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ABSTRACT

This work gives an insight on the fabrication and characterization of two
distinctly different hydrogenated carbon nitride CNy:H structured films showing either
polymeric, p-CNy:H or nanostructured, ns-CNy:H film growth. These structures were
obtained using radio frequency (rf) plasma enhanced chemical vapour deposition
employing a parallel-plate electrode configuration, under the same deposition
parameters except for the change in the electrode distance. It was this simple change in
the distance which induced the structural transformation from p-CN:H films obtained
at distance of six to three cm, to the ns-CNx:H films produced at two to one cm. Each
type of film showed its own unique characteristics. For the p-CNy:H films deposited at
an electrode distance of 5 cm, their PL spectra showed two main peaks assumed to be
attributed to the presence of sp” clusters and nitrogen bonding in the films. Further
studies showed that the optimized rf power and nitrogen-to-methane N,:CHy4 gas-flow-
rate ratio to obtain p-CNy:H films with the highest PL intensities were 80 W and 0.70,
respectively. There appeared to be no direct correlation between the PL properties and
optical energy gap. However, the PL characteristics were dependent on the N content in
the films. From extensive bonding studies carried out on these films, it was found that N
is incorporated most significantly through nitrile, isonitrile and sp>-C=N bonding
configurations. Also, these films were thermally stable when annealed in nitrogen up to
temperatures of 500 °C, though the PL intensities start to decline even from 200 °C. The
recombination centers which produced these high PL intensities were attributed to the
CH,, C=N and the isolated and/or fused aromatic rings bonded to nitrile (—C=N) which
may contribute significantly as recombination centers.

While the studies of p-CNy:H films were focused on their PL characteristics, a
more fundamental approach was taken in the study of ns-CNy:H. These novel ns-CNy:H
films were obtained at low deposition temperatures without the use of metal-catalyst or
template, and could be grown directly on the bare silicon and quartz substrates. The
focus of the study of these ns-CN:H films was on the formation of vertically aligned
CNy:H nanorods and their growth mechanism. The optimized parameters for the
formation these nanorods were determined to be at P, of 80 W and N,:CHy4 ratio of
0.70. This coincided with the maximum N content and preferential bonding of isonitrile
bonded to fused or isolated aromatic rings in the films. These nanorods were made up of
C nanographitic sp> clusters embedded in a carbon-nitrogen amorphous matrix which
surrounded, encapsulated and held them together. The growth mechanism of these
vertically aligned nanorods was proposed.

In the optimization studies of both materials, one fascinating conclusion was
uncovered. The optimized deposition parameters for both exceptional characteristics of
these structured films were the same. It is the simply the difference in electrode distance
at these optimal P, and N,:CH4 ratio, which induces the formation of these two
significantly different structured films.
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ABSTRAK

Kerja penyelidikan ini memberi pemahaman yang mendalam terhadap fabrikasi
dan pencirian dua jenis karbon nitrida berhidrogen (CNy:H) yang jelas berbeza dari segi
struktur filemnya samaada filem polimerik (p-CNy:H) atau berstruktur nano (ns-CNy:H).
Struktur-struktur ini telah diperolehi dengan menggunakan kaedah pemendapan
frekuensi radio wap kimia secara peningkatan plasma dengan konfigurasi kepingan
elektrod selari, dimana parameter pemendapan yang digunakan adalah sama kecuali
beza jarak diantara elektrod. Perubahan jarak ini dengan mudahnya mendorong
transfomasi struktur filem dari p-CNy:H yang diperolehi pada jarak enam hingga tiga
cm kepada filem ns-CNy:H yang dihasilkan pada jarak dua hingga satu cm. Kedua-dua
jenis filem menunjukkan ciri-ciri unik yang tersendiri. Bagi filem p-CNyx:H yang
dimendapkan pada jarak elektrod lima cm, spectra PL menunjukkan dua puncak utama
yang dipercayai berkait rapat dengan kehadiran kelompok-kelompok sp” dan ikatan
nitrogen dalam filem-filem tersebut. Kajian lanjut menunjukkan kuasa rf (K;s) dan kadar
nisbah campuran aliran gas nitrogen terhadap gas metana (N,:CH4) yang optima bagi
menghasilkan filem p-CNy:H dengan PL yang berkeamatan paling tinggi masing-
masing adalah 80W dan 0.70. Didapati tiada hubungan terus diantara sifat PL dan
jurang tenaga optikal. Walaubagaimanapun, sifat PL. bergantung kepada kandungan N
dalam filem-filem tersebut. Melalui kajian ikatan kimia yang terperinci, didapati
penggabungan N yang sangat penting berlaku melalui konfigurasi ikatan nitrile,
isonitrile dan sp>-C=N. Didapati juga, filem-filem ini stabil sehingga suhu 500 °C
walaupun keamatan PLnya menurun seawal suhu 200 °C. Pusat penggabungan semula
yang menghasilkan keamatan PL yang tinggi dikaitkan dengan kehadiran CH,, C=N
dan nitrile (-C=N) yang terikat kepada lingkaran aromatik yang terpencil dan/atau
terpadu yang mungkin merupakan penyumbang terpenting sebagai pusat-pusat
penggabungan semula.

Berbeza dengan kajian terhadap filem p-CNy:H yang tertumpu kepada sifat-sifat
PL, pendekatan yang lebih asas telah diambil dalam kajian terhadap ns-CNy:H. Filem-
filem ns-CNy:H yang belum pernah dikaji ini telah di perolehi pada suhu pemendapan
yang rendah tanpa menggunakan pemangkin logam atau templit dan boleh dimendap
secara terus di atas substrak silikon dan kuarza yang terdedah. Kajian terhadap filem-
filem ns-CNy:H ini adalah tertumpu kepada pembentukan filem rod-nano CNy:H yang
tegak menjajar serta mekanisma pertumbuhannya. Parameter optima bagi menghasilkan
rod-nano ini adalah Ky bernilai 80 W dan nisbah N,:CH4 bernilai 0.70. Ini sejajar
dengan kandungan maksima N dan kecenderungan ikatan isonitrile yang terikat kepada
lingkaran aromatic yang terpencil dan/atau terpadu didalam filem tersebut. Rod nano ini
terdiri daripada kelompok C sp” nano-grafitik yang terbenam didalam matrik amorfus
karbon-nitrogen yang mengelilingi, mengkapsul dan mengikat kelompok-kelompok ini
bersama. Mekanisma pertumbuhan rod-nano yang tegak menjajar ini dicadangkan.

Dalam kajian pengoptimaan kedua-dua bahan ini, satu kesimpulan yang menarik
didedahkan. Parameter pemendapan optima bagi ciri-ciri unik kedua-dua struktur filem
ini adalah sama. Perbezaan jarak antara elektrod pada nilai-nilai optimum P,¢ dan nisbah
N,:CHy4 tersebut yang mendorong pemendapan filem yand jelas perbezaan strukturnya.
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Schematic diagram and picture of home-built rf PECVD.

Variation in substrate temperature as a function of deposition
time at different distance between electrodes.
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Figure 3.4

Figure 3.5

Figure 3.6

Figure 3.7

Figure 3.8

Figure 3.9

Figure 3.10

Figure 3.11

Figure 3.12

Figure 3.13

Figure 3.14

Figure 3.15

Figure 3.16

Figure 3.17

Figure 3.18

KLA-Tencor P-6 surface profilermeter used for thickness
measurements.

Variation of profilometer scan for varied applied rf power.
Each scan is taken for thickest measured film side.

Variation of profilometer scan for film deposited at applied rf
power of 100W for four different sides of the film area.

JascoV-570 UV-Vis-NIR spectrophotometer used for optical
characterizations.

Example of optical spectrum showing the envelope method
employed on the interference fringes.

Graph showing a typical refractive index, n versus incident
wavelength A plot calculated from the raw data of UV-Vis-
NIR measurement.

Variation in optical spectra in (a) transmission, (b) reflectance
and (c) calculated absorption spectra as a function of electrode
distance.

Jobin Yvon HR 800 UV Raman/photoluminescence
photometer used for photoluminescence and structural studies.

Example of photoluminescence Gaussian fitting for the film
deposited at applied rf power of 8OW.

JEOL JAMP-9500F field emission Auger microprobe used for
elemental composition measurements

Example of typical Auger electron spectroscopy measurements
showing the Variation in AES spectra as a function of applied
rf power.

Examples of typical Raman scattering spectra with (a) raw
data showing baseline fitting and (b) spectra with base line
correction showing Gaussian fitting to obtain D and G bands.
Examples were taken for as-deposited and thermally annealed
carbon nitride films at 700 °C.

Perkin Elmer System 2000 FTIR used for chemical bonding
studies.

Example of typical Fourier transform infrared spectrum for
carbon nitride films

Example of typical separation of Fourier transform infrared
spectrum into three different spectra range of (a) 1300-1900
cm™, (b) 1800-2400 cm™ and (c) 2600-3800 cm'.

59

60

61

61

63

64

65

67

68

69

69

71

72

72

73

XVi



Figure 3.19

Figure 3.20

Figure 3.21

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Example of the deconvolution of FTIR spectra using Gaussian
fitting for the spectra range of (a) 1000-2000 cm™, (b) 2000-
2300 cm™ and (c) 2700-3200 cm™. Also shown are the peak
positions for the functional groups of interest.

FEI Quanta 200 field emission scanning electron (FESEM)
microscope used for surface and cross-sectional high
resolution imaging of carbon nitride films.

JEOL JEM-2100F high resolution transmission electron
microscope used for high resolution imaging of individual
nanostructured carbon nitride strands, energy dispersive x-ray
(EDX) and selected area electron diffraction (SAED) analysis.

Variation of FESEM surface and cross-sectional images
spectra for films deposited as a function of electrode distance.

Variation of FESEM surface images for films deposited at
electrode distance of (a) 6 cm, (b) 3 cm, (¢) 2 cm and (d) 1 cm

Variation of FESEM surface images for films deposited at
electrode distance of 6, 3,2 and 1 cm.

Variation in growth rate for the thin films and nanostructures
calculated from the FESEM cross-sectional images, spectra for
films deposited as a function of electrode distance. Lines are as
guide to the eyes.

FESEM surface image of films grown on silicon substrate
from pure CHy4 (a) and (b), mixture of CH4 and H, (c) and
mixture of CHy and Ar (d) gasses. Image (b) is the higher
magnification image of (a) shown for clarification.

Variation in AES spectra for films deposited as function of
electrode distance.

Variation of nitrogen to carbon N/C ratio spectra for films
deposited as a function of electrode distance.

Variation in Raman scattering spectra for films deposited as a
function of electrode distance, whereby (a) shows the raw data
obtained with a significant decrease in photoluminescence
background with decrease in electrode distance, and (b) shows
the  deconvolution of the Raman spectra  after
photoluminescence background extraction.

Gaussian fitting results for films deposited as a function of
electrode distance

Variation in FTIR absorbance spectra for films deposited as a
function of electrode distance in the range of 1000 - 4000 cm™.
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Figure 4.11

Figure 4.12

Figure 4.13

Figure 4.14

Figure 4.15

Figure 4.16

Figure 4.17

Figure 4.18

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6

Variation in FTIR absorbance spectra for films deposited as a
function of electrode distance in the range of (a) sp”, (b) sp’
and (c) sp” phases.

Variation in FTIR absorbance spectra for films deposited as a
function of electrode distance in the range of 1900-2300 cm’
for the C=N region.

Gaussian fitting profiles for the FTIR spectra in the region of
1900-2300 cm™ for the electrode distance of (a) lcm, (b) 2cm
and (c¢) 6cm. The blue line show the Gaussian fitting for the
spectra (black points) and the red line shows the overall fitting
curve.

FESEM surface image of nanostructures grown on quarts
substrate. Part of the film was intentionally scratched to expose
the cross-sectional view of the nanostructures.

Variation in optical energy gap for films deposited as a
function of electrode distance. Line is drawn as guide for the
eye.

Variation in optical energy gap for films deposited as a
function of electrode distance. Line is drawn as guide for the
eye.

Gaussian fitting profiles for the PL spectra for Dg of 6 to 2 cm.
for the electrode distance of (a) 1cm, (b) 2cm and (¢) 6¢cm. The
blue line show the Gaussian fitting for the spectra (black
points) and the red line shows the overall fitting curve.

Variation in integrated PL intensities as a function of electrode
distance. Line is drawn as guide for the eye.

Schematic diagram
(Robertson 2002a)

of densification by subplantation

Schematic of the penetration and relaxation stage for cases of
single and molecular impinging ions (Robertson 2002a).

Flow chart showing the progression of the current studies of
p-CNy:H films

Variation of growth rate as a function of applied rf power. Line
is as guide to the eye.

Variation of optical energy gap (0) and refractive index () as
a function of applied rf power. Line is as guide to the eye.

Variation in photoluminescence as a function of applied rf
power.
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Figure 5.7

Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

Figure 5.15

Figure 5.16

Figure 5.17

Figure 5.18

Figure 5.19

Figure 5.20

Example of photoluminescence Gaussian fitting for the film
deposited at applied rf power of 8OW.

Variations of the peak intensities and positions at the photon
emission range of (a) 2.48-2.69 and (b) 3.03-3.10 eV for films
deposited as a function of applied rf power.

Variations of the peak intensities and positions at the photon
emission range of (a) 2.48-2.69 and (b) 3.03-3.10 eV for films
deposited as a function of applied rf power. Lines are as guide
to the eyes.

Variation of nitrogen to carbon N/C ratio for films deposited as
a function of applied rf power.

Variation in Raman scattering spectra for films deposited as a
function of applied rf power, whereby (a) shows the raw data
and (b) shows the deconvolution of the Raman spectra after
photoluminescence background extraction.

Variation in FTIR absorbance spectra for films deposited as a
function of applied rf power in the range of 1000-4000 cm.

Variation in FTIR absorbance spectra for films deposited as a
function of applied rf power in the range of (a) spz, (b) spl and
(c) sp’ phases.

Variation in sp’, sp° and sp*/sp’ ratio for films deposited as a
function of applied rf power.

Variation in (a) C=C, C=N and/or N-H absorbance peaks and
(b) various nitrile and isonitrile absorbance peaks for p-CNy:H
films deposited as a function of applied rf power.

Flow chart showing the progression of the current studies of
p-CNy:H films.

Variation of growth rate for p-CNy:H films deposited as a
function of nitrogen-to-methane gas flow-rate ratio. Line is as
guide to the eye.

Variation of optical energy gap (0) and refractive index (¢4) for
p-CNx:H films deposited as a function of nitrogen-to-methane
gas flow-rate ratio. Lines are as guide to the eye.

Variation in photoluminescence spectra for p-CNy:H films
deposited as a function of nitrogen-to-methane flow-rate ratio.
Inset show enlarged selected spectra for ratio of 0, 0.4-0.5 and
0.8-0.9 for further clarification.

Variations of the peak intensities and positions at the photon
emission range of (a) 2.45-2.56 and (b) 3.03-3.10 eV for p-
CNy:H films deposited as a function of nitrogen-to-methane
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Figure 5.21

Figure 5.22

Figure 5.23

Figure 5.24

Figure 5.25

Figure 5.26

Figure 5.27

Figure 5.28

Figure 5.29

Figure 5.30

Figure 5.31

Figure 5.32

flow-rate ratio. Lines are as guide to the eyes.

Variation of nitrogen to carbon N/C ratio for p-CNy:H films
deposited as a function of nitrogen-to-methane flow-rate ratio.
Line is as guide to the eye.

Variation in Raman scattering spectra for p-CNx:H films
deposited as a function of nitrogen-to-methane flow-rate ratio,
whereby (a) shows the raw data and (b) shows the
deconvolution of the Raman spectra after photoluminescence
background extraction.

Variation in FTIR absorbance spectra for p-CNyx:H films
deposited as a function of nitrogen-to-methane flow-rate ratio
in the range of 1000-4000 cm™.

Variation in FTIR absorbance spectra for p-CNyx:H films
deposited as a function of of nitrogen-to-methane flow-rate
ratio in the range of (a) sp>, (b) sp' and (c) sp’ phases.

FTIR spectra in the region of 1100-1900 cm™” showing the
variation in the N-H, C=C and/or C=N bonds for p-CNy:H
films deposited as a function of of nitrogen-to-methane flow-
rate ratio.

Variation in (a) C=C and/or C=N and (b) various nitrile and
isonitrile absorbance peaks for p-CNy:H films deposited as a
function of nitrogen-to-methane flow-rate ratio. Line is as
guide to the eye.

Flow chart showing the progression of the current studies of
p-CNy:H films.

Variation of film thickness as a function of annealing
temperature. Line is as guide to the eye.

Variation in FTIR absorbance spectra as a function of
annealing temperature in the range of 1000-4000 cm™

Variation in FTIR absorbance spectra as a function of
annealing temperature in the range of (a) sp2, (b) sp1 and (¢)
sp> phases.

Variation in absorbance intensities of various FTIR
deconvoluted peaks including (a) C=C and/or C=N, sp’ CHj
and N-H, (b) various nitrile and isonitrile bonds, and (c)
various CH, bonds for p-CNy:H films as a function of
annealing temperature. Lines are as guide to the eye.

Variation of optical energy gap as a function of annealing
temperature. Line is as guide to the eye.
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Figure 5.33

Figure 5.34

Figure 5.35

Figure 5.36

Figure 5.37

Figure 6.1

Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

Figure 6.9

Variation of nitrogen to carbon, N/C ratio as a function of
annealing temperature. Line is as guide to the eye.

Variation in Raman scattering spectra as a function of
annealing temperature, whereby (a) shows the raw data and (b)
shows the deconvolution of the Raman spectra after
photoluminescence background extraction.

Variations in (a) peak position and width of D band, and (b)
In/lg, as a function of annealing temperature. Lines are as
guide to the eye.

Variation in photoluminescence spectra as a function of
annealing temperature. Inset show enlarged selected spectra
for the annealing temperature of 500 °C and 700 °C shown for
further clarification.

Variations of the peak intensities and positions at the photon
emission range of (a) 2.45-2.56 with relation to sp” clustering
and (b) 3.03-3.10 eV with relation to nitrogen bonding as a
function of annealing temperature. Lines are as guide to the
eyes.

Flow chart showing the progression of this current section

Variation of FESEM surface and cross-sectional images for
films deposited as a function of applied rf power.

Enlarged FESEM surface and cross-sectional images of
ns-CNy:H films for films deposited at various applied rf power.

Variation in diameter and length of CNy:H nanostructures
deposited as a function of applied rf power.

Variation of nitrogen to carbon N/C ratio for films deposited as
a function of applied rf power.

Variation in Raman scattering spectra for films deposited as a
function of applied rf power, whereby (a) shows the raw data
obtained and (b) shows the deconvolution of the Raman
spectra after photoluminescence background extraction.

Gaussian fitting variation for peak position and full width half
maximum for G-band, (a) and (b), respectively, and D band,
(c) and (d), respectively, and the corresponding Ip/Ig ratio, (e).

Variation in FTIR absorbance spectra for films deposited as a
function of applied rf power in the range of 1000-4000 cm™.

Variation in FTIR absorbance spectra for films deposited as a
function of applied rf power for (a) sp®, (b) sp' and (c) sp’
phases.
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Figure 6.10

Figure 6.11

Figure 6.12

Figure 6.13

Figure 6.14

Figure 6.15

Figure 6.16

Figure 6.17

Figure 6.18

Figure 6.19

Figure 6.20

Gaussian fitting profiles for the FTIR spectra in the region of
1900-2300 cm™ for films deposited as a function of applied rf
power. The blue line show the Gaussian fitting for the spectra
(black points) and the red line shows the overall fitting curve.

FESEM images for ns-CNy:H deposited at applied rf power of
100 W showing (a) the “root”, middle and “tip” sections of the
fibers and (b) the enlarged image of the “root” sections.

Flow chart showing the progression of this current section

Variation of FESEM surface and cross-sectional images for
films deposited as a function of nitrogen-to-methane gas flow-
rate ratio calculated as [N,/(N,+CH,4)]. Images are taken at two
different magnification factors.

Cross-sectional images taken for the formation of vertically
aligned nanostructures at [N,/(N>+CH4)] of (a) 0.70 and (b)
0.75. Note that images are shown at different magnification
factors chosen for clarification.

Variation of nitrogen to carbon N/C ratio for films deposited as
a function of nitrogen-to-methane gas flow-rate ratio
calculated as [N,/(N,+CHy)].

Variation in Raman scattering spectra for films deposited as a
function of nitrogen-to-methane gas flow-rate ratio calculated
as [N2/(N,+CH,4)], whereby (a) shows the raw data obtained
and (b) shows the deconvolution of the Raman spectra after
background extraction.

Raman Gaussian fitting for films deposited as a function of
nitrogen-to-methane gas flow-rate ratio for peak position and
full width half maximum for G-band, (a) and (b), respectively,
and D band, (¢) and (d), respectively, and the corresponding
Ip/Ig ratio, (e).

Variation in FTIR absorbance spectra for films deposited as a
function of nitrogen-to-methane gas flow-rate ratio in the
range of 1000-4000 cm'.

Variation in FTIR absorbance spectra for films deposited as a
function of nitrogen-to-methane gas flow-rate ratio in the
range of (a) sp’, (b) sp' and (c) sp’ phases.

Gaussian fitting profiles for the FTIR spectra in the region of
1900-2300 cm™ as a function of nitrogen-to-methane gas flow-
rate ratio. The blue line show the Gaussian fitting for the
spectra (black points) and the red line shows the overall fitting
curve.
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Figure 6.21

Figure 6.22

Figure 6.23

Figure 6.24

Figure 6.25

Figure 6.26

Figure 6.27

Figure 6.28

Figure 6.29

Figure 6.30

Figure 6.31

Figure 6.32

Figure 6.33

Comparison of FESEM surface images and FTIR spectra for
(a) ns-Nx:H, (b) non-nitrogenated C:H and (c) p-CNy:H films.

Flow chart showing the progression of this current section

Variation of FESEM surface and cross-sectional images of
ns-CNy:H films deposited as a function of deposition duration.
Images are taken at two different magnification factors.

Variation in diameter and length of ns-CNy:H films deposited
as a function of deposition duration. Lines are as guide to the
eye.

Variation in AES spectra of the ns-CNy:H films deposited as a
function of deposition duration

Variation of nitrogen to carbon N/C ratio of the ns-CNy:H
films deposited as a function of deposition duration

Variation in Raman scattering spectra of the ns-CNy:H films
deposited as a function of deposition duration, whereby (a)
shows the raw spectra, and (b) shows the deconvolution of the
Raman spectra after photoluminescence background
elimination.

Raman Gaussian fitting trends for peak position and full width
half maximum for G-band, (a) and (b), respectively, and
D band, (c) and (d), respectively, and the corresponding Ip/Ig
ratio, (e).

Variation in FTIR absorbance spectra of the ns-CNy:H films
deposited as a function of deposition duration in the range of
1000-4000 cm.

Variation in FTIR absorbance spectra of the ns-CNy:H films
deposited as a function of deposition duration in the range of
(a) sp’, (b) sp' and (c) sp phases.

Gaussian fitting profiles for the FTIR spectra in the region of
1900-2300 ¢cm! of the ns-CNy:H films deposited as a function
of deposition duration. The blue line show the Gaussian fitting
for the spectra (black points) and the red line shows the overall
fitting curve.

High resolution TEM at varied magnification for the upper tip
of the nanostructures formed for the deposition duration of
75 minutes (a)-(e). (f) and (i) are the SAED pattern obtained
for the nanocrystallite cluster and amorphous components.
(g) and (h) shows the atomic resolution images and EDX
spectrum of the crystallites.

Schematic illustration of the proposed growth mechanism for
the vertically aligned CNy:H nanorods .
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Figure Al

Figure A2

The home-built rf PECVD system employing parallel plate
electrodes for the fabrication of the polymeric and
nanostructured carbon nitride films in this work.

Various trends in bonding and structural characteristics
calculated from the Gaussian fittings of FTIR spectra for
different deposition parameters at different spectra range. Also
included are their corresponding AES N/C and PL results.

244

245

XX1V



Table 2.1

Table 3.1

Table 4.1

Table 5.1

Table 5.2

Table 5.3

Table 6.1

Table 6.2

Table 6.3

LIST OF TABLES

List of bonding assignments wavenumber regions and
corresponding references.

Deposition parameters for the study of the effects of electrode
distance on the structural properties of CN:H thin films.

Deposition parameters for the study of the effects of electrode
distance on the structural properties of CN:H thin films.

Deposition parameters for the study of the effects of applied rf
power on the structural properties of CNy:H thin films.

Raman fitting parameter fro film deposited as a function of
applied rf power.

Deposition parameters for the study of the effects of nitrogen-to-
methane gas flow-rate ratio on the properties of CNy:H thin
films.

Deposition parameters for the study of the effects of electrode
distance on the structural properties of CNy:H thin films.

Deposition parameters for the study of the effects of nitrogen-to-
methane gas flow-rate ratio on the properties of CNy:H thin
films.

Deposition parameters for the study of the effects of deposition
duration on the growth of ns-CNy:H thin films.

page

43

57

79

117

125

133

172

189

204

XXV






