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Abstract: Nonconductive specimens for scanning electron microscopy or X-ray microanalysis are coated with
conductive carbon in order to reduce charging. But carbon film absorbs X-ray fluxes causing errors in
measuring chemical composition. Especially when the carbon content is measured, carbon coating not only
blocks X-rays but also becomes a source of carbon X-rays. It is thus necessary to determine how much errors are
induced by carbon coating, and how thick coating is allowed for the accurate measurement. In this study,
quantitative analysis of carbon on silicon carbide with carbon coating films was attempted by electron probe
microanalyzer. It was found that measured carbon content increased in a nonlinear manner up to 40% with a
film thickness, whereas silicon content decreased slightly. Carbon X-ray intensity was determined by computer
simulation, which increased in a linear manner with the thickness. The discrepancy was due to a nucleation and
growth of islands and thus a change of density with a thickening of coating film.
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INTRODUCTION

Nonconductive samples for scanning electron microscopy
or X-ray microanalysis are usually coated with conductive
carbon in order to reduce charging ~Goldstein et al., 2003;
Yun et al., 2005!. The charging due to an insufficient electri-
cal conductivity of specimen affects the results of quantita-
tive electron probe microanalysis ~Bastin & Heijligers, 2004!.
Thick coating film blocks the X-ray fluxes causing errors in
measuring chemical compositions ~Jercinovic & Williams,
2005!. When specimens are coated with a heavy element like
gold, platinum, or palladium, the effect is greater. Especially
when the carbon content is measured from the carbon-
containing specimens, carbon coating gives a negative effect
on the measurement by not only blocking X-rays, but also
becoming a generation source of carbon X-rays. However,
carbon coating is sometimes the only option, particularly in
the case of cultural artifacts, or standards for the quantita-
tive analysis. It is then necessary to determine how much
errors are made because of the coating, and how thick
coating is allowed for the chemical composition measure-
ment in the acceptable error range. Kerrick et al. ~1973!
examined the loss of X-ray intensity as a function of carbon
film thickness. They examined X-rays of fluorine, sodium,
silicon, iron, and strontium, but not that of carbon. They
found that X-ray intensity errors of up to 4% were possible
with a film thickness difference of 20 nm.

In this study, we examined the errors in measurement
of carbon and silicon contents in silicon carbide specimen
coated with carbon films in various thicknesses by X-ray

microanalysis. We also determined carbon and silicon con-
tents by computer simulation and compared these values
with those obtained from experiments.

MATERIALS AND METHODS

Alpha silicon carbide single crystal wafers were used for the
specimens for the analysis. The specimens were coated with
carbon using thermal evaporator. By changing the period of
time for the thermal evaporation, the coating films with
thicknesses in a range of 8–35 nm were obtained. The
thickness of coating film was measured with a spectroscopic
ellipsometer ~Nanoview, Korea!. The carbon contents in
silicon carbide specimens coated with carbon were mea-
sured by electron probe microanalyzer. The measuring con-
ditions were 15 kV of accelerating voltage, and 10 nA of
beam current. The intensities of X-ray generation and emis-
sion from the specimen were also determined by computer
simulation using DTSA-II software ~written by Dr. N. Ritchie,
NIST, USA! at each thickness of 10, 20, 30, and 40 nm of
carbon film and at each density of 0.2, 0.5, 0.8, 1.1, and
1.4 g/cm3. Simulations were repeated five times for each
condition, and the X-ray intensity values obtained were aver-
aged. The standard deviations were ,5% of average values.

RESULTS AND DISCUSSIONS

Carbon content measured increased with a thickness of
carbon film on silicon carbide specimen because of an
increase in X-ray emission from coating film ~Fig. 1a!. But
silicon content measured decreased with a thickness be-
cause of an increase in X-ray absorption by the coating film
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~Fig. 1b!. As carbon as an absorption source was a light
element, the decreasing rate was low.

The carbon and silicon contents measured from the
specimens with films of various thicknesses were normal-
ized by those from the specimen without coating, as shown
in Figure 2. The increasing rate of carbon content was ,5%
at 11 nm thickness of coating film, but increased rapidly as
the thickness increased further, reaching 40% at 35 nm. On
the contrary, decreasing rate of silicon content was low,
being ,2% even at 35 nm.

The intensities of generated and emitted X-rays were
computer simulated. Normalized intensities of emitted X-rays
of carbon and silicon were shown in Figure 3. In case of
carbon X-rays, simulated intensity of emitted X-rays in-
creased in a linear manner as the thickness increased from 0
to 40 nm for each density. Simulation results also showed
that the interaction width in horizontal plane for the X-ray
generation changed barely with a thickness change. Then
interaction volume and the amount of X-ray generation must
increase with thickness in a linear manner. As the density
increased from 0.2 to 1.4, the simulated intensity of emitted
X-rays also increased. It is due to an increase in the number
of X-ray generation sources. In case of silicon X-rays, the
intensity decreased slightly with the thickness and density.

The experimental data are shown for the comparison
with the simulated data in Figure 3. The trend line of
experimental data was not linear and does not fit any trend
line of simulated data with a film density in a range be-

tween 0.2 and 1.4. The reason for the discrepancy may be
due to the density change with a thickness. It has been
known that coating film is formed on a substrate in one of
the three growth modes: Volmer-Weber or 3D island growth
mode, Frank-van der Merwe or layer-by-layer growth mode,
and Stranski–Krastanov or 3D island growth on top of
predeposited monolayers mode, depending on the type and
size of the interaction energies and misfit energy between
atoms in substrate and film ~Lorenz & Staikov, 1995!. Is-
lands are formed on substrates by nucleation, growth, and
coalescence ~Goldstein et al., 2003!. It was reported that
carbon film grew by forming islands and their coalescence
~Durand et al., 1998; Maheswaran et al., 2011!. It is not
surprising to find that the density of film changes as it
grows thicker.

The experimental data showed that the error of inten-
sity of X-rays were 5 or 10% at 11 or 17 nm of thickness. If
one wants to get accurate results with an error ,5%, one
has to coat the sample with a carbon film of thickness
,11 nm.

CONCLUSIONS

The effect of carbon coating on the quantitative analysis of
silicon carbide specimens coated with carbon was exam-
ined. It was found that carbon contents increased up to
40% in a nonlinear manner as a film thickness increased to
35 nm and that silicon content decreased ,2%. The simu-
lation result showed that X-ray intensity increased in a
linear manner with a coating thickness. The discrepancy
was due to the change of density with a thickness of the
coating film. The minimum thickness of carbon coating
film for the acceptable error range was 11 nm. Above that
thickness, the carbon compositional data may have errors
.5%.
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Figure 1. Change in ~a! carbon content and ~b! silicon content in
silicon carbide specimen measured by electron probe microana-
lyzer with a change in thickness of carbon film.

Figure 2. Normalized intensities of carbon and silicon X-rays
obtained by electron probe microanalyzer from the silicon carbide
samples.

Figure 3. Simulated and normalized intensities of emitted ~a!
carbon X-rays and ~b! silicon X-rays from the specimen with a
carbon film of various thicknesses and densities. Experimental
data are also shown for the comparison.
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