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A technique of layered structure analysis using X-ray
reflectometry and X-ray fluorescence analysis was in-
vestigated for multi-layered thin films. Standard samples
consisting of a simple layered structure Si/Ta(50)/X(x)/
Ta(100A) (X =Cu, NiFe, CoFe, PAPtMn, x=10-300A) were
fabricated to calibrate the elemental sensitivity coeffi-
cients of X-ray fluorescence measurement. The stuctural
parameters of the standard samples, such as the thick-
nesses, densities, and interface widths of each laser, were
determined by X-ray reflectometry. Using the evaluated
values of thicknesses and densities for the standard sam-
ples, elemental sensitivity coefficients whose accuracy
was within 5% were calibrated at a suitable level for thin
films. We found that the thickness of each layer of a spin-
valve film can be evaluated within an accuracy of 5% by
X-ray fluorescence measurement, and the thicknesses ob-
tained by X-ray fluorescence measurement agreed well
with those given by cross-sectional TEM and X-ray reflec-
tometry.

Key words: X-ray reflectometry, X-ray fluorescence anal-
ysis, technique of structure analysis, standard samples of
thin films, fundamental parameter method, elemental sensi-
tivity coefficients, spin-valve films
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Fig.1 Experimental and fitted X-ray reflectivity
curves for standard samples Si/Ta(50)/X(x)/Ta(100A)

(X=Cu, NiFe, CoFe, PdPtMn).
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Fig.2 Variation of the analytical results for X
layers of standard samples Si/Ta(50)/X(x)/Ta(1004)
with a designed thickness of X layers: (a) density nor-
malized by the value of bulk crystals and (b) thick-

ness.
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Fig. 3 Plots of the measured fluorescent X-ray in-
tensities vs. theoretical values calculated by the FP
method using the evaluated parameters obtained by
X-ray reflectometry for standard samples.
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Fig. 4(@a) Iz, R Ev<u 7Exd 3808 X ROAERER
ERT. —HE LT, REMBEEH Si/Ta(50)/NiFe(40)/

Table 1 Evaluated thicknesses of each layer of a spin-
valve film, Si/Ta(50)/NiFe(40)/CoFe(22)/Cu(30)/CoFe
(22)/PdPtMn(250)/Ta(100A) by several different tech-
niques
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Fig.4 Experimental results for the same spin-valve film Si/Ta(50)/NiFe(40)/CoFe(22)/Cu(30)/CoFe(22)/PdPtMn
(250)/Ta(100A): (a) X-ray fluorescence, {(b) X-ray reflectometry, and (c) cross-sectional TEM image.
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