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X-Ray-Reflectivity-Based Structural Analysis of a Spin-Valve Film
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Changes in the thickness of each layer of a spin-valve
film have a strong influence on the film's GMR properties.
When X-ray reflectivity is used to determine the layered
structure of spin-valve films, however, closer refractive in-
dices among Cu, CoFe, and NiFe layers make structural
analysis difficult with a Cu-K, X-ray. The refractive
index of each layer depends on the X-ray wavelength.
We succeeded in obtaining a suitable X-ray wavelength
for the spin-valve structure of Si/Ta/NiFe/CoFe/Cu/
CoFe/PdPtMn/Ta. If a Co-K; X-ray is used, the thickness
of each layer can be determined more accurately than
when a Cu-K, X-ray is used. We confirmed by Co-Ks
X-ray reflectivity measurement that the accuracy of the
analyzed thickness was within 5% of the thickness ob-
tained by X-ray fluorescence measurement.

Key words: spin-valve film, X-ray reflectivity, refractive
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Table 1 Sputtering conditions of spin-valve films

Ar pres. (Pa)| Power (W) Sputtering rate (A/s)
Ta 0.6 50 0.77
CoFe 0.6 50 0.66
NiFe 0.6 50 0.85
Cu 0.6 50 1.65
PdPtMn 0.6 100 3.31
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Table 2 Measuring conditions of X-ray reflectivity

Voltage (kV) | Current (mA)
CuK, 50 300
CoK, 40 250

Intensity (cps)
1 X 107
2X 106
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Fig. 1 Schematic diagram of the estimation of thickness

accuracy by analysis of different wavelengths.
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Fig. 2 Dependence of the X-ray wavelength on the real part
of the refractive indices [1—n] for CoFe, NiFe, and Cu.
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Fig. 3 Experimental and fitted reflectivity profiles of a
spin-valve film measured with a Co-K; X-ray.
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Table 83 Fitting results of spin-valve films measured with a
Co-Kp X-ray

Thickness ( A ) Interface width (A ) Density*( % )

Ta0, 239 6.6 95.6
u-Ta 94.9 4.7 95.0
PdPtMn 250.2 5.1 101.4
u-CoFe 37.0 5.3 102.9
Cu 25.6 44 103.3
d-CoFe 62.1 38 1029
NiFe 17.8 4.4 98.8
d-Ta 49.3 43 93.8

T.L. 6.9 20 ne—
(Si) — 3.0 (100)

* Relative value for bulk density

Table 4 Comparison of the thickness accuracy obtained by
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Fig. 4 Fitting results of various spin-vaive films prepared
with different Cu thicknesses.
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Fig. 5 Dependence of the designed Cu thickness on (a) the
analyzed thickness tgexr. (b) At different from the thickness
obtained by fluorescent X-ray measurement, and (c) At/trcxr.

L, 5%OBEHHICNE Y, REWOENIZIALTT
Hote, IOTER, BIFITHOWEEFANEYTHB &%
ARLTWAE,

34 WMAEXBREIRHELOBITEEOLR

KRR ol LA BIE%, 30k XBAEI: L 308
FEOHBATT - 2. Fig 5) KRB EAE I & 3 A%
(Cu BEME) Xt B MEERRITE troxr 27T, ICHIE X 8
WETKDIBEE L DX At % Fig. 5(b) 12, X SICHEZD
MREIE & D At/trexe % Fig. 5(c) 125 F. NiFe, CoFe,
Cu, CoFe EicBIL T, S0t XHick 2HIE@IzeiL, 24

516

LToMET—HLI. Thid, 32 TR~ CoK, itk 3
BT ORZEL Y b+ AE V. PAPtMn Blc >\ T i,
HEXFEOBEEENTA L RSV, FHERE KT 3
SHLTOEIHYL, oEEEUEETH 2.

4. ¥ & &

X B EREIC & 5 NiFe/CoFe/Cu/CoFe/PdPtMn X
Ev N 7IEOBERT i LT, BIEICHY 2 5875 A
XBERE, BWROHE, BLURHEHE - ®BITicky
AN, LTz EBESHICE -1,

() REEBTCRELHEN X BEES, BHiiRoxas
KHRER 7 - s BT O >OTHIc L R LR, 15
XRERLE LT CoK BHRBTH S ENHO D& - 72,

(2) Co-Ks ZHV, CuBBELRECEALELADRE Y
NV TIEORIERITIC LD, RERELLTA T L aN3ERT
HRIIRMINTVBIEE, D54 — 9013 & A ETHL
LTWRLWI Eickh, BITBLUVBBEE LV ORYER
BTrEmTil,

(3) CoKs 2RV X BRERAEIC & > TR /- BEE G
CHDE X RAEIC L BEEM & OB E T - 658, Wk X
ROMIEETH 5 5% LINTHRIE@A—HT 22 L 2BEL
2. #¥i, NiFe/CoFe/Cu/CoFe BizBIL Tid, 2A LT —
L1

HOF ARRO-MEEELE 70V s b [HARERE
REEHEE | O—RE L THRTASBAME T RS
BOF 2L F - BEEBHRANRERE» 0BT shTE
LibDTdh 3,

X 3

1) B. A. Gurney, V. S. Speriosu, D. R. Wilhoit, H. Lefakis, R. E.
Fontana, Jr, D. E. Heim, and M. Dovek: J. Appl Phys., 81,
3998 (1997).

2) L.G. Parrat: Phys. Rev., 95, 359 (1954).

3) L. Nevot and P. Croce: Rev. Phys. Appl, 15, 761 (1980).

4) FHEEBA, SAMES . BAEHBSYLE, 18 38 (1994).

5 FHERBA, LEM# THRE, BESZ, KEER: 094
ICHBESRESE, 21, 442 (1997).

6) R EE, Fk B JtbeEE Bt BAER AZS
[=TeN

7) N. Awaji, Y. Kitade, and S. Komiya: to be published.

1997 % 10 A 28 A2, 19984 2 A 2 AEF

HAICHBS 4% Vol 22, No. 4-2, 1998

NI | -El ectronic Library Service



