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X-ray microbeam analysis of functional materials with synchrotron radiation
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Detection of the characteristic X-rays from a sample is a basic tool in element analysis. X-ray
fluorescence (XRF) analysis has some advantages such as nondestructiveness, flexible sample
environment and high sensitivity compared to EPMA and PIXE. Therefore XRF analysis with the
spatial resolution of a few microns is expected to become a powerful tool for the characterization
of materials. A small intense X-ray beam, however, is hard to realize by using a conventional
X-ray source due to its large divergence. Synchrotron radiation (SR} is an intense naturally
collimated X-ray source, and there appeared the possibilities to realize a micro and intense X-ray
beam. Several groups in the world are planning to obtain an X-ray microbeam. We developed for
the first time an X-ray microprobe with SR and realized micre and trace element analysis.

1. Design of the optical system for SR.

To make a micro X-ray beam, a focusing method with mirrors is adopted after the comparison
of various X-ray optics. The mirror system has no wavelength dependence above the critical
wavelength of the total reflection, and almost the perfect images can be obtained by using the
aspherical surfaces. Instead of ellipseidal mirrors usually used as the focusing optics, we adopted
Wolter type I mirror system to realize a micro beam spot. Wolter type 1 mirror system consists
of an ellipsoidal and a hyperboloidal mirrors, and is almost free from coma.

The design of the optical system was made for SR at the photon factory (PF). The glancing
angle was 7 mrad to reflect and focus X-rays up to 10 keV. To obtain a most intense beam, two
optical systems were used. First one (condenser mirror system) is designed to cotlect most of the
X-rays from the source and to demagnify the source 1/20. The second one {focusing mirror
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system) is designed to demagnify the source 1/13. A 60um diameter pinhole was placed at the
focal plane of the condenser mirror system. This pinhole defines the source of the focusing mirror
system. The calculated beam intensity at the final beam spot, which is 4.6 ¢m in diameter, is the
5% 10° photons/sec/um® with the beam current of 200 mA.

2. Examination of the optical system.

The performance of the optical system was examined at the PF. The estimated beam size was
about 10xm* 30 gm (vertical X horizontal). The difference between the observed size and the
designed value (4.6 pm diameter) was thought to be caused by the error in the mirror shape and
the incomplete alignment of the optical system. A beam intemsity was also estimated and
appreciable loss was found. The loss of the beam intensity was mainly due to the slits before the
condenser mirror to resirict the reflecting parts of the mirrors. The smallest beam size, however,
was realized when the mirror surface was partly used.

3. Micro and trace XRF analysis

A SR XRF microprobe was developed and it consisted of the focusing system, the energy
dispersive XRF (EDXRF) system and the scanning system of samples. A micro XRF analysis was
realized under atmospheric condition, and the distribution of each element could be measured by
using the sample scanning system.

The minimum detection limit (MDL) was estimated from the measurement of a standard
sample and was 6 ppm for Mn, The improvement in the sensitivity and the decrease in the
background will be essential to achieve the lower MBL. The sensitivity will be increased by
improving the accuracy of mirror systems. The monochromatic excitation will decrease the
scattering, and the beam stop will protect the sample from the stray beam.

The resolution better than 10 gm was achieved. The improvement in the resclution mainly
depends on the accuracy of the mirror systems and also depends on the decrease of the back-
ground. As practical applications, some rock samples were measured, and Fe and Ca XRF images

were cbtained in the case of granite.
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