experimental methods and techniques

Generation of an X-ray microbeam for requirements for the slope error are so severe (Susini, 1995). One
. . of the ways to overcome with this problem is to use bent mirror
spectromicroscopy at SPrlng-8 BL39XU system to produce elliptical figures (Padmore et al., 1996; Yang et

al., 1995) because the smaller slope error can be achieved with the
flat mirror. Recently a differential deposition technique was
employed to produce the elliptical figure from the cylindrical figure,
Suzuki, ® Masao Wakatsuki, ¢ and Takeshi and the beam spot of 0.37 &53 pm? was reported (Ice et al.,
Hirokawa & 2000). Another practical way is to employ small mirror-to-focus
distance to reduce the effect of the slope error though the smaller
mirror size results in the smaller acceptance by the mirror.
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This paper describe the parameters and preliminary experimental
results with the KB mirror (Kirkpatrick & Baez, 1948) system
designed for spectromicroscopy in the hard x-ray region.
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A pair of elliptical mirrors (KB mirror) was designed and fabricated 2. Kirkpatrick and Baez (KB) mirror system

to realize an energy tunable x-ray microbeam for spectro-

microscopy at SPring-8 BL39XU. As is commonly recognized, the Fig. 1. shows a schematic layout of the KB mirror and its
obtainable beam size with the aspherical total reflection mirrors islimensions. The M1 mirror focuses vertical divergence and the M2
strongly affected with the slope error of the mirror. Consideringmirror focuses horizontal divergence from the light source. The
that.the extremely high bril!iance .of the undulator radigtion from thedesigned horizontal and vertical source size (FWHM) is 898 x
SPring-8, the small mirror size and the small mwror-to-focusumzl However, effective or real source size itself is still under

distance were employed to minimize effects of the slope errorInvestigation. The demagnification of the mirrors are quite large,

e o o i, ke L0an e practcalbea size at e focus may e detemined by tr
- A9 slope error. The additional blurring caused by the slope error can

was assisted by the beam monltor system composed_ of a S_ClntI”at%Ié estimated with the following expression.
and a CCD, and the beam size less tham&an be easily achieved
even when the source was fully used. The beam size obtained with

this experiment was 2 x |4m2 with the photon flux of 1 x P

photons/s. Smaller beam size may be expected with the use @fhere L is the distance from the center of the mirror to the focus
intermediate slits. Characterization of trace elements with the spatlzz{he image distance)\@is the slope error. Considering that the

resolution will be carried out by using x-ray fluorescence (XRF) .
analysis and x-ray absorption fine structure (XAFS) measur(ementgr"’mt'c‘Sll slope error of aroundfad, L should be less than 100 mm

s=28 Q)

- : fo maintain the beam size less thapnl. To satisfy this condition
with XRF yield method. . . ) L - ’
y the dimension of the mirror was limited to 40 mm in length. To
Keywords: KB mirror; elliptical mirror; spectromicroscopy; cover x-rays up to 20 keV, the mirror surface is coated with Rh and
SPring-8; trace characterization. the central glancing angle was set to be 4 mrad. Therefore, the

resultant aperture of the KB mirror is approximately 160

1. Introduction square when the mirror is fully illuminated.

Generation of an x-ray microbeam has received great attention Obje
among the third generation synchrotron light sources, and the M1
importance of the energy tunable x-ray microbeam for the
spectromicroscopy is now widely recognized. To realize trace
characterization with spatial resolution, a hard x-ray microprobe
system was developed at SPring-8 on BL39XU (Hayakawa et al.,
1998). X-ray fluorescence (XRF) analysis, x-ray absorption fine
structure (XAFS) measurements and high resolution x-ray
fluorescence spectroscopy using a crystal spectrometer have been
carried out with the spatial resolution betweerpfr®to 200um by
employing undulator radiation defined by a pinhole or slits v
(Hayakawa et al., 2000). To realize better spatial resolution, an x- I
ray focusing system has been designed. X z
Though fairly good spatial resolutions are reported with zone
plates (Kamijo et al., 1997; Yun et al., 1999), it is commonly
known that the stabilization of the beam position on the sample L’ct

o . igure 1
difficult during the energy scan because the zone plate should bEschematic layout of the Kirkpatrick and Baez (KB) mirror system.

trans]gted along. with the optical axis to maintain the focusingype object and image distances are labelgcaid B. Mirror sizes in
condition (Warwick et al., 1998). In the sense of the energy . .ridional and sagittal directions are labelegdnd Ls,

tunability, elliptical figured total reflection mirrors are ideal when e . E.—on. 20 |
combined with the fixed exit monochromator. However, the m; Fll:ggzggf El:ggf Lml:igﬁ le:i?)
realization of the sub-micron beam is difficult because the - F12= » 227905 Im2740; Ls2=

Fi1
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Two mirrors are made of fused quartz because they are used for Fig. 3 shows images on the CCD obtained during the alignments.
monochromatized undulator radiation and the heat load is not sPhe incident beam was defined by the slits of u@®square, and
severe. Figures and surfaces of the mirrors were investigated at eate difference of the beam position between the direct beam and the
step of the mirror fabrication process. After the machining processieflected beam was observed at the position 100 mm downstream
10 - 20 nm thick Cr was coated to the mirror surface preceding tehe focus. Glancing angles of the M1 and M2 mirrors were adjusted
the coating of 100 nm thick Rh. The evaluated surface roughness satisfy the difference of positions between the direct and
(rms) of the M1 and M2 mirrors are 0.684 nm and 0.771 nm, andeflected beams as designed, and the beam intensity was optimized
the evaluated slope errors (rms) of these mirrors are (Batband  with the slight translation of the each mirror. Initial alignment of
5.25 prad, respectively. Utilizing equation (1) and the image the KB mirror can be easily finished with the procedure mentioned
distances listed in Fig.1, the additional blurring of 0.57 (vertical) x above, and it takes within two hours.

0.42 (horizontal}lm2 can be predicted

8 b
3. Experimental

Experiments were carried out at SPring-8 on the BL39XU. Fig. 2
shows experimental setup. Though the KB mirror and mirror
alignment mechanism are designed to be used inside the vacuu
chamber of the x-ray microprobe, the preliminary evaluation of the 1 mm
mirror performance was carried out on the optical bench inside th:
experimental hutch. The x-ray energy was tuned to 10 keV with the
undulator gap of 14.471 mm. The size of the front-end-slit placec

29 m from the source was 0.6 mn?. A standard water cooled

Si  (111) double crystal monochromator was used for
monochromatization, and the higher order harmonics of the
undulator radiation were rejected by using a Pt coated flat deflectiol
mirror of the beamline. To align the optical elements, the x-ray
beam was monitored with a peltier cooled digital CCD coupled with
a fast plastic scintillator and a lens system. A commercial NE102/ * .

plate (25 xX25 mmz) of 0.3 mm thick was used as the scintillator,
and it was placed approximately 100 mm downstream the focu:
(sample position) of the KB mirror. X-ray beam was converted into
the visible light of around 420 nm, and the image can be observegigure 3

on the CCD (KX1E, Apogee) with the unit magnification. A pixel |mages on the beam monitor placed 100 mm downstream the focus of the
size of the CCD is 2(0m square, and the number of effective pixels KB mirror. a) direct beam, b) horizontally focused beam with M2, c)
are 768 and 512 in horizontal and vertical direction, respectivelyvertically focused beam with M1 and d) focused beam in both directions.

To avoid direct exposure of x-rays to the CCD, a plane deflection

mirror is installed to the optical axis of the lens system. The

deflection mirror can be switched to the off-axis position when the4. Performance of the KB mirror system

x-ray beam intensity is monitored by the ionization chamber.

| d]

Fig. 4 shows a scanning transmission x-ray image of a #200 grid
made of stainless steel. An area of 200 square was scanned
with the 2.5 um step. Line profiles and their derivatives in
horizontal and vertical direction measured at the marked positions
are displayed beside the image. Owing to the rather huge step of
the scan it is difficult to estimate the beam size precisely. However,
it is easily understood that the beam sizes are less thamis both
directions.

Owing to the limited beam time, the focused beam size was
evaluated without the further optimization of the alignment. Edge
scans of a 100 nm thick Cr evaporated resolution test pattern were
carried out by monitoring Cr XRF signals. Scans were carried out
at the several positions along with the optical axis to find the beam
west. The estimated beam size was around 2 (horizontad) x

(vertical) umz with the photon flux of 1 x i1sY photons/s. In this
experiment the light source was directly imaged by the KB mirror.
The beam size less thanpin can be expected with the use of
intermediate slits to reduce the effective source size. Utilizing the
energy tunable x-ray microbeam, characterization of trace elements
Figure 2 with the spatial resolution will be carried out by using various

Photograph of the experimental setup for preliminary evaluation of the KBSPectroscopic techniques.
mirror system at SPring-8 BL39XU.
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