View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Sydney eScholarship

Metal plasma immersion ion implantation and
deposition using polymer substrates

By
Thomas William Henry Oates

A thesis submitted in fulfilment
of the requirements for the degree of
Doctor of Philosophy

School of Physics
University of Sydney
Sydney Australia

September 2003


https://core.ac.uk/display/41229655?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Contents

Abstract

Acknowledgements

Author’s contributions

Author’s publications relating to this work
List of figures and tables

1. Introduction

2. Review of Ion Implantation
2.1. Ion implantation of polymers
2.1.1. Polymer structure
2.1.2. Ton-polymer interactions
2.1.3. Thermal considerations
2.1.4. Examples in the literature
2.2. Plasma Immersion Ion Implantation
2.2.1. Introduction
2.2.2. The physics of plasma sheaths
2.2.3. Metal plasma immersion ion
implantation and deposition
2.2.4. Plasma immersion ion implantation
of insulators
2.3. References

3. Cathodic Vacuum Arcs
3.1. Introduction
3.1.1. Historical overview
3.1.2. Arc thin film deposition
3.1.3. Arc ion source
3.2. General considerations
3.2.1. Cathodic arc components
3.2.2. The arc discharge
3.2.3. Pulsed vs continuous
3.3. Cathode spots
3.3.1. Current per spot
3.3.2. Current density
3.3.3. Ion velocities
3.3.4. Ion charge states
3.3.5. Spot types
3.3.6. Retrograde motion
3.4. DC arc applications
3.4.1. DC arc design
3.4.2. Plasma properties
3.4.2.1. Plasma density
3.4.2.2. lon energies
3.4.3. Film adhesion
3.4.4. Ceramic films
3.4.5. Polymer PIII

vii
viil
1X
X1

33
35

39
39
39
40
41
42
42
43
44
45
46
46
47
48
49
49
51
52
54
54
56
57
59
60

ii



3.5. References

4. Thin Conductive Film Method
4.1. Plasma immersion ion implantation using
polymeric substrates with a sacrificial conductive
surface layer,
Published in Surface and Coatings Technology
Volume 156, pages 332-337, 2002

4.2. Insulator surface charging and dissipation
during plasma immersion ion implantation using
a thin conductive surface film,

Published in Journal of Applied Physics

Volume 92, number 6, pages 2980-2983, Sept. 2002.

5. Pulsed Cathodic Vacuum Arc

5.1. Introduction

5.2. System design
5.2.1. Arc triggering
5.2.2. Anode design
5.2.3. Power supply

5.3. Cathode spots in a high current pulsed arc
5.3.1. Retrograde motion and spot velocities
5.3.2. Spot types

5.4. Operational performance

5.5. Conclusion

5.6. References

6. Sheath measurements
6.1. Electric probe measurements of high voltage
sheath collapse in cathodic arc plasmas due to
surface charging of insulators,
Published in IEEE transactions on plasma science
Volume 31, number 3, pages 438-443, June 2003.

7. Ultra-thin films

7.1. Introduction

7.2. Film growth
7.2.1. Growth modes
7.2.2. Thermodynamic considerations
7.2.3. Island nucleation and growth
7.2.4. Particle mobility
7.2.5. Bulk film properties

7.3. Percolation Theory and Experiments
7.3.1. In-situ resistivity measurements
7.3.2. Influence of the substrate and

deposition parameters

7.4. Post-deposition resistance changes

7.4.1. Observations

63

66

67

73

77
77
79
80
82
85
92
92
97
102
104
105

108

109

115
115
116
116
117
119
120
121
123
125

128
130
130

iii



7.4.2. Negative Temperature Coefficient
of Resistance
7.5. Conclusions
7.6. References

8. Spectroscopic Ellipsometry
8.1. Introduction
8.2. Fundamentals of Ellipsometry
8.2.1. Data representation
8.2.2. Modelling
8.2.3. Uncertainties
8.3. Ellipsometer Hardware
8.4. Experiments
8.4.1. Variable-angle ex-situ
spectroscopic ellipsometry
8.4.2. In-situ spectroscopic ellipsometry
8.4.2.1. Pulsed cathodic vacuum arc
deposition of titanium
8.4.2.2. Modelling using the method
of Arwin and Aspnes
8.4.2.3. Discussion
8.5. Effective Medium Approximations
8.5.1. Theories
8.5.2. Analysis
8.6. Real-time in-situ spectroscopic ellipsometric
study of post deposition morphological changes
8.6.1. Experimental
8.6.2. Results
8.6.3. Discussion
8.7. Conclusions
8.8. References

9. Conclusions

Appendix 1: Matlab code
Appendix 2: Third vear lab experiment.

133
138
139

142
142
142
143
144
145
147
148

148
151

151

154
156
162
162
164

168
169
169
171
173
174

176

Y



Abstract

This thesis investigates the application of plasma immersion ion implantation (PIII) to
polymers. PIII requires that a high negative potential be applied to the surface of the
material while it is immersed in a plasma. This presents a problem for insulating
materials such as polymers, since the implanting ions carry charge to the surface,
resulting in a charge accumulation that effectively neutralises the applied potential.
This causes the plasma sheath at the surface to collapse a short time after the potential

is applied.

Measurements of the sheath dynamics, including the collapsing sheath, are performed
using an electric probe. The results are compared to theoretical models of the plasma
sheath based on the Child-Langmuir law for high voltage sheaths. The theoretical
model predicts well the sheath dynamics for conductive substrates. For insulating
substrates the model can account for the experimental observations if the secondary
electron coefficient is modified, justified on the basis of the poly-energetic nature of

the implanting ions.

If a conductive film is applied to the insulator surface the problem of charge
accumulation can be avoided without compromising the effectiveness of PIII. The
requirement for the film is that it be conductive, yet transparent to the incident ions.
Experimental results are presented which confirm the effectiveness of the method.
Theoretical estimates of the surface potential show that a film of the order of 5nm
thickness can effectively circumvent the charge accumulation problem. Efforts to
produce and characterise such a film form the final two chapters of this thesis. The

optimal thickness is determined to be near the percolation threshold, where a marked



increase in conductivity occurs. Spectroscopic ellipsometry is shown to be an
excellent method to determine the film thickness and percolation threshold non-

invasively.

Throughout this work cathodic vacuum arcs are used to deposit thin films and as a
source of metal plasmas. The design and construction of a pulsed cathodic vacuum arc
forms a significant part of this thesis. Investigations of the cathode spots and power

supply requirements are presented.
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“When the conjunctions of matter are in your favour a moment

Go and live happily, you did not choose your lot;

Keep company with men of science since your bodily properties

Are a speck of dust joined with a puff of air, a mote with a gasp of breath.”

Omar Khayyam
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