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A scanning X-ray microprobe using synchrotron radiation was developed employing an
X-ray focusing system with total reflection mirrors. Ultilizing a Wolter mirror system, a
hard X-ray microbeam was first realized. With an energy tunable X-ray microprobe,
sensitivity in X-ray fluorescence (XRF) analysis can be optimized for the element of in-
terest at less than 1 ppm in relative concentration. Moreover, small area X-ray absorp-
tion fine structure (XAFS) measurements with XRF detection can provide chemical state
information about a trace element in a sample. To fully utilize the X-ray microprobe,
an XRF quantification method for intermediate thick samples was proposed and the
effects of self-absorption in the XRF yield XAFS measurements were discussed.
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Fig. 1 A comparison between an ellipsoidal (a) and
Wolter (b) mirrors

Intersections of rays from a displaced point source
with the image plane are indicated as /i, and I.
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Fig. 2 Comparisons of images between ellipsoidal
and Wolter mirrors: from top to bottom, a point
source on the axis, a point source off the axis and a
real source of finite dimensions
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Fig. 3 A schematic illustration of an experimental
setup with the Wolter mirror

A small pinhole illuminated with 8 keV X-rays was
used as a source for the focusing mirror. To evalu-
ate the beam profile at the focus, an edge scan was
carried out.

FWHM 1.6 pm T

Intensity (Norm.)

Displacement/pm

Fig. 4 Beam profile (solid line) obtained from the
numerical derivative of the edge scan image (broken
line) when the corner of the annular aperture was
used
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Fig. 5 A scanning X-ray microprobe with syn-
chrotron radiation
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Fig. 6 A SRXRF spectrum from a Ni evaporated
thin film of 6 nm on mylar

9 keV X-rays were used for excitation.
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Fig. 7 7 CuK edge-XAFS spectrum of Cu evapo-
rated thin film of 15 nm

Fluorescence yield method was employed and the
data acquisition time was approximately 2 h for the
complete spectrum.
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a)

c)

Fig. 9 a) Photograph of a tree ring after irradia-
tion with 10keV X-rays and b) Ca, c) Cu and d)
Zn XRF images of the tree ring

A region of 3 mm X3 mm was measured with a data
acquisition time of 10 s for each pixel.
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Fig. 10 Fe XRF intensities (white circles) and cor-
rected XRF intensities (black circles) from pellets
made from NIES certified reference material No. 6
Mussel as a function of sample thickness

Vertical bars represent standard deviations.
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Fig. 11 The experimental (circles) and calculated

(solid line) takeoff angle dependence of FeKg,
fluorescence yield from a thick iron section

The excitation energy was about 7.13keV, which
corresponded to the crest in the fluorescence Fe K-
XANES spectra from a Fe 400 nm evaporated thin
film.

Fluorescence yield (a.u.)

X-Ray energy/keV

Fig. 12 Micro-XANES spectra of Fe obtained
with the fluorescence yield method: (a) from an Fe
400 nm evaporated thin film on Mylar and from a
thick iron section with takeoff angles of (b) 5°and (c)
40°

Solid lines show the observed data and the broken
lines show the calculated XANES spectra
tH(E)X D.
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Fig. 13 X-ray images of a synthetic diamond crys-
tal: (upper left) Ni Kq, (upper right) Fe Kq, (lower
left) scattered X-ray images
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Fig. 14 SRXRF spectra from a synthetic diamond
crystal measured at a) (100) and b) (1 1 1) growth
sectors

D LA BE— I BBEINTVSD (100) KEL7
S—TWE NI PHEETDHIELTCHRIEDOKRHTR (0.3
ppm) UTTH 2. pikOERSTEZRNT (111)
75 -—DONBEEZRELLEZS, ZORBTI
30ppm TH 5 EMHBMIT/L o fz. Ni #21F 25BIRW
CEAT AEA, XBEL7 - ko THEHBEVKE
KRZZBHIPSHTIRBVH, TOHERIE (100)

BN BEHEEAR X FEMEIC L 5 HMEBITROFRES 133

Intensity (a. u.)

pt(a. u.)

830 832 834 836 838 840
X-Ray energy/keV

Fig. 15 NiK-edge XANES spectrum obtained
from a) a Ni foil of 8 um in thickness (transmission
method) and b) Ni dissolved into (11 1) growth sec-
tor of a synthetic diamond crystal (XRF yield
method)
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B X MMOENRNEREZEH L, MNETOR X BRIESTH 2 EER X SFHEME»ERL
fo. COBEMBICLOBBEBOILRICO VTN X MEICL 5 EHE, EROFIFAETHLE I TR
<, X BB MMEE (XAFS) A7 MUh SR TOLFREICHET2EREBLI LN T
B, FERTIIMER U EMBEICOVT X MENNER, RHERRE, MERMMORESHTADISH
ZHO EFRELEHI, BHHOTANF-TEM2FE L% X SEBHE, O X SNERE
T®D XAFS JIFEICHB T 2 HEBNBIRICOVWTHIY LT 5.



