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Multilayers of differential constituent composition

X-RAY MEASUREMENT OF THE Cu/Ni MULTILAYER PERIOD

RENTGENOWSKI POMIAR PERIODU WIELOWARSTWY Cu/Ni

Results of the X-ray examination of a Cu/Ni multilayer obtained by the magnetron deposition technique are presented in
the article. The multilayer composed of one hundred bilayers was deposited on a Si (100) silicon substrate. The thickness of the
Cu sub-layer was 2nm, while the thickness of the Ni sub-layer was greater, being 3nm. The grazing-incidence X-ray diffraction
(GXRD) method with X-ray incidence angles ranging from 0.5 to 22.5° was employed for the investigation. The X-ray beam
of a wavelength of A¢,=0.17902nm in the diffraction angle range of 20=43+63° was used. The obtained diffraction patterns
were analyzed for the greatest intensity of the main peaks (111) and (200) and their associated satellite peaks S-1 and S+1. As
a result, the total intensity of all peaks as a function of X-ray incidence angle was determined. It was found that the greatest
intensity was exhibited by diffraction reflections recorded at X-ray incidence angles in the range of 5+10°.
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W artykule prezentowano wyniki badan rentgenowskich wielowarstwy Cu/Ni otrzymanej technikg osadzania magnetro-
nowego. Wielowarstwa ztozona ze stu biwarstw zostata osadzona na podiozu krzemowym Si (100). Grubos$¢ podwarstwy Cu
wynosita 2nm, natomiast podwarstwa Ni byla grubsza i wynosita 3nm. Do badari zastosowano metod¢ dyfrakcji promieniowania
rentgenowskiego przy stalym kacie padania (GXRD), w ktdrej katy padania promieniowania wynosity od 0,5 do 22,5°. Uzyto
promieniowania o dlugosci Ac,=0,17902nm w zakresie katéw dyfrakcji 20=43+63°. Otrzymane dyfraktogramy analizowano
pod wzgledem najwickszej intensywnosci pikow gtéwnych (111) i (200) oraz zintegrowanych z nimi pikéw satelickich S-11 S+1.
W wyniku, okreslono calkowita intensywnos$¢ wszystkich reflekséw w funkcji kata padania promieniowania. Stwierdzono, ze
najwigksza intensywnos¢ posiadaly refleksy dyfrakcyjne zarejestrowane przy katach padania promieniowania w zakresie 5+10°.

1. Introduction technology and multilayer properties, it is essential to

determine precisely the parameters of a multilayer, such
as the thickness of the period (bilayer) or the perfection
of the crystalline structure [7,10-15]. The X-ray diffrac-

have become recently the interest of materials engineer-
ing. This interest has resulted from the possibility of
obtaining materials of unique physical properties, which
could find their application in various branches of indus-
try. Multilayers composed of Cu and Ni are interesting
mainly owing to the gigantic magnetoresistance (GMR)
effect being characteristic for thin-layered ferromagnetic/
diamagnetic material systems [1-3].

These particularly interesting properties of Cu/Ni
multilayers result, inter alia, from the identical crystallo-
graphic structure (fcc) of the both elements and a small
crystalline lattice misfit, which amounts merely to 2.5%.
Cu/Ni multilayers are technologically easy to produce by
many techniques, including the PVD [4-14].

From the point of view of multilayer production

tion method is a basic non-destructive technique that
enables the determination of these parameters. In the
present work, two methods of X-ray examination were
used for the determination the multilayer period based
on the satellite peaks associated with the basic (111) and
(200) and the GXRD reflections to identify the possibil-
ity of the best representation of the main and satellite
peaks.

2. Methodology and the material
A Cu/Ni multilayer deposited on a monocrystalline

Si(100) silicon substrate was examined. The multilayer,
which was composed of 100 bilayers, was produced by
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the magnetron deposition technique. The thickness of
the Ni sub-layer is 3nm, while the thickness of the Cu
sub-layer is equal to 2nm. The multilayered structure
was examined by X-ray measurements using a radiation
wavelength of Acy=0.17902nm. Two methods of mea-
surement were carried out: -0 and GXRD, both in the
diffraction angle range of 20=43+63°.

On the basis of the 0-0 measurement, the calculation
of the multilayer period thickness was made based on
formula (1) derived from the geometry of X-ray diffrac-
tion on the interfaces in a layered arrangement, as shown

in figure 1 [10]. The period size is equal to the thickness
of two layers included in the multilayered arrangement.

A = N /1 N s
2(sin®; — sin®;_)

o))

where:
i — main peak from the lattice plane,
i+1 — satellite peaks,
A — multilayer period thickness [nm],
A — X-ray wavelength [nm].

Fig. 1. Schematic diagram of X-ray diffraction on the interfaces of a multilayer, based on work [10]

3. Results and discussion

The examination results are shown in figure 2. Two
main reflections, (111) and (200), were obtained in the
diffraction pattern. These reflections are common to both
multilayer constituents due to the similar values of inter-
planar distances. Additionally, their associated satellite
peaks of the first order were recorded on either side of

each of the main reflections. The reflections in figure
2a are described with the pseudo-Voigt curve using the
Analyze software, as shown in figure 2a, and the angular
positions of reflection maxima were determined. For the
calculation of the multilayer period thickness, the posi-
tions of the main reflections and the satellite peaks —
were used, because of their better representation on the
diffraction pattern.
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Fig. 2. XRD diffraction pattern of the Cu/Ni multilayer (a), fits of reflections obtained using the Analyze software (b)

The multilayer period thickness A (Eq. 1), is equal
to 4.99nm as determined for the reflection (111), and
4.89nm as determined for the reflection (200). Thus, the
results of period measurement for both reflections are
very similar to each other and to the theoretical bilayer
thickness (5.0nm) assumed for the deposition process.
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Fig. 3. Diffraction patterns of a multilayer sample using GXRD geometry

The GXRD measurement results are presented in
figure 3. In order to establish the effect of the fixed-angle
X-ray incidence on the quality of recorded satellite
peaks, the total intensity of reflections was determined.
The results of the total intensity measurement (I,¢) are
presented in figure 4 as a function of radiation incidence
angle.
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Fig. 4. Total intensity of reflections as a function of the X-ray incidence angle in GXRD measurements, Cu/Ni(111) (a), Cu/Ni(200) (b)

The total intensity of the main reflections and their
associated satellite peaks increases with the increasing
incidence angle to reach a maximum in the angle range

of 5+10°, and then decreases its value with the further
increase in the fixed angle of incidence (Figure 4).
For GXRD diffractions from figure 3, the period
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thickness was determined, and the obtained values are
shown in figure 5. Regardless of whether the (111) or
(200) reflection was used to determine the period thick-
ness, the thickness values exhibited a similar scatter

around the values of their arithmetical means. The aver-
age periods thickness of is equal to 4.96nm and 5.01nm,
respectively.
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Fig. 5. Period thickness determined in GXRD measurements, Cu/Ni(111) (a), Cu/Ni(200) (b)

4. Conclusions

From fixed-angle measurements it was found that
the intensity of main reflections and satellite reflections

varied with X-ray incidence angle. Diffraction patterns
recorded at incidence angles from the range of 5+10
are characterized by the greatest intensity. The use of
diffractions obtained in this range for the determination



of the period thickness does not affect the accuracy of
its estimation.

From the analysis of the arithmetic mean of the

thicknesses of all determined periods it was established
that the determination of the multilayer period using the
measurement of — geometry yielded values that are the
closest to the assumed values, compared to the GXRD
measurements used for this purpose.

(1]

(2]

(3]

(4]

[5]

(6]

REFERENCES

L. L. Hinchey, D. L. Mills, Magnetic proper-
ties of superlattices formed from ferromagnetic and an-
tiferromagnetic materials, Physical Review B 33 (5),
3329-3343 (1986).

B. Gagorowska, PhD thesis, Physical properties
of Cu/Ni multilayers deposited on a silicon substrate,
Technical University of Technology, Poland (2007).
Kiyoshi Sakaue, Naokatsu Sano,
Hikaru Terauchi, Akira Yoshihara,
Elastic anomalies in single crystal/mickel superlattices
grown by molecular beam epitaxy, Journal of Crystal
Growth 150, 1154-1158 (1995).

A. Tokarz, A. Wolkenberg, A. Bochenek,
Z. Nitkiewicz, A. Laszcz H Wrzesins-
ka, T. Przestaws ki, Multilayered nanocomposites
- production and the electric and mechanical properties,
Kompozyty 12, 246-250 (2001) (in Polish).

Y. Sun,J. Chen, X. Ma, X. Liu, The effect of
voltage on microstructure of iron by nitrogen plasma
immersion ion implantation, Surface and Coatings Tech-
nology 169-170, 438-442 (2003).

C. An Huang,C. Yu Chen,C. Ching Hsu,
C. Sung Lin, Characterization of Cr-Ni multilayers
electroplated from a chromium(IIl)-nickel(II) bath using
pulse current, Scripta Materialia 57, 61-64 (2007).

Received: 10 September 2009.

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

51

D. Rafaja, C. Schimpf, V. Klemm, G.
Schreiber,I. Bakonyi,L. Péter, Formation of
mictrostructural defects in electrodeposited Co/Cu mul-
tilayers, Acta Materialia 57, 3211-3222 (2009).

H.C. Barsilia, K. S. R ajam, Characterization of
Cu/Ni multilayer coatings by nanoindentation and atom-
ic force microscopy, Surface and Coatings Technology
155, 195-202 (2002).

B. Gagorowska, M. Dus-Sitek, B.
Kucharska, A. Tokar z, The structural properties
of Cu/Ni multilayer systems, Proc. XXXIV Szkota
Inz.Materiatowej, Krakéw-Krynica 2006, 507-512 (in
Polish).

Q. Yang, L. R. Zhao, Characterization of
nano-layered multilayer coatings using modified Bragg
law, Materials Characterization 59, 1285-1291 (2008).
J.. Chaudhuri, K. Low, A. F. Jankows-
ki, Characterization of annealed Cu-Ni multilayers,
JCPDS-ICDD (1997).

J. Kanak, PhD thesis, X-ray diffraction on mul-
tilayered systems, Measurement methods and models,
Academy of Mining and Metallurgy, Poland (2006).

J. Kanak, T. Stobiecki,P. Wisniowski, G.
Gtadyszewski,W. Maass,B. Szymanski,
XRD study of the structure of NiFe/Au and NiFe/Cu
superlattices, Journal of Magnetism and Magnetic Ma-
terials 239, 329-331 (2002).

B. Kucharska,E. Kulej,J. Kanak, The topog-
raphy of Cu/Ni magnetron multilayers by x-ray reflec-
tomery and AFM investigations, Optica Applicata 39, 4
(2009) (accepted to publication).

B. Gagorowska, B. Kucharska, M.
Dus-Sitek, A. Tokarz, Comparative x-ray
investigation of Ni/Cu systems heated in the 250-350°C
temperature range, Material Science-Poland 26, 1,
149-155 (2008).








