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a b s t r a c t

Simple Fe–Co ferromagnetic films and Fe–Mn antiferromagnetic films of different compositions were
grown on epitaxial Si substrates with Ta buffer layers via thermo-ionic vacuum arc method. Fe–Co/Fe–Mn
bilayer structures were obtained by following similar growing conditions as for the simple films. The mag-
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agnetic films and multi-layers

xchange coupling

netic behavior concerning easy axis distribution, anisotropy energy and coercive field of the Fe–Co films
exchange coupled to the antiferromagnetic layers were discussed with respect to the magnetic behav-
ior of the simple, uncoupled, ferromagnetic films. The composition of the antiferromagnetic films has a
sensible influence on the magnetic parameters of the exchange coupled ferromagnetic films. The largest
coupling and the narrowest easy axis distribution are induced in the bilayer system with equatomic

n ant
OKE
VA

composition of the Fe–M

. Introduction

Since the discovery of the exchange bias effect more than 50
ears ago, by Meiklejohn and Bean [1], a new and exciting branch
f modern magnetism has been rapidly grown up. The origin of the
xchange bias effect is related to the interfacial exchange coupling
f a thin ferromagnetic (F) layer sharing a common interface with
n appropriate antiferromagnetic (AF) layer. The exchange cou-
ling leads either to a shift of the hysteresis loop of the F layer with
espect to the direction of the applied field, when an unidirectional
nisotropy energy is involved at the interface (the shift is called
xchange bias field) or to an increased coercivity, when only a com-
on uniaxial anisotropy energy is involved. Clearly, both features

ead to a different magnetization reversal of the F layer interfa-
ially pinned to the AF layer, as compared with the case of a free F
ayer. Therefore, new spin valve devices were developed on basis
f giant magneto-resistance (GMR)/tunneling magneto-resistance
TMR) effects generated in conductive/insulator thin films sand-
iched between free and pinned F layers [2–4]. The equatomic

omposition of Fe–Mn was used for long time as a convenient

F layer and Fe20Ni80 (permalloy) as a suitable low coercive F

ayer in exchange biased spin valves [3,5]. In the state of art spin
alve devices, Ir–Mn has replaced Fe–Mn due to enhanced intrin-
ic magnetic properties (e.g. higher Néel temperature as well as

∗ Corresponding author. Tel.: +40 21 369 01 85; fax: +40 21 369 01 77.
E-mail address: kuncser@infim.ro (V. Kuncser).

925-8388/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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iferromagnetic layer.
© 2010 Elsevier B.V. All rights reserved.

exchange anisotropy energy) and Co–Fe has replaced Ni–Fe due
to a decreased atomic inter-diffusion at the F/Cu(conductive layer)
interface. However, to optimize Fe–Mn as a valuable AF layer in
AF/F bilayers for particular applications could become more conve-
nient with respect to lower fabrication costs. This paper promotes
a detailed study of the interfacial coupling in Fe–Mn/Fe–Co bilayer
systems of different Fe concentrations in the Fe–Mn coupling layer,
taking the advantage of the combinatorial processing procedure of
the thermo-ionic vacuum arc method [6,7]. The orientation depen-
dence of the anisotropy energy and coercive fields in the bilayer
systems were compared and discussed with respect to the equiva-
lent parameters of the free Fe–Co thin films.

2. Experimental

Simple ferromagnetic Fe–Co and antiferromagnetic Fe–Mn thin films as well as
Fe–Mn/Fe–Co bilayers were deposited by thermo-ionic vacuum arc method on Ta
buffer layers grown on (1 0 0) Si plackets (Ta thin films were also top deposited
as protective cap layers). The currently used experimental arrangement of the
thermo-ionic vacuum arc method, involves two electron beams generated by heated
cathodes and accelerated by high anodic voltages. The materials, placed in special
crucibles at the anodes, are evaporated via electron bombardment. The evaporating
species, metals and alloys in our case, can be deposited on a series of substrates,
located at different distances from the anode positions. The experimental arrange-
ment using four different crucibles at each of the two anodes (the crucibles are
rotating in the same anodic position via a special device) allows either the simul-

taneous deposition from two different crucibles or the simple deposition from only
one crucible. However, using this design, each different substrate can be indexed by
only one (in case of one source deposition) or two (in case of two sources deposi-
tion) distances from the anodic positions. Hence, a two sources deposition leads to
a combinatorial preparation of thin film alloys of different concentrations, depend-
ing on the position of the substrate with respect to the two anodic positions where

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:kuncser@infim.ro
dx.doi.org/10.1016/j.jallcom.2010.03.129
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ig. 1. The geometrical structure of the analysed samples, as follows: (a) set F n, (b)
et AF n and (c) set AF/F n.

he evaporating materials are placed. Let us note the distance from anode 1 by dA1

nd the distance from anode 2 by dA2. Four substrate positions (1, 2, 3, and 4) have
een considered for each preparation, involving the following couple of distances
A1/dA2 (in mm): 160/200, 185/175, 200/165 and 215/155, for the mentioned posi-
ions, respectively. The three prepared sets of samples are presented in Fig. 1. A
e–Co alloy closed to the equatomic composition was previously prepared by arc-
elting and introduced in one of the four crucibles at anode 1. Similarly, Ta foils
ere introduced in a crucible at anode 2. In conditions of one source evaporation,

lmost similar Fe–Co relative contents are expected for the thin films grown on all
he four substrates placed at positions 1–4, but also a diminushed thickness of the
e–Co thin films when moving from position 1 to 4 (and similarly a higher thickness
f the Ta films, when moving in the same sense). It is worth mentioning that the
eneric thicknesses given in Fig. 1, correspond to average thicknesses per prepara-
ion, measured by only one quartz balance (Kressington) placed between positions
and 3. For preparing the Fe–Mn thin films, a two sources preparation procedure
as used, by inserting Fe in a crucible at anode 1 and Mn in a crucible at anode 2

nd initiating a simultaneous deposition. Due to the experimental design, Fe–Mn
hin films with increasing Mn content when moving from position 1 to 4 of the
ubstrates are expected. The relative variation of the thickness of the Fe–Mn films
as to be this time almost insignificant, due to the much higher thickness of the
lm (more than one order of magnitude thicker than in the case of the Fe–Co film)
n one hand and, on the other hand, to the simultaneous evaporation with almost
imilar rates from both sources at anode 1 and 2. Finally, in case of the bilayer
ystem, the preparation was done with materials inserted in crucible exactly as
bove mentioned for the simple films and following the same evaporation proce-
ure. Therefore, the thicknesses and composition of each of the two films in the
ilayer structure belonging to one position of the substrate, have to be identical
ith the ones in single films corresponding to the same substrate position. How-

ver, a different magnetic texture would be expected for the Fe–Co thin films grown
n Fe–Mn layers of different Fe relative content, as compared with the films grown
n the Ta buffer. The interfacial coupling can also modify the coercive force and
he shift of the hysteresis loop in the exchange coupled Fe–Co films. Therefore,
he magnetic behavior of the Fe–Co layers exchange coupled to Fe–Mn layers of
ifferent relative concentrations has been analysed essentially with respect to the
ehavior of the corresponding free (uncoupled), Fe–Co layers. The prepared sam-
les were labeled as follows (see also Fig. 1): (a) F n with n = 1, 2, 3, 4 indexing the
ubstrate position, for simple ferromagnetic Fe–Co films with Ta both as buffer and
ap layer, (b) AF n for simple antiferromagnetic Fe–Mn films with Ta deposited as
uffer and cap layer and (c) AF/F n, for Fe–Mn/Fe–Co bilayer systems with Ta again
s buffer and cap layer. The relative content of Fe in the AF n films as well as in
he F n films was estimated by Energy Dispersive X-ray (EDX) technique and the
lm surface quality was checked by Scanning Electron Microscopy. The room tem-
erature magnetic reversal processes in the free as well as in the coupled Fe–Co
lms were characterized by longitudinal magneto-optic Kerr effect (MOKE). A MOKE
evice (type AMACC) working in longitudinal geometry and using a magnet with

aminated sheets with essentially zero remanence and negligible hysteresis was
tilized. The device is provided with a step motor for rotating the sample in its
wn plane, with a precision better than 0.5◦ . The wavelength of the incident light,
rovided by a laser diode, is about 640 nm. The angle of incidence is 45◦ and the

ncident light is linearly polarized along the sample plane. A brief low tempera-
ure characterization of the magnetization reversal at 5 K was performed via VSM
agnetometry, in a close cycle Cryogenics cryomagnet. All the magnetic measure-
ents were performed on square-shaped samples, with an area of about 81 mm2

or MOKE measurements and of about 10 mm2 for VSM measurements and with
he magnetic field applied along the sample plane. The cutting edge of the sample
ith respect to the crystallographic axis of the Si substrate was validated by X-ray
iffraction.
Compounds 499 (2010) 23–29

3. Results and discussions

The relative content of Fe and Co in the 2 extremities samples
F 1 and F 4, as determined by EDX, was 50–50 at.% in sample F 1
and 52–48 at.% in sample F 4, respectively. Within the error limits
of 1–2 at.%, we may consider that all the F n films present the same
composition, close to the equatomic ratio. This consideration is
also in agreement with the preparation procedure based on the
evaporation of an Fe–Co alloy from only one evaporation source.
However, the ratio between the relative wt.% of Fe–Co and of the Ta
decreases from 1.5 in sample F1 down to 0.7 in sample F 2, proving
clearly a decreased thickness of the Fe–Co film and an increased
thickness of the Ta buffer, when moving from position 1 (closer to
anode 1, where the Fe–Co crucible was placed) to position 4 (closer
to anode 2, where the Ta crucible was placed). Roughly, from the
wt.% EDX delivered data, the thickness of the Fe–Co film in sample
F 4 was estimated at about 0.7 from the thickness of the ferromag-
netic film in sample F 1. Starting from the indication of the quartz
balance placed between positions 2 and 3, it can be inferred that
the thickness of the Fe–Co films decreases from about 4 nm for F 1
down to 3 nm for F 4. The magnetization reversal in samples F 1 and
F 4 was analysed by longitudinal MOKE, at different orientations
of the Si substrate edge, with respect to the direction of the applied
magnetic field. X-ray diffraction scans were performed on Ta grown
on the Si substrate, with the radiation incident on the sample plane
at a fix small angle and moving only the detector in the incidence
plane from 15◦ to 60◦. With the edge of the sample along the
radiation beam, only the 3 1 1 diffraction line of Si with face center
cubic structure (fcc), space group Fd3̄m, as well as 1 1 1 and 2 0 0
diffraction lines of Ta with fcc structure, space group Fm3̄m, were
observed. Rotating the sample by 45◦ in its own plane, the Si line
disappeared completely whereas the two lines of Ta remained both
present, just with a slightly diminished intensity ratio I111/I200.
That proves clearly the edge of the mono-crystalline Si is cut along
the [1 1 0] crystallographic direction and a poly-crystalline layer of
Ta with a slight texture also along [1 1 0] is formed. The hysteresis
loops of the F films with extreme thickness, F 1 and F 4, collected at
three different orientations, � = 0◦, 45◦ and 90◦ (where � = 0◦ means
that the sample edge, which is along the [1 1 0] axis of Si, is parallel
to the applied field, whereas � = 90◦ means that it is perpendicular
to the applied field) are shown in Fig. 2(a) and (b) respectively. At
a very first glance two important aspects can be mentioned from
these results: (i) the hysteresis loops evolve with � angle, from a
more rectangular shape and higher coercivity at � = 0◦ to an almost
closed shape of much lower coercivity at � = 90◦ and (ii) at � = 0,
the hysteresis loop of sample F 4 is more rectangular than the
hysteresis loop of sample F 1 whereas at � = 90◦, sample F 4 show
no coercivity as compared with the finite coercivity of sample
F 1. These results can be qualitatively explained via the simple
Stoner–Wolfarth model [8,9] of a ferromagnetic film (when a single
domain state is considered) with in-plane uniaxial anisotropy. It
is worth mentioning that Conversion Electrom Mossbauer spectra
of the Fe–Co films enriched in the 57Fe isotope have proven the
in-plane spin orientation of the analysed films [10]. Defining KF as
the anisotropy constant, � as the orientation of the applied field
with respect to the anisotropy direction (easy axis of magneti-
zation), MF the saturation magnetization and ˇ the orientation
of the magnetization with respect to the anisotropy direction,
the magnetic energy per unit volume of the ferromagnetic
film is:

E = −� HM cos(� − ˇ) + K sin2 ˇ (1)
0 F F

where the first term represents the magnetic Zeeman contribution
and the second one is the contribution of the magnetic anisotropy.
Angle ˇ is deduced from the condition of the minimization of the
magnetic energy with respect to this angle, for each value and
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ig. 2. Room temperature MOKE loops obtained on samples F 1 (a) and F 4 (b), for di

rientation of the magnetic field with respect to the anisotropy
irection. Hence, the longitudinal component of the magnetiza-
ion, m// = cos(ˇ − �), which is exactly what has been measured by

OKE, can be computed for each value of the applied field, once
he direction of the applied field versus the anisotropy direction
s given. The obtained hysteresis loops evolve with angle �, from

fully rectangular shape at � = 0, to a fully closed shape (linear
ependence without coercivity) at � = 90◦ [9]. The results in Fig. 2
an be therefore interpreted in terms of the proposed approach.
owever, the model belongs to an ideal case, assuming a unique
irection of anisotropy. An angular easy axis distribution has to
e expected in real systems, depending on the magnetic texture
f the system, leading finally to much curved loops in both the
wo extreme cases of � = 0◦ and 90◦, respectively. Based on these
onsiderations, it might be reasonable assumed, for the analysed
ystems, that: (i) all the F films show a magnetic texture with the
asy axis oriented in average (e.g. the maximum of the angular
asy axis distribution) along the [1 1 0] direction of the Si substrate

nd (ii) the specific magnetic texture is enhanced in the thinner F 4
lm, as compared with the thicker F 1 film which shows a much
roader angular easy axis distribution (EAD). Another feature of the
toner–Wolfarth theory applied for systems of uniaxial anisotropy,
s the dependence of the coercive field on the magnitude of the
t orientations between the applied field and the average easy axis of magnetization.

anisotropy constant, when the magnetic field is applied along
the easy axis. In this case, of the most rectangular shape of the
hysteresis loop (that is at � = 0 or equivalently, �), the coercive
field becomes Hc = 2KF/�0MF. It is worth mentioning that absolute
values of saturation magnetization are not accessible by MOKE
experiments. In spite of the expected proportionality between
the magnetization at saturation and ��Kerr/2, where ��Kerr is
the difference between the Kerr angle at saturation in positive
and negative fields, the simple comparison of ��Kerr becomes
usefulness when comparing different samples with respect to their
saturation magnetization, due to possible different light scattering
amplitudes, dependent on the surface quality. Anyhow, based on
physical reasons, it might be reasonable assumed that the magne-
tization at saturation in sample F 1 is similar to the one in sample
F 4, due to the same film composition. Hence, the ratio of the
anisotropy constants of samples F 1 and F 4 can be expressed as:
K1

F /K4
F = H1

CM1
F /H4

CM4
F . The coercive fields evidenced by the MOKE

curves at � = 0 are H1
C = 40 Oe (sample F 1) and H4

C = 50 Oe (sample

F 4). Roughly, the above relation gives a slightly higher anisotropy
constant for sample F 4 as compared with sample F 1 (e.g. about
20% higher), which most probable is related to its lower thickness.
Specifically, the F films have slightly different average anisotropy
constants as well as different angular easy axis distributions.
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samples, the magnetic signal belongs entirely to the pinned F layer.
ig. 3. The relative content of Fe and Mn in the AF films, as obtained by EDX analysis.

On the other side, one main interest was to analyse the changes
nduced in the magnetization reversal of similar ferromagnetic

e–Co layers coupled to antiferromagnetic Fe–Mn layers with dif-
erent Fe concentrations. For the estimation of the relative Fe (or

n) content in the AF films, samples AF 1, 2 and 4 were charac-
erized by EDX. The results, normalized to the Fe and Mn relative
ontent (Ta is also present), are shown in Fig. 3. It is obvious that

Fig. 4. Room temperature MOKE loops obtained on samp
Compounds 499 (2010) 23–29

the relative content of Fe decreases almost linearly from about 70%
in sample AF 1 down to about 40% in sample AF 4. Derived from
these results, sample AF 3 should present an almost equiatomic
composition of Fe50Mn50.

It is worth to mention that the magnetic phase diagram of
fcc FexMn100−x alloys has been investigated over a large range
of concentrations by Endoh and Isikawa [11] who found an anti-
ferromagnetic long range order for 40% < x < 80%, namely where
the presently prepared compounds are placed. Neel temperatures
lower than 295 K were mentioned in [12] for 60% < x < 80% and
higher than 295 K for 40% < x < 60% (a maximum of about 500 K is
reached for the equatomic composition). However, characteristics
of the magnetic structure of Fe–Mn alloys are very sensitive also to
the preparation conditions/techniques, and therefore, the presently
involved AF films were verified by MOKE with respect to their AF
structure at room temperature. None of the simple AF films pre-
pared by TVA have presented MOKE signals typical to ferromagnetic
or paramagnetic state over the field range from 500 Oe to −500 Oe,
in spite of a thickness 14 times larger than for the F films, giving
experimental support for antiferromagnetic order in all AF films at
room temperature. Therefore, one may assume that in the AF/F n
One should mention at this point that at about 640 nm, the refrac-
tive indices and the extinction coefficients of Ta, Fe, Co and Mn
are about 1.7, 2.2, 2.8, 2.5 and 2.2, 3.0, 4.0, 3.6, respectively [13].
Hence, the following relation between the refractive indexes of the

les AF/F 1 (a) and AF/F 2 (b), at different angles �.
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Fig. 5. Room temperature MOKE loops obtained on

ifferent layers has to be considered: nair < nTa < nFe–Mn < nFe–Co (the
efractive indices of the alloys were assumed as weighted average of
he two involved elemental refractive indices). Taking into account
he angle of incidence, the above mentioned refractive indices, the
nellius law and the typical expression of the reflection coefficient
or the s component of the light at each metallic interface as well as
he exponential attenuation of the incident beam in the layers [14],
t can be roughly estimated that the light penetrate trough both the
a/Fe–Co and Fe–Co/Fe–Mn interfaces (no total reflection condition
s fulfilled at these interfaces). The intensity at the Fe–Co/Fe–Mn
nterface is only 20% from the initial one and only a few percents
rom the intensity reaching the detector belongs to the ferromag-
etic layer. However, this amount is order of magnitudes larger
han the component escaping back from the much thicker Fe–Mn
ayer, which anyhow does not show effective magnetization. The

OKE hysteresis loops of samples AF/F 1, 2 and AF/F 3, 4 are shown
n Figs. 4 and 5, respectively. As in the case of the uncoupled F films,
similar trend of the loops features versus the � angle is observed.
owever, the curving of the loops when moving from � = 0 to � = 90◦,

s well as the coercive field values at � = 0◦, are strongly dependent
n the composition of the AF pinning layer.

The results may be interpreted in the frame of simple Meikle-
ohn and Bean model [15,9], which is in fact a Stoner–Wohlfarth

odel which takes additionally into account the magneto-
les AF/F 3 (a) and AF/F 4 (b), at different angles �.

crystalline anisotropy of the antiferromagnet (KAF) and the
interfacial exchange coupling energy per unit area (Jex) acting at
the AF/F interface. Because of the exchange coupling energy is spe-
cific to the area unit, all the involved energies are transformed in
energies per unit area by multiplying the corresponding energies
per unit volume with the thickness of the involved films (tF and
tAF, for the F and AF films, respectively). Accordingly, the magnetic
energy per unit surface becomes:

ES = −�0HMFtF cos(� − ˇ) + KFtF sin2 ˇ + KAFtAF sin2 ˛

− Jex cos(ˇ − ˛) (2)

with � and ˇ as previously mentioned and ˛ the new angle between
the net magnetization at the AF interface (required by any cou-
pling effect) and the anisotropy direction of the AF layer. The same
procedure of minimization of the magnetic energy with respect
to angles ˛ and ˇ can be used for the evaluation of the hystere-
sis loops, but for a qualitative interpretation of the experimental
data, only two limit cases will be further discussed. The first one

corresponds to a much larger anisotropy energy of the AF phase
with respect to the exchange coupling energy (KAFtAF � Jex). In this
case, the net magnetization of the AF film at the interface, MAF, will
remain always along the anisotropy direction during the reversal
process of the F layer and hence, always ˛ = 0. No additional coer-
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ive field is induced, but the loop is shifted by a maximum exchange
ias field, defined as Heb = −Jeb/�0MFtF. The second case corre-
ponds to a much higher exchange coupling energy, with respect to
he anisotropy energy of the AF phase (KAFtAF � Jex). Accordingly,
he net magnetization at the AF interface will follow always the

agnetization of the F layer and hence ˛ = ˇ. In this case, there is
o shift of the loop (Heb = 0) whereas the coercive field might be
oughly expressed by: Hc ≈ (2KFtF + 2KAFtAF)/�0MFtF (see relation
2) for ˛ = ˇ). It is worth mentioning that for KFtF � KAFtAF the above
elation leads to a coercive field expressed by Hc ≈ 2KAFtAF/�0MFtF,
hereas for KFtF � KAFtAF, Hc = 2KF/�0MF, in agreement with the

imple Stoner–Wohlfarth model. As observed in Figs. 4 and 5, the
xperimental loops of the AF/F bilayers can be framed via the lack
f the exchange bias field and of the regular shape of the hys-
eresis loop, only to the case of exchange coupling energy much
igher than the anisotropy energy of the AF film. In this case, the
oercivity of the F layer coupled to the AF layer might be roughly
pproximated via the above relation, which consider the uniaxial
nisotropy of the AF layer just adding to the uniaxial anisotropy
nergy of the ferromagnetic layer. Thus, most of the discussions
nvolving simple F films remain valid for the AF/F systems, except
he additional contribution of the uniaxial anisotropy, due to the
F phase.

Sample AF/F 1 starts with a more rounded loop already at
= 0◦ and ends up with a quite asymmetric and still round loop at
= 90◦ (see Fig. 4(a)), proving the presence of an angular easy axis
istribution of consistent width. The angular EAD of the F films
oupled to the AF layers is much narrow for the other three samples
rectangular loops at � = 0◦ and almost no open loop at � = 90◦),
ith a special mention for sample AF/F 3. However, none of these

oops exhibit any shift with respect to the zero field (negative
hifts below 10 Oe are due to the magnet remanence), indicating
n exchange coupling energy higher than the anisotropy energy
f the AF layer, as already discussed. The coercive fields at � = 0
re 100(3), 160(3), 170(3) and 135(3) Oe, for samples AF/F 1, 2, 3
nd 4, respectively. A simple comparison with coercive fields of
0–50 Oe, as pointed out for the free F films, stands clearly for an
nhanced uniaxial interfacial coupling in the F films coupled to the
F layers. Granting an almost similar magnetization at saturation

or the simple F film as well as for the AF/F film corresponding to
he same position, double and even triple coercive fields observed
n the AF/F bilayers means additional contributions from the
niaxial anisotropy energy of the AF layer, equal or doubles than
he contribution of the F layer. Corroborating with the already
tated condition, KAFtAF � Jex, it results exchange coupling energies
qual or higher than the anisotropy energy of the F layer. The
ighest exchange coupling energy as well as exchange anisotropy,
orresponds to sample AF/F 3 with equatomic composition of the
F film, showing the highest coercive field.

Finally, one aspect which has to be briefly mentioned, concerns
emperature effects related to the different anisotropy energies in
uch systems. In this view, the two hystersis loops obtained at 5 K
ia vibrating sample magnetometry, on samples F 4 and AF/F 4,
espectively, are shown in Fig. 6. In both cases the field was applied
long the sample plane, oriented at � = 45◦ versus the sample edge,
hat is at 45◦ versus the easy axis. It is worth mentioning that the
oom temperature MOKE data have evidenced for this field orienta-
ion, quite round loops for both samples (see Fig. 2(b) and Fig. 5(b)),
orresponding well to the intermediate case between rectangular
at � = 0◦) and linear (at � = 90◦) shapes of the Stoner–Wohlfarth

odel. Surprisingly, the magnetization reversal process in sample

4 follows a quasy-linear dependence, inferring a rotation of the
agnetization easy axis by 45◦ (perpendicular to the applied field)

t low temperature. On the other hand, the hysteresis loop of the
oupled films (sample AF/F 4), keeps a more rounded shape and
ppears as shifted sensibly to a negative field, proving undoubtedly
Fig. 6. VSM hysteresis loops obtained at 5 K on samples F 4 and AF/F 4. The applied
longitudinal field was oriented at � = 45◦ with respect to [1 1 0] direction of Si.

the presence of the unidirectional anisotropy at low temperature.
The coercive field at 5 K is 390 Oe (135 Oe at room temperature)
whereas the exchange bias is −200 Oe (neglijible at room tem-
perature). Therefore, the lack of the exchange bias field at room
temperature has to be connected with magnetic relaxation phe-
nomena leading to a low blocking temperature, most probable due
to the decreased anisotropy energy of the AF phase.

4. Conclusions

Three layered systems consisting of simple F (Fe50Co50) and
AF (FexMn100−x) films, as well as of exchange coupled AF/F lay-
ers have been successfully prepared by thermo-ionic vacuum arc
method. The Fe–Mn relative content in the AF films was varied from
75–25 at.% to 45–55 at.% by positioning the epitaxial Si substrates at
different distances from the Fe and respectively Mn sources. Buffer
and cap layers of Ta were used in all situations. Simple F films
present a magnetic texture with an average orientation of the easy
axis (the maximum of the angular EAD) along the [1 1 0] direction
of Si. The average uniaxial anisotropy constant is slightly increas-
ing for thinner simple F films. Also a narrower width of the angular
EAD was evidenced for thinner F films, obtained by fixing the Si sub-
strates more far away from the Fe–Co source. The directly observed
angular EAD in the AF/F systems belongs strictly to the F films,
but its intimate origin is related also to the interfacial exchange
coupling to the AF layer. Both the width of the EAD as well as the
coercive field of the F layer coupled to the AF layer depends on the
relative composition of the Fe–Mn AF film. The broadest EAD corre-
sponds to the system with 75 at.% of Fe in the AF layer. The largest
pinning of the F layer was observed for the equiatomic composition
of the AF layer. The observed lack of unidirectional anisotropy at
room temperature implies that exchange coupling energy is larger
than the uniaxial anisotropy energy of the aniferromagnetic layer,
in all the analysed systems. The unidirectional anisotropy appears
in the AF/F bilayer systems at low temperatures. A rotation of the
magnetic easy axis in the simple F systems was also observed at
low temperature.
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