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Abstract-

The magnetic transition temperature Tc (Curie temperature) of the FINEMET (Fe73sNbsCuiSii35Bg) sample is
being measured. It was found to be 568.53 kelvin. We repeated the same process to measure Tc of some other
soft ferromagnetic glasses Feg2B12Mo7Cu1 (Sample-3) & FegsBi12Mos (Sample-4).The Currie temperature of the
sample S3 & S4 are 365.1 kelvin &385 kelvin. We have also study of Giant Magneto impedance of some iron rich
soft ferromagnetic materials of Fe73sNbsCuiSiissB9 (sample-0), FesiBi12Mo7 (sample-1), FesoBiz2Mo7Cu1 (sample-
2), Feg2B12Mo7Cu1 (sample-3) and FegsB12Mos (Sample-4) These samples are magnetically soft materials. We have
studied GMI effect in those Fe-based soft ferromagnetic alloys. The maximum MI effect of 90% for FINEMET
sample was observed in as-cast form at room temperature at a magnetic field of only 100 Gauss and at a
frequency of 1MHz. The magnetic field was applied along the direction of the ribbon axis. The MI% was found to
reduce slightly for higher frequency.
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Present Study and Motivation - The study of
amorphous soft ferromagnetic metallic glasses
continues to attract attention in the field of
science and technology. One such kind of
family is the “FINEMET family” system
Fe7ssNbsCui  SiizsBe. Nano crystalline soft
ferromagnetic materials are derived from
crystallizing amorphous ribbons of specific
families of (Fe-B)-based alloy chemistries. The
excellent soft magnetic properties noted from
these materials—extremely low coercivities,
high permeabilities, low energy losses etc—has
triggered major interest and research activity
in both the academic/ scientific community
and the industrial community. Additionally
these Fe-based materials have potential as
lower cost alternatives to the costly Co-based
amorphous materials in many applications .

soft ferromagnetic materials are derived from
crystallizing amorphous ribbons of specific
families of (Fe-B)-based alloy chemistries. We
have chosen this material for GMI because
according to theory, the largest GMI should be
in the materials with low resistivity, high
saturation magnetization and low damping
parameters.

1.1 Fabrication of a high temperature T.
and permeability measurement set-up

As the dependence of permeability is very
essential even at temperatures beyond 300K
and the measurement of Curie temperature is
of utmost importance for any ferromagnetic
sample a special instrumental set-up has been
developed during the course of the project
work.
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the measuring instruments is shown below.
The measurements are carried out in a big
cylindrical quartz tube properly placed in a
micro-processor controlled furnace.

Instruments used:

1. LCR meter : to measure inductance L.

2. Keithley digital multimeter : to measure
resistance of thermocouple.

The sample holder used is an asbestos sheet of
10cm length and 5cm breadth attached with a
hollow brass rod having a flange system at the
other end which can be fixed with the quartz
tube with screws making the whole tube
vacuum tight. The connection wires are
channeled through the hollow rod and are
connected to four metal contacts made by
screws drilled into the asbestos sheet. A
chromel-alumel thermocouple is placed close
to the sample which records the temperature.
The bare parts of the contact wires are covered
with crucible beads to prevent short circuit.
The sample is placed in a coil of 50 turns and is
connected (soldered) to the metal contacts of
the sample holder. Before taking any readings,
the inner zone of the quartz tube is first
evacuated to 103 torr with a diffusion pump
attached to one end of the tube. The readings
are taken at a fixed frequency (10 KHz) and
voltage 1V between the temperature range of
300-500K. The time taken for a typical run on
this high temperature set-up is typically 1 to 2
hours.

1.2 What is Giant Magneto Impedance
(GMI)?

Giant magneto-impedance sensors have greatly
benefited from the development of amorphous
wires. These soft ferromagnetic substances

exhibit exquisite sensitivity (in nT range) and
wide bandwidth (MHz) in thin film structures.
Magneto inductive effects in ferromagnetic
conductors can be used for various sensors.
Oersted in 1820 found that whenever
electricity flows through a wire, a magnetic
field produced around the wire. This produces
magnetization in the conductor called
magnetoinductance. If the current varies with
time, then the magnetic flux in the conductor
also varies and induces an electromotive force
between the ends of the conductor that is
superimposed on the ohmic voltage. Another
magnetoinductive effect observed in soft
ferromagnetic metals is GMI.
The Giant Magneto - impedance (GMI) effect
involves a very large and sensitive change in
the AC impedance of a soft magnetic material
in the presence of an applied DC magnetic field.
In GMI changes occur both in the real and
imaginary parts of impedance. The field
dependence of MI effect is dictated by the skin
depth as known from classical electrodynamics
, and the expression for the skin depth is given
by

C

\2roou

where p = Permeability, o = conductivity, w
= excitation angular frequency and c is the
velocity of light respectively.

Radio frequency (RF) current is not
homogeneous over the cross-section of a
conductor; it tends to concentrate near the
conductor’s surface and is called the skin
effect. The exponential decay of current density
from the surface to the interior of the
conductor is described by skin depth as given
by Eq.(1.1). In non-ferromagnetic metals, p is
independent of frequency and the applied
magnetic field; its value is close to the
permeability of the vacuum L.

S =

In ferromagnetic materials however,

permeability depends upon:

1. Frequency w of driving current.

2. Amplitude of ac magnetic field.

3. Magnitude and orientation of dc biasing
field.

4. Mechanical strain, temperature, etc.

The MI phenomenon is related to the magnetic
domain structure, which in turn is governed by
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the magnetic anisotropy.

The high permeability of soft magnetic metals
and their strong dependence on bias magnetic
field are the origin of the GMI effect.

Magnetic Anisotropy

Magnetostrictive Shape Exchange anisotropy
Crystalline

anisotropy anisotropy

Anisotropy

At frequencies around 1 MHz , eddy currents
heavily damped the domain wall movements,
and only magnetization rotation are
responsible for magnetic permeability.

The GMI is defined as

0, AZ =Z(HJ_Z(U)><1{JD
Z(0) Z(0)

Where Z(H) is the impedance from bias field, H,
measured at a given frequency and constant
driving current. Z(0) is the impedance for H =
Hsat-

GMI was first reported in amorphous metals,
but some crystalline materials also exhibit
large GMI. According to the theory, the largest
GMI should be in the materials with low
resistivity p, high saturation magnetization M,
and low damping parameters. The crystalline
metals have the advantage of lower resistivity,
but amorphous metals have better soft
magnetic  behavior because they lack
magnetocrystalline anisotropy.
Nonmagnetostrictive materials show the best
GMI performance Where Z(H) is the impedance
from bias field, H, measured at a given
frequency and constant driving current.
because the magnetoelastic contribution to
magnetic anisotropy substantially deteriorates
the soft magnetic behavior. Ferromagnetic soft
and amorphous ribbons, wires, and glass-
covered microwires are good candidates for
GMI applications. These materials have the
advantage of low magnetostriction and simple
control of magnetic anisotropy by appropriate
heat treatments. In the present work we
measured the magneto-impedance in Fe-based
soft ferromagnetic ribbons. The general MI
measurement  configuration (longitudinal,
transverse) in ribbons is shown in Figure 1.2.a.

Ha-(Tong)

<7

Figure 1.2.a. General Magneto-impedance
setup in an elongated ribbon. The static field
Hgc might be longitudinal or transverse to the
ac current I= Ip exp (jwt) that creates the
alternating transverse Hac Hk is the anisotropy
field, transverse to the ac current direction.
When Hgc is longitudinal, it plays the role of a
hard axis field like in wires that decrease the
transverse permeability.

Figure 1.4(a): The simplified domain picture of
MI effect when DC  magnetic field is along the
long axis of the ribbon.

m — pac magnetization due to ac
excitation field hae.

X —— ycomplex susceptibility of the
magnetic sample.

1.3 Origin of MI Effect

It is well established that the basic mechanism
for MI phenomenon is the change of magnetic
penetration depth through the magnetic field
induced modification of the transverse
magnetic permeability[5]. The high frequency

impedance (Z) can be defined as

A—i)L
Z :Tk:4/27z'pa)ﬂ¢,

where, | is the ribbon width , L is the ribbon
length, and c is the speed of light, p is the
electrical resistivity, py is the transverse
magnetic permeability and o (=2nf) is the
angular frequency and f is the excitation
frequency. The application of axial DC magnetic
field which is applied in the longitudinal
direction of ribbons changes the transverse
permeability. The transverse domain spins
are reoriented toward the ribbon axis. As the
DC field increases, the transverse permeability
Ly decreases and the skin depth J increases.
As a result, the effective cross-section of the
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conducting magnetic ribbon is modified at high
frequencies causing a large decrease in AC
impedance (Z). The domain picture of MI effect
is shown in the Figure 1.3.

Hdc=0 H

: Asm o h,

X large 5
h.. Z large ——»

Hgc —» Large m small —  p

hac
¥ small ——»

z small ——»

A J

m ——» ac magnetization due to ac
excitation field hac.
X —— complex susceptibility of the
magnetic sample.

Figure 1.3(a): The simplified domain picture of MI effect
when DC  magnetic field is along the long axis of the
ribbon.

SAMPLE CUT ALONG LONG AXIS OF RIBBON

» Hye

NN

C—>> Greater permeability ater % change in impedance
—— > Greater permeability in easy direction
Along direction of Hie T——> easy axis field.

SAMPLE CUT ALONG PERPENDICULAR TO

THE LONG AXIS

NN NN
NN NN N

[—————=> Lesser permeability along hard axis.

———>Hence, small % change in impedance.
Figure 1.3(b): The picture showing the effect of anisotropy on
MI.

AN
\

1.4 Literature Review

Magneto impedance (MI) consists of a
change of total impedance of a magnetic
conductor (usually ferromagnetic) under
application of a static magnetic field Hqoec. When
an ac current, [ = Ipei»t of magnitude Io and
angular frequency w (= 27f, with f the ordinary
frequency) flows through the material, it
generates, by Ampere’s Law, a transverse
magnetic field inducing some magnetization. At
low frequency, the change in the transverse
magnetization generates an  additional
inductive voltage V,, across the conductor: V =
RI + Vi where R is the resistance. Hence MI can
be written as Z = R + jo®/I, where the
imaginary part is given by the ratio of magnetic
flux to ac current and MI field dependence is
related to the transverse permeability. When
frequency increases the current gets
distributed near the surface of the conductor,
changing both resistive and inductive
components of the total voltage V. The field
dependence of Ml is dictated by skin depth

c

Oy = [2mapc

where o is the conductivity and p is the
permeability. Not only the shape of the
conductor and frequency but also transverse
magnetization depending on Hac governs the
current distribution.

Typically MI increases with frequency,
attains a maximum of frequencies for which

the skin effect is strong (& << a), a is the

characteristic length scale such as wire radius
or ribbon thickness and then decreases since
permeability becomes insensitive to the field at
high enough frequency.

MI effect is ordinarily weak and did not attract
much attention in past. Interest in MI was
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triggered in early 90’s when Panina et al ! and
Beach et al 2 reported very large (Giant) MI
effect amorphous ferromagnetic Fe73sNbzCuy
Si135Bo wires with small magnetic field and at
relatively low frequencies.

GMI materials share the property of being
magnetically soft (easy to magnetize) and are
now available as wires (typical diameter of the
order of a mm), microwares (typical diameter
of the order of a micron), ribbons, magnetically
coated metallic wires, thin films and
multilayers, albeit, the effect occurs with
widely differing magnitude depending on the
geometry and the constituent materials.

In order to clearly identify GMI, several

observations should be made:

1. Avery large change (of the order of at least
100% variation) of impedance should occur
with external dc magnetic field Hdc

The change expressed in % is defined by the
largest value of the ratio

%£ = Z(Ha) = Z (Hsa) *100, where Z(Hac)
VA Z (Hsat)
is the impedance measured
In the presence of magnetic field Hda and
Z(Hsat) is the impedance measured at the

saturation limit when magnetization does
not change any longer with the applied field.

2. The external dc magnetic field Hdac should
be of a few Oersteds only.

3. The frequency range is on the order of MHz
or tens of MHz (excluding any effect based
on Ferromagnetic Resonance (FMR) where
the frequencies are typically in the GHz
range). In many materials this means that
the skin depth Os (typically microns at
these frequencies) is larger than the
thickness of the materials (typically a
fraction of a micron). When the frequency is
in the GHz, Js is generally very small with
respect to the thickness. It should be
stressed that in ordinary metals, the skin
depth does not depend on permeability,
whereas in magnetic materials, the behavior
of permeability on geometry, temperature,
stress, composition and so on, is reflected in
the skin depth. In addition, permeability
might be changed by post-processing the
material after growth with annealing under
presence or absence of magnetic field or
mechanical stress.

Several general conditions must be satisfied

by any material in order to show GMI:

1. The material should be magnetically soft.
That is, it should be easily magnetized or in
other words must have a relatively narrow
hysteresis curve implying, in general, small
losses in the course of magnetization cycle.

2. The material should have a well-defined
anisotropy axis. That means there must be
direction along which the magnetization of
a material lies on the average (easy axis).
However the value of anisotropy field
should be relatively small (on the order of a
few Oersteds). The typical ratio Hk to Hc
must be about 20. That insures observation
of large magnetoimpedance effects,
typically.

3. The coercive field Hc must be small
(fraction of an Oersted) and the hysteresis
loop thin and narrow. Since Hc and shape
of the hysteresis loop change with the angle
the magnetic field makes with the easy axis
(or Anisotropy axis) of the material, these
are taken at the reference point when the
field is along easy axis.

4. The ac current | = loexp(jwt), injected in

the material, should be perpendicular to
the easy axis and the magnetic field it
creates Hac should be small with respect to
Hx.

5. The material must have small resistivity

(SlOO,uQ.Cm) since it carries the ac

current. This is important, since many
magnetic materials have large resistivities.
Amorphous metals are interesting in that
respect since, typically, their resistivities at

room temperature are in the (S 100 ,Lzﬁl.cm)

range.
6. The material should have a large saturation
magnetization Ms in order to boost the
interaction with the external magnetic field.
7. The material should have a very small
magnetostriction  (MS). This means,
mechanical effects caused by application of
magnetic field should be small. Mechanical
stress due to MS alters the soft properties of
the material by acting as an effective
anisotropy. This alters the direction of the
anisotropy, displacing it from the transverse
case and thereby reducing the value of MI.
Typical case materials are displayed along
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with their MS coefficient.

The general theory of the MI effect is widely
available in classic textbooks (for a long
cylinder) and it has been shown
experimentally that a large MI often occurs at
frequencies of a few MHz. Changing the dc
biasing field Hdc, the maximum |Z| can be as
large as a few times the value of Rdc the dc
resistance. At low frequency |Z| has a peak
around Hdc = 0 and as the frequency increases,
the peak moves toward Hdc = tHk where Hk is
the anisotropy field. Therefore, |Z] as a
function of Hdc possesses a single or a double
peak as the frequency increases. When the
direction of the anisotropy field is well defined
the peaks are sharp.

The behavior of |Z| versus Hdc follows
very closely the behavior of the real part of the
transverse permeability versus Hdc as we will
show in later sections on wires and ribbons.
Therefore it is very important to develop an
understanding for the processes controlling
the permeability. Material permeability
depends on sample geometry, nature of
exciting field, temperature, frequency, stress
distribution in the material as well as internal
configuration of the magnetization that might
be altered by processing or frequency. For
instance, some materials should be annealed
under the presence of a magnetic field or a
mechanical stress in order to favor some
direction for the magnetization or to release
the stress contained in them. Regarding
frequency, when it is large enough ( > 1MHz is
sufficient in many materials) Domain Wall
Displacements (DWD) are considerably
reduced by eddy-currents and therefore
magnetization varies by rotation or switching
as if in a single domain . As a consequence, the
rotational motion of the magnetization
controls the behaviour of the permeability,
through the skin depth.

Considering a as a typical thickness (in the case
of films/ribbons) or radius (in the case of wires
or microwires), frequencies in the tens of MHz,
lead to &s > a for the observation of GMI. This
condition depends strongly on geometry. For
instance, 6s > a in 2D structures like films is
satisfied at much higher frequencies (GHz)
than in 1D structures like wires. This is simply
due to the optimal circular shape of wires that
contains in an optimal fashion the flux while,

simultaneously, carrying the ac current.

In terms of GMI performance, multilayered
films (such as F/M/F where F is a ferromagnet
and M is metallic nonmagnetic material) are
preferred with respect to single layered films
since they allow to inject the ac electric
current in the metallic layer and sense the
magnetic flux in neighboring or sandwiching
magnetic layers. These can be in direct contact
with the metallic layer or separated from it by
an insulator or a semiconductor. Flux closure,
that increases GMI, occurs when the width of
the film (transverse with respect to the ac
current) is large or that the metallic layer is
entirely buried in the magnetic structure to
trap the flux.

The progress of GMI is driven towards the
increase of the largest value of the ratio r(Hdc)
and the sensitivity given by the derivative of
the ratio with respect to the field . This
sensitivity is simply estimated by looking at the
behavior of the permeability p: versus Hqc as
the frequency is changed. We ought to have a
large variation of p: about Hdc = 0. This
happens, in general, at low frequencies that is
when 8s > a. Applications of GMI range from
tiny magnetic field detection and sensing (such
as magnetic recording heads) to magnetic field
shielding (to degauss Cathode Ray Tubes (CRT)
monitors). The reason is that GMI materials,
being soft, possess large permeabilities that are
required in magnetic shielding.

1.5 Theory
For measurement of Curie temperature.

The permeability of the ferromagnetic sample
placed inside a coil of uniform turns is
dependent on the measured inductance of the
coil. The complex permeability is given by p(f)
= W (f) - j 0’(f). The real and the imaginary part
of the permeability is given as :
W' (f) = {L(D-Lo()}/ Lo(f),
1 (f) = {R()-Ro(f)}/ Lo(f),
where L and R are the equivalent inductance
and resistance of the solenoid with sample,
respectively, while Lo and Ry refer to those of
empty coil.

Thus we
permeability as :

can write the relative
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Now, the magnetic susceptibility is related to
the permeability as, . = x +1.

Thus, a measure of the susceptibility gives the
variation of the permeability and hence the
inductance. In the following experiment we
have measured the variation of susceptibility
with temperature.

For Study of GMI
The coil and sample arrangement is shown in
Figure 1.

NN
LW L Y W Y W W W L W
' ARARRARAARL!

A
Figure 1 ~—

Since the ac current is flowing through the coil,
the magnetic field will also be time varying,
consequently the susceptibility is a complex
number.
The inductance of the coil in presence of
sample L' is given by

Li=[B.dS = 4,[(H + fM XS

Now .
M = yH :(;( +ly )H

By substitution of M in equation (1) and
confronting the relation H.dS = Loj,

L=L@0Q+y)
Complex Impedance is given by Z = V/I
Z = total impedance of the sample and the coil,
Z =R+ jolL
In presence of sample,

R= Rsample + Reoil
Lo = inductance of

X = complex susceptibility, x= x'- jx”

X' = in-phase component.

x'' = out of phase component.

f = fraction of volume of sample occupied
inside the coil.

Hence, we can write
Reactance, X = joL = jol [1+(y —jy )f]

Total Impedance,

Z =R+ jwLo(1+x'f) + wLox''f
Thus, Rsample= wLox"'f and
Lo(1+x')
We are interested in estimating the percentage
change in real part of impedance Rsampe and
imaginary part of impedance Lsample upon
application of dc magnetic field.
From calculations,

LE-LEH 5 |77 )]

sat sar

Lsample=

[ ) .,
LI‘_ H—)Hsar; [l+f,g" (H—)Hsar)J

528
£ kY
2L lw = g7 '(H)
. L y
since at large fields
is small

xr(H — H_,)

(AR)% — fy (H) Similarly,
R we can
write

From the above equations it can be seen that
inductance changes as a result of change in real
component of the complex susceptibility x' and
resistance changes due to imaginary component
of complex susceptibility x"'.

Phenomenological Models of GMI effect

The research on GMI phenomenological
model started in order to understand the
experimental data found in metallic glasses.
Santos et. Al.[5] has proposed a model of the

L=L,(Q+ 4f) domain structure and assumed that the
coil only. metallic glass ribbon has transverse domain
elSSN1303-5150 ﬁ www.neuroquantology.com
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structure When an ac current flows through
the ribbon, a transverse magnetic field is
induced around it. MI effect is observed when
an axial dc field comparable to the magnitude
of saturation field Hs is applied parallel or
perpendicular to the sample. The motion of the
magnetic domain walls, which results from
combined effect of the external axial field, Hqc
and transverse ac field Hac created by the ac
current, I... The increase in the axial field
decreases the angle of distribution of the net
field.

Using the same concept presented a
semi-empirical model of Co-rich metallic glass
ribbons based on electromagnetic skin depth
effect and on the domain wall motion due to
magnetic field and ac current, which explained
the MI spectra and its frequency and field
dependence.

The detailed approach to MI effect is
much more complicated, but the basic
approach is as given above.

1.6 Results.
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0.020 |-

0015 |-

Inductace in nH

0010 |-

0.005 |-
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Temparature in Kelvin
Fig 1.6.1 Variation of inductance with temperature for
FINEMET (Fe73sNbsCu1Si135B9) sample-0

0.0189

Fig 1.6.2 Variation of inductance with temperature for
Sample-3(Fes2B12Mo7Cu1)

018

012

Inductance in mH

0.00

T T T T T T T T T T T
300 320 340 360 380 400
Temparature in kelvin

Fig 1.6.3 Variation of inductance with temperature for
Sample-4(Fes3B12Mos)

1.6.4 Discussion

The figure 1.6 shows the temperature
variation of inductance of the
FINEMET(Fe73_5Nb3Cu15113_5B9),Samp1e—
3(F682B12M07CU1) & Sample—4 (Feg3B12M05)
amorphous ribbon after normalizing by its
room temperature value. The sharp drop in
their inductance indicated the transformation
of the material from ferromagnetic to
paramagnetic state. The Curie temperature
(T= 568.53K,365.1K &385K) was estimated
from the derivative of the inductance plot. Just
before the transition temperature (T.)
Hopkinson peak was observed. The
appearance of the Hopkinson peak in this soft
ferromagnetic amorphous material at low
applied ac driving field is mainly due to domain
wall motion and hysteretic effect.

1.7.1 MI%, variation with applied D.C. Field
(1) Sample-O (FE73_5Nb3CU1Si13_5B9)

T.-365.1 K ol
00180 |- €
=
E o b
=
@ L
Q oon — o |
s =
© =
S -
=] H = o}
'E 0.0162 —g
-20 |
0.0153 L 1 1 L 1 oo . . . . . . .
300 330 360 390 420 150 100 50 o 50 100 150
Temparature in Kelvin Magmetic Field In Gamzs
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Figure (a). Change of MI% with Parallel Magnetic field
for Fe735sNb3CuiSiiz5By (sample-0)
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Figure (b). Change of MI with parallel magnetic field for
Fe735Nb3Cu1Sii3.5Bo (sample-0)at different Frequency
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Figure(c). Change of MI at 5SMHz with parallel and
perpendicular magnetic field for Fe73sNb3CuiSiizsBo
(sample-0)
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Figure(b). Change of MI with parallel magnetic field for
Feg1B12Mo7 ( Sample-1) at different Frequency
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Figure (a). Change of MI% with Parallel Magnetic field
for Fe73sNb3Cu1Si135Boe (sample-2)
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Figure(c). Change of MI at 5MHz with parallel and
perpendicular magnetic field for Fe73sNb3CuiSiizsBo
(sample-2)
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1.8 Discussions

From the above analysis we have obtained
many interesting features. At a frequency of 1
MHz a large change in MI% (~90%) was
observed for the FINEMET sample, within a
range of 100 Gauss. But the most striking effect
of the change in MI% was observed for the
samplel (Feg1B12Mo7), sample?2
(FegoB12Mo7Cu4), sample3 (FegzB12Mo7Cu1) and
sample4 (FegsB12Mo). At a frequency 1 MHz a
change in MI% of ~ 80% was observed within
a range of 50 Gauss in samplel, 75% for
sample2 within the range of 70 Gauss, 76% for
sample3 within the range of 90 Gauss and 77%
for sample4 within the range of 90 Gauss. Thus
this sample could be used as low field GMI
sensors. A small change in magnetic field
drastically changes the electrical impedance of
the material

1.9 Conclusions

As T increases, the domain walls gain an extra
energy kgT (kg is the Boltzmann constant) to
surmount the energy barriers induced by
pinning sites and greater number of domain
walls are gradually unpinned leading to an
increase in m. However, with further increase
in temperature T beyond T. the magnetic
domain walls fade away resulting in a drastic
decrease in susceptibility. The Curie
temperature  marks the transition of
ferromagnetic and paramagnetic phase of the
samples.

For ferromagnetic sample the measure of the
Tc is very important. This is because for any
device implementation of the ferromagnetic
sample, the device could be specified as per the
critical temperature of the ferromagnetic
material used.

Interaction between the surface magnetic
domains with the applied field was the cause of
magneto-impedance properties in amorphous
materials. The frequency dependence behavior
of the materials was due the variation of the
circumferential permeability with skin effect at
different frequency of the ac current. GMI
property depends on the magnetostriction
value of the material. About 90% change in
impedance value with application of the field
make the amorphous alloy a candidate for
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giant magneto-impedance material. The
natures of variation of GMI materials have
established an important position in the
hierarchy of magnetic sensor. GMI sensor
technology is still at an early stage of its
development. Intense research effort in
applying GMI materials in the sensor industry
is ensuring that the significant technical
advance will continue to be made in the
foreseeable future.

Owing to the large change in MI and high
sensitivity at low fields the amorphous
materials could be used as Magnetic sensors. It
could easily detect a small change in the
magnetic field.
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