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Abstract

Faculty of Science

School of Physics and Advanced Materials
Doctor of Philosophy

Development and Implementation of Environmental Photoelectron Yield

Spectroscopy

by Toby William SHANLEY

Environmental photoelectron yield spectroscopy (EPYS) is a novel, low vacuum, surface
analysis technique that probes the electronic structure of solid-gas interfaces. Unlike
its conventional, ultra high vacuum counterparts that interrogate ideal surfaces in non-
realistic conditions, EPYS enables real-time characterisation of dynamic surface pro-
cesses in semi-realistic, reactive gaseous environments. This capability is a requirement
for the technological progress and fundamental understanding of processes in nanotech-

nology, materials physics, chemistry and bio-sciences.

The system has been built and implemented from the outset of its existence at UTS.
This project has contributed to the development of EPYS, and further developed a
number of novel applications. Specifically, its application in elucidating the nature of
four, fundamentally different physical phenomena is demonstrated. The thesis describes
the origins of EPYS in ultra high vacuum photoelectron emission spectroscopy and the
theoretical groundwork on which it is based. It also details the EPYS development,
and demonstrates applications of the EPYS in the analysis of gas ionisation cascades,

subsurface defects, surface termination, and adsorbate coverage.

The value of this study is partly in the instrumentation development itself, but also in
the demonstration of its application in studies of material systems responding to their

environments.
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collisions. . . . . . . . L
Gas cascade amplification A versus H,O pressure as a function of (a)
detector voltage at dgqp = 5 mm and (b) sample-detector separation dis-
tance. Figure adapted from [310] . . . . . .. ... ... ...
Gas cascade amplification A versus (a) detector voltage at dgqp = 5 mm
and (b) sample-detector separation distance calculated at four pressures:
2, 3, 4 and 5 Torr of H,O. Figure adapted from [310}. . ... ... .. ..



Abbreviations

AES Auger Electron Spectroscopy

APD Avalanche Photodiode

ARPES Angle Resolved Photoelectron Eemission Spectroscopy
BSE Backscattered Electron

CBM Conduction Band Minimum

CCD Charge Coupled Detector

CL Cathodoluminescence

DAP Donor Acceptor Pair

DAQ Data Acquisition

DOS Density Of States

Ecs Energy of Conduction Band minimum
Er Energy of Fermi level

Ev Energy of a free electron in Vacuum
Evs Energy of Valence Band maximum

EPYS Environmental Photoelectron (emission) Yield Spectroscopy
ESEM Environmental Scanning Electron Microscope

FWHM Full Width Half Maximum

GED Gaseous Electron Detector

GL Green Luminescence

LEED Low Eenergy Electron Diffraction

MFC Mass Flow Controller

NBE Near Band Edge

NEA Negative Electron Affinity

NV Nitrogen Vacancy

O; Interstitial Oxygen
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XVi

PE
PEA
PES
PI
PID
PL
PMT
PYS
RGA
RL
SE
SEM
SFG
SHE
TDS
TMP
UHV
UPS
Uuv

Vizn
VBM
WRG
XANES
XPS
XRD
YL

Zn;

ZPL

Primary Electron

Positive Electron Affinity

Photoelectron Emission Spectroscopy
Positive Ion
Proportional-Integral-Derivative
Photoluminescence

Photomultiplier Tube

Photoelectron (emission) Yield Spectroscopy
Residual Gas Analyser

Red Luminescence

Secondary Electron

Scanning Electron Microscope

Sum Frequency Generation

Standard Hydrogen Electrode

Thermal Desorption Spectroscopy

Turbo Molecular Pump

Ultra High Vacuum

Ultraviolet Photoelectron (emission) Spectroscopy
Ultraviolet

Oxygen Vacancy

Zinc Vacancy

Valence Band Maximum

Wide Range Gauge

X-ray Absorption Near Edge Structure
X-ray Photoelectron (emission) Spectroscopy
X-ray Diffraction

Yellow Luminescence

Interstitial Zinc

Zero Phonon Line
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