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Temperature, magnetic field and spectral dependences of magneto-optical effects (MOEs) in bi-layer
films Dy(;_x)Ni,~Ni and Dy(;_x(NiFe),~NiFe were investigated, x changes from 0 to 0.06. Peculiar
behavior of the MOEs was revealed at temperatures essentially exceeding the Curie temperature of bulk
Dy which is explained by the magnetic ordering of the Dy layer containing Ni under the action of two
factors: Ni impurities distributed homogeneously over the whole Dy layer and atomic contact of this
layer with continues Ni layer. The mechanism of the magnetic ordering is suggested to be associated

PACS: with the change of the density of states of the alloy Dy;_)Nix owing to hybridization with narrow peaks
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1. Introduction

Metallic Dy is of significant research interest as a material that
has an extremely large magnetic moment: the effective magnetic
moment of the trivalent Dy ion is equal to 10.65u5, Dy metal has a
saturation magnetization at 0K Ms = 3000Gs which is much
higher than iron (1720 Gs). However, at room temperature Dy is
paramagnetic, since the transition to the ferromagnetic phase in
bulk Dy occurs at Tc = 85 K. Despite the fact that the magnetic
properties of Dy have frequently been discussed (see, e.g., Refs.
[1,2]), new studies have been performed that lead to a better
understanding of the magnetism of this metal [3]. The magnetic
properties of Dy metal have been shown to change significantly
upon going to small particles and thin-film nanostructures. In
particular, the effect of the crystallite size and strain on the
character of the phase transitions in fine-grained Dy samples have
been studied in Ref. [4]. In Ref. [5], it was shown that helical
structures do not arise in Dy nanoparticles embedded in an Al
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film. In Ref. [6], it was demonstrated that the Curie temperature Tc
decreases or increases in Dy epitaxial films incorporated in
Y-Dy-Y and Er-Dy-Er sandwiches, respectively, and this effect
was explained in term of stretching or compression of the Dy
single crystal along the c axis because of the larger Y and smaller
Er lattice parameter compared to that of Dy. The magnetic state of
the rare-earth (RE) layer in film structures or superlattices can be
influenced by the interaction with the neighboring 3d-metal
layers or inclusions of 3d-metal atoms in the RE layer. Peculiar
magnetic effects were observed in the Tb/Fe [6,7], Gd/Fe [8] and
Dy/Fe [9,10] multi-layers. Magnetic order was observed in very
thin (1.0-1.5nm in thickness) RE-metal layers at the boundary
with 3d transition-metal layers at temperatures exceeding Tc of
the corresponding RE bulk metal [11,12].

Recently, we have shown a strong influence of low Ni-impurity
concentrations in Dy layers on the temperature and spectral
dependences of magneto-optical effects (MOEs) in Ni-Dy;_,Niy
bi-layer films [13]. In the temperature range 80-300K, a Dy layer
containing a Ni-impurity concentration x less than 5wt% was
found to make a temperature independent contribution to the
MOE which is approximately equal in magnitude to the MOE of a
Dy, _xNi, single layer observed only below the Curie temperature


www.sciencedirect.com/science/journal/physb
www.elsevier.com/locate/physb
dx.doi.org/10.1016/j.physb.2008.04.018
mailto:ise@iph.krasn.ru

3296 I. Edelman et al. / Physica B 403 (2008) 3295-3301

Tc~90K. This behavior of the MOE with variations in tempera-
ture was ascribed to ferromagnetic ordering of Dy caused by
two factors: Ni atoms distributed over the entire Dy layer
thickness and the spin system of the adjacent transition-metal
layer. As this phenomenon revealed opens up the possibilities for
changing the magnetic state of the RE metal, an investigation was
undertaken devoted to a deeper experimental study, including
in situ observation of the surface magneto-optical Kerr effect
(SMOKE), and to investigate possible mechanisms responsible for

1t.

2. Experimental

Films were deposited on glass substrates (thickness, 0.8 mm;
optical quality; surface finish class, 13) at a temperature of 250 °C.
Pre-vacuum was 1 x107®Pa, operating vacuum 1 x10~°Pa. The
sputtered materials were Ni (vacuum melting) and Dy (class DiM
1). The deposition rates for Ni and Dy were approximately equal to
0.05 and 2.00As™!, respectively. First, a Ni layer was deposited on
the substrate. Then, Ni and Dy were sputtered simultaneously.
Step-shaped film samples were prepared with the use of special
screen. Three part films were obtained by this method under
identical conditions: a Ni single-layer film, a Dy;_xNi, single-layer
film, and a Ni-Dy,_,Ni, bi-layer film. The same method was used
for preparing of NiFe-Dy; _,(NiFe),. The thickness of each layer in
the bi-layer film was equal to the thickness of the corresponding
single-layer film. The Ni (or NiggFe,o) content in the Dy layer and
the thickness of Ni layers were specified by the conditions of Ni
sputtering. Several series of film samples were prepared with 50-
to 120-A-thick Ni layers. The thickness of the Dy layers was varied
from 200 to 700 A. Reverse order of layer deposition was applied
also, i.e., Dy or Dy with impurity was deposited first. Taken from
the vacuum chamber, samples were cut into three parts according
to visual boundaries between them. For all samples, the content of
each component was determined by X-ray fluorescence analysis.

The distribution of the components over the area and thickness
of a sample was determined by Auger electron spectroscopy [14]
(sensitivity, 0.3at%). The Auger electron spectra of the sample
surfaces were recorded on a Riber OPC-2 Auger cylindrical-mirror
analyzer with a relative resolution of 0.2%. The secondary electron
spectrum was excited by an electron beam with energy of 3 keV.
The electron beam diameter was equal to 5nm, and the electron
beam current amounted to 100 nA. The high-voltage modulation
of the analyzer used was 6.88 eV. For several samples, secondary
ion mass spectrometry (SIMS) was used with a quadruple mass-
spectrometer MIQ-256 (CAMECA). O3 ions with energy of 10eV
were used as primary beam. From some samples, X-ray photo-
emission spectra (XPS) were obtained using the MAC-2 “RIBER”
cylindrical mirror. For excitation of X-ray emission, Mg or Al
anodes were used with line energy Mg K« hv = 1253.6 eV or Al K«
hv = 1486.6 eV, respectively. The X-ray beam diameter was 6 mm,
the source capacity was 300W, and the resolving power of the
analyzer was 0.5 eV over the whole energy range.

For a layer-by-layer analysis (Auger, SIMS, and XPS), ion
sputtering was accomplished using an argon-ion beam with an
energy of 3keV at an ion-beam current of 600nA and a rate of
approximately 10 A/min. Since the substrate was prepared from a
non-conducting material (glass), it was impossible to obtain
spectral data for the film-glass interface due to strong charging of
the glass surface. During the layer-by-layer analysis, the Auger or
SIMS signals of the elements (Dy, 155eV; Ni, 848eV; O, 512eV;
and C, 272 eV) were measured as function of the time of etching
of the sample with an argon-ion beam. The correct analysis
requires standards and, besides, liberation of the second electrons
depends on the matrix material. However, taking into account the

proportionality of the signal to the amount of an element, these
methods allow to make some estimations.

In order to control the degree of oxidation of the Dy layers
during the magneto-optical experiments, the electrical conduc-
tivity of samples was measured.

The magnetic state of the samples was studied predominantly
with the magnetic circular dichroism (MCD) method, because,
first, this method is very sensitive and, second, there is no
contribution from substrates to the MCD. The MCD was measured
over the spectral range 350-650 nm as the difference AD = D*—D~
between the optical densities of a sample for waves having right-
handed and left-handed circular polarization with respect to the
external magnetic field. The magnetic field was directed normal to
the sample plane and its strength was 4.5 kOe. The measurements
were performed with the use of modulation of a light wave on the
polarization plane, which was described for the first time by
Jasperson and Schnatterly [15]. The MCD was measured with an
accuracy of +107% The samples were cooled in a nitrogen-gas
flow cryostat over the temperature range 80-300K, with the
temperature being maintained accurate to within +1K. At room
temperature, the field dependence of the polar Kerr effect (PKE)
was measured in magnetic fields of up to 14 kOe directed normal
to the sample plane.

The in-plane Kerr effect was measured “in situ” using an
original technique that is similar to the torque magnetometer. A
helium-neon laser beam (4 = 630 nm) came through the window
in the vacuum chamber to the surface of the deposited film. The
angle of the light incidence was 45° and the electric vector E of the
light wave oscillated in the incidence plane (p-polarization). The
reflected light passed through another window, analyzer and
reached a photomultiplier. The signal at the photomultiplier
output was proportional to the angle «; between the orientations
of the vector E in the incident and the reflected beams. The angle
ag iS proportional, in its turn, to the projection of the film
magnetization on the plane of the light incidence. A magnetic
field of a permanent magnet of about 400 Oe was rotated in the
plane of the film. The signal was recorded as a function of the
angle ¢ between the magnetic field direction and the plane of
the light incidence. In the absence of magnetization in a film, the
signal is zero. If ok is due to the longitudinal Kerr effect only the
maximal signal will be observed for magnetization parallel to
the plane of the light incidence, and signal will be zero for the
magnetization direction normal to the light incidence plane.
Contributions of other effects like transverse Kerr effect or
intensity effect make the picture more complicated but anyhow
the occurrence of the Kerr signal can be considered as evidence for
a ferromagnetic state of a film.

3. Experimental results

Auger and SIMS results showed that Ni (or Ni+Fe) was
distributed uniformly over the entire thickness of the Dy layer
in the cases when these metals were deposited simultaneously
with Dy onto preliminary deposited Ni film. The Ni concentration
inside the Dy layer was varied from 0.00 to 0.06. When Dy alone
was deposited onto the Ni film, there was a rather sharp interface
between the two layers. Several examples are shown in Figs. 1 and
2. It is impossible to neglect the oxygen peak in the Auger
spectrum which is especially strong near the surface. The oxygen
content can be estimated according to ratio between the oxygen
and Dy peaks, (Io/Ipy). For the spectrum shown in Fig. 1 this ratio
is about 2. A high oxygen content has been reported by most of
the authors studying Dy. Even in the standard Dy sample
presented in Ref. [16] a large oxygen content was detected and
10/1[)y was 0.6.
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Fig. 1. AES of the bilayer film Dy(700A)-Ni(100A): (1) Dy layer; and (2) Ni layer.
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Fig. 2. AES of the bilayer film NiFe(50 A)-Dyo 04(NiFe)o,05(500 A): (1) Dyg.04NiFeq o6
layer; and (2) NiFe layer.

Fig. 3 demonstrates the dependence of the SIMS signal on the
etching time for the sample NiFe-Dygg4(NiFe)oos. The curves 1
and 2 were obtained using suppression of the Ni and Fe signals
with a negative voltage of 50V and the Dy signal (curve 3) was
suppressed by a negative voltage of 20V. An increase of the Dy
signal in the beginning and end parts of the curve is due to the
increase of the secondary ions efficiency because of the larger part
of oxidized Dy at the film surface and at the boundary with the
NiFe layer. All over the central part of the Dy layer, Ni and Fe are
distributed approximately homogeneously in accordance with the
Auger-spectroscopy data.

As concerns oxygen, besides of its total amount, the state—free
or bound—is of importance. As seen from the X-ray photoemis-
sion spectrum (Fig. 4), the oxygen signal consists of two
components Ols (1) and O1s (2) corresponding, evidently, to
two different oxygen states with larger and lower bonding energy.
A similar picture was observed earlier, for example, a double
maximum was observed in the O1s oxygen spectrum of
La,;05-P,05 glass [17]. The component positions depended on
the relative amount of La and P in the glass. In our case, in the
near-surface film region, the higher energy component O1s (1)
prevails. Its intensity decreases sharply when deeper into the film,
and at a depth of about 4nm the component O1s (2) becomes
prevailing. The corresponding bonding energy is close to the O1s
bonding energy of 528-533eV in the most of the oxide
compounds [18]. At larger depth, the O1s (2) component intensity
decreases again. One can suppose the Ols (1) peak to be due to
oxygen molecules adsorbed at the film surface. The Os1 (2)
component corresponds then to the formation of Dy oxide of
which the amount diminishes with increasing depth, in accor-
dance with the total oxygen decrease. So, Auger, SIMS and XPS
allow to make conclusions about the metallic state of the largest
part of Dy films. This conclusion was confirmed by the low electric
resistance value (~5 x 107> Qcm) and the high optical absorption
(~10°cm™).

The spectral dependences of the MCD of DyggsNiggs and Ni
films at 93 and 300K are shown in Fig. 5 (curves 1 and 2,
respectively). The MCD in Ni film has a negative sign; its spectral
dependence is similar to that of the polar magneto-optical Kerr
effect for the Ni single crystal measured by Buschow et al. [19]. At
93 K, the MCD of the Dyq95Nig o5 film is comparable in magnitude
to the MCD of the Ni film but is opposite in sign in the region
420-700 nm where two broad overlapping maxima can be seen.
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Fig. 3. SIMS of the bilayer film NiFe(67 A)-Dyq ¢4(NiFe)o0s(620A) in dependence on etching time: 1, 2, 3—Ni, Fe, Dy, respectively. The Ni and Fe signals were suppressed
with a negative voltage of 50V and the Dy signal was suppressed by a negative voltage of 20V.
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Fig. 5. MCD spectra of DyggsNipos, Ni, Ni-DyggsNiges films (1, 2, and 3,
respectively) and (4) the difference of curves 2 and 3. T= 83K for curve 1 and
T = 300K for curves 2 and 3, H = 4.5 kOe.

In the same spectral range, Knyazev and Noskov [20] have
observed a maximum in the spectrum of the off-diagonal
component of the optical conductivity tensor oy, for a bulk Dy
crystal. Near about 420 nm, the MCD reverses its sign. The MCD
spectra for different Dy samples are similar. Small differences
observed in the vicinity of the maximum can be associated with
imperfection of the films. However, the point at which the MCD
reverses sign remains the same for all the studied samples. As the
measurement temperature was increased to 300K, the MCD of
the Dy film decreased by one order of magnitude (Fig. 6, curve 1)
but remained of finite value. Besides, the transition to the

-12

100 200 300
T (K)

Fig. 6 MCD temperature dependencesufor the films: (1) Dy,95Nig05 (620 A); (2)Ni
(70A); (3) Ni(70A)-Dyo.9sNigos(620A); and (4) sum of the curves 1 and 2.
/. =550nm, H = 4.5 kOe.

ferromagnetic state occurs in a much wider temperature interval
than in a high-quality Dy single crystal [3]. The same behavior was
observed for the magnetization of fine-grained Dy samples
measured at room- and liquid-nitrogen temperature [4]. Since
the MCD is a linear function of the magnetization, there is a one-
to-one correspondence between the temperature dependences of
the magnetization and MCD, and one can ascribe the observed
behavior of the MCD with temperature to size effects just as it was
suggested in Ref. [4] for the magnetization of fine-grained Dy
samples.

Comparison of the results obtained with the results in Refs.
[4,20] confirms that the films investigated are of metal Dy, indeed.
Dy oxides can present in the films in some low proportion but
they give no contribution to the MCD; specially performed total
oxidation of the films leads to disappearance of the MCD.

For Ni films with a thickness of about 80A or larger, the
behavior of the MCD with temperature (Fig. 6, curve 2)
corresponds to the magnetization behavior of bulk Ni samples
in the same temperature interval (see Fig. 18.1 in Ref. [21]). For the
Dy, _xNi, single layers with the x values used, the MCD spectral
and temperature dependences coincide practically with that for
Dy films. So, Ni impurities in such concentrations do not affect
significantly the magnetic properties of a Dy film. The MCD
temperature dependence of the Ni-Dy bilayer film is the simple
sum of two curves: the MCD temperature dependence of a Ni film
and temperature dependence of a Dy film (Fig. 6, curve 4). So, the
contact with the Ni film does not affect the magnetic properties of
the Dy film also. But when the Dy;_,Ni, layer is sputtered onto the
Ni layer, the situation becomes completely different: for x
exceeding the threshold value ~0.05, the character of the
temperature dependence of the MCD is similar to that for a Ni
film but the magnitude of the MCD is close to the sum of the MCD
magnitudes exhibited by Ni and Dy single layers at T<Tc (Fig. 6.
curve 3). Thus, the temperature dependence of the MCD is
unusual in this case. One might suppose that Dy has an effect on
the MCD of Ni and decreases its magnitude. However, we carried
out an experiment on Dy oxidation and found out that complete
oxidation of the Dy layer (a reference Dy single layer was oxidized
to Dy,03), under the condition that the Ni layer remains in the
metallic state, causes the MCD magnitude to recover to that of a
reference Ni single layer. The considerable contribution from the
Dy, _xNiy layer to the overall MCD of the bi-layer film may be due
to ferromagnetic ordering of this layer at temperatures far
exceeding Tc of the corresponding single layer. The sign of this
contribution is the same as that of the MCD of Dy at T< Tc. Based
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on this fact, we can assume that the magnetic moments of Ni and
Dy1_xNiy layers are parallel to each other.

In contrast to the MCD, which is the integral effect exhibited by
both layers of a bi-layer film, measurements of the PKE and LKE
characterize each of these layers separately. When light is
reflected by the Dy or Dy, _,Niy film, Kerr effects are not observed
at room temperature. The situation is shown in Fig. 7a for the
DyogsNigos film. In the case of the Ni film the magnetic-field
dependence of the PKE (Fig. 7b) is typical for a film with in-plane
magnetic anisotropy. As it is seen in Fig. 7c, the PKE is observed at
room temperature when light is reflected by the Dy 95Nig o5 layer
in the bi-layer film. The PKE sign is opposite to that of the Ni film
and magnetic-field dependence of the PKE is quite different
compared to the Ni film. While the saturated magnetic field H; for
the Ni film is of about 4.5 kOe, in accordance with Ni spontaneous-
magnetization value (Is = 480Gs), in the case of light reflection
from the Dy o5Nigos layer in the bi-layer film, magnetic satura-
tion is not reached up to highest value of 14 kOe of the magnetic
field used. The S-shape feature of the curve of the magnetic-field
dependence of the PKE near zero magnetic field can be easily
explained by the contribution of the PKE of the bottom Ni layer of
the positive sign owing to the light reflection at the boundary
between the two layers as is shown schematically in Fig. 7d. The
PKE data cited above leave no doubts that the Dy;_,Ni, layers in
the bi-layer films considered have their own contribution to the
MOEs of the bi-layer films at room temperature and, hence, these
layers possess a spontaneous magnetic moment at room tem-
perature. The H value in this case exceeds essentially 14 kOe

which allows to think about a magnetization value close to that of
Dy bulk samples observed generally at low temperatures.

Now we consider the results of in situ room-temperature LKE
measurements that are of importance because of the low
oxidation of the samples. Curve 1 in Fig. 8 shows the Kerr signal
of the Ni film via the direction of the in-plane magnetic field with
respect to the plane of the light incidence onto the film surface.
Periodical changes of the LKE value reflect changes of the film
magnetization projection on the light-incidence plane. Some
deviations of the LKE curve with strong periodicity will be
discussed elsewhere. For the Dy or Dy;_,Ni, films, or the Dy-
layer deposited onto the Ni layer, there is no LKE signal. But, when
a Dy;_xNiy, layer is deposited onto the Ni layer a LKE signal
appears of the opposite sign compared to the LKE sign of the Ni
film. Curve 2 in Fig. 8 shows the LKE signal for the Dygg5Nig g5
layer on Ni. The opposite sign of the DyggsNig o5 LKE compared to
the Ni LKE agrees with the opposite PKE signs for these two cases.
The stronger angle lag of LKE in this case compared to that for the
Ni film evidences a higher Dyg g5Nigos layer anisotropy than the
anisotropy of the Ni layer. So, in situ data confirm the magnetic-
moment appearance in the Dy layer doped with a low concentra-
tion of Ni impurities when this layer is in atomic contact with the
continuous Ni layer.

Summing up the results of magneto-optical experiments, one
can conclude that the appearance of MOEs in the films
investigated at temperatures exceeding essentially Curie tem-
perature of the bulk Dy can be due to the appearance of magnetic
order in the Dy;_,Ni, layer under its condition of direct contact



3300 L. Edelman et al. / Physica B 403 (2008) 3295-3301

1.5
N
1.0 & Oé’@ooo 1
P g

05 2300 o0 ,
o o o
5 o e e
= 0.0 {ed 5 &WRV@)
E v 06) W

o

g -05] % o iy o7
"E %@, Oooo
5 o
5 o %o O e 00® @
x o O% = o qQ,

-1.5 4 c%o P o o

RS
a0 58]
2.0 4 © o
2.5 4 T T T
0 100 200 300 400
¢, grad

Fig. 8. Room-temperature LKE (in situ) in dependence on the direction of the in-
plane magnetic field relative to the plane of the light incidence onto the film
surface: (1) signal of the Ni film; and (2) signal of the Dygg5Nig o5 layer on Ni.

with the continuous Ni layer. The magnetic moment of Dy;_,Niy is
parallel to the Ni layer moment and its value exceeds the Ni layer
moment, at least, in four times. The critical Ni concentration in the
Dy layer depends on the Dy-layer thickness and is about x = 0.05
for a thickness of about 50 nm.

4. Discussion

Comparison of the magneto-optical data with the Auger-
spectroscopy results shows that incorporation of Ni or NiFe into
a Dy layer changes essentially its magnetic properties. One can
assume the changes observed to be due to an interface layer with
high concentration of Ni or NiFe. However, in this case there
would be no proportionality between the MCD value and the
thickness of the Dy;_,Niy layer which is observed in the
experiment. The supposition is possible also that the Ni
concentration may be high enough for formation of Ni nanopar-
ticles in the Dy layer, but in this case similar behavior should be
observed in the Dy;_,Niy layers independently of the existence of
an adjusting Ni layer. The observed field dependences of the PKE
and LKE are inconsistent with the assumption that the magnetic
ordering of the Dy,_,Ni, layer is magnetostatic in nature. More-
over, if the Dy layer would be simply magnetized by the magnetic
field of the Ni layer, this would also have occurred in the Ni-Dy
bilayer film, which was not the case. It also does not seem likely
that the magnetic state of the Dy;_,Ni, layer in bilayer films
changes due to magnetostriction via the mechanism proposed in
Ref. [22], because these films are not epitaxial. If the change in the
structural parameters causing the magnetic ordering had been
due to incorporated Ni atoms, an analogous effect would also have
been observed in the Dy;_,Ni, single layers, which was not the
case. Thus, the unusual behavior of the Dy magnetic system is
associated with the simultaneous influence of two factors: the
contact with a 3d metal layer and inclusion of 3d elements
distributed approximately homogeneously over the whole Dy
layer. Each of these factors has separately no essential influence
on the magnetic state of the Dy layer.

As is known, the magnetic structure of heavy RE metals
(including Dy) is mainly determined by the exchange interaction
of the conduction electrons with 4f electrons [21]. The indirect
exchange interaction leads to ordering of large 4f magnetic
moments. The conduction electrons are characterized by the
band exchange interaction I of which the value is not large enough
to satisfy the Stoner criterion IN(eg) > 1, where N(eg) is the density
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of states at the Fermi level. Therefore, the conduction-electron
spins are not ordered and behave as a paramagnetic system in the
effective magnetic field of the localized 4f moments. Incorpora-
tion of Ni atoms into a Dy layer causes changes in the system of
conduction electrons. We propose the following model for these
changes. Like in the virtual-crystal model, we can write the
density of states of the Dy;_xNiy alloy in the form

N(E) = (1 — X)Npy(E) + xNyi(E).

The density of states of Dy near the Fermi level has no
peculiarities and is dominated by the 5d electrons with a small
admixture of 6s and 6p electrons [23,24]. In Ni, there is a narrow
filled peak of “spin-up” electronic states and a narrow unfilled
peak of “spin-down” electronic states [25]. The density of states of
the alloy is shown schematically in Fig. 9, where the Fermi levels
of both alloy components are assumed to be equal. Similar to bulk
Ni, in the Dy, _,Niy, alloy layer, in the model considered, there is a
narrow filled peak with spin up and empty peak with spin down
situated right above &g In the case of the bi-layer Dy-Ni film the
electron concentration in the Dy layer increases owing to the
contact with the Ni layer and Ni atoms penetrate at some depth
into the Dy layer and, consequently, the Fermi level shifts (Fig. 9b).
However, because of the absence of peculiarities in the Dy density
of states at the scale of about 0.1 eV in the vicinity of ¢, this shift
does not change N(eg) significantly. So, in both cases, the
dimensionless parameter of the band exchange IN(er) changes
only slightly compared to that in Dy.

When we deal both with contact of Dy layer with the Ni layer
(i.e., the shift of chemical potential) and with Ni atoms that are
introduced into the Dy layer which leads to the formation of a
narrow peak in the density of states near the Fermi level, then the
chemical potential may coincide with the peak in N|(e) at a
certain concentration x. (Fig. 9c). As a result the Stoner factor
increases. The ferromagnetism observed at room temperature in
the Dy,_,Ni, layer on the Ni substrate can be considered as a
consequence of reaching the Stoner criterion IN(eg)>1 which
leads to the magnetic ordering of the conduction-electron
moments along the 4f moments. So, Ni as a component of an
alloy contributes the density of states with the peculiarity near
the Fermi surface and the penetration of Ni atoms from the
adjusting Ni layer leads to the occupation of the states near this
peculiarity and to a change of the magnetic properties of the
Dy, _xNiy layer.

The suggested mechanism of magnetic ordering (through the
conduction electrons) should result in a different character of the
temperature dependence of the magnetization and the MOEs of
the Dy,_xNi, layer in comparison with the magnetization due to
the ordering of the 4f moments in Dy at T<Tc. Such a
phenomenon is observed really in the case considered as is seen
from experiments.
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