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Thin magnetic Fe layers in thickness of 10{240 nm were deposited onto a wheel surface of CoFeMoSiB amorphous
ribbons to check our concept of a new type of heterogeneous magnetoimpedance materials formed by two di�erent
magnetic parts. The presence of an additional iron layer modi�es the magnetoimpedance response of the composite
material and leads to increase of the magnetoimpedance ratio from 330 to 345% at a frequency of 3.5MHz.
Two possible mechanisms are discussed for explanation to the observed behaviour. Modi�cation of the surface
properties of the amorphous ribbons may have certain potential for technological applications.

PACS: 75. 70. Pa, 75. 70. Ak, 75. 70. Rf

Appropriate soft magnetic materials can show
large variation of the total impedance upon appli-
cation of the external magnetic �eld. This phe-
nomenon, called the magnetoimpedance (MI) ef-
fect, attracts special attention due to the possibility
of being employed in many technological applica-
tions based on the sensing of very small magnetic
�eld.[1;2] Magnetoimpedance e�ect was observed in
amorphous and nanocrystalline ribbons,[3;4] wires,[1]

thin �lms and sandwiches,[5�7] electroplated wires,[8]

microwires,[9] ribbon/wire [10] and ribbon/ribbon [11]

composites. There are heterogeneous MI materials
mentioned above: three-layered sandwiches, electro-
plated wires and composites. The heterogeneous
structures are formed by non-magnetic conductive
core and a magnetic external part. The advantages
of these materials to some extent are based on the
di�erence of conductivities of the external and in-
ternal parts, i.e., the �1=�2 ratio, of the magnetic
and non-magnetic layers. The theory of the mag-
netoimpedance for ferromagnet/non-magnetic con-
ductor/ferromagnet structures was written recently
and many experimental results were reasonably well
described.[12;13] We have developed a concept of an-
other type of heterogeneous MI material, which has
two di�erent magnetic layers. It is based on the well
known [14] dependence of skin penetration depth Æ
on transverse or circular magnetic permeability of
ferromagnet: Æ = [2=(!�0��)]

1=2, where ! is an al-
ternating current angular frequency, �0 is the vacuum
permeability, and � is the e�ective magnetic per-
meability. E�ective magnetic permeability can be
changed by thermal treatments in a magnetic �eld

or stress annealing.[3;4;15] These treatments a�ect the
whole sample. It is known that in certain circum-
stances, amorphous or nano-crystalline magnetic ma-
terials can show non-uniform anisotropy, i.e. di�erent
properties, for example, near the surface or in the vol-
ume of the ribbon.[3;16;17] Frequently, it is diÆcult to
avoid this because of the fabrication method. Let us
de�ne the ribbon surface which has a contact with a
wheel during fabrication as the wheel surface and the
opposite one as an air surface. The surface roughness
of the air and the roughness of wheel surfaces of the
ribbons rapidly quenched by a single roller technique
are di�erent from each other due to air pockets on the
wheel surface.[15] Magnetoimpedance response, being
very sensitive to the features especially near the sur-
face characteristics, re
ects them and, we suppose,
even can be improved by appropriate surface mod-
i�cation. Signi�cant changes of the anisotropy and
magnetic properties were reported recently for the
heterogeneous samples fabricated by radio frequency
sputtering deposition of an additional FeNi magnetic
layer onto the surface of the FeCoNi/CuBe electro-
plated wire.[15] Therefore we propose the deposition of
thin magnetic layer as a method of modi�cation of sur-
face properties and magnetoimpedance response. In
this Letter, we describe our experience in fabrication
and study of surface modi�ed CoFeMoSiB amorphous
ribbons for magnetoimpedance applications.

We have selected single-roller quenched
Co67Fe4Mo1:5Si16:5B11 amorphous ribbons as a ba-
sic material because they show very high MI e�ect for
relatively low driving current intensity, low satura-
tion magnetostriction of 2:8� 10�7[4;18] and therefore



they can be considered as a model material. The
as-quenched ribbons were annealed at 340ÆC for one
hour for homogenization and cut on 1�0:02�100mm
samples prior to any additional deposition. After-
wards very thin pure iron �lms were deposited by
evaporation in a vacuum of 10�3 bar on the wheel
surface of the amorphous ribbon. The aim was to
decrease the roughness of the surface and domain
walls pinning, but not to increase the coercivity, by
the decay of the nucleation process as it happens if
we polish the surface.[16] One may suppose the ex-
change interaction in the interface part between thin
Fe layer and CoFeMoSiB basis. At the same time
as we deposited Fe layer onto the ribbon, the same
layer was deposited onto a glass substrate in order
to control self properties of the Fe layer. Although
we realize that the structural state, anisotropy and
magnetic properties of the Fe layer deposited onto
a glass substrate are not the same as properties of
the layer deposited onto the amorphous ribbon, it
is useful to study the Fe layer as a reference. The
surfaces of all the samples were examined by a JEOL
60 kV scanning electron microscope (SEM). The lon-
gitudinal hysteresis loops of amorphous CoFeMoSiB
ribbons were measured by an inductive method for
frequency of 100Hz.[14] The magneto optic transverse
Kerr e�ect (MOKE) was used for the measurements
of hysteresis loops of thin Fe �lms. Some measure-
ments of saturation magnetization and perpendicular
anisotropy of Fe �lms were carried out by the Miya-
jima [19] method. Magnetoimpedance was measured
by a four-point technique using an imprinted circuit
for the frequency of 3.5MHz and sinusoidal driving
current intensity of Irms = 3mA 
owing through the
sample along the ribbon axis. A bias magnetic �eld
up to 12000A/m was applied parallel to the ribbon
axis. The MI ratio was de�ned as follows:

�Z=Z(H) =
[Z(H)� Z(H12000A=m)]

Z(H12000A=m)
� 100%:

The inset of Fig. 1 shows the hysteresis loop of the
amorphous ribbon without any additional deposited
layer. The e�ective magnetic anisotropy is a longi-
tudinal one. At the same time through the double-
peak shape of the MI response in a very small �eld
[Fig. 1(a)], one may see that there is a weak non-
longitudinal component. A similar situation was dis-
cussed earlier for nano-crystalline FINEMET ribbons
where a very weak anisotropy with a transverse com-
ponent was detected just after nanocrystallization
without any additional treatment for very soft ma-
terial with longitudinal e�ective anisotropy.[4] Per-
haps partially this non-longitudinal component ap-
pears due to surface anisotropy features. Another rea-
son to detect a non-longitudinal component could be
the presence of well-known high order anisotropy.[20;21]

The total value of the magnetoimpedance ratio of
the CoFeMoSiB ribbon without surface modi�cation
is rather high at about 330%. The deposition of
a 10 nm Fe layer in the case of consideration leads
to the increases of both the MI ratio and MI sen-
sitivity in a very small �eld of �180A/m for about
15%. Further increase of the Fe layer thickness up
to 500�A and more (Fig. 1(b)) leads to decay of the
MI response down to the values less than the ones
corresponding to the amorphous ribbon with no Fe
layer deposition. Why does the MI change? Why
is the MI value higher for the composite material of
Co67Fe4Mo1:5Si16:5B11 amorphous ribbon plus 10 nm
Fe �lm? We suppose that two mechanisms could con-
tribute in this phenomenon. The �rst one is an ex-
change sub-magnetization of the wheel surface of the
amorphous ribbon due to the presence of the thin
Fe layer. The second one is based on the above-
mentioned fact [3;16;17] of possible non-uniformity of
the anisotropy of the amorphous ribbons.

Fig. 1. (a) MI responses of Co67Fe4Mo1:5Si16:5B11 amor-
phous ribbon with additional pure Fe layer of di�erent
thickness deposited onto wheel surface of the ribbon; (b)
maximum of the MI ratio as a function of the thickness of
Fe layer deposited onto wheel surface of the ribbon. Inset:
Longitudinal hysteresis loop of Co67Fe4Mo1:5Si16:5B11

amorphous ribbon with no additional layers.

Although the structural state, anisotropy, and
magnetic properties of the iron layer deposited onto



a glass substrate are not exactly the same as of the
properties of the layer deposited onto the CoFeMoSiB
ribbon, some useful information can be taken from the
study of the properties of the iron layers deposited
onto the glass substrate.

Figure 2 shows the hysteresis loops of the
Fe �lms deposited onto glass substrates. The
�lms have the same thickness as deposited onto
Co67Fe4Mo1:5Si16:5B11 amorphous ribbons for MI
measurements. It is seen that an increase of the
�lm thickness results in growth of the coercivity and
change of the shape of the hysteresis loop. Rather
square hysteresis loop corresponds to the 10 nm �lm
with saturation for 3000A/m �eld, the highest value
of the MOKE intensity and most probably in-plane
e�ective magnetization. Although the details of this
study will be reported elsewhere [22] one may mention
that a simple analysis of torque of Fe �lms by the
Miyajima method [19] shows that all the �lms have a
perpendicular magnetic anisotropy component which
is very high for thin �lms, high for thick �lms, and has
a minimum value for the thickness of about 100 nm.

Fig. 2. MOKE hysteresis loops of Fe thin �lms of di�erent
thickness deposited onto a glass substrate by the thermal
evaporation method.

Figure 3 shows the MOKE intensity of the 10 nm
Fe �lm and MI responses of the ribbon without depo-
sition, and with the 10 nm Fe layer deposited onto the
wheel surface. The sub-magnetization of the ribbon
wheel surface by the Fe �lm decays very fast towards
the centre of the ribbon and therefore has a signi�-
cant in
uence in the interface zone between the �lm
and the ribbon. Two vertical dashed lines in Fig. 3
indicate the �eld range of almost constant MOKE sig-
nal intensity. The same as a permanent magnet in the
multilayered structures creates the biased �eld, the Fe
layer in
uences on the amorphous ribbon surface. The
superposition of the external �eld and a �eld created
by the Fe thin layer de�nes the e�ective �eld near the
surface of the ribbon. For the 10 nm-thick Fe �lm this
modi�cation is favourable to increase of the transverse

permeability and MI. When the thickness of the iron
layer increases, the Fe layer anisotropy changes and
MI decays.

Fig. 3. MOKE hysteresis loop of the 10 nm Fe thin �lm
deposited onto a glass substrate (a) and MI responses
of Co67Fe4Mo1:5Si16:5B11 amorphous ribbon with addi-
tional 10 nm Fe layer and without it (b). MI measure-
ments is carried out for ac current frequency of 3.5MHz
and intensity of 3mA. The dashed vertical lines indicate
the area where the non-modi�ed sample shows lower MI
response.

The second possible explanation is based on
the above-mentioned fact [3;16;17] of possible non-
uniformity of the anisotropy of the amorphous rib-
bons. Figure 4 shows the morphology of sample sur-
face before and after the Fe-layer deposition. The de-
position of the iron layer results in a modi�cation of
the roughness of the surface by a decrease of the depth
of the Fe pockets. In order to obtain more information
with respect to surface roughness changes the x-ray re-

ectivity techniques or spin tunnelling microscopy can
be proposed. Also, more complex model considering
the e�ect of surface and the interface roughness can
be proposed for the development in the future. The
deposition of the iron layer does not impede the nucle-
ation of the domain process like in the case of polish-
ing the ribbon surface [16] but perhaps makes it easier
for the domain wall displacements because of more
favourable magnetostatic balance. One may suppose
that the deposition of the additional layer, made of the
same composition by rf-sputtering or by evaporation
methods, could be the most appropriate technologi-
cal procedure if the proposed mechanism really takes
place. Therefore it could be interesting to study the



in
uence of the deposition of a thin layer of the same
Co67Fe4Mo1:5Si16:5B11 composition in the future. It
could be useful not only for magnetoimpedance appli-
cations but for all cases when as uniform as possible
anisotropy is desired.

Fig. 4. SEM images of the wheel Co67Fe4Mo1:5Si16:5B11

amorphous surface: (a) without any surface modi�cation;
(b) surface modi�ed by evaporation deposition of addi-
tional Fe layer of 10 nm.

In summary, we have reported the results of
the study of magnetoimpedance e�ect in CoFeMoSiB
amorphous ribbons with a surface, modi�ed by a
deposition of an additional Fe layer. The magne-
toimpedance value depends on the thickness of the
iron layer. Magnetoimpedance ratio was increased by
about 15% when a very thin layer of about 10 nm was
deposited onto the wheel surface of the amorphous rib-
bon. Although the mechanism of the in
uence of the
deposition of a thin magnetic layer onto the surface of
the amorphous ribbon has to be clari�ed by additional

study of the phenomenon, the proposed method may
have the signi�cant potential for technological applica-
tions for sensing of very small magnetic �elds or when
very well controlled anisotropy is necessary.
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