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Capacitance XAFS Method: Self Site-Selection Using Localized Electron

Masashi ISHII
Japan Synchrotron Radiation Research Institute (JASRI)

A capacitance x-ray absorption fine structure (capacitance XAFS) method using the x-ray induced pho-
toionization is proposed for the local structure analysis of low dimensional structures such as, defects, sur-
faces, electrically active regions in semiconductor devices. The concept of x-ray induced displacement cur-
rent orthogonal to the conduction current, i.e., the conventional photocurrent, is introduced to explain the
site-selectivity involved in capacitance XAFS method. The absorption signal of the proposed capacitance
XAFS measurement using a Schottky barrier gate is shown to reproduce the depth modulation of the x-ray
intensity. This experimental finding can be explained by the Schottky barrier theory considering the pho-

toionization of the low dimensional structure.
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Figure 1. Concept of capacitance XAFS method using the x-ray in-
duced photoionization of the trap centers. (a) Schematic band dia-
gram. (b) Comparison of observable areas between the capacitance
XAFS method using the photoionization of defects (upper diagram)
and the photoionization of the dopant (lower diagram).
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Figure 2. (a) Schematic setup for the conventional XAFS meas-
urement using a direct current power supply epc, and (a’) its equiva-
lent circuit. (b) By using alternating power supply eac is used in-
stead of eDC, (b") the system equivalently has two passive elements,
i.e., conductance G and capacitance C.
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Figure 3. Experimental setup for the proposed capacitance XAFS
measurement.
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Figure 4. X-ray photon energy dependence of the capacitance at
near the Ga K-edge (10.375 keV). V,, was varied from —0.5to —2.5
V.
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Figure 5. 'V, dependences of AC in capacitance XAFS spectra at

the Ga K-edge (open circles) . The solid line shows regression analy-
sis result of AC using a spline function. The integration of AC at the
K absorption edge of Ga is shown by the closed circle. The dashed
line is the integration of the spline function illustrated by the solid
line.
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Figure 6. Numerically derived dC/dV, from the C-V characteris-

tics. The dashed line illustrates the original C-V characteristics.
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Figure 7. Schematic experimental arrangement for the achieve-
ment of ANy modulation.
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Figure 8. Capacitance XAFS spectra at Ga K-edge for (a) Z= +
0.8 mm and (b) —0.8 mm, which provide ANy depth modulations
of dANy4/dD >0 and d4ANy/dD <0, respectively.
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Figure 9. The d; dependence of AC for the « peak in Fig. 8. (a),
(b), and (c) correspond to the Z positions of +0.8 mm (dANy/dD
>0), —0.8mm (dANyz/dD<0), and 0 mm (dANgy(D)/dD~0),
respectively.
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