WA H15%5 55 (2002)

RMERE

267

HOE X R0 757 4 — O

3 ¥
ALK G b LB S

Advances in X-Ray Fluorescence Holography
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Abstract
X-ray fluorescence holography (XFH) can resolve ‘‘phase problem”’ in crystal diffraction and therefore it provides 3D
atomic images around specific elements. Since first demonstration of the XFH in 1996, view of atoms has been improved
rapidly with the refinement of the hologram data collection method. The present performance of the XFH makes it possi-
ble to apply to impurity, thin film and quasicrystal, and opens a way to practical tool for determination of local structure.
In this paper, theory including solutions for twin image problem, advanced experimental systems and application to Sij go9

Geg g0 are discussed.
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Figure 1. Illustration of XFH principle. (a) Normal and (b)
inverse modes.
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Figure 2. Solution for twin image problem. (a): dimmer model.
(b): complex holography. (c): multiple energy holography. (d):
two energy holography.
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Figure 3. Experimental setup for recording X-ray fluorescence
holography. (a): system using crystal analyzer and avalanche pho-
todiode. (b): system using energy dispersive X-ray detector.
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Table 1. Performances of X-ray detectors for X-ray fluorescence
holography
Solid Energy
Co(térll)tsr)ate angle resolution
(sr.) (%)
Multi-element SSD (19 elements) ~106 ~1 3
Si drift detector ~10° ~1 3
Cylindrical analyzer & APD ~10° ~0.01 5
Toroidal analyzer & APD ~10°6 ~0.1 5
Cooled APD ~109 ~1 10
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Figure 5. Energy spectra of Ge K fluorescent and scattered x rays
measured with cooled APD.
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Figure 6. Holograms of Ge 001 single crystal. (a) Raw data. (b)

The hologram in k-space obtained from pattern (a) after back-
ground removal and low-pass filtering.
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Figure 7. Holographic reconstructions. The planes parallel to the
{001} lattice plane cutting through the fluorescence emitter atom
and 1.4 A above the emitter atom are displayed in (a) and (b),
respectively. Grid lines and circles show unit cell and theoretical
positions of atoms, respectively.
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Cylindrical LiF analyzer

Figure 8. Photograph of X-ray fluorescence holography apparatus
at SPring-8.

ky

Figure 9. Holograms of Sij¢90Geg 0. (a): raw data. (b): Fully
extended and low-pass filtered data.
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Figure 10. 3D image of atomic environment around Ge in
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777



274

1.5 20 25 30 as
Distance (4)

Figure 11. Reconstructed intensities of a single first neighbor atom
in radial direction relative to the fluorescent atoms.
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