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Fig. 1 A schematic view of a diamond semiconductor device using
two-dimensional hole gas (2DHG).
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Fig. 2 A schematic of photoelectron holography. Core-level elec-
trons are excited by soft X-rays. Interference patterns are
formed in the angular distribution of photoelectrons since
excited photoelectrons are scattered by surrounding atoms
then the emitted wave and the scattered waves interfere.
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Fig. 3 (Color online) The hologram ¢(k, @) formed by a scatterer
atom Cu. (a) Close interatomic distances between the emit-
ter and scatterer atom Cu. (b) Far interatomic distances.
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Fig. 4 A schematic view of RFA. The RFA consists of three spheri-
cal grid electrodes. By applying a retarding voltage to the se-

cond grid, only photoelectrons with kinetic energy higher

than the voltage are projected onto the screen. By a lock-in

(differential) measurement by varying the retarding voltage,
it works as a band-pass electron analyzer.
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Fig. 5 Experimental results of a hydrogen-terminated diamond
with an ALO; insulator film. (a) C Is core-level XPS
measurements. Three components (C-C, C-H, C-O) were
observed. (b) The kinetic energy dependence of the photoe-
lectron hologram. (c) Hologram of the C-C component
extracted by peak fitting. (d) Result of detector sensitivity
estimation by using a spherical harmonic function process-
ing. (e) Hologram after the sensitivity correction. (f) Polar
and azimuth angles are set on the image. (g) Hologram of
the C-C- component. (h) Hologram of the C-O component.
Holograms are mapped in the azimuthal equidistant map.
Exp. is the experimental result. Sim. is the simulation result
of the corresponding photoelectron hologram. The positions
of the major forward-focusing peaks are marked by circles.
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Fig. 6 Correction methods for error gradients.
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Fig. 7 (a) Atomic arrangement of defect structures with C-O
bonds formed at the interface of a hydrogen-terminated
(001) diamond and an Al,O; amorphous insulating film. The
atomic arrangement was obtained from the reconstructed
atomic images (b) and (c).
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Atomic arrangement analysis using photoelec-
tron holography with L1 regularization
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Nara Institute of Science and Technology, Graduate School of Science
and Technology, Division of Materials Science 8916-5 Takayama-cho,
Ikoma Nara 630-0192, Japan

Yusuke HASHIMOTO

Abstract Atomic resolution holography, including photoelectron holography, is developing in synchrotron
radiation facilities. In principle, it is possible to reconstruct the three-dimensional atomic arrange-
ment from the holograms. This paper introduces the measurement principles and apparatus of
photoelectron holography, using the observation of defect arrangements in a diamond interface as
an example. It also discusses data processing for the obtained data and the reconstruction of
atomic images from the hologram.
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