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Introduction
Presented here is a review of recent applications of the Melbourne nuclear microprobe applied
to the study of surface phenomena in a variety of materials over the past two years. In
addition to these applications, numerous improvements to the Melbourne system were
initiated over the same period. These have been mainly directed at improvements in the
spatial resolution through the installation of shielding to reduce stray magnetic fields and
commissioning of a new event-by-event data acquisition system that can handle high count
rates from up to four detectors with full dead time correction. In 1999 an ARC Research
Infrastructure and Facilities Program grant has allowed us to perform a major upgrade of the
Pelletron 5U accelerator. Major components of this upgrade include: a new ion source in the
terminal, replacement of the column corona needles with resistors, replenishment of the SF6
gas supply and installation of a Danfysik analysing magnet power supply. In the near future
we will also test some proposals to increase the ion source brightness based on reduction of
the gas load on the column from the ion source.

Many of the applications of the Melbourne nuclear microprobe over the past two years have
employed the classic techniques of Ion Beam Analysis including PIXE and RBS [1].
However the role of Ion Beam Induced Charge (IBIC) has risen in significance over the past
two years. This reflects the major importance of electronic materials in the materials research
program of MARC. In this direction, the role of hydrogen is becoming more significant in the
group's research program. Pilot studies of involving the mapping of hydrogen in polysilicon
solar cells has been done with the technique of elastic recoil detection analysis (ERDA).
Finally, we have also continued to study the visible light emitted from the specimen during
ion irradiation. This can be collected to form images by ionoluminescense (EL). IL is an
emerging technique for use with a nuclear microprobe that offers new insights into the
presence of optically active defects in materials. A review of all these techniques, with many
applications, is available [2]. Several recent reviews of past applications of nuclear
microprobes to materials analysis are available [3,4].

Applications

l.CVD Diamond
The synthesis of diamond is a
challenging task. The specimen
shown here were synthesised in a
chemical vapour deposition (CVD)
reactor and had a peculiar greenish
colour to the unaided eye. Maps of
the elemental distribution of the
contaminant elements are shown in
figure 1. The contaminant elements
appear to have different distributions
suggesting more than one source of
contamination.

Figure 1 Trace elements maps in CVD
diamond. White to black-high to low
yield, PIXE with 3MeV H.
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An insight could be obtained into the nature of the defects introduced into the diamond by
performing IL [5] along with the RBS and PIXE measurements. In diamond, the most usual
luminescence is contributed by to the A-band (blue to the unaided eye). However in the
present specimen, the strength of this band was dwarfed by orange luminescence, see figure 2.
The origin of this strong orange luminescence is a colour centre based on a vibronic band with
a zero phonon line at 2.156eV [6]. The band associated with this centre is known in the
literature as the "575nm" or "Tl" band and is usually attributed to a single interstitial nitrogen
atom bound to a vacancy along the <001> axis [7]. The EL has provided complimentary
information about the contaminants to that from PIXE that cannot detect low Z elements like
nitrogen.
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Figure 2: EL spectrum from the contaminated
diamond showing strong orange luminescence.
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Figure 3 3MeV H RBS (C, Al),
3MeV PIXE (Cl) and 2MeV He RBS
(Al He) images of a filoform. Arrow
indicates growth head.

2. Filoform corrosion in aluminium alloys
The corrosion of aluminium alloys often displays filoforms [8,9] where corrosion is
nucleated, possibly by a reaction involving a chlorine compound, and then grows across the
surface leaving behind a characteristic meandering trail of oxide. A variety of trace elements
are responsible for the growth of the filoform and the precise mechanism for the catalysis of
the growth are a matter of active research. However PIXE has sufficient sensitivity to map
chlorine which is one of the most important of the trace elements in the growth of filoforms.
In the example shown in figure 3, images were obtained with 3MeV H+ and 2MeV He+ beams
in order to measure the thickness and the stoichiometry of the corrosion products respectively
in 2024 aluminium alloy [10]. The present specimens were prepared by deliberate scratching
through the anti-corrosion coating, followed by exposure to a corrosive ambient to induce
growth of the filoforms.

The images clearly show the oxide residue of the filoform from the reduced yield from Al.
Spectra extracted from the filoform itself revealed the stoichiometry of the oxide to be
Al1O2.15Cuo.02- However the oxide contained numerous voids and other non-uniformities.
The excess oxygen over AI2O3 is most likely due to the inclusion of water in the oxide. It is
clear that chlorine is incorporated into the corrosion products themselves as can be seen from
the Cl map in figure 3. But what is more interesting is the significant concentration of
chlorine in the head of the filoform (arrow in Figure 2). This confirms the essential role of
chlorine anions in triggering filoform corrosion [13] and the PIXE image has allowed the
chlorine distribution to be measured directly from the induced x-rays.
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3. Hydrogen profiling and trace elements in solar cell material
Contamination of materials used for photovoltaic cells can cause problems related to charge
trapping and recombination. However most contaminants cannot be tolerated in
concentrations high enough to be detected by ion beam analysis. Elemental maps of complete
devices can reveal the distribution of contaminants that results from contact layer spill and
other manufacturing or environmental influences [14].

Although trace metal contamination usually has a detrimental effect on solar cell
performance, deliberate inclusion of hydrogen improves performance. The role of hydrogen,
in various devices, including solar cells, is to passivate defects that would otherwise be
responsible for charge trapping. The surface and depth hydrogen distribution may be
measured on the nuclear microprobe by ERDA with a focused He probe. This requires the
incident He beam to be at a glancing angle to the specimen surface so that the forward
recoiling H atoms, dislodged from the sample surface, can be detected in a surface barrier
detector at a forward scattering angle. This detector is also fitted with a thin foil filter in order
to stop forward scattered incident beam particles which would otherwise overwhelm the data
acquisition system. ERDA with He ions allows elemental analysis and depth profiles with
about 5nm depth resolution [15]. The glancing angle geometry required for ERDA makes
good spatial resolution difficult to achieve with a nuclear microprobe, but below lOum in
polycrystalline silicon is possible in some circumstances [16].

A recent example of how ERDA can be used to map the H distribution in solar cells is shown
in figure 3. In this case the surface passivation layer of the cell has been removed to expose
the underlying polycrystalline silicon absorber layer. It is very clear that most of the
hydrogen is located in the grain boundaries of the absorber, as expected. More details about
the experimental parameters of this measurement have been published [27]. Quantitative
analysis of the data used to produce the image in figure 4 reveals 8 at% H in the bulk of the
grains with about 20 at% H in the grain boundaries. The distribution of hydrogen seen here is
quite different to the previous work on hydrogen distributions reported by Churms et al [16]
where segregation of the hydrogen to the grain boundaries was not observed, instead
hydrogen was seen to be widely and more uniformly distributed. This result was attributed to
environmental contamination. This problem was avoided for the present measurement by
removing the surface layer to expose a fresh surface prior to analysis.

Figure 4 Images from a commercial solar cell, (left to right) 2MeV He ERDA
image of the H distribution, 2MeV He IBIC image of a nearby region and a
photograph of the same region.

It will be of interest to combine hydrogen distribution measurements, taking appropriate
precautions to minimise the effects of beam damage, with high sensitivity ion beam induced
charge [28] images from the same region of interest. An IBIC image of a different region is
shown for comparison in figure 4. The parallel grain boundaries show a higher than average
charge collection efficiency and the similarity to the structures seen in the ERDA hydrogen
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map are suggestive of the beneficial role of hydrogen in this device. The impressive ability of
IBIC to show both surface and buried features is shown by the IBIC images of figure 5. Here
a PERL cell fabricated at the University of New South Wales is mapped with a 2.5MeV He
beam with the specimen held at 100K. The scan size was approximately 500 x 500um.
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Figure 5IBIC images of a PERL cell. The fine stippling is not an image artefact, it arises

Conclusion
It has been shown that the nuclear microprobe is useful in elucidating the surface structure
and composition of a variety of specimens where information can be obtained about corrosion
products, trace element contamination and the distribution of hydrogen. In most of these
examples, a number of different measurements (such as depth distribution, stoichiometry,
trace element distribution or hydrogen content) were done with the same apparatus with the
specimen in situ. This versatility is a characteristic of the use of focused MeV ion beams for
materials analysis.
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