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Thin �lms of Nanoperm alloys with partial substitution of iron by yttrium are the subject of investigations.
The attention is �xed on the in�uence of yttrium substitution on structure and magnetic characteristics of
the samples. The e�ect of �lm thickness is also considered. Conversion electron Mössbauer spectroscopy and
magneto-optic Kerr e�ect were used to derive hyper�ne parameters and coercive �eld, respectively. Coexistence
of crystalline bcc-Fe phase and an amorphous one with diverse proportion was stated in most of the samples. It
was found that surface and interface regions contribute to the magnetic properties of �lms.

PACS: 75.50.Bb, 75.70.−i, 76.80.+y, 78.20.Ls

1. Introduction

Amorphous and nanocrystalline alloys based on iron,
in form of ribbons, are known for their excellent soft mag-
netic properties [1]. Especially, materials belonging to
so-called Finemet family (Fe�Cu�Nb�Si�B) and Nano-
perm one (Fe�Zr/Nb/�B/Cu/) are useful for applications
in electronics, electrical engineering and other �elds of
technology [2]. Manufacture of alloys of similar chemical
composition in form of thin �lms gives additional possi-
bility of applications, e.g. in microelectronics. Further-
more, structural and magnetic properties of thin �lms
can di�er from the ribbon ones due to another prepara-
tion method and considerable fraction of surface regions.
This makes motivation for studying various kinds of thin
�lms with slightly modi�ed composition in comparison
to bulk counterparts.
Between others, transition metal elements, partially

substituting iron, are good candidates for modi�cation
of structural and magnetic properties of Nanoperm. It
was reported that in Nanoperm ribbons yttrium addi-
tion accelerates nucleation of crystal growth and causes
a slowing down of di�usion processes in relation to the
Y free alloy and, consequently, a�ects their characteris-
tics [3]. Moreover, changes in magnetic properties, mi-
crostructure and thermal stability caused by Y substitu-
tion of some Fe81Zr7B5Y7 thin �lms were also found [4].
This is why a more systematic study of this problem was
undertaken.

2. Experimental details

Samples of composition Fe88−xZr7B5Yx (x = 1, 5, 9,
12) and various thickness belonging to the range (20 ÷
150) nm were produced by �ash evaporation under ul-
trahigh vacuum and by subsequent deposition onto a liq-
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uid nitrogen cooled substrate. Conversion electron Möss-
bauer spectroscopy (CEMS) measurements were carried
out by means of 57Co(Rh) source of gamma radiation
placed on a vibrator working in a conventional con-
stant acceleration mode. For electron detection, a gas-
-�ow counter supplied with He+4%CH4 mixture was em-
ployed. The Mössbauer spectra were resolved by use of
the NORMOS software. Hysteresis loops were recorded
with a magneto-optic Kerr e�ect (MOKE) system con-
sisting of a red laser diode, a foil polarizer, a half-wave
plate, a Wollaston prism, two-photodiode di�erential de-
tector and a coreless magnetizing coil supplied with 50 Hz
current. External magnetic �eld of magnitude of sev-
eral mT was applied in-plane of the �lm. Both MOKE
signal from detector and coil current were registered by
use of an oscilloscope. The measurements were carried
out for various orientations of the sample axis.

3. Results

3.1. Mössbauer spectrometry

The Mössbauer spectra of selected thin �lms are
shown in Fig. 1a�c, Fig. 2a�c. Their complex shape
reveals multi-phase character of most of investigated
�lms. A sharp sextet with magnetic hyper�ne �eld
(MHF) equal to 33.0(±0.1) T and isomer shift δ =
0.00(±0.01) mm/s dominates in all spectra collected for
alloys with yttrium content x < 9 at.% (independently of
the �lm thickness) which points to the signi�cant content
of polycrystalline (or nanocrystalline) bcc-Fe phase.
No indications of yttrium presence inside the crys-

tallites are found in the spectra. In addition, compo-
nents with distributed hyper�ne parameters occur: (i) a
high-�eld sextet with distributed MHF larger than 18 T
and isomer shift about 0.04 mm/s, (ii) a low-�eld sextet
with distributed MHF belonging to the range (5÷ 20) T
and isomer shift about 0.4 mm/s, (iii) a doublet with
distributed quadrupole splitting (QS) from the range
(0, 1.2) mm/s and isomer shift about 0.4 mm/s (Fig. 3).
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Fig. 1. CEMS spectra (and their components) col-
lected for selected samples of similar thickness,
d = (40 ÷ 45) nm, and di�erent content of yttrium:
x = 1 at.% (a), x = 5 at.% (b), x = 12 at.% (c).

Fig. 2. CEMS spectra (and their components) col-
lected for selected samples of similar yttrium percentage
(x = 5 at.%) and di�erent thickness: d = 20 nm (a),
d = 40 nm (b), d = 150 nm (c).

Fig. 3. Quadrupole splitting distribution derived for
Fe83Zr7B5Y5 thin �lm of thickness 40 nm.

Fig. 4. MHF distribution derived for Fe83Zr7B5Y5

thin �lm of thickness 40 nm: open circles � a low-�eld
part, closed squares � a high-�eld one.

Fig. 5. Open circles � mean MHF over the whole sam-
ple (a), squares � mean MHF (a) and percentage (b)
of the high-�eld part of MHF distribution, triangles
� MHF (a) and percentage (b) of the sextet related
to bcc-Fe, stars � percentage of the low-�eld part of
MHF distribution (b), full circles � percentage of the
paramagnetic component (b), as a function of yttrium
atomic content (thickness of �lms d = 40÷ 45 nm).

Typical MHF distribution, comprising components (i)
and (ii), is shown in Fig. 4. The main part of the dis-
tribution contains a well-marked maximum about 34 T
which can be attributed to the surface of crystallites and
interfaces. The presence of hyper�ne �eld values higher
than 33.3 T (typical for bulk Fe) presumably is a sign
of enhancement of MHF at Fe/metal interfaces observed
sometimes in thin layers [5] due to the breakdown of
translational symmetry. Besides, considerable mechan-
ical strain can additionally widen the magnetic hyper�ne
�eld distribution. The other parts of MHF distribution,
mainly low-�eld ones, as well as the paramagnetic sub-
spectrum, are related to an amorphous phase, which is
strongly inhomogeneous. Particularly, the paramagnetic
doublet may originate from amorphous regions rich in
yttrium; iron atoms situated at the surface of the thin
�lm can also contribute to this component. Samples
with x = 9, 12, d = 40 nm seem to be fully amorphous,
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Fig. 6. Open circles � mean MHF over the whole sam-
ple (a), squares � mean MHF (a) and percentage (b)
of the high-�eld part of MHF distribution, triangles �
MHF (a) and percentage (b) of the sextet related to
bcc-Fe, stars � percentage of the low-�eld part of MHF
distribution (b), full circles � percentage of the para-
magnetic component (b), as a function of �lm thickness
(yttrium content x = 5 at.%).

with signi�cant contribution of paramagnetic component
(Fig. 1c).
The above presented interpretation of the Mössbauer

spectra is con�rmed by the dependences of MHF and rel-
ative percentage of the components on yttrium content,
x, and �lm thickness, d. These relationships are plotted
in Fig. 5a,b and Fig. 6a,b, respectively. Moreover, we can
notice that mean MHF is a decreasing function of x.

3.2. MOKE magnetometry

MOKE hysteresis loops were measured at magnetic
�eld parallel to in-plane easy-axes, whose directions were
not strictly correlated with the substrate edges (which
points to the substantial strain contribution to the mag-
netocrystalline anisotropy).

Fig. 7. MOKE curves measured for Fe88−xZr7B5Yx

thin �lms of di�erent yttrium concentration (a) and dif-
ferent �lm thickness (b).

Figure 7a,b presents an evolution of the curves with
yttrium content and �lm thickness, respectively. In the

series of samples of near constant thickness (40÷45 nm) a
minimal induction of the coercive �eld (≈ 2.1 mT) is ob-
served for the sample of maximal yttrium content. This
proves the weakening of magnetic interactions with sig-
ni�cant yttrium addition and is related to the drop of
average hyper�ne magnetic �eld observed in CEMS ex-
periment as well as increasing contribution of the amor-
phous phase. In the case of samples of �xed Y concen-
tration (5 at.%) the thickest sample (d = 150 nm) is
characterized by the minimal induction of the coercive
�eld (≈ 1.3 mT). This could be interpreted as a conse-
quence of higher �strain resistance� of the thick �lm. In
both series, the 40 nm thick sample containing 5 at.%
of yttrium reveals the maximal coercivity (7.4 mT). It
could be explained by possible forming of high-coercivity
phases (Fe17Y2, Fe23Y6, Fe3Y, Fe2Y [6, 7]) for this spe-
ci�c yttrium concentration. Traces of such phases can be
seen in Fig. 4 in the form of additional peaks in the MHF
distribution at 19 T and 24 T.

4. Summary

Thin �lms of composition Fe88−xZr7B5Yx were inves-
tigated by conversion electron Mössbauer spectroscopy
and MOKE magnetometry. It was stated that �lm struc-
ture strongly depends on yttrium concentration: coexis-
tence of bcc-Fe and an amorphous phase is observed for
x < 9 but for x ≥ 9 the alloys are almost fully amor-
phous. The surface and interface e�ects were also ob-
served. It was found that mean magnetic hyper�ne �eld
is a decreasing function of x. The coercivity of the in-
vestigated �lms equals several mT (up to maximal value
of 7.4 mT). Moreover, it changes non-monotonically with
yttrium concentration and �lm thickness.
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