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Abstract: In this article, we apply impedance spectroscopyn (1), i&e corresponds to the wire circumferential

methodology to analyze the frequency response afaas
CoFeBSi wires in the 100 Hz to 300 kHz frequenaygs
at 10 mA ac current. Comparative evaluation peréatrfor
stressed and unstressed samples reveals majoreshamng
the spectra of internal ac impedance of the witeyskal
concepts and problems of practical
discussed on the basis of the results.

permeability
processes.
Since most of the impedance analyzers are evatuatie
complex impedancé, the permeability is obtained using
the following transformation:

andyy is associated with dissipative

significance are

)

Keywords: internal ac impedance, amorphous materialsyhere o, denotes the angular frequency of the ac current

impedance spectroscopy

1. INTRODUCTION

Non magnetostrictive amorphous alloys are knowheto
very attractive systems to study their peculiar nedig
behaviour. In particular, the Co-rich amorphousoyal
exhibit the following characteristics:

1. stress and field induced anisotropies

passing through the wire and is a geometrical factor. For
further calculations we preferred the normalizetlea of
permeability components even if some reports [6§ ar
consideringig =10° H™.

Impedance spectroscopy technique was used in toder
evaluate the influences of tensile stress on iaterkC
impedance of CoFeBSi wires. The results are coetpar
with the theoretical ones reported recently [7] &aded on

2. high sensitivity to composition, thermal treatments@ domain model for conducting cylinder. Even ifgioting

and applied mechanical stress

3. severe dependencies on external magnetic field.

Due to their promising technological applications i
growing areas such as the design and developmesrhalf
and micro sensors for magnetic fields,
mechanical stress, strain or torsion detecti@nd
measurement, the study of these materials heenie a
topic of increasing interest.

Most reports are using magnetoimpedance ratio
monitoring the variations in impedance response
amorphous wires. This is a useful technique wheadirlg
with large impedance variations but it does notagisvallow
simple physical interpretation. Moreover the fregme
domain established for our investigation is betw&@@ Hz
and 300 kHz and we do not expect impedance vamiatith
the amplitude of those obtained in MHz region. Biing
all these into account we decided to use the compl
inductance formalism [6] as it gives a more clehysical
insight in magnetization process.

At low frequencies the specific magnetization
mechanism, consisting in reversible domain wallging
and unpinning displacement of domain walls, can b

permeabilityss

H = Hee = jHm 1)

fo

the frequency dependencies of real and imaginary
components of the complex impedance, the exadytas
expressions need some further improvements in terims
accuracy.

sensors for

2. EXPERIMENTAL SETUP

We used as-quenched amorphous wire of nominal
composition (CeyFes)7,815Sl,5 , 130 um diameter
repared by the in-water-rotating technique. Thea,
with 5 cm. length, was mounted in a special sarhplder
with firm electrical contacts, enabling the appiica of
controlled tensile stress. Impedance measuremeet® w
carried out by means of a system build with a Nowbiol
analyzer (Alpha type) controlled by a PC. We usbkd t
manufacturer’'s recommended configuration [8] specia
attention being paid to the impedance compensatiahe
ine from the analyzer impedance inputs to the danfphe
inductivities Ls and resistorsRs of the BNC lines
contributing as a additional serial impedance te@ th
measured one were taken into account using loadt sh
calibration and line compensation procedures. Beeaf

fhe low value of the measured impedance Rheesistor has
emphasized through the evaluation of the comple>6 b Ad

een considered large enough to be neglected. #hiso
capacitance€y are requesting no compensation since they



are eliminated by the virtual ground techniquéhef current .00

input amplifier. 13,000 /
All data were measured at room temperature withe wir o

axis established at 90 degrees in respect vatrth's 11,000

field. The ac current through the amorphous wiges kept 1ot

constant (10 mA), and complete spectroscopic Ingrelasing 14

1°2}
—
—

measurements were done at frequencies from 100B32ao
kHz. Tensile stress from 0 to 333 MPa (0, 74, 280 and
333) was axially created using calibrated weights.

ess / /
7.000 v /

Z(IM)  [ohm]

The results have been processed using some speci ¥ &= F
virtual instruments developed in LabVIEW graphical s v #
programming environment 4.000 /| 7
3.000 J
3. RESULTS 5{ 1
5 4T
Great interest have been paid in exploring theipiisies to 1000 L =
build force sensors using the peculiar magnetiabietr of 0,000 T ;
. . 100 1000 10000 100000 500000
(CogsFes)72.B15Si s amorphous wire and therefore the Frequency [Hz]

experimentally acquired data have been processeddier
to emphasize the dependencies of several complex  Fig. 3. Imaginary component of the complex impedee
impedance parameters on axial applied stress. g&hglts

are presented in Fig. 1 to Fig.3. The graphical representations are clearly reveatieg
- =gy i strong de_pe_nd_enues of all analyzed_ paramgtemm;lle
S0 e stress. This is in good concordance with previpusported
BED T results and consequence of “bamboo-like” domainctire
=00 AN I i with an axially oriented core surrounded by circareftial
=0 N Lok | domains. It proves the existence of a magnetoelasti
=0 N coupling between magnetostriction and internal ssee
o N arised during the manufacturing process.

= N . . . .

g RN In(_:reasmg t_en5|le stress mo_o_llfy the penetraﬂq_ntrdby

B W\ ( lowering the circular permeability (see Fig.1 and.R3).
1800 A\ Consequently the real component of complex indwean
o \ the major part in impedance amplitude for the esqd
izzz \ | frequency domain, decrease, this behavior beepicted
oo AN in Fig.3.
o ) J However the characterization of the relaxation dionia
a0 M still difficult and therefore an additional frequsn
2000 A — . dependence (phase angle between magnetizing cament

0 10 I, e 000 sy end-to-end sample voltage) has been taken intauatc@he

, o _ experimental results are presented in Fig. 4.
Fig. 1. Internal serial inductance of the amorphos wire
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Fig. 2. Impedance amplitude Fig. 4. Frequency dependence of phase angle



There are two observations
dependencies depicted in Fig.4.:

10kHz and 100 kHz
» as the tensile stress increase the rate of charige

there is a major dispersion domain located betweedissipative complex permeability component

highlighted by stres§=30kHz and increasing tensile stress is lowering Yalue

to =19 kHz at 333 MPa. Also a consistent increasehef t
(roughly
approximated at 80% in peak value) is revealed, in
accordance with theoretical considerations reggrdime

imaginary component of complex inductance is higheflomain wall mobility.

than the corresponding real component one.
Further accurate estimation of the relaxation fegmy can
be done by evaluating the real and imaginary coraptsnof
the complex permeability as defined in (1) and ®)eir
normalized values are graphically represented gn5Fand
Fig.6.
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Fig. 5. Frequency dependence of real component ajraplex
permeability (normalized values)

Some problems arise in approximating these
dependencies by analytical expressions. A domaidefmo
reported recently [7], gives two definitions, and
consequently two formulas, for circular permeaypilit

A fluxmetric definition:

- 4.2 1
Hre - 55 A+ 6 (2: coth? 2nC [1— Jal(/ln)] 3)
Hpc n= a a
2. . 4.2 1y g1
Fiw_ _ 26°C Z{/ﬁ tanh/l"C + g (2: coth A”C} 179 W) (/1”)
Hpc a n= a a a /]n

wherea is the wire radiusc is circular domain widthg is a
dimensionless parameter proportionaladoand ipc is the
scalar DC permeability.

An energetic definition:

4x
6°Rpc

Hre _
Hpc

Hm _ AR-Rpe)
Hoc 6°Roc

(4)

with R and X being the real and imaginary complex
impedance components respectively

Even if the first model is consistent with the itachal
definition of longitudinal permeability and has dear
physical meaning it is almost impossible to identifs
parameters by experimental procedures. Therefoee th
second one was used, as its components can beederiv

1.000000- directly from measured complex impedance.
izgzgz = The scalar DC permeabilityoc was determined both from
e 7l Hre(w) andum(w) curves, for the first case, the following
Lo~ Decreasing b formula being used:
1.300000 stres
1,200000 ALA — Upc = % (5)
1.100000 AT ki |
7 1.000000 / \ . H
— / A T 1T whereL andl are the low frequency inductance and the wire
= ™ .
= 4 s000 /o F/ length respectively.
o.700000 /,/ \\\\ In Table 1. are presented the results, in absolaliee and
o.s0e00 ¢ (e v = also normalized.
0.500000 <] A
0.400000 )./ ,/ AN Table 1. Experimentally determinedppc.
0,300000 4 :
0.200000 /‘/‘/ :( =l
0.100000- ] Mpc/Hoc p=0 Hbc/ Hbc p=0
] L Jo= =8rLJI
DlDDDDDDlE'l 1000 10000 100000 100000 | 0 Hoc B determined determined
Frequency [Hz] [MH] [H/m} on Ure on i
curves curves
Fig..6. Frequency dependence of imaginary componeof complex _
permeability (normalized values) =0 32,81 0.01648 1 1
6,=74MPa | 33,68 | 0.01692 1.027 1,053
Both real and imaginary components have beefn
. . ginary P 6,=111 MPa | 34,90 | 0.01753 1.064 1,126
normalized with the maximum value of pge and
respectivelyu,y obtained for unstressed sample. 0=260MPa | 3520 | 0.01768 | 1.073 1,196
This time a more precise determination of thexatian 6,=333 MPa | 35,41 0.01778 1.079 1,273
frequency f, can be done. For the unstressed sample



As resulting from this table the low flexibility ofnalitycal

expressions, reflected in only one adapting parameic,
leads to relative errors up to 18%.

3. CONCLUSION

The analysis of the frequency response of complet<4]

inductance in as-cast (§665)7,B155i,5 wires, here
presented, highlighted the necessity of developimgre
accurate analytical expressions for complex peritigab
components if relative errors less than 18% arebeo
expected.
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