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Abstract—Thin single crystal films of an equiatomic CogyPts alloy synthesized by magnetron sputtering on a
MgO single crystal substrate were studied by X-ray diffractometry. Interference oscillations with a period
depending on the Co—Pt aloy film thickness were observed in the region of (001) reflection, characterizing the
L1, type ordering, and in the region of small diffraction angles (20 < 10°). © 2004 MAIK “ Nauka/Interperi-

odica” .

Thin magnetic films of equiatomic aloys such as
CoPt, FePt, and FePd are considered as potential high-
density magnetic data recording media. The hysteresis
behavior of these alloysisrelated to the formation of an
ordered uniaxial magnetic superstructure of the L1,
type[1]. One of the main conditionsfor the use of such
films as magnetic recording mediais the homogeneity
of composition: this very property provides for the
constant tetragonal L1, type superstructure and,
hence, for the absence of fluctuationsin the crystallo-
graphic anisotropy field. Another critical condition is
the constant film thickness over the entire area that
ensures the absence of magnetostatic charges on the
surface. The third important condition for the use of
thin films as magnetic recording media with perpen-
dicular magnetic anisotropy is a monodomain charac-
ter, that is, the presence of asingle domain in the mag-
netic structure, with the tetragonal axis C in the whole
film volume being parallel to the normal to the film
surface.

In order to check that all these conditions are ful-
filled, it is necessary to develop integral methods sensi-
tive to homogeneity of the synthesized films. One such
method could be the X-ray diffractometry of thin single
crystal films, which can readily detect thickness-rel ated
oscillations in the interference contrast provided that
the above conditions are valid. The problem of quality
monitoring is now of considerable importance for thin
films (made of semiconductors, superconductors, etc.)
used in microelectronics[2].

The samples of thin CogyPts, single crystal films
were obtained by magnetron sputtering in an argon
atmosphere at a pressure of 2.7 x 102 Pa. In order to
avoid chemica inhomogeneity, the films were synthe-
sized by deposition of alternating Co and Pt layers. The
deposition time T; was selected so as to provide that
each layer would be one atomic monolayer thick. The
total deposited layer thickness d was varied from 2 to
20 nm. The films were deposited onto (001)-oriented
MgO singe crystal substrates. The thickness d, and the
chemical composition of each film were determined by
X-ray fluorescence measurements. Isothermal anneal-
ing of the films was performed in a vacuum chamber at
apressure not exceeding 6.7 x 10~ Pa.

The sample structure was studied at room tempera-
ture by X-ray diffraction on a DRON-4 diffractometer
using CuK, radiation (A = 0.154 nm) from an X-ray
tube operating at U = 32 kV, | = 32 mA. The measu-
rements were performed using a two-crystal scheme
with flat and bent crystal monochromators with Soller
slit widths of 2 mm (vertical) and 6 mm (horizontal)
and an output vertical slit width of 0.25 mm. The
diffraction angle was scanned at a rate of 1 deg/min
with an 0.02° detector angle step in the automated
regime.

Figure 1 shows a large-angle X-ray diffraction pat-
tern for a 7-nm-thick CosyPts, film annealed for 3 h at
T= 873 K. As can be seen, the region of the (001)
reflection characterizing the ordered L 1, superstructure
displays thickness-related oscillations of the interfer-
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Fig. 1. Typical large-angle X-ray diffraction pattern for a
7-nm-thick CoggPtsg/MgO film annealed for 3 hat T =
873 K.

ence contrast. According to the experimental [2, 3] and
theoretical [4] data, the full width at half maximum
(FWHM) of the central peak equals the oscillation
period, whilethe distance from the central maximum to
the first satellite reflection is one and a half times the
FWHM value (Fig. 1). The thickness contrast measure-
ments for Cog,Ptg, films show evidence of a homoge-
neous thickness and confirms the high quality of the
films obtained by magnetron sputtering.

The film thickness can be estimated from these data
using the well-known Selyakov relation [4] modified
for the case when the diffraction vector is perpendicular
to the surface of a plane-parallel crystal plate:

d = AMA(20)cosO. D

Here, A is the wavelength, © is the Bragg angle, and
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Fig. 2. Typical small-angle X-ray diffraction pattern for a
12.7-nm-thick CoggPtgs/MgO film annedled for 3 h at
T=873K.
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A(20) is the period of oscillations of the thickness
contrast.

Figure 2 presents a small-angle diffraction pattern
for a12-nm-thick CosyPts, film after isothermal anneal -
ingfor 3hat 873K, also clearly displaying interference
oscillations. It should be noted that the thickness con-
trast oscillations in as-prepared films were observed
aswell. The small-angle diffraction pattern with equi-
distance peaks (Fig. 2) is due to the interference of
X-rays reflected from the outer (air—metal interface)
and inner (film-MgO substrate interface) surfaces of
thefilm. For thisreason, the valuesinverseto the wave
vectors k = sin@/A are proportional to the film thick-
ness d,.

The small-angle diffraction pattern can also be
used for evaluation of the film thickness. Indeed, the
distance between neighboring reflections obeys the
Bragg condition 2dsin® = nA. Assuming that sin@ =
© for small angles, we obtain the formulafor the film
thickness

d = AA(20), 2

where A(20) isthe period of oscillations. Thisformula
is a particular case of the Selyakov expression (1) for
the region of small diffraction angles (cos® = 1).

Figure 3 shows the plot of d, versus the ratio
AA(20). As can be seen, the experimental points fit to
the bisector of theright angle well. Estimates show that
the effect of interference oscillations will not be mani-
fested at afilm surface roughness on the order of £1 nm.
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Fig. 3. A plot of the CosgPtsg/MgO film thickness (dp)
determined from X-ray fluorescence data versus the thick-
ness dg = A(20) estimated from small-angle X-ray diffrac-
tion patterns.
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To summarize, we have studied the peculiarities of
X-ray diffraction from CogPtss/MgO structures,
where the CogyPts, single crystal film obtained by
magnetron sputtering has a disordered fcc structurein
the as-prepared state and acquires an L1, superstruc-
ture upon thermal treatment. The presence of oscilla-
tions in the interference contrast is evidence of a high
homogeneity of the film thickness. This effect pro-
vides a very good method for checking the morpho-
logical homogeneity of thin metal films used in micro-
electronics.
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