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On-line Statistical treatment of Quantitative EPMA with
v2-Filter program (available for SX100 and SX50/51).

the

Application to Surface EPMA Boron analysis, resolved at

ultra low beam energy (1 kV).

Introduction:

The purpose of this study is to illustrate the capability of the SX100 Electron Microprobe to
perform reliable analysis even for very specific samples requiring experimental conditions

which one would usually consider as - at least - challenging for a regular EPMA.

The analyzed sample was consisting of a silicon matrix having enriched with boron in the
very near surface region (within 10 nm from the surface). Such a sample thus combines the

following issues which make the analysis critical for EPMA:

1- Ultra Soft X-rays spectrometry and detection (Boron K-line, hv=183 eV).

2- Very low quantity of emitting matter (maybe less than 1 weight % within 10 nm)
plus Ultra Light element emission (Boron Z=5, involving low X-ray process ratio),

requiring high electron beam current and long analysis times.

3- Shallowness of the emitting matter, requiring very low electron beam voltage to

optimize peak to background ratio.

4- Sensitivity to surface perturbation, mainly Boron signal absorption by the
dynamical Carbon surface contamination at high beam current (see the experiment
reported in figure 1 below). This effect is minimized by injecting di-oxygen gas
into the analysis chamber in order to burn the carbon into CO2 gas, which in turn
is condensed over the surface of a separate liquid nitrogen (LN) cooled plate

situated near the sample stage.

The subsequent choice of experimental conditions was the following:

» HV=1 kV. (An incident energy of 1 keV corresponds to an excitation depth of about 25

nm, thus comprising entirely the Boron-implanted region).

i =100 nA

C Ka measured with LPCL1 crystal (2d spacing = 6.0 nm).

B Ko measured with LPC2 crystal (2d spacing = 9.5 nm).

Cold plate driven to LN temperature and O2 partial pressure = 2.0 E-3 Torr.
Full Analysis Time (Peak & Backgrounds)= 400 sec/point.

Standards Specimen were pure elements.
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Variation of Boron emission with Carbon
contamination
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Figure I: to show the dependence of Boron emission on Carbon contamination we went
through measurements of both signals (B K and C K lines), on various points of the here
above described sample, while letting the anti-contamination cold plate being progressively
re-heated by lack of liquid Nitrogen. In the same time, the contamination rate rose from less
than 10 c/s to several hundreds. In this way, we have been able to identify a ‘safe zone’
(Carbon counting < 10 c/s, see plot), where the Boron K-ratio was not affected by carbon
contamination, and a “‘dubious zone’ (C K > 10 c/s) for which scattering and then decrease of
the Boron values were obvious.

Even with the anti-contamination system, the carbon layer deposition aspect involves a time-
dependence of the boron absorption, according to a rather unpredictable deposition Kinetic.

The empirical solution used up to now to face these kind of problems consisted in making
some preliminary tests on the contamination kinetic, in order to determine a “blank time”
corresponding to the settlement of a steady state in the contamination process. This blank time
was then applied - most often with a significant margin of safety - before to start any counting
on the sample, resulting in very time consuming analysis runs.
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The “x2-Filter’ program:

To cope better with such situations, the SX100 automation software has recently been
equipped with the so-called “y2-Filter’ program. Its principle is to divide the full quantitative
analysis time of each element into sub-measurements intervals, each consisting in Peak and
Background determinations, and then to check the internal statistical consistency of such sub-
measurements series thanks to a y2 test (check of Poissonian distributions, cf. ref [1]). Thus,
series of sub-measurements being affected by the contamination kinetic are detected
automatically. The “y2-Filter’ algorithm first try to reject outlying sub-measurements of the
deficient series (thanks to Dixon and Grubb statistical tests, cf. ref [1]), or undertakes a new
series in case of unfixable deficiencies. These series are repeated until satisfactory consistency
is finally reached (or eventually stated as unreachable).

Such an approach has many advantages:

» Time Saving: because the statistical checking system is able to detect by itself and on-line
the time at which a steady state is achieved in terms of contamination rate, the user does
not need any longer to test or know it a priori. Nor does he need any longer to apply any
safety margin to this ‘blank time’. Finally the rejection of invalid data is made
automatically thanks to the various statistical tests, thus exempting the user to sort the
results by himself before interpreting them. The overall outcome of this is a time saving
which can reach 30% up to 50%.

» Easiness: on a practical point of view, the user does not have to make some preliminary
test to determine the ‘blank time’. Moreover, there is no longer need to reproduce the
experimental conditions for various samples (which was not always possible), as the
statistical procedure is build up so that it is adapting to any situation, whatever the kinetic
of the physical processes taking place.

» Accuracy: the applied y2 test ensures that the sub-measurements being taken into account
are all issued from a statistically consistent population of data, thus limiting strongly the
risk of polluting the final results with aberrations. Moreover, the adopted *“sub-
measurements” procedure, consisting in multiple - sequentially chained - Peak and
Backgrounds collections instead of a single long duration Peak and Backgrounds
measurement is beneficial in terms of accuracy. Indeed, as high beam currents and long
times are often required in trace element analysis, there is a risk of beam current drift
during the analysis; dividing the full analysis duration into sub-intervals allows to
distribute the possible effects of beam drift equably between the total Peak and
Background measurements, thus eliminating systematic errors.
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An example of application of the “y2 -Filter’ program to the above described sample is
illustrated in figure 2 below. We made Boron and Carbon analysis on five different locations
over the sample (Points #1 to 5 on the plot), using the experimental conditions described
above. Thanks to the “y2 -Filter’ program, we requested the system to split the total analysis
time into a series of three sub-measurements, and we did define a maximum of five series to
be performed per location.

Figure 2 displays the results for Carbon values at the five locations. Each set of three dots
corresponds to one series. The strong decrease of Carbon count rate for each point evidences
the de-contamination kinetic. The green dots corresponds to the series which were accepted
by the y2 -Filter procedure. As can be seen, all of these values are situated in the ‘Safe Zone’
as already defined in figure 1 above. The times elapsed for each location before the accepted
series correspond to the effective ‘blank times” which would have been ideally chosen. It can
be stated that these “ideal blank times” are variables (for instance 5 series for point #1 [2000
sec], down to 2 series for point # 4 [800 sec]) and consequently that the use of a preset
secured blank time procedure would always have resulted in a significant time waste as
compared to the 2 -Filter procedure. Incidentally, the presented analysis benefited the more
from this because the associated blank times turned out to be quite long at such low beam
voltage (10 times longer than at 10 kV).

Statistically filtered sets of data: display of
Carbon values.

1000 popr | | |

> > Point# 1 | ># 2 >#3 >#4 | >#5 C Ka,

S Dbubious rejected

c Zone values
c S
= g ?U)) C Ka,
S E 10 A— accepted

< values

[

o

°© 1 . e

0 26 52

Sub-measurement Index

Figure 2: illustration of the application of the x2 -Filter procedure to Boron-Carbon
analysis. Carbon data corresponding to every sub-measurement are displayed versus the
associated index. Each sequence of linked dots correspond to one location over the sample,
and each set of three dots correspond to one series. Red triangle dots refers to sub-
measurements which have been rejected by the 42 -Filter procedure; green round dots refers
to accepted ones.
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Results:

Compiling the data obtained for the five points, we got the following results:

Element K-Ratio Detection
Limit (ppm)
Boron 0.0031 +0.0003 ~ 500
Carbon | 0.0075 +0.002 ~ 1000

One can describe the sample as a layered structure as follows:
C [d] / Si 100x Bx [10 nm] / Si (substrate),
where d is the thickness of the Carbon deposit, and x is the Boron concentration in weight %.

Applying the Cameca - MLayer program for data reduction of multi-layered samples, we
obtain the following parameters:

d=0.2+0.05nm
Xx=07+0.1wt%

Conclusions:
Several conclusions can be driven from such a study.

First, it is once again demonstrated that EPMA performed with SX100 can achieve rather
easily some amazing sensitivities. In the presented example, real surface investigations were
performed to evidence Boron concentration of less than 1 weight % within 10 nm depth.
Moreover, the surface contamination was maintained all along the experiment to a negligible
level, i.e. ~ 1 Carbon atomic layer - as determined by the probe itself !

Second, the SX automation software is no longer just a nice tool to execute faithfully the user
requests, it has now become a real assistant to help the user or optimize the execution of tasks.
Thus, the presented study has illustrated the usefulness of the y2 -Filter program, which not
only provides on-line statistical processing of quantitative data, but also modifies the course
of its acquisition sequence according to the need for improvements in the statistical quality
of the measurements.

Of course, the use of y2 -Filter program is not restricted to such surface analysis. It will find
its natural place as soon as long duration analysis will be necessary, i.e. for any trace
element investigations; interesting applications could also be found in case of volatile
elements analysis, or any other situation where time dependent analysis are involved.

References: [1]: M.Ancey et al., Microanalysis and Scanning Electron Microscopy, [Les Editions de Physique,
France], p319, 1978.
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