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ABSTRACT 
A long standing problem in low-temperature plasma discharge physics is 

to understand in detail the mutual interaction of real exposed surfaces 
(electrodes) with the reactive plasma environment. In particular, one wishes to 
discern the influence of these surfaces on the plasma parameters given their 
contributions from secondary electrons and ions. This paper briefly reviews the 
known surface interaction processes as well as currently available diagnostics to 
study the interface between plasmas and surfaces. Next comes a discussion 
describing the application of plasma-modulated electroreflectance to this 
research and some potential experimental techniques. 

INTRODUCTION 
Imagine you could be a microscopic observer on the surface of a metal 

electrode in an RF plasma reactor such that you could witness the various time- 
dependent processes taking place due to interactions with the surrounding 
plasma environment. One could take an inventory of these processes and 
generally group them into two classes; those where the bulk gas and plasma 
m o m  the surface and those where conditions at the surface in turn mediate 
the bulk properties of the plasma. Your inventory might include: 



n c . . -. . .  P 1 

Surface Modification Processes Surface-Mediated Processes 
Physiabsorp tion Secondary Electron Production 
Chemiab sorp tion 
Reactive Chemical and Ion Etching 
Deposition . . L0cal.E-field and Termination 
Surface Heating Plasma Potential Variations 
Bulk  and Surface State Perturbations 

Secondary Ion Production 
Neutral Radical Production 

Surface Recombination 

In looking at the inventory, one can see that we have often in the past 
been interested in effects related to the surface modification processes 
primarily since these pertain to the application of plasma discharges to 
materials processing. As such, in situ diagnostics of surfaces (ellipsometry, 
photoluminescence, mass spectometry) have focused on surface modification 
effects rather than on plasma perturbations resulting from surface-mediated 
processes. A prime example of an important surface-mediated process in which 
it has been difficult to develop a diagnostic is secondary electron emission from 
a real surface. Certainly this is one of the most important processes in 
sustaining low-temperature plasma discharges, but the application of various 
types of secondary electron diagnostic probes normally used in UHV 
measurements are of course useless in a real plasma system. 

Some progress has been made in recent years in investigating the near- 
surface plasma interface. Time-dependent local electric fields in the sheath 
regions have been measured using either optogalvanic or laser-induced 
fluorescence spectroscopy to determine Stark shifts.'.* Wewise local radical 
production and surface recombination processes are beginning to be explored 
using laser-induced fluore~cence.~*~ These measurements generally rely on 
extrapolation of the data to the surface interface given problems in light 
scattering and occultation effects. Perhaps a complementary approach would be 
to use a well refined diagnostic used to characterize surfaces and near-surface 



bulk interfaces under ideal conditions to infer in reverse the interaction 
between the surface and the plasma environment. 

PLASMA-MODULATED ELECTROREFLECTANCE 
Electroreflectance or FR has been an established diagnostic technique for 

almost two  decade^.^ Today FR find standard use as means of characterizing 
surface states in semiconductor materials as a function of materials 
pro~ess ing .~~~ The technique relies on the Franz-Keldysh effect8 to shift sub- 
surface band structures by applying a external (perhaps modulated) electric 
field using deposited ohmic contacts. Difference reflection measurements 
(ARB) as small as 5x10" have been reported for applied fields on the order of 
lo5 V/cm for given material.g Typical experiments have fields on the order of 
lo2 V/cm and 6R/R on the order of lo3. 

The development of ER for use with metallic surfaces has been confined 
to electrochemical experiments seemingly entirely.lO.ll However, in both the 
cases of semiconductor and metallic ER there is a well developed body of 
literature and theory on which to rely in constructing a real-time in situ 
diagnostic.12 In addition, many of the real-time signal acquisition and processing 
techniques employed for in situ ellipsometry and reflectance-difference 
spectroscopy could be useful in plasma-modulated electroreflectance (PMER).13J4 
In such a diagnostic the modulating local electric field at the surface would 
drive the Franz-Keldysh effect convoluted with influences from surface charging 
and coherent synchronous interactions with the surface resulting from the 
emission of beam component electrons and ion impact. 

EXPERTMENTALTECHNIQUES 
While there is little doubt that PMER can be measured under appropriate 

experimental conditions, the greatest problem will very likely be to understand 
the several competing contributions to be deconvoluted from a given signal. 
However, I believe that a PMER diagnostic will be amenable to a variety of 



experimental tricks to aid in the signal analysis. For example, one could perform 
a simple amplitude modulated (AM) experiment by pulsing an RF discharge and 
looking at the reflected light signature from a continuous (CW) light beam 
(laser) reflected from either a metal electrode surface or from a small 
nonperturbing piece of semiconductor material placed on &e electrode. The 
PMER reflectance experiment might be performed at near normal incidence or 
at a reflection angle near Brewster's angle (in order to enhance the sensitivity to 
reflectance variation) depending upon the polarization of the incident light. The 
wavelength of light used could be above or below the band gap of direct band 
gap material such as gallium arsenide to promote or inhibit bulk absorption and 
reemission (photoluminescence). In direct band gap materials like silicon could 
also be used again using different incident wavelengths to vary the amount of 
surface penetration. Appropriate doping of the semiconductor substrates may 
enhance the reflectance sensitivity by providing more free carriers. 

Phase-locking techniques would help in looking for high-frequency 
plasma modulation effects in the reflectance signal. At still higher RF discharge 
frequencies, fast photon counting would probably be required to minimize the 
amount of incident photon flux required at a surface in order to avoid heating 
and nonlinear effects. It may also be possible to perform similar experiments 
which are more akin to ellipsometry. 

Having obtained the PMER data, the task of data reduction and analysis 
should be aided by the fact that there exists a large resource of information 
regarding typical ER tecbniques and their use with various materials under 
more controllable experimental conditions. The approach would be to 
determine a time-dependent ER response to compare with the PMER data. One 
would look for time-dependent perturbations which could be ascribed to local 
near-surface electric fields and surface collision phenomena such as beam 
component secondary electron emission. 



CONCLUSION 
The development of plasma-modulated electroreflectance techniques 

offers many new possibilities to explore the interactions of real surfaces in a 
plasma environment. While the deconvolution of various surface-interaction 
effects may not be straightforward, the potential of the technique lies in its 
inherent flexibility and in the ability to correlate data with more ideal 
electroreflectance measurements. Work is ongoing at Sandia National 
Laboratories to explore the potential of the PMER diagnostic technique. 

This work performed under U.S. Department of Energy Contract Number DE- 
ACO4-94AL8 5000. 
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