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SUMMARY 

The objectives of this research were twofold: (1) to improve Auger electron 

spectroscopy as an analytical tool for detecting surface contamination in semi­

conductor devices, and (2) to apply Auger electron spectroscopy in the study of sur­

face contamination on typical semiconductor devices. 

The primary motivation for the improvement of Auger spectroscopy as an 

analytical tool is that it is still more qualitative than quantitative, which is not sur­

prising since use of Auger spectroscopy for material identification is less than ten 

years old. Auger spectroscopy, being surface sensitive, is an ideal tool for the 

semiconductor industry, where surface treatments are critical to device performance, 

but still largely empirical in nature. 

The improvement of the spectroscopy focused on two problems. The first 

was to improve the quantitative calibration of the spectroscopy. A new model, con­

taining both isotropic and oriented source functions, was formulated to explain the 

behavior of Auger spectra as parameters of the spectrometer and specimen are 

varied. Each of the four quantities contributing to Auger peak height—the source 

functions, Auger electron yield, Auger electron escape probability, and detector 

efficiency—are discussed in detail. The calculations necessary both to predict Auger 

peak height a priori and to interpret peak heights using calibration spectra are 

demonstrated. The second problem was to develop the techniques to successfully 

perform the spectroscopy on oxide surfaces. These techniques are for the detection 
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and prevention of charging artifices. This compilation enables the Auger spectro-

scopist to take and interpret reliable data from commercial semiconductor surfaces. 

The application of Auger spectroscopy to typical semiconductor surfaces 

concentrated on wafers removed from commercial manufacturing lines. Represen­

tative spectra from oxide surfaces are presented and quantitatively interpreted. 

Effects of the primary electron beam are described and electron stimulated desorp-

tion is shown to be a complementary technique to Auger spectroscopy. One particu­

lar aspect of the contamination found on commercial wafers, the sources and forms 

of carbon, is discussed in detail. The results of the Auger spectroscopy study into 

the nature of carbon contamination are correlated with electron microscopy of the 

same surfaces. Finally, some effects of the various forms of carbon are postulated. 



CHAPTER I 

INTRODUCTION 

Auger electron spectroscopy is a method of determining the chemical 

nature of the surface of a solid by studying the energy distribution of secondary 

electrons emitted when the surface is bombarded by electrons or X rays. This 

research studied the application of Auger spectroscopy to partially completed 

semiconductor wafers taken from a commercial semiconductor device manufac­

turing process. 

Chapter I of this dissertation contains a statement of the problem and a 

brief introduction to Auger spectroscopy. Specifically, the next section is a state­

ment of the objectives of the research. The following section is a brief explanation 

of why the research was undertaken. The basic theory of the Auger effect is then 

discussed and a prototype Auger spectrometer is introduced. Following that is a 

discussion of some of the more practical aspects of Auger spectroscopy. Chapter I 

concludes with a statement of the nature of the contributions of this work. 

Chapter n is concerned with prior attempts to apply Auger spectroscopy to 

semiconductor manufacturing problems. The general areas of accomplishment 

are stated and some of the problems of data interpretation are discussed. Detection 

of the artifices pointed out in this chapter constitutes an important part of this 

research. 

Chapter m describes the instrumentation and equipment used in the work. 
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Chapter IV discusses the calibration of Auger spectroscopy, both from a theoreti­

cal and an experimental viewpoint. While the effects of various parameters can be 

qualitatively explained, a complete quantitative theory is not yet available, so 

calibration curves are given for the materials of interest in this work. 

Auger spectroscopy results of various commercial oxide surfaces are given 

in Chapter V. Carbon, a common surface contaminant, was found to exist both in 

the form of graphite and silicon carbide. A variety of artifices were found to be 

caused by surface charging. Chapter VI is a description of these artifices found in 

the spectroscopy of silicon dioxide surfaces. Chapter VIE is a more complete des­

cription of the nature of carbon on silicon dioxide surfaces. Electron microscopy 

was used to show that the silicon carbide exists in the form of particles on both 

silicon and silicon dioxide surfaces. Chapter VILE is a summary chapter with con­

clusions and recommendations for further work. 

Objectives of the Research 

The objectives of this research were twofold: (1) to improve Auger elec­

tron spectroscopy as an analytical tool for detecting surface contamination in semi­

conductor devices, and (2) to apply Auger electron spectroscopy in the study of 

surface contamination on typical semiconductor devices. 

Improvement of Auger spectroscopy as an analytical tool focused on five 

technical problems. These were the charging problem on electrical insulator 

specimens, the nature of surface damage caused by the incident electron beam, 

quantitative calibration of common contaminants on semiconductor device surfaces, 

determination of the effect of the source electron beam parameters, and removal 



of background slopes from the spectrum. 

The application of Auger spectroscopy to semiconductor manufacturing 

problems involved several steps. The first was to achieve the capability of per­

forming meaningful spectroscopy on non-uniform insulator surfaces. The surface 

of a partially completed semiconductor wafer contains oxide regions of differing 

thicknesses arranged in a complex pattern. These complex surfaces make the 

charging problems even more difficult to handle than those associated with smooth, 

uniform insulator surfaces. The second step was to determine typical contaminants 

on commercial wafer surfaces. The third step was to compare these contaminants 

with those found on "clean" surfaces prepared in the ultra high vacuum system. 

Finally, the potential effects of the contaminants seen on commercial wafers were 

postulated. 

Motivation for the Work 

The primary motivation for the improvement of Auger spectroscopy was 

that the spectroscopy is still more qualitative than quantitative, which is not sur­

prising since use of Auger spectroscopy for material identification is less than ten 

years old. As an example, the ordinate of almost all published work is not cali­

brated. The abscissa (energy) axis of most work is poorly resolved and there are 

deviations between workers as to the exact location of peaks. Additionally there 

appear to be artifices in published curves for insulator surfaces. On the other 

hand, Auger spectroscopy has proven useful when results could be interpreted 

unambiguously or when "before and after" comparisons could be made. 

The motivation for surface studies of semiconductors is that surface 



conditions often determine the electrical performance of a device. For example, 

semiconductor devices are manufactured by controlled diffusion of impurity atoms 

through the surface and into the device. Imperfections in the surface thus can 

directly affect the manufacturing process. As another example, the oxidation of 

silicon surfaces stabilizes the band structure and also prevents undesirable impuri-

2 
ties from entering the device. Surface contamination will affect this passivation. 

Contaminants can also introduce surface states, energy levels in the forbidden gap, 

3 
which are correlated with transistor noise behavior and MOS threshold voltages. 

Surface treatments used in semiconductor device manufacture are still largely 

empirical in nature. Low product yield and lack of understanding of what various 

surface treatments actually accomplish suggest that the study of semiconductor 

surfaces is a worthwhile undertaking. 

The Auger Effect 

4 
The Auger effect was postulated by Pierre Auger in 1925. While observed 

experimentally by Lander in 1953, only through the efforts of Tharp and Scheibner, 

l f i 

Harris , and others in the late 196O's did Auger spectroscopy become a useful sur­

face analysis tool. 

The Auger effect involves a radiationless transition between two energy states 

in an atom, and the emission of an electron with energy characteristic of the atom. 

As commonly utilized in Auger spectroscopy, the following model describes the 

three electron process by which an electron, the Auger electron, is emitted. This 

process is illustrated in Figure 1. The atom is first ionized by some excitation 

source, normally a primary beam of energetic electrons. The electron ejected in 
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the initial ionization, number 1 in the figure, is not considered further. The 

vacancy is neutralized by an electron, number 2 in the figure, from a higher 

energy level in the same atom. The energy given up by the second electron is 

transferred entirely to a third electron, number 3 in the figure. If the third elec­

tron escapes the atom, or the solid containing the atom, with its characteristic 

energy intact it is called an Auger electron. The process of creating and detecting 

9 
such electrons is Auger spectroscopy. A recently published review provides a 

more detailed introduction to the Auger effect. 

Figure 1 illustrates one of the possible transitions for silicon. Many tran­

sitions are possible for each element but only a few will be observed in practice. 

Thus each element has a "fingerprint" of probable transitions. Auger electrons 

which lose small, characteristic amounts of energy while escaping are still con­

sidered Auger electrons by the spectroscopy but electrons which suffer random 

losses become part of the background current and do not show as discrete peaks in 

the spectrum. 

The utility of the Auger effect is that one can determine the chemical consti­

tuency of a surface by studying the emitted electrons. Furthermore, the spectros­

copy is sensitive to only the first few layers of atoms because only from this region 

can Auger electrons escape, without losing energy in collisions and thereby becoming 

background current. Auger spectroscopy may be thought of as sampling the first 15 

angstroms of a solid. This surface sensitivity may be compared with the electron 

micrpprobe which samples the first micron, or so, by electron beam induced X ray 

emission or with nuclear activation which samples bulk properties. 



7 

Only a small percentage of the electrons entering the energy analyzer of 

an Auger spectrometer are Auger electrons. Figure 2 shows a typical distribu­

tion of electrons with respect to energy for a specimen bombarded by an electron 

beam. Region I of the figure consists of those primary electrons scattered elas-

tically from the sample. Perhaps ten per cent of the total current to the analyzer 

will be in this energy region. Region m , containing most of the current in this 

example, is the "slow secondary" region. The slow secondary peak reaches a 

maximum at a few electron volts and extends out to 50-100 eV. Auger electrons 

may be emitted with energies falling in region I, but they will be difficult to detect 

because of the large background current. Only those emitted with energies falling 

in region n are easily detected. An order of magnitude estimate would find . 01% 

5 
of the electrons into the analyzer to be Auger electrons. Thus an Auger peak 

would barely show in a complete energy spectrum, such as Figure 2. The basic 

energy distribution curve is differentiated with respect to energy and amplified to 

yield the Auger spectrum. The Auger process gives rise to a peak a few elec­

tron volts wide in the energy distribution. The differentiated spectrum, the Auger 

spectrum, has peaks which first r ise above and then fall below the background level. 

Figure 3 illustrates the basic components of the Auger spectrometer used 

in this work. The specimen, housed in a high vacuum chamber, is bombarded by 

an energetic primary beam of electrons which excites the Auger electron emission. 

The electron energy analyzer determines the energy distribution of the emitted 

electrons and can also perform the differentiation necessary to produce the Auger 

spectrum. The synchronous detector is necessary to achieve a satisfactory signal 
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to noise ratio. 

It should be noted that various non-Auger processes can give r ise to peaks 

in the Auger spectrum. The primary beam electrons can lose discrete amounts 

of energy by ionizing one atom and then being elastically reflected back out of the 

solid. Such ionization loss peaks may fall anywhere in the spectrum. Primary 

beam electrons can also lose discrete amounts of energy by exciting resonances 

in the valence electrons of the solid. Such peaks normally fall within a hundred 

electron volts of the primary beam energy. Of course, a great variety of instru­

ment artifices can also cause peaks in a spectrum. Various tests have been 

devised which identify the "true" Auger peaks. 

Prediction, a priori, of the energies of Auger peaks on a theoretical basis 

has received much effort and is the subject of recent research. Even when the 

energy level can be predicted, there is no rule for predicting the amplitude 

(transition probability) of the peak. On the other hand, available models allow 

one to justify the location of observed Auger peaks within a few electron volts. 

The following model for estimating the energy of an Auger electron from a particu-

7 8 9 10 
lar transition is due to Burhop, Haas, Chang, and Simmons. 

Energies for Auger transitions are computed from ground state binding 

energies. Since the Auger electron is emitted from an ionized atom, some 

correction must be made in the ground state binding energies when computing the 

energy level from which the Auger electron originates. The formula, as illustra­

ted in Figure 1, for the characteristic energy is 

EWXY = V Z ) ' EX ( Z ) " EY ( Z + A > " * <*> 
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where E . ^ is the kinetic energy of the emitted Auger electron, E (Z) is the 

binding energy of the electron removed in creating the initial vacancy in the 

material of atomic number Z, E (Z) is the energy level from which this vacancy 
.X. 

is filled, and E (Z + A) is the energy level from which the Auger electron origi­

nates, with A expressing the correction necessary for the extra positive charge 

in the ionized atom. Normally A= 1 is used, although A= 1/2 or 3/4 are some­

times used to achieve agreement between theory and experiment. Using the Fermi 

level as the reference, the Auger electron will be detected by the analyzer at 

E A = V Z ) " EX ( Z ) ~ EY ( Z + A) " *k (2) 

where <f> is the work function of the analyzer. Given the uncertainty in the value 

of the correction factor A, the following rules are employed when relating an 

Auger peak to a particular transition: (1) the experimental and calculated values 

should agree within ten electron volts, (2) transition assignments should predict 

observed trends in energies within a given period of the periodic table, (3) the 

primary beam energy limits the initial ionization level, and (4) transitions involv­

ing the valence band will be sensitive to the chemical state of the atom. 

Computation of transition probabilities is made difficult by the lack of 

selection rules to relate the initial and final states for the electrons. It is noted 

experimentally that transitions involving the valence band result in larger Auger 

peaks; apparently the necessary coupling is more easily achieved between valence 

electrons than between electrons lying at lower energy levels. Valence bands 

give rise to a variety of complex peak shapes with peak widths of ten electron 
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volts or more. Thus the Auger peak becomes an indicator of the density of states 

within the energy band. 

The primary rate limiting factor for Auger emission is the ionization of 

the initial vacancy, since the competing mode of neutralization, X ray emission, 

5 
is inefficient for the energy levels normally considered. Bishop and Riviere have 

considered the basic efficiencies in producing and detecting Auger electrons. Their 

estimate of the behavior of the ionization cross section for K and L shell electrons 

is repeated in Figure 4. It is seen that the probability of ionization, shown with 

a linear scale, is zero for primary electrons of energy less than the binding energy 

of the initial vacancy, rises to a maximum for energies between two and three times 

the critical ionization level, and then slowly tapers off for higher energy primary 

electrons. Assuming that the initial ionization is neutralized by the Auger process, 

the probability of detecting an Auger electron depends on the probability of the Auger 

electron escaping. When the atom is part of a solid, this means the Auger electron 

must diffuse to the surface and escape without suffering an inelastic collision. On 

a practical basis, only those Auger electrons emitted within the first few atomic 

layers have a possibility of escaping. An upper bound for the escape depth is the 

first 50 angstroms for Auger electrons of energy less than 500 electron volts. 

In summary, both the location of peaks and their relative amplitudes, as 

used in Auger spectroscopy, are based on experience rather than theory. Two 

12 
compilations exist for the elements. Varian Associates present theoretical and 

experimentally observed peak locations in chart form with atomic number the 



abscissa and energy level the ordinate. Relative peak height is quantized into three 

13 
levels and the probable source transition is shown. Physical Electronics Industries 

present a typical Auger spectrum for each of the elements in book form. In general, 

neither source considers the location or shape of peaks when the elements are 

chemically bound as compounds. 

Auger Electron Spectroscopy 

14 
Auger electron spectroscopy was suggested by Lander in 1953 as a poten-

15 
tially useful technique for surface analysis. Tharp and Scheibner demonstrated 

the ability of the retarding grid analyzer, already in use in low energy electron 

diffraction systems, to detect Auger electrons in the energy distribution plot. 

lfi 
Harris then used differentiation of the energy distribution plot to achieve sufficient 

23 
sensitivity to be of practical use as a surface analysis tool. Palmberg showed 

24 
the utility of a grazing angle gun and a later paper by Palmberg demonstrated 

25 

the advantages of the cylindrical mirror velocity analyzer. A bibliography pub­

lished by Varian Associates contains the important material in the literature of 

Auger spectroscopy published through the middle of 1971. The review paper by 

9 
Chang is an excellent beginning point for the uninitiated. 

Several types of excitation sources and detection means are possible in 

Auger spectroscopy. While this work is concerned with excitation of Auger pro­

cesses by electron bombardment, ultra-violet radiation and soft X rays have also 

17 been used. Use of X rays as the initial ionization mechanism is associated with 

the term ESC A, for Electron Spectroscopy for Chemical Analysis. While this 



15 

technique has definite technical advantages, it is much more expensive and com­

plicated than electron excited Auger spectroscopy. Electron bombardment was 

chosen for this work because of i ts flexibility and economy. 

Two classes of electron energy analyzers exist. The retarding grid ana­

lyzer utilizes a spherical grid to repel all electrons with energies less than the 

barrier created by the potential applied to the grid. Differentiation of the collec­

tor signal as the retarding potential is increased yields an energy distribution plot 

for the incident electrons. The second derivative of the collector signal is then 

the Auger spectrum. A velocity analyzer, by comparison, causes the incident 

electrons to travel in a curved path under the influence of electrostatic or magnetic 

fields. The path radius followed by the electron will be dependent on its energy. 

Only those electrons of the proper energy will pass through an exit aperture and 

be collected. Here the collector signal forms the energy distribution plot directly 

as the velocity for passage is swept by changing the applied fields. The first 

18 
derivative of the collector signal is the Auger spectrum. The cylindrical mir ror 

velocity analyzer has the highest signal to noise ratio of all analyzers considered 

so far, but the sensitivity is not uniform with energy when utilized with an electron 

multiplier, and it requires precise placement of the specimen. While for most 

purposes the cylindrical mi r ro r i s technically superior to the retarding grid, 

similar results can be obtained with the retarding grid unit by running the sweep 

more slowly and using longer filter time constants to bring the signal to noise ratio 

up to an acceptable level. 
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The complete Auger spectrometer used in this work is shown schematically 

in Figure 5. Two Pierce type electron guns were used, one mounted at a grazing 

angle and one mounted normal to the specimen surface, with the specimen in the 

standard position. The specimen could be rotated also so as to obtain any other 

desired angle of incidence. A three grid retarding analyzer was used. The energy 

axis, the retarding potential, was obtained from a programmable power supply 

connected as an integrator to supply a ramp voltage. Superimposed on the dc 

ramp was a small ac perturbation voltage. As explained in Chapter IE, tuning 

the synchronous detector to the first harmonic yields an energy distribution plot 

and tuning to the second harmonic gives the Auger spectrum. 

Contributions of the Research 

The contributions of this research may be grouped in two categories: those 

pertaining to the technical improvement of the spectroscopy and those pertaining 

to the improved understanding of the contaminants found on semiconductor wafer 

surfaces. 

The most important technical contribution was the understanding of charging 

of oxide surfaces. Charging of surfaces causes a number of artifices in an Auger 

spectrum. Probable examples of such artifices in the literature are pointed out 

in Chapter n . The origins of several classes of artifices are explained in Chapter 

VI. Methods of detecting all of the artifices found in this research are also given 

in Chapter VI. Most of these can be prevented by specific techniques. Thus 

Chapter VI becomes a recipe for studying complex insulator surfaces. 



A second technical contribution was that of improved understanding of the 

effects the primary electron beam has on the silicon dioxide surface. The elec­

tron beam was found to slowly convert carbon in the form of graphite to silicon 

carbide and also reduce SiO to SiO. These effects prevent the application of 

electron excited Auger spectroscopy to non-destructive testing of semiconductor 

devices. 

Calibration curves for the bulk form of the constituents of typical semi­

conductor wafer surfaces were obtained. These complement recently published 

work for fractional monolayer coverages of materials on silicon. The resolution 

of the curves obtained in this work allows significant information to be obtained 

about the chemical bonding of common constituents. 

The influence of electron beam source parameters was studied in great 

detail. These results are discussed in Chapter IV. These results suggest that 

the basis for most quantitative models of the Auger process, the theory of Bishop 

and Riviere, needs some modification. A possible alternative model is discussed 

in Chapter IV which does explain the observed effects. 

The final technical objective was the removal of background slopes from 

the Auger spectrum. Several methods were proposed and are illustrated in 

Chapter EI. None were of sufficient utility, however, to warrant their use through­

out the research. It is pointed out that careful choice of spectrometer operating 

parameters will circumvent most problems with background slopes. 

The first important result from the application of Auger spectroscopy to 
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typical semiconductor wafers was a negative observation: many of the suspected 

trace contaminants seen in earlier work are likely to have been the result of 

artifices. Wafers taken from satisfactorily operating manufacturing processes 

were found to be extremely clean, with one important exception. Carbon was 

found on all surfaces examined. The contribution of the vacuum system to this 

carbon peak was found to be minimal. These results are discussed in Chapter V. 

The second important observation was that carbon could exist both as 

graphite films and silicon carbide particles. Silicon carbide had been detected 

by previous workers as a contaminant on pure silicon surfaces after heating in 

the ultra high vacuum system. However silicon carbide particles were found in 

this work to be formed also on SiO by heating in the high vacuum system. 
Li 

Additionally, they were detected on certain of the commercial wafers. Electron 

microscopy showed that the morphology was similar in all cases. Furthermore, 

the presence of silicon carbide was found to be localized to certain regions of the 

transistors in the one wafer which was studied in detail. Electron microscopy 

correlated the presence of particles with the Auger indication of silicon carbide. 

These results and the nature of carbon on semiconductor wafer surfaces are 

discussed in Chapter VII. 



20 

CHAPTER n 

PREVIOUS APPLICATIONS OF AUGER SPECTROSCOPY 

TO SEMICONDUCTOR MANUFACTURING PROBLEMS 

The first chapter of this dissertation was an introduction to the Auger effect 

and to Auger spectroscopy. Previous efforts at applying Auger spectroscopy to 

semiconductor manufacturing problems are the subject of this chapter. Some of 

the successful applications are described in the first section. Auger spectroscopy 

has been successful in identifying gross contamination on a wafer surface. It has 

been less successful in detecting trace contamination on commercial wafer sur­

faces because of difficulties in interpreting data from oxidized surfaces. The 

second section is a listing of some of the trace contaminants that workers believe 

they have found. The final section is a critique of some of the interpretations in 

the li terature. 

Utility for Identifying Gross Contamination 

The initial applications of Auger spectroscopy were in characterizing 

specimens in surface science experiments. A typical surface science experiment 

might involve reacting a pure, single crystal specimen with a single adsorbate. 

In other words, the situation is well defined and interpretation is likely to be 

unambiguous. Interpretation of results from a semiconductor wafer removed 

from a commercial manufacturing process is a far greater challenge since one 
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cannot say a priori what surface contamination is likely. 

19 
L. A. Harris performed the earliest work on wafers taken from an 

operational manufacturing facility. Some examples from his work are listed below. 

Harris was primarily concerned with identifying the source of problems when a 

nominally satisfactory manufacturing line developed difficulties. This might be 

contrasted with trying to ra ise the yield of an operating line with no outstanding 

problems. The former can be handled with some success; the latter is far more 

difficult. 

One problem Harris studied was soldering failures involving a plated gold-

copper alloy. He found that reject devices contained tin at the surface and an 

enhanced oxygen peak, suggesting the formation of tin oxide. In another case 

titanium was evaporated onto wafers before the main aluminum evaporation in the 

formation of bonding pads. Discoloration on wafers was correlated with the 

presence of Ti in areas supposedly protected by photoresist. In another case of 

visible residue, the presence of phosphorus, sulfur, and copper was traced to a 

faulty HF-NH F solution used as an etchant. 
4 

Harris also did a significant amount of work comparing the effectiveness 

of various photoresist removal techniques and comparing the effectiveness of 

different chemical cleaning techniques for removing carbon from the surface of 

wafers. Most of his specific results were applicable only to the particular manu­

facturing process he was studying, but nevertheless his work did establish the 

utility of the Auger spectrometer for studying semiconductor manufacturing 

processes. 
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Shortly after Harris published his reports, a program under the direction 

20 
of L. N. Tharp was begun at the Georgia Institute of Technology Engineering 

Experiment Station to study the application of the Auger spectrometer to the prob­

lems of manufacturing reliable power transistors for NASA. The primary result 

of this work was the identification of zirconium particles imbedded in the surface 

of the wafer after the final polishing before first oxidation. Several techniques 

for the removal of these particles were evaluated. 

Harris and Tharp demonstrated that gross contamination on the surface of 

wafers could be identified and methods for removing such contaminants could be 

evaluated. They also noted, at one time or another, a variety of minor, or t race, 

contaminants. Among these were sulfur, chlorine, silver, ruthenium, boron, 

potassium, calcium, tin, and phosphorous, in addition to carbon and oxygen which 

were almost always present. The possibility of trace contaminants being present 

and influencing the electrical parameters of semiconductor devices was one of the 

motivating forces behind this work. 

Trace Contaminants 

19 
Harris obtained a number of spectra which he felt showed the presence 

of trace contaminants. In a study of the effectiveness of an asher, an oxygen 

plasma cleaner, as a photoresist remover he identified a tin peak in the Auger 

spectrum of an oxidized silicon wafer. When tin was found in the gold-copper 

alloy the tin spectrum consisted of a complex of three peaks with the largest at 

430 eV. On the SiO surface there indeed was a peak at 430 eV but the other two 

peaks of the complex were missing. This same sequence of spectra also showed 
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a broad peak at 350 eV which Harris doubted was an Auger peak because of its 

slightly variable shape from run to run, but he did believe it to be evidence of 

some real property of the surface. 

21 
Chang studied contaminants on chemically etched silicon surfaces. He 

found the two major surface contaminants to be carbon and oxygen. In addition he 

showed a spectrum with a peak at 250 eV which he interpreted as either potassium, 

even though the normal peak location for K is 243 eV, or a hydrocarbon gas. He 

noted that there was, in either case, a large unexplained shift in energy. The 

spectrum also contained many irregular small unidentified peaks. 

20 
Tharp obtained a number of spectra from oxidized silicon wafers which 

he interpreted as showing trace contaminants. Figure 6, reproduced from his 

report, shows a spectrum for a wafer after base diffusion. Silicon in the form of 

SiO and oxygen are the predominant peaks, with a moderate amount of carbon 

present. Two interesting trace contaminants are identified. These are argon and 

silver. Argon could be adsorbed on the surface as a result of an argon bombard­

ment cleaning operation in the high vacuum system. There is no ready explanation 

for the presence of silver. Figure 7, taken from the same report, is even more 

interesting in that it indicates ruthenium to be present on a particular wafer after 

first oxidation. Again there is no ready explanation for the source of such contami­

nation. Figure 8, also from the same report, is the spectrum of a wafer after the 

aluminum metalization step. In this case the aluminum was evaporated onto the 

wafer and then completely etched off. Aluminum, potassium, carbon, and chromium 

are identified as remaining on the SiO surface. 
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Figure 6. Auger Spectrum of Wafer after Base Diffusion, from Tharp. 

Dotted Line was Added to Show Background Function. 
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Figure 7. Auger Spectrum of Wafer After First Oxidation, from Tharp. 
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Figure 8. Auger Spectrum of Wafer after Metalization, from Tharp. 


