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High-angular resolution electron channeled X-ray spectroscopy (HARECXS) is based on the
principle that the electron wavefunctions (Bloch waves) in a crystalline sample change their
symmetry with the incident beam direction. HARECXS has been applied to the analysis of point
defects, partly because ICSC [1] has been only the theoretical simulation code available to
date for predicting the inelastic scattering cross sections depending on the diffraction
condition, which does not allow us to include 2D/3D defects. In this study an attempt is made
to apply HARECXS to a planner defect lying on the {111} plane in heavily Si-doped GaAs [2] to
extend its applicability.

Thin films were prepared by dimpling the sliced single crystalline wafers followed by Ar ion
milling. HARECXS was carried out using a JEM-2100 S/TEM equipped with an EDX spectrometer,
operated at the beam-rocking mode at 200kV. The illuminated area was about 1lpm in
diameter and the incident beam angle was rocked by £1.5 degrees with a step of 0.05 degrees
under the systematic row excitation condition.

A bright-field TEM image of the planer defect nearly viewed end-on is shown Fig. 1(a) and the
corresponding HARECXS profiles in (b), as functions of the incident beam direction in units of
g:1, tilted in the direction perpendicular to the projected defect plane. The HARECXS profiles of
the Ga- and As-K lines have a different symmetry due to the polarity of the GaAs. The slight
asymmetric profile of Si-K similar to that of As-K suggests that Si mainly occupies the As sites.
The theoretical simulations based on the model where a Si atom substitutes for the As and Ga
sites are shown in Fig. 2(a), using the Bloch wave [1] method with the dynamical inelastic
scattering process incorporated. For comparison, more realistic models where Si occupies the
single (111) Ga or As layer are also simulated, as shown in Fig. 2(b), in which a multislice
method [3] is developed for including a planar defect in the simulation. The simulation result
with Si occupying the As single layer seems to be relatively more consistent with the
experimental Si-K HARECXS profile.

References

[1] M. P. Oxley and L.J. Allen, J. Appl. Cryst. 36 (2003) 940-943.

[2] S. Muto, S. Takeda, M. Hirata, K. Fujii, and K. Ibe, Phil. Mag. A. 66 (1992) 257-268.

[3] M. Ohtsuka, et al., AMTC4 letters (2014) in publish

Acknowledgement: A part of this work was supported by a Grant-in-Aid on Innovative Areas
"Nano Informatics" (Grant number 25106004) from the Japan Society of the Promotion of
Science.



~ | (b) fmoctﬁoo

3 |Ga-K o &
=y o a
e o [s]

zZ oo R =
.;_:p%@m ie? Salis

o n O

*L; As-K o & oh
_ o o o
= - m]
'g_wﬁ@ B an
3 s t
£ JSi-K ﬁﬁ

=]

“ g

0.2 um
E— -6 -3 0 3 6

Fig. 1: (a)Bright-field TEM image of planer defect in Si-doped GaAs nearly viewed end-on. (b)HARECXS profiles of Ga-K,
As-K, and Si-K characteristic X-ray peaks as functions of incident beam direction in units of gi1..
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Fig. 2: Theoretically simulated HARECXS profiles for models where Si atom substitute for Ga (red) and As (blue) sites
(a) and Si occupies single (111) Ga (red) and As (blue) atom layers (b).



