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ABSTRACT

A range of surface sensitive probes including thermal desorption
spectroscopy, Auger electron spectroscopy and low energy electron diffraction
have been employed to investigate interfacial reactions on Si(100) and
polycrystalline CVD diamond. The systems studied encompass the
adsorption of CHy, CoHy, CoH; and CH3l on Si(100) and the effect of atomic H
on the adsorbed phases formed. The interaction of H, and CHy with CVD
diamond has also been investigated. The chemistry observed is considered
in the context of chemical vapour deposition (CVD) of diamond.

Bound hydrocarbon species, both C;Hy and C;Hj, are formed on Si(100) after
flowing CHy over a hot filament. A conversion of adsorbed C,H,4 to C;H; by
atomic H abstraction is observed. Further atomic H abstraction enables
catenation to occur giving rise to C3 forms. This formation provides direct
experimental insight into the surface reactions which occur during the onset
of hot-filament activated CVD diamond formation on Si.

Abstraction by atomic H from directly adsorbed C,Hjy is found to give rise to
adsorbed C;Hj, which then undergoes C-C scission to form adsorbed CH,
groups when further exposed to atomic H. CH, formation is also apparent
when atomic H interacts directly with adsorbed CoHj;. The importance of
CHj; as surface intermediate in diamond CVD process is discussed.

CH3I undergoes dissociation upon adsorption on Si(100) giving rise to surface
CHj and I. Comparison of the effect of atomic H on this adsorbed layer with
the other systems indicates the relative efficiency of CH3 and CoH; species in
CVD diamond formation on Si. A preliminary investigation of a CHj3 source
is also described.

The reactivity of polycrystalline CVD diamond surfaces with respect to the
interaction with atomic H and activated CHy suggests that single crystal
diamond surfaces could provide useful model substrates for the investigation
of diamond CVD processes.



CONTENTS

ADSETACE....certetetetcirtctc e 3
CONEENES ...ttt bbb et b b bbb et b s 4
Acknowledgements...........cooueucvuerriiiiii s 7
Chapter 1: Introduction..........c.cooii e 8
Chapter 2: Diamond Thin Films ..., 1
2.1 Historical Background: Natural and Synthetic Diamond...........c.cccocueuueee. 11
2.1.1 The Occurrence of Natural Diamond..........cccoeeurinierniiiinnicreninnnen. 11
2.12 High pressure, High Temperature Synthesis of Diamond.............. 13
2.2 Metastable Growth Of Diamond Thin Films.........cccoceevinmrurinnnniniincnnnen. 16
2.2.1 Early Attempts and Development.........ccccoeurieernineinieniiieeenen, 16
2.2.2 Chemical Vapour Deposition ........cceveerminiereeenniniiseencscsenes 17
2.2.3 Current Methods for the Formation of CVD Diamond................... 19
2.3 Properties and Applications of CVD Diamond Films .......ccccoeveirieiiennncs 35
2.3.1 Characterisation CVD Diamond.........ccceouveiniriiiininriiininirrrieieceenens 35
2.3.2 Potential Applications of Diamond........ccececeuerererereeeniinieninicienennes 38
2.3.3 The Drive for High Quality Thin Film Diamond.........cccccceenenncc. 46
Chapter 3: The Mechanism Of CVD Diamond Formation................... 47
3.1 INtrOdUCHON. ..ottt bbbt 47
3.2 NUCIEAtON....cviriiiiiiiicii it e s 48
3.2.1 Theory of Nucleation.........cceoeviereieemeeniinciic e 48
3.22 CVD Diamond Nucleation Process.........cccceovereiereriiecenenensicrierernenn 49
3.2.3 Nucleation on Scratched Substrates .........ccocoeeveeeuveieieeneiiiiniennnnne 52
3.24 Nucleation on Unscratched Substrates..........ccoooevevieeiinniniininnnene. 53
325 The Current Status of Heteroepitaxial Diamond Films................... 57
3.3 Growth of Thin Film Diamond.........cccovueienieinieiimiiniciieieeiiesictees 59
3.3.1 The Role of Atomic Hydrogen........ccccovemieinieiiiinineinieeescnenen 59
3.3.2 Diamond CVD: Gas-Phase Analysis.......cocovuvrienmmnrsenninnieceencnenns 62
3.3.3 Methyl Radical versus Acetylene as the Primary Growth Species.66
3.3.4 Diamond Surface Studies...........cconiirniiiniinieinree e 67
3.3.5 Theoretical Growth Models.........c.coevuviruriirnrnriinriiisneee e 72



Chapter 4: Experimental and Theoretical Methods ............................. 79

4.1 INtrOdUCHON ..t s 79
4.2 Experimental SyStem ...t 80
4.3 Sample Mounting and Preparation...........cccccnciinncccccccnnes 85
4.3.1  SIHCOM....cctiiiitcetct s 85
4.3.2 Polycrystalline CVD Diamond........cccocviveiriirricicnnvcnniinccncncnnneneene. 87
4.4 Reactant Preparation and DOSINg........cccoevuvrviinicnriniicsiicccencnnens 89
4.4.1 Hydrocarbomns...........ceiiinnniniiiicnieenissseseseessasaessens 89
442 Hydrogen and Deuterium.........ccocoovuvvurmrvcciinicinciniececneesninne, 90
443 MethylIodide........cccoiiiiirciiitc e 90
4.5 Surface Spectroscopic Methods.........ooiciiiiiiiinia 91
4.5.1 Auger Electron Spectroscopy (AES) ..., 91
452 Low Energy Electron Diffraction (LEED)......coovvirrnirieirinieniininee, 97
4.5.3 Thermal Desorption Spectroscopy (TDS) .......cccecevverrrurrereniurucununnes 100

Chapter 5: An Adsorption Study of Hot Filament Activated

Methane and Hydrogen on Si(100) ..............cccoeeiiieeininen, 105

51 INtroduction ...t 105
5.2 ReSUILS ettt 108
52.1 Methane Adsorption on Si(100)......ccccereivrirerirriririieriiririsisnenines 108
5.2.2 Co-Adsorption of Methane and Hydrogen .........ccccocevvemrvrnererninnnnn. 115

5.3 Analysis and DiScUSSION........ccceiiiciviiiiiiiiitcii e 122
5.4 Implications for the Onset of Diamond Growth on Si........cccceuerrurinuncee. 128
5.5 SUMMATY cooviiiiiicticrttccc e 131

Chapter 6: An Adsorption Study of Hot Filament Activated

Methane and Hydrogen on CVD Diamond .................... 132
6.1 INtrOdUCHON . ..cmieiieieecccc ettt 132
6.2 Sample Characterisation ..........cceevuerereriieeereiinieieeec e 134
6.3 RESUILS ettt 137
6.4  DISCUSSION....cerererrerrerereiesreresteesteseessestsesresse st sstsssessaesasssssstsssssssanesrssstsrseasenns 147
6.5  SUIMMIATY .viureiiieiiieiiiiterictee e bbb s 150



Chapter 7: The Interaction of Atomic Hydrogen / Deuterium
with Adsorbed Ethylene and Acetylene on

Si(100).......oeicc e 151

7.1 INtrOdUCHON ...ttt 151
7.2 ReSUILS.ottctttt s 153
7.2.1 Interaction of Ethylene with Hydrogen / Deuterium..................... 153
7.2.2 Co-Adsorption of Acetylene and Hydrogen / Deuterium............. 169

7.3 DASCUSSION.....octitimititirrteriinetc st s e 177
74 Summary and Implications for Diamond CVD Processes............ccccveuuu.ee. 184

Chapter 8: The Interaction of Atomic Hydrogen with Adsorbed

Methyl-lodide on Si(100)...........cc.ccooeimiernirnieerereeeeeeene 185

8.1 INtroduction.......cccoeeviiiiivininiiiiiccc s 185
8.2 ReSUItS .ottt s 186
8.2.1 Interaction of Atomic Hydrogen with CH3I Adlayer...................... 186
8.2.2 Thermal Cracking of CHal ..o, 191

8.3  DHSCUSSION....c.ectiiciiictirictctc bbb 194
8.4 Implications for Diamond CVD Processes...........ocoeeverrrermieneninrereesensenenenns 197
8.5  SUMMATY .ottt b 199
Chapter 9: Concluding Remarks...........cccocoeveiiriieienieneneeeeeeeeeeeecns 201
REfEIeNCES.....coueiuieiiiiiiiictiitc st e as 204
APPENAIX ettt bbb bbb bbb b 227



ACKNOWLEDGEMENTS

Firstly, I would like to express my deepest gratitude to my Ph.D supervisor
and ‘Boss’, Dr. Richard B. Jackman, for his continuous advice, guidance,
encouragement and financial support throughout this project. A gifted
teacher and scientist, he helped me sharpen my research skills during these
postgraduate years.

Special thanks also go to Dr. John S. Foord of University of Oxford for his
invaluable and useful comments in many occasions. I am also grateful for
his appraisement of several journal publications from this work.

My grateful thanks also go to Dr. Paul Chalker of AEA Technology who has
generously supplied and characterised the CVD diamond samples used in this
work.

I would like to acknowledge the Committee of Vice-Chancellors and
Principals (CVCP) for the award of an Overseas Research Students (ORS)
scholarship. I also thank the British Vacuum Council for contributions
towards conference expenses.

Among those who have contributed in other ways, I am much indebted to
Dr. Duncan Marshall, who as a friend and mentor, has taught me invaluable
practical skills and offered precious suggestions in our much animated
discussion sessions. My acknowledgements also go to Dr. Glenn Tyrrel for
his generosity in lending me vital equipment at time when it was most
needed. I am also thankful to Peter Poon, an 'old' friend in UCL, for
continuously offered assistance and help throughout these years.

Special thank to you, my dearest 'Lou Pao’, for supporting me throughout.

Lye Hing Chua, 1994.



Chapter 1
INTRODUCTION

Diamond is one of the most technologically and scientifically valuable crystalline
solids found in nature, as it has a combination of properties effectively unrivalled
by any other knownmaterial. However, only over the past decade has the
growth of thin films of diamond on non-diamond substrates, at low pressures,
enabledthis material to be seriously considered for a wide range of applications.
These span mechanical uses, optical coatings and windows, electronic and
optoelectronic devices, thermal management in IC packaging and sensor devices
[1.1]. A review of the various methods of diamond synthesis, along with the
potential applications of such films in different fields is presented in chapter 2.

A primary goal of the world-wide diamond research community is the formation
of low defect heteroepitaxial diamond layers on inexpensive substrates (such as
silicon). = While there are numerous chemical vapour deposition (CVD)
techniques which successfully deposit diamond at low pressure [1.2,3], a
generally accepted understanding of the chemical mechanisms leading to the
growth of crystalline diamond during CVD is still lacking [1.4].  This is
discussed further in chapter 3. Currently, homoepitaxial single crystal diamond
can be grown with properties approaching natural diamond, the films on non-
diamond substrates, however, have generally been found to be difficult to
nucleate, are non-epitaxial and polycrystalline, and contain significant
concentrations of defects [1.2].

Presently, a great deal of interest has centred upon the identification of the
critical species and mechanisms of the diamond CVD process, as this will assist
in the understanding and technological improvement of the process and
material. There is much speculation [1.4-6] aided by a number of studies of the
gas phase intermediates observed [1.7-10]. In particular the role of methyl
versus acetylenic species has been extensively discussed [1.5,6]. However, the
exact nature of the important gas phase species involved in film growth is still
uncertain. Furthermore, virtually no information is available on how such
species react on the substrates utilised to produce the initial atomic layers on
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Chapter One

which further growth takes place. These initial layers play a critical role in
determining overall growth characteristics. Clearly, the least understood aspect
of the diamond CVD process is the array of surface reactions and physical
phenomena occurring at the growth interface between the solid and vapour
phases. It is within this context that the present work is set.

Within the complex CVD growth environment many chemical and physical
processes may occur at the interface between a gas and a solid phase; adsorption,
diffusion, reaction, nucleation and desorption must all be considered. Such
phenomena may be spontaneous upon exposure of a surface to a reactive gas at a
given temperature, or be induced by bombardment of the adsorbed phases on
the surface by photons, electrons, energetic ions or reactive species. One
approach to studying chemical processes at the gas-surface interface involves the
use of spectroscopies, which are sensitive to the surface region of a material,
typically a few atom layers thick. With the development of ultra high vacuum
(UHV) technology many such techniques have been introduced for surface
analysis, leading to a very wide range of surface specific studies. These have
been discussed in detail elsewhere [1.11-14]. Of these, many give
complementary information about a given reaction, and most UHV systems are
equipped to perform a number of different techniques. This study has made use
of Auger electron spectroscopy (AES), low energy electron diffraction (LEED)
and thermal desorption spectroscopy (TDS). The basis and the experimental
implementation of these in-situ surface spectroscopic methods will be described
in chapter 4, along with the details of the surface cleaning procedures used
throughout this work.

Adsorption studies of various hydrocarbons (hot-filament activated methane
(CHy), ethylene (C2Hy), acetylene (CoH;) and methyl iodide (CH3I)) upon Si(100)
surfaces have been made. In addition, the effect of atomic hydrogen (H-)
bombardment on the adsorbed phases spontaneously formed has also been
investigated, as H- is believed to be a critical species for diamond growth. The
range of surface chemical reactions observed in this work are highly relevant to
diamond CVD processes and has provided a considerable insight into the
adsorption, decomposition and desorption kinetics of the growth intermediates.
Chapter 5 presents the results for the CH4/Si(100) system; the nature of the
microscopic surface bound growth intermediates produced by hot filament
methods on this surface is characterised. @ The surface reactivity of
polycrystalline CVD diamond surfaces with respect to interaction with Hy and



Chapter One

CHy is presented in chapter 6. In view of the results obtained in chapter 5, the
reactions of CoHy and C,H; on Si(100), along with their interaction with H- are
investigated in chapter 7, whilst surface analytical data from the interaction of
CHzl with Si is given in chapter 8.
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Chapter 2
DIAMOND THIN FILMS

e  HISTORICAL BACKGROUND: NATURAL AND SYNTHETIC DIAMOND

The Occurrence of Natural Diamond
. High Pressure, High Temperature Synthesis of Diamond

e METASTABLE GROWTH OF DIAMOND

. Early Attempts
e Chemical Vapour Deposition
. Current Methods for the Formation of CVD Diamond

e PROPERTIES AND APPLICATIONS OF CVD DIAMOND FILMS

Characterisation of CVD Diamond
Potential Applications of Diamond
e  The Drive for High Quality Thin Film Diamond

2.1 HISTORICAL BACKGROUND: NATURAL AND SYNTHETIC DIAMOND

2.1.1 The Occurrence of Natural Diamond'

Diamonds have been valued as gemstones and noted for their hardness for at
least two millennia but have only been available in relatively large quantities
since 1870 when extensive deposits were discovered in South Africa.

The high temperatures and pressures required to crystallise carbonaceous
material into diamond occur at depths of greater than 150 km from the surface of
the earth. It is believed that this form of diamond formation took place of the
order of 10° years ago as the earth began to cool shortly after its formation [2.1].
Modern day natural diamond arises through volcanic transport of material from
this depth to near the surface of the planet over a relatively short times scale,
where it can be mined. Diamond is most abundant in one particular volcanic
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Chapter Two

rock, Kimberlite. Today nearly all major production of natural diamonds
involves the mining of Kimberlite pipes.

All natural diamonds display differing physical characteristics. By measuring
the infra-red, visible and ultra-violet absorptions of diamond, two main groups
have been identified: type I which contains nitrogen (absorption edge at 330 nm)
and type II which does not (absorption edge at 220 nm i.e., 5.45 eV). Most
diamonds are type I and are sub-divided further into two categories: type Ia
(green) where the nitrogen is agglomerated and presents no electron spin
resonance (ESR) signal; type Ib (yellow) where the nitrogen is atomically
dispersed and exhibits a characteristic spin resonance.

Type II diamonds are also sub-divided into two categories: type Ila (colourless)
which is non-conducting. Most type II diamonds fall into this group. And type
IIb (blue) which possesses semiconductor characteristics. However, there is no
rigid distinction between the actual diamond crystals. Some diamonds are
'mixed’ in the sense that they contain regions of both type I and II. Table 2.1
summarises some of the main points of classification [2.2].

Type Abundance U-v Infra-red Nitrogen
Absorption edge Absorption

Ia ca.98% of natural  ca. 330 nm 2.5umto 10 um  Nitrogen up to 0.3% (i.e. 1019 to
5x1020 cm-3)

A and B aggregates; low levels of
single N atoms (<1016 cm3);

platelets.

Ib ca. 0.1% of natural; N in single substitutional sites;
main HPHT paramagnetic (1017 to 1020 cm3)
synthetic type

IIa Very low Nitrogen level
ca. 2% 220 nm(5.48 eV); 2.5 um to 6pm;

at fundamental transparent >6um
IIb Extremely low Nitrogen level;
semiconducting due to Boron
acceptors

Table 2.1 Summary of diamond classification [2.2].
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Chapter Two

2.1.3 High pressure, High Temperature Synthesis of Diamond

It was established at the turn of the 19th century that diamond and graphite are
allotropes of crystalline carbon. The structure of graphite and diamond is
shown in fig. 2.1 and fig. 2.2 respectively. Graphite comprise flat layers of
trigonally-bonded carbon. Each flat plane is staggered from the planes above
and below resulting in an AB AB AB ... sequence. In a plane, nearest neighbour
spacing is 1.424, but the bonds between the layers are 3.35 A long. These long
bonds are weak and can easily be broken, resulting in the lubricating properties

of graphite.

e St

. S

Fig. 2.1 Graphite (Stacking Sequence is AB AB AB ...).

Diamond, on the other hand, is a cubic crystal. Eight of the atoms shown in
black, in fig. 2.2, are located at the corners of a cube, and six other black atoms
are situated at the centres of the cube faces. Within the cube four more carbon
atoms (open circles) may be identified from adjacent inter-penetrating face-
centred cubic lattice displaced at one quarter of a cube diagonal from the former.
Each carbon atom is coordinated tetrahedrally to four other carbon atoms via ¢
bonds emanating from sp3 hydrid atomic orbitals. This arrangement repeats
itself through the diamond. Alternatively, the lattice can be visualised as a
three-dimensional array of six-membered carbon rings stacked in an ABC ABC

ABC ... sequence along <111> directions.
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Fig. 2.2 Model of diamond lattice.

Graphite has both a lower energy and higher entropy than diamond and hence is
the thermodynamically stable phase of carbon at atmospheric pressure and room
temperature. However, the development of chemical thermodynamics has
allowed the exploration of the pressure-temperature stability of diamond with
respect to graphite to be carried out. Figure 2.3 shows how the state of carbon
depends on pressure and temperature [2.3]. It is expected that transitions can be
induced between these allotropes by changing the conditions of such parameters.
However, an extremely high pressure (above the diamond-graphite equilibrium
curve in fig. 2.3) is required for such conversion. In addition, a very high
temperature is also needed in order to achieve a useful conversion rate.

Although many attempts have been made to synthesise diamond in this way, it
was not until 1954, that a reliable process was invented by Bundy and co-workers
at General Electric [2.4]. The process required the use of high static pressures
where diamond becomes the stable phase of carbon and forms the basis of
modern high pressure, high temperature (HPHT) techniques which convert
various forms of carbon (typically graphite) into diamond crystals. These
~ techniques, are all base on the principle of systhesis in the thermodynamically
stable region for diamond, and may be classified by the following types: (i) direct
conversion; (ii) indirect conversion using liquid transition metal solvent catalyst;
and (iii) shock wave direct conversion (labelled as A to C in fig. 2.3 respectively).
The use of a liquid metal catalyst in an indirect process enables one to use
relatively low pressures that are close to the diamond-graphite boundary. This
has made the economically less feasible direct process obsolete.

14
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Fig. 2.3 Phase diagram of carbon. Diamond can also exist metastably in the
graphite region and graphite in the diamond region. [2.3]

Diamond crystallites obtained from all these methods, however, are generally
defective (unless growth is carried out at uneconomically slow rates) and small
(typically less than 1 mm). Growth of gem quality crystals is possible if
diamond seed-crystals are used, but the necessity for slow, controlled growth
makes the process very expensive. In this way, a 5 mm, 1 carat, high quality
diamond crystal takes about one week to grow. Nevertheless, such is the
demand for diamond that the annual production by HPHT techniques has now
reached around 330 million carats (73 tons), three times that mined from the
earth. The consumption of natural and synthetic diamonds for industrial
purposes may be summarised as follows: abrasives (65%), micro powders (less
than 50 um ) (20%), drilling diamonds (10%), and toolstones (5%).

An alternative diamond-growing process at pressures and temperature where
diamond is the metastable phase with respect to graphite (marked D in fig. 2.3)
was first introduced by Eversole in 1962 [2.5]. The combination of low
temperature and low pressure makes the diamond growing region accessible to
less costly deposition systems. More importantly, it can be used to coat large
area wafers or predetermined shapes which cannot be achieved by HPHT
techniques. This generates a great deal of research interest as a wide range of
applications can now be considered. Therefore, the primary aim of this chapter
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is to describe the common methods currently employed to grow diamond at low
pressures. In addition, the potential applications of the diamond thin films
along with their current limitations will also be discussed.

2.2 METASTABLE GROWTH OF DIAMOND THIN FILMS

Metastable phases can form from precursors with high free energy if the
activation barriers to more stable phases are sufficiently high. As the precursors
fall in energy they can be trapped in a metastable configuration. The process of
forming a metastable phase depends on selecting conditions where rates of
competing processes to undesired products are very low. Metastable growth of
diamond is based on the small free energy difference (0.5 kcal.mol-1) between
diamond and graphite under ambient conditions. Under this condition, a finite
probability that both can nucleate and grow simultaneously should emerge. The
very large activation barrier (170 kcal mol-1) for conversion of one to the other
plays the role of inhibiting the transformation of diamond to graphite.

2.2.1 Early Attempts and Development

There is a long and rich history of research into metastable diamond growth.
Details of the historical development have been reported elsewhere [2.6,7] and
will only be briefly mentioned here. In the late 1950s and early 1960s, the use of
simple thermal decomposition of carbon-containing gases to synthesise diamond
began to be seriously studied. The first well-documented report was by
Eversole [2.5]. This was followed by the works of Angus [2.8] and Deryagin
[2.9]. Their methods were all similar: exposing hot diamond seeds (800-1000°C)
alternatively to a hydrocarbon gas (usually methane or acetylene) leading to the
deposition of a mixture of diamond and graphite followed by exposure to
hydrogen which preferentially etched away the graphite. This was an inefficient
process because a 59.5 wt% increase required 85 such cycles and no individual
crystals were produced. The growth rates were also extremely slow, < 0.1
um h-1, compared to about 10,000 pm h-! for the HPHT process. Consequently it
did not arouse much interest at that time. However, they established the critical
role of atomic hydrogen in achieving metastable diamond growth as a selective
etchant for removing graphite but not diamond, which perhaps was the most
important achievement in all the early attempts on low-pressure diamond
synthesis.
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The next breakthrough in low-pressure synthesis of diamond was achieved by
Soviet scientists at the Physical Chemistry Institute in Moscow in the late 1970s
and early 1980s [2.10]. They established that gas-activated techniques can
greatly enhance the growth rate of diamond while suppressing the co-deposition
of graphitic carbon i.e., a continuous process is possible. This was followed by
intensive efforts at the National Institute for Research in Inorganic Materials in
Japan in the early 1980s which resulted in a variety of new techniques for gas
activation and diamond deposition [2.11,12]. By then, the nucleation of
diamond, not only on diamond but on non-diamond substrates and with much
higher growth rates were achieved. The crystals were many micrometers in size
though were often twinned and without preferred orientation relative to the
substrate. Their morphology could be related to the growth conditions. These
results mark the modern era of chemical vapour deposition of diamond and led
to a world-wide interest in these products and processes.

2.2.2 Chemical Vapour Deposition

Chemical vapour deposition (CVD) is a material sythesis method in which the
constituents of the vapour phase react chemically near or on a substrate surface
to form a solid film. It has become the major method for depositing thin films
and coatings of a very large variety of materials and is essential to advanced
technology, particularly solid-state microelectronics which demands
continuously improving materials and processes for the fabrication of advanced
semiconductor devices. The main features of CVD are its versatility for
depositing both simple and complex compounds with relative ease and at
relatively low temperatures. The grown films can be amorphous, polycrystalline
and crystalline layers with controllable stoichiometric composition and purity.

Fundamental principles of CVD encompasses gas-phase reaction chemistry,
thermodynamics, kinetics, transport phenomena, film growth phenomena and
reactor engineering. The basic process steps shown schematically in fig. 2.4 are
summarized [2.13] as below:

* bulk transport of the reactant in the gas flow region into the process volume;

* gas-phase reactions resulting in the formation of film precursors and by-
products;

* bulk transport of the film precursors to the growth surface;

e adsorption of the film precursors onto the growth surface;

» surface diffusion of the film precursors to the growth sites;
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Fig. 2.5 Classical CVD reactor configurations. (a) Horizontal CVD reactor; (c)
horizontal multiple-wafer-in-tube LPCVD reactor; (b) vertical
axisymmetric pedestal reactor [2.13].

Currently, the majority of industrially important thin films are produced by
thermally-activated CVD. For example, metal organic CVD (MOCVD) is an
established production technique of heterostructure and quantum-well III-V
semiconductor devices [2.16]. Non-thermal CVD methods, such as
photochemical vapour deposition, are also being developed [2.17]. For example,
the direct writing of patterned thin films can now be accomplished by focused
laser-assisted CVD. Large-area radiation sources have also been used for
efficient decomposition of vapourized precursors in large-area deposition
(photo-enhanced CVD). Low-temperature processing is particularly attractive in
today's VLSI technology and plasma-enhanced CVD (PECVD) [2.18,19] is
attracting widespread application.

2.2.3 Current Methods for the Formation of CVD Diamond

Diamond CVD involves many component gas phase and surface processes as
shown by the generalised view in fig. 2.6 [2.20]. First, gas-phase reactions of the
reactants, methane and hydrogen in this example, are driven by thermal, plasma,
or combustion activation to produce reactive species. Once generated, these
species are transported to the substrate by a combination of laminar, convective,
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