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Electron Channeling Enhanced X-ray Microanalysis for Atomic
Configuration in Thermoelectric Materials

Takao MORIMURA *, Masayuki HASAKA ™ *

The site occupation state of Mn atoms in a thermoelectric semiconductor Feq97Mng ¢3Si, of the

B-FeSi, structure was analyzed by measuring and calculating characteristic X-ray intensities at various

electron incidence directions in a transmission electron microscope. The calculation was based on
dynamical electron diffraction and inelastic scattering theories, and the calculated intensities were
compared with the measured intensities. The intensities depended on the occupation site of Mn atoms
and sample thickness. As a result, the distribution fractions of Mn atoms on Fe I, Fe II and Si sites
were shown to be 0.434, 0.574 and -0.008, respectively.
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Fig.1 Unit cell of B-FeSi, (a) and the projection from
the [012] direction (b).
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Fig.2 Bright field TEM image of Feg9;Mng ¢3Si, with
B-FeSi, structure.
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Fig.3 Electron diffraction conditions in measuring
characteristic X-ray intensities (a) and the calculated
electron intensities in P-FeSi, under the conditions
(b).
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Fig.4 EDX spectra of Feg97Mng 351, measured under
the diffraction of  k/g00=-2.76 (a),
k/g200=-0.10 (b) and kinematical (c)

conditions
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Fig.5 Measured X-ray intensities of Fe-K, Si-K anc
Mn-K plotted against k/g,0o.

=
o

e
~

BT v R U U7 X RO EHEIT K 2 BAEE AR O AR E AR AT

Ui

/Mn
AA%A’@/MYAA °
oo g

Si

-4

B VAN
< Spgn ¥
po &; %AA 7N
®
3 2 -1 0 1 2 3
k/g500

pstrioution tracton on re 1l site

0.43
:
0.45 05?{ \‘ L L I L 03
0.3 0.34 0.38 0.42 0. 46 0.5

Dstribution fraction on Fe | site

Fig.8 Contour map of residual error calculated by
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Fig.6 Calculated characteristic X-ray intensities of
Fe-K, Si-K and Mn-K plotted against k/gygo for the
sample thickness of 50-350nm.
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Fig.7 Calculated characteristic X-ray intensities of

Fe-K, Si-K and Mn-K plotted against k/gyo for the

occupation of Mn on Fe I, FeII or Si sites.
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Fig.9 Measured X-ray intensities (circles) and the
by the
Levevberg-Marquardt least squares method (solid
lines) of Fe-K, Si-K and Mn-K.
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