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Abstract

Abstract
This report describes the principles of Auger electron spectroscopy and how this technique can be
used for the surface analysis of laser facets.
These analyses are carried out by means of the Fisons VG100AX Auger spectrometer. The design
and the application of this type of spectrometer are also described.
Auger electron spectroscopy is also used for the analysis of a new passivation method, which has
been developed by the research department of the Philips Optoelectronics Centre. This passivation
method is applied to prevent the origin of an oxygen contamination between cleavage of the laser bars
and the deposition of a protective coating. The presence of oxygen at the laser facet in combination
with the high light intensities at the facet causes a decrease of the catastrophic optical damage (COD)
level. This decrease of the COD level seriously limits the optical output of the laser device.
It appears that the newly developed passivation method results in a decrease of the amount of oxygen
present on the cleaved facet when compared with an untreated sample. In addition the passivation
layer disappears when the sample is exposed to an argon sputter plasma. Furthermore it appeared
that passivation with a specific passivation substance leads to a further decrease in the amount of
oxygen present on the surface after passivation.

Table of contents

Table of contents

Chapter 1. Introduction
Chapter 2. Auger electron spectroscopy as a tool for surface analysis

4
5

2.1 Introduction

5

2.2 General principles of Auger electron spectroscopy

5

2.2.1 Auger electron tranisitions

5

2.2.2 Depth of measurement

6

2.2.3 Chemical information

7

2.3 Set up of an Auger electron spectrometer in generaL

7

2.4 Qualitative analysis

11

2.5 Quantitative analysis

12

2.6 Depth profiling

14

Chapter 3. The VG100AX Auger electron spectroscopy system

16

3.1 Introduction

16

3.2 Set up of the VG100AX Auger electron spectrometer

16

3.3 Recording of Auger spectra

19

3.4 Preliminary measurements

23

3.4.1 Preliminary analysis of semiconductor laser facets

23

3.4.2. Retard ratio dependence

25

3.4.3. Accelaration voltage dependence

26

3.4.4. Auger peak shifts of evaporated aluminium by oxidation

27

3.4.5. Auger line scans

29

Chapter 4. Analysis of sulphur passivated gallium arsenide

34

4.1 Introduction

34

4.2 Facet oxidation

34

4.3 Passivation of semiconductor laser facets

35

4.4 Auger analysis of sulphur passivated gallium arsenide

35

Chapter 5. Conclusions

42

Chapter 6. Acknowledgement

44

Chapter 7. List of literature

45

Chapter 1. Introduction

Chapter 1. Introduction
The last two decades, semiconductor lasers have become widely used in many types of equipment
and systems. Their fields of application range from optical fibre transmission systems to popular
consumer electronic equipment. Nowadays, several new types of equipment demand semiconductor
lasers which provide a high output power.
This high output power results in a high level of light intensity at the laser mirror. In combination with
the presence of oxygen in that area this can cause fast degradation of the laser device. The presence
of this oxygen contamination can be avoided in a large measure by coating the laser mirror after
cleavage. However, still some contamination takes place between the cleavage of the laser bars and
the deposition of the coating.
To obtain a clear insight into the degradation mechanism, which is caused by this slight amount of
oxygen, it is necessary to examine the presence of this contamination on the laser facet surface.
At the research department of the Philips Optoelectronics Centre, Auger electron spectroscopy is used
to investigate the laser mirror surface. This report describes the principles of Auger electron
spectroscopy and the application of this technique for the surface analysis of laser facets.
First, chapter 2 describes the backgrounds of Auger electron spectroscopy, like the general principles
of Auger electron spectroscopy and the instrumental aspects. Furthermore it will deal with performing
both qualitative and quantitative analysis, as well as it deals with the aspects of depth profiling with
Auger electron spectroscopy.
Chapter 3 describes the set-up of the Fisons VG 1OOAX Auger electron spectrometer and the recording
of Auger spectra with this type of equipment.
To prevent the oxygen contamination of the mirror surface between cleavage and coating, the laser
can be passivated directly after cleavage. The research department of the Philips Optoelectronics
Centre has developed a new passivation method for this purpose. Chapter 4 deals with the various
Auger experiments of this passivation method.
This report ends with a number of conclusions concerning the application of Auger electron
spectroscopy for the surface analysis of laser facets. Next to this, a number of conclusions are
described which relate to the passivation of gallium arsenide.
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Chapter 2. Auger electron spectroscopy as a tool for surface analysis.
2.1 Introduction
In this chapter the backgrounds of Auger electron spectroscopy will be described. As a start, section
2.2 gives an outline on the general principles of the Auger electron transition. Further, section 2.3
presents the several aspects of an instrument that have any bearing on the processing of Auger
electron spectroscopic data. Section 2.4 and section 2.5 deal with performing of respectively
qualitative and quantitative analysis on the above mentioned data. This chapter concludes with the
several aspects of depth profiling in Auger electron spectroscopy.

2.2 General principles of Auger electron spectroscopy
2.2.1 Auger electron transitions
In brief, Auger electron spectroscopy is based on determining the composition of a surface by
measuring the energy distribution of the emitted electrons. Therefore the sample is bombarded by
an incident electron beam. These electrons eject core electrons from a level Ex in a region of the
sample up to a few micrometrs deep, dependent on the electron beam energy. The core hole is then
filled by an internal process in the atom whereby an electron from a level Ey falls into the core hole.
The energy which corresponds to this transition is used to eject a third electron from a level Ez. This
last electron is called an Auger electron, after Pierre Auger who first observed such events in a
cloud chamber. The energy Ea of the Auger electron is given very approximately by

It should be noted that the above mentioned energies are all negative. Figure 2.1 shows the Auger
radiation less deexcitation processes in which the atom is left in the final state with two vacancies or
holes. This figure also shows de nomenclature used to describe the various possible Auger
processes. For instance, for vacancies in the K shell the Auger process is initiated when an outer
electron such as an L, electron fills the hole. The energy released can be given to another electron
such as another L, or an L3 electron which is then ejected from the atom. The process described is
denoted as an KL,L, or KL,L3 transition. When there is an initial vacancy in the L, shell, which will be
filled by an electron from the M, shell and followed by an ejected M, electron, this is denoted as a
an L,M,M, transition.
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Figure 2.1 Schematic diagram of various two-electron deexcitation processes. (from: [1])
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If one of the final state vacancies lies in the same shell as the primary but not in the same subshell
the transition is referred to as a Coster-Kronig transition. This transition is important because the
rates of this transition are much higher than the normal Auger transitions an thereby influence the
relative intensities of the Auger lines. Since electron-electron interactions are strongest between
electrons whose orbitals are closest together, the strongest Auger transition are of the type KLL or
LMM. A complete nomenclature describes also the final state of the electron besides the shells
involved in the transition. For example, a KL 1L 1 transition would leave the 2s shell empty and the 2p
shell with six electrons. In this case the transition is denoted as KL 1L1 (2so2p6). Even in the KLL
transition, there a large variety of final states which can have slightly different energies and therefore
correspond to slightly different Auger lines.
From the foregoing it follows that the ejected Auger electrons have energies unique to each atom. If
the energy spectrum of the ejected electrons is measured, the energies of the Auger electron peaks
identify all the elements present on the surface of the sample, except hydrogen and helium.
Because the latter elements only have respectively one and two electrons in its electron shell no
Auger transition can take place.

2.2.2 Depth of measurement.
For both qualitative and quantitative analysis it is important to determine the measurement depth of
Auger electron spectroscopy. The measurement depth is closely connected to the escape depth of
the ejected electrons. This escape depth corresponds to the distance that electrons of a well-defined
energy Ec can travel without losing energy as shown in figure 2.2. Consequently, the depth of
measurement is equal to the escape depth of the ejected electrons.

escape
depth

Figure 2.2 Incident electrons create Auger electrons relatively deep in
the sample. Only those electrons created near the surface escape with
no energy loss.

The incident electrons are sufficiently energetic so that they are able to penetrate deeply into the
sample. The electrons that undergo inelastic collisions and lose energy in transport from the point of
excitation towards the surface leave the sample with a lower energy and contribute to a background
signal that can extend several hundred eV below the main signal peak. The escape depth, which in
this discussion corresponds with the mean free path, can be determined by considering the
substrate as a source of a flux of electrons of well-defined energy Ec and depositing a thin film on
the substrate. The number of electrons that can escape from the surface then decreases with the
thickness of the deposited film, but is relatively insensitive to the material traversed by the electrons.
On the other hand, the attenuation of electrons depends upon the characteristic energy of the
outgoing electrons. Figure 2.3 shows the results of the measurements of the electron mean paths. It
appears that the mean free path is energy dependent with a broad minimum around 100 eV and
varies between 0.5 and 1.5 nm for most common Auger electron spectroscopy energies.
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FIgure 2.3 Electron mean free path curve (From [1]).

2.2.3. Chemical information
The chemical state of an atom is reflected in changes in the valence orbitals which in turn have
influence the binding energy of the core electrons. In other words, the binding energies of the inner
core K and L shells shift in unison with changes in the chemical environment. Because the L shell is
involved twice In the KLL Auger electron transition, the ejected inner shell electron will display a
chemical shift. However, these chemical shifts are much more difficult to interpret in the two electron
Auger process than in the one electron photoelectric process which is the basis for X-ray
photoelectron spectroscopy (XPS). Moreover the Auger lines in the Auger electron spectrum are
broader than the lines in the X-ray photoelectron spectrum. Therefore, the latter technique is used in
general to explore changes in the chemical environment.

2. 3 Set up of an Auger electron spectrometer in general.
Figure 2.4 shows the basic design of an Auger electron spectrometer. In its most basic form it
consist of a sample holder, an electron gun and an electron analyser.

Analysis chamber

+

vacuum pump

FIgure 2.4 Basic design of an Auger electron spectrometer
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The sample is bombarded by electrons coming from the electron gun. Furthermore the analyser
measures the energies, or more correctly, the velocities of the electrons emitted or scattered from
the sample surface. More often an Auger spectrometer is also fitted with a secondary electron
detector, which in combination with a scanning electron gun provides an image of the area of the
sample being analysed. When depth profiling is necessary the Auger electron spectrometer can be
equiped with an ion gun. This will be described in detail in paragraph 2.6.
The area on the sample being analysed is determined by the size of the electron spot and large
efforts are taken to minimise this spotsize. Nowadays it is possible to achieve a spot size of about
0.2 Jlm with an electrostatic gun.
The design of an electrostatic gun is shown in figure 2.5 The assembly carrying the thermionic
filament and the first electrode, the Wehnelt cylinder, is mounted on a flexible bellows and has
alignment screws. In this way the filament and the Wehnelt cylinder can be aligned with the rest of
the optics. Alignment of the filament itself with respect to the Wehnelt cylinder is achieved by a
jigging arrangement. By applying a voltage of several thousand of volts between the filament and the
Wehnelt cylinder the emitted electrons are accelerated towards the condensor lenses. These lenses
and a objective lens take care of focusing and shaping of the electron beam. Finally any
astigmatism of the electron beam is corrected by a set of stigmator poles. Scanning of the beam is
carried out by the scanning poles.
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Weh nel t ----f+--'7---l

L."s
tonnections
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stigmator
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HL-- Objective
lens

SCQnnin~
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Figure 2.5 Design of an electrostatically focused electron gun.

Nowadays there are two principal types of analysers in use for Auger electron spectroscopy. These
are the cylindrical mirror analyser (CMA) and the concentric hemispherical analyser (CHA) which
are both dispersive analysers. Besides that, these analysers are both of the electrostatic type,
because of the low kinetic energies of the electrons to be analysed and because magnetic fields are
difficult to produce and to handle in ultra high vacuum. Figure 2.6 shows schematically the design of
a cylindrical mirror analyser. This analyser has an internal electron gun whose beam is focused to a
point on the sample. The latter is placed at the source point of the CMA.
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Figure 2.6 Schematic arrangement of a single-pass CMA.

Electrons ejected from a sample on the axis at an angle a. pass through an aperture in the inner
cylinder and those of a particular energy are deflected by the outer cylinder potential through another
aperture to the electron multiplier. The pass energy of the electrons which reach the detector is
proportional to the potential applied to the outer cylinder. For the special case where a. = 42°18' the
CMA becomes a second-order focusing instrument. The main advantage of this type analyser is its
very high transmission. This is an important property for Auger electron spectroscopy in which highly
focused electron beams (Le. small spot sizes) are used. When taking Auger spectra Auger electron
transitions generally appear as small features superimposed on the large background of secondary
electrons. Therefore Auger electron spectroscopy is usually carried out in the derivative mode. This
differentiation is conveniently done by superimposing a small ac voltage on the outer cylinder
voltage and synchronously detecting the in phase signal from the electron detector with a lock-in
amplifier.
In contrast with the above mentioned advantage of high transmission, the CMA has some
insurmountable drawbacks. First, because the position of the sample is very critical, careful and
time-consuming sample positioning is necessary. Further, the differential technique used by CMA's
requires relative high current electron beams which can cause sample damage and decrease
spatial resolution. For more information about cylindrical mirror analysers the reader is referred to

[2].
The concentric hemispherical analyser (CHA) is shown schematically in figure 2.7.

..:\
'

,

:.J.

:u',
sample

Figure 2.7 Design of a concentric hemispherical analyser.
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Two hemispherical surfaces of inner radius R1 and outer radius R2 are positioned concentrically. A
potential L1V is applied between the surfaces so that the outer sphere is negative and the inner
positive. There is a median equipotential surface between the hemispheres of radius Ro and the
entrance slits are each centred on this radius. In an ideal situation Ro = (R 1 + R2 ) I 2 and in practice
this relationship is obeyed closely. Because this type of analyser is used for the various analysis's
further on in this report, the principle of operation is described in more detail.
The co-ordinate position of an electron of initial kinetic energy Eo entering the analyser and travelling
between the spheres is governed by two focusing conditions. First, if the electron enters the
analyser at an angle ex to the normal through the slit centre, its position in terms of rand <p
(respectively the radial distance from the centre of the curvature and angular co-ordinate) is given by

y= Rolr

where Yo
c

2

=initial coordinate of electron
=Ey~ I [Eo cos ex - 2E(1- y.)]
2

In this case E corresponds to the kinetic energy which an electron would have if it is travelling on the
circular orbit of radius Ro. The final co-ordinate of the electron when travelling through a 1800 CHA is
given by

Furthermore, the relationship between the deflecting potential L1V and the ideal energy E is

The second focusing condition arises from the fact that if the electron is to be transmitted through
the analyser its final position y, must be within the aperture of the exit slit and the greatest and least
radii of the electron trajectories are limited by the hemispherical surfaces. These maximum and
minimum radii can be expressed with respect to the radius Ro by
y± = c

2

±.Jc· + 2k

The relative half-width energy resolution of the CHA is given by

M w ex 2
-=-+E

Ro

4

where w represents the slit width (equal at the entrance and the exit).
When working with CHA it is desirable to work with a large acceptance angle. Because a
compromise must be reached between sensitivity and resolution it is common to choose ex so that ex
== wi 2Ro.. The above expression then becomes
M

O.63w

E

Ro

-=-Because it is often necessary for identification of possible differences in the states of elements it has
to be able to apply the same absolute resolution to any Auger electron peak in the spectrum. This is
possible by retarding the kinetic energies of these Auger electrons before they enter the analyser.
There are two retarding modes in which CHA are currently used. In the constant retard ratio mode
(CRR) the electrons are deaccelerated by a constant factor from their initial kinetic energies. This
mode makes it possible to operate at a constant relative resolution. In the constant analyser energy
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mode (CAE) the electrons are deaccelerated to a constant pass energy of the analyser, yielding a
constant absolute resolution. Because the large width of the Auger peaks there is no need to keep a
constant absolute resolution along the whole spectrum. On the other hand it is desirable to have
high sensitivity at high Auger energies and high absolute resolution at low Auger energies. This is
achieved by using the CRR mode so that small Auger peaks at low kinetic energies can be detected
without difficulty. A drawback of the CRR mode is the difficulty to perform quantitative analysis
caused by the constant relative resolution.
Retardation in a CHA is usually achieved with a lens system. Such a lens is also used to project the
analysed area of the sample onto the entrance slit. Therefore sample positioning is less critical.
Besides, a much greater working distance is available between the analyser and the sample. This
allows a closer approach of the electron gun, which is necessary to achieve minimum spot sizes.
Nowadays CHA are equipped with pulse-counting electron detectors which can operate with very
low beam currents «O.025J,lA) while maintaining a high signal-to-noise ratio. Further they use a
computer to record the Auger spectra.

2.4 Qualitative analysis
When the kinetic energies of secondary electrons produced as a result of irradiation of a sample by
an incident electron beam are analysed, the distribution of these electrons looks like shown in figure

2.8.
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Figure 2.8 Distribution of energies of secondary electrons ejected from
surface by incident electrons of energy 2000 eV

a contaminated silver

At the left side of the energy distribution there is a peak, starting at a few electronvolts and
extending many tens of electronvolts up the energy scale. That peak represents the so-called 'true'
secondary electrons. Although all electrons ejected from the surface are secondary electrons, these
true secondary electrons are distinguished mainly for historical reasons. In the past, the
investigations in the field of 'secondary electron emission' applied to the low-energy secondaries,
which are produced by a cascade process.
At the energy of the incident electrons there is large narrow peak caused by the electrons that have
been reflected from the sample with almost no loss in energy. These electrons are referred to as
elastically scattered electrons At lower energies there is a series of smaller and broader peaks
whose intensity decreases successively away from the elastic peaks, the so-called plasmon loss
peaks.
Next to these peaks and very often situated on the slopes of these peaks, other features are visible.
Some of these features are easily distinguishable as peaks due to Auger emission. Those other
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which can not be identified as Auger peaks, are either plasmon or ionisation loss peaks. This can be
tested by changing the incident energy beam energy and observing whether these peaks shift in
energy by the same amount. If the unknown peak moves, it is not an Auger peak. The appearance
of these energy loss peaks can be minimised by setting the incident beam energy well above the
expected Auger energies.
In figure 2.8 the Auger peak of carbon is distinguishable at an energy of about 272 eV caused by the
contamination of the silver surface. Until recently when there was no requirement for high spatial
7
resolution and therefore an incident beam current of 10.6 or 10. A could be maintained, it was
normal to record the differentiated spectrum. In this way not only weak features are much easier to
identify, but it also removes the background to a large extent. The latter ensures a better
identification of Auger peaks situated on the large slope of the 'true' secondary electron peak.
Nowadays high spatial resolution is required, especially when Auger electron spectroscopy is used
for identification of the composition of semiconductor devices. Because of the small spotsizes,
which requires a low incident current, spectra are more and more recorded in the direct mode rather
than differentially. Another motive for this transfer is the increased use of CHA analysers instead of
CMA analysers. Through the use of pulse-counting techniques and computers to record Auger
spectra the background in the spectra is removed by using background subtraction algorithms.
Anyway, it still remains possible to differentiate the spectrum.
There are several atlases of recorded Auger spectra available, which make the identification of
features in the secondary electron spectrum as arising from Auger emission easy. It must be noted
that deviations of a few eV in peak energy from those listed and those measured are not significant.
These deviations are mostly due to different recording conditions and different energy analysers.
Moreover, these atlases show the spectra in the differential mode, in which by convention the
energetic position of the Auger peak is equal to the minimum in the high-energy negative excursion.
The position of this Auger peak does not correspond to the position of the same peak in the direct
spectrum, The difference between these Auger peaks depends mainly on the peak width. Nowadays
several computational techniques, as for example the use of special Auger libraries, have alleviated
the task of Auger peak identification.

2.5 Quantitative analysis
When performing quantitative analysis in Auger electron spectroscopy, one has to face two main
problems. The first problem is using the correct equation and the second problem is establishing the
correct measurement to make. First, the problem to choose the appropriate equation will be
considered.
The intensity of the Auger signal I A from element A in a sample is proportional to the molar
fractional content of A, XA , in the analysed area of the sample. Thus:

in which lA-is equal to the Auger intensity from pure A. In general the Auger intensity from pure A is
not known, but often the ratio IA- / Is-.may be known, in which B is another constituent of the
sample. In that case the above equation becomes

I A / I;

(2.1)

LI; / I ii=A,B

This approach does not take into account the matrix effects on electron escape depths and
backscattering factors. If these factors are considered equation 2.1 becomes, after [2],

page 12

Chapter 2. Auger electron spectroscopy as a tool for surface analysis

(2.2)

in which the Auger electron matrix factor FAS is equal to

in which fA,S represents the back-scattering term for element A and Band aA,S the atom size. The
ratio fA Ifs is not very energy dependent and so FAS remains constant when the composition ranges
from A to B. As described already, ignoring the matrix factor causes equation (2.2) to reduce to
equation (2.1). The error produced by ignoring this matrix factor is shown in figure 2.9. This figure
illustrates the relation between the true value of XA from equation (2.2) and the value of XA from
equation (2.1) for various values of this matrix factor.

0.2

0.4

0.6

D.e

1.0

True XA

FIgure 2.9 The relation between the true composition
and the reported composition by equation (2. 1) for
various values of the matrix term (from: [2J).

The second problem is establishing the correct method to measure the value of IA and IA" .In the
past it was usual to measure the peak-to-peak value of the Auger peaks In the derivative spectrum.
This is allowed if one reckons with some restrictions. For instance, the peak shapes in both the
analysis and reference spectra have to be the same. The same applies for the analysers used for
recording both spectra.
Nowadays the direct energy spectrum n(E) is mainly used for quantitative analysis. Here the area
under the Auger peak relates to the Auger electron signal IA • Because Auger electron peaks are
often situated on a sloping background, background subtraction methods must be used to yield the
genuine Auger peak. The use of background subtraction will be described in more detail in
paragraph 3.3.
In practice performing quantitative analysis turns out to be very difficult. This is especially the case
when the in-depth composition of the outermost layers of the sample is not know, or when for
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instance there is a contamination layer present on the surface of the sample. If there is a
contamination layer present the Auger signal of the substrate is attenuated by this layer and careful
considerations have to be made. These contamination layers are always present on substrates
when these are treated in air. To achieve a clean surface it is commonly to use the principle of ion
bombardment. In this method a beam of positive noble gas ions of energies between 500 eV and 5
keV is directed at the surface by an ion gun. As a result some atoms of clusters of atoms at the
surface get enough kinetic energy to leave the surface. In this way the surface erodes. The method
of ion bombardment has some serious drawbacks. First the roughness of the surface increases by
this method. Further it is likely when a substrate that contains two or more elements one of these
elements will be removed preferentially. Finally there is the effect of 'knock-on', in which some
elements, particularly the light ones such as carbon, can be driven further into the material. This is
caused by direct impact from a primary ion or by indirect impact through an energy cascade.
When there is a contamination layer present on the sample and no ion gun available, some
quantitative analyse remains possible by the right use of reference samples. We will return to this
subject in the continuation of this report.

2.6 Depth profiling
When the in-depth composition of a sample is of interest, one has to resort to a number different
techniques. This is necessary because the sampling depth in Auger electron spectroscopy is
restricted to a few monolayers. These techniques can be divided in non-destructive or destructive
techniques.
Non-destructive techniques are based on the fact that the intensity of an Auger peak is dependent
on the energy and the depth of origin of the Auger electrons. In general these techniques involve
several difficulties and require the use of special reference spectra.
The most common destructive technique is ion sputtering like described in previous paragraph. In
this technique an area of the sample is decomposed and the abraded part can be successively
analysed. Because the analysed area is small compared to the sputtered area, there are no crater
edge effects. Auger analysis of the abraded part is possible either discontinuously after subsequent
sputtering or by continuous sputtering and simultaneous electron analysis. The results of these
measurements usually consists of signal intensities of the detected elements as a function of the
sputtering time, I = f(t). After this It is necessary to convert these measurement results to obtain the
original distribution of concentration c against depth z, d = fez). The both steps of such a conversion
are shown in figure 2.10.

I =f(t)

'---+

C = f(z)

+------'

Figure 2.10 Conversion of a measured sputtering profile to a true concentration profile.

Paragraph 2.5 already described the various facets of converting the intensity of a Auger peak into
an actual concentration Further, there are various methods to obtain the sputtering removal rate.
The most common method is to measure the time required to sputter through a layer of known
thickness, for instance a metallic evaporation or an oxide layer.
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Finally figure 2.11 gives an impression of an Auger depth profiling measurement of the interface
region of a Ta-Si layer on polycrystalline Si. This measurement reveals the presence of a native
oxygen on the polycrystalline silicon.
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FIgure 2.11 Auger sputter depth profiling measurement of the
interface region of a Ta-Si layer deposited on polycrystalline
Si (from: [1J).
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3. The VG100AX Auger electron spectroscopy system
3.1 Introduction
The research department of the Philips Optoelectronics Centre uses the VG100AX hemispherical
analyser in combination with the LEG1000 electron gun for performing Auger electron
spectroscopy. Both instruments are made by VG Microtech. Philips applies this technique for
examining the structure of the cleaved facets of semiconductor lasers. This chapter describes the
set-up of the VG100AX Auger electron spectrometer and the recording of Auger spectra. Finally,
paragraph 3.4 takes up the recording of Auger spectra in a more profound way and describes
several related aspects.

3.2 Set up ofthe VG100AX Auger electron spectrometer
Figure 3.1 gives a global impression of the VG100AX Auger spectroscopy system. As shown the
Auger analysis chamber is connected to a transfer chamber. This transfer chamber is fitted out with
a load lock, that enables the easy insertion of samples into the vacuum system. It is necessary to
pump down the Auger chamber to a pressure of approximately 1.3'10.7 Pascal for two reasons.
First, electrons emitted from a sample should meet as few gas molecules as possible on their way
to the analyser so that they are not scattered and thereby lost from the analysis. Further, it is
necessary to operate under conditions in which the rate of accumulation of contamination is
negligible, because small amounts of contaminant can affect the course of an experiment
drastically. To achieve a low pressure the system has to be baked out at a temperature of 200°C
for approximately 12 hours.

Load lock

Transfer chamber

Analysis chamber

Figure 3.1 Global impression of the VG 1DDAX Auger spectrometer.
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The placement of the various parts of the spectrometer is depicted in detail in figure 3.2.

electron gun assembly

hemispherical analyser
analysis chamber

secondary
electron detector

Figure 3,2 Detailed view of the various parts of the spectrometer.

The VG100AX analyser belongs to the group of concentric hemispherical analysers as described in
the previous chapter. The analyser consists of three main components as illustrated in figure 3.3,
namely the lens, the analyser itself, and the detector (channeltron).
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Figure 3.3 Design of the VGX100AX hemispherical analyser.
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Electrons comming from the bombarded sample pass by an electrostatic lens on their way to the
analyser. Like already described in the previous chapter, the lens allows the analyser to be mounted
away from the sample, thereby improving sample access. For Auger electroscopy, the lens is
usually used in the 3:1 mode. In this mode, the rear lens is at earth potential. An area on the
sample, slightly larger than one third the size of the entrance slit (4 mm) is analysed. This mode is
used when the source has a relatively small beam.
The electrons entering the analyser are retarded by applying a potential at the entrance slit. This
retard potential is a fixed ratio of the potential difference between the hemispheres. In this way the
analyser operates in the constant retard ratio mode (eRR). In this mode, the energy window is
narrow at low kinetic energies and wide at higher kinetic energies (constant relative resolution
mode).
A channel electron multiplier acts as a detector for those electrons leaving the analyser. The
multiplier is coated internally with a resistive material across which a potential is applied. When
electrons enter the multiplier, they strike the walls and cause secondary emission. This secondary
emission accelerates along the wall of the multiplier and causes an avalanche effect. A single
electron at the input of the multiplier may give rise to an output pulse of up to 108 electrons. The
front end of the multiplier has the same potential as the retard. The supply voltage of the multiplier
follows the changes in the retard potential to keep the voltage across the multiplier constant. The
output of the multiplier is fed to an electronic pulse counting unit.
The analyser is also equipped with a coil positioned inside the analyser. A current can be passed
through this coil to counteract the effects of any residual magnetic fields.
The complete VG100AX hemispherical analyser can be computer controlled by the VGX900 data
system. This data system consists of control board which fits in a personal computer and the data
collection software. The VGX900 data system makes it possible to enter all the Auger scan
parameters by means of a computer. After scanning, the obtained Auger data can be analysed on
the computer. The computer also facilitates the qualitative and quantitative analyses of these data.
The design of the LEG 1000 electron gun as shown in figure 3.4 resembles much the design of
conventional electrostatic gun as shown in figure 2.5.

BCAlHNCI

OBJECTlVE LENS

POl£S

(fOCUS!

Figure 3.4 Design of the LEG 1000 electrostatic electron gun.

The electron gun contains a LaB6 filament, although the first Auger experiments are carried out with
a tungsten filament. The former manifests a higher brightness but it is less robust and easy to
handle. Electrons emitted by the filament which is at a negative potential with respect to earth are
accelerated and shaped into a beam by the potentials applied to the grid, condensor and focusing
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lenses. The maximum acceleration voltage is 10 kV. A set of eight stigmator poles mounted in the
gun, between the condensor and focus stages correct any astigmatism in the beam. Scanning of the
beam across the sample is achieved by potentials applied to the four quadrupole elements in the
bottom of the electron gun. The minimum attainable spot size is 100 nm at a sample current of 0.2
nA at a working distance of 15 mm. The alignment of the filament with respect to the rest of the gun
optics is made using four alignment nuts and associated locking nuts.
The Auger analysis chamber is also supplied with a secondary electron detector. The number of
secondary electrons generated at a point on the surface is dependent on the surface geometry and
surface condition of the sample. In this way the secondary electron detector can be used for imaging
of the scanned area of the surface. The secondary electron detector of the LEG1000 consists of a
scintillator and a photomultiplier. Electrons ejected from the surface are attracted by the scintillator
potential pass through a bias mesh and strike the scintillator which fluoresces. The fluorescence is
detected and amplified by the photomultiplier tube.
The electron gun is controlled and powered by the 8014 electron gun power supply and the 346SAX
physical imaging unit. The 8001 power supply supplies the secondary electron detector. The
measurement of the current running through the sample is also carried out by the 8001 power
supply. This current is more commonly refered to as target current.

8014 E gun
power supply

.-'-----'~=====>

<

>

XY dell.

346SAX physical I
ImagIng Unit

--+~

~~

~'i""Oi"

~a::::O<

L

>

'''om,,,i,li.

8001
scintillator power
supply

sample current measurement

Figure 3.5 Set-up of the total LEG1000 electron gun and imaging system.

To facilitate the positioning of the semiconductor laser bars special sampleholders have been
designed, in which the cleaved facet of the semiconductor bar faces upwards.

3.3 Recording of Auger spectra
The preparations necessary for the measurement of Auger spectra can be divided into four aspects.
These are:
1. Setting of the electron gun and photomultiplier/scintillator parameters.
2. Sample positioning.
3. Setting of the analyser parameters.
4. Entering of the various scan parameters by means of the VGX900 data system.
ad 1.
It is assumed that the electron gun has been degassed and that the filament assembly has been
correctly aligned with respect to the rest of the optics.
After slowly adjusting of the filament current to a value of 1.8 A, the acceleration voltage is set to a
certain value, normally between 5 and 10 kV. This value is mainly determined by the desired
magnification. On the other hand the value of the acceleration voltage has some influence on the
overall shape of the Auger spectrum, as will be seen later. The current of the electron beam is set to
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a value of 0.1 mA. When setting the spot size, one also has to make a compromise. A small spot
size (and consequently a small target current) ensures a better image resolution but a smaller
signal-to-noise ratio of the measured Auger spectrum. The reverse applies for large spot sizes.
Current values for the target current range from 1 nA to 5 nA.
After this the photomultiplier voltage can be adjusted until an image appears on the screen. Finally
the black level, contrast, focus and stigmator controls can be used to optimise the image, as well as
the magnification switch and the x, y shift controls can be used to select the area to be analysed. Of
course, the above is just a short summary. For more information about controlling the electron gun
the reader is referred to the user's manual.
ad 2.
The positioning of the sample with respect to the electron beam and the analyser is very important.
The primary electron beam should graze the surface of the sample. In this way the number of
released Auger electrons is maximum. To achieve this the sample holder must be tilted towards the
analyser entrance, as shown in figure 3.6.

electron
gun

electron
analyser
Sample holder

Sample

Figure 3.6 Sample positioning

The distance between the electron gun and the sample influences the ultimate size of the electron
spot on the sample surface. Besides that, the number of counts is dependent of the distance
between the sample and the analyser entrance. That is why, it is important to take into account the
optimum working distances of both the electron gun and the analyser, which are respectively 15 and
39 mm. If the sample is positioned at these working distances, one can be sure of both an optimum
image resolution and an optimum Auger signal. Furthermore, if an optimum of the sample position is
found, it is sometimes worth the effort to search for another optimum that yields an even larger
Auger signal. In conclusion, obtaining the ideal sample position is also a matter of experience and
much patience.
ad 3.
At first, the pass energy of the analyser is set by means of the "pedestal controls on the SCU to a
value where counts could be expected. Current values range from 200 to 700 eV. It may be
necessary to switch the SCU back to manual control by means of switching the TIME control to 50
minutes. After this, the channeltron voltage is switched on at the ratemeter and channeltron power
supply. The channeltron voltage required can be determined by increasing the ESCA KV control
until the count rate starts to level off as shown in figure 3.7. Attention must be paid that the
channeltron voltage does not exceed 4 kV.
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Figure 3.7 Channeltron voltage operating point

Thereafter, the lens mode is switched to 3:1 and the LENS x 10 control is set to approximately
three times the value of the pass energy. After these preparations the TIME switch can be set to
computer control and the system is ready to record a spectrum. On the other hand it may be
necessary to maximise the count rate by optimising the sample position or changing th,e lens
voltage.
Again, the above is just a brief summary of the procedure to be followed. For more information the
reader is referred to the user's manual of the VG100AX analyser.
ad 4.
When the TIME control on the SCU is switched to computer control, nearly all scan parameters can
be entered by means of the VGX900 data collection software. This software package can acquire
up to 10 independent spectra. A set-up page is used to enter the start and end energy of a scan,
the step size, the dwell time per step, the retard ratio and the number of scans. Next to this, a label
can be entered to facilitate the identification of the various spectra. Figure 3.8 gives an impression
of this set-up page.
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Figure 3.B Impression of the set-up page of the VGX900 software.

The sixth column represents the applied retard ratio of the analyser. This ratio must be preceded by
a minus sign, to indicate the analyser to use the constant retard ratio. Furthermore, it turns out to
be more reasonable to carry out a few scans with a short dwell time each instead of running one
scan with a long dwell time. It namely appeared that the spot size of the electron gun decreases
with time. When running several scans, this variation is smoothed out over the these scans.
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Once a scan has been completed, the obtained spectrum is shown on the display page. It is
possible to display any combination of the ten spectra on this page. Each spectrum can be
displayed and re-scaled during data acquisition. Figure 3.9 shows the recorded Auger spectrum of
a clean silver surface.
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Figure 3.9 Auger spectrum of a clean silver surface.

From literature [3] the silver Auger spectrum consists of six peaks at kinetic energies of 356, 351,
304, 301, 266 and 260 eV. These peaks are all observable in the above spectrum. Because the
Auger peaks at 304 and 301 eV have similar intensities, these peaks form one broad peak. The
same applies for the Auger peaks at 266 and 260 eV. Furthermore, there are small peaks visible of
chlorine and sulphur (respectively 181 and 152 eV), as well as a small peak of oxygen at 503 eV.
Like already described, identification of Auger energies can be performed by means of an Auger
electron spectroscopy atlas. Besides this, the VGX900 software offers the possibility to create a
database containing the Auger peak energies and intensities per element. Although it is not
possible to identify the various peaks automatically, this database alleviates the comparison of the
recorded Auger peaks with the peaks from the literature. This is shown in flQure 3.10.
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Figure 3.10 Auger peal< identification with the help of the database facility.
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Figures 3.9 and 3.10 clearly illustrate the auto-scaling facility of the VGX900 software. This facility
automatically stretches out the spectrum at most in vertical direction. In this way minor peaks in the
Auger spectrum can easily be distinguished as well as minor differences between several spectra.
If it is necessary to compare two spectra on a quantitative base, it is reasonable to use one of the
available background subtraction routines. Figure 3.11 shows the comparison of two Auger spectra
with the help of a background subtraction routine.
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Figure 3.11 Comparison of two Auger spectra with the help of a background subtraction routine.

The silver disc that was exposed to ambient air contains much more carbon than the silver disc
cleaned in vacuum. Furthermore, both silver and chlorine Auger peaks of the contaminated disc
show a smaller intensity in comparison with the clean disc. This is caused by burying of the silver
under the carbon contamination layer.
There apply some restrictions to the correct use of the various background subtraction techniques.
The main limitation is the need for a flat background. This restriction is mostly satisfied when a
small scan range is used.

3.4 Preliminary measurements
This section describes several preparatory Auger measurements which are carried out to obtain a
better insight into various aspects of Auger spectroscopy. Some of these measurements relate
especially to the analysis of semiconductor laser facets, while other have a more general character.

3.4.1 Preliminary analysis of semiconductor laser facets
As already described, a special sample holder has been designed to facilitate the Auger analysis of
semiconductor laser facets. This sample holder offers the possibility to place two laser bars with the
cleaved facet facing upwards. The laser bars are fIXed by means of two springs. When a laser bar
has been cleaved in air before inserting into the analysis chamber, the formation of a contamination
layer will be inevitable. This contamination layer mainly consists of a carbon and oxygen. There are
several methods available to achieve a clean surface. The most common and suitable method for
obtaining a clean laser facet surface is cleavage in vacuum. Although there are various complicated
and expensive instruments available for cleaving in vacuum, one can resort to a more simple
method which on the other hand demands some skill. Before the sample is placed in the sample
holder a small scratch is set on the sample. Next, the sample is put into the holder in such a way
that the scratch is visible on top of the sample holder, as shown in figure 3.12.
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Sample holder

Figure 3.12 Preparations for cleavage in vacuum

After the sample has been inserted into the analysis chamber, the half above the scratch can be
pushed off by means of a wobble stick. This method does not result in a perfect cleavage along the
whole length of the bar, but still a large part of the laser bar can be used for Auger analysis of the
cleaved surface.
Figure 3.13 shows the global Auger spectra of an InGaAIP laser facet cleaved in air and in vacuum.
Both spectra are scaled. The Auger spectrum of the laser which was cleaved in air shows a large
carbon peak and an oxygen peak due to the contamination layer. Both spectra also indicate the
presence of gallium and arsenide. Because the whole width of the facet was analysed and the use
of a large spot size, these spectra do not show the presence of indium, phosphor or aluminium in
the active layer or cladding layers. The presence of these elements will be examined in detail in
paragraph 3.4.5.

I

~l

+
Counts
(a.u.)

I

-N

I~'

1100

~ cleaved in vacuum

00

I

I

200

300

I

400

I

600

I~I
700

800

~

M ...

I~

ww

900

1000

I

;Uta

-N

iti fii

(!I

r~

I

1100

11200

-I
1300

Kinetic energy (eV)

Figure 3.13 Global Auger spectra of a laser facet cleaved in air and in vacuum

Figure 3.14 shows the global Auger spectrum of a laser facet cleaved in vacuum which remained in
the vacuum system for one day. This spectrum indicates the formation of a carbon layer on top of
the cleaved surface.
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Figure 3.14 Global Auger spectrum o( a laser facet cleaved in vacuum after 1 day in vacuum

There is however no oxygen peak present. A detailed scan from 300 eV to 600 eV with a better
resolution (Le. a higher retard ratio) confirms the absence of oxygen on the surface, or more
properly put, below detection level. If the sample remains in the vacuum system for about a week,
the oxygen peak becomes visible again.
3.4.2 Retard ratio dependence

As already described, the retard ratio of the analyser can be adjusted by means of the VGX900
data system. A silver sample was analysed four times with different values of this retard ratio, to
indicate the influence of this ratio. The results are shown in the graph below.

-

20E+04

,--_.~

_.- _..

_.',---"

_.,~.

._".

-

.-..-

.

---

.. .

".---

"

..

'

... _.

-

.._-" .

4E+04

18E+04

4E+04

.

16E+04

14E+04

J!!t:

12E+04

:::::J

0

(,)

V

/
/

?

8E+04

4E+04

~ '\

l./" :~
..

10E+04

8E+04

V"

.

..-- ~

v---

f-:r"

!j

3E+04

~ ~ ~ 1\

.

IRetard rat

-.../

'- r-..

2E+04

g

~

~

~

~

...A

2E+04

\

..

~

3E+04

IRela' ratio 1

41

~

~

~

2E+04

1E+04

IRelard rat" 21
I

50E+02
elard ratio 101
OOE+OO

~

Kinetic energy

~

Figure 3.15 Dependence o( retard ratio

The spectra labelled with CRR=4 and CRR=10 refer to the right axis while the remaining spectra
refer to the left. axis. This graph clearly indicates that a higher retard ratio results in a better
selectivity and a decrease in the number of counts, as was expected. Because the count-rate
cannot be increased unrestrictedly by adjustment of the target current, the setting of the retard ratio
is a matter of compromise.
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3.4.3 Acceleration voltage dependence
Figure 3.16 shows the Auger peak-to-peak amplitude dependence on the primary beam energy, as
described in literature [2}. It appears that the number of ejected low energy electrons decreases
when the acceleration voltage is increased. At the same time the number of high energy electrons
slowly increase and stays constant at high values of the acceleration voltage. It should be noted
that there is an gradual transition between these two curves.
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Figure 3.16 Auger peak-ta-peak amplitude dependence on the primary beam energy

To investigate the dependence of the primary beam energy on the Auger spectra, a gallium
arsenide sample was analysed at various acceleration voltage values. The target current was kept
constant. The obtained spectra are depicted in figure 3.17 without the use of the automatic scaling
facility.
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Figure 3.11 Dependence of primary beam energy, not scaled
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These spectra indicate that the number of counts decreases when the acceleration voltage is
raised. Further, it appears that the largest decrease takes place at the high energy side of the
spectrum. This seems to contradict the results from literature, but this is mainly caused by the
application of the constant relative resolution mode.
Scaling each of the above spectra results in the following spectra.

Counts
(a.u.)

I~I~I100

200

300

400

- -1- I
500

600

700

1 -1-1'
900
1000

,800

-I
1100

1200

1300

Kinetic energy (eV)

Figure 3.18 Dependence of primary beam energy, after scaling

This figure shows that an increase of the acceleration voltage results in an increase of the peak
heights. This is caused by the method of scaling. When there is a large difference between the
maximum and minimum number of counts in a scan, small spectral peaks are no longer visible after
scaling. The latter is applicable to the spectrum at an acceleration of 3 kV. If there is only a small
difference between the maximum and minimum number of counts, small Auger peaks are enlarged
sufficiently and can be distinguished easily. In other words, the acceleration voltage has no
influence on the heights of the Auger peaks but only on the total number of ejected electrons. The
assertion above can be verified by taking several spectra over a small energy range at different
values of the acceleration voltage. After using a suitable background subtraction technique these
spectra show no longer any differences of importance.
3.4.4 Auger peak shifts of evaporated aluminium by oxidation

A number of elements exhibit a shift of the Auger peak energy in case of oxidation. If these shifts
are larger than approximately 3 eV, they can be detected by means of Auger electron
spectroscopy. Such shifts also appear when evaporated aluminium oxidises. To examine these
shifts a small layer of aluminium was evaporated on a gallium arsenide substrate. This sample was
transported under vacuum conditions to the analysis chamber. Figure 3.19 shows the various
Auger spectra around the low-energy Auger peak of aluminium. These spectra have been taken
respectively immediately after evaporation, after remaining for five days in the vacuum system and
after remaining for 30 minutes in ambient air.
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Figure 3.19 Low-energy AJ peaks, after evaporation. after 5 days in vacuum and after 30 minutes in ambient air

These spectra show a decrease of the aluminium Auger peak and a simultaneously increase of the
AI2 0 3 peak. It should be noted here that although the position of the aluminium peak corresponds to
the position as denoted in the reference spectrum of [2], the position of the AI2 0 3 peak differs for
about 8 eV from its reference.
Furthermore, figure 3.20 shows the Auger spectra around the high-energy Auger peak of
aluminium. These spectra have been measured directly after evaporation and after staying for 30
minutes in ambient air. The latter spectrum has been measured with a larger retard ratio (CRR=10).
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Figure 3.20 High-energy AJ peaks, after evaporation and after 30 minutes in ambient air

These spectra also indicate an increase of the AI2 0 3 peak, but in contrast with the low-energy
spectra, the aluminium peak remains visible. Both peak energies differ by several electronvolts
from their reference values, but it is assumed that the peak energy adjUdication, as shown in figure
3.20, is correct. The presence of the aluminium peak is possibly due to some Auger electrons
comming from the unoxidised aluminium atoms. These electrons have a large mean free path and
are consequently able to penetrate through the thin AI:!03 layer.
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3.4.5 Auger line scans

In some cases it is necessary to know the quantitative distribution of an element in lateral direction
in a semiconductor laser. This paragraph tries to present a method to obtain this information.
After cleavage of a laser bar in vacuum, the electron beam scans slowly in lateral direction over the
cleaved laser bar, as shown in figure 3.21. The analyser pass energy is set to a fIXed value,
depending on the element to be examined.

~ Top side of the laser bar
'""'---"-

Sample holder

Figure 3.21 Impression of the scan direction of the laser bar with respect to the laser bar.

To achieve a slow scan of the electron beam in lateral direction, the potential on the Y scan plate is
controlled via the physical imaging unit by an external function generator. This function generator
generates a ramp voltage, with a frequency between 0.001 and 0.0005 Hz. The potential on the X
scan plate is kept constant by an external power supply. It goes without saying that the sample is
positioned in such a way that the Y direction on the monitor corresponds to the lateral direction of
the laser bar. Furthermore, the number of counts as function of the position of the beam is recorded
by means of the Y channel of an XV-recorder instead of the VGX900 data system. Herefore the rec
Y output is used. This output gives an analogue voltage that depends on the number of recorded
counts. Finally the voltage on one of the Y scan plates of the electron gun is used to control the X
input of the XY recorder.
From several experiments it appeared that besides the variation of the Auger intensity of the
studied element, the background also fluctuates as function of the beam position. This the reason
why two line scans are taken, one with the analyser energy set to the Auger peak energy under
study and one with the pass energy set to a value that yields an appropriate background. The
background increases proportionally with the pass energy of the analyser due to the constant retard
ratio mode. Therefore an appropriate background can be obtained by setting the analyser energy to
a value of about 10 eV higher than the Auger peak energy. In this case a positive difference
between the countrate at these two energies will reveal the presence of the element under study.
The size of the electron spot on the surface of the sample is a very important factor in these
experiments. The spot size should be small enough to obtain a good lateral resolution. On the other
hand the spot size must be big enough to yield a fair countrate. The size of the electron spot can be
determined by scanning of the electron beam across the vertical side of the laser bar. It is evident
that the sample is tilted in such a way that the vertical side runs parallel to the incident electron
beam. The countrate as function of the horizontal beam position is shown in figure 3.22.
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Figure 3.22 Countrate as function of the horizontal beam position

The spotsize is defined as the covered distance of the beam position between 10 percent and 90
percent of the maximum countrate. Although there are more sophisticated and more accurate
methods available, this method satisfies when a fast definition of the spot size is needed.
Figure 3.23 shows two line scans at a pass energy of 404 eV and 420 eV. The first value
corresponds to the MNN Auger peak of indium. The last value corresponds to a value that yields an
appropriate background. The spotsize was determined by the method above which yielded a value
of about 3.5 ~m.

Figure 3.23 Une scans at a pass energy of 404 e V and 420 e V

As shown, there is a small area where the countrate belonging to the energy of 404 eV exceeds the
countrate of 420 eV. This indicates the presence of a spectral peak at 404 eV and thus the
presence of indium in the cladding layers. To prove this assumption an Auger scan has been made
with the electron beam fIXed at position A. This spectrum clearly shows the presence of both indium
Auger peaks:
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Figure 3.24 Auger spectrum with electron beam fixed at position A

Hence it follows that the proper Auger peak of indium is situated at 400 eV instead of 404 eV in the
undifferiated spectrum. Therefore the two linescans above are repeated for 400 eV and 420 eV
respectively. Figure 3.25 shows the newly obtained Iinescans.

FIgure 3.25 Une scans at a pass energy of 400 eV and 420 eV

It follows, that the presence of indium even extends over a larger area than appeared from figure
3.23. It should be noted that the applied spotsize was very large, about 3.5 to 4 IJm, so that both
figures only give a coarse survey of the presence of indium on the surface.
The above method is also applied for examining the presence of phosphor on the surface. The
results are depicted in the figure below. The spotsize was about 4 IJm.
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Figure 3.26 Phosphor analysis by means of two line scans at a pass energy of 121 e V and 126 e V

The line scans above are carried out across a small part of the total laser facet. Figure 3.26 shows
the line scan of oxygen carried out across the total width of the laser facet. The sample has stayed
for five days in the vacuum system, before taking these line scans. The spotsize was about 2.5 ~m.

Figure 3.26 Une scan of oxygen carried out across the total width of the laser facet

Again, a preliminary Auger scan has been taken to identify the exact peak position of the Auger
peak. It followed that the Auger peak position of oxygen was located at 508 eV instead of 503 eV
as noted in the reference spectrum of oxygen. The line scans roughly indicate that the top side of
the laser bar contains a little more oxygen than the rest of the bar. Once more, the use of a rather
large spotsize seriously limits the exact determination of the distribution of oxygen among the
surface. The presence of a smaller amount of oxygen at the bottom can perhaps be explained as
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follows. The linescans show that the bottom of the sample is rougher than the rest of the sample,
probably caused by the cleavage of the sample. This can diminish the pick up of oxygen. The
presence of oxygen is further examined by means of three Auger scans. These Auger scans are
carried out with the electron beam fixed at position I, II en III as marked in figure 3.26. Figure 3.27
shows these scans after removing the background by means of the linear background subtraction
routine.
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Figure 3.27 Detailed Auger scans with electron beam fixed at position I, /I and III.

These scans also indicate the slight decrease of the amount of oxygen present on the surface for
position If II en III successively.
The previously described linescans were proposed as a method for determining the presence of a
specific element in lateral direction.
These linescans yielded only very coarse information on the distribution of the specified elements.
This was mainly caused by the large spotsize and the not-optimum positioning of the sample with
respect to the analyser.
By means of positioning the sample at the recommended working distance of the electron gun (15
mm) the spotsize can be decreased while keeping the target current constant. At the same time,
the optimum working distance of the sample with respect to the analyser entrance has to be taken
into account to yield a well signal-to-noise ratio. To achieve a sample position which obeys both
working distances, it may be necessary to lower the electron gun with respect to the analysis
chamber for about 15 mm.
If these requirements are met, still a compromise has to be made about the size of the electron
spot on the sample surface. As already described, a small spot size yields a good lateral resolution.
On the other hand the spot size must be large enough to yield a fair countrate. Next to this, it still
remains a difficult task to obtain the optimum (tilt) position of the sample.
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Chapter 4. Analysis of sulphur passivated gallium arsenide
4.1 Introduction
This chapter describes the various aspects of passivating a gallium arsenide surface by means of a
sulphur combination. First, paragraph 4.2 outlines the need for passivation on the basis of the theory
of facet oxidation. Paragraph 4.3 presents a very short summary of the published literature on this
domain. The research department of the Philips Optoelectronics Centre has developed a new
method for passivation of laser facets. Because this passivation method is still confidential, this
method will not be described in this chapter. Further, section 4.4 roughly describes the several
Auger experiments which are carried out to investigate the properties of this passivation technique.
It should be noted that in this section some detailed information about the various passivation
parameters is omitted because of confidential aspects.

4.2 Facet oxidation
In an ambient atmosphere, an oxide film grows on any substrate as a result of the oxidation reaction
and mass transport of the element through the oxide film. The growth rate of the semiconductor
oxide film is enhanced by light irradiation if the energy of the light is equal to or larger than the bandgap energy of the semiconductor. Further, the growth rate increases in proportion to the intensity of
the irradiated light. Today, it is assumed that breaking bond formation as a result of electron-hole
pair generation by light irradiation plays an important role in the enhancement of the oxidation rate.
Besides that, the thermodynamic stabilities of the oxides are also important factors relating to the
rate of oxidation. Therefore the oxidation rate depends on the composition of the semiconductor.
From [4] it follows that among six kinds of semiconductors, gallium arsenide shows the highest rate
of oxidation.
The growth of an oxide also takes place at the mirror facet of a laser. In this case the light
enhancing the oxidation is emitted from the inner region of the laser. At the interface between the
oxide and the semiconductor, some kinds of defects are introduced because the element of the
semiconductor is partly removed and oxidized. In this way, facet oxidation underlies an injection
process of defects into the active region. These defects raise the temperature of the facet through
nonradiative recombination. On the one hand, the temperature increase raises the oxide growth. On
the other hand, the temperature increase results in the reduction of the band-gap energy, which in
turn increases the light absorption coefficient at the facet. Furthermore, the photo-induced electron
hole pair generation is increased by the increase in the absorption coefficient. This process is shown
in figure 4.1
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Figure 4.1 Feedback loop of the generation mechanism of facet oxidation and
catastrophic optical damage (after [5]).
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When the temperature rise at the facet exceeds the melting point of the laser crystal, catastrophic
damage occurs and the light output power suddenly decreases. The latter is called catastrophic optical
damage (COD).
Several suppression or elimination methods have been developed to increase the level at which COD
occurs. One of the most common methods is separation of the facet from the atmosphere by means of
coating the facet with a dielectric film, such as AI 20 3, Si02 and SiNx. In most cases facet coating
sufficiently suppresses the oxidation of the facet, because the facet is no longer exposed to the
atmosphere.
When large optical power is needed, coating of the facet is no longer sufficient to maintain a high COD
level. The presence of a small amount of oxygen contamination caused by the exposure to air between
cleaving of the laser bars and coating, in combination with the high output power decreases the COD
level. Oxidation of the surface, which results in the origin of defects at the surface, can be avoided by
means of passivating the facet directly after cleavage and removing of the passivation layer close
before coating.

4.3 Passivation of semiconductor laser facets
As described in the previous paragraph, passivation of the laser facet can be achieved by covering the
surface with a -by preference- non-reactive compound directly after cleavage. In this way, oxidation
and contamination of the strongly reactive cleaved surface can be avoided to a certain level.
Passivation is usually carried out by means of combinations containing sulphur, like for instance
(NH 4hS and Na2S solutions. The properties of cleaved gallium arsenide surfaces rinsed in these and
several other sulphur combinations has been investigated in detail by various researchers. Especially
the determination of the S-GaAs bond has gained a lot of interest. Shin et.al. [6] gives a summary of
the findings of several researches and presents a model of the S-GaAs chemical bonding. This model
implies that the sulphur only physisorbs on the surface in the absence of an excitation source and/or
surface defects. With an excitation source and/or defects the sulphur chemisorbs on the surface i.e.
the formation of gallium or arsenide sulphide.

4.4 Auger analysis of sulphur passivated gallium arsenide
This section describes a number of experiments which are carried out to investigate the passivation
technique developed by the Philips Optoelectronics Centre. During these experiments only gallium
arsenide surfaces have been examined. Here, it is assumed that the passivation of other III-V
compounds agrees with the passivation of gallium arsenide. Furthermore, it should be noted that
some findings are rather speculative. This is caused among others by the fact that the height of an
Auger peak can be influenced by the presence of a covering layer. The latter is particulary a
problem when the peak heights of the same element in two spectra are compared. In that case it is
often not possible to determine whether a smaller peak in one of the spectra is caused by a smaller
amount of that element present on the surface or caused by the presence of a covering layer.
First, a gallium arsenide sample which has been passivated is compared with a similar sample
cleaved in air. Both samples have been transfered within approximately the same time to the
analysis chamber. Figure 4.2 shows the global scans of these samples.

page 35

Chapter 4. The analysis of sulphur passivated gallium arsenide

/J

cleaved in air " "
Counts
(a.u.)

""

-r~~~

/\

\ /.-J'
)

100

,:

I

200

J/

,-'

"'-~'"'"'~--.

IC

I

300

I

I

400

II

0

I

passivated

I

500

600

I

700

800

I

900

I
1000

I

1100

I

1200

I

1300

Kinetic energy (eV)

Figure 4.2 Global Auger scans of a passivated gallium arsenide sample and a similar sample cleaved in air

These Auger scans clearly show the presence of a sulphur peak on the passivated sample at a
kinetic energy of 152 eV. Further these scans indicate that on the passivated surface less oxygen
is present than on the surface which was cleaved in air. Detailed scans around the Auger oxygen
peaks indicate the presence of some oxygen on the passivated sample despite the non-reactive
properties of the passivation layer. This can be explained by the uncompleted coverage of the
surface by this passivation layer.
The passivated sample has been examined again after exposure to ambient air for approximately
24 hours. The obtained global Auger spectrum is shown in figure 4.3. This spectrum is compared
with an Auger spectrum taken directly after passivation.
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Figure 4.3 Global Auger spectrum of passivated gallium arsenide after exposure to ambient air for 24 hours
and directly after passivation.

It follows that the Auger sulphur peak has decreased after exposure to ambient air. At the same
time the oxygen peak has increased. These changes can probably be explained by the fill-up of
available places on the surface between the passivation molecules. This fill-up consists mainly of
contaminating substances which are present in the ambient air. The presence of these
contaminating molecules causes the already mentioned increase of the oxygen Auger peaks and
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the weakening of the sulphur Auger level. It is remarkable that the gallium and arsenide Auger
peaks remain well visible, despite the fact that the Auger electrons corresponding to these peaks
have only a slightly larger mean free path than the electrons corresponding to the Auger peak. On
the other hand, the gallium and arsenide Auger electrons are coming from a larger area than the
sulphur Auger electrons, which could be the reason why the gallium and arsenide peaks remain
visible
Once a contamination layer is present on a newly cleaved gallium arsenide surface, the passivation
molecules are no longer able to attach to the surface. This is demonstrated by the following
experiment. A gallium arsenide sample has been cleaved in air and passivated after staying for 18
hours in ambient air. Figure 4.4 shows the global Auger spectrum which has been recorded directly
after passivation.
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Figure 4.4 Global Auger spectrum of gallium arsenide passivated after staying for 18 hours in ambient air.

In this spectrum there is no distinct sulphur Auger peak visible. Detailed scans around the sulphur
peak energy yielded the same result. Instead, considerable peak height of carbon and oxygen are
visible in the spectrum above, indicating the presence of an amount of contamination. Hence, it
follows that there is no sulphur (or better: below detection level) present on the contaminated
gallium arsenide surface.
The experiment above was repeated for a newly cleaved sample which has been exposed to air for
about 1/2 hour. In that case, the sulphur peak can be discerned again in the Auger spectrum,
although this peak is considerable smaller than the sulphur peak directly after passivation. The
latter is illustrated in figure 4.5. This figure shows a detailed scan of the sulphur Auger peak of the
above mentioned samples. Both spectra are differentiated to facilitate the comparison of the peak
heights.
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Figure 4.5 Detailed Auger spectra of a sample exposed to ambient air for 1 hour and a nonnally passivated sample.

From this experiment it follows that after approximately 1/2 hour no complete contamination layer is
present on the cleaved surface. Owing to this, there are still sufficient places available for the
passivation molecules to attach to the surface. When the Auger oxygen peaks of both samples are
considered in detail, these seem to be equal in height. This is quite remarkable because these
samples have come into contact with the ambient air for a large difference in time. A possible
explanation is that oxidation of the gallium arsenide surface is a very fast reaction. Reaction with
the passivation molecules is still possible as far as contamination has not covered the reactive
groups on the surface.
Furthermore, the influence of a sputterplasma on the passivation layer was studied. For that
purpose a gallium arsenide sample was passivated and moved through a low power argon sputter
plasma. In this way the sample remained for approximately 10 seconds in the argon plasma. At the
same time a thin layer aluminium was deposited on the sample surface with a thickness less than
0.5 nm. Figure 4.6 shows the global Auger spectrum of this sample.
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Figure 4.6 Global Auger spectrum of a passivated gallium arsenide surface after moving through a sputter plasma
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This spectrum clearly shows a decrease of the sulphur Auger peak. It is assumed that this
decrease is due to the removal of the passivation layer from the surface by the sputterplasma.
Because the sputtered aluminium layer is very thin, it is not probable that this decrease is due to
weakening of the sulphur peak by the aluminium layer. In addition, the gallium and arsenide Auger
peaks remain well distinctive. The large oxygen Auger peak is probable mainly caused by the
oxidation of the aluminium layer. The latter can be verified by means of investigating the Auger
peaks of the deposited aluminium layer. As already described, there is a rather large difference
between the Auger peak energy of aluminium in its oxidised and unoxidised state. Although the
deposited aluminium layer is very thin, these low-energy Auger peaks of aluminium can easily be
discerned, as shown in figure 4.7
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Figure 4.7 Detailed Auger spectrum of a passivated gallium arsenide surface after moving through

a sputter plasma

The above spectrum shows two Auger peaks at an energy of nearly 41 eV and 55 eV respectively.
Both peaks differ by several electronvolts from their reference values, but is assumed that the peak
assignment, as shown in figure 4.7, is correct. From this, it follows that the deposited aluminium
layer is oxidised and the large oxygen peak in the global spectrum is caused by this oxide.
After this a gallium arsenide sample is passivated. After remaining for 4 days in ambient air, this
sample is moved through a argon sputter plasma. When this sample is analysed no distinct
changes are observed between these spectra and the spectra showed above. Even, the same
applies when an unpassivated sample is analysed which remained for a week in air previous to
sputtering.
From these experiments it probably follows that the passivation layer is removed from the surface
by the argon plasma. Because of the rapid oxidation of the thin aluminium layer, it is not possible to
determine the amount of oxygen present on the surface under the thin aluminium layer. It is
probable that depth profiling can provide more information on this SUbject.
Further, the application of two other sulphur passivation substances is examined. Figure 4.8 shows
the global Auger scans of three gallium arsenide samples passivated by these substances.
For the sake of completeness it should be noted that passivation with substance A took place at a
temperature of approximately 50 degrees Celsius. From further experiments it followed that
passivation at this temperature resulted in only a small decrease of the Auger SUlphur peak height
in comparison with passivation at room temperature. Because no further researches have been
made into the influence of the temperature on the passivation process, it is not possible to verify
this small decrease of the sulphur peak height.
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Figure 4.1 Global Auger scans of three samples passivated by various substances.

From these global scans it roughly follows that substance B improves the rejection of the presence
of oxygen on the gallium arsenide surface. This is further examined by a detailed Auger scan
around the sulphur and oxygen Auger peaks for each of these three samples. First, figure 4.9
shows the detailed scans of the sulphur Auger peaks of these samples. All spectra are
differentiated to remove the background and to facilitate the comparison of the peak heights.

/

Passivation
with substance A

0'\/~~~

Countsls
(a.u.)

Passivation with
the conventional
substance

I~ Passivation with

S)
100

110

120

130

substance B

I
140

150

160

I

170

I

I
180

190

200

Kinetic energy (eV)

Figure 4.9 Detailed Auger spectra of three samples passivated by various substances.

These scans cleal1y show the increase of the sulphur Auger peak when the gallium arsenide
sample is passivated with substance B. This increase can be caused by a larger amount of
passivation molecules present on the surface or by a decrease of the contamination between these
molecules, which can weaken the Auger signal of the sulphur.
Figure 4.10 shows the detailed scans of the oxygen Auger peaks of the passivated gallium arsenide
samples. Again, all spectra are differentiated to remove the background and to facilitate the
comparison of the peak heights.
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Figure 4.10 Detailed Auger oxygen spectra of three samples passivated by various substances.

From these scans it follows that the oxygen Auger peak decreases when the gallium arsenide
sample is passivated with substance B.
From these experiments it appears that passivation with substance B yields the best results in
comparison with the conventional passivation substance and substance A.
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Chapter 5. Conclusions
•

Auger electron spectroscopy is especially appropriate for surface analysis, because of its small
measurement depth. As mentioned in chapter 2, this measurement depth varies between 0.6
and 1.2 nano metres. Besides, through the use of a small spotsize of the incident electron beam,
considerable small parts of the surface can be investigated.

•

Auger electron spectroscopy is able to indicate the presence of small amounts of matter on the
surface. This was demonstrated in chapter 4, where a very thin layer of aluminium led to
considerable peaks in the Auger spectrum. Often, Auger peaks of a certain element are not
distinct present in the global Auger spectra. By means of a detailed scan around the
corresponding peak position and a longer scan time, these peaks usually become observable.
For that reason it is often necessary to have some insight into the processes which take place at
the surface and which materials could be present in that region.

•

When adjustment of the target current and consequently the spot size takes place, a
compromise has to be made. A small spot size ensures a better image resolution, but a smaller
signal-to-noise-ratio of the measured Auger spectrum. On the other hand, a large target current
yields a better signal-to-noise-ratio but a lower image resolution. Furthermore, the electron beam
causes a contamination of the surface and the introduction of defects. For that reason, an
increase of the target current leads to a higher contamination rate of the bombarded region.

•

The position of the sample itself and the scanned region on the surface have a slight influence
on the peak heights of the Auger spectrum. When two samples are compared, the performing of
quantitative analysis is often hampered by these small differences in peak heights between the
corresponding Auger spectra. For that reason, one has to be carefully with a rash quantitative
interpretation of an Auger spectrum and investigate other factors which can cause these slight
differences in peak heights. It is also reasonable to take more Auger spectra on different places
on the surface, which has to be analysed. If there is a distinct difference between two spectra,
background subtraction and differentiation can be used to make the comparison easier and more
clear.

•

The recording of linescans were proposed as a method for determining the presence of a
specific element in lateral direction. It followed that both sample positioning and setting of the
target current were very critical to achieve a considerable lateral resolution and a moderate
signal-to-noise-ratio.

•

When the surface of a sample is covered by a thin layer or when a slight amount of
contamination is present on the surface, it turns out to be very difficult to determine the
composition of the underlying surface. As already described, a thin covering layer or a small
amount of contamination cause a non-linear weakening of the number of the Auger electrons
comming from the underlying surface. The only solution for this problem is the application of
depth profiling as described in paragraph 2.6.

•

After passivating a gallium arsenide sample, the Auger spectrum clearly shows the presence of a
sulphur peak. Although the passivation works very well still some oxygen is present on the
passivated sample indicating that the coverage is not 100% everywhere.

•

After exposure to ambient air for a considerable time, the available space between the
passivation molecules is filled-up by contaminating combinations, comming from the ambient air.

•

The passivation method developed by the Philips Optoelectronics Centre requires a newly
cleaved surface. Once a contamination layer is present on a cleaved gallium arsenide surface,
the passivation molecules are not able to attach to the surface. It takes a considerable time to
form such a complete contamination layer on a newly cleaved surface. After remaining for
approximately half an hour in ambient air, there are still sufficient places for the passivation
molecules to attach to the surface. This time is strongly dependent on the ambient atmosphere.
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•

After moving a passivated sample through an argon sputter plasma, the sulphur Auger peak
strongly decreases in height. At the same time an aluminium layer is deposited on the surface.
Because this layer is very thin «0.5 nm), it is not probable that this decrease is due to the
weakening of the sulphur peak by the aluminium layer. Should this case arise, then it should be
remarkable that the gallium and arsenide Auger peaks remain well distinctive. This despite the
fact that the Auger electrons corresponding to these peaks have only a slight larger mean free
path than the electrons corresponding to the sulphur Auger peak. On the other hand, the gallium
and arsenide Auger electrons are comming from a larger area than the sulphur Auger electrons,
which could be the reason why the gallium and arsenide peaks remain visible despite the
aluminium overlayer. Auger depth profiling can provide a definite answer to this problem. Here it
is confined with the conclusion that the passivation layer probably disappears from the surface
after exposure to a sputterplasma.

•

Passivation with substance B causes a decrease in the amount of oxygen on the surface after
passivation in comparison with the conventional substance. On the other hand passivation with
substance A, leads to a larger amount of oxygen present on the surface.
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1. Samenvatting afstudeeropdracht
Mijn afstudeeropdracht vindt plaats bij het Philips Optoelectronics Centre op het Philips Natuurkundig
Laboratorium te Eindhoven. Oit onderdeel van Philips is een van de marktleiders op het gebied van de
produktie van halfgeleiderlasers. Mijn afstudeeropdracht spitst zich toe op het onderzoek van de
grenslaag tussen de laserspiegel en de beschermende deklaag. Oit onderzoek wordt gedaan met
behulp van Auger Elektronspectroscopie. Oaarnaast is door Philips een zwavelpassivatietechniek
ontwikkeld welke ervoor zorgt dat er zich tussen het klieven van de laser en het afdekken van dit
kliefoppervlak geen contaminerende stoffen aan dit oppervlak hechten. Ook het onderzoeken van
deze passivatietechniek met behulp van Auger Elektronspectroscopie is een onderdeel van mijn
afstudee ropdracht.

2. Opdracht literatuuronderzoek
Mijn literatuuronderzoek heeft betrekking op de passivatie van halfgeleiderlaser-materiaal met behulp
van zwavelverbindingen. Het doel van dit literatuuronderzoek was in eerste instantie het vinden van
antwoorden op vragen zoals:
-

Op welke manier wordt hedentendage en is in ongeveer de afgelopen twintig jaar passivatie met
behulp van zwavelverbindingen uitgevoerd?;
welke zwavelverbindingen worden gebruikt?;
wat zijn de resultaten van deze passivatiemethoden?

Naarmate het afstudeerwerk vorderde, is het doel van het Iiteratuuronderzoek meer verschoven naar
het vinden van antwoorden op de volgende vragen:
-

-

Op welke manier wordt de samenstelling van de passivatielaag en de overgang tussen deze laag
en het halfgeleidermateriaal onderzocht, zowel hedentendage als in ongeveer de afgelopen twintig
jaar?
Welke mechanismen zijn van toepassing bij het passiveren van halfgeleidermateriaal met behulp
van zwavelverbindingen?

Zoals hierboven aangegeven spitst het literatuuronderzoek zich toe op de afgelopen twintig jaar.
Verder zal het literatuuronderzoek zich niet tot een bepaald gebied beperken. Omdat alreeds bekend
was dat er weinig boeken bestaan die over dit onderwerp handelen, zal het Iiteratuuronderzoek
voornamelijk betrekking hebben op tijdschriftartikelen.
De resultaten van dit literatuuronderzoek kunnen dan gebruikt worden om te weten te komen op welke
manier Auger Elektronspectroscopie toegepast kan worden voor het onderzoek van de door Philips
ontwikkelde passivatietechniek en het mechanisme dat hierbij van toepassing is.
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3. Concept inhoudsopgave van het afstudeerverslag
De inhoudsopgave van het afstudeerverslag is als voigt:
Abstract
Table of contents
1. Introduction
2. Auger electron spectroscopy as a tool for surface analysis
2.1 Introduction
2.2 General principles of Auger spectroscopy
2.3 Set up of a Auger spectroscopy system in general
2.4 Qualitative analysis
2.5 Quantitative analysis
2.6 Depth profiling
3. The VG100AX system Auger electron spectroscopy system
3.1 Introduction
3.2 Set up of the VG100AX Auger spectroscopy system
3.3 Recording of Auger spectra
3.4 Preliminary measurements
4. Analysis of sulphur passivated galium arsenide
4.1 Introduction
4.2 Facet oxidation
4.3 Passivation of semiconductor laser facets
4.4 Auger analysis of sulphur passivated gallium arsenide
5. Conclusions
6. Acknowledgement
7. List of literature
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4. Lijst van de gebruikte zoektermen
De volgende trefwoorden zijn gebruikt tijdens het zoeken naar geschikte literatuur. Ik heb me in deze
beperkt tot trefwoorden in de Engelse taal.
passivation
- passivated
- passivating

U
samen met

samen met

sulfur
- sulphur (zwavel wordt in het Engels op twee manier gespeld)
- sulfide
[
- sulphide

r-=-GaAS
L
Galium Arsenide

verder nog losstaand- sulfurization
Natuurlijk zijn er nog meer trefwoorden op te sommen die betrekking kunnen hebben op mijn
literatuuronderzoek. Ik ben er echter van overtuigd dat het grootste deel van de literatuur welke
verband houdt met mijn afstudeeropdracht met deze reeks trefwoorden gevonden kan worden.
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5. Lijst van geraadpleegde bronnen
De volgende bronnen zijn geraadpleegd voor het vinden van geschikte literatuur ten behoeve van mijn
afstudeeropdracht. Het gehele literatuuronderzoek heeft plaatsgevonden in de bibliotheek van het
Philips Natuurkundig Laboratorium. Deze bibliotheek bevindt zich in gebouw WY op de eerste
verdieping.
Ais eerste werd begonnen met het zoeken naar geschikte boeken op het vlak van zwavelpassivatie.
Dit werd gedaan met behulp van de computer via het Philips Bibliotheek Administratie Systeem (BAS).
Combinatie van de trefwoordengroep "passivation/passivating/passivated" met de trefwoorden groep
"sulphur/sulfur/sulfide. etc." leverde niets op. Het zoeken met behulp van aileen de eerste
trefwoordengroep leverde 14 boeken op, waarvan drie boeken in aanmerking leken te komen voor
voorlopige opname in de Iiteratuurlijst. Uit verder onderzoek bleek echter dat geen van deze boeken
de zwavelpassivatie methode beschreven.
Vervolgens werd de Inspec catalogus op CD-ROM geraadpleegd over de periode 1991 tot en met
1995. Dit leverde in eerste instantie 40 geschikte referenties op.
Hierna werd de Science Citation Index op CD-ROM bestudeerd over de periode 1990 tot en met 1995.
In eerste instantie resulteerde dit in 68 van toepassing zijnde referenties.
Door middel van een on-line computerverbinding werd vervolgens de Science Citation Index
geraadpleegd over de periode 1974 tot en met 1990. Dit leidde in het totaal tot 14 referenties.
De laatste geraadpleegde bron wordt gevormd door medewerkers die in de periode voor mij bezig
waren met onderzoek op dit gebied. Zij hadden in het verleden al een aantal relevante artikelen
opgezocht. Daarnaast werden mij ook een aantal recente artikelen aangeleverd door medewerkers
die op de hoogte waren van mijn onderzoek. In het totaal betreft dit 4 artikelen, waarvan twee in 1996
zijn gepubliceerd.
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6. Selectiecriteria
Er zijn een aantal selectiecriteria voor voorlopige opname van de gevonden artikelen in de definitieve
literatuurlijst. Een aantal selectiecriteria zijn:
-

het materiaal dat gepassiveerd wordt, moet gallium arsenide zijn,
de gebruikte passivatie methode moet zo goed mogelijk overeenkomen met de passivatie methode
welke gebruikt werd tijdens mijn onderzoek,
vanzelfsprekend dienen de resultaten in deze artikelen bij te dragen in een beter inzicht van de
werking van de verschillende zwavelpassivatie methodes,
de gebruikte onderzoeksmethode moet aansluiten bij de methode die gebruikt wordt tijdens mijn
afstudeerperiode.

Het is tijdens het literatuuronderzoek niet voorgekomen dat een artikel voldoet aan aile bovenstaande
selectiecriteria. Oaarom zullen ook artikelen geselecteerd worden die bijvoorbeeld maar aan twee
criteria voldoen. Vanzelfsprekend dient hierbij de uiteindelijke literatuuropdracht, zoals deze vermeld is
in hoofdstuk 2, niet uit het oog verloren te worden.
In veel gevallen geeft de titel van een artikel al aan welke passivatie methode gebruikt wordt of welk
materiaal gepassiveerd wordt. Hierdoor was het al mogelijk in een vroeg stadium, bijvoorbeeld tijdens
het werken met Inspec of de Science Citation Index, bepaalde artikelen te verwerpen. In die gevallen
dat selectie aan de hand van de titel niet mogelijk was bracht de samenvatting van het artikel vaak
uitsluitsel. Ais er geen samenvatting beschikbaar was, werd het artikel opgezocht en bekeken. Oit
laatste werd ook gedaan in het enkele geval dat de samenvatting onvoldoende informatie gaf.
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7. Diagram van toepassing van de sneeuwbalmethode
Bij de sneeuwbalmethode worden, uitgaande van een startpublikatie. diverse aanverwante artikelen
opgezocht. Dit wordt gedaan aan de hand van de referenties welke vermeld zijn in deze
startpublikatie. Door de referenties van de aldus gevonden artikelen te gebruiken voor het opzoeken
van verdere artikelen ontstaat het onderstaande diagram. De selectiecriteria uit het vorige hoofdstuk
worden toegepast om aileen die artikelen te selecteren die van toepassing zijn op dit literatuuronderzoek.

Startpublikatie
Butcher (J. Vac. Sci. Techn. B 14 [1] 152-158)

1996

1991

1990

(

Lunt (J.

-----------

Shin (J. Vac. Sci.

Sandroff

J

--,----.----_ _7_0_7_4_4_9_-_7_4_6_7_)

A8 [3] 1894-1899))

(Appl. phys. let. V54 362-364))

1989
(sandroff (J. Vac. Sci. Techn. B7 841-844))

__LI

_

1986

(Barbouth (J. Electrochern. soc. 133 1663-1660))

1980

~assies ( J. Vac. Sci. Techn. 17 [5] 1134-1140))
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8. Diagram van toepassing van de citatiemethode
Bij de citatiemethode wordt, uitgaande van een bepaalde startpublikatie, onderzocht of dit artikel door
andere auteurs geciteerd wordt. Verder wordt gekeken of deze laatstgenoemde auteurs aanverwante
artikelen hebben gepubliceerd. Oak hier worden de selectiecriteria uit het vorige hoofdstuk toegepast
am aileen die artikelen te selecteren die van toepassing zijn op het literatuuronderzoek.

(Butcher (J. Vac. Sci. Techn. B 14 [1] 152-158)

1996

4~J~

(

1995

Xia,

(Surf. Science 234, 159-168)

t

1992 (weling,

~.

I

(Thin solid films 215, iss 2, 179-183 ))
.j~

1991

(

Lunt (J. Appl. phys. 70 7449-7467)

f~
1990

Startpublikatie

J

J

\

(Shin (J. Vac. Sci. Techn. A8 [3] 1894-1899)

1989

Start ublikatie
Sandroff
(Appl. phys. let. V54 362-364))
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9. Conclusies
Uit het verrichte literatuuronderzoek zijn een aantal conclusies te trekken.
1. Ais men de uiteindelijke literatuurlijst welke opgesomd is in hoofdstuk 9 vergelijkt met het
voorafgaande literatuuronderzoek dan komt men tot de ontdekking dat er uiteindelijk maar drie
literatuurverwijzingen doorgedrongen zijn tot de definitieve literatuurlijst. Hiervoor zijn een aantal
redenen te noemen. Zo is de door het POC ontwikkelde passivatie techniek niet conventioneel,
waardoor er eigenlijk geen artikelen waren die aan aile vier de selectiecriteria voldeden. Het artikel
dat wei opgenomen is in de literatuurlijst draagt bij tot het inzicht welke mechanismen in het
algemeen een rol spelen bij zwavelpassivatie. Het afstudeerverslag zal in paragraaf 4.3 verwijzen
naar dit artikel.
2. Verder is het niet zo dat het literatuuronderzoek weinig opgeleverd heeft. Door het opzoeken en
lezen van verscheidene artikelen werd een beter inzicht verkregen in de ontwikkeling van
zwavelpassivatie en de analyse hiervan. Het is daarnaast mooi om te zien hoe een bepaalde
stelling van een auteur in de loop van de tijd bijgesteld of totaal verworpen wordt.
3. Tot slot, is het me opgevallen dat het wei eens voorkomt dat een bepaald onderzoek min of meer
dubbel wordt uitgevoerd. Hierdoor krijg ik de indruk dat er wei eens langs elkaar heen gewerkt
wordt, misschien veroorzaakt door het ontbreken van een goed uitgevoerd literatuuronderzoek.
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