f) HAULY
£,=f,=1 HAZATMUVEITAUMYS () T 14 pm ondetnTldumasiadrefisndasidau
Tusoudemfuowdiu 01 ppm fewsedu v,-v, dlu 14548, 15.638, 14.447, 14.444,
14752, 15.842, 14.384 UAY 14369 mv awdwy Tauswaszuansii 500 A ey
mluaunsz-19) 1214

p, =32354 Q-cm
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M31A -1 uamsmsuiFouivugaeaniamaag

Material Refractive Index
Germanium 4.00-4.10
Silicon 3.42-3.50
GaAs 3.34-2.12
Diamond 2.41-2.44(656-486 nm)
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

| i <] @ o 1
ﬂ']i"l\iﬁ -2 Uﬁﬂqﬂ']illﬁﬂﬂlﬁﬂllﬂ'nuu‘uQﬂ]ﬂﬂ']ﬁﬂ‘ﬁuﬂﬂ”l@ 9

Material Knoop Hardness
(kg/mm (298 K)
Diamond 5,700-10,400
Cubic BN 4,500
Boron carbide 2,250
Tungsten carbide 2,190
Titanium carbide 2,190
Aluminium oxide 2,000

Silicon carbide

1,875-3,980

Titanium nitride 1,800
Case hardened steel 800
High carbon steel 400
Copper © 40
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3NN -3 uamamsnfSeumoua N uiuvesiag

Material Density(gm/ cma)
Osmium 22.8
Platinium 21.5
Tungsten 19.3
Uranium 18.7
Copper 8.9
Germanium 54
Diamond 3.52
Beryllium Oxide 2.86
Aluminium 2.7
Quartz 2.65
Boron 2.54
Silicon 242
Graphite 2.25

M3 n-4 weaImIifTsudsun1 Young's Modulus

Value(x 10" dynes/cmz)

Material

Diamond 105.0
Tungsten 34.0
Steel r 17.2-20.5
Ferrite 15.0
Platunum 147
Copper 12.8
Silicon 11.3
Quartz 7.9-10.7
Gold 74-8.0
Silver 7.1-7.8
Aluminium 6.9
Tin 4.1-4.5
Lead 14

119




4’ o~ ° g
139N N-5 u’dﬂ<1mitﬂ?ﬂumﬂummmmmiau

Material Conductivity(watts/cm-oC)
Diamond(Type II) 20.00
Boron nitride 13.00
Beryllium oxide 3.70-5.90
Water 5.61
Silicon carbide 4.90
Silver 4.18
Copper 3.80
Aluminium nitride 3.70
Gold 311
Aluminium 2.38
Tungsten 1.70
Silicon 1.50
Graphite 0.80-2.50
Tin 0.65
Gallium Arsenide 0.46
Germanium 0.28
Titanium 0.20
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