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Observing Hidden Electronic States of Trace Elements

Rare-earth elements are used in various highly functional materials. Recently, the
exploration and recovery of natural resources containing rare-earth elements have
become important issues. Analytical techniques for elements contained in natural
minerals are limited, especially when those elements are present in trace amounts. For

Clarifying 3D Atomic Arrangement of Dopant in Diamond

Diamond is an important material not only for its beauty as a gem but also for its excellent properties such as high hardness, high thermal
conductivity, and good insulating performance. Diamond is attracting attention from the perspective of element strategy in Japan, a
resource-limited country, because it is a crystal of carbon, a common element. Diamond, with its good insulating performance, is a promising
material for realizing next-generation power devices and quantum sensors because it
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example, the direct detection of the electronic state of europium (Eu) in natural samples becomes a high-performance semiconductor when doped with small amounts of other Opm'hmm:aim L ;m..,..,,..,
has been impossible by conventional techniques because the Eu content of a crustal elements. For device applications, it is necessary to introduce electrons or holes (electron G | B, O (5
material is generally 1 mg/kg or less. Such a detection limit is determined not by Eu vacancies) into diamond by doping to make it conductive. p-type semiconductors can be Reizee | [ '((((((L
concentration but by the superposition with high fluorescence emissions from ; synthesized by boron doping, whereas n-type semiconductors can be synthesized by  enotcclectron holograpny j -
manganese (Mn) contained in the same natural samples. The separation of the Fig. 1 Schematic diagram of X-ray emission phosphorus doping. Improvements in the quality of those semiconductors will be an L re— g IS
fluorescence emission of Mn from that of Eu is therefore necessary to determine the  spectrometer. The fluorescent X-rays from the important factor that determines device performance. <ol Wi S b
electronic state of Eu. sample are dispersed and focused with a high In this study, ultrahigh-precision photoelectron holography was performed on a oL b’
X-ray emission spectroscopy (Fig. 1) is a technique for observing fluorescent energy resolution using an analyzer crystal. phosphorus-doped n-type diamond film (phosphorus concentration: 0.06 at.%; provided by :
X-rays with a high energy resolution. Using this technique, it is possible to Their intensity is measured using the detector. Dr. Hiromitsu Kato of AIST) fabricated by chemical vapor deposition (Fig. 1). The 3D atomic % Photookeronhologa 3 s srangementrsconsrcad
extract the fluorescent X-rays from trace elements that could not be , arrangement of elemental phosphorus in diamond, which could not be observed by Do
observed using a semiconductor detector capable of energy-dispersive Q" tct taldspar {F-A, iBhira faldapiar) S conventional techniques such as electron microscopy and X-ray crystal structure analysis, F'i '1‘ (‘;;nce wal diaaram of photoslectron
analysis that is used for conventional fluorescent X-ray analyses. Also, with L (b) ﬁ was clarified for the first time in the world. Doped phosphorus atoms are incorporated into ho?(;graphy P 9 P
its high energy resolution, X-ray emission spectroscopy provides a spectral ~Maka1 {005 B verep-xaxes diamond in the following two structures: (a) a structure where a carbon atom of diamond is '
structure that is clearer than the conventional X-ray absorption near-edge S el Z it ;";:i ] substituted by a phosphorus atom (lattice substitution) and (b) a structure where two adjacent
structure (XANES), enabling the detailed observation of electronic states. ] f‘l Ly - i Lana w0, carbon atoms are removed and a phosphorus atom is located between two carbon-atom
In this study, issues with conventional XANES measurements were = I{\ / w830 ] sites. Whereas (a) is an electrically active structure emitting electrons in the diamond crystal,
resolved using X-ray emission spectroscopy. The Eu valence in a common &+ HERFD / vk -k \i JE-1(HERFD) (b) is an inactive structure capturing electrons. It was also observed that (b) is a structure
rock-forming mineral, potash feldspar, with a Eu concentration of 5 ppm or EuKal / A\ i S oriented in the diamond growth direction. The atomic arrangement of phosphorus and the
lower was determined by high-energy resolution fluorescence detection MWM \ ¢ M electrical activation state in diamond were thus “visualized”. Advanced strategies for sample
(HERFD)-XANES measurement. The sample used here was JF-1, a to? ™ liee . 1 L preparation, such as increasing the concentration of the active structure while suppressing d
standard rock issued by Geological Survey of Japan (GSJ), prepared from ety 8N e the inactive structure, can be developed by changing the crystal growth conditions of Fig. 2 Photoelectron hologram and reconstructed
natural feldspar (Ohira feldspar) in Nagiso, Nagano, Japan (Fig. 2). Fig. 2 (a) Fluorescent X-ray spectra of JF-1 sample obtained diamond and observing the changes in its structure during measurements. atomic arrangement of phosphorus in diamond.

L . . . . using semiconductor detector (SDD) and X-ray emission
BL39XU Rimi Konagaya, Yoshio Takahashi (The University of Tokyo) spectroscopy (HERFD). (b) XANES spectra of JF-1 sample BL25SU Takayoshi Yokoya (Okayama University), Tomohiro Matsushita (Nara Institute of Science and Technology)
Article: R. Konagaya et al., Chem. Lett. 50, 1570 (2021) obtained using SDD and HERFD. Article: T. Yokoya et al., Nano Letters 19, 5915 (2019)
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Clarifying Crystal Structure of Sulfur Hydride Exhibiting Capturing atomic movement of millionths of a second
High-Temperature Superconductivity under Ultrahigh Pressure Piezoelectric crystals contract and deform macroscopically upon_the B s situr of
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