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SUMMARY 

Quant i tati ve Electron Probe Microanalysis of oxygen has 
been performed on more than 30 oxides at accelerating 
voltages between 4 and 4 o kV. In order to exclude unwanted 
influences of a lack of electrical conductivity on the 
rneasurernents both the specimens as well as the oxygen 
standard (Fe203, hernatite) were carefully selected in this 
respect. The check on sufficient conductivity was carried out 
by rneasuring the short-wavelength cut-off of the EDX spectrum 
at various voltages. 

In principle, the oxygen rneasurernents were performed with 
both the conventional lead-stearate crystal ( 2d=100 A) as 
well as a synthetic rnultilayer crystal (W/Si, 2d=59.8 A). Due 
to the proxirnity of the mechanica! limit of the spectrometer 
on the short-wavelength side of the oxygen peak on the 
stearate crystal, which made i t irnpossible to perform an 
accurate determination of the background, the results on 
stearate were not considered reliable enough and these 
results were, therefore, excluded frorn the final evaluation. 
A straight-forward cornparison of the performances of both 
crystals confirmed our earlier findings for nitrogen the 
W/Si rnultilayer crystal produces net peak count rates for 
0-Ka which are ± 2.8 tirnes higher than on stearate. At the 
sarne time it gives a suppression of higher-order reflections. 

In order to account for peak shape alterations in the 0-Ka 
peak all oxygen spectra were first recorded in an integral 
fashion and compared to that of the hernatite standard. The 
observed peak shape alterations were relatively srnall, 
though: 5 % or less, expressed in values of the Area-Peak 
Factor (Integral k-ratiojPeak k-ratio) which varied between 
0.95 and 1.05. Large series of peak k-ratios were then 
rneasured as a function of accelerating voltage and 
subsequently converted into integral k-ratios using the set 
of known APF's. 
Finally, a data file of 344 rneasurernents on a wide range of 
oxides (Boron-Bisrnuth) was obtained on which our own Gaussian 
tP (pz) correction program "PROZA" was tested in conjunction 
with various sets of published rnass absorption coefficients 
for 0-Ka. Excellent results were hereby obtained : An average 
value for kcalc/kmeasured of 0 0 9992 and a relative 
root-mean-square deviation of 2.48 % . 

A separate investigation on non-conductive oxides, where 
the sarne conduct i ve hernat i te standard was used, has shown 
that it is irnpossible to obtain acceptable quantitative 
results for oxygen on these rnaterials and under these 
circurnstances, irrespective of the type of conductive coating 
used. 

Furthermore, a detailed investigation has been carried out 
on the influence of conductive coatings on the ernitted 0-ka 
intensities frorn the substrate, with surprising results : The 
presence of such a coating can either enhance the ernitted 
intensities or r e duce them; in both cases, however , the 
effects can be substantial and in the order of several tens 
of % . 

1 



INTRODUCTION 

After the successful completion of our previous studies 
t 't t' 1 2 . 3 on quan 1 a 1ve EPMA of Carbon , Baron and N1trogen the 

present work on oxygen concludes our series of systematic 
investigations into the feasibility of quantitative EPMA of 
ultra-light elements. 

Contrary to the previous cases, where no systematic 
investigations were known from literature, there are quite a 
few publications4

-
10 on the subj eet of oxygen analysis. 

In most cases the authors measured the emitted 0-Ka 
intensity in a number of (mostly non-conducting) oxides as a 
function of accelerating vol ta~e. The oxygen standard used 
was either Mg07

, Al20i0 or Si02 ; all of which are notorious 
non-conductors. In order to provide sufficient electrical 
conductivity metallic coatings were applied on specime~s and 
standards. On some occasions, Carbon has been used (in 
unspecified thicknesses) for this purpose, although most 
authors5

' 
6

' 
8

-
10 have preterred Capper wi th the mot i vation 

that the absorption of 0-Ka X-rays is much less severe in 
Capper than in Carbon, which is quite true. The Capper layers 
used ranged between thicknesses smaller than 100 A in one 

1o A . s 6 8 9 case up to several 100 1n most other cases ' ' ' . 
It is very peculiar, though, that with only one exception8 

none of the investigators mentioned sofar ever questioned the 
influence of the conductive coatings on the quantitative 
results of their work. The only exception concerns the 
excellent work by Weisweiler8

'
9

, who made a detailed analysis 
of the effect of Capper films on the intensity of the emitted 
0-Ka X-rays. Unfortunately, his otherwise excellent work and 
measurements are somewhat limited in the sense that only one 
fixed accelerating voltage (13.5 kV) was used. Nevertheless, 
the author came to the conclusion that the use of Capper 
films in thicknesses between 100 and 600 A can resul t in 
deviations of the expected 0-Ka intensities of up to 15 % . 

However, in our opinion, there is another problem which, 
as far as we know, has never been discussed in literature and 
this problem is located underneath the conductive coating : 
the non-conducting material itself. From a fundamental point 
of view it cannot be expected that a metallic coating, which 
is applied externally, can change sarnething in the electrical 
conductivity of the specimen, which is an intrinsic property. 
At best the coating can alleviate the effects of surface 
charging and the associated voltage drop at the specimen 
surfacejvacuum interface11

, provided that the coating is 
sufficiently thick to achieve this goal. Although this can 
easily be checked by measurin~ the short-wavelength cut-off 
in the emi tted X-ray spectrum ' 11 this test has never been 
carried out in the quoted references, with the result that in 
all these cases it is not even certain that the actual 
voltage with which the electrans enter the specimen is equal 
to the nomina! accelerating voltage mentioned. 
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Even when, as a result of the coating, the actual voltage is 
restored to the nominal value it is highly unlikely, in our 
opinion, that the electrons will produce their X-rays in a 
well-predicted manner in an insulating material. 
For one thing, the backscatter characteristics will be 
different from a conducting material, which makes the 
calculation of the primary generated intensity in the 
specimen ( the first step in any matrix correction 
program) highly doubtful. 
Another thing is that the distributions of the primary 
generated X-ray photons with mass depth, the so-called ~(pz) 
curves may well be quite different from what could be 
expected in an otherwise similar but conducting material. 
Most probably these distributions will be distorted due to 
the electrical field induced in the specimen by the electron 
beam, a force which has never been taken into account by any 
correction program that we know of. Most likely such 
distortions will lead to a shallower X-ray excitation volume. 
As a result of both effects it appears to us that it is 
impossible to predict whether the actually emitted intensity 
of a particular X-ray line will be higher, equal to or lower 
than from a similar but well-conducting specimen. 

In the past, measurements on conducting as well as on 
non-conducting materials relative to non-conducting standards 
have sometimes been mixed up10 into a data base which was 
subsequently used to assess the performances of various 
matrix correction procedures available in literature. It is 
our feeling that as long as the effects of non-conductivity 
on the quantitative results of electron probe microanalysis 
are not known this is not a proper procedure because in the 
end there is no way to find out whether a certain observed 
discrepancy must be attributed to malfunctioning of a 
particular program or parts thereof (absorption correction 
scheme), to incorrect mass absorption coefficients, or 
perhaps to the lack of electrical conductivity itself. It 
appears to us that a much better way to deal with the problem 
is the following : 

1) Select a number of sufficiently conducting oxides and 
compare the emitted 0-Ka intensities as a function of 
accelerating voltage to those emitted by a conductive 
Oxygen standard. This opens the possibility to test 
correction programs in conjunction with various sets of 
mass absorption coefficients (mac's) for 0-K-a, like we 
havedoneon several occasions before 1

-
3 for the elements 

Boron, carbon and Nitrogen. 
2) Once the satisfactory performance of a specific correction 

program in combination with a particular set of rnac's has 
been established similar measurements can be carried out 
on non-conducting specimens. Provided that the same 
conducting oxygen standard is still used it then becomes 
possible to establish beyond any doubt whether or not 
non- conducting materials exhibit a deviating behaviour 
compared to conducting materials. 

This is exactly the procedure we have chosen in the present 
work because we feel that only a systematic approach can shed 
some light on the matter of non-conductivity in EPMA. 
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As far as the intensity measurements are concerned it must 
be anticipated that the element Oxy~en will present much less 
problems than elements like Boren 1 Carbon1 and certainly 
Nitrogen3 because it is by far the easiest in this sequence; 
definitely when a synthetic multilayer crystal 1 e.g. a W/Si 
multilayer (Ovonic Synthetic Materials Company 1 u.s.A.) with 
a 2d spacing of 59.8 1 (our code name LDE) can be used. 
We have shown befere what the benefits of such a crystal 
over the conventional lead-stearate crystal are : 
a) A much higher net peak intensity 1 up to a factor of 2.8 

for Nitrogen. 
b) A streng suppression of higher-order reflections 1 which 

makes the accurate determination of the backgrounds much 
easier. 

Because we actually have such a W/Si multilayer crystal it 
must be expected to bring substantial improvements in our 
measurements 1 both in time as in accuracy. 

An additional advantage of the element Oxygen is that it 
is not so difficult to find specimens of exactly known 
composi tions 1 ei ther from a natura! (minerals) or from a 
synthetic origin. 

All the reasens mentioned so far have contributed to the 
fact that the present work could be carried out in a fraction 
of the time necessary for Nitrogen 1 in spite of the much 
larger number of specimens (more than 30) that were selected 
and measured for this investigation. 
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11 PRACTICAL PROSLEMS IN THE ANAL YSIS OF ULTRA-LIGHT ELEMENTS 

The practical problems that can be encountered in this 
particular type of werk have been dt'scussed extensively in a 

. f . bl . t . -3, 12, 13 i ser1es o prev1ous pu 1ca 1ons and w 11 only 
briefly be recalled here. 

1. Lew yield of X-rays 

In general the analysis of ultra-light elements is severely 
hampered by the lew yield of X-rays, especially when a 
conventional lead-stearate crystal is used. Beyond any doubt 
the element Nitrogen is the most difficult ene in this 
respect, because N-Ka radiation is extremely strongly 
absorbed in Carbon which is abundantly present in the 
detection system (stearate crystal, detector window). 
Fortunately, the situation is relatively favourable for o-Ka 
radiation with its much shorter wavelength and lower mac in 
Carbon (12400 eeropared to 25500 for Nitrogen14

). 

However, in most commercial spectrometers which are equipped 
wi th a stearate crystal a new problem can turn up as a 
consequence of the shorter wavelength of 0-Ka the peak will 
move closer to the lower mechanica! limit of the spectrometer 
which will make it very difficult (if net impossible in many 
cases) to determine the background on the short-wavelength 
side of the 0-Ka peak. 

The new generation of synthetic multilayer crystals (e.g. 
W/Si, 2d=59.8 À) can bring improvements here in two ways : , 
a) The lower 2d-spacing of 59.8 A as eeropared to ± 100 À for 
stearate will shift the peak to the middle of the mechanica! 
range of the spectrometer, which makes the backgrounds easily 
accessible on both sides of the peak. 
b) On top of this the net intensities for 0-Ka can be 
increased by a factor of almest 3. An additional advantage 
can be that higher-order reflections can sametimes be 

3 strongly suppressed . 

2. Dead time problems for the metal lines in case these have to 
be measured at the same time as the light element, which will 
usually be the case in day-to-day practice. 
On top of that, ene has to be aware of possible pulse shifts 
in the 0-Ka pulse. Such problems may be the direct result of 
the use of high beam currents (for stearate frequently in the 
order of 100 nA) necessary to arrive at acceptable count 
levels and the sametimes high differences in count rates 
between (elemental) standards and the specimen. In the 
present case of Oxygen where an elemental standard is out of 
the question, these dangers2 are not immediately evident, 
certainly not when the W/Si multilayer would be used. 
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3. Interterenee of higher-order roetal lines with the light 
element line itself can be quite a nuisance and as a matter 
of fact it presented one of the bigger problems during our 
work on Nitrogen and, to a lesser extent Carbon and Boron. 
The elements zr, Nb and Mo are notorious in this 
respect. The problem with intertering lines is that they can 
never be completely removed from the spectrum by the 
application of narrow Pulse Height Analyzer conditions; as a 
result of the broad pulse distributions in the counter a part 
of the tail of the pulses will always penetrate into the 
window, no matter how narrow the chosen window is. 
In this respect too, the new multilayer crystals can provide 
a major improvement: Not only can they increase the 0-Ka 
count rates by a factor of ± 3; they can also suppress 
higher-order reflections very effectively, although we found 
the effect not so striking as for Nitrogen. 

4. Contamination problems which play a major role in the 
analysis of carbon 1 can also be a problem in the analysis of 
Oxygen. Because 0-Ka X-rays are strongly absorbed in Carbon 
it is vita! to prevent a carbon build-up on the specimen 
during electron bombardment. This is especially important in 
view of the long times (± 20 min.) required on one location 
for the accurate integral recording of the 0-Ka peak. It is, 
therefore, impera ti ve to work under the cleanest possible 
circumstances. One must keep in mind that the X-ray emission 
volumes in heavily absorbing oxides like Ti02, zr02, Nb20s, 
Mo03, Ru02 and Sn02 are extremely shallow and can thus be 
strongly influenced by the presence of contamination or 
oxidation layers. Fortunately, the contamination with Oxygen, 
which was quite a problem in the analysis of Nitrogen, can be 
ruled out in the present case. It could bring problems, 
though3' 15

, if attempts were undertaken to analyse low levels 
of Oxygen in chemically sensitive and strongly absorbing 
metals like Ti, Zr and Hf. In such systems a superficial 
oxide skin of only a few tens of A can produce the same 0-Ka 
count rate as an alloy containing more than 1 wt % of Oxygen. 

5. The choice of g standard can sametimes be quite a problem. 
In our opinion a candidate Oxygen standard should meet a 
number of requirements: 
- It should exhibit a reasonable count rate for Oxygen. 
- It should not produce intertering roetal lines in the 

speetral region of interest, in view of the problems 
mentioned under 3. 

- It should be sufficiently electrically conductive. This in 
order to prevent charging phenomena and corresponding 
alterations in the interaction of electrens with the 
target; alterations which have never been taken into 
account by existing matrix correction programs. 
Preparatien of the standard should be possible in 
reasonable quantities along not too difficult procedures, 
in order to have sufficient material available for a number 
of independent chemica! analyses. 

7 



Considering all these requirements several binary systems 
appeared to be appropriate but we have cbosen in faveur of 
the Fe-0 system. The best candidate in this system is the 
compound Fe203, which is a 1 i ne-compound and which can be 
obtained quite easily and in very good qualities as a mineral 
(hematite) . This particular standard exhibits a "clean" 
Oxygen spectrum as well as a clean background (see Fig. 
II.l). Note, by the way, that the left-hand side of the 0-Ka 
peak on the stearate crystal is cut off by the presence of 
the lower mechanica! limit of the spectrometer. 
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Fig. II.l 0-Ka spectra (top) of the Fe203-standard used in 
the present investigation and corresponding backgrounds 
(bottom) on pure Fe. Left : Stearate crystal. Right : W/Si 
multilayer crystal (LDE). 10 kV-50 nA. Note the presence 
of a small Oxygen peak on Fe due to an oxide skin. 
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6. An accurate knowledge of the mass absarptien coefficients is 
of extreme importance. On a number of occasions we have 
argued1

-
3 that a 1 % uncertainty in the rnac's will in general 

produce a 1 % uncertainty in the corrected concentrat i ons. 
Now, it is hardly likely that rnac's for ultra-light element 
radiations will ever be available with such precision; this 
is nat even likely for short-wavelength radiations ! It will, 
therefore, frequently be necessary to propose new (and 
possibly) improved values for the mac's, using a series of 
good measurements on light-element compounds. 
Provided that such measurements are carried out very 
carefully and over a wide range in accelerating voltages, 
these data can be used ifl a nurnber of recent correction 

3 16 17 8 • programs (PROZA ' , PAP ' ) 1n order to produce more 
consistent mac' s. Due to the very much improved absarptien 
correction schemes in these programs, contrary to the 
conventional "ZAF" approaches based on e.g. the simplified 
Philibert model, it has indeed proved possible to obtain sets 
of rnac's which give superior performances for all these 
programs at the same time. 
Such new sets have been the product of our previous work on 
Carbon, Baron and Nitf.?~en and it must be anticipated that 
the available mac' s 1 

' for Oxygen-Kc.: X-rays will have to 
be changed in a nurnber of cases toa. Previous experiences 
showed that this is aften the case for elements like Zr, Nb 
and Mo, where the wavelengths of light-element radiations are 
very close to the Ms absarptien edges. As a matter of fact 
the present work has indeed resul ted in new mac va lues for 
exactly these elements. 
It must be mentioned that in the past all similar efforts4

-
10 

to calculate more consistent rnac's for 0-Kc.: radiation from 
mieroprobe measurements have led to as many sets of mac' s, 
contrary to the other ultra-light elements B, C and N, where 
apart from our own measurements no systematic mieroprobe data 
were available so far. 
Although all these sets of rnac's for 0-Kc.: from the older 
investigations were obtained through rather poor matrix 
correction procedures (especially their absarptien co~rection 
schemes, usually based on the "simplified" Philibert 0 model 
with a limited application range) which makes them suspect to 
a large extent, it is nevertheless interrsting to campare 
them with a number of independent sets1 

'
19 and with the 

values we suggest in the present work. 
Table II.1 gives a survey of available rnac's for oxygen-Kc.: in 
the elements investigated in the present work, tagether with 
the new values resulting from the present investigation. 
In order to avoid toa many numerical data we have selected 
the maximum (H) and the minimum (L) value quoted by 
Weisweiler9 in his extensive compilation of mac' s for 0-Kc.: 
radiation. These camprise nat only results from mieroprobe 
measurements but also values based on physical measurements 
of rnac's (using e.g. transmission and reflection techniques). 
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TABLE II.l 

Hass absorption coefficients for 0-Ka X-rays according 
to various sources. H and L indicate the maximum and 
minimum values quoted in the compilation by Weisweiler9

• 

Henke 
(1974

19
) 

Henkr 
( 1982 4

) 

Absorber 
Li 1602 1600 

B 7416 7420 
0 1200 1200 

Mg 5174 5170 
Al 6715 6720 
si 8790 8790 
Ti 22140 22100 
Cr 3143 3140 
Mn 3468 3470 
Fe 4001 4000 
Co 4407 4410 
Ni 5245 5120 
Cu 5920 5920 
Zn 6548 6550 
Ga 7086 7090 

y 15140 15100 
Zr 16140 14800 
Nb 17850 15300 
Mo 18660 16700 
Ru 19680 19700 
Sn 23090 23100 
Ba 4560 4560 
La 4690 4690 
Ta 10560 10600 
w 10990 11000 

Pb 12470 12500 
Bi 12690 12700 

Present 
work 

1600 
8550 
1200 
5170 
6720 
8790 

19900 
2900 
3470 
4000 
4500 
5120 
5920 
6350 
7090 

15100 
16200 
17100 
18000 
19700 
15050 

4560 
3600 

10600 
11300 
11000 
12100 

H 

8300 
1440 
6900 
7960 
9100 

38400 
4681 
4200 
4300 
4900 
5600 
7205 
7200 
8000 

16300 
17800 
19500 
21000 

20200 
4600 
4900 

18100 
14400 
20150 

7200 

L 

1450 
6130 

983 
4490 
5310 
8040 
8540 
2180 
2960 
3630 
4220 
4380 
5500 
5938 
7000 

14100 
13600 
15127 
13999 
17000 

4900 

8357 
9100 
6764 
4430 

Apart from the changes for Zr, Nb and Mo it was also found 
necessary to propose significantly different values for the 
elements Ti and especially Sn. In the latter case the mac has 
obviously been extrapolated19 across the M-edge. 

Considering the sometimes huge discrepancies in the quoted 
rnac's it will be obvious that any effort to correct measured 
k-ratios for 0-Ka from a wide variety of compounds using an 
arbitrary set of rnac's from Table II.1 is bound to fail in 
generaL Only a very consistent set of rnac's can give a 
chance for success and in the absence of independently 
measured rnac's with the required 1 % relative precision we 
shall have to satisfy ourselves for quite some time to come 
with values obtained from the best possible mieroprobe 
measurements in conjunction with the best possible matrix 
correction procedures. 
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7. A rather fundamental problem can be systematic differences in 
X-ray emission from one light element compound to another. 
The Ni-borides 2 were found to be typical examples of such an 
effect. In these cases it appears impossible to correct the 
measured intensity ratios to the nomina! (expected) value: 
The relative root-mean-square value in the ratio between the 
calculated (k') and the measured k-ratio (k) shows a minimum 
value wi th Henke' s 14 mac for B-Ka radiation in Ni. Th is 
indicates a good performance of the absorption correction 
with the particular mac as a function of accelerating 
voltage. However, the average k'/k ratio is approx. 15 % too 
high which means that the actually emitted intensity is 15 % 
below the expected level. It is important to realize that 
every effort to change the mac in order to obtain a better 
k'/k ratio will result in a rapid deterioration of the r.m.s. 
value. 
It is possible that such effects also play a role in carbides 
like TiC and VC where rather large adjustments in the rnac's 
were necessary1

• The low values of the rnac's in these cases, 
however, do not lead to such a rapid deterioration of the 
r.m.s. figures; hence, it is not impossible that ancmalies in 
X-ray emission have been overlooked at that time. 

By and large, systematic differences in X-ray emission is 
sernething to be very much aware of. Such effects can only be 
traced, however, by systematic measurements over a wide range 
in accelerating voltages. Most probably these phenomena are 
related to differences in the chemica! bond from one compound 
to another and as such an investigation of these effects must 
supply a lot of valuable information on the nature of this 
bond. 

8. The choice of a matrix correction program. 
A number of years ago this still appeared to be qui te a 
problem indeed, because it is extremely difficult (if not 
impossible) to assess the performance of a correction program 
on 1 ight-element work as long as there are so many doubts 
about the correctness and consistency of the published mac's. 
Besides, there was a severe lack of reliable and consistent 
data on which correction programs could be tested. On top of 
that the conversion of intensity ratios into concentrations 
was and still is a very complicated process. 

First the amount of generated intensity in standard and 
sample has to be calculated (Atomie number effect). · This 
calculation in itself is already rather complex and uses a 
number of basic assumptions or physical laws which have 
not always been established beyond any doubt. A typical 
example of uncertainty is the use of various expressions 
for the ionisation potential (J) which is used in Bethe's 
slowing down expression. While the most commonly used 
expressions~-~ will yield comparable results for 
elements with atomie numbers higher than Sodium, the 
various expressions will produce markedly different 
results for the ultra-light elements B through o. 
Unfortunately, the experimental evidence to support either 

11 



of these expressions is very meagre indeed. 
Another region in the atomie number correction where a 

number of doubts seem justified is the calculation of 
backscatter losses. Recent investigations25 have shown 
that the backscatter coefficient ~ is net independent of 
accelerating voltage as is frequently assumed in the 
atomie number correction roodels which are currently in 
use. 
The secend step concerns the calculation of the emitted 
intensity by means of applying a correction for absarptien 
within the specimen. Now, it must be clear from the begin
ning that such a correction can only be properly applied 
if a detailed knowledge is available about the X-ray pro
duction as a function of depth in the specimen. 
The curve relating the number of X-ray photons produced 
(~) to the depth z in the specimen, or preferably the mass 
depth pz (density times linear depth z) is commonly known 
as the "~(pz)-curve". Fig. II.2 shows a typical example of 
such a curve. It is important to point out that this curve 
does not give an absolute number of ionisations but rather 
the ratio relative to a very thin layer of the same 
material free in space. This sterns from the way most 
~(pz)-curves have been measured in practice using the 
so-called tracer technique in which a very thin layer of 
element A (the tracer) is buried under an increasing 
number of layers of B (the matrix) and the emitted 
intensity of A-radiation is measured as a tunetion of the 
mass thickness of B. Besides, this way of representing 
~(pz)-curves has the obvious advantage of making the 
curves independent of the particular type of machine they 
were measured on. 
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As Fig. II.2 shows the ~(pz)-curve starts at the value 
of ~ (o), the surface ionisation, which is higher than 1 
because the same thin layer on a substrate will always 
produce more X-rays than without a substrate as a result 
of an enhanced process of electron back-scattering in the 
farmer case. After an initia! rise in the ~ (pz) -curve a 
saturation level is reached after which the curve finally 
goesdown to zero (no more X-rays produced). This latter 
part of the curve, from the top on, can usually very 
efficiently be represented by a Gaussian distribution, 
thus reflecting the statistica! nature of the X-ray 
production process. In the (near) surface layers the 
situation is different; here the electrans are not so 
efficient yet because of two reasons: 
1) The electrans are more or less still collimated in a 
beam as a re sult of which the electron traj ectories per 
unit of pz are short and mostly perpendicular to the 
successive layers. In deeper layers the electrans will 
have been scattered many times, resulting in more oblique 
(and hence more efficient) trajectories. 
2) The efficiency in X-ray production is strongly related 
to the overvoltage ratio (ratio between accelerating 
voltage and critica! excitation voltage). The so-called 
"ionisation cross-section" has its maximum values at 
overvoltages of 2-3. The initia! high overvoltage in the 
near-surface layers will therefore produce relatively few 
ionisations. 
Finally, a fluorescence correction is sametimes necessary 
in order to account for the fact that additional, 
non-electron beam generated, X-rays can be produced by 
primary X-rays of ether elements in the specimen. However, 
fluorescence effects for ultra-light elements are usually 
extremely smal! due to the very low X-ray fluorescence 
yields and can mostly be safely neglected. 

Now, the concentratien c of a particular element in a matrix 
is related to its k-ratio (intensity emitted by the specimen, 
divided by that emitted by a standard) through the following 
relationship: 

C = k • Z . A . F 

or: 
I 

C = spec 
r--

stand 

z 
stand 
z--

spec 

F(X) 
stand 

F (x) spec 
. F 

in which I stands for the emitted intensity, Z (atomie number 
effect) for the total integral under the ~(pz) curve (total 
amount of generated intensity) and F(X) for the fraction of 
the generated intensity which is actually emitted from either 
the standard or the specimen. 
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The parameter x is equal to gjp • cosec ~ in which gjp is the 
mass absorption coefficient and ~ the X-ray take-off angle. 
F stands for the secondary fluorescence correction factor. 
Due to the straight-forward linear proportionality of the 
concentrat ion to all three factors Z, A, and F, in which F 
can be neglected for our present purposes, it would appear 
that the Z and A factors are of equal importance. The 
magnitude of the atomie number correction for medium to heavy 
elements usually differs less than 30 % from unity. The 
absorption correction, on the other hand, can be an order of 
magnitude larger: A-factors of more than 10 are not uncommon 
in heavily absorbing matrices. The latter cases are typical 
for the analysis of ultra-light elements. In the past the 
absorption correction has, therefore, always received the 
most attention. In this correction it is of the utmost 
importance to have the correct shape of the </> (pz) curve. 
Especially the surface ionisation ( ~<o>) and the very first 
part of the </>(pz) curve (see Fig. II.2) play a crucial role 
in cases of heavy absorption and it is at least remarkable 
that this is exactly the portion of the </>(pz) curve that has 
always been neglected in the simplified Philibert absorption 
correction model, which has been used for many, many years 
(and is still being used) in the conventional "ZAF" approach. 
The strong interest for the absorption correction, however, 
has diverted the attention from the atomie number correction 
and this is certainly not justified: our experiences with a 
large number of correction programs on our Boron and Carbon 
analyses show that the differences in the atomie number 
correction factors produced by these programs can easily 
amount to 20 % and these differences in themselves could 
already account for the discrepancies between calculated and 
nomina! concentrations in a large number of cases ! 

We have pointed out before2 that what it all comes down to is 
that the same product Z.A can be produced by a wide variety 
of z and A factors and that it is very difficult to know what 
the exact distribution over Z and A factors should be. To 
speak in terros of the </> (pz) approach The same emitted 
intensity can be produced by a </>(pz) curve having a 
relatively small integral of </>(pz) but a peak very close to 
the surface as by a </>(pz) curve with a larger integral but 
with its peak deeper in the specimen. 
The main problem in quantitative electron probe microanalysis 
of bulk specimens is that one is usually dicussing the ratios 
between quantities, rather than the absolute magnitudes of 
the quantities themselves. In many respects it is possible 
that large errors are present in the calculation for the 
numerator (i.e. intens i ty emi tted by the specimen) and the 
denominator (intensity emitted by the standard) and that 
still the ratio is fairly correct. As a consequence i t is 
very difficul t to obtain absolute information on the more 
fundamental parameters from measured k-ratios in bulk 
specimens. The situation is completely different in Thin Film 
analysis; here it is crucial to have both the correct 
integral of </>(pz) as well as the correct X-ray distribution 
function. 
For bulk analysis under not too difficult conditions, how-
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ever, it seems that the requirements are not so stringent and 
this must be the reason that for a period of more than 20 
years peo~le have satisfied themselves with the simplified 
Philibert absorption correction and the relatively simple 
Duncumb-Reed24 atomie number correction which tagether form 
the basis of the well-known 11 ZAF 11 approach. 
One glance at Fig. II.2 (lower dashed curve), however, shows 
that this practice could not possibly be continued into the 
field of ultra-light element analysis simply because the area 
from which the intensity is emitted is neglected all tagether 
in the simplified Philibert model b~ assuming a ~(o) value of 
zero. Attempts undertaken by Ruste to reinstall the 11 full 11 

Philibert model with realistic ~(o) values based on work by 
27 1 ~ 3 Reuter were only partly successful ' ' because the ~ (pz) 

curves were still based on an unrealistic exponential 
tunetion producing a too long tail into depth which was more 
or less compensated by a position of the maximum in the ~(pz) 
curve too close to the surface. 

A completely different approach for the absorption 
correction was chosen by Love and Scott. Their first matrix 
correction program, which was also based on a typical 11 ZAF 11 

approach in the sense that the Z and A factors were 
calculated separately, contained an atomie number correction 
of their own28 and an absorption correction based on 
Bishop' s 29 11 square model 11

• In the latter model the X-ray 
distribution was assumed to have a rectangular shape which 
is, of course, totally unrealistic. Nevertheless, by an 
appropriate choice of parameters and especially a sui table 
parameterization of the latter the model was found to work 
surprisingly well (for not too difficult cases), at least 
better than the conventional ZAF approach. The m~del failed, 
however, in the analysis of ultra-light elements1

' • 

A further impravement in Love and Scatt's program was 
produced by the introduetion of the so-called 11 quadrilateral 11 

model for the X-ray distribution function30
• Due to the fact 

that this (still unrealistic) shape is much closer to the 
real ~(pz) curve the model was found to perfarm much better. 
Still, the performance of this latter program was hardly 
satisfactory on our Baron and Carbon data bases1

'
2 but this 

was not only due to inadequacies in the parameterization of 
the quadrilateral model under extreme conditions ; also the 
atomie number correction broke down at extremely high 
overvoltages. A new parameterization of the quadrilateral 
model, in which our Baron and Carbon data bases were used, 
tagether with the rnac's we proposed, and some alterations in 
the atomie number correction finally produced a program31 

with a similar performance as our own programs. 

In the past decade two completely new and fresh approaches 
to the field of matrix correction have been introduced by 
Pouchou and Pichoir17 and Packwood and Brown32

, respectively. 
Both approaches can be considered as attempts to describe 
physical reality as much as possible in the sense that all 
efforts have been concentrated on producing X-ray 
distribution functions which are as realistic as possible. 
Once this goal has been achieved matrix correction becomes a 
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rather straight-forward process. This is not only important 
for the analysis of ultra-light elements; it also opens the 
way to analysis under much more extreme conditions of 
accelerating voltages and X-ray wavelengths in genera!. 
Finally, such approaches offer the best possible basis for 
Thin Film analysis for which an exact knowledge of the ~(pz) 
curve is crucial. In many respects Thin Film analysis is the 
ultimate test for any correction program. 
A further discussion on this subject will be given in Chapter 
V where the numerical results obtained on our final data base 
will be discussed. 

9. Peak Shifts and Peak Shape Alteratiens 

We have shown on many 
intensity measurements for 
be seriously influenced by 

Peak Shifts and 
Peak Shape Alteratiens 

• • 1-3,12,13 th t prev1ous occas1ons a the 
ultra-light element radiations can 

The first problem is usually well-known to most mieroprobe 
users. Besides, it can easily be dealt with by simply perfor
ming a new peak search procedure when rnaving from standard to 
specimen and vice versa. 
The second problem, however, is much less well-known and, on 
top of that, much more difficult to deal with. 
The direct consequence of peak shape alterations in the light 
element emission peaks is that the net peak intensity, which 
is usually measured in day-to-day practice, is no langer a 
correct measure for the emitted intensity. It is usually not 
realized that the routine practice of measuring peak 
intensities is in fact based on the tacit assumption that the 
peak intensity is proportional to the integral emitted 
intensity. Now, while this may be correct for the vast 
majority of K-, L- and M-lines of medium-ta-high Z-elements 
it is definitely no langer correct for ultra-light element 
radiations. In the latter cases, as a direct result of strong 
peak shape variations, it is in principle mandatory to 
perfarm the intensity measurements in an integral fashion. 
Th is is, of course, not a very attracti ve option for a 
wavelength-dispersive spectrometer. 

1-3 12 13 16 We have shown befare ' ' ' , however, that a 
considerable reduction in time and effort can be obtained if 
the so-called "Area-Peak Factor" concept is adopted. This 
concept is based on the observation that there is a fixed 
ratio between the correct Integral (or Area) k-ratio and the 
Peak k-ratio for a specific compound relative to a specific 
standard and on a specific spectrometer (with its typical 
speetral resolution, depending on analyzer crystal and 
dimensions of the Rowland circle). Once an Area-Peak Factor 
(APF) for a given compound is known, further measurements on 
the same compound can be performed on the peak again and 
multiplication of the peak k-ratio with the APF will yield 
the correct integral k-ratio. 
Apart from the definition given befare the APF can to some 
extent be regarded as a quant i ty which is related to the 
width-to-height ratio in the peak, provided that the emission 
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peaks are symmetrical in shape. The APF must certainly not be 
confused, however, with the Full Width at Half Maximum (FWHM) 
of the peak. The danger in the latter conception is that in 
that case peak broadening in the lower half of the peak is 
overlooked. As we have seen in our work on Boron2 and Carbon1 

in the vast majority of cases peak broadening takes place at 
the foot of the peak by the development of extra components. 
This effect is not necessarily visible in the FWHM value. A 
much safer way to look at the APF is to see it as a kind of 
weight factor which has to be assigned to a specific emission 
peak. 

In the past few years we have shown experimentally that 
the APF is independent of accelerating voltage which makes it 
possible to establish APF's under the best possible 
conditions in order to be used later on under more extreme 
conditions, like much higher accelerating voltages. 
We have also shown that the APF's in borides, carbides and 
nitrides show a very typical saw-tooth like variatien as a 
function of atomie number of the alloying partner: extremely 
low values (narrow peaks relative to the standard) are 
usually found for combinations with elements like Ti and Zr. 
Increasingly higher values were always found with increasing 
atomie number in the same period of the periodic system. 
In all cases it has become clear that the effects of peak 
shape alterations can be very large indeed : APF's of 0.72 
were found for C-Ka radiation from TiC relative to an Fe3C 
standard. If Glassy Carbon were chosen as a standard the 
effects would have been even more drastic; in this case an 
APF of 0. 5 would be necessary in order to correct for the 
extreme variations in peak shapes. 
Similar effects were found for B-Ka radiation. In this case, 
however, additional problems turned up in a sense that the 
peak shapes for B-Ka appeared to be dependent also on the 
crystallographic orientation of the specimen with respect to 
electron beam and position of the analyzer crystal. Needless 
to say that huge errors in quantitative EPMA of elements like 
Carbon and certainly Boron are likely to be made if the 
effects of peak shape alterations are ignored. 

In general we can say that Boron is definitely the most 
difficult element to deal with in this respect, followed by 
Carbon and Nitrogen. In the latter two cases at · least 
crystallographic effects on the peak shapes of the emi tted 
radiation do no longer ex i st. Hence, i t would be expected 
that Oxygen would present even less difficulties, at least as 
far as peak shape alterations are concerned. This turned out 
to be the case indeed : the highest APF values (for the W/Si 
multilayer crystal) were approx. 1.06 (relative to Fe203). 
These were observed in 860. The lewest values were approx. 
0.96 and were found in PbO. However small these effects may 
be, peak shape alterations of 5 % is still sernething to be 
concerned about if one is trying to do accurate quantitative 
analysis. It must be mentioned here that the determination of 
APF values, which was a very tedious and difficult job for 
N-Ka because of the desperately low peak count rates in many 
nitrides, especially in ZrN, Nb2n, Ta2N etc., was rather easy 
and straight-forward for oxygen, at least for the w;si 
mul tilayer. For the stearate crystal the peak shape 
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alteratien effects were presumably somewhat larger; however, 
due to the problems in background determination mentioned 
before, it is not possible to state figures with sufficient 
certainty. 
To give an idea about the magnitude of the observed effects 
Fig. II.3 gives 4 spectra of oxides with APF's covering the 
full range. As Fig. II.3 shows the differences in 0-Ka peak 
widths are hardly visible and digital techniques are really 
necessary in order to extract accurate APF values from these 
spectra. 
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Fig. II. 3 Typical 0-Ka emission spectra from three 
oxides as compared to that of the Fe203 standard. 
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111 EXPERIMENTAL PROCEDURES 

For the purpose of the present work it is, in principle, 
required to have fully homogeneaus specimens of 100 % density 
and accurately known compositions. Contrary to the previous 
investigations on Carbon, Boron and Nitrogen, where it was 
virtually impossible to obtain such specimens either 
commercially or in any other way, it is relatively easy to 
collect suitable specimens for Oxygen, either from a natural 
(minerals) or synthetic origin. 
The only additional requirement for the present work (see the 
Introduction) is that the selected specimens should exhibit 
sufficient electrical conductivity and this, of course, 
imposes a rather severe limitation upon candidate materials. 
A direct consequence of this restrietion is that a lot of 
elements (Mg, Al, Si, Ca, Ba etc.) would be excluded because 
they only form non-conducting oxides in nature. Hence, i t 
would be impossible to check the mac' s for 0-Ka in these 
elements. Fortunately, there are sametimes ways to circumvent 
these problems and one of them is to substitute such elements 
in a well-conducting oxide, e.g. a ferritic structure. In a 
number of cases we have been fortunate in obtaining such 
(usually well-characterized) specimens, which had been 
produced originally for the purpose of an investigation of 
the mechanism of the electrical conductivity. 

III.1 Origin of oxide specimens 

Globally, the oxide specimens were obtained from 5 
different sourees 

1) From natural sources. These comprise the oxygen standard 
Fe203 (hematite), Sn02 (cassiterite) and (Fe,Mn)W04 
(wolframite). Special attention has been paid to the 
hematite standard. Hematite specimens from three different 
mineral sourees have been examined and compared but no 
differences could be established. 

2) By production in our own laboratory. This was the case for 
NiO, cuo and Bi203, which were produced by sintering 
powder compacts at high temperatures. The tri-oxides of Mo 
and w were produced by heating the metals in pure oxygen 
at elevated temperatures (> 600 °C), which led to the 
production of large quantities of Mo03 and W03 needles in 
the colder parts of the furnace. 

3) From Dr. V. Brahers (Physics Dept., University of 
Technology, Eindhoven, The Netherlands). These were a 
number of binary oxides : Cr203, Fe304 (single crystal) 
and Cu20 (single crystal) . Furthermore, a number of 
substituted ferritic compounds such as Mgo.9Fe2.104, 
Alo. aFe2. 204, MnFe204, CoFe204 and GaFe204, as well as a 
number of synthetic Titanates Mn2Ti04, Fe2Ti04 and 
Co2Ti04. 

4) From Philips Research Laboratories. Actually, two sourees 
have been used here : 
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a) Prof. Dr. G. de With (Ei~dhoven, The Netherlands), who 
kindly supplied us with hot isostatically pressed 
specimens of coo, Nb20s, BaTi03 and Ta20s. 
b) Dr. P. Willich (Hamburg, F.R.G.}, who providedus with 
flux-grown single crystal~ of Y3Fes012, J3aFe12019 and 
PbFe12019 a~ well as single crystals of Ru02. 

5) From miscellaneous and sametimes unknown sources. These 
specimens cernprise single crystals of (synthetic) ZnO, 
Ti02 (rutile), Zr(Y)02 and Zn(Ga,Fe}204; in all cases the 
crigin is unknown. Furthermore, a single crystal of 
flux-grown "LiFesOa", containing appreciable amounts of 
lead from the Pb02-flux used; crigin unknown. Finally, a 
specimen containing B60 crystals, supplied to us by Dr. P. 
Karduck (Aachen University of Technology, F.R.G.) and a 
LaCr(Y,Ca}03 specimen, supplied to us by Dr. L.R. Wolff 
from our own group at Eindhoven University of Technology. 
From the last two specimens the crigin is unknown, 
although the latter is presumably a piecè of the heating 
element of a high-temperature furnace. 

Apart from the oxide specimens mentioped so far which have 
been classified as "conductive" we have used a number of 
notorious non-conducting specimens in tne last part of the 
investigation. These specimens have specifically been used in 
order to establish their different behaviour compared to 
conductive compounds, relative to the same conductive 
hematite standard. Among these specimens were single crystals 
of MgO, Al203, MgAl204, Si02, Mn304, and ZnGa204. 
Furthermore, a number of synthetic Garnets YJFes012 (of 
very high purity and hence non-conducting), YJAls012, 
YJGas012, Eu3Gas012 and GdJGas012. Finally, three sintered 
specimens of CaTi03, Ga203 and PbO must be mentioned. 

Although the specimens we selected for the present 
investigation have been classified as either "conductive" or 
"non-conductive" it is, of course, in praotice not possible 
to make this distinction with 100 % certainty. This will be 
discussed in more detail in the next paragrapn. 

III.2 Check on the electrical conductivity of the specimens 

In the course of the present investigation we found that 
the available oxides can be clivided into three groups : 
The first group consists of compounds which were found 
sufficiently conductive (witnout the use of any coating) over 
the full range in accelerating voltages (4-40 kV) used in the 
present work. Among these is the Oxygen standard Fe20J which 
we selected. 
A secend group contains oxides which can be called borderline 
cases in the sense that they may not be sufficiently 
conductive at low voltages (4-10 ~V) but can become 
conductive at higher voltages. Examples of such materials are 
CoO, BaTiOJ, Zr02, Mo03, Ta20s and Bi203. Sametimes the 
performance of these oxides at lower voltages could be 
improved by applying a Carbon coating and subsequently 
burning a hole (8 gm in cross section) in the coating using 
an air-jet1. Tests on conductive materials showed that under 
these oircumstances the emitted 0-Ka intensities were 
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identical wi th these emi tted from uncoated specimens 1 thus 
proving that the hole does net reduce the intens i ties. It 
appears 1 therefore 1 that this particular procedure has the 
benefits of a conductive coating (prevention of surface 
charging) without suffering from its disadvantages 
(interference of the coating with the X-ray excitation 
volume, additional absorption). 
Near the end of the investigation sputtered Capper coatings 
were sametimes applied in order to investigate the influence 
of such films on the emitted 0-Ka intensities. 
The third group of oxides are the "notorious" non-conductors. 
Among these are compounds like MgO, Al203, Si02 etc., which 
we found never to behave as predicted. 

The test on sufficient electrical conductivity was carried 
out by measuring the short-wavelength cut-off of the EDX 
spectrum : If no surface charging occurs the maximum energy 
in this spectrum should agree with the nominal accelerating 
voltage applied. The difference in this respect between a 
well-conducting oxide like Fe203 and a notorious 
non-conductor like Al203 is demonstrated in Fig. III.l. 
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Fig. III.l EDX spectra recorded from uncoated specimens 
of non-conducting Al203 (top) and conducting Fe203 
(bottom) at 20 kV and 10 nA. Note the large differences 
in the short-wavelength (high-energy) cut-off between 
the two specimens due to surface charging on Al203. 
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It is clear that whereas the spectrum from the conductor cuts 
off at exactly the nomina! voltage of 20 kV that of the 
non-conductor shows a loss of approx. 10 kV. Similar tests 
were performed on all our specimens and in the final data 
files only those results were admitted where no discrepancies 
were observed between actual and nomina! voltages. 

III.3 Characterization of Oxide specimens 

Contrary to our previous investigations1-3 where a lot of 
time and effort had to be spent on chemica! analyses or other 
methods to find the compositions of our specimens this aspect 
was relatively easy in the present work. In all binary cases 
the stoichiometrie compositions were simply taken. In the 
vast majority of remaining cases the nomina! compositions 
stated by the supplier were adopted. För a number of the more 
complex hexa-ferrite compounds (BaFe12019, PbFe12019), as 
well as the flux-grown YJFes012 specimen, independent 
analyses obtained by X-ray fluorescence techniques were 
.available (Dr. P. Willich, Philips Research Labs., Hamburg, 
F. R. G.) . Occasionally, own mieroprobe measurements of the 
metal components have been performed to establish the 
compositions ( Zn (Ga, Fe) 204, (Fe, Mn) W04, LaCr03) . It must be 
mentioned in this context that the compositions were finally 
checked and cross-checked using experimental k-ratios of 
Oxygen and the X-ray lines of the metal components in those 
cases were the same elements were available in more than one 
compound. Table III.1 gives a complete survey of the 
compositions of the oxide specimens used. 

III.4 Mountinq, polishing and examinatien procedures 

Each of the oxide specimens, smal! pieces of the Fe203 
standard and pieces of the pure metals were mounted and 
polished separately. This was doné in order to avoid problems 
in polishing of materials with extreme differences in 
hardness. The specimens were mounted in copper-filled resin 
and very carefully polished. Diamond abrasive disks were used 
for the coarse stages (70, 30 and 15 11m grain size) of 
polishing; final polishing was done on a nylon cloth with 
diamond paste (6, 3 and 1 11m). Once a satisfactory polish was 
obtained the specimens were cut out again in smal! cubes of 
mounting resin containing the specimen after which all edges 
of the polished face were carefully rounded off. In a next 
step the specimens were turned upside down onto the bottorn of 
a freshly polished mould in order to be remounted groupwise : 
the Fe203 standard in the centre and a number of oxide 
specimens and metals grouped around the standard. This 
procedure was found to guarantee perfectly plane and parallel 
top and bottorn planes of the new mount, which is extremely 
important in view of the correctness of the take-off angle in 
light-element work. Superficial contaminants were removed 
from the polished faces by a brief polishing treatment on a 
soft cloth using 0.05 11m ~-Alumina. Final cleaning was done 
ultrasonically using alcohol. 
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TABLE 111.1 

Compositions of the conductive oxide specimens 
used in the present investigation (wt %) 

Compound Oxygen Me tal content 

Key me tal 2
nd 3 rd 

LiFesOa 26.06 7.97 Li 52.40 Fe 13.57 Pb 
B60 19.79 80.20 B 0.01 Si -----

Mgo. 9Fe2. 104 31.89 9.76 Mg 58.35 Fe -----
Alo. aFe2. 204 32.29 10.78 Al 56.93 Fe -----

Mn2Ti04 28.86 49.54 Mn 21.60 Ti -----
MnFe204 28.00 23.50 Mn 48.50 Fe -----

Ti02 40.05 59.95 Ti ----- -----
Cr203 31.58 68.42 Cr ----- -----

Fe2Ti04 28.62 21.42 Ti 49.96 Fe -----
Co2Ti04 27.85 51.30 Co 20.85 Ti -----

Fe203 30.06 69.94 Fe ----- -----
Fe304 27.64 72.36 Fe ----- -----

CoFe204 27.28 25.12 Co 47.60 Fe -----
CoO 21.35 78.65 Co ----- -----
NiO 21.42 78.58 Ni ----- -----

CU20 11.18 88.82 Cu ----- -----
cuo 20.11 79.89 Cu ----- -----
ZnO 19.66 80.34 Zn ----- -----

Zn (Ga, Fe) 204 25.02 39.88 Ga 24.99 Zn 10.10 Fe 
GaFe204 26.58 27.92 Ga 45.50 Fe -----
Y3Fes012 25.80 35.80 y 37.50 Fe 0.70 Pb 

Zr02 25.06 59.68 Zr 15.26 y -----
Nb20s 30.10 69.90 Nb ----- -----
Mo03 33.35 66.65 Mo ----- -----
Ru02 24.05 75.95 Ru ----- -----
Sn02 21.24 78.76 Sn ----- -----

BaTi03 20.58 58.88 Ba 20.54 Ti -----
BaFe12019 27.30 12.70 Ba 59.80 Fe 0.26 Ga 

LaCr03 21.75 49.25 La 22.16 Cr 1.83 y 
Ta20s 18.10 81.90 Ta ----- -----

(Fe,Mn)W04 21.62 61.40 w 14.25 Fe 2.73 Mn 
W03 20.70 79.30 w ----- -----

PbFe1 201 9 25.00 21.00 Pb 54.00 Fe -----
Bi203 10.30 89.70 Bi ----- -----

4th 

-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----
-----

0.20 Si 
-----
-----
-----
-----
-----
-----
-----
5.00 Ca 

-----
-----
-----
-----
-----

Optical microscopy was used to get a first impression of 
the quality of the specimens as far as the presence of secend 
(or third) phases, grain sizes (using polarized light), etc. 
are concerned. 
In some cases (Mo03, W03) standard X-ray diffraction 
procedures were used to identify the compounds. Mieroprobe 
analysis of the roetal components as well as the 0 content was 
used to check vital items like homogeneity, identity of 
secend phases and, sometimes, the compositions of the 
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specimens. Special attention was paid to the consistency of 
the resul ts obtained in those cases where more than one 
compound containing the same element was available (Co, Ti, 
Fe, Y, Ba, Pb). This is, by tne way, the reqson that whenever 
possible we try to have more thqn one compound containing the 
same element at our disposal. 

III.5 Technica! details of the mieroprobe usèd 

All our measurements were performed on an automated JEOL 
Superprobe 733, equipped with 4 wavelength-dispersive 
spectrometers and an energy-dispersive system (TRACOR 
Northern TN-2000) . The automation system was also supplied by 
TRACOR Northern (TN-1310) . 
The first spectrometer, specifically designed for light (er) 
elements, was equipped with a conventional lead-stearata 
crystal (2d spacing ± 100 A) for the analysi~ of B, c, N and 
0, and a TAP crystal for higher z-e:)..ements. The specially 
purchased 4th spectrometer was equipped wi th two new 
synthetic multilayer crystals. The first one was a W/Si 
multilayer (200 pairs of layers, 2d spacing 59.8 A), 
eminently suited for the analysis of (C), N, 0 and F. The 
second one was a MojB4C mul tilayer ( 2d ~pacing 144.8 A) , 
optimized for the analysis of B and Be. Both crystals were 
supplied by Ovonic Synthetic Materials Company, Troy, 
Michigan, U.S.A. The other two spectrometers each contained a 
conventional LiF and a PET crystal. The counters were in all 
cases of the proportional type: for the spectrometers # 1 and 
# 4 of the Gas-Flow type (Argon- 10 % Methane) ; for the 
spectrometers # 2 and # 3 of the sealed Xenon type. 

On a previous occasion1 we have already discussed the 
tests on the oparating conditions of the microprobe, such as 
the correctness of the acealerating voltage, stability of the 
beam current, stability of the beam position, etc. Those 
items were then found highly satisfactory. Besides, our 
instrument is equipped with an automated beam current 
detector and count rates are automatically corrected for any 
drift that might occur during the measurements. 

During the present work all integral recordings of the 
Oxygen peaks were carried out with the lead-stearata (STE) 
and W/Si multilayer (code name LDE) crystals simultaneously 
under identical condi tions. Th is enabled us in the first 
place to compare the performances of both crystals in a quite 
straight-forward way, like we have done before for Nitrogen3

• 

An air-jet, which had been used in the pase-3 in order to 
prevent a build-up of Carbon under the electron beam, with 
possible disastrous results for Carbon and Nitrogen 
radiations (although for different reasons), was not used in 
the present investigation. The ma in consideration for this 
decision was the much shorter time (20 min, compared to 1.5 
hr or more) required for the integral recording of the 0-Ka 
peak. Another consideration was that the selfcleaning action 
of a well-focused electron beam on poor tbermal conductors 
(which most oxides are) is presumably sufficient to keep the 
specimens clean. Furthermore, i t is perbaps interesting to 
point out in this respect that thf

2
conventional oil-diffusion 

pump used in our previous work ' has been replaced by a 
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turbo-molecular pump in an effort to reduce the influence of 
hydrocarbons in the vacuum system on the carbon-contamination 
process. 

III.6 Measurements of Area-Peak Factors 

The Area-Peak Factors (APF's) for 0-Ka radiation were 
determined by cernparing the integral recordings of the 0-Ka 
peak emitted by the Fe203 standard with these from the oxide 
specimens. These integral measurements were usually carried 
out over night and in weekends. The spectrometers # 1 and # 4 
were hereby scanned stepwise over the range of approximately 
22-26 Ä. 
For the mul tilayer crystal (LDE) this corresponded to the 
linear range of 100-120 mm in steps of 0.04 mm (0.00655 Ä). 
For the stearate crystal (STE) the range was 62.20-72.20 mm 
in steps of 0.02 mm (0.007123 Ä). This particular lower limit 
was dictated by the lower mechanica! limit of the 
spectrometer. In each interval counts were accumulated during 
10 s and the numbers were subsequently transferred to 
successive channels of the multi-channel analyzer and 
displayed on the screen of the C.R.T. of the EDX system. 
After completion of the spectra they were stored on diskette. 
One half of the memory of the M.C.A. (Channels 0-512) was for 
the STE crystal, while the ether half (Channels 513-1024) was 
reserved for the LDE crystal. The beam current was measured 
befere and after the measurement and these values were stored 
in the channels 511 and 512, the channels 0-500 being 
reserved for the integral spectrum in 500 steps. A typical 
sequence in the measurement of e.g. Cr203 would be: Start on 
Fe203 (the Oxygen standard), followed by 3 successive 
measurements on Cr203, after which a spectrum on pure Cr 
would be recorded. Then the complete cycle would be repeated 
once more. Each integral measurement took about 20 minutes. 
Far more than 1000 spectra (both for STE as LDE) have been 
accumulated in this way. 
The vast majority of APF measurements were carried out at 10 
kV and a beam current of 50 nA. The Pulse Height Analyzer 
conditions (Ortec electronics) were chosen such as to produce 
an 0-Ka pulse at 2.0 Volt (Counter high tension 1700 Volt). 
The thresho1d was usually fixed at 1.0 Volt and a window of 
2.0 Volt was commonly used. 

The stored spectra were processed in order to obtain the 
net Integral (Area) and Peak intensities from standard and 
specimen. A special computer program was written (in 
Flextran) to extract the APF values from the integral 
recordings. The first step in this process is to subtract the 
background and this turned out to be a major problem for the 
spectra recorded on STE, especially on the short-wavelength 
side of the spectrum, where the true background was not 
accessible (see Fig. II .1). Presumably this region is the 
onset to a rather streng curvature in the background wi th 
decreasing linear position of the crystal. As a matter of 
fa ct we have not been able to sol ve this problem 
satisfactorily and have, therefore, in the end excluded the 
APF values for STE from the final results. 
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Another problem that was sametimes encountered was 
connected with first and higher-order metal reflections 
intertering with the Oxygen peak, especially with the STE 
crystal which is much more efficient rhan the LDE crystal in 
transmi tting higher-order reflections . Examples are the 3rd 

order Al-Ka: line in Al203, the 1
9

t order Cr-La and cr-11 
lines in Cr203, the 1st order Mn-11 line in Mn304 and the 2nd 

order Zn-La line in ZnO. This problem was usually solved by 
multiplying the spectrum recorded from the pure metal element 
with a factor between 0 and 1 and subtracting this background 
from the oxide spectrum in a trial and error mode until the 
intertering line had disappeared from the remaining Oxygen 
spectrum. Extensive use was hereby made of the built-in 
modules of the EDX system. Inspeetion of the resulting Oxygen 
spectrum usually showed a rather flat background on both 
sides of the 0-Ka: peak which was then accessible to the 
normal procedure of linear interpolation. The background on 
STE had to be taken at ± 4 mm, which is not sufficiently far 
away from the peak; that on LDE at ± 10 mm. 

Finally, some remarks concerning the accuracies in the APF 
values seem appropriate. Due to the problems with the 
background determination on STE the results of the APF 
measurements for this crystal will not be reported here. For 
the LDE crystal with its much higher net peak intensities and 
lower sensitivity for higher-order reflections the results 
are probably accurate within 1 % relative. 

III.7 Measurements of Integral k-ratios between ~ and 40 kV 

The APF concept has been introduced1
'
2 in order to 

facilitate the conversion of fast (and usually incorrect) 
peak intensity ratio measurements into correct integral 
intensity ratio measurements with great savings of time and 
effort and this concept has been used quite extensively in 
the present work, contrary to our preceding work on 
't 3 N~ rogen . 

In all cases the primary peak intensity measurements were 
performed with the LDE crystal exclusively because the APF's 
for STE were not considered reliable enough. The beam current 
used was 50 nA. 
Afterwards, the Peak k-ratios for 0-Ka were converted into 
Integral k-ratios by multiplication with the appropriate APF. 
All together 344 k-ratios for 0-Ka: relative to Fe203 have 
been collected in this way and these have served as the final 
data base on which our matrix correction procedure has been 
applied and (sets of) rnac's tested. 

In all (sufficiently conductive) binary oxides also the 
X-ray lines of the metal components have been measured over 
the full range in voltage. Only those specimens were included 
which did not need a coating. All possible X-ray lines that 
could be excited (e.g. W-Ma:, W-La) in the given range have 
been measured. The beam current was adjusted to give a 
maximum count rate of 3000 cps in order to avoid excessive 
dead time corrections. A total number of 132 k-ratios have 
finally been collected. 
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IV RESULTS 

Befere discussing the actual numerical results of the 
intensity measurements in the present work we would like to 
cernpare the performances of the new W/Si multilayer crystal 
(LDE) and the conventional lead-stearate crystal (STE) for 
0-Ka radiation as we have done befere for N-Ka3

• 

IV.l Performance of LDE crystal as compared to conventional lead 
stearate crystal 

One of the first things we noticed when we started to use 
the LDE crystal for the analysis of Oxygen is that this 
particular crystal is extremely sens i ti ve to Oxygen; much 
more than the stearate crystal. oxygen spectra recorded with 
this new crystal on a large number of freshly polished pure 
elements have shown that it is virtually impossible not to 
see Oxygen. The most impressive example of this effect is 
perhaps that 0-Ka peaks could even be observed on noble 
metals 1 ike Au, Pt and Pd, which was not the case for the 
stearate crystal. This is demonstrated in Fig. IV.l where an 
Oxygen peak is visible with LDE on pure gold and platinum. As 
the solubility of Oxygen in Au and Pt is negligible the 
Oxygen is probably physically adsorbed on the specimen 
surface which, by the way, shows how surface sensitive a 
mieroprobe can be. 
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Fig. IV. 1 Oxygen spectra recorded on pure gold and 
platinum with STE (left) and LDE crystals (right). Note 
the presence of 0-Ka peaks on LDE, which are absent on 
STE. Experimental conditions : 10 kV, 50 nA. 
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The Oxygen peaks observed on the chemically more sensitive 
metals like Ti, Zr, Nb, Ta etc. were, of course, much more 
pronounced as we will show further on (Fig. IV.2). The 0-Ka 
signals from the native oxide skins on such metals (commonly 
several tens of Ä thick) can be comparable with the signals 
obtained from alloys containing more than 1 wt % Oxygen in 
the bulk. This is especially the case when such metals have 
high rnac's for 0-Ka X-rays, which means that the X-ray 
emission volumes for the X-rays are very shallow. 
Unfortunately, the elements mentioned before actually have 
among the highest rnac's possible for 0-Ka (see Table II.1). 
In our opinion it is, therefore, highly unlikely that 
realistic measurements of low levels of Oxygen in sensitive 
materials like Ti, V, Zr, Hf and Ta can be made in a 
straight-forward way. 

In the following pages (Fig. IV.2 a-y) the performances of 
both crystals are compared on a selection of our oxide 
specimens. This selection was made in order to show Oxygen 
spectra, and especially backgrounds, containing possible 
interferences, of as many different elements in the periodic 
system as possible. 
The Pulse Height Analyzer conditions (counter high tension 
and gain) were chosen such as to produce an 0-Ka pulse at 
exactly 2.0 V and the lower level and window were set at 1.0 
and 2. 0 V, respect i vely. The acealerating voltage in all 
cases was 10 kV and a beam current of 50 nA has been used. 
For technica! reasons (differences in 2d-spacings of both 
crystals and limitations in the choice of the step size) it 
was not possible to scan exactly the same wavelength regions 
wi th both crystals. All spectra contain 500 channels wi th 
step sizes of 0.02 mm (STE) and 0.04 mm (LDE) between them. 
The counting time in each channel was 2 s. 

The figures are composed of 4 spectra, the top couple of 
which are always the 0-Ka spectra from the oxide specimen in 
question (left side for STE; right side for LDE). The bottorn 
couple are the spectra recorded from the pure roetal partner 
(if available in a suitable condition) in the oxide (left 
side again STE; right side LDE). 
The latter spectra give a good survey over features like 
presence of intertering roetal lines, curvatures or other 
peculiar effects of backgrounds, etc. 

A number of conclusions can be drawn from Fig. IV.2 : 
It is obvious that the LDE crystal brings significant 
improvements in the net count rates for Oxygen; by a 
factor of 2.8, quite similar to our experiences with 
't 3 N1 rogen 

The Peak-to-Background ratio is significantly improved and 
the sensitivity greatly enhanced, even to the extent that 
Oxygen can be detected on virtually any element. 
The speetral resolution of the LDE crystal is slightly 
worse than that of the STE crystal, which may actually be 
an advantage as far as peak shape alterations are 
concerned. 
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Just like we observed for Nitrogen the LDE crystal is able 
te suppress higher-order reflections also in the 
wavelength region of Oxygen, althou~h net strikingly se as 
for Nitrogen. Still, the effect is noticeable in a number 
of cases, e.g. the 3rd order Al-Ka reflection, which is 
transmitted by STE (Fig. IV.2.c) is suppressed by LDE. The 
suppression of second-erder reflections, on the ether 
hand, is net se effective as we have seen in the 
wavelength region of Nitrogen. This is shown in Fig. 
IV.2.1 for the Zn-La line. 

It is important te note here that the suppression of 
higher-order lines by the LDE crystal is net a universa! 
feature of this crystal. Accordin~ te our experiences with c, 
N and 0 it only takes place in the wavelength regions of the 
N-Ka and, te a lesser extent, of the 0-Ka peaks; in the 
region of the C-Ka peak no sign of such an effect is 
noticeable. In the latter case toe, howevèr, it can still be 
advantageous te u se the LDE crystal in spi te of i ts lower 
peak count rates for carbon than STE : in a number of cases, 
notably the lighter carbidés like B4C ànd Sic, the LDE 
crystal produces a smooth and horizontal background as 
eeropared te the kinked (B4C) er strongly curved (SiC) 

1 background on STE . 
The excellent performance of the LDE crystal was, of 

course, a great advantage in the present werk which 
contributed considerably te the ease and speed with which it 
could be concluded. Without this particular crystal the 
present werk could most probably net even have been done as a 
result of the problems with background determination on STE. 

IV.2 Area-Peak Factors for o-Ka relative te Fe2Q3 

Although we have stated befor~ that the effects of peak 
shape al terations for thé 0-I<a peak àre presumably small, 
certainly when a synthetic multilàyer crystal with its lower 
speetral resolution is used, it is nevertheless interesting 
te report the values we fouhd ; if only te make a cernparisen 
possible between the present resul ts and those on Boren, 
Carbon and Nitrogen. 
Table IV.l gives a survey of the observed values for the LDE 
crystal. It will be clear from this table that the effects of 
Peak Shape Alteratiens are indeed very much less pronounced 
than for Boren er even Carbon. Nevertheless, shape 
alterations of + 6 % (B60) er - 4 % (PbO) is still sernething 
te be concerned about if ene is interested in quantitative 
analysis. 

Furthermore, it is interesting te point out that in spite 
of the smal! magnitude of the effects still sernething of a 
saw-tooth like variatien of APF with atomie number of the 
roetal partner is visible, similar te the observations in 
borides, carbidés and nitrides. A~ain, these compounds 
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TABLE IV.l 

Area-Peak Factors for 0-Ka on the LDE crystal relative 
to Fe203 for the oxides of the present investigation. 

Compound 

860 
MgO 

Al203 
Si02 
Ti02 
Cr203 
Mn304 
Fe304 

CoO 
NiO 

CU20 
cuo 
ZnO 

Ga203 
YJFes012 

Zr02 
Nb20s 

Mo03 
RU02 
sn02 

EU3Gas012 
Gd3Gas012 

Ta20s 
W03 
PbO 

Bi203 

Area-Peak Factor 

1. 0628 
1.0000 
1. 0213 
1.0444 
0.9796 
0.9930 
1. 0121 
0.9962 
1. 0133 
1. 0153 
0.9946 
0.9943 
0.9837 
1.0000 
0.9823 
0.9863 
0.9840 
0.9940 
1. 0109 
0.9737 
0.9867 
0.9814 
1.0102 
1. 0099 
0.9651 
0.9754 

containing Ti and Zr hold the minimum values while the 
presence of elements near the more right hand ends of the 
periods in the periadie system seems to lead to APF values 
closer to uni ty. It must be emphasized, though, that the 
absolute values of the APF's depend strongly upon the choice 
of the standard. As Table IV.1 shows the selected hematite 
standard apparently has an "average" peak width, somewhere in 
the middle of the observed range. If si02 had been chosen as 
the oxygen standard then the APF values for the vast majority 
of the compounds would have been much smaller. 

IV.3 Emitted intensities for 0-Ka radiation as~ function of 
accelerating voltage 

For the measurements of the peak (and integral) k-ratios 
of 0-Ka radiation in the various oxide specimens relative to 
Fe203 as a function of accelerating voltage it is, of course, 
necessary to measure the absolute 0-Ka intensities as a 
function of voltage. such measurements can be extremely 
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useful in the process of testing the correctness and 
consistency of the mac for 0-Ka in a particular oxide 
specimen, provided that a set of high quality intensity 
measurements is available over a sutficiently wide range in 
accelerating voltage. The two most st+ingent requirements for 
such measurements are : 
1) The beam current must be accurately known. 
2) The absolute intensities must exhibit an extremely smooth 
and consistent variatien with accelerating voltage. 

The first requirement could easily pe fulfilled because in 
our equipment the beam current is automatically measured 
before and after each measurement. The second requirement, 
which presented us with big problems during our work on 
Nitrogen3, was no problem at aL~ now: Due to the fact that 
the intensities for 0-Ka are so much higher than for N-Ka and 
also the background dete~ination (on ~DE) is so much easier 
it is possible again to finish a complete set of intensity 
measurements for compound and standard within one working day 
with very good statistics and extremely low scatter. 
Fig. IV. 3 gives an example pf these measurements for Fe203. 
The numerical data, not only for this compound but also for 
all other (sufficiently conductive) specimens, are given in 
Appendix 1, which also contains the data for all the roetal 
x-ray lines that could b~ excited in the voltage range. 
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Fig. IV. 3 Relative 0-Ka intensity emitted from the 
Fe203 standard as a function of accelerating voltage . 
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We want to stress again the importance of selecting 
sufficiently conducting specimens for these measurements. In 
our opinion, the use of uncoated and sufficiently conducting 
specimens is the only way to get meaningful results. For one 
thing the presence of a coating is bound to interfere with 
the X-ray excitation volume; the more so with decreasing beam 
voltage. Another thing is that the presence of a coating does 
not guarantee that the process of electron deceleration (and 
hence X-ray production) in a non-conducting material is the 
same as in a conducting one. Underneath the coating is still 
the same non-conducting specimen. We shall come back to the 
influence of non-conductivity and the effect of a coating on 
the measurements later on in this chapter. 

For comparison, Fig. IV.4 gives the relative intensities 
for our (conductive) Nb20s specimen. As the result of the 
much higher mac for 0-Ka in Nb compared to Fe the maximum in 
the curve is strongly shifted towards lower voltages. It will 
be obvious, therefore, that such measurements, when used in 
conjunction with a good matrix correction program, can be 
used in order to obtain sets of consistent rnac's for 0-Ka. 
Fig. IV. 5 a-g gives similar results for all other oxide 
specimens. 
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Fig. IV.4 Relative 0-Ka intensity emitted from the 
Nb20s specimen as a function of accelerating voltage. 
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Fig. IV. 5. f. Relative emitted 0-Ka intensities from 
BaTi03~ BaFe12019~ LaCr03 and Ta20s as a function of 
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Appendix 1. Conductivity problems vith BaTi03 and Ta20s 
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Appendix 1. Conductivity problems with Bi203 at the 
lower voltages. 

64 

50 

50 



In the vast majority of the cases shown in Fig. IV.5.a-g 
no problems with the conductivity were encountered. A few of 
the "borderline" cases like Co2Ti04, coo and Zr (Y) 02 were 
measured through a hole burned in a carbon coating using an 
air jet, which appeared to give satisfactory results in 
genera!. A few exceptions are perhaps the measurements at 35 
and 40 kV, which were usually on the low side. Perhaps that 
the size of the hole ( 8 ~m in cross-section) is not large 
enough to sui t the intens i ty measurements at the highest 
voltages applied where the average depth of X-ray emission is 
the largest and part of the emerging X-rays might be absorbed 
by the edges of the hole. One would expect the measurements 
in the lowest absorbing systems (e.g. CoO) to be most 
sensitive to such an effect. Another group of oxides, MoOJ, 
BaTiOJ, Ta20s and Bi203 gave some problems with the 
conductivity at the lowest voltages. These (uncoated) 
specimens were found to exhibit a better conductivity with 
increasing beam voltage. From 10-12 kV onwards no problems 
were observed anymore and the value of the short-wavelength 
cut-off, which was monitored during all measurements, was 
found to agree more and more with the nomina! voltage 
applied. Apparently, higher beam energies make it easier to 
create lattice defects in these specimens, which in turn make 
the specimen more conductive. In all those cases were some 
doubts remain about the measurements we have marked the 
relative intensities in Fig. IV.5 with solid instead of open 
circles. 

IV.4 Non-conductive oxides 

In the introduetion we have already briefly discussed all 
the problems which must be expected when attempts are made to 
deal with non-conductive specimens. The most conspicuous 
among these is, of course, that the secondary electron image 
from insulating materials is usually of a very poor quality. 
Without a conductive coating of Carbon, or preferably Gold, 
highly unstable images are usually obtained which are often 
characterized by extremely bright areas in those places where 
surface charging is worst. For a long time, however, it has 
been a well-known fact that high-quality pictures can again 
be obtained from such materials after the deposition of a 
conductive coating, preferably with an element of high atomie 
number (Gold or Platinum) with a high yield for secondary 
electrons. 

While this particular solution may be fine for imaging 
purposes it raises a number of questions as far as the 
measurements of X-ray intensities are concerned. Although it 
is clear that a good coating can relieve the effects of 
surface charging it cannot be taken for granted that its 
presence will not have an effect on the X-ray intensities of 
the elements in the specimen or even on their ratios, nor on 
their ratios relative to a particular standard with the same 
coating. Apart from this aspect the electrens penetrating the 
specimen will still notice the non-conducting material 
underneath the coating and it cannot a priori be expected 
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that the process of electron deceleration in such materials 
is the same as in a similar but otherwise conducting 
material. There will simply be an additional force in the 
specimen the space charge induced by the electron beam. 
This electrical field is not taken into account by any 
existing matrix correction program, nor is it likely to be in 
the future because it will always be very difficult, if not 
impossible, to make good estimates about the "conductivity" 
of the specimen. The latter can be extremely sensitive to 
very low levels of dopes or impurities and on top of that it 
can he seriously influenced by the high-energy electron beam 
itself. In this context it is interesting to point out that 
the procedures used in surface-analytical techniques (ESCA, 
Auger and SIMS}, such as the application of a conducting grid 
surrounding the point of impact of the charged beam, do not 
necessarily work in EPMA, simply because in the latter 
technique the electrons have to travel microns deep into the 
specimen in order to produce X-rays. 

Summarizing this brief review it seems to us that there 
are three basic questions 

1} How large is the effect of surface charging and how can it 
be relieved ? 

2} What is the influence of a coating on the results of X-ray 
intensity measurements once surface charging has been 
prevented ? 

3} Can it he assumed that from then on the electron 
deceleration and the associated production of X-rays in the 
non-conducting specimen proceeds in the same 
well-predictable manner as in conducting materials ? 
In the following sections we will describe a number öf 

experiments which will shed some light on these questions. 

IV . 4 • 1 ~.~E.~.~.!=.:.~ ...... !=.:.~.~E.9..~.~.9. ...... ~.~.~ ...... ~.!:.~ ...... ~.~.~.~.!=.:.!:.~ ...... ~.~ ...... !:.~.~ ..... ~.:E.~.Y. ...... ~.~9..~.~.! .. ~ 
The first experiment described here concerns the 

investigation of a non-conducting Yttrium-Aluminium Garnet 
specimen (YJAls012} at 10 kV and 50 nA without any coating. 
Figure IV.6.a shows the EDX spectrum obtained from this 
specimen. At first sight this appears normal in a sense that 
all the expected peaks are there. The problems turn up only 
after reducing the vertical scale by a factor of 30 (Fig. 
IV. 6. b} . Then i t beoomes visible that the short-wavelength 
cut-off is not 10 kV, what it was supposed to he, but approx. 
5.9 kV. This means that an appreciable voltage drop has taken 
place at the specimen surfacejvacuum interface and that, in 
fa ct, the useful accelerating voltage for the electrons at 
the moment of entering the specimen is only 5. 9 keV. This 
voltage drop in itself can already he a serious problem in 
the qualitative identification of the elements present in the 
specimen because as soon as the voltage drops below the 
excitation threshold for a particular X-ray line this line 
will no longer he detected. It is, therefore, quite possible 
that if, e.g., copper was supposed to be present the cu-Ka 
line would not be observed at 10 kV; however, the cu-La line 
would still be present, thus leading to considerable 
interpretation problems. If an EDX system is available it is 
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always advisable in suspect cases to check the value of the 
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short-wavelength cut-off, which only takes a few seconds. 
In order to alleviate surface charging effects and the 

associated voltage drop conductive coatings of Carbon, Gold 
and sometimes Copper are commonly being used. It will be 
evident that such a coating must meet a number of 
specifications; the most important of these is, of course, 
that the short-wavelength cut-off is restored to the original 
nomina! voltage. This implies that matters such as the 
thickness or the nature of the coating are in themselves 
irrelevant the only important requirement is that the 
voltage is brought back to the nomina! one. A too thin andjor 
poor quality coating, even if it is a well-conducting roetal 
like copper, may not be successful and in some cases we 
observed a deterioration of the results rather than an 
improvement, resulting even in the disappearance of the 
Y-peak due to a further drop in voltage below 2 kV. 

The exact value of the short-wavelength cut-off is the 
result of a number of complex factors, among which the 
conductivity of the specimen, the quality of the coating and 
the electrical load imposed by the electron beam on the 
specimen are the most important. The electrical load itself 
can be varied by varying the area on the specimen which is 
scanned by the electron beam, the worst load being in the 
spot mode. The results of a number of experiments to this 
effect are represented in Table IV.2 for an Y3Gas0t2 specimen 
with a too thin (or bad quality) copper coating at 10 kV and 
50 nA beam current. 

TABLE IV.2 

Actual voltage (kV), absorbed beam current (nA) and 
detectability of Cu-Ka in EDX spectrum of Copper-coated 
Y3Gas0t2 specimen vi th a too thin copper layer at 10 kV 
and 50 nA, using different beam modes. 

Beam mode Magnification kV nA cu-Ka ? 

Scanning 60 x 10.00 18.67 Yes 
Scanning 100 x 9.68 16.00 Yes 
Scanning 200 x 8.44 11.67 No 
Scanning 600 x 7.86 12.00 No 
Scanning 2000 x 7.64 14.33 No 
Scanning 6000 x 6.68 17.00 No 

Spot ------ 6.48 18.00 No 

As these results indicate the voltage drop is largest when 
the beam is in the spot mode which, of course, imposes the 
largest electrical load on the specimen. A very interesting 
feature in Table IV.2 is that the voltage drop ·is evidently 
continued even into the copper coating because as soon as the 
actual voltage drops below 8.98 kV (the excitation threshold 
for Cu-Ka) the Cu-Ka line is no longer detected in the EDX 
spectrum. The absorbed current turns out to be a poor measure 
of success for the coating because there appears to be no 
direct correlation between absorbed current and actual 
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voltage. The only criterion for a coating should be that the 
voltage is restored to its nomina! value and the check on the 
short-wavelength cut-off is a very simple, effective and 
straight-forward test for the quality of the coating. 

It is logica! to expect that any drop in voltage has the 
largest impact on the results of the relatively heavy 
elements in the matrix because the nomina! overvoltage used 
is relatively low in such cases. How seriously the voltage 
drop can affect the k-ratios in cases like this is 
illustrated in Fig. IV.7 where the k-ratios for Si-Ka, 
relative to pure Si, measured in a number of uncoated Si3N4 
specimens, are represented for a number of nomina! voltages. 
The expected k-ratio for each voltage is indicated by arrows. 

For this particular experiment a number of different SiJN4 
specimens have been used, each exhibiting a different (range 
in) electrical conductivity first a massive specimen, 
produced by chemica! vapour deposition, having the lowest 
conductivity; then two layers of CVD-deposited SiJN4 on a 
Si-substrate (1 and 2.5 ~m thick, respectively) showing 
better conductivity than the massive specimen. The thinner 
layer was much more conductive than the thicker one. Next, a 
hot isostatically pressed specimen and finally a Si-specimen 

SI3N4 UNCOATED 
0.8 300 nA EDX 

0.6 

0.4 

0.2 

0.0 
0 

4 KV 

L 
I 
I • I 

I 
I 

# 

' l ;: 
~ 

I 

-·· 

/ 

2 4 

8 KV 10 KV 12 KV 

J-.~·-L 
/1 ","' / 

/ .. -· I ., / 

I' .... 11-! / 
I / / 

.. 1 / ". .... / / 
/ / . / 

/ / / 

" / / 

6 8 10 12 

APPARENT VOLTAGE <KaV> 

Fig. IV.7. Influence of the voltage drop due to surface 
charging on the k-ratios for Si-Ka (relative to pure 
Si) in a number of uncoated SiJN4 specimens. The 
apparent voltage is the value of the short-wavelength 
cut-off measured with the EDX system. The intersection 
points of the arrows indicate the expected k-ratios for 
each nominal voltage. The vertical arrow locates the 
excitation threshold (1.8 keV) forSi-Ka X-rays. 
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arc-melted under reduced nitrogen pressure. The latter 
specimen contained numerous finely dispersed Si3N4 particles 
with a wide range in partiele size and consequently a wide 
range in conductivity. 

When the results for a nomina! accelerating voltage of 4 
kV are examined it becomes clear that the lewest actual 
voltage recorded is approx. 2.3 kV. The corresponding k-ratio 
for Si-Ka is ~ 0.03, i.e. Si-Ka is hardly detected at all. 
The highest k-ratio observed is ~ 0.5 which is very close to 
the expected value of e: 0. 56. At the same time the actual 
voltage is very close to the nomina! one. In fact, the 
resul ts indicate a very streng correlation between k-ratio 
and actual voltage; they can more or less be represented as 
the branch of a parabola, intersecting the horizontal axis at 
a voltage of - 1. 8 kV, which is exactly the excitation 
threshold for Si-Ka. This conclusion is confirmed by the 
measurements at 8, 10 and 12 kV; only tne curvature of the 
parabola becomes less pronounced. 

The correlation between k-ratios and absorbed current, on 
the ether hand, was extremely weak; thus showing again that 
the absorbed current is a poor indicator for deviations from 
the nomina! voltage. It almest appears in Fig. IV.7 that the 
true k-ratio for Si-Ka can be obtained through a process of 
extrapolation towards the nomina! voltage, once a number of 
measurements are available. 

For the light element Nitrogen similar measurements were 
carried out and the qualitative results were comparable : a 
too low actual voltage simply gave too low k-ratios (relative 
to Cr2N) , al though the deviations were less dramatic than 
with Si-Ka, due to the much lower excitation threshold for 
N-Ka ( 0. 4 keV) . For the 1 /-LID SÎ3N4 layer on Si at 4 kV an 
actual voltage of 3.5 was found and a correspondingly too low 
k-ratio (2 as compared to the expected value of approx. 2.5). 
The values for the 2.5 /-LID layer were lower still while the 
massive specimen gave the worst results. 

The voltage drop can have a significantly different effect 
on heavy-element radiations as compared to light-element 
radiations. In the fermer case the relative emitted intensity 
as a function of voltage is usually only a simple increasing 
function of voltage in the usual range (0-40 kV) not unlike 
the ones shown in Fig. IV.7. Hence, ariy drop in voltage will 
inevitably result in a lower intensity. Light-element 
radiations, on the ether nand, usually exhibit a maximum at a 
rather low voltage in the relative intensity-vs.-voltage 
curve (see e.g. Fig.IV.3-5). Depending on the magnitude of 
the mac this maximum occurs usually between 4 and 15 kV. As a 
result there are two possibilities either the actual 
voltage is below the one giving the maximum intensity, in 
which case a drop in voltage will always yield lower 
intensities, or it is beyend this value in which case a drop 
in voltage could yield higher intensities. These remarks 
apply, of course, under the tacit assumption that a voltage 
drop is the only disturbing effect in insulating materials. 

After having established the adverse effects of the 
voltage drop in non-conductors we will now take a closer look 
at the influence of a conductive coating on the 
inter-elemental intensity ratios, an aspect which is of the 
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utmost importance for quantitative analysis. 

IV . 4 . 2 ~.~.~.!..':l..~!l.C?..~ ...... c::>.~ ...... ~ ..... C?..c::>.~.~.~.~.9. ...... c::>.~ ..... ~.~.~.~.:r;.::::~.!.~:n.:'.~.~.~.~.!. ...... ~ .. ~.~.~.~.::'..~ .. ~.Y. ...... :r;.~.~.~.c::>.::'. 
In order to study this effect a coating of copper was 

applied to a YAG specimen by DC sputtering at a low argon 
pressure. Successively increasing layer thicknesses were 
applied and the actual voltage tagether with the emitted 
X-ray signals of cu-La, Cu-Ka, Cu-~, Al-Ka, Y-La and 0-Ka 
were measured after each step at 10 kV and 50 nA. The copper 
layer thickness was not measured; the sputtering time can be 
used as a gross relative measure for the thickness. In Fig. 
IV.8 the intensity ratios Y/Al and 0/Al have been displayed, 
tagether with the observed actual voltage, as a function of 
the sputtering time. The results clearly show that under no 
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Fig. IV.B. Apparent voltage (right-hand scale~ 
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scale~ circles) and intensity ratio 0/Al (inside 
left-hand scale~ triangles) observed in a Y3Als012 
specimen at 10 kV and 50 nA as a function of the copper 
sputtering time. 

circumstances the copper layer can produce constant intensity 
ratios for the elements in question; the results will always 
be strongly dependent on the particular copper layer 
thickness used and thus rather arbitrary. A surprising 
feature is the increasing 0/Al ratio with growing copper 
layer thickness which strongly suggests that the 0-Ka signa! 
suffers much less from the increasing copper layer thickness 
than the Al (or Y) signa!, which is rather amazing. We shall 
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come back to this detail later on because, as we shall see, 
this is not a coincidental phenomenon. 

The peculiar voltage drop and assac.iated discontinuities 
for the Y/Al and 0/Al ratios after two l'Qinutes sputtering are 
most probably caused by impurit.ies fram the cathode which are 
deposited onto the specimen in the initial stages of the 
process. This phenomenon was avoided in later experiments by 
first sputtering onto a dummy specimen in order to clean the 
cathode befare coating the specimen. 

By and large, Fig. IV.8 shows the oompetitive effects of 
the increase in actual voltage and the accompanying effect of 
stronger absorption by the growing capper layer. The farmer 
effect leads to the production of more X-rays which are in 
turn more strongly absorbed by the inoreasing capper layer 
which is necessary to proc;iuce this highe+ actual voltage. A 
disadvantage for the Al-l{a x .... rays is tpeir stronger 
absorption in capper as compared to Y-~ radiation; this is 
the reason for the increase in the Y/~1 intensity ratio. 

A similar test was performed on the same YAG specimen, but 
now applying an evaporated carbon coating with varying 
thickness (Fig. IV.9). It is evident that in this case more 
or less constant Y/Al intensity ratios can be obtained, 
especially after the langer evaporation times. However, with 
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the increase in this time the 0/Al ratio decreases rapidly, 
due to the extremely high absarptien of 0-Kcx in carbon. 
Besides, it will be noted that the Y/Al ratio hardly ever has 
the same value in Fig. IV. 9 as it has in Fig. IV. 8. This 
illustrates how difficul t it is to get meaningful resul ts 
from coated specimens. 

Finally, an experiment was performed in which an air-jet 
was used in order to burn a hole in the carbon coating (after 
15 sec evaparatien time) . It was observed that when the hole 
was completed, which takes sarnething between 2 and 5 minutes 
at 10 kV and can be fellewed by monitoring the 0-Kcx signal, 
the actual voltage was still 10 kV. The ratios in the emitted 
signals obtained in this case are represented (for an 
evaparatien time of 20 sec) in Fig. IV.9. A separate test on 
a well-conducting oxide · such as Fe20J showed that the 0-Kcx 
intensity emitted from such a hole (6-8 ~m cross section) is 
exactly the same as from an uncoated specimen. This procedure 
offers the interesting possibility to do measurements with 
the beneficia! effects of a coating, in that it restores the 
nomina! voltage, without suffering from its disadvantages, 
such as causing a streng absarptien for 0-Kcx X-rays or 
interfering with the X-ray excitation volumes. 

The conclusion we can draw from this sectien is that a 
conductive coating will inevitably alter the inter-elemental 
intensity ratios and as such one should be extremely careful 
with its application. 

So far, we have only been concerned wi th the intens i ty 
ratios for the elements contained within one (coated) 
specimen. Of interest to quantitative analysis is, of course, 
the question what the influence of a coating is on the ratios 
of the absolute intensities emitted from specimen and 
standard when bath have the same coating. In ether words : 
Are the k-ratios affected by the presence of a coating ? This 
will be discussed in the next section. 

IV . 4 . 3 ~El.~.!.~.~.~.~.~ ..... .?..~ ...... ?.: ...... ~.~.?.:.~.!..~.9. ...... ~.~ ...... ?.: .e..~.~.!.~.~.~ ...... ~~J:.~.!--~.~ ...... ~-~.~~!l.~ .. ~.~-~~.~-
It has already been mentioned in the introduetion that in 

the past capper coatings have been used8
-

10 for quantitative 
EPMA of Oxygen in (mostly) non-conducting oxides, mainly in 
order to avoid the excessive absarptien of 0-Kcx X-rays 
suffered in a carbon coating. The Oxygen standards used were 
either Si028

'
9 or Al20J10

, bath notorious insulators. As far 
as we know · Weisweiler8

'
9 was the only one in literature who 

made a theoretica! analysis of the influence of the coating 
on the measured k-ratios for 0-Kcx and he came to the 
conclusion that the mere presence of a capper coating 
(200-400 À thick) could, in heavily absorbing oxides, lead to 
deviations in the expected k-ratios of up to 15 %. The ether 
authors10 did nat even mention the possibility of such an 
effect. In the latter case a capper layer of less than 100 À 
was used on the specimens. It must be emphasized here that 
none of the authors quoted so far made any observation 
regarding the actual voltage prevailing at the specimen 
surface. It must be suspected, however, that especially the 
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extremely thin copper layers used in the latter case may not 
have been thick enough the restore the actual voltage to its 
nominal value. 

Apart from the voltage drop at the specimen surface, which 
can easily be measured as we have seen, there is, of course, 
still the other vital but unanswered question whether or not 
the t/J (pz) curves are distorted in an insulator due to the 
build-up of an electrical field inside the specimen. The 
latter effect is much more difficult to deal with 
experimentally because such phenomena are not directly 
accessible by experimental techniques. The usual measurements 
in a mieroprobe are intensity ratios in which all possible 
disturbing effects may be mixed together, especially when 
non-conductive specimens are measured relativa to a 
non-conducting standard and on top of that a conductive 
coating is applied, the influence of which on the emitted 
intensities is not known a priori. 

We have, therefore, decided to proceed along the following 
lines : 
First, it is important to establish how our correction 
program performs for the analysis of Oxygen. We have pointed 
out before that such a test should be carried out on 
conductive oxides relative to a conductive Oxygen standard, 
in order to avoid exactly those problems oonnected with 
insulating materials. In fact, this has been the main purpose 
of the present work. It must be expected, however, that 
considering the excellent performance of our latest program 
"PROZA" (and also previous versions) on Boron, Carbon and 
Nitrogen analyses the results in the present work can only be 
better still. It seems very likely, therefore, that if 
unsatisfactory resul ts would be obtained on insulators the 
reason must rather be sought in a lack of conductivity than 
in the performance of the program. 
The next step is to select a few conductive oxides and to 
coat these with, e.g. copper and to measure the emitted 0-Ka 
intensity as a funotion of layer thickness over a wide range 
in acealerating voltage. A straight-forward comparison with 
the intensities emitted from the uncoated specimens will then 
show unambiguously what the influence of the coating is on 
the absolute emitted X-ray intensities from specimen 
(numerator in the k-ratio) and standard (denominator). 

Let us first consider the results of the 0-ka intensity 
measurements from our Oxygen standard (Fe203) coated with 
copper in varying layer thicknesses. In Fig. IV.10 we have 
plotted the ratio between the absolute intensity emitted from 
the Fe203 standard, coated with copper layers of 171 a·nd 331 
A, respectively, and that from the uncoated (conductive) 
standard. It is evident that the presence of a 171 A copper 
layer already reduces the intensity by 10 % for voltages 
between 10 and 30 kV; even more substantial reductions are 
observed at lower voltages. Th is is the expected resul t of 
the fact that at low voltages the thickness of the coating 
reduces considerably the useful excitation volume for the 
generation of 0-Ka X-rays. The thicker layer of 331 A has, of 
course, an even more dramatic effect at the lowest voltages. 

Similar measurements were oarried out for Zr(Y)02, the 
results of which are shown in Fig. IV.l1. 
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While the resul ts on Fe20J are more or less what could be 
expected, those on Zr(Y)02 Cqn really be called astonishing : 
Between 10 and 40 kV we actually observed higher absolute 
intensities from the coat~d specimen than from the uncoated 
one; up to 12 % higher. Only below 10 kV we observed the 
expected reduction in intensity again, although it was 
definitely less pronounced than in coated Fe20J. 
The most amazing thing is perhaps that the increase in 
intensity for the coated specimen between 10 and 20 kV is so 
much more pronounced for the thinner copper layer. This might 
have been caused by a lowering of the actual voltage as a 
result of a too thin coating; careful checks using EDX 
spectra of the short-wavelengtil cut.."off revealed, however, 
that this was definitely not the case. That these results are 
not a mere coincidence was ohecked by running similar tests 
on Nb20s, ZnGa204, Co2Ti04 and Mn304. The results for Nb20s 
are shown in Fig. IV. 12. Here the intens i ty from a coated 
specimen exceeds that from an uncoated one already beyond 7 
kV. To a somewhat lesser extent similar results were obtained 
for Co2Ti04 where a small range (15-25) in accelerating 
voltage was found with a higher intensity than from the 
uncoated specimen for the 171 A layer. This same effect is 
presumably responsible for the increasing 0/Al ratio in Fig. 
IV.S for sputtering times exceeding 6 minutes. 

When these results are examined in more detail there 
appears to be a not yet understood correlation between the 
extent of the observed effects and the mac for 0-Ka in the 
compound in question compared to that of 0-Ka in copper. 
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In very low absorbing systems 1 ike Mn304 and Fe203 drastic 
reductions in the emitted intensities are observed over the 
full range in accelerating voltage. In heavily absorbing 
systems like Zr(Y)ü2 and certainly Nb20s, on the ether hand, 
appreciable ranges in the voltage can be found in which the 
emitted intensity is increased. This is illustrated in Table 
IV. 3. 

Table IV.3 

Correlation between the ratio in the emitted 0-Ka 
intensity from a copper coated specimen relative to the 
uncoated one and the composed mac for O-Ka in the 
compound as compared to that of 0-Ka in copper (5920) 14 

Compound Composed mac Increase;oecrease 
in 0-Ka intensity 

Mn304 2835 + 
Fe203 3158 + 

ZnGa204 5508 + 
Co2Ti04 6792 + 
Zr(Y)02 12273 + 

Nb20s 12314 + 

All observations in Table IV.3 apply to a layer thickness of 
171 A copper, which was determined by using one of our Thin 
Film programs. In the last three most heavily absorbing 
systems, in which the composed mac for 0-Ka exceeds that of 
0-Ka in copper, higher intensities can actually be observed 
from coated specimens than from uncoated ones over a quite 
appreciable range in voltage. This is quite peculiar because 
one would expect the largest interterenee of the coating with 
the X-ray emission volume in these cases where these volumes 
are the shallowest: exactly these compounds with the highest 
absorption. The transition point for a decrease or increase 
in intensity is apparently at a composed mac value between 
5508 and 6792; most probably this is the value of 5920 for 
copper. 

It is not difficult to see what the observed effects mean 
for the measurements of 0-Ka k-ratios in the compounds 
mentioned so far rel a ti ve to our Fe203 standard when both 
standard and specimen are coated with copper. 
We have seen that coating of the Fe203 standard wi th capper 
leads to a drastic reduction in the emitted 0-Ka intensity 
over the full range in accelerating voltage. On the ether 
hand, the same coating on heavily absorbing compounds like 
Zr(Y)02 and Nb20s can produce a significant increase in 
intensity. As a result the k-ratio in such compounds can only 
be significantly increased; which is indeed the case (Fig. 
IV.13-14. 
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It is evident from these results that for Zr(Y)02 the 
application of a 171 A copper layer leads to an increase in 
the k-ratio for 0-Ka of 20-30 % over almost the full range in 
voltage. An increase in the layer thickness to 331 A leads to 
a further increase of this deviation. Quite similar results 
were obtained for Nb20s; the 263 A layer on specimen and 
standard produces an increase in the k-ratio of 20 % at 4 kV 
and as much as almost 40 % between 8 and 12 kV. 
This demonstrates clearly that arbitrary results will be 
obtained simply because of the influence of the coating which 
will have a different effect on the standard than on the 
specimen under examination. 

It is interesting to point out here that the observed 
deviations are much larger than what can be calculated with 
the use of a Thin Film program. Such calculations for e.g. 
Nb20s show that an increase of 5-7 % in the k-ratio should be 
expected for a copper layer of 263 A. The measured effect of 
20-40 % is about 5 times higher and is also significantly 
higher than the 15 % predicted by Weisweiler8

'
9 on the basis 

of a theoretica! analysis. As a matter of fact, we have not 
been able to find a satisfactory explanation for the 
unexpected and unusual phenomena observed. The most plausible 
explanation we can think of is that the presence of the 
interface CujNb20s gives an extra scattering impuls on the 
penetrating electrens and, hence, a perturbation in the 
generated ~(pz) curves. 

Even if the reasens for the peculiar phenomena observed 
are not completely understood, the resul ts can and must be 
taken as a serieus warning against the use of coatings 
because their use can obviously lead to gross errors in the 
intensity measurements. What is worse, such errors cannot be 
corected for because, in our op in ion, there are simply no 
roodels capable of quantitatively descrihing the amazing 
effects found. 

Of course, the question remains what we must do with 
notorious insuiators like MgO, MgAl204, Al203 and Si02 now 
that we have seen that a copper coating (or presumably any 
other coating) cannot be trusted. All our measurements on 
these specimens, when coated with 171 A of copper, which was 
also applied on the standard, were not only too high (up to 
15 %) over the full range in accelerating voltage : it was 
observed at the same time that the variatien of k-ratio with 
voltage was quite different from the calculations. The 
largest deviations were found at the lowest voltages while 
the discrepancies gradually decreased with increasing 
voltage. Such erratic behaviour can never be explained by 
improper values of the mac's; in such cases the deviations 
should be in the opposite direction. Even the use of a hole 
burned in a carbon coating, which was successful in a number 
of borderline cases, did not provide a solution on these 
notorious insulators at the lower voltages too high 
k-ratios were usually measured, while beyond 20 kV 
increasingly too low values were measured. Copper coated 
specimens usually gave too high answers over the full range. 
We shall come back to this issue later on in Chapter V after 
discussing the results from our conductive specimens. 
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V DAT A REDUCTION 

After the accurate measurements of absolute and relative 
emitted intensities in all the oxide specimens the last step 
in the procedure is the conversion of ~easured k-ratios into 
concentration units. Ever since we started our work on 
ultra-light element analysis in 1983 we have been very much 
in favour of the surface-centred G.aussian ~(pz) approach for 
matri~ correction, which was introquc~q by packwood and 
Brown in 1981. Our special aPP~?l to this particular 
approach in bulk matrix correction · and, certainly for thin 
film applications sterns from the conside~ation that this 
method is based on realistic X-ray çiistribution functions 
with depth, the so-called cP(pz) functions. The particular 
advantage of these <P (pz) f-qnctions is that they enable the 
calculation of the generated as well as the emitted x-ray 
intensities at any depth in the specimen, contrary to the 
so-called "ZAF" approaches which, al+ow anly tp~ ca,+culation 
of the total amounts of generated and emitteq intensities. As 
we have pointed out already in Chapter II these ~(pz) 
approaches provide the best possible starting position for 
the analysis of thin films and in-d~pth profiling. However, 
they are of the utmost importance also for the analysis of 
ultra-light elements. In cases of extreme absorption the 
absorption correction depends almost entirely upon the ~ (o) 
value and the very first (curved) part of the ~ (pz) curve 
(see e.g. Fig. !!.2), an area which is ignored in the 
absorption correction schemes of many "ZAF" correction 
models. · 

since the time wh,en we adopteq the Gq4sSi?n Pac~wpod anq 
Brown model for matrix correction we hav~ continuous!y tried 
to improve the original aquations Pn which it was · based, 
mainly by using the data bases whicn we collected during o~r 
work on light e}ement ana~ysis; starting with Carbon I 

foliowed by Boron , Nitrogen anQ. at p~esent oxygen. As a 
result an extensive data base is now available for testing 
and improving correctiop programs anQ. sets of mac's. When 
more and more data becamè avai!able we have been able to 
produce better and better programs in the course of the last 
six years, not only for light element ~nalysis but also for 
the analysis of medium-to-high z el~ments. Our ultimate goal 
has always been to arrive at a correction program which can 
be applied universally. · 

We shall now give a brief description of the fundamentals 
of the Gaussian ~(pz) approach, foilawed by the details of 
our latest correction prog~am. Finally we shall discuss the 
results that could be achieved in the pre~ent work. 
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V.1 Fundamentals of the Gaussian ~iPzl approach 

The ~(pz) approach of Packwood and Brown32 is based on the 
observation that most measured ~ (pz) curves can be fitted 
with an equation of the type : 

~(pz) = r. [1- r- ~(o). exp- ([3pz)]. exp- (a2 .(pz) 2 ) 
r 

In this equation the ionisation ~ as a tunetion of mass-depth 
pz is basically given by the Gaussian expression 

2 2 r . exp- (a .(pz) ) 

in which r can be regarded as a sealing factor or starting 
point for the basic surface-centred Gaussian and a represents 
the decay rate in the Gaussian. The functional behaviour of 
all parameters involved is best demonstrated with the help of 
Fig. V. 1. 
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Fig. V.l. Example of a ~(pz) curve showing the 
functional behaviour of the four Gaussian parameters a, 
(3, r and ~(o). Solid curve represents the generated 
intensity while the lower braken curve corresponds to 
the actually emitted intensity. 
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The basic surface-centred Gaussian function is modified in 
the near-surface regions by a transient function 

('1 - ,P (o)) . exp - ((3pz) 

This transient function has been introduced in order to 
deal with the rate at which the originally collimated 
electron beam beoomes randomized (see Chapter II). 

Straight-forward integration of the generated ,P(pz) curve 
between pz=O and infinity gives the generated intensity 
within the specimen. Multiplication of each point in the 
generated ,P(pz) curve with the absorption factor exp- (xpz), 
in which x stands for ~lP . cosec ~ (~ is take-off angle), 
gives the emi tted intensity as a function of mass depth 
(lower broken curve in Fig. V.l). This emitted intensity can 
also be integrated between the pz limits of zero and infinity 
in order to yield the total amount of emitted intensity from 
either standard or specimen. Now, the k-ratio is linearly 
proportional to the ratio in the calculated integrals of the 
emitted intensities from specimen and standard and the 
proportionality constant is simply the concentratien of the 
element in question in the specimen. 

The performance of the Gaussian ,P(pz) approach for matrix 
correction is, of course, largely dependent upon the 
successful parameterization of the parameters a, (3, '1 and 
,P(o) on which the model is based. In the course of the ~ears 
we have produced a number of different versions1

'
2

' •
33

•
34 

of our correction program, based on parameterizations 
obtained from the latest experimental data available at each 
time. After the completion of our data files for the 
ultra-light elements Boron, Carbon, Nitrogen and (in the 
meantime) oxygen and the final establishment of an acceptable 
data file of 877 measurements on medium-to-high Z elements~ 
we made a new parameterization which produces optimum results 
for all cases at hand. The new program, which has been called 
"PROZA", must be considered as more or less "final", 
although, of course, there will always be room for further 
improvements. However, it is our expectation that future 
improvements will be of a minor nature. The same PROZA 
program has been used in the meantime for the development of 
a Thin Film Analysis program ("TFA", 1 layer) and a 
Multilayer Analysis program ("MLA'', up to 5 layers). We shall 
now give the details on our PROZA program. 

V.2 Latest parameterizations of the PROZA iPlPzl program 

In this new program a drastic change has been made 
compared to previous versions1

'
2

'
1 

'
33

'
34 in which the ,P(pz) 

parameterizations were based on independent equations for the 
GaussJ.ln parameters a, f3, '1 and ,P (o) in the Packwood-Brown 
model . 

The value of the parameter f3 is now no longer calculated 
using an independent equation but through a procedure based 
on the atomie number correction of Pouchou and Pichoir18 
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This atomie number correction provides the value of the 
integral of ~(pz) (i.e. the generated intensity in the 
specimen) which will be called F. 
Using the F-value and new expressions for a and ~ the value 
of (3 is mathematically adapted in such a way as to ensure 
that the integral equals F and to ensure at the same time 
that the peak of the ~ (pz) curve has both the "correct" 
position as well as the correct height. 
Th is means that the parameters a, (3, ~ 
forced to cooperate in a consistent way in 
specified value for the total generated 
specimen. 

and ~ (o) are now 
order to provide a 
intensity in the 

The main reason why this procedure has 
now a better and more consistent 
correction program must be expected 
ratios; an area which has always caused 

been adopted is that 
performance of the 
at low overvoltage 
problems in previous 

versions. 

PROCEDURE 

STEP #1 Calculation of Primary (Generated) 
and integral of ~(pz) (= F) according 
Pichoir18

• 

Intens i ty ( P. I.) 
to Pouchou and 

The Primary Intensity (P.I.) can be expressed as the product 
of R * 1/S, in which R stands for the backscatter factor and 
s is the so-called "stopping power" of the matrix: 

Ec 

1/S =J Q
1
(E)/(dE/dps) .dE (1) 

Eo 

Eo and Ec are accelerating voltage and cri tical exci tation 
voltage of the X-ray line in question. The parameter Q1(E) is 
the ionisation cross-section at voltage E of the same X-ray 
line and dE/dps is the energy loss rate for the electrens 
along a small increment dps in path (p is density, s is 
linear length). 
The electron energy loss rate itself can be expressed by: 

dEjdps = ( -1/J) . 0:: Cl . Zl/Al) . ( 1/f (V)) (2) 

C1, Z1 and A1 are concentration, atomie number and atomie 
weight of the matrix element in question and V is defined by 
EjJ, in which~ stands for the mean ionization potential. The 
latter, in turn, is defined by: 

lnJ 0:: c 1 . Z 1 I A 1 . 1 n J 1 ) /M 

22 J1 is calculated according to Zeiler : 

J1 = Zl . (10.04 + 8.25 . exp(-Zl/11.22)] 

M = L Cl . Zl/Al 
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In equation (2) the usual Bethe expression has been replaced 
by a semi-empirica! expression in t~+ws of f (V) , main~aY in 
order to ensure a more reliable perfo~ance below 15 kV . 
The parameter f(V) is the SUll\ of thr~e terros 

3 

f(V) = L Dk . V Pk , with: 
k=l 

D1 = 6 • 6 * 1 0 - 6 

02 = 1.12 * 10 - 5
• ( 1. 35 - 0. 45 • J 2

) 

D3 2 • 2 * 1 o- 61 T 

The ionisation cross-sectien Qt (U) 
proportional to: 

ln (U) I (Ec2 
• if') 

in which U = EIEc and: 

P1 0.78 
P2 = 0.1 
P3 = -(0.5 - 0.25 

of the i-snell is 

m = 0.86 + 0.12 . exp[-(ZAI5) 2
] for K~~he~l excitations 

m = 0.82 for L~snell excitations 
m = 0.78 fo+ M~~nell exc!tations 

ZA is the atomie number of the excited atom. 
The use of these particular expressions for the ionisation 
cross-sections, which seem to be in better agreemene8 with 
experimental data, makes it ppssible to calculate the 
integral in equation ( 1) analytically ~ After introducing a 
new parameter Tk (=1 + Pk - :in) it can be shown that the 
Primary Intensity P.I. can be written as: 

P. I. 
3 

= R. (UoiVoiM) .[ Dk 
k=l 

Pk . (VoiUo) • (';l'k 
Tk Tk 2 Uo ~ ln Q'Q ..". Uo +1)1Tk 

The backscatter factor R çqn pe Cqlculateq accor~ing to: 

R = 1 -1) , W. p- G (Uq) ~ 

in which the mean electron backscatter coefficient Tl and the 
average reduced energy W of the packscattered electrens can 
be written as: 

Zp = ([Ct . Zl0
.

5
)

2 

W= EIEo = 0.595 + 1113~7 +Tl 4
·
55 

22 G(Uo) is de Coulon~zeller expression ; 

a+1 G(Uo) = (Uo-1-(1-11Uo )/(1+q))]l(2+a)IJ(Uo) 

with J (Uo) = 1+Uo . ( ln Uo-1) and a = ( 2 W- 1) 1 ( 1 - --w) 
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Once the Primary Intensity is known,the integral of ~(pz) (= 
F} can be calculated by dividing the Primary Intensity by the 
ionisation cross-section: 

F == P. I. I Q 1 ( Eo) 

STEP #2 Parameterization of Gaussian ~(pz) curves. 

The object of this step is to find the a, {3, '1 and ~(o) 
parameters which will provide the correct integral of ~(pz) 
(= F} • 

- The equation for ~(o) is that used by Pouchou and Pichoir18 
: 

~(o) = 1 + 3.3 • 1 - 1/Uo'l ) • 1) 
1

'
2 

with : '1 = 2 - 2.3 • 1) 

- our latest equation for a is: 

2.1614.10 5
• z1.

163 

a = 
(Uo-1). 5 

• Eot. 25 
. A 

in which Z, A, and J are atomie number, atomie weight and 
ionisation potential of the matrix element. Eo, Ec and Uo are 
accelerating voltage, critica! excitation voltage and 
overvoltage for the X-ray line in question. For a compound 
target a matrix of a I,J values (a for element i-radiation in 
interaction with element j of the matrix) is calculated and 
the a 1-value in the compound target is composed as fellows : 

( 1/a 1) comp. 
ZJ . AJ . 1/a 1, J 

- The equation for '1 is: 

for Uo ~ 6: 

'1 = 3.98352 .Uo -0.0516861 ( 
-0. 1424549 ) 

1. 276233-Uo - 1. 
25558

' Z 

for Uo > 6: 

-0 . 1614454 

'1 = 2.814333. Uo0
'
262702 .z 
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In order to accommodate the change in ionisation 
cross-section with atomie number for ultra-light element 
radiations, proposed by Pouchou and Pichoir, it is necessary 
in these cases to multiply ~ further by the equation: 

-2 
Ec / (-4.1a7a.10 + 1.05975 • Ec) 

This is only necessary if Ec < 0.7 keV. 
For a compound target the weight-fraction averaged atomie 
number is substituted for z. 

- The calculation of ~ proceeds in the following way: 
We have shown before33 that the total intensity generated in 
a specimen (= F) can be expressed by: 

F = [~-(~-<{>(o)) • R(f3{2a) J • vrr 
2a 

in which R((3j2a) is the fifth degree polynomial used in the 
approximation of the erfc ((3/2a) function. In fact, the 
latter equation is the formal solution of the Gaussian 
integral of <{> (pz) between 0 and infinity in closed form. 
After rearranging it follows that: 

R(f3/2a) = [~- 2a • Fjvrr]J[~- <f>(o)] 

Contrary to our previous versions this time F is known first 
and the problem is now to find the value of (3 using the known 
va lues of a, ~ and <{> (o) through the latter equation. This 
means that the function R(f3/2a) has to be used backward: i.e. 
the function value is known and the argument ((3j2a) has to be 
determined. 

The simplest way to solve this problem was to cut the 
function into 9 different regiohs and to fit these regions 
with much simpler geometrie functions. If for a moment we 
substitute x for R(f3/2a) we obtained as the best fits: 

.9 :S x < 1 (3j2a = .962aa32 - .9642440.x 

.a < x < .9 f3/2a = 1.122405 - 1.141942. x 

.7 < x :S .a (3j2a = 13.43810~exp(-5.1a0503.x) 
.57 < x :S .7 f3/2a = 5.909606.exp(-4.015a91.x) 

.306 < x :S .57 f3/2a = 4.a52357.exp(-3.6aOala.x) 

.102 < x :S .306 (3/2a = (1-.5319956.x)/(1.6a563a.x) 

.056 < x :S .102 (3j2a = (1-1.043744.x)/(1.604a20.x) 
.03165 < x :S .056 (3j2a = (1-2.7497a6.x)/(1.447465.x) 

0 < x :S .03165 (3j2a = (1-4.a94396.x)/(1.341313.x) 
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As a result of the fitting procedure the value of R(f3/2a) 
thus obtained will never be exactly the same as the one 
calculated before, especially near the transition points of 
one function to another. In an extra loop in the program the 
approximated value of R((3/2a) is compared to the formal one 
and (3 is adjusted in an iterative procedure in order to 
produce a specified relative precision (at the moment 0.1 %) 
in the approximated value of R(f3/2a) as compared to the 
formal one. 

33 Once a, (3, '1 and lfJ ( o) are known the usual procedure can 
again be followed. 
A special preeautien had to be taken at extremely low 
overvoltages. In such cases it is virtually impossible to 
ensure a correct parameterization of l/J(pz) curves due to the 
extreme delicacy involved in the balance of parameters which 
are still expected to produce the specified F-value. Thus it 
can happen occasionally that R(f3/2a) values are calculated 
which are negative or larger than one. 
It is obvious though, that R(f3/2a) can only have values 
between o and 1, which means that (3 is between infinity and 
zero. When R(f3/2a) is outside these limits then the normal 
parameterization route cannot be used and an auxiliary 
procedure has to be followed. 
In these (rare) cases the calculated value of a is dropped 
and for a start it is assumed that the lfJ (pz) curve starts 
halfway the value of f/J(o) and '1· Using the known value for F 
a new (and usually higher) value for a is calculated through: 

a = [ lfJ ( o) + '1 ] • v'rr 
4 F 

The value of R(f3/2a) is thereby set at exactly 0.5. Although 
the lfJ (pz) curves in such cases may not be 100 % realistic, 
the answers returned by the program are still very good 
because the atomie number correction is still consistent and 
the effects of (slight) shifts in the peak of the l/J(pz) 
curves have a negligible influence on the magnitude of the 
absorption correction under these circumstances. 
The advantage of the new program is that it can now be used 
down to the lowest possible overvoltages (if one insists on 
working under these difficult conditions). 

V.3 Results of the PROZA program on previous data 

V.3.1 Medium-to-heavy element analyses 

The composition of this data base and the origin of the 
measurements contained in it have been discussed in detail 
before34

• The original 627 analyses have been supplemented 
with the analyses of roetal lines in carbides1 and borides2 

totaling now 877 entries. This particular data base is the 
result of a time-consuming process of careful selection and 
check on internal consistency of all the entries involved. 
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Only highly consistent series of measurements have been 
admitted These can be either measurements on a fixed 
(binary) composition but taken over a wide range in 
acealerating voltages or measurements at a fixed voltage but 
taken over a wide range in composi ti ons inside the binary 
system. All isolated measurements were deleted from our file. 
The acealerating voltages in our file range from as low as 4 
kV up to as high as 48.5 kV while the atomie numbers involved 
vary between 5 (B) and 92 (U). 

The usual procedure to test a correction program on such a 
data file is to calculate for each entry the k-ratio (k') for 
the given composition and to compare it to the measured 
k-ratio. A convenient way to present the results is to 
display them in a histogram showing the number of analyses 
versus the ratio k'/k. The narrowness of the obtained 
distribution, in terms of the relative root-mean-square value 
(r.m.s. in %) and the average k'/k value are then used as a 
measure of success for the program in question. Of course, 
with the presence in our data file of cases of extreme 
absorption, e.g. Al-Ka measurements in Mg-9.1 wt % Al alloys 
up to 40 kV and a take-off angle as low as 20 deg., it is 
imperative to have the best possible parameterizations for 
the calculation of the mac' s. It Jlppears to us that the 
recent parameterization by Heinrich3 gives the best results 
as far as can be judged with our data base. Therefore, we 
have used (and still use) this particular parameterization in 
our calculations. Fig. V. 2 shows the histogram we obtained 
wi th our PROZA program under these condi ti ons. It must be 
emphasized that the resulting excellent r.m.s. value of 2.44 
% is not due to the program alone but still contains the sum 
of three errors : 
1) The uncertainties in the nomina! compositions. 
2) The remaining errors in the intensity measurements, which 

will be appreciable in the cases of heavy absorption. 
3) Possible errors and biases in the correction program 

itself in combination with remaining uncertainties in the 
rnac's used. 

Considering the fact that the experimental error is likely to 
be of the order of 1-2 % relative and probably much larger 
even in the cases of heavy absorption andjor low take-off 
angles, it is unlikely that significant further improvements 
in the program can be expected from future measurements. 

V.3.2 Boron, Carbon and Nitroqen analyses 

The results obtained with PROZA on our Boron, Carbon and 
Nitrogen data files are given in Table v.1. In the first two 
cases the ratios between the calculated and the nomina! 
concentrations of the light element have been used. It is 
further important to note that significantly better results 
for Boron could be achieved when the resul ts for the three 
Ni-borides would have been eliminated. These cases exhibit a 
15 % too low emission of B-Ka radiation, which must be 
concluded from the fact that the averages in c' je for all 
three sets of measurements come out at 0•84-0.87, in spite of 
the fact that the r.m.s. values range between 2 and 3.7 %, 
which means that the mac of B-Ka in Ni is satisfactory. 
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Fig. V. 2. Histogram showing the results of the PROZA 
correction program on a data file of 877 analyses on · 
medium-to-high z elements. 

Table V.l 

2 1 
Results obtained with PROZA on our Boron ~ Carbon and 

Ni trogen3 data. 

Element Nwnber of Accel. Voltage c'/c r.m.s 
measurements (kV) (k'/k) 

B 180 4-15 ( 30) 0.977 6-7 
c 117 4-30 0.983 4 
N 144 4-30 1.005 4 
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The results obtained with our new program on our previous 
data indicate an excellent performance of PROZA both for the 
ultra-light elements as for the heavier elements. In the 
latter case the performance at very low overvoltage ratios 
has greatly been improved. 

V.4 Results from the present work 

V.4.1 Analysis of the metal lines in the oxides 

The numerical details of the averages of the measurements, 
which were repeated a number of times, are given in Appendix 
1. All possible X-ray lines that could be excited between 4 
and 40 kV have been measured. Appendix 2 gives the graphical 
displays. The (smoothed) k-ratios were finally entered into 
our data base (Appendix 3). Fig. V.3 gives the histogram 
obtained with PROZA on this data set of 132 entries. 

UI 
l1l 
UI 
>-
.J 
< z 
< 
lL 
0 

50 .------------------, 

132 METAL ANALYSES 

R.M.S.-1.9329 4 

40 t-T. U. E. PROZA 

AV.-0.9977 

30 f-

0:: 20 t-w 
m 
L 
::J 
z 

10 t-

O 1.-...LI_L..--....LI_..I....Uj..IIU.U~..wl,.m.ulu..u... nl__._..~..-1_. 

o. 8 0. 9 1. 0 1. 1 1. 2 

Fig. V.3. Histogram obtained vith our PROZA program on 
a data file of 132 analyses of the X-ray lines of the 
metals in our oxide specimens betveen 4 and 40 kV. 

The results of the individual sets of measurements are given 
in Table V.2. As the average overall k'/k ratio of 0.9977 and 
the r.m.s. figure of 1.9329 % indicate the program perfarms 
highly satisfactorily for this type of analysis. 
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V.4.2 Analysis of Oxygen in the oxides 

The numerical details of all our Oxygen measurements are 
given in Appendix 1., together with some special remarks on 
the procedures where appropriate. Fig. V.4 shows the 
histogram obtained with PROZA on this data base of 344 
(unsmoothed) k-ratios for 0-Ka using the rnac's of Table II.1. 

Ul 
lJ.I 
Ul ,... 
..J 
< z 
< 
u. 
0 

0::: 
lJ.I 
m 
~ 
:J z 

100 r-------------------------~ 

344 OXYGEN ANALYSES 
90-

R.M.S.-2.4788 ~ 

80 -T.U. E. PROZA 

70 Av.-.9992 

60 

50 ~ 

40 1-

30 1-

20 1-

10 1-

o~l~~~-]~~rrb~,~~~~l 
0. 8 o. 9 1. 0 1. 1 1. 2 

Fig. V.4. Histogram obtained with our PROZA program on 
a data base of 344 Oxygen analyses between 4 and 40 kV. 
Mass absorption coefficients of Table II.l were used. 

The numerical results of the individual sets of measurements 
for Oxygen are given in Table V.2, while the graphical 
representations are shown in Fig. V.5. a-p, together with the 
predictions of our program (solid curves) . It is obvious that 
the program performs remarkably well up to accelerating 
voltages as high as 40 kV. The discrepancies between the 
predicted and the experimentally obtained k-ratios rarely 
exceed 5 % relative, even in the most difficult cases like 
Ti02, Zr02, Nb20s and Ru02. 
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Table V.2 

Numerical results obtained in the individual sets of 
intensity measurements of the X-ray lines of the metals 
and Oxygen in the Oxide specimens of the present 
investigation between 4 and 40 kV. 

Me tal Analysis oxygen Analysis 

Compound Line Av. k'/k R.M.S. " Av. k'/k R.M.S. 

LiFesOs ----- ------ ------ 0.9982 1. 9455 
B60 B-Ka 0.9933 0.9428 1. 0067 2.9439 

Mgo. 9Fe2. 104 ----- ------ ,...-~--- 1.0064 0.7714 
Alo. sFe2. 204 ----- -----~ ------ 1. 0036 0.7714 

Mn2Ti04 ----- ------ ------ 0.9864 0.8814 
MnFe204 ----- ------ ------ 0.9973 1. 0523 

Ti02 Ti-Ka 0.9800 0.4472 1. 0036 4.6373 
Cr20J Cr-Ka 0.9944 0.6849 1.0000 1.2792 

Fe2Ti04 ----- ------ ___ ,.... __ 
0.9800 1.2060 

Co2Ti04 ----- ------ ------ 0.9844 3.3036 
Fe20J Fe-Ka 1.0122 0.4157 ------ ------
FeJ04 Fe-Ka 1.0100 0.4714 0.9991 0.6680 

CoFe204 ----- ------ ------ 0.9927 0.4454 
CoO ----- ------ ------ 0.9889 1. 8526 
NiO Ni-Ka 0.9988 1. 0533 1.0073 0.8624 

Cu20 Cu-Ka 0.9988 0.3307 1. 0200 1.4142 
cuo Cu-Ka 1.0000 1.0690 1.0027 0.8624 
ZnO Zn-Ka 0.9843 0.4949 0.9936 0.7714 

Zn(Ga,Fe) 204 ----- ------ ------ 1.0018 1.1923 
GaFe204 ----- ------ ------ 0.9991 1.2398 
YJFes012 ----- ------ ------ 0.9864 1.1499 
Zr(Y)02 ----- ------ ------ 0.9978 2.6594 

Nb20s Nb-La 1. 0045 1.7249 1. 0027 4.6533 
M003 Mo-La 0.9933 2.2852 1. 0013 5.1584 
Ru02 Ru-La 0.9918 1.1134 1. 0009 4.3160 
Sn02 Sn-La 0.9740 0.4899 0.9973 3.2499 

BaTiOJ ----- ------ ~----- 0.9938 2.5464 
BaFe1 201 9 ----- ------ ------ 1. 0036 1.9667 

LaCrOJ ----- ------ ------ 1.0000 0.7385 
Ta20s ----- ------ ------ 0.9957 2.0603 

(Fe,Mn)W04 ----- ------ ------ 1.0045 2.2305 
W03 W-Ma 1. 02 09 3.1466 1. 0009 1.9285 

" W-La 1.0071 2.8140 ------ ------
PbFe1 201 9 ----- ------ ------ 0.9991 1. 5048 

Bi203 ----- ------ ------ 0.9975 2.4875 

OVERALL RESULTS 

METALS ANALYSES (132 entries) 
k'/k = 0.9977 R.M.S. = 1.9329 % 

OXYGEN ANALYSES (344 entries) 
k'/k = 0,9992 R.M.S. = 2.4788 % 
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V.4.3 Results obtained on notorious insulators 

In Chapter IV we have already extensively discussed the 
problems to be expected when dealing with non-conducting 
spec1.mens. We have a lso shown that the conspicuous voltage 
drop, which occurs at the specimen surfacejvacuum interface 
on insuiators as a result of charging, can be relieved by the 
application of a conductive coating. As we have verified 
experimentally, however, such a procedure can lead to 
detrimental alterations in the k-ratios; up to several tens 
of % . Although the latter experiments were carried out on 
conductive specimens and a conductive standard was used there 
seems to be no reasen to expect the copper coating (or any 
ether coating for that matter) to behave in a different way 
on insulating materials. 
The best procedure we found so far is to burn a hole in a 
carbon coating with an air jet and to perferm the 
measurements through this hole. In all the cases we have used 
this technique until now we have established that the actual 
voltage prevailing at the specimen surface in the centre of 
such a hole is equal to the nomina! voltage. At the same time 
the intensities emitted from this hole are equal to these 
emitted from uncoated specimens. This was verified on 
conducting specimens. It lies at hand, therefore, to apply 
this particular technique also to a number of notorious 
insulators like MgO, Al203 and Si02. 

Apart from the voltage drop, which is the most conspicuous 
aspect of non-conducting materials, but which can be avoided 
by using the latter technique without altering the emitted 
intensities, there is, of course, another problem of a more 
hidden nature : the question whether or not the ~(pz) curves 
in insuiators are distorted due to the electrical field 
induced in the specimen by the charged beam. On top of that 
there is the question how the backscatter characteristics in 
such materials must be described. Since these effects are not 
easily accessible in a direct experimental way we had to 
choose an indirect one : 
We have demonstrated that our correction program performs 
excellently as long as conductive specimens are measured 
relative to a conductive standard. This applies to a very 
wide range of oxides from ultra-light (B) to extremely heavy 
(Bi) elements and a wide range in voltages (4-40 kV). There 
seems to be no reason, therefore, to expect significantly 
worse results for oxides like MgO, Al203 and Si02, certainly 
not when the voltage drop is remedied by using a hole in a 
carbon coating. The latter procedure really exhausts all our 
means to influence the measurements from the outside of the 
specimen; the rest is an intrinsic problem of the specimen 
which can neither be accessed nor influenced from the 
outside. 
In the following pages we will show the results obtained on a 
number of notorious insulators. Two sets of measurements were 
performed One using a hole in a carbon coating (with 
uncoated standard) and one after coating standard and 
specimen with a 171 A copper layer. 
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Fig. V. 6. a. Comparison between the experimental 
integral k-ratios for 0-Kcx relative to Fe203 and the 
predictions of our PROZA program (Solid curve), based 
on the mac, s indicàted. Top MgO; bottorn Al203. 
Circles represent measurements through a hole in a 
carbon coating; asterisks those from copper coated (171 
Á) specimens. 

110 



< 
~ 
I 

0 

0 
H 

1-
< 
0::: 
I 
~ 

< 
~ 
I 

0 

0 
H 

1-
< 
0::: 
I 
~ 

• • MgAl204--0-KA 
MAC 0-KA/Al 672!ZI 

* t • 
* 

CONDUCTIVITY I I I 
1.2 • I 

l.!ZI 

* * 
* • • 

!ZI.B • 
• 

!ZI.6 
lZI l!ZI 2!ZI 3!ZI 4!ZI 

1.6 

Si02--0-KA 
MAC 0-KA/Si 879!ZI 

• * CONDUCTIVITY I I I 
1.4 • • 

* 
1.2 • • • • 

• 
l.!ZI * 

* * 

!ZI. 8 
lZI l!ZI 2!ZI 3!ZI 4!ZI 

ACCEL. VOLTAGE (KeV) 

Fig. V. 6. b. Comparison between the experimental 
integral k-ratios for 0-Ka relative to Fe203 and the 
predictions of our PROZA program (solid curve), based 
on the mac, s indicated. Top : MgAl204; bottam : Si02. 
Circles represent measurements through a hole in a 
carbon coating; asterisks those from capper coated (171 
Á) specimens. 

111 



< 
:::-s::: 

I 
0 

0 
H 

..... 
< 
a:: 
J 
~ 

< 
:::-s::: 

I 
0 

0 
H 

..... 
< 
a:: 
I 

:::-s::: 

1.2 

l.CZI 

* 
!:::,. 

CZI.S • I 
!:::,. 

CZI.6 
CZI 

l.CZI 

CZI.S 

CZI.6 • 

CZI. 4 

CZI.2 
CZI 

!:::,. 

!:::,. * * 

lCZI 

lCZI 

* 

2CZI 

2CZI 

MH304--0-KA 
MAC 0-KA/Mri 347CZI 

coNbUct I V± TY I I I 

4CZI 

ZnGa204--0-KA 
MAc 0-KA/Zn 635CZI 

MAt: d-KA/Go 7CZ19CZI 

CONDUCT I V I TY I ! ! 

• 

3CZI 4CZI 

ACCEL. VOLTAGE <KeV) 

Fig. V. 6. c. Gompar isón between the exper i mental 
integral k-ratios fór o:..ka d:~lative to Fe203 and the 
predictions of otir PROZA program (solid curve), based 
on the mac' s indicated. Top : Mh3b~; bottorn : ZnGa204. 
Circles represeht méasurements thfbugh a hole in a 
carbon coating; triàngles ànd Mst~rlsks those from 
copper coatêd specimens; with iayêf thicknesses of 171 
and 331 A, respectively. 

li2 



It will be evident from the resul ts shown that i t is 
impossible to do really quantitative EPMA in insulating 
materials, no matter which procedure is applied during the 
measurements. The results obtained will always be dependent 
on the particular coating technique used and cannot be 
predicted by a matrix correction program, which has been 
demonstrated to work fine for B, C, N and 0 as long as the 
specimens are sufficiently conductive. 

It is also clear now that the erratic behaviour of the 
k-ratio with voltage cannot only be attributed to the voltage 
drop at the specimen surface because in all cases in Fig. V.6 
the value of the short-wavelength cut-off has been carefully 
checked and found to be correct. The only explanation for the 
deviating behaviour of insulators must, in our op1n1on, be 
sought in significant alterations in backscatter properties 
and the distortien of <1> ( pz) curves. Both effects are the 
direct result of the lack of intrinsic conductivity which 
will not allow the penetrating electrens to fellow their 
random paths inside the materiaL In this context it is 
interesting to point out that the substitution of only 25 % 
of the Ga atoms by Fe in the ( insulating) ZnGa204 compound 
turns it into a sufficiently conducting material with a 
well-predictable behaviour (Fig. V.S.i.) as compared to the 
erratic behîviour in Fig. V. 6. c. Similar observations were 
made befere in the analysis of Hexagonal ( insulating) as 
compared to CUbic BN. The resul ts in the latter case were 
fine. 

It is perhaps possible that more acceptable results can be 
expected when a particular standard (a non-conducting one) is 
selected to match the compound in question. Such a procedure, 
however, based on experience, is beginning to show more 
aspects of an art than of science. If no specific physical 
problems are at hand it should not matter to a good matrix 
correction program which particular standard has been chosen. 

In any case, it seems clear to us that measurements on 
non-conducting materials can lead to arbitrary results. For 
some unknown reason, though, the results with copper-coated 
specimens seem to be best for the highest accelerating 
voltages applied. The best advice in these circumstances 
might, therefore, be to apply much higher accelerating 
voltages than usual. Presumably, these high beam energies 
( 30-40 kV) may be able to induce more lattice defects and 
hence a better electrical conductivity into the specimen. 
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VI CONCLUSIONS 

A number of general conclusions can be drawn from the 
present work : 

1) Accurate intensity measurements are possible for a light 
element like Oxygen over a wide range in accelerating 
voltages. In fact, this element turns out to be the easiest 
in the sequence B, c, N and 0. The use of a modern synthetic 
multilayer crystal (W/Si, 2d=59.8 Á) gives a further 
impravement in this respect, since it can provide 2.8 times 
higher net peak intensities. At the same time, however, it 
can produce a suppression of higher-order reflections which 
is extremely beneficia! for the accurate determination of the 
backgrounds. The use of a conventional Lead-Stearate crystal 
cannot be recommanded for the analysis of Oxygen because the 
background on the short-wavelength side of the 0-Ka peak is 
not sufficiently accessible. 

2) Peak shape alterations in the 0-Ka peak are much smaller than 
these observed for B-Ka and C-Ka radiations : The APF-values 
(Area-Peak Factors), relative to an Fe203 standard, were 
found to differ less than 5 % from unity. Nevertheless, for 
accurate quantitative analysis these effects have to be 
taken into account. 

3) Our latest Gaussian ~(pz) correction program "PROZA", which 
is based on new3 parameterizations for the Gaussian a, ~' ~ 
and ~(o) parameters, produces excellent results on the newly 
collected data base of 344 0-Ka measurements between 4 and 40 
kV on conductive specimens. However, the results are equally 
satisfactory on previous1

'
2' 3 ultra-light element data as 

well as on medium-tc-high z element data34 . The conclusion 
seems, therefore, justified that this latest program is a 
genuine step forward towards the ultimate goal of a 
"universa!" correction program. At all times, however, it is 
imperative to use a set of the most consistent mass 
absorption coefficients. Such a set has been provided in the 
present work. 

4) It is virtually impossible to get meaningful quantitative 
results for Oxygen in notorious insulators. 

The overall conclusion of the present work must be that 
accurate quantitative analysis of Oxygen is definitely 
possible, provided that the measurements are performed 
carefully and on conductive specimens relative to a 
conductive standard, a good correction program is used and, 
not in the last place, a consistent set of mass absorption 
coefficients is used. 
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Appendix 1 ... 1 

Oxide: LiFesOs 

Date: 0-Ka : 28 Oct 1987 

AreajPeak Factor 0-Ka on LDE 0.9912 

Compo: 26.06 wt % 0 
7.97 wt% Li 

52.40 wt % Fe 
13.57 wt % Pb 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

0-K~ 0-Ka 

0-Ka Fe203 Oxide 

4 30 58.69 52.52 0.8948 

6 30 95.07 81.37 0.8559 

8 20 125.92 102.35 0. 8128 

10 20 144.69 112.31 0.7762 

12 20 156.15 117.83 0.7546 

15 20 163.52 118.27 0.7233 

20 20 152.10 105.86 0.6960 

25 20 136.08 90.48 0.6649 

30 20 117.63 75.64 0.6430 

35 20 102.13 66.95 0.6555 

40 20 90.59 58.81 0.6492 

Backgrounds: 0 - Ka: ± 10.0 mm (LDE) on either si de of the peak and 
interpolated 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

0-Ka: 1700 volt 1. 0 volt 2.0 V 50*1. 45 2.0 V os LDE 

Remarks: No coatings applied, no conductivity problems. 

118 



Appendix 1. .. 2 

Oxide: B60 

Date: B-Kcx 
0,.-Kcx 

23 & 24 June 1988 
28 June 1988 

AreajPeak Factor 0-Kcx on LDE 
B-Kcx rel. to B (STE) 

1. 0628 
1.1454 

Compo: 19.79 wt % 0 
80.20 wt % B 

0.01 wt % Si 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

B-Kcx 0-Kcx B-Kcx 0-Kcx 

B-Kcx 0-Kcx B Oxide Fe20J Oxide 

4 300 30 8.74 5.63 56.43 22.87 0.6440 0.4053 

6 300 30 13.07 7.70 90.84 33.12 0.5893 0.3646 

8 300 20 15.71 8.55 119.51 38.47 0.5441 0.3219 

10 300 20 16.43 8.20 136.29 39.12 0.4988 0.2871 

12 300 20 16.84 7.71 147.54 37.26 0.4578 0.2525 

15 300 20 15.87 6.57 154.87 32.54 0.4141 0.2101 

20 300 20 13.19 4.92 145.30 25.34 0.3728 0.1744 

25 300 20 10.58 3.85 128.60 20.70 0.3639 0.1610 

30 300 30 8.62 3.11 110.28 17.15 0.3610 0.1555 

35 --- 30 ---- ---- 97.26 15.20 ------ 0.1562 

40 --- 30 ---- ---- 86.11 13.11 ------ 0.1523 

Backgrounds: B-Kcx: ± 25 mm on either side of the peak and 
interpolated 

0-Kcx: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

B-Kcx: 1700 volt 0.5 volt 3.5 V 64*5.0 2.0 V AS STE 

0-Kcx: 1700 volt 1.0 volt 2.0 V 50*1. 08 2.0 V DS LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appendix 1 ... 3 

Oxide: Hgo.9Fe2.t04 

Date: 0-Ko: 12 Nov 1987 

AreajPeak Factor 0-Ko: on LDE 0.9940 

kV Beam Net. Peak intensities current 
(nA ) 

(cpsjnA) 

O-Ko: 

0-Ko: Fe20J oxide 

4 30 58.00 60.64 

6 30 95.15 98.21 

8 30 124.35 127.59 

10 30 141.34 145.40 

12 30 154.65 157.39 

15 30 158.88 161.02 

20 30 152.11 153.57 

25 30 132.70 134.39 

30 30 115.94 116.09 

35 30 100.30 100.52 

40 30 88.68 87.98 

Compo: 31.89 wt % 0 
9.76 wt% Mg 

58.35 wt % Fe 

Peak k-rat i os 

0-Ko: 

1. 0456 

1. 0322 

1. 0261 

1. 0287 

1. 0177 

1.0135 

1. 0096 

1. 0127 

1.0013 

1.0022 

0.9921 

Backgrounds: 0-Ko:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT Lower level 

0-Ko:: 1700 volt 1.0 volt 

Window Gain 

2.0 V 50*1.20 

Remarks: No coatings applied, no conductivity problems. 
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2.0 V DS LDE 



Appendix 1 ... 4 

Oxide: Alo. eFez. 204 

Date: 0-Ko: 12 Nov 1987 

AreajPeak Factor 0-Ko: on LDE 0.9982 

kV Beam Net. Peak intensities current 
(nA ) (cps/nA) 

0-Ko: 

0-Ko: Fe20J oxide 

4 30 58.00 61.12 

6 30 95.15 98.13 

8 30 124.35 126.88 

10 30 141.34 144.56 

12 30 154.65 154.64 

15 30 158.88 159.52 

20 30 152.11 147.39 

25 30 132.70 128.56 

30 30 115.94 110.86 

35 30 100.30 95.36 

40 30 88.68 84.12 

Compo: 32.29 wt % 0 
10.78 wt %Al 
56.93 wt % Fe 

Peak k-ratios 

0-Ko: 

1. 0538 

1. 0313 

1. 0203 

1. 0228 

0.9999 

1. 0040 

0.9689 

0.9688 

0.9562 

0.9508 

0.9486 

Backgrounds: 0-Ko:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT Lower level 

0-Ko:: 1700 volt 1. 0 volt 

Window 

2.0 V 

Ga in 

50*1.20 

Remarks: No coatings applied, na conductivity problems. 
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2.0 V DS LDE 



Appendix 1 ••• s 

Oxide: totmTi04 

Date: 0-Ka 17 Nov 1987 

AreajPeak Factor 0-Ka on LDE 0,~826 

kV aeam Net. Peak intensities current 
(nA ) (cps/nA) 

0-Ka 

0-Ka Fe20J Oxide 

4 30 58.06 52.19 

6 30 95.01 77.14 

8 30 122.74 90.54 

10 30 141.41 94.70 

12 30 153.64 94.30 

15 30 157.54 86.31 

20 30 149.72 71.11 

25 30 131.77 57.87 

30 30 115.75 49.29 

35 30 99,51 42.01 

40 30 87,91 · Jf'i.Ql 

Compo: 28.86 wt % 0 
49.54 wt % Mn 
21.60 wt % Ti 

Peak k...,.ratios 

0-Ka 

0.8989 

0. 8119 

0.7377 

0.6697 

0. 6138 

0.5478 

0.4750 

0.4392 

0.4258 

0.4222 

0.4198 

Backgrounds: 0-Ka: ± 10.0 mm (LDE) on eitne~ side of tne peak and 
interpolated 

PHA settings: counter HT Lower level 

0-Ka: 1700 volt 1.0 volt 

Window Gain 

2.0 V 50*1.40 

Remarks: No coatings applied, no conductivity problems. 
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2. 0 V DS LDE 



Appendix 1. .. 6 

Oxide: HnFe204 

Date: 0-Ko: 18 Nov 1987 

AreajPeak Factor 0-Ka on LDE 0.9959 

kV Beam Net. Peak intensities current 
(nA ) (cpsjnA) 

0-Ka 

Compo: 28.00 wt % 0 
23.50 wt % Mn 
48.50 wt % Fe 

Peak k-ratios 

0-Ka 

I 0-Ka Fe20J Oxide 

4 30 56.24 53.13 0.9446 

6 30 92.08 86.54 0.9398 

8 30 118.08 111.63 0.9454 

10 30 138.32 130.93 0.9466 

12 30 148.05 140.98 0.9523 

15 30 154.69 145.95 0.9435 

20 30 146.02 140.03 0.9590 

25 30 130.13 126.37 0. 9711 

30 30 113.11 111.06 0.9819 

35 30 96.58 94.72 0.9807 

40 30 86.51 84.62 0.9782 

Backgrounds: 0-Ko:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Window Ga in 

2.0 V 50*1. 40 

Remarks: No coatings applied, no conductivity problems. 
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2. 0 V DS LDE 



Appendix 1 •.. 7 

Oxide: Ti02 

Date: Ti-Ka 
0-Ka 

23 Mar 1988 
6 & 7 Oct 1987 

Compo: 40.05 wt % 0 
59.95 wt % Me 

AreajPeak Factor 0-Ka on LDE 0.9796 

kV Beam Net. Peak intensities Peak k-ratios current (cpsjnA) (nA ) 

Ti-Ka 0-Ka Ti-Ka o-Ka 

Ti-K~~-Ka Ti Oxide Fe203 oxide 

4 --- 30 ------- ------- 59.14 57.62 ------ 0.9744 

6 200 30 21.90 11.25 94.99 74.35 0.5136 0.7827 

8 30 20 128.19 69.54 126.41 77.69 0.5425 0.6146 

10 20 20 282.46 154.11 142.82 72.86 0.5456 0.5102 

12 15 20 488.10 271.09 157.52 66.66 0.5554 0.4232 

15 10 20 850.81 473.14 164.01 57.01 0.5561 0.3476 

20 3 20 1573.93 882.35 155.98 44.30 0.5606 0.2840 

25 3 20 2366.46 1336.10 138.57 35.26 0.5646 0.2544 

30 1 20 3122.50 1777.33 119.13 29.63 0.5692 0.2487 

35 1 20 3888.83 2216.63 102.58 25.23 0.5700 0.2460 

40 1 20 4627.84 2657.31 90.27 22.45 0.5742 0.2487 

Backgrounds: Ti-Ka: ± 5 mm on either si de of the peak and 
irtterpolated 

0-Ka: ± 10.0 mm (LDE) 

PHA settings: coUnter HT Lower level Wirtdow Gairt Pul se Spec 

Ti-Ka: 1600 volt l.Ö volt open 32*8·0 2.0 V CS PET 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1.45 2.0 V DS LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appendix 1 ... a 

Oxide: Cr20J 

Date: cr-Ka: 
0-Ka: 

24 Jan 1989 
20 Nov 1987 

Cornpo: 31 . 58 wt % 0 
68.42 wt % Cr 

AreajPeak Factor 0-Ka: on LDE 0.9930 

kV Bearn Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

Cr-Ka: 0-Ka: Cr-Ka 0-Ka: 

Cr-Ka: 0-Ka: Cr Oxide Fe20J Oxide 

4 -- 30 ------- ------- 59.08 62.37 ------ 1. 0556 

6 -- 30 ------- ------- 95.64 103.45 ------ 1. 0817 

8 50 30 97.77 56.45 123.26 141.78 0.5774 1.1503 

10 15 30 275.91 169.96 141.99 167.87 0.6160 1.1823 

12 10 30 532.17 333.72 152.67 186.94 0.6271 1. 2245 

15 5 30 1029.18 652.29 159.51 201.69 0.6338 1. 2644 . 

20 2 30 2088.75 1343.69 150.46 202.08 0.6433 1. 3431 

25 1.5 30 3292.74 2136.33 133.85 184.82 0.6488 1. 3808 

30 1 30 4529.68 2948.37 115.11 163.89 0.6509 1. 4238 

35 1 30 5826.58 3811.17 100.00 143.18 0.6541 1. 4318 

40 0.66 30 7092.41 4698.72 88.34 127.49 0.6625 1. 4432 

Backgrounds: Cr-Ka:: ± 5 rnrn on either side of the peak and 
interpolated 

0-Ka:: ± 17.0 mrn (LDE) 
because of interf erences (See Fig. IV.l2.f) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

cr-Ka: 1600 volt 0.5 volt open 32*7.4 2.0 V CS PET 

0-Ka:: 1700 volt 1.0 volt 2.0 V 50*1. 45 2.0 V DS LDE 

Rernarks: No coatings applied, no conduct i vi ty problerns. Slightly 
discolared and reduced (hence conductive) part of specimen was 
selected for the rneasurernents. 

125 



Appendix 1. .. 9 

Oxide: Fe2Ti04 

Date: 0-Ka: 17 Nov 1987 Compo: 28.62 wt % 0 
21.42 wt % Ti 
49.96 wt % Fe 

AreajPeak Factor 0-Ka: on LDE 0.9815 

kV Beam Net. Peak intensities Peak k-ratios 
current (cps/nA) 

(nA ) 

o-i<a: 0-Ka: 

0-Ka: Fe20J Oxide 

4 30 58.06 51.57 0.8883 

6 30 95.01 75.75 0.7973 

8 30 122.74 87.99 0.7169 

10 30 141.41 92.03 0.6508 

12 30 153.64 91.50 0.5955 

15 30 157.54 83.78 0.5318 

20 30 149.72 69. ?i 0.4656 

25 30 131.77 57.03 0.4328 

30 30 115.75 47.33 0.4089 

35 30 99.51 40.69 0.4089 

40 30 87.91 3$;29 0 . 4014 . 

Backgrounds: 0-Ka:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka:: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.0 V 50*1.40 

Remarks: No coatings applied, no conductivity problems. 
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2.0 V LDE OS 



Appendix 1 .. 10 

Oxide: Co2Ti04 

Date: 0-Ko: 8 March 1988 Compo: 27.85 wt % 0 
20.85 wt % Ti 
51.30 wt % Co 

AreajPeak Factor 0-Ko: on LDE 0.9957 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

0-Ko: 0-Ko: 

0-Ko: Fe20J Oxide 

4 30 57.68 47.15 0.8174 

6 30 93.14 70.84 0.7606 

8 30 119.67 82.89 0.6927 

10 30 139.74 88.37 0.6324 

12 30 151.91 85.63 0.5637 

15 30 156.35 79.86 0.5108 

20 30 147.24 63.17 0 . 4290 

25 30 129.81 51.74 0.3986 

30 30 114.26 40.89 0.3579 

35 30 100.55 (32.92) (0.3274) 

40 30 88.43 (28.35) (0.3206) 

Backgrounds: 0-Ko:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT Lower level 

0-Ko:: 1700 volt 1.0 volt 

Window Gain 

2.0 V 50*1.02 

Pulse Spec 

2.0 V OS LDE 

Remarks: Fe20J standard nat coated. Co2Ti04 specimen coated with 
Carbon in which a hole was burned with an air-jet (10 kV, 10 min). 
Beyend 30 kV problems; hole presumably not big enough. 
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Date: Fe-Ka 7 Jan 1989 

Appendix 1 .• 11 

Oxide: Fe20J 

Compo: 30.06 wt% 0 
69.94 wt % Fe 

AreajPeak Factor 0-Ka on LDE 1.0000 (STANDARD) 

kV Beam Net. Peak intens i ties Peak k-ratios current 
(nA ) (cps/nA) 

Fe-Ka Fe-Ka 

Fe-Ka Fe Oxide 

4 --- ------- ------- ------
6 --- ------- ------- ------
8 300 6.66 3.99 0.5988 

10 100 38.14 23.73 0.6223 

12 50 93.18 58.82 0.6312 

15 30 203.48 129.47 0.6363 

20 10 439.85 284.23 0.6462 

25 10 706.58 456.38 0.6459 

30 5 1040.69 681.13 0.6545 

35 4 1375.50 904.25 0.6574 

40 3 1628.07 1079.74 0.6632 

Backgrounds: Fe-Ka: ± 5 mm on either side of the peak and 
interpolated 

PHA settings: counter HT 

Fe-Ka: 1600 volt 

Lower level 

o. 7 volt 

Window 

open 

Ga in 

32*6.0 

Remarks: No coatings applied, no conductivity pröblems. 
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2. 0 V BS LiF 



Appendix 1 .. 12 

Oxide: Fe304 

Date: Fe-Ka 
0-Ka 

7 Jan 1989 
11 Nov 1987 

Compo: 27.64 wt % 0 
72.36 wt % Fe 

AreajPeak Factor 0-Ka on LDE 0.9962 

kV I Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

Fe-Ka o-Ka Fe-Ka 0-Ka 

Fe-Ka 0-Ka Fe oxide Fe20J oxide 

4 --- 30 ------ ------ 58.57 54.82 ------ 0.9359 

6 --- 30 ------ ------ 95.25 88.23 ------ 0.9263 

8 300 30 6.66 4.25 124.00 114.57 0.6375 0.9240 

10 100 30 38.14 24.94 143.78 131.11 0.6540 0.9119 

12 50 30 93.18 61.38 155.47 142.67 0.6587 0.9177 

15 30. 30 203.48 134.99 161.26 147.19 0.6634 0.9127 

20 10 30 439.85 292.68 153.73 139.88 0.6654 0.9099 

25 10 30 706.58 477.08 135.69 123.90 0.6752 0.9131 

30 5 30 1040.69 704.34 117.42 106.68 0.6768 0.9086 

35 4 30 1375.50 937.54 101.57 92.93 0.6816 0.9149 

40 3 30 1628.07 1119.62 89.63 80.71 0.6877 0.9005 

Backgrounds: Fe-Ka: ± 5 mm on either side of the peak and 
interpolated 

0-Ka: ± 10.0 mrn (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Fe-Ka: 1600 volt 0.7 volt open 32*6.0 2.0 V BS LiF 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1. 40 2.0 V os LDE 

Remarks: No coatings applied, no conductivity problems. 

129 



Appendix 1 .• 13 

Oxide: CoFe204 

Date: 0-Ka : 11 Nov 1987 

AreajPeak Factor 0-Ka on LDE 1. 0017 

". 

kV Beam Net. Peak intens i ties current 
(nA ) 

(cpsjnA) 

0-Ka 

0-Ka Fe20J Oxide 

4 30 58.57 54.08 

6 30 95.25 86.85 

8 30 124.00 112.99 

10 30 143.78 128.46 

12 30 155.47 139.15 

15 30 161.26 143.14 

20 30 153.73 134.27 

25 30 135.69 117.55 

30 30 117.42 101.71 

35 30 101.57 88.13 

40 30 . -- · e9 •.. 6.J 76.!;1_4 , 

Compo: 27.28 wt % 0 
25.12 wt % Co 
47.60 wt % Fe 

Peak k-rat i os 

o-Ka 

0.9233 

0.9118 

0.9112 

0.8934 

0.8950 

0.8876 

0.8734 

0.8663 

0.8662 

0.8677 

0;85.73 

Backgrounds: 0-Ka: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT Lower leVel 

0-Ka: 1700 volt 1.0 volt 

Window Gain 

2.0 V 50*1.40 

Remarks: No coatings applied, ho conductivity problems. 
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2. 0 V OS LDE 



Appendix 1 .. 14 

Oxide: CoO 

Date: 0-Ko: 9 Feb 1988 Compo: 21.35 wt % 0 
78.65 wt % Co 

AreajPeak Factor 0-Ko: on LDE 1. 0133 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

0-Ko: 0-Ko: 

0-Ko: Fe20J oxide 

4 30 57.47 41.58 0.7234 

6 30 93.85 68.21 0.7268 

8 30 122.56 86.88 0.7089 

10 30 141.17 97.27 0.6891 

12 30 153.57 102.37 0.6666 

15 30 160.02 101.71 0.6356 

20 30 150.77 92.28 0.6121 

25 30 133.74 80.68 0.6033 

30 30 116.82 67.36 0.5766 

35 30 101.29 (57.15) (0.5642) 

40 30 89.68 (49.13) (0.5478) 

Backgrounds: 0-Ko:: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT Lower level 

0-Ko:: 1700 volt 1.0 volt 

Window Gain 

2.0 V 50*0.88 

Pulse Spec 

2.0 V DS LDE 

Remarks: Fe20J standard not coated. CoO specimen coated with carbon 
in which a hole was burned with an air-jet (10 kV, 10 min). Beyend 
30 kV problems; hole presumably not big enough. 
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Appendix 1 .• 1s 

Oxide: NiO 

Date: Ni-Ko: 
0-Ko: 

25 & 26 Jan 1989 
29 oct 1987 

Compo: 21.42 wt % 0 
78.58 wt % Ni 

AreajPeak Factor 0-Ko: on LDE : 1.0153 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA } (cps/nA) 

Ni-Ko: 0-Ko: i Ni-Ko: 0-Ko: 

Ni-Ko: 0-Ko: Ni Oxide Fe20J oxide 

4 --- 30 ------- ------- 57.73 40.78 ------ 0.7064 

6 --- 30 ------- ------- 95.14 63.36 ------ 0.6660 

8 --- 20 ------- ------- 123.89 80.47 ------ 0.6495 

10 300 20 21.57 15.34 143.82 89.43 0.7111 0. 62:1,8 

12 67 20 75.33 54.76 155.54 93.39 0.7269 0.6004 

15 30 20 201.92 149.78 160.46 93.37 0.7418 0.5819 

20 10 20 505.05 377.17 153.72 83.55 0.7468 0.5435 

25 7 20 874.41 662.80 134.57 71.52 0.7580 0.5315 

30 5 20 1297.15 989.73 117.30 61.28 0.7630 0.5224 

35 3 20 1754.84 1342.63 101.82 52.83 0.7651 0.5189 

40 2 20 2230.41 1718.75 89.87 46.12 0.7706 0.513~ 

Backgrounds: Ni-Ko:: ± 5mm on either side of the peak and 
interpolated 

0-Ko:: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Ni-Ko:: 1600 volt 1.0 volt open 32*5.1 2.0 V BS LiF 

0-Ko:: 1700 volt 1.0 volt 2.0 V 50*1.45 2.0 V os LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appendix 1 .. 16 

Oxide: Cu20 

Date: Cu-Ka: 
0-Ko: 

22 Feb 1989 
6 & 7 Oct 1987 

Cornpo: 11.18 wt % 0 
88.82 wt % Cu 

AreajPeak Factor 0-Ko: on LDE 0.9946 

kV Bearn Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

Cu-Ka 0-Ko: Cu-Ka 0-Ko: 

cu-Ka 0-Ko: Cu oxide Fe203 Oxide 

4 --- 30 ------- ------- 59.14 21.58 ------ 0.3650 

6 --- 30 ------- ------- 94.99 32.89 ------ 0.3463 

8 --- 20 ------- ------- 126.41 40.32 ------ 0.3190 

10 100 20 10.05 8.44 142.82 43.60 0.8395 0.3053 

12 80 20 61.27 52.32 157.52 44.93 0.8539 0.2852 

15 30 20 188.58 160.90 164.01 43.59 0.8532 0.2658 

20 10 20 502.58 433.27 155.98 37.32 0.8621 0.2393 

25 6 20 907.71 783.81 138.57 31.33 0.8635 0.2261 

30 4 20 1366.52 118.1.22 119.13 26.44 0.8644 0.2219 

35 3 20 1859.24 160,9. 36 102.58 22.69 0.8656 0.2212 

40 2 20 2390.71 2081.83 90.27 19.68 0.8708 0.2180 

Backgrounds: cu-Ka: ± 5 rnrn on either side of the peak and 
interpolated 

0-Ka:: ± 10.0 rnrn (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

cu-Ka:: 1600 volt 1.0 volt open 32*4.4 2.0 V BS LiF 
0-Ko:: 1700 volt 1.0 volt 2.0 V 50*1.45 2.0 V DS LDE 

Rernarks: No coatings applied, no conductivity problerns. 
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Appenoix 1 .. 17 

Oxide~ cuo 

Date: cu-Ko: 
0-Ko: 

23 Feb 1989 
6 & 7 Oct 1987 

Compo: 20.11 wt % 0 
79.89 wt % Cu 

AreafPeak Factor 0-Ko: on LDE 0.9943 

kV Beam Net. Peak intenqitie.:;;. Peak k-ratios curi;"ent 
(nA ) 

(cps/n.A) 
• . ... 

Cu-Ko: 0-Kq Cu-Ko: 0-Ko: 

cu-Ko: 0-Ko: Cu oxide FeaOJ ox,l.d~ 
... 

4 --- 30 ------- ------- 59.l4 39.4l ------ 0.6644 

6 --- 30 ------- ------- 94.99 60,44 -~--""l""'"""'" 0.6363 

8 --- 20 ------- ------- l2f'i,41 ?!:i.09 ~--.~-- 0.5940 

10 100 20 10.05 ------- 142.82 81.16 ~-~--- 0.5682 

12 80 20 61.27 42.39 157.52 83.63 0.6918 0.5309 

15 30 20 188.58 138.68 164.01 81.7'?. 0.7354 0.4982 

20 10 20 502.58 379.20 155.98 7Q.78 0,7545 0,4538 

25 6 20 907.71 689.22 138.57 60.22 0.7593 0.4346 

30 4 20 1366.52 1036.78 119.13 50.76 0,7587 0.4261 

35 3 20 1859,24 1425,48 102.sa 43,59 0.7667 0.4249 

40 2 20 2390.71 1851.13 90,:;j7 38.72 0.7743 0,4289 
~ 

Backgrounds: CQ-Ko:: ± 5 rnm on either ~i de qf the J?e9k, and 
interpolated 

0-Ko:: ± 10.0 llUll (LDE) 

PHA settings: counter HT Lower l.evel Winqow Qain Pul se Spec 

Cu-Ko:: 1600 volt 1.0 volt open 3:a*4.4 2.0 V BS LiF 
0-Ko:: 1700 volt 1.0 volt 2.0 V 50*1. 45 2.0 V DS LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appendix 1 .. 1a 

Oxide: Zno 

Date: Zn-Ka 
0-Ka 

21 Feb 1989 
15 Oct 1987 

Compo: 19.66 wt % 0 
80.34 wt % Zn 

AreajPeak Factor 0-Ka on LDE 0.9837 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

zn-Ka 0-Ka zn-Ka 0-Ka 

zn-Ka 0-Ka zn Oxide Fe20J Oxide 

4 --- 30 ------- ------- 59.17 39.49 ------ 0.6674 

6 --- 30 ------- ------- 95.80 60.34 ------ 0.6299 

8 --- 20 ------- ------- 126.79 73.74 ------ 0.5816 

10 --- 20 ------- ------- 145.25 78.80 ------ 0.5425 

12 100 20 40.85 31.12 158.10 80.83 0.7618 0.5113 

15 30 20 154.54 118.33 164.25 76.21 0.7657 0.4640 

20 10 20 471.41 364.40 156.46 66.24 0.7730 0.4234 

25 5 20 866.57 668.47 137.49 55.41 0. 7714 0.4030 

30 5 20 1351.97 1048.72 117.96 46.58 0. 7757 0.3949 

35 2.5 20 1863.79 1445.18 102.64 40.03 0. 7754 0.3900 

40 2 20 2398.61 1886.75 90.60 35.68 0.7866 0.3938 

Backgrounds: Zn-Ka: ± 5mm on either side of the peak and 
interpolated 

0-Ka: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

zn-Ka: 1600 volt 1.0 volt open 32*4.6 2.0 V BS LiF 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1. 40 2.0 V DS LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appenà.:ix J,.. -l9 

Oxide: Zn(Ga,Fe)204 

Date: 0-Ka 28 oct 1987 

AreajPeak Factor 0-Ka on . LDE 1. 0074 

Compo: 25.02 wt % 0 
39.88 wt % Ga 
24.99 wt % Zn 
10.10 wt % Fe 

, . 

kV Beam tfet. Peq.!< ~l!t~n~ities Pea!< k-ratios 
currert 

(nA (cps/nA) 

0-l<!X 0-Ka 

0-Ka Fe20J oxide 

4 30 58.69 46.52 0.7926 

6 30 95.07 72.6,0 0.7636 

8 20 125.Q2 ~9.98 0.7146 

10 20 144.69 97.33 0.6727 

12 20 156.15 99.65 0.6382 

15 20 16,3.52 96.17 0.5881 

20 20 152.10 ~3.43 0.5485 

25 20 136.08 69.44 0.5103 

30 20 l17. 6,3 5~.1)0 0.4982 

35 20 1Q2.13 50.q6, 0.4902 

40 20 90.59 H. 29 0.4889 . .. . 

Backgrounds: o-Ka: ± 10.0 mm (LPE) on either side ot the peak q.nd 
fnterpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.Q V 50*1.45 

Remarks: No coatings applied, no conductivity problems. 
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Date: 0-Ka 18 Nov 1987 

Appendix 1 .. 20 

Oxide: GaFe204 

Cornpo: 26.58 wt % 0 
27.92 wt % Ga 
45.50 wt % Fe 

AreajPeak Factor 0-Ka on LDE 0.9981 

kV Bearn Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

0-Ka 0-Ka 

0-Ka Fe20J Oxide 

4 30 56.24 51.02 0.9072 

6 30 92.08 79.08 0.8589 

8 20 118.08 98.98 0.8383 

10 20 138.32 109.72 0.7932 

12 20 148.05 115.52 0.7803 

15 20 154.69 114.08 0.7375 

20 20 146.02 102.46 0.7017 

25 20 130.13 88.59 0. 6808. 

30 20 113.11 75.89 0.6710 

35 20 96.58 65.63 0.6796 

40 20 86.51 56.73 0.6558 

Backgrounds: 0-Ka: ± 10.0 mrn (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.0 V 50*1.40 

Rernarks: No coatings applied, no conductivity problerns. 
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~ppend.:i,.~ 1 •. 2~ 

Oxide: YJFes012 

Date: 0-Ka 19 oct 1987 Compo: 25.80 wt % 
35.80 wt % 
37.50 wt % 

AreajPeak Factor 0-Ka on LDE 0.9823 0.70 wt % 
0.20 wt % 

kV 
Beam Net. Peak inten.sities Peak k..,.r~tios 

current 
(nA ) 

(cps/nA) 

Q-R;a 0-Ka 

0-Ka Fe203 o~iqe 

4 30 58,87 48.34 0.8212 

6 30 96.83 69.46 0,7174 

8 20 126.52 81.22 0.6420 

10 20 145.89 8~.24 0.5706 

12 20 :j.58.84 8l.68 0.5142 

15 20 +64.43 74.47 0.4529 

20 20 157.14 61.90 0.3939 

25 20 137,81 50,75 0.3683 

30 20 +19.53 42.55 0.3560 

35 20 +03.30 36.5,4 0.3537 

40 20 91.75 32.2'1 0.3517 

Backgrounds: O-Ka: ± 10.0 ~ (~P~) on. eitn~r siqe qf tqe pe~~ and 
ir)terpolated 

0 
y 
Fe 
Pb 
Si 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1.0 volt 

Window Gain 

2.0 V 50*1.48 

pulse Spec 

2.0 V DS LDE 

Ramarks: No coatings applied! no cqn.duct~v~ty Proplems. 

13a 



Appendix 1. .22 

Oxide: Zr02 

Date: 0-Ka 4 March 1988 Compo: 25.06 wt % 0 
59.68 wt % Zr 
15.26 wt % Y 

AreajPeak Factor 0-Ka on LDE 0.9863 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

0-Ka 0-Ka 
!---- · 

o-Ka Fe20J Oxide 

4 30 57.62 39.81 0.6909 

6 30 92.67 50.49 0.5448 

8 30 120.92 53.42 0.4418 

10 30 138.67 53.14 0.3832 

12 30 151.04 48.97 0.3242 

15 30 156.48 41.11 0.2627 

20 30 148.11 32.35 0.2184 

25 30 131.94 26.61 0.2017 

30 30 114.49 22.44 0.1960 

35 30 99.88 (19.05) (0.1907) 

40 30 90 . 24 (16.56) (0.1835) 

Backgrounds: 0-Ka: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1.0 volt 

Window Gain 

2.0 V 50*0.90 

Pulse Spec 

2. 0 V DS LDE 

Remarks: Fe20J standard not coated. Zr02 specimen coated with 
Carbon in which a hole was burned with an air-jet (10 kV, 10 min). 
Beyond 30 kV problems; hole presumably not big enough. 
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Appendix 1.. 2~ 

Oxide: Nb20s 

Date: Nb-I.a 
0-Ka 

20 Feb 1989 
23 Oct 1987 

Compo: 30.l0 wt % 0 
69.90 wt % Nb 

AreajPeak Factor 0-Ka on LDE 0.9840 

kV Beam Net. Peak intens i ties Peak k-ratios current 
(nA ) (cps/~) 

--
Nb-La 0-KÇA: Nb-La 0-Ka 

Nb-La 0-Ka Nb Oxide Fe20J Oxipe 

4 120 30 5.42 3.04 58.85 4B.l0 0.5605 0.8173 

6 250 30 17.49 10.23 96.94 60.03 0.5849 0.6192 

8 150 20 32.45 19.09 127.97 66.44 0.5882 0.5192 

10 100 20 45.90 28.00 146.05 64.34 0.6101 0.4405 

12 80 20 60.29 37.20 157.44 60,47 0.6170 0.3841 

15 60 20 82.71 51.68 163.69 52.92 0.6248 0.3233 

20 40 20 111.40 71.85 156.52 41 . 92 0.6450 0.2678 

25 30 20 130.67 86.27 137.64 33.67 0.6602 0.2446 

30 30 20 147.99 9,7 .01 119.81 28.57 0.6555 0.2385 

35 30 20 156.48 104.47 103.72 24.34 0.6676 0.2347 

40 40 20 159.44 :).06,U 92,31 ;n.3~ 0,6655 0.2317 

Backgrounds: Nb-La: ± 5 mm on either side of the peak and 
interpolated 

0-Ka: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Nb-La: 1600 volt 0.5 volt open 64*8.3 2.0 V CS PET 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1. 45 2.0 V os LDE 

Remarks: No coatings applied, no conductivity problems. 
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Appendix 1 •• 24 

Oxide: Ho03 

Date: Mo-Lo: 
0-Ko: 

27 Jan 1989 
30 Oct 1987 

Compo: 33.35 wt % 0 
66.65 wt % Mo 

AreajPeak Factor 0-Ko: on LDE 0.9940 

kV Beam Net. Peak intens i ties Peak k-ratios current 
(nA ) 

(cps/nA) 

Mo-Lo: 0-Ko: M.o-LCX o...:Ka 

Mo-Lo: 0-Ko: Mo Oxide Fe20J Oxide 

4 -- 30 ------ ----- 57.91 (28.21) ------ (0.4872) 

6 -- 30 ------ ----- 94.57 (53.22) ------ (0.5628) 

8 -- 20 ------ ----- 125.61 (66.55) ------ (0.5298) 

10 -- 20 ------ ----- 142.90 66.99 ------ 0.4688 

12 -- 20 ------ ----- 154.80 64.01 ------ o. 4135 

15 40 20 100.70 57.87 161.81 55.61 0.5747 0.3437 

20 30 20 141.78 85.24 151.48 44.16 0.6012 0.2915 

25 25 20 170.12 105.61 135.42 35.05 0.6208 0.2588 

30 25 20 195.01 123.48 117.34 29.41 0.6332 0.2506 

35 20 20 209.00 133.17 100.52 25.36 0. 6372 0.2523 

40 20 20 213.93 138.78 89.86 22.44 0.6487 0.2497 

Backgrounds: Mo-Lo:: ± 5mm on either side of the peak and 
interpolated 

0-Ko:: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Mo-Lo:: 1600 volt 0.5 volt open 64*6.6 2.0 V CS PET 

0-Ko:: 1700 volt 1.0 volt 2.0 V 50*1. 45 2.0 V os LDE 

Remarks: No coatings applied. Below 10 kV noticeable conductivity 
problems for 0-Ko: manifesting themselves in voltage drops of more 
than 20 % relative to the nomina! voltage. These voltage drops were 
found to decrease with increasing accelerating voltage. For Mo-Lo: 
problems were noticeable up to 15 kV. 
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Appendix 1.. 2s 

Oxide: RU02 

Date: Ru-La 
0-Ka 

26 Feb 1989 
6 & 7 Oct 1987 

Compo: 24.05 wt % 0 
75.95 wt % Ru 

AreajPeak Factor 0-Ka on LDE 1. 0109 

kV Beam Net. Peak intensities Peak k-ratios cu:trent 
. (nA ) (cps/hA) 

Ru-La 0-Ka Ru-La 0-Ka 

Ru-La o-i<a Ru Oxide Fe20J Oxide 

4 300 30 5.81 3.68 59.14 35.50 0.6327 0.6003 

6 150 30 25.20 16.75 94.99 43.94 0.6646 0.4626 

8 100 20 50.32 34.08 126.41 44.59 0. 6773 0.3527 

10 100 20 76.80 52.71 142.82 42.80 0.6863 0.2997 

12 50 20 104.22 72.36 157.52 38.58 0.6943 0.2449 

15 30 20 143.09 101.02 164.01 33.82 0.7060 0.2062 

20 20 20 205.03 147.01 155.98 26.60 0.7170 0.1705 

25 15 20 254.56 184.12 138.57 21.66 0.7233 0.1563 

30 15 20 290.27 213.78 119.13 18.50 0.7365 0.1553 

35 15 20 316.26 233.84 102.58 15.80 0.7394 0.1540 

40 15 20 330.53. 249.72 90.27 14.03 0.7555 0.1554 

Backgrounds: Ru-La: ± 5mm on either side of the peak and 
interpdlated 

0-Ka: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Ru-La: 1600 volt 0.5 volt open 64*7.0 2.0 V CS PET 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1. 45 2.0 V DS LDE 

Remarks No coatings applied, no conductivity problems. 
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Appendix 1.. 26 

Oxide: Sn02 

Date: Sn-La 
0-Ka 

2 Mar 1989 
15 Oct 1987 

Compo: 21.24 wt % 0 
78.76 wt% Sn 

AreajPeak Factor 0-Ka on LDE 0.9737 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

Sn-La 0-Ka Sn-La 0-Ka 

Sn-La o-Ka Sn oxide Fe20J oxide 

4 --- 30 ---- ---- 59.17 37.80 ------ 0.6388 

6 200 30 24.72 17.27 95.80 48.84 0.6989 0.5098 

8 70 20 67.98 48.10 126.79 51.99 0.7076 0.4101 

10 50 20 117.24 84.21 145.25 50.66 0.7183 0.3488 

12 30 20 169.89 122.75 158.10 47.18 0.7225 0.2984 

15 18 20 256.24 188.54 164.25 41.03 0.7358 0.2498 

20 12 20 402.35 302.61 156.46 33.03 0.7521 0.2111 

25 10 20 519.11 396.60 137.49 27.06 0.7640 0.1968 

30 7 20 633.75 489.26 117.96 22.99 0.7720 0.1949 

35 6 20 729.61 569.17 102.64 19.53 0.7801 0.1902 

40 6 20 792.38 624.16 90.60 17.36 0.7877 0.1916 

Backgrounds: Sn-La: ± 5mm on either side of the peak and 
interpolated 

0-Ka: ± 10.0 mm (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

Sn-La: 1600 volt 0.5 volt open 64*5.0 2.0 V CS PET 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1.40 2.0 V DS LDE 

Remarks No coatings applied, no conductivity problems. 
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Date: 0-Ka 29 Oct 1987 

Appendix 1 .. 27 

Oxide: BaTiOJ 

Compo: 20.58 wt % 0 
58.88 wt % Ba 
20.54 wt % Ti 

AreajPeak Factor 0-Ka on LDE 1.0000 

kV Beam Net. Peak intensities Peak k-rat i os current 
(nA ) (cpsjnA) 

0-Ka 0-Ka 

0-Ka Fe20J Oxic}e 

4 30 57.73 (28 .10) (0.4868) 

6 30 95.14 (51.69) (0.5433) 

8 20 123.89 (64.73) (0.5225) 

10 20 143.82 68.27 0.4747 

12 20 155.54 68.55 0.4407 

15 20 160.46 63.70 0.3970 

20 20 153.72 54.77 0.3563 

25 20 134.57 45.83 0.3406 

30 20 117.30 37.88 0.3229 

35 20 101.82 33.01 0.3242 

40 20 a9.87 28.67 0.3190 

Backgrounds: 0-Ka: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.0 V 50*1.45 

Pulse Spec 

2.0 V DS LDE 

Ramarks: No coatings applied. Below 10 kV noticeable conductivity 
problems; apparent voltage slightly lower than nomina! one. These 
effects became vanishingly small with increásing acealerating 
voltage. Emitted intensities below 10 kV are therefore given 
between parentheses. 
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Appendix 1.. 2a 

Oxide: BaFe12019 

Date: 0-Ka 16 Oct 1987 

AreajPeak Factor 0-Ka on LDE 0.9852 

Compo: 27.30 wt % 0 
12.70 wt % Ba 
59.80 wt % Fe 

0.25 wt % Ga 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

0-Ka 0-Ka 

0-Ka Fe20J Oxide 

4 30 58.94 54.95 0.9324 

6 30 95.98 88.11 0.9180 

8 20 127.42 116.07 0.9109 

10 20 145.63 133.87 0.9192 

12 20 159.27 144.23 0.9056 

15 20 163.62 149.65 0.9146 

20 20 155.74 141.23 0.9068 

25 20 137.37 124.45 0.9060 

30 20 117.94 109.41 0.9277 

35 20 102.98 95.12 0.9237 

40 20 90.02 84.17 0.9350 

Backgrounds: 0 - Ka: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.0 V 50*1.40 

Remarks No coatings applied, na conductivity problems. 
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Appendix 1 .. 29 

Oxide: LaCrOJ 

Date: 0-Ka: 20 Nov 1987 compo: 21.75 wt % 
49.25 wt % 
22 . 16 wt % 

AreajPeak Factor 0-Ka: on LDE 1. 0000 1. 83 wt % 
5.00 wt % 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cpsjnA) 

0-Ka: 0-Ka: 

0-Ka: FezOJ oxide 

4 30 59.08 47.49 0.8039 

6 30 95.64 73.15 0.7649 

8 30 123.26 91.67 0.7437 

10 30 141.99 100.88 0.7105 

12 30 152.67 105.55 0.6914 

15 30 159.51 105.05 0.6586 

20 30 150.46 95.20 0.6328 

25 30 133.85 82.94 0.6197 

30 30 115.11 71.80 0.6238 

35 30 100.00 62.55 0.6255 

40 30 88.34 55.33 0.6264 

Backgrounds: 0-Ka:: ± 17.0 mm (LDE) on either side of the peak 
(because of intertering lines on both sides of the peak) and 

interpolated 

0 
La 
Cr 
y 
Ca 

PHA settings: counter HT 

0-Ka:: 1700 volt 

Lower level 

1.0 volt 

Window Gain 

2.0 V 50*1.45 

Pulse Spec 

2.0 V DS LDE 

Remarks No coatings applied, no conductivity problems. 
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Appendix 1 .. Jo 

Oxide: Ta20s 

Date: 0-Ko: 9 March 1988 compo: 18.10 wt % 0 
81.90 wt % Ta 

AreajPeak Factor 0-Ko: on LDE 1.0102 

kV Beam Net. Peak intensities Peak k-ratios current 
(nA ) (cps/nA) 

0-Ko: 0-Ko: 

0-Ko: Fe20J Oxide 

4 30 57.90 (34.97) (0.6009) 

6 30 93.13 (49.29) (0.5292) 

8 30 121.05 (41. 07) (0.3393) 

10 30 138.62 (48.00) (0.3463) 

12 30 149.95 52.25 0.3485 

15 30 156.14 47.65 0.3052 

20 30 148.03 39.48 0.2667 

25 30 130.28 33.37 0.2561 

30 30 114.47 27.97 0.2443 

35 30 100.30 24.76 0.2469 

40 30 87.77 21.74 0.2477 

Backgrounds: 0-Ko:: ± 10.0 mrn (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ko:: 1700 volt 

Lower level 

1. 0 volt 

Window Gain 

2.0 V 50*1.02 

Pulse Spec 

2. 0 V DS LDE 

Remarks : No coatings applied. Below 12 kV noticeable conductivity 
problems; apparent voltage slightly lower than nominal one. These 
effects became vanishingly small with increasing accelerating 
voltage. Emitted intensities below 12 kV are therefore given 
between parentheses. 
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Append,i~ 1. .. :u, 

Oxide: (Fe,Mn}W04 

Date: 0-Ka 25 Nov 1987 

AreajPeak Factor 0-Ka on LDE 0. 9966, 

Compo: 21.62 wt % 0 
61.40 wt % W 
14.25 wt % Fe 

2.73 wt % Mn 

kV Beam 1'-{et. Pea~ .inten~d t.i~!'> Pe?.k k-ratio~ current 
(nA ) (OPfil/M) 

o ... :J<çx 0-Ka 

O-Ka Fe~OJ O~iq~ 
, . .... ~·· , .. 

4 30 59.34 43.07 0.7259 

6 30 96.19 60,65 0.6305 

8 30 p5.Q6 (i~.~4 0.5457 

10 30 143.22 6Q.t;i2 0.4861 

12 30 155.91 68.0Q 0.4361 

15 30 160.19 6;;!. 28 0.3888 

20 30 153.11 52.~0 0.3409 

25 30 134.91 44.23 0.3278 

30 30 117. ·Hl ;n. 77 0.3215 

35 30 101,9~ ~;!!.54 0.~193 

40 30 8.9.90 28.04 0.3119 
.. . . 

Backgrounds: o-Kq: ± 10.0 nun (LDE) cm either !'>.iele of the peak and 
.interpolated 

PHA settings: counter H~ 

o-Ka: 1700 volt 

Lower l.evel. 

J,,o vol.t 

Window Gain 

2.0 V 5Q*1.25 

Remarks : No coatings applied, no conductivity problems. 
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Appendix 1 .. 32 

Oxide: WOJ 

Date: W-Ma, La : 28 & 29 Feb 1989 
0-Ka : 9 Mar 1988 

AreajPeak Factor 0-Ka on LDE : 1.0099 

kV Bearn Net. Peak intensities current 
(nA ) (cps/nA) 

w -Ma 0-Ka 

w -Ma 0-Ka w Oxide FezOJ Oxide 

4 100 30 3.90 2.39 57.90 41.01 

6 300 30 9.31 6.00 93.13 54.64 

8 300 30 15.07 10.02 121.05 59.24 

10 250 30 20.33 13.78 138.62 59.79 

12 200 30 25.41 17.50 149.95 57.40 

15 150 30 32.02 22.56 156.14 51.76 

20 150 30 40.85 29.17 148.03 42.98 

25 100 30 44.36 32.20 130.28 35.82 

30 100 30 46.37 34.02 114.4 7 30.88 

35 100 30 47.83 35.35 100.30 26.86 

40 100 30 45.04 33.51 87.77 24.09 

w -La 

W-La w oxide 

12 300 17.76 11.06 

15 60 81.51 54.58 

20 20 237.21 165.05 

25 15 425.53 303.11 

30 10 611.61 441.83 

35 10 823.18 604.05 

40 5 1006.11 748.65 

Cornpo: 20.70 wt % 0 
79.30 wt % w 

Peak k-rat i os 

w -Ma 0-Ka 

0.6135 0.7082 

0.6440 0.5867 

0.6651 0.4894 

0.6777 0.4313 

0.6886 0.3828 

0.7045 0.3315 

0.7141 0.2903 

o. 7259 0.2749 

0.7337 0.2698 

0.7390 0.2678 

0.7440 0.2744 

W-La 

0.6226 

0.6696 

0.6958 

o. 7123 

0.7224 

0.7338 

0.7441 

Backgrounds: w -Ma: ± 5 mrn on either side of the peak and 
interpolated 

w -La: ± 5 rnrn 
0-Ka: ± 10.0 rnrn (LDE) 

PHA settings: counter HT Lower level Window Ga in Pul se Spec 

W-Ma: 1600 volt 0.5 volt open 128*4.8 2.0 V es PET 

W-La: 1600 volt 1.0 volt open 32*4.6 2.0 V BS LIF 

0-Ka: 1700 volt 1.0 volt 2.0 V 50*1. 02 2.0 V DS LDE 
Rernarks No coatings applied; na conductivity problerns 
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Date: 0-Ka 16 Oct 1987 

Appendix 1.. 3,3 

Oxide: PbFe12019 

Compo: 25.00 wt % 0 
21. oo wt % Pb 
54.00 wt % Fe 

AreajPeak factor 0-Ka on LDE 0. 9904 

kV Be~m !{et. Pe"'lc int~nsiti~s P~ak k-ratios 
current 

(nA ) (c.ps/~) 

O-Ka 0-Ka 

0-Ka fea03 Oxide 

4 30 58.94 49.90 0.8467 

6 30 95.98 76.15 0.7934 

8 20 127.42 95.15 0.7515 

10 20 145.63 1Q5.08 0.7215 

12 20 159.27 109.03 0.6846 

15 20 163.62 106.26 0.6495 

20 20 155.74 93.99 0.6035 

25 20 137.37 80.24 0.5842 

30 20 117.94 68.99 0.5850 

35 20 102.98 59.73 0.5800 

40 20 90.02 52.l2 0,5790 

BackgrO\.~nds: 0-Ka: ± 10~0 mm (LD!::) on e.ither side of the peak and 
interpolated 

PHA settings: counter ~T 

0-Ka: 1700 volt 

Low~r level 

1.0 volt 

W.inpow ~a.in 

:;!.Q V 50*1.40 

Remarks No coatings applied, no conductivity problems. 
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Appendix 1 .. 34 

Oxide: Bi203 

Date: 0-Ka 30 Oct 1987 Compo: 10.30 wt % 0 
89.70 wt % Bi 

AreajPeak Factor 0-Ka on LDE 0.9754 

kV Beam Net. Peak intensities Peak k-rat i os 
current 

(nA ) 
(cpsjnA) 

0-Ka 0-Ka 

0-Ka Fe203 Oxide 

4 30 57.91 (17.57) (0.3034) 

6 30 94.57 (26.18) (0.2768) 

8 20 125.61 (30.02) (0.2390) 

10 20 142.90 29.72 0.2080 

12 20 154.80 29.16 0.1884 

15 20 161.81 26.41 0.1632 

20 20 151.48 20.96 0.1384 

25 20 135.42 17.65 0.1303 

30 20 117.34 14.93 0.1272 

35 20 100.52 12.74 0.1267 

40 20 89.86 11.58 0.1289 

Backgrounds: 0-Ka: ± 10.0 mm (LDE) on either side of the peak and 
interpolated 

PHA settings: counter HT 

0-Ka: 1700 volt 

Lower level 

1. 0 volt 

Remarks : No coatings applied. Below 
problems; apparent voltage slightly 
effects became vanishingly smal! 
voltage. Emitted intensities below 
between parentheses. 
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Window Gain 

2.0 V 50*1.45 

Pulse Spec 

2.0 V OS LDE 

10 kV noticeable conductivity 
lower than nomina! one. These 
with increasing accelerating 

10 kV are therefore given 



Appendix 2 ... a 

0.80 
860--B-Ko 

0 0.70 T.U. E. 
~ 
I 

CD 0.60 
0 
H 

1- 0.50 
< 
0::: 
I 
~ 0.4(2J 

0.30 
0 10 20 30 40 

AC CEL. VOLTAGE <kV) 

0.80 
Ti02--Ti-Ko 

0 
0.70 T. U. E. ~ 

I 
or4 

1- 0.60 
0 0 0 g g 

0 oo 0 0 

H ~ 
1- 0.50 
< 
0::: 
I o:. 40 
~ 

0.30 
0 10 20 30 40 

AC CEL. VOLTAGE <kV) 

Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) and the predictions of our PROZA 
program ( solid curves). Top : uncoated B60 ( integral 
k-ratios B-Ka); bottom : uncoated Ti02. 
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Appendix 2 ... b 
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A CC EL. VOLTAGE <kV) 

Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) and the predictions of our PROZA 
program (solid curves). Top : uncoated Cr203 ; bottorn : 
uncoated Fe203. 
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Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) anq the PTedict~ons of our PROZA 
program (solid curves). Top : uncoateq Fe304; bottorn : 
uncoated NiO. 
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Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) and the predictions of our PROZA 
program (solid curves). Top : uncoated Cu20; bottorn : 
uncoated cuo. 
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Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) and the predictions of our PROZA 
program (solid curves). Top : uncoated ZnO; bottorn : 
uncoated NbzOs. 
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Comparison between the experimental k-ratios (relative 
to elemental standards) of the X-ray lines of the metal 
components (circles) and the predictions of our PROZA 
program (solid curves). Top : uncoated Mo03; bottorn : 
uncoated Ru02. Measurements on Mo03 below 15 kV 
impossible due to conductivity problems. 
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Comparison between the experimental k-ratios (relative 
to elemental stanàards) of the X-ray lines of the metal 
components (circles and triangles) and the predictions 
of our PROZA program (sol id curves), Top uncoat ed 
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k-ratios for W-La; circles those for W-Ma, 

158 



Appendix 3 

Numerical details of the final data base containing the 
unsmoothed Integral k-ratios for 0-Ka relative to Fe203 
and the smoothed peak k-ratios for the metal X-ray 
lines relative to elemental standards. 

LEGEND 1
st 

2
nd 

3
rd 

4th 

10th 
11 th 
12th 

13th 

14th 

15th 
16th 
17th 

column ... Number of elements - 1. 
column ... Atomie number of key me tal 

component. 
column ... Atomie number of secondary met al 

component. 
column ... Atomie number of tertiary me tal 

component. 
column ... Atomie number of quaternary metal 

component. 
column ... Weight fraction of key metal 

component. 
column ... Weight fraction of secondary metal 

component 
column ... Weight fraction of tertiary metal 

component. 
column ... Weight fraction of quaternary metal 

component. Note that the weight 
fraction of Oxygen is obtained as 
1 - Sum of columns 6-9. 

column ... k-ratio of key metal 
column ... k-ratio of secondary metal (void). 
column ... Integral k-ratio 0-Ka relative to 

Fe203 
column ... Accelerating Voltage (kV). Take-off 

angle is fixed at 40 deg. 
column . .. X-ray line type of key metal 

(K=O, L=1, M=2). 
column .. . X-ray line type of secondary metal. 
column ... X-ray line type of tertiary metal. 
column ... X-ray line type of quaternary metal. 
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Appendix 3 (Continued) 

22 a 11 11 a. 5995 I. ma Uillil Uililil 1.1!11111 Uillil 11.9545 4 I 
22 a e e 11.5995 e.aaaa a.11111 a.aaea a.5358 a.aaa1 a.7667 6 a 
22 11 0 11.5995 11.11a1111 11.11111111 a.aaaa 1.5417 a.illlllll 11.61121 9 11 
22 11 11.5995 11.1!111111 11.1!111111 11.11111111 11.5463 Uillil 11.4999 lil 11 
22 11 11.5995 11.11111111 1.11111111 11.1111111 1.55113 1.181111 8.4146 12 11 

1 22 a.5995 11.1111111 a.110011 e.eeea a.5554 1.0111 11.34115 15 a 
22 11.5995 11.1181111 a.aaaa e.eeaa &.5613 a.aaaa a.2792 21 a 
22 8. 5995 um 11.11a8a Ulll!ll a. 5659 uaaa 8. 2492 25 a 
22 11.5995 11.11111 1.11111111 11.1111111 11.5695 1.1181111 11.2436 311 11 
22 8.5995 11.11811 8.1111111 Ullll 11.57211 Ullll 8.24111 35 I 
22 11.5995 11.1111111 11.11111111 11.11111 8.5736 1.111111 11.2436 411 11 
29 II.B992 1.11181 1.11111 1.111111 1.1111111 1.111111 1.3631 4 I 
29 1.8892 11.111181 1.1111a e.aaae 1.111111 1.111111 11.3444 6 I 
29 11.9992 8.11111111 8.111188 8.111811 8.88111 1.111111 1.3173 8 I 
29 11 1.8892 11.11111 11.111111 8.11111 1.9443 ll.alill 1.3137 11 I 
29 1.9882 1.1181 1.118111 8.1111811 11.9494 a.eeae 11.2837 12 a 
29 11.9882 UilBil ll.IIBIIII IUIIIIII 11.85511 a.mll 8.2644 15 I 
29 8.8882 e.aaaa a.aeae 11.8111111 8.8615 a.eaee 11.2388 211 11 
29 8.8882 8.111811 11.11111111 11.111111 11.8651 1.1111111 11.2249 25 11 
29 11.8882 um ll.llllllll Ullllil a.8675 um 1.2287 311 a 
29 11.9992 l.llllall 1.8111111 11.1111111 8.9699 1.181111 11.22111 35 8 
29 11.9882 11.8111 1.11111111 1.11111 1.8698 1.18111 11.2169 411 8 
29 1.7999 11.111111 11.11111111 1.111111 1.181111 1.18811 1.6626 I 
29 11.7999 8.81a11 1.1111111 1.1111111 1.11111 8.11111 11.6327 6 I 
29 11.7989 11.111111 11.11111111 a.lllll 1.81811 8.81111 11.59116 9 I 
29 1.7999 1.1181 1.1111111 l.llaaa 8.11111 8.11811 1.5651 lil 8 
29 11.7989 ll.llililil 1.1111111 11.1111111 1.72711 1.18811 11.5279 12 11 

I 29 11.7999 11.11111 1.11111 11.11111 1.7374 8.11111 8.4954 15 I 
29 0 11.7999 11.111111 11.11111111 1.11111111 1.7499 l.ililllil 11.4512 21 I 
29 11 11.7989 11.111111 1.11111111 11.11111 1.7591 11.1811 11.4321 25 I 
29 11.7999 l.llllall 1.111111 11.1111 1.7642 1.11111 8.4237 38 11 
29 11.7999 11.81111 1.111111 11.11111 11.76911 11.111111 11.4225 35 I 
29 11.7999 11.1111118 11.1111118 11.111111 1.7729 8.88111 1.4265 48 11 
44 11.7595 1.11111 1.18111 11.11111 8.63611 1.8111 1.6169 4 
44 11.7595 a.81181 11.8111111 11.118118 11.6649 8.111118 1.4676 6 
44 11.7595 11.1111111 8.1111111 11.1888 1.6772 1.11811 8.3565 9 
44 I 11.7595 1.1111111 1.11111a 11.11111a a.69711 a.lllilll 11.3113a 18 
44 a.7595 e.alla 1.1111111 11.81111 a.6952 l.llaaa 1.2476 12 
44 a.7595 a.aala 1.11111 l.alllil 1.7149 8.1111 1.2194 15 
44 8.7595 1.1118 1.1111 8.81181 1.7172 l.lllila 8.1724 21 
44 1.7595 1.aeaa a.aaaa 1.1111 1.7271 1.aaaa 1.15811 25 
44 11.7595 11.81111 Ulll 1.1811 1.7353 8.11118 1.1571 38 
44 11.7595 11.11111 1.111111 8.1111118 1.7431 8.81811 1.1557 35 
44 11.7595 11.11111 1.11111 8.111111 1.7491 1.111111 1.1571 41 
311 11.91134 11.1181111 1.111118 1.11111111 8.11111 1.111118 11.6565 4 
311 11.91134 11.111111 11.11111 1.11111111 1.1118 1.118111 11.6196 6 
311 11.81134 11.1111 1.8111 11.111111 11.811118 1.1111111 11.5721 9 
311 11.9a34 ll.llllla 11.11111111 l.aaea 1.11118 l.lalll 1.5337 lil 11 
31 0.91134 1.1111 8.1101 1.111111 1.7621 1.11118 11.51311 12 8 
31 11.9134 11.111111 11.11111111 11.11111111 1.7663. 1.11811 11.4564 15 a 
311 11.91134 l.lllllla 1.1111111 11.11188 11.7713 1.1111111 1.4165 28 11 
311 11.9034 a.aaaa 11.11111111 a.a11111 a.77511 a.aaaa 1.3964 25 a 
311 1.8134 a.1111 a.a111 11.aaaa a.7779 a.1111 1.3995 31 a 
311 1.8134 1.111a 1.111a1 ll.&aaa a.7791 1.1111 1.3936 35 I 
31 a &.8134 a.a11aa a.a1111 1.aaaa &.7911 a.aaaa 1.3874 41 a 
39 26 82 14 11.3588 1.37511 a.lll71 1.8121 1.1111 1.11a1 1.81167 4 I 
39 26 82 14 8.3581 1.3751 1.11178 l.lla2a 8.111118 11.811111 8.7147 6 

4 39 26 92 14 11.3591 1.3758 11.11171 8.111121 a.aeea e.aaaa 1.6386 8 
4 39 26 82 14 11.3598 8.375a 8.111711 1.111128 8.8188 1.8181 1.56115 18 
4 39 26 82 14 1.3581 a.3751 ue1a 1.11121 1.ma uaaa 11.51151 12 
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Appendix 3 (Continued) 

39 26 92 14 1.3591 1.3751 1.1171 1.1121 Uil I U lil 1.4449 15 I 2 I 
4 39 26 92 14 U591 1.3751 1.1171 U121 1.1111 U lil 1.3969 21 2 I 

4 39 26 92 14 1.3591 1.3751 1.11171 1.1121 1.1!111 1.1111 1.3619 25 2 I 
4 39 26 92 14 ll.3591 1.3751 1!.11711 l.tl21 1.1111 Uil II 1.3497 31 2 I 

39 26 92 14 1.3581 I. 3751 1.1171 1.1121 1.111!1 1.111!1 I. 3474 35 2 I 
4 39 26 92 14 ll.3591 ll.3751 11.1171 1.11121 11.1111 11.1111 1.3455 41 2 I 
1 51 I 1.7976 ll.lllll um Uillil l.lllllll 1.111!1 1.6221 4 ll 

1 51l ll 1.7976 um 1.1111 Ullll 1!.6991 um ll.4964 6 I 
51 ll 1.7976 ll.llHBI ll.llllll ll.lllll 1.7195 um 1.3993 9 I 
51 ll a. 7976 U lil 1.ma um 1.7174 um 1.3396 11 
51 ll 1.7976 Uillil Ullll Ullll ll.7252 Ulllll 1.291l6 12 
51l I 1.7976 Uil I 1.1111 8.1111 1.7351 Ullll 1.2432 15 
51 ll ll.7976 l.llllll 1.1111 1.1111 1.751l2 1.1111 1.21155 21 
51 I 1.7976 ll.llllll 1.1111 1.111111 1.7624 1.111!1 1.1916 25 1 
51 11 11.7976 l.llllll l.lllll Ullll I. 7729 l.llllll 1.1999 31 1 

1 51 ll 1~7976 1.m1 Uillil 1.1111 1.7921 1.1111 1.1952 35 1 
1 51l ll 11.7976 l.llllll Uillil UISil ll.791l4 Uillil 1.1966 41 1 
3 56 26 3 1.1271l ll.5991 1.1121 1!.1111 1.11181! l.lllll 1.9196 4 2 
3 56 26 31 ll.1271 11.5991 1.1!1211 um Ullll l.lllll I. 9144 6 1 
3 56 26 31 ll.1271l 11.5991 Ull21 Ulllll Uil I um 1.9974 9 I 
3 56 26 31 1. 1271 1.5991 11.1121 Ulllll ll.lllll Uillil ll.91l56 lil I 
3 56 26 31 ll.1271 ll.5991l l.lll21l Uillil Ullllll um 11.9922 12 ll 
3 56 26 31 I 1.1271 1.5991 l.lll21l l.lllll Ullllll 1.1111 11.91lll 15 I 
3 56 26 31 11.1271 11.5991 1.1121 UI lil ll.llllll l.lllll 1.9934 21 ll 
3 56 26 31 1.1271l 1.5991l 1.1!121 Uil I Uillil l.lllll ll.9926 25 I I 
3 56 26 31 ll.1271l 1.5991l Ull21 Uillil 1.11111 1.1111 1.9141 31l I 
3 56 26 31 1.12711 I. 5991 Ul21l 1.1111 1.1111 Ullll 1.911lll 35 1 I 

3 56 26 31 1.1271 1.5991 Ull21 U lil um 1.11111 1.9212 41l 1 I 

2 92 26 11 1.21111 11.541111 1.1111 1.111111 1.111111 Uillil 1.9396 4 2 1 
2 92 26 ll ll.2111l ll.541ll ll.lllllll 1.111111 Ullllll l.llllll 1.7959 6 2 1 
2 92 26 ll ll.2111l ll.541ll I. lillil 1.1111 Uillil Ullll ll.7443 9 2 I 
2 92 26 ll ll.21HB 11.5411 1.111111 Ullll 1.1111 1.1111 1.7146 11 2 11 
2 92 26 ll ll.2111 ll.541lll ll.lllllll Ullll Uillil 1.1111 1.6791 12 2 I 
2 92 26 1.2111 1.5411l um I. lilBil um um 1.6433 15 1 ll 
2 92 26 1.2111 1.5411 UI lil 1.11111 l.lllllll 1.1111 1.5977 21 j I 
2 92 26 1.211lll 1.5411 ll.lllllll 11.1111 11.11111 um 1.5796 25 1 
2 92 26 11.211lll 1.541111 Uil I 11.11111 11.1!111 1.1!11111 11 .5794 31 1 
2 92 26 1.2llll 1.541lll 1.1111 1!.1111 Uillil ll.lllll ll.5744 35 
2 92 26 ll.211lll ll.541ll Ullllll Uil el! Uillil Uillil ll .5734 41l 11 

41 8.69911 ll.llllllll Uillil 1.111111 ll.5691 Uillil ll.9142 4 
41 11 11.6991 ll.lllllll Uillil Ullll 1.5941 ll.llllll 1.61l93 6 
41 ll.6991l Uillil Ullllll Ulllll 1.5965 1!.181!1 ll.51119 9 
41 1.6991! U lillil l.llllll I. lillil 1.6193 l.llllll 1.4335 lil ll 
41 1.6991 ll.lllllll Uil II 1.11111 1.6172 U lil 1.3791 12 
41 1.6991l Ullllll ll.lllllll Uillil 1.6279 Uillil ll.3191 15 
41 ll.6991 lUllil um Uillil ll.6411l 1.11111 1.2635 21 
41 ll.6991 ll.lllllll l . lllllll l.llllllll ll.6511 um 1.241l7 25 
41 11.6'191l 1.1111111 ll.lllllll UI lil ll.65911 1.1111111 1.2347 31 
41 11.6991 l.llllllll U lillil Uillil I. 6664 ll.lllllll 1.23119 35 
41 ll.6991l Uil II a.m1 ll.ll~ll ll.6725 Uillil ll.2291l 41l 1 

3 31l 3 26 1.2499 ll.3989 ll . lllll 11.111111 Ullll l.lllll 1.7995 . 4 I 

3 31 31 26 a. 2499 1.3989 1.1111 Ullll Uillil 1.1111 ll.7693 6 1 1 I 

3 31 31 26 ll.2499 1.3999 1.1111 Uillil Ulllll l.lllll a. 7199 9 1 1 ll 
3 31 31 26 1.2499 1.3999 ll.llll Uil II Ulllll Uil I 1!.6777 11 1 I I 
3 31l 31 26 ll.2499 ll.3999 1. 1111 1.111!1 Uillil 1.1111 1.6429 12 ll I ll 
3 31 31 26 U499 1.3999 ll.llll 1.11!11 Ulllll 1.11111 ll.5925 15 ll s I 

3 31l 31 26 1.2199 ll.3999 I . lillil ll.ISill ll.lllllll a.lllll I. 5526 21l ll ll ll 
3 31 31 26 1.2-199 1.3999 l.lllll ll.lllll ll.lllll 1.1111 1.5141 25 I ll ll 
3 31 31 26 1.2499 1.3999 1.1111 l.lllll 1.1111 1.1!111 ll.51l19 31l I I ll 
3 31 31 26 1.2499 1.3999 I. lillil U lU 1.1111 1.1111 ll.4939 35 I i! I 
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3 311 31 26 11 11.2499 11.3988 11.111111 Ullllll ll.lllllll U lillil 11.4925 411 B 11 11 B 

3 3 26 82 B B.ll797 11.5241 11.1357 U lillil ll.lllllll ll.llllllll 11.8869 4 2 ll 

3 3 26 82 11 ll.ll797 1.52411 11.1357 l.llllllll ll.llllllll Ullllll 11.8484 6 I 2 I 

3 3 26 82 11 ll.ll797 11.52411 1.1357 um 11.111111 ll.lllllll 1.81156 8 11 2 ll 

3 3 26 82 ll 1!.1797 11.52411 11.1357 UilBil UilBil U1181l 1.7694 lil 11 2 11 

3 3 26 82 11 1! . 11797 1!.5241! 11.1357 um ll.llllllll ll.llllllll 11.74811 12 ll ~ a 4 

3 3 26 82 a 11.1797 11.52411 1.1357 1.11111111 ll.IIBI!B 11.11111!1 11.7169 15 B 2 a 
3 3 26 82 ll 11.11797 ll.52U 1.1357 Uillil ll.lli!Bil ll.lllllll 11.6899 211 ~ 11 4 

3 3 26 82 I 8.11797 1.52411 1.1357 ll.llBII Uillil UilBil 11.6591 25 2 11 

3 3 26 82 ll.ll797 11.52411 11.1357 Ullllll ll.BBIIIl ll.lllllll 1.6373 311 2 11 

3 3 26 82 8.11797 1.5241 1.1357 1.m11 Uillil UI Bil 8.6497 35 2 a 
3 3 26 82 U797 11.5248 1.1357 ll.llm UilBil ll.llllll 11.6435 411 2 11 

28 11 ll 1.7959 ll.lllllll 1.111111 um U lillil ll.llllll I. 7172 4 ll ll 

29 ll ll 11.7959 B.BBIIl B.BBBI 1.110111 Uillil l.lli!BB 1.6762 6 a 
29 11 ll 1!.7959 8.11111 ll.llllll Ullllll ll.lllllll ll.llllllll 11.6594 9 I 11 

29 11 ll 11.7959 ll.llllllll um l.llllllll 1.7178 Uil! I 11.6313 lil 11 

28 11 11 11. 7959 ' ll.llllllll Uillil Ullllll 1.7272 11.11111111 1.6896 12 11 

29 11 11 1.7959 ll.I!Billl l.llllllll ll.llllllll 11.7379 ll.lllllll 1.59119 15 11 

29 11 ll 11.7959 ll.llllllll ll.lllllll U lillil ll.7491 ll.lllllll 11.5519 211 ll 

28 ll ll 11.7958 ll.lllllll um UilBil 1!.7569 U lillil 1.5396 25 a 
29 ll ll 11.7959 ll . Billlll B.BBBII 1.111111 1.7623 Uil I 11.53114 3B B B 

28 B 11.7859 UilBil Uillil 11.1111111 11.7664 ll.llllllll 1.5268 35 B 

I 28 I 11.7859 ll.lllli!B ll.lllllll ll.lllllll 11.7695 ll.llllllll 11.5211 411 I 

2 56 22 11.5998 1.21154 I!. Billil ll.IIBilll Uillil ll.llllllll 11.4747 11 

2 56 22 ll.5989 1!.21154 ll.llBIIB ll.IIBBII ll.llllllll U lillil 1.44117 12 

2 56 22 11.5999 ll.21154 11.1111111 11.11111111 11.1111111 Uillil 11.3971 15 

2 56 22 B 11.5899 11.2154 U BBI! Uillil 1.11111111 U lillil 1!.3563 21! 

2 56 22 1!.5999 1!.21!54 ll.llllllll ll.llllllll Uillil ll.llllllll 1.341!6 25 

2 56 22 8.5999 1!.2154 ll.llllllll ll.I!Billl l.flillll Uillil I. 3229 311 

2 56 22 11.5989 1!.21154 ll.lllllll ll.llBII ll.lllllll Uillil 11.3242 35 

2 56 22 1!.5999 11.21154 ll.llllllll Uillil 1.1111!11 II.I!BIIIl 11.31911 411 

42 ll 1!.6665 U Bil ll.IIBII U BBI Uillil Uillil 11.4661 lil 

42 B 11.6665 ll.BBBII I. BilBil l.llllllll 1.111!1111 l.llllllll 11.41111 12 ll 11 

42 11 11.6665 ll.llllll ll.llllll l.llllllll 11.57411 11.111111 1.3416 15 

42 B 8.6665 Uilll Uillil l.lllllll 1.61l22 1.111111 11.2999 211 

42 11 11.6665 ll.llllllll 1.1111111 l.llllllll 11.6191 U lillil 1.2572 25 

42 11 11.6665 ll.lllllll 1.11111 ll.III!BB 11.6311 I. Hili 11.2491 311 

42 8.6665 ll.lllllll ll.llllllll ll.llllllll 1.64119 ll.lllllll 11.2518 35 

42 11.6665 ll.lllllll ll.Hilll ll.lllllll 1.6491 1!.11811 11.2492 411 I I 

83 15.99711 ll.lllllll um I.IIBI!Il 1.11111111 B.llllllll 11.2129 lil 2 

93 ll 11 11.99711 U lillil ll.llllll l.llllllll 1.1111111 B.HIIl 11.1939 12 2 

93 11.9978 UI! BB ll.IIBIIII 1!.1!11111 ll.llllllll UilBil 11.1592 15 

93 1!.89711 ll.llllllll ll.llllllll ll.llllllll ll.llllllll ll.llllllll 11.13511 21! 

83 1!.8971! ll.IBilB Uillil 11.11111!1 ll.IIBIII UI BI 11.1271 25 

I 83 ll.99711 um ll.llBBB ll.lllllll ll.llllllll I!. BBllil 1.1241 31! 

I 93 11.99711 ll.I!Uil ll.I!Billl l.llllllll U lillil ll.lllllll 1!.1236 35 

83 B.B971l ll.llllllll II.IIIIBII 11.119111 11.1111111 11.11111111 11.1257 411 

26 1!.7236 l.llllllll ll.llllllll U lillil ll.lllllll U Uil 1!.9359 4 

26 1!.7236 ll.lllllll ll.llllllll l.lllllll ll.llllllll ll.lllllll 11.9263 6 I 

26 11.7236 ll.I!Billl U lillil ll.llllllll 11.6493 Uillil 11.92411 8 11 

26 m-7236 UilBil Uillil ll.llllllll 1.6539 11 •. 111!11 11.9119 lil ll 

26 11.7236 Uillil ll . lllllll 8.1!111111 11.65811 11.1111111 8.9177 12 11 

26 1.7236 UilBil ll.llllllll ll.llllllll 8.6633 Uillil 11.9127 15 11 

26 11.7236 ll.llllllll 1.111111! l . llllllll ll,671lll ll.lllllll 11.91199 211 11 

I 26 1!.7236 1.111111 11.111111 ll.llllllll 1!.6751 11.811111 1.9131 25 11 

I 26 ll.7236 um l.llllllll ll.llllllll 1.67911 11.111111 11.91196 311 ll 

I 26 ll.7236 ll.llllllll ll.llllllll .l.llllllll 8.6819 ll.llllllll 11.9149 35 " I 26 11.7236 U lillil ll.llllll ll.ellell 1.6938 ll.lllllll 11.91115 411 11 

2 27 26 11.2512 11.4761! Uillil ll.Hilll I. BBllil 11.111!1111 11.9233 4 I 

2 27 26 1.2512 11.4761 um um Uillil Uillil 11.9119 . 6 
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2 27 26 B B 1.2512 B.476a 1.1111 B.IIBB I.BIBI I.BBia 1.9112 B B a a 
2 21 26 a a a.2s12 a.4761 a.a11a a.aaaa a.aaaa a.aaa1 a.8934 11 a a a a 
2 21 26 a a a.2512 a.476a a.aeaa 1.aae1 a.aaaa e.a1aa 1.895a 12 a e a a 
2 21 26 a a a.2s12 1.4761 a.aa1a. 1.aaaa 1.11a1 a.111a 1.8876 15 a a a a 
2 21 26 a a.2512 a.476a a.aaa1 1.aaaa a.aaaa a.a111 1.8734 21 a 1 a 1 
2 21 26 a a.2512 a.4761 1.a111 a.1aaa a.aaaa a.aaaa a.8663 25 a a 1 
2 21 26 1 a.2512 1.4761 a.aaaa a.aaaa 1.1111 a.1111 1.8662 3a e a a 
2 21 26 a a.25l2 a.476a a.aaaa a.a1aa a.aaaa a.aaaa a.8677 35 a a 
2 27 26 I 1.2512 1.4761 1.a1aa 1.1111 1.1111 1.1111 a.8573 41 I I 
2 12 26 1.1~76 a.5835 1.a11a a.11a1 a.1a11 a.a1a1 1.1393 4 a I 
2 12 26 a.a976 1.5835 1.aaaa a.aaaa 1.11a1 a.1aaa 1.a261 6 a 1 
2 12 26 1.1976 1.5835 1.1111 1.1111 a.1111 1.1111 1.1199 8 a 1 
2 12 26 1.1976 1.5835 1.a111 1.1111 1.aaaa a.a111 1.a225 11 a 1 
2 12 26 1.1976 a.5835 a.aaa1 1.aaaa a.aa11 a.aaa1 1.1116 12 a 
2 12 26 1.1976 1.5835 a.11aa a.aaaa a.aaaa a.aaaa 1.1174 15 1 
2 12 26 l.a976 a.5835 1.aa11 a.11a1 a.llll 1.1aa1 1.1135 21 I 
2 12 26 1.1976 1.5835 a.1aaa a.aaaa 1.1111 1.a111 1.1166 25 a 
2 12 26 1.1976 1.5835 a.1a11 1.11&1 &.1111 a.alll 1.9953 3a I 
2 12 26 l.a976 1.5835 1.1a11 1.1aa1 1.11a1 1.1118 8.~962 35 I 
2 12 26 1.1976 a.5835 1.a1aa 1.1aaa a.1111 1.1a11 1.9861 41 e 
2 13 26 I 1.1178 1.5693 1.aa11 1.1a11 1.1111 1.1a11 1.1519 4 1 I I 
2 13 26 1 1.1178 1.5693 1.a1a1 1.1a11 a.1111 a.1aaa 1.1294 6 t a 1 
2 13 26 a a.1178 a.5693 1.aaaa a.aaa1 a.aaa1 a.aaa1 1.1185 8 1 a a 
2 13 26 a a.1B78 1.5693 1.1111 1.11aa 1.1111 1.1a11 1.1211 11 a 1 1 
2 13 26 a 1.1178 1.5693 1.1aa1 1.aa1a 1.1111 1.111a 1.9981 12 1 1 a 
2 13 26 a 1.1a18 1.5693 1.1111 a.1111 1.a11a 1.aaa1 1.1a22 15 a 1 a 
2 13 26 a 1 1.1178 a.5693 1.aa1a 1.1aa1 a.aaa1 1.aaaa a.9672 2a 1 1 a 
2 13 26 a.1178 a.5693 l.al&l 1.1aa1 1.1111 1.1111 1.9671 25 a I I 
2 13 26 l.il78 &.5693 a.aa1a 1.11a1 a.11a1 1.1aa1 1.9545 3a 1 a 1 
2 13 26 a.1a7B I. 5693 Ulaa UBII! Uill Uall I. 9491 35 I I a 
2 13 26 1.1178 a.5693 l.aaaa 1.aa11 1.11a1 I.IBII 1.9469 41 I a I 
2 25 22 1.4954 a.2161 ua1a uaaa um 1.1111 1.8833 4 1 a a 
2 25 22 a.4954 a.2161 a.aaaa 1.1aaa a.1111 a.aa1a 1.7978 6 1 1 a 
2 25 22 1.4954 a.2161 uaaa um uaaa u1a1 1.7249 8 a 1 a a 
2 25 22 a.4954 a.216a a.ma uaaa Ulaa uaaa 1.6581 1a I I I a 
2 25 22 1.~954 1.2161 1.1a11 1.11aa a.llll 1.1111 1.6131 12 I I I a 
2 25 22 1.4954 a.2161 1.aaaa 1.11a1 a.1111 a.1a11 1.5383 15 a a 1 a 
2 25 22 a.~954 1.216a a.a1aa a.a11a e.1aa1 1.aa11 1.4667 21 1 1 a 1 
2 25 22 a.4954 1.2161 a.aaaa 1.11a1 a.aaa1 1.1111 1.4316 25 a 1 1 1 
2 25 22 1.4954 1.2161 uaa1 1.1111 u1a1 ua11 1.4184 31 1 1 a 1 
2 25 22 1.4954 1.2161 1.1111 1.aa11 &.1111 1.a1aa 1.4149 35 a I I a 
2 25 22 1.4954 a.216a a.aaa1 1.1111 a.aaaa a.1aa1 a.4125 4a a a 1 1 
2 26 22 a.4996 a.2142 a.aaaa 1.aaaa a.aaa1 a.aaaa a.8719 4 1 1 a a 
2 26 22 a.4996 1.2142 1.1a1a 1.111a a.a1a1 a.aa11 a.7825 6 I I a 
2 26 22 a a.4996 1.2142 uaaa uaaa uaaa uaaa a.7a36 8 1 1 a 1 
2 26 22 1.4996 1.2142 a.aaaa a.1111 a.1111 1.1a11 a.6388 11 1 a 
2 26 22 1.4996 a.2142 a.aaaa 1.a1a1 B.aaBI &.1111 a.5845 12 I a 
2 26 22 1.4996 1.2142 1.1111 1.1111 1.1aa1 &.1111 1.5221 15 a a 
2 26 22 1.4996 1.2142 1.11a1 1.1aaa a.1aa1 a.a111 a.4571 2a a a 
2 26 22 1.4996 1.2142 UIBI 1.1118 UBII! 1.1111 8.4248 25 I I 
2 26 22 1.4996 a.2142 a.IBII I.BIII a.alal I.BIII a.4113 31 a a 
2 26 22 1.4996 1.2142 Uall UIIB Ulll Ulll a.4113 35 I I 
2 26 22 1.4996 1.2142 1.aaa1 1.1111 1.11a1 1.111a 8.3941 4a I I 
2 25 26 1.2351 1.4851 1.1111 1.1111 1.1118 a.llll 8.9417 4 
2 25 26 1.2351 1.4851 1.111& 1.1111 B.Bial a.llll 1.9359 6 
2 25 26 a. 2351 a. 4851 1. ma 1.111a 1.1111 uaaa a. 9415 8 1 a 
2 25 26 a.235a a.4851 1.11a1 1.a11a 1.111a 1.1111 1.9427 1a I I 
2 25 26 1:2351 a.485a 1.1a11 1.1111 a.llll 1.1111 a.9484 12 I I 
2 25 26 a.2351 1.4851 Ulll 1.1111 Uall 1.8811 1.9396 15 a I 
2 25 26 U351 1.495& 1.1111 uaaa Uall uaaa a.955.1 21 a I 
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2 25 26 li I 1.2351 11.4851 Uil a 1.11111 1.111111 Ulla 1.9671 25 a I I I 

2 25 26 I a 1.2351 11.4851 11.11111 1.11111 u a all 11.11111 11.9779 31 11 I I I 

2 25 26 a a a.235a a. 485a UI all Uillil 1.1111 Uillil 1.9767 35 11 11 11 I 
2 25 26 I 1.2351 11.48511 1.11111 1.111111 1.1111 1.11111 I. 9742 41 I I I 11 
2 31 26 11 1.2792 1.45511 U lillil u aal U lal 1.11111 1.9a55 4 I a 
2 31 26 I 1.2792 1.4551 uaaa 1.1111 ll.lall u all 1!.8573 6 I 11 
2 31 26 11 a.2792 a.4551 uaaa 1.1111 u aal! uaaa 1.8367 8 a I a 
2 31 26 I! 1.2792 a. ma uaaa u na U lila U lil 1.7917 la a a a 
2 31 26 a a.2792 11.455a II.I!IBB uaaa 1!. aalll Ullll a. 7788 12 a a a a 
2 31 26 1.2792 8.4551 Uillil 1!.11111 um 1.1111 11.7361 15 I! 

2 31 26 a.2792 1.4551 lUl a a uaaa uaaa Uil I I. 7114 2a a 
2 31 26 1.2792 1!.4551! 1.11!1!0 uaaa U lil Uil I 1.6795 25 I! 

2 31 26 a.2792 a.4551 a.lllll l.llalla II.BIIIa Uil a 1.6697 31! I 
2 31 26 1.2792 1.4551 1.11111 Uil! I Uillil 11.1111 1.6783 35 I 
2 31 26 1.2792 a.4558 1.1!181! 1.1!1111 1.111811 1.11111 1.6546 41 I 
I 24 1.6842 Uil I! a uaaa uaaa UI all uaaa 1.1482 4 
I 24 a.6842 Uil a a u aal! uaaa uaaa u all 1.1741 6 

24 11 1.6842 1.11111 1.11111 uaaa 1.6165 u all 1.1422 8 a 
24 1.6842 8.1!111111 uaae uaaa 11.6171 um 1.1741 lil I 
24 1.6842 um 1.1111111 um 1.6248 U lil 1.2159 12 I 
24 1.6842 um uaaa 1.11111111 1.6335 uaaa 1.2555 15 I 
24 a.6842 u all 1.1181 uaaa 1.6431 1.11181 1.3337 2a I 
24 a.6842 a.aaaa a.aall uaaa a.6492 uaaa 1.3711 25 a a 
24 1.6842 U alla Uil a UIBB a.6532 U lil 1.4138 3a I 
24 1.6842 l.alll a.aaaa 1.11111 1.6563 um 1.4218 35 I 

I 24 a 11.6842 11.118111 Ullla 1.1111 11.6581 1!.1111 1.4331 41 a 
3 74 2 25 1.614a 1.1425 1.1273 u a all 11.181111 8.11111 I. 7259 4 2 
3 74 26 25 1.6141 a.l425 11.1273 U lila U lila uaa1 1.6315 6 2 I I 

3 74 26 25 a.6141 a.l425 a.a273 um 1.11111 11.11188 1.5457 8 2 I a 
3 74 26 25 1.6141 a.l425 1.11273 U Bal 1.1111 lU aii 1.4861 la 2 I I 
3 74 26 25 B.614a 1.1425 a.am um uaaa 1.1111 1.4361 12 I I 

3 74 26 25 ll.614a 1.1425 1.11273 1.1111 1.11111 um 1.3888 15 I I 

3 74 26 25 a.614a 1.1425 1.1273 uaaa um 1.1111 I. 3419 2a a a 
3 74 26 25 B.614a a.l425 1.1273 1.11111! uaaa um 1.3278 25 a I 
3 74 26 25 1.614a a.l425 1.1273 uaaa uaaa um a.3215 3a I I 
3 74 26 25 um a.l425 11.1273 a.1m 11.1111 a. aan a.3193 35 a a 
3 74 26 25 1.6141 1.1425 1.1273 um uaaa ua81 1.3119 41 I I I a 
4 57 24 39 2a 1.4925 1.2216 11.1183 1.1518 uaaa ll.ll!al 1.8139 4 2 I I 

4 57 24 39 2a a.4925 1.2216 a.l!l83 11.1!511 1.1111 1.1!181 I. 7649 6 2 I I 

4 57 24 39 21 1.4925 a.2216. 1.11183 U51a U lal uaaa 1.7437 8 I I 

4 57 24 39 2a 1.4925 1.2216 1.1183 U5all u aal Uil a a.m5 la I 
57 24 39 21 1.4925 1.2216 11.1193 11.1511 u aal uaal 1.6914 12 

4 57 24 39 2a 1.4925 a.2216 a.al83 1.1511 a. ma u aal 1.6586 15 
4 57 24 39 21 1.4925 1.2216 ll.al83 1.15al 1.1111 1.11111 1.6328 21 
4 57 24 39 21 a.4925 8.2216 1.11183 1.1518 Ullll a. 81111 1.6197 25 
4 57 24 39 21 1.4925 a.2216 1.1183 U5aa um 1.1181 1.6238 3a 
4 57 24 39 211 1.4925 1.2216 1.1183 1.15111 1.811111 1.1881 1.6255 35 
4 57 24 39 2 a.4925 1.2216 1.1183 um 1.1111 Uillil 1.6264 41 

27 I 1.7865 1.1181 uaaa Ullll 1.1111!1 Uil a 1.7331 4 
27 ll 1.7865 U lil UI lil ll.llllll l.lllll ll.lllll 1.7364 6 
27 I ll.7865 U lil Ullll Uil I 1.1111! 8.81111 •• 7183 8 
27 a 1.7865 um Uillil ll.llll a. ma ll.llll 1.6982 11 I 
27 B 1.7865 1.1811 ll.lllllll B.llllll 1.18111 1.1111 1.6755 12 I 
27 I 1.7865 Uillil a.aaaa uaaa Ullll U lil 1.6441 15 I 

27 ll 1.7865 Ulllll Ualll 1.11111 UI BI Uillil 1.6212 2a I 
I 27 ll a. 7865 ll.lllll Uillil um Uillil U lil 1.6113 25 ll 
I 27 I I. 7865 UI all u all~ Ullll 1.1!811 UIU 1.5843 311 ll 
2 27 22 1.5131 ll.2195 l.llllll l.llllll Uillil 1.11111 1.8138 4 
2 27 22 1.5131 1.2185 UI all Ullll 1.1811 1.1111 1.7573 6 I I 

2 27 22 I. 5131! 1.2185 Uillil Uil II um l.lllll U897 B I I 
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2 27 22 11 1.51311 11.21185 11.1111111 11.11111111 11.11111!11 Uilall 11.6296 111 11 8 11 I 

2 27 22 11 11.51311 11.21185 11.11111111 8.11111 11.1111111 11.1111111 11.5613 12 11 11 11 11 

2 27 22 11 11.51311 1.2185 11.1111111 8.1111111 1.11111111 1.111111 1.5186 15 I 11 I I 

2 27 22 11 1.5131 I. 2185 11.11111 1.8111 11.111111 1.11111 1.4272 21 11 I I I 

2 27 22 I 11.5131 1.2185 Uillil 11.111111 ll.lllell 11.1111111 11.3969 25 I I 11 I 
2 27 22 I 8.5131 1.2185 11.111111 ll.lllll Ulllll 1.11111 1.3564 311 I I I I 

2 u 39 I 11.5968 1.1526 Ullllll UI BI 1.1111 1.8111 11.6814 4 I 11 I 

2 41 39 I 11.5968 1.1526 1.111111 11.1111 1.1111 1.1111 1.5373 6 I 

2 48 39 I a. 5968 1.1526 1.1111 1.1111 Uillil 11.1111 1.4357 8 I 

2 4B 39 I 1!.5968 1.1526 1.1111 11.1111 1.1111 1.111111 8.3781 11 I 

2 u 39 a a. 5968 1.1526 1.11!11 11.11111 1.1811l Ullll 1.3198 12 11 

2 41 39 1.5968 1.1526 Ul81l 1!.11111 1.11111 8.1111 1.2591 15 a 

2 41 39 a. 5968 1.1526 uaaa 1.1111 1.1111 uaaa 1.2154 21 a 

2 4B 39 1.5968 1.1526 1.1111 1.1111 1.1111 U Bil 1.1989 25 a 
2 41 39 1.5968 1.1526 ll.lllll U BBI 1.1111 11.1111 ll.l933 311 I 

73 I 11.8191 1.1111 ll.lllllll U lil Uillil 1.11811 1.3521 12 2 11 11 
73 ll I 1.8191 1.11111 U lil I ll.lllll l.lllll Ullll ll.3183 15 2 ll a 
73 ll a 1.8191 ll.lllllll Uilall 1.11111 Uillil UI BI ll.2694 211 2 11 
73 11 11.8191 e.ma Ullll I. ma 1.8118& a.aaH 11.2587 25 2 11 
73 I 1.8191 UI BI a.1m 1.8111 1.1181 1.11111 11.2468 31 2 I 
73 I 8.8191 Uil I Ullllll 1!.111!1 Uillil U Bil 1.2494 35 2 11 I 
73 I 1.8191l 1!.11!11 Uillil 8.1111 1.111111 1.1111 1.2512 41l 2 I 
74 11 a. ma 1.1111 1.1111 1.1111 1.6131 1.1111 1.7152 4 2 I 
74 ll 1.7931l 1.11111 U lil um 1.6443 Uil I 1.5925 6 2 I 

I 74 I 1.7931l 1.1!811 1.1111 1.1111 1.6647 UI Bil ll.4942 e 2 I 
I 74 I. 7931l Uillil Uillil U BBI ll.6788 1.111111 11.4356 lil 2 11 

74 ll.7931 ll.lllllll 11.11111 1.11111 1.6993 I.IIIU ll.3866 12 2 11 
74 11.7931l 1!.1111 1.111111 1.1118 ll.71l22 Uillil 11.3348 15 2 11 
74 1.7931 Uillil 11.1111!1 1.1111 1.7162 1.1111 1.2932 21 2 11 
74 1.7931 ll.lllllll 1!.11111 1.1111 1.7261 1.1118 U777 25 2 I 
74 a 8.7931 1.1181! 1.1111 1.1881 1.7333 1.1118 1.2724 31! 2 I 

I 74 1.79311 U lil 1.1811 1.1111 1.7392 1.1111 1.2714 35 2 I 
I 74 8.7931 1.1111! Uillil Uillil 8.7442 Ullllll 1!.2771 41 2 I 

2 5 3.81211 Uil! I 1.1111111 ll.lllllll 1!.7376 1!.11111 1.4318 4 I I 

2 5 14 1.811211 1.118111 Uillil 1.11111 11.6751 Uillil 1.3875 6 a a 11 11 

2 5 14 1.9121 11.1!1111 U BBI 1.11111 1.6232 1.111111 1.3421 8 I a 11 I 

2 5 14 1.8121 1.11111 1.1111 1.111111 1.5713 Uillil 11.3151 lil a a 11 I 

2 5 14 1.81121 8.11!11 UI lil ll.llllll 1.5244 Uillil 1!.2684 12 I ll I 

2 5 14 11.8121 I. lillil ll.llllllll 1.1!1111 11.4743 Uillil 1.2233 15 I ll 11 
2 5 14 I 1.81211 1.111111 11.1111111 Uillil 1.4271 1.18111 11.1853 211 11 11 11 

2 5 14 11 1.81!211 Uillil Uillil 1.81!11 11.4168 I. lillil 1.1711 25 11 ll I 

2 5 14 11 1.81!21 Ullll Uillil 11.1111111 11.4135 1.1111111 11.1653 311 I I 11 
2 5 14 ll 1.81121 1.111111 U lillil 1.11111 1.11111 1.11111 11.1661 35 I a I 
2 5 14 11 1.88211 Uillil ll.llllllll Uillil ll.lllll 1.11111 1.1618 41 I I 11 
I 26 ll 11 11.6994 U Bil 1.11111 ll.llllllll 11.6119 11.1!1111 ll.llllll 8 I I I 

I 26 11 I 11.6994 Uillil ll.lllllll ll.llllllll 11.62211 1.11111 11.11111111 11 11 I I 
26 11 I I 11.6994 1.11111 Uillil 1!.11111 8.6289 1.11111 11.11111 12 I 11 I 
26 I 1.6994 8.111111 11.11111 1.111111 11.6371 ll.llll Uillil IS 

26 11 a. 6994 I. Billil ll.lllllll 1.111111 11.6461l 1.111111 ll.llllll 21l 
26 ll 1!.6994 11.1111111 ll.llllll 1!.11111111 1.6518 1.11111111 11.111111 25 
26 11 ll.6994 1.11111 ll.lliiBil ll.llllllll 1.6557 Uillil Uillil 31l 
26 ll 8.6994 ll.llllll Uillil Uillil ll.65BI 11.1!11111 ll.llllll 35 
26 I 1!.6994 ll.llllll ll.lll81l 1.1111 11.6597 a.aalll 1!.1111 41 
74 ll ·11. 79311 ll.lllll ll.lllllll 1.11111! 1.6231 i.lllll 1!.11111 12 
74 ll -11.7931 1.1!1111 Uillil Ullllll 1.6713 1.111111 I.Nill 15 

I 74 ll 11.7938 l.llllll Uil BI Ullllll 11.6957 8.1111111 1!.1111111 21l 
74 I 11.7931 ll.lllllll U BBI! Uillil a. 7115 ll.llllllll UNI! 25 
74 ll 1.79311 Uillil U lillil Uillil 11.7238 1.111111 1.11111 31 
74 11 11.7931 Uillil ll.lllllll Uillil ll.7342 11.1!111 1!.11!811 35 
74 11 1.79311 1.111111 ll.lllllll 11.11111 1.7438 11.11111111 8.11!11 4ll 
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