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Investigation of Multi-wave X-Ray Reflectometry
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The suitability of multi-wave X-ray reflectometry, in which X-
ray reflectivities measured with multiple X-ray waves are
optimized simultaneously by the least squares method, was
investigated for layered structure analysis of spin-valve films. It
was found that Co-KB’ Cu-KB, and Cu-K; lines are suitable for
analysis of a spin-valve film based on estimation of the reflective
intensity at each boundary of the film. Next, a 3-wave method
using these 3 X-rays and a 2-wave method using Co-KB/Cu—KB
or Co-KB/Cu- o1 lines were examined. Structural parameters
such as the film thickness, density, and interface width can be
determined more accurately for both the 3-wave and 2-wave
methods than for a 1-wave method using the Co-KB line. In 3-
wave reflectometry, the errors, defined as 3 times the standard
deviation, in determining the film thicknesses for ~1 nm CoFe
and ~2 nm Cu films were *+0.04 nm and +0.02 nm,
respectively. The errors in 2-wave reflectometry were slightly

larger, being around +0.05 nm.

Key words: multi-wave X-ray reflectometry, 3-wave method,
2-wave method, Co-X| B/Cu—K B/Cu-K «1 lines, spin-valve films,

film thickness, density, interface width.
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Fig. 1 Values of (AE)2 + (An)2 at each boundary of a spin-
valve film for various characteristic X-rays.
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Table 1 Preparation conditions for spin-valve films.

Material Ar pressure | RF power | Sputtering rate
(mTorr) W) (nm/s)
Ta 0.49 350 0.066
Nig gFeq2 0.50 350 0.066
Cu 224 350 0.122
CoggFeq | 0.44 350 0.054
Cro.4Mng 5Pty | 8.8 650 0.182
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Fig. 2 Depth profiles of the constituent elements of SV films.
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Table 2 Fitting results obtained by the 3-wave method

for SV films .
BERT, BENFEBRREETHY, KB TO T 7 /0P Film E (x104) Densitay Thickness | Interface
OBNEFIISVIESEOBRE % B L 7-iRE T 3 KK T (CoKB) | g/em (nm) | width (nm)
. . . r e Oxide .81 — 2.67 0.91
FRERLUThHL, L L, REHMETT 7 7 4 Vi3 R T 1750 — 267 1 091
TRELRR->TWE, THIIZEREIINTHIRETHOR CrMnPt 15.65 8.65 18.18 155
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I OBV, BERTOMMEILOBW IR S nzHER o b == ST oo
d-CoFe 13.95 8.49 1.00 0.41
NiFe 15.65 8.39 3.56 0.46
..... . Exp. Mixing layer 15.82 —— 1.13 (0.00)
—— . Cal. Ta 24.09 15.2 4.77 0.75
IF3 14.20 ——— 0.01 1.23
IF2 13.26 e 0.72 0.18
IF1 5.43 —— 4.29 0.27
Si sub. 5.02 2.32 — (0.15)
R-Factor (%) 1.07
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Fig. 3 Comparison of experimental and calculated reflec-
tivities using structural parameters obtained by the
3-wave method.
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Fig. 4 Dependence of XZ on d-CoFe and the Cu film thicknesses
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Fig. 5 Reproducibilities of 3-wave and 2-wave methods for SV film analysis. Error bars are 3 times the standard deviation.
(a) Refractive index for Co-Kp line. (b) Film thickness. (c) Interface width.
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