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This paper presents the results of investigation of magnetic properties in Cu/Ni multilayer systems.
Based on the investigation of  Ni/Cu and Cu/Ni systems with different thickness of magnetic and
non-magnetic layers it was proved that the presence of ferromagnetic (F-F) and antiferromagnetic
(A-F) exchange couplings depends on the quality of layers in artificial superlattice and on the state
and type of free surface, superlattice structure and its roughness.
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1. Introduction

Multilayer metallic magnetic systems, due to their wide use in practice, have been of
a great interest. One of the greatest discoveries in the domain of metallic magnetic
superlattices, i.e., discovery of oscillating magnetic coupling between two layers of
metal with good ferromagnetic properties, separated with a layer of non-ferromagnetic
metal, turned out to be of particular interest to scholars [1, 2].

Initial investigations carried out for Ni/Cu and Cu/Ni superlattices with different
thickness of magnetic and non-magnetic layers indicate that ferromagnetic (F-F) and
antiferromagnetic (A-F) exchange couplings depend on the quality of artificial
superlattice layer and on the state and type of free surface in superlattice structure, its
roughness and the structure [3].

The investigations concerning observations of the domain structure in these
systems revealed that the domain structure in magnetic field could be found only for
two Ni/Cu bilayers. In the case of reverse order of Cu/Ni deposition there are no
magnetic domains present. One of the reasons for this might be the fact that if the free
surface in the superlattice investigated is Ni (reverse order of multilayer Cu/Ni system
deposition), it is subject to rapid oxidation and creates a thin, almost monomolecular
layer of nickel oxide, which is an antiferromagnetic material.
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The present investigation was aimed to determine an impact of the state and type
of surface layer on magnetic properties in Cu/Ni and Ni/Cu multilayers.

2. Material and methods

The following multilayer systems were investigated:
– A system with variable thickness of  ferromagnetic Ni layer; (10 Å ≤ tNi ≤ 60 Å)

with 100 repetitions of Cu/Ni layers. Individual series encompassed Cu/Ni bilayers
repeated 100-times, with thickness of [Å]: 20/10, 20/12, 20/16, 20/20, 20/25, 20/30,
20/60;

– A system with variable thickness of non-magnetic Cu layer; (8 Å ≤ tCu ≤ 20 Å)
with 100 repetitions of Ni/Cu layers. Individual series contained Ni/Cu bilayers
repeated 100-times, with thickness of [Å]: 20/9, 20/12, 20/18, 20/20;

– A system with constant and equal thickness of Cu and Ni layers; (tNi = tCu =
= 20 Å) and variable number of repetitions of Ni/Cu and Cu/Ni bilayers (×10, 20, 50,
100).

The samples were obtained by means of two methods; those with variable Ni
thickness were manufactured by means of ion sputtering in face-to-face sputtering
configuration in the Institute of Molecular Physics at Polish Academy of Sciences,
Poznań, Poland. Other multilayers were deposited by means of potentiostatic
electrochemical deposition in the Institute of Material Engineering at Częstochowa
University of Technology, Poland.

The investigation of magnetic properties of Cu/Ni multilayers was conducted using
a vibrating sample magnetometer at room temperature. The measurements were taken
with sample surface positioned parallel to the external magnetic field.

3. Results and discussion

Examples of magnetic hysteresis loops as a function of external magnetic field in
samples with the thickness of ferromagnetic layer N(t) from 60 to 10 Å, with
unchanged thickness of non-magnetic Cu interlayer (20 Å), are presented in Fig. 1.

The analysis of the results revealed that:
– For the sample with Ni layer thickness of 10 Å a linear dependence of M (H )

was obtained, which proves that this system is diamagnetic at room temperature. One
should expect that twice lower Ni layer thickness, as compared to Cu layer, produces,
through diffusion of both elements, an Ni–Cu alloy, which does not display
ferromagnetic properties (or shows poor properties in magnetic field with low
intensity). Such a dependence of magnetization as a function of external magnetic
field, is typical of diamagnetic materials.

– The shape of magnetic hysteresis loop obtained for tNi = 12 Å corresponds, in
terms of its shape, to the loop of A-F I coupling [4]. This loop is saturated at high field
values (HS = ±800 kA/m), while magnetic remanence equals zero.
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– Loops obtained for the samples with thickness of ferromagnetic layer of 14, 15
and 16 Å reveal antiferromagnetic coupling; magnetic remanence equals zero.

– For the Ni layer thickness of 20 Å and 25 Å, magnetic hysteresis loops show
mixed coupling (partly A-F and F-F). This type of coupling is characterized by
a non-zero value of magnetic remanence, lower than the saturation magnetization
value (Mr < Ms).

– Hysteresis loops with ferromagnetic F-F coupling were obtained for the thick-
nesses of Ni layer equal 30, 40, 60 Å. These loops are characterized by a particular
value of coercivity while saturation magnetization is approximately equal to magnetic
remanence (Ms ≈ Mr).

The values of coercivity Hc and magnetic remanence Mr for different thicknesses
of ferromagnetic layer, obtained from magnetic hysteresis loop as a function of external
magnetic field in the investigated multilayer systems, are presented in Fig. 2.

The rise in Ni layer thickness is accompanied with an increase in saturation
magnetization of multilayer systems caused by rising thickness of ferromagnetic Ni
layer in the sample. The value of Mr equals zero for tNi = 16 Å–12 Å.

If ferromagnetic layers in a multilayer system are coupled antiferromagnetically
(A-F), hysteresis loop is linear within the range of ±HS, with zero value of magnetic

Fig. 1. Magnetic hysteresis curves for multilayer 100×[Cu(20 Å)Ni(t )] systems for selected thickness
of ferromagnetic layer, t = 60 Å and t = 10 Å.

Fig. 2. Coercivity Hc and magnetic remanence
Mr as a function of Ni layer thickness for
multilayer systems of 100×[Cu/Ni].
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remanence. A degree of A-F coupling is determined with the parameter of oscillating
exchange coupling between ferromagnetic layers separated with a non-magnetic layer
of FAF multilayers

where Mr is the magnetic remanence, Ms is the saturation magnetization.
If the value of FAF parameter equals 0, ferromagnetic (F-F) coupling of magnetic

layer occurs, while for FAF = 1 antiferromagnetic coupling (A-F) occurs.
There are also mixed couplings (partially antiferromagnetic and ferromagnetic).

A hysteresis loop for such oscillating exchange couplings is characterized by
a non-zero value of magnetic remanence Mr while FAF parameter ranges from 0 to 1.

Thus, the dependence of changes in oscillating exchange coupling parameter
between ferromagnetic layers separated with non-magnetic layer of FAF multilayers
from the ferromagnetic Ni layer causes that the curve obtained reveals maximum for
tNi = 14 Å and tNi = 15 Å, which corresponds to the value of FAF = 1. This dependence
is presented in Fig. 3.

Types of coupling for particular ferromagnetic layer thickness values are also
marked on the curve obtained. The graphical dependencies clearly indicate the fact
that the extent of exchange coupling in the systems investigated depends on
the thickness of ferromagnetic layer.

Similar considerations were carried out for multilayer Ni/Cu systems obtained by
means of potentiostatic electrochemical method. Typical magnetic hysteresis loops in
Ni/Cu multilayers are presented in Fig. 4.

The analysis of the results obtained indicates that, independent of the thickness of
non-magnetic Cu interlayer in multilayer Ni/Cu systems, the value of coercivity is
constant and amounts to ca. 1.4 kA/m. Moreover, in the Ni/Cu systems obtained
by means of electrochemical deposition, one can conclude, from the dependence of

FAF 1
Mr

Ms
-------------–=

Fig. 3. Oscillating exchange coupling between
ferromagnetic layers separated with non-
-magnetic layer of FAF multilayers as a function
of the thickness of ferromagnetic Ni layer.
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antiferromagnetic FAF fraction on the thickness of Cu layer, that rather mixed or
ferromagnetic interlayer coupling occurs. Absence of antiferromagnetic coupling
in the case of electrochemical multilayers is mainly caused by a considerably higher
value of interface roughness RMS as compared to the roughness of multilayer systems
obtained by means of ion sputtering.

Observations of domain structure revealed that this structure is susceptible to local
stress and interface roughness [5]. The observations of domain structure with and
without magnetic field were possible only for bilayers with nickel being deposited on
cuprum (Ni/Cu). In the case of reverse order of layer deposition (Cu/Ni) the assumption
that the domains cannot be observed since Ni layer is deposited rapidly thus oxidizing
and creating NiO (antiferromagnetic) nickel oxide was confirmed.

4. Conclusions

The results obtained in this work proved that occurrence of antiferromagnetic exchange
coupling in multilayer Ni/Cu systems depends on the structure of an artificial
superlattice and on the state and type of surface layer (manufacturing quality). In order
to generate such couplings one should employ vacuum technologies for deposition of
thin layers since they permit smoother surface as compared to electrochemical
deposition methods.
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