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C hrom ium  nitride thin film s (CrxN ) have been  d ep osited  on S i(1 0 0 ) substrates by  
reactive dc m agnetron sputtering at various nitrogen partial pressures and growth  
tem peratures. For op tim ized  condition  o f  the sto ich iom etric chrom ium  nitride thin film s, 
the nitrogen partial pressure in the process fa lls in betw een  40-60%  o f  the total pressure. 
T he grow th tem perature is varied from  room  tem perature to 2 5 0  °c. Increasing the growth  
tem perature cau ses the increasing d evelopm ent o f  C rN (200) w h ile  C r N ( l l l )  dom inates at 
all grow th tem peratures. A t higher grow th temperature, the surface m orphology  tends to be 
sm oother due to the increasing o f  adatom s m ob ility  on the substrate surface. T he growth  
tem perature a lso  in flu en ces the hardness o f  the film s. T he hardness o f  the film s increases 
as the grow th tem perature increases. T he chrom ium  nitride thin film , w hich  w as grow n at 
2 5 0  °c, has the h ighest hardness w hereas it has the lo w est w ear rate.

D epartm ent.................P h y sics ..............
F ie ld  o f  study............P hysics
A cad em ic y e a r ......... 2 0 0 5  



VI

Acknowledgements

I would like to express my gratitude to my advisor, Assistant Professor 
Dr. Sukkaneste Tungamita and Assistant Professor Dr. Kajomyod Yoodee for their 
kind suggestion and time throughout the length of this work. I am also grateful to 
Associate Professor Dr. Prapaipan Chantikul, Dr. Jessada Sukpitak and Assistant 
Professor Dr. Boonchoat Paosawatyanyong for serving as chairman and the 
committee, respectively. All of who have made valuable comments and help in the 
production of this thesis.

I would like to thank Dr. Sakuntam Sanorpim for his advice during the 
period of my graduate studies. Special thank goes to Associate Professor Surasing 
Chaiyakun and Ajam Chakapun Thawomtira for their help and in the growth of films 
at Burapa University. Thank as well go to staffs at the Scientific and Technological 
Research Equipment Center (STREC) in using analysis instruments, especially 
Sirawat Saening and Bang-on Wattanaaumpi for helps with Scanning Probe 
Microscopy.

Some parts of this work is supported by the grant from 
Ratchadapiseksompoch Program and the Thailand Research Fund (TRF) contract no. 
RDG4850024

Many thanks to my friends and colleagues especially Jamreonta 
Parinyataramas, Sinchai Boiriboonsakulsook, Sittichai Anupabudom, Norraphat 
Srimanobhas, Thidarat Supasai, Siripen Saundon, Apapom Sakulkalavek, Varalak 
Saengsuwan and Soontom Chanyawadee who have helped me in various way with 
their friendship and encouragement.

Finally, a deep affectionate gratitude is acknowledged to my family for
love, understanding, supporting and encouragement throughout my entire study.



Table of Contents

page

A b s t r a c t  ( T h a i) ..................................................................................................................................... iv

A b s t r a c t  (E n g lis h ) ............... ......................................... .............................................................1...... V

A c k n o w le d g e m e n ts ............................................................................................................................  v i

L is t  o f  T a b le s ......................................................................................................................................... ix

L is t  o f  F ig u re s ......................................................................................................................................  X

C H A P T E R

I  In t r o d u c t io n .....................................................................................................................................  1

I I  T h e o re t ic a l B a c k g ro u n d ..........................................................................................................  3

2.1 CrxN Thin Films........................    3
2.2 Concept of Sputtering.....................................................  7
2.3 DC Glow Discharge.....................................................  8
2.4 Ion - Surface Interactions at the Target..................................  9
2.5 Magnetron Sputtering Technique.........................................  10
2.6 Reactive Sputtering Process.............................................  12
2.7 Collision Processes of Two Particles......................................  15
2.8 Film Formation of Sputter Atomic Flux.................................. 16
2.9 Substrate Bias Effects on Surface Mobility................................ 18
2.10 Key Parameters in Growth Process.....................................  19



Vlll

C H A P T E R  page

I I I  C h a ra c te r iz a t io n s  o f  T h in  Film............................................  23
3.1 X-Ray Diffraction........................................................  23

3.1.1 Peak Broadening..................................................  25
3.2 Scanning Tunneling Microscope.........................................  26
3.3 Atomic Force Microscope................................................ 28
3.4 Scanning Electron Microscopy with Energy Dispersive X-ray Analysis... 39

I V  R e su lts  a n d  D is cu ss io n s ......................................................................   44

4.1 Substrate Preparation..................................................... 44
4.2 CrxN Thin Film Synthesis................................................  44
4.3 Optimized Condition for CrxN Thin Films................................ 45
4.4 Structural Properties of Chromium Nitride Thin Films.................... 47
4.5 Tribological Properties of Chromium Nitride Thin Films.................  56

V  C o n c lu s io n s ..................................................................................................................................  63

References.......................    65
Vitae 69



2.1 The influence of the process parameters.................................... 19
4.1 Deposition parameters......................................................  46
4.2 Main deposition parameters...............................................  47
4.3 The hardness scale on various growth temperatures.......................  57

List of Tables



List of Figures

2.1 Schematic of crystal structure ..............................................  3
2.2 Phase diagram of the Cr-N system with the coatings produced and their

corresponding microstructure as observed by XRD.........................  4
2.3 Schematic of a basic DC sputtering deposition system........... ..........  7
2.4 Relation between the current density and voltage in a DC glow discharge

System..................................................................... 8
2.5 Momentum exchange processes at the target............................... 9
2.6 Magnetic configurations in magnetron sputtering.........................  11
2.7 Hysteresis curve during reactive sputtering................................  14
2.8 Schematic depiction of the binary collision................................  15
2.9 Formation of a thin film...................................................  17
2.10 Effect of bombarding ions on the surface atoms...........................  18
2.11 Characteristics of the 4 basic structural zones in cross-section.............. 22
3.1 Diffraction of X-ray from parallel planes in the crystal followed by

Bragg law.................................................................  24
3.2 Basic features in XRD experiment......................................... 24
3.3 Mosaic structure of real crystal............................................  25
3.4 Schematic of the scanning tunneling microscope..........................  26
3.5 Diagram of electron tunneling current.....................................  28
3.6 Schematic of the atomic force microscope................................  29
3.7 Nanoindentation process..................................................  30
3.8 AFM force plot of the diamond tip probe on the thin film for nanoindentation 31
3.9 Schematic of cantilever-sample interaction at several points along the



XI

force curve................................................................. 32
3.10 Nanoscratching consists of moving a diamond tip through the sample.....  34
3.11 AFM force plot of the diamond tip probe on the thin film for nanoscratching .34
3.12 Diagrams of the AFM cantilever probe....................................  36
3.13 Typical indentation cantilever with dimensions.................... ......  37
3.14 Cross sectional profile of the scratch using the AFM topographic data... . 38
3.15 Photon and charged particle emission from an electron-bombarded surface 39
3.16 Schematic showing the excitation volume.................................  40
3.17 Schematic of the processes leading to the emission of characteristic X-ray .. 41
3.18 Backscattering coefficient dependence on the atomic number.............  42
4.1 Schematic of reactive magnetron sputtering of chromium nitride thin film .. 45
4.2 Variation of nitrogen concentration vs. N2 partial pressure.................  46
4.3 Variation of Cr/N ratio for CrxN films with various growth temperatures ... 48
4.4 XRD patterns of six samples in different growth temperature.............  49
4.5 Variation of texture coefficient versus the growth temperature............ 50
4.6 Arrangement of top atoms................................................  51
4.7 FWHM as a function of the growth temperature........................... 52
4.8 STM image of CrxN film on various growth temperatures.................  53
4.9 AFM image of CrxN film on various growth temperatures.................  54
4.10 Roughness of the CrxN films on various growth temperatures............  55
4.11 View of wood pencil with against the film at a 45° angle................. 56
4.12 Surface morphology of CrxN thin film after indentation..................  58
4.13 Hardness of the CrxN films on various growth temperatures..............  59
4.14 Surface morphology of CrxN thin film after scratch....................... 60

4.15 Wear rate of CrxN thin films on various growth temperatures.............  61



Xll

4.16 Friction coefficient as a function of the growth temperature 62


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


