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Nanometer scale objects raise more interest than ever in microelectronics and other applications. To
characterize such samples, transmission electron microscope is an ideal tool, but the preparation of
the required thin foil is a complex and costly operation. Low voltage scanning electron microscope
seems to be a good deal to simplify the analysis of such samples, with simpler sample preparation
and larger scale analysis. Low voltage electron beam gives better resolution because of the reduction
of the incident electrons interaction volume. However the beam current is also decreased and signals
become more sensitive to noise. A Monte Carlo program is being developped in order to compute X-
ray spectrum with thegoal to find optimal conditionsfor X-ray microanalysis, which areacompromise
between resolution and count rates. In thispaper, someresultsand futureimprovementsarepresented.

A field emission gun scanning electron microscope Hitachi S-4700 with an Oxford EDS system was
used for thiswork. Thestudied material isGallium Arsenide (GaAs). Figure1 presentsagraph of the
drift in energy for highest energy emitted photons at different voltages. On that graph,
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is theenergy of themost energetic photonsand
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is theelectron beam energy. This reveals

the impact of charging, which is significant because of the GaAs semi-conductor character. Sample
contamination isanother problem becausebeam current and acquisition timemust be increased at low
voltage. Figures 2 and 3 show both measured and Monte Carlo simulated X-ray spectra of GaAs at 3
and 20 keV. Thesimulated bremstrahlung wasnormalized at 2 keV with theexperimental ones. It can
beobserved on thesetwo figuresthat therelativeshapesof thebremstrahlung and characteristic spectra
arerather good. However, therelativeintensity of thesimulatedcharacteristic peaksdoesnot fit exactly
to the experimental values, which means that the X-ray cross sections need to be reviewed. Also, at
3 keV, a clear difference between the two spectra at low photon energy reveals that thebremstrahlung
crosssection has to berefined for low energy incident electrons. At high photon energy, thedifference
of shapemay be related to charging, which isnot yet included in thesesimulations. Very small details
of GaAs surface can be seen with that microscope (figure 4) at small working distance (3.6 mm of
WD). Even if microanalysis was performed on � atter surfaces than in figure 4, � atness of the sample
surfaceshould beverified at low WD beforeperforming X-Ray microanalaysisat longer WD (12 mm).

Themicroanalysisof GaAssamplesgivessomechallenge in order to get valuablespectrawhilestrug-
gling with charging, high contamination rates, rough surfaceand weak signals. A future improvement
is therefinement of X-ray cross-sectionsat low electron beam energy. Simulationsof linesscansshow
that it might be possible to detect very thin lines of AlGaAs, as quanta wells, in GaAs matrix at low
voltage. Hence low voltage scanning electron microscopy is full of promises, and relevant simula-
tions combined with state-of-the-art microscopy should allow low voltage quantitative microanalysis
to becomeareality.
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Fig. 2

FIG 1. Energy drift of highest energy generated photons related to electron beam energy.

FIG 2. Comparison of simulated and experimental spectra of bulk GaAsat 3 keV.
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FIG 3. Comparision of simulated and experimental spectraof bulk GaAs at 20 keV.

FIG 4. High resolution secondary imageof the fracturesurfaceof thecutted GaAs sample.
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