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This paper describes realization of complex peritigatbetermination for ferrite materials using
short coaxial sample holder and vector networkyaealE5071B in frequency range between 300
kHz and 1 GHz. The design of coaxial high frequesayple holder is presented, the principle of
measurement and calibration are shown. The extepaf complex permeability from S-
parameters is managed based on accomplished fa;nudar-friendly program for computer
control has been written, and obtained resultsegpdained in detail. In order to verify proposed
method, the results of the measurement of NiZitdesamples, manufactured by MMG NeoSid,

are compared with catalog characteristics.
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1. Introduction

Magnetic permeability measurements are reviewed fre viewpoint of radio and communications
applications. Concept of this parameter may beieaph circuit design and wave transmission
calculations. Important radio and microwave magmeéterials are mainly thin films and nonconductor
forms powdered-iron suspensions and ferrites. Tidm Iferrites have wide usage in the industry.
These materials have many useful properties, asatile, and require many measurements for their
characterization. A number of review papers ingat&d the demagnetizing effect, the effect ofstiad
the temperature effect of NizZn ferrite, [1-3]. Tih&ginsic complex permeability is the critical pareater
for the optimization design, especially in the kigkquency applications.

Magnetic permeability is the ratio of magnetic filensity B to the applied magnetizing field
and it describes the interaction of a material \&sitmagnetic field. Relative complex permeability

4 = - ju consists of the real pait that presents the energy storage term and imagiagir./’

that presents the power dissipation term. A nufiyesipers have presented many different measurement
techniques for characterization of magnetic masesiach as free-space techniques, [4-5], waveguide
techniques, [5-8], and coaxial line techniqued,JP-The waveguide techniques do not suffer rafiati
loss like free-space techniques and provide veryrate results. However, each waveguide has a
limited frequency band of operation. High frequenggasurement of complex permeability is based
mainly on the coaxial line method. Coaxial line nogl, that requires special construction of test
sample (toroidal), gives accurate results and allowasurement in a very wide frequency range.

In order to determine the complex permeability ofoidal-shape samples, in this paper,
measurements of S-parameters have been perfornmgdtins E5071BAgilent Technology vector
network analyzer, that works in the frequency rabgeveen 300 kHz and 8.5 GHz. Generalized
block diagram of network analyzer and measuremamtile are depicted in Fig. 1. The complex
reflection coefficien" =I" + jI'” is obtained by measuring the ratio of a reflectigmhal to the

incident signal. Supplies stimulus system can s\regpiency or power. Traditional network analyzers
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have one signal source while modern have the ofaidwo internal sources. Signal separation block
separates incident and reflected signals. Thetidinat bridge circuit or coupler is used as a detec

to detect the reflected signal, and the analyzeippgd with the bridge is used to supply and
measure the signals. Since this method makessiiy®m$o measure reflection at the device under
test (DUT), it is applicable in RF and microwavegea. The measured values of reflection coefficient
are automatically converted into correspondingeglof the impedance in the concerned frequency
range. The other measurement values such aranesi®f inductance., permittivity or permeability

are calculated from the values of the measured coemts [, I'”). The permeability of test sample
can be obtained by measuring the input differebeéseen the short coaxial sample holder loaded
with and without the toroidal sample.

This paper presents the experimental techniquamkesisuring the complex permeability of
toroidal sample, based on short coaxial line meihatie frequency range between 300 kHz and
1 GHz. Two original coaxial line holders were u$emm Agilent, the type 04191-85302 for small
and the 16091-60012 for large samples. In compavisihh some other coaxial techniques that are
widely used, [10], proposed method does not realim@nation of undesirable influences, such are
residual impedance error and phase shift compensai simple method for high frequency
measurement db-parameter of toroidal magnetic samples has besigred and verified. In
order to verify the proposed method, the resultdNi@in ferrite samples measurements are
compared with catalog results and have been disdudsvo NiZn samples (F14 and F19
ferrite) from MMG NeoSid, now TT electronic, havegn used to verify the relevance of proposed
method. In order to simplify the evaluation of aftd results and calculation process, a user-fyiend
program for computer control has been written.

2. Measured principle
High frequency measurement based on the coaxial nethod allows measurement in wide

frequency range. For this purpose two differenkizbdine holders have been used, Fig. 2. The first



one was for large core (up to 10 mm) and the atherwas the original 32 construction for small
cores (up to 7 mm). The both holders are terminaiiecthe APC-7 connector. Main characteristics of
the given holders are summarized in Table |. Tletoveanalyzer has a test port equipped with a
fixed APC-7 connector. Sample holders consist ofdootive shield surrounding the central
conductor, which terminates in short circuit. Therscircuit produces maximum magnetic field and
minimum electric field near the sample, thus makiregshort circuit technique particularly suited fo
the measurement of the magnetic properties, superageability of the test sample. The medium
between the inner and outer conductors of theiselir. The inner height) is 20 mm for both
holders, which obeys the conditibn< 2/4 for frequencyf < 1GHz in order to avoid th&/4-size
resonance effect.

When the sample is inserted into the holder, thelaveystem is completely closed and then
connected through the APC-7 to the previously catifol network analyzer. The coaxial line supplies
an electromagnetic wave propagating in a TEM maHte. coaxial line can also support TE and TM
modes in addition to a TEM mode. In practice, tiedes are usually evanescent, and so have only
reactive effect near discontinuities or sourcesrevtieey are excited. Higher order modes will not
appear if the sample length is less than one-hadfegl wave length of the fundamental mode.
In this paper, the influences of the TE and TM nsode the measured frequency range are
neglected.

The reflection coefficient is measured, permitting determination of the input impedance of the
cell with sample. Equation for the determinationcomplex permeability of the holder equipped
with the test sample is derived in this sectionc&ithe construction of this holder creates one tur
around the toroid, Fig. 3, the complex magnetig, flu, of the measurement circuit including the

ring core is given by the equation:

_ R _ ab rl
¢:IJBms:££”§‘l;( dxdy 2.1)



where B presents complex phasor-vector of magnetic densgjtypresents permeability of free space,

M. is relative permeability of sample, ahds a complex phasor of harmonic time-dependent

electrical current(t). By dividing the surfaces of cross section intohbtler, the equation (2.1) for

complex flux density is given by:

d, 4, "
5= [ [Hlg BTt 22 4l 25 1] ab |
¢:££gju xdy+c{£/~’;/7;(—dxdy d{}[_/é’o dxd +££—dgju xdy+££g—°mdxdy_ (2.2)

The magnetic flux of measured circuit is then:

® :”—0'{(;4 -h Elln[d )+b[ﬂn[ H (2.3)
27T d1 ai

and the complex susceptibility,, of a sample under test is given by equation:

~ _~

Y — 2 CD - CDair
X= a ) (2.4)
hl g, On| =2
win| %)
whereffbajr is a magnetic flux when ferrite cores is not mednitto the holder:
B, =2l In[iJ . (25)
2 \&a

The measured complex impedangepf an equivalent electrical circuit of the celhdled with the
ferrite core, shown in Fig. 3 can be defined?as R+ jad = jw®/1 . Instead of fluxesp i @, in

equation (2.4) we can use corresponding complerdamceZ and Z;,, measured with and without
magnetic core, respectively:

£-2,)

air

jh i, OF [I]n(dzj
d,

B =1+ ) =1+ (2.6)
whered; andd, denotes the inner and outer diameters of thedtorespectivelyh is the height of

the toroid andf is the frequency of appliedc electromagnetic field. Complex permeability is
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therefore calculated from difference between thpemiance of holder loaded with and without
toroidal sample. The vector analyzer measuresiimplex reflection coefficient, which is recalcuthte

to the input impedance of the cell (with or witheample) according to the following equation:

= 1+T
Z =7 -, 2.7
in Ol_r ( )

with Zp = 50 Q characteristic impedance of the 7 mm test porsisRaceR,, and reactanci;,

values of the input impedance of the &ll= R_ + jX, can then be calculated using the following

relations:
1_r12 _r"2 2|—n
S AL RS N — 2.8
Rn 0 (1_ rr)z + r"2 0 (1_ rr)z + r"2 ( )

Since Z, of the holder with and without toroidal sample kisown, the complex (relative)
permeabilityZ is obtained by equation (2.6).
Tangent loss factortgd , can be calculated as a difference between inmggamal real parts of

complex permeability:

tgo=H 2.9)
Hr

and relative loss factol,.F. can be obtained using following equation:

F.=199, (210)
H

L.

where 7 is the initial permeability of samples.

3. Experimental results
In order to verify proposed method that uses stwakial line holder, two test samples of MMG
NeoSid are used, based on NiZn material calleddfit4F19. The photograph of test samples is
shown in Fig 4. The basic characteristics of usaapkes are shown in Table Il, whd3edenotes

saturation flux densityB, is remanent flux density. is coercitivity. Dimensions of both samples are



shown in Table IIl. The thickness of samples safisthe conditiorh < A/4, at which dimensional
resonance effect cannot occur in the measuredsesul

Calculated results obtained using proposed equétiomeal and imaginary parts of complex
permeability for F14 and F19 samples in functiofreduency are shown in Fig. 5. Fig. 6 presents
calculated relative loss factor for measured sanple measurements are done in ideal condition on
the temperature of 25. The change of real part of complex permeabilitii frequency close to the
critical frequencyf. is called the dispersion of permeability and thange of imaginary part with
frequency is known as absorption. Sintered NiZmitésr showed a resonant type of frequency
dispersion. At low frequency, NiZn samples havénhiglues of real part of complex permeability
(at about 200 for F14 and about 1000 for F19). &hdsaracteristics attributed to the natural
resonance of spin rotation and the vibrationalnasoe of magnetic domain walls and they are not
monotonous. It is well known that permeability dpaof the ferrites can be decomposed into
spin rotational component and the domain wall comepo [1]. The spin rotational component
is of relaxation type (due to large damping faavbrspin rotation in the ferrite) and its
dispersion is inversely proportional to the frequenThe domain wall component is of
resonance type and depends on the square of fregju€he shape of ferrite characteristics
depends of these resonances that depend of theratue, stress and chemical composition
of ferrite. Critical resonant frequendy,is the value at which the imaginary part has maxn and
for F14 and F19 this frequency is equal to 25 MH& 8@ MHz, respectively. It is proportional to
the saturation magnetization of ferrite filler amith arising demagnetization fields of ferrite
particles.

In order to verify proposed method, obtained measent results of NiZn ferrite samples are compared
with catalog characteristics. A good arrangemetwdsn results obtained using short coaxial line
method and catalog characteristics are obtaindteimeasured frequency range. Small variations

exist as a consequence of tolerance of sample siomsn



4. Discussion

Over the vyears, there has been a number of metluml®loped for measuring
electromagnetic permeability. These techniquesudel free-space methods, waveguide
techniques, open-ended coaxial-probe techniquesty a@sonators, and dielectric-resonator
techniques. Each method has its range of applitaahd its inherent limitations. For
example, techniques based on cavities are accinatept broadband, and are usually limited
to low-loss materials. The waveguide techniquesacsuffer from radiation loss like free-space
technigues and provide very accurate results. Hemveach waveguide has a very limited frequency
band of operation. Coaxial line method gives adeurasults and allows measurement in the very
wide frequency range.

In this paper, experimental one-port techniquenfeasuring the complex permeability based on
short coaxial line method is proposed. The shodud line method is a fast, sensitive and
accurate broadband measurement technique. Ingp®ach, measurements are obtained by
placing a toroidal sample in the coaxial line terated in short-circuit and measuring the
change in S-parameters compared to a measuremieae ispace using a network analyzer.

In comparison with some other short-coaxial techegjthat are widely used, proposed method
does not require elimination of undesirable infee=) such are residual impedance error and phase
shift compensation. A limitation of this technigisethat it requires cutting of the sample and
therefore this technique does not fall under theegd category of nondestructive testing
method. Proposed one-port measurement is usefuh vive-port measurements are not
possible, for example, in high temperature measenésrand remote sensing applications.

The main aim of this paper is developing of therdgendly program for computer control
and measurement process. The program allows tanedéhe measurement conditions

(frequency range, frequency step, dimensions,,atecplculate the measured values to the



corresponding values of complex permeability, stbeemeasured data and export them in a
format convenient for Ansoft HFSS electromagneiticutator or SPIS simulator. The change
of magnetic material properties versus frequencyesy important parameter for future
simulations, wave transmission calculations ancudirdesign.
5. Conclusion

In this paper, short circuit sample holder for meag a complex permeability of toroidal magnetic
samples is described. The measurement principiy/stém that allows measurement of complex
permeability in wide frequency range is proposegubctl attention has been paid to conversion
measured values of complex reflection coefficiémtthe characteristic impedance. Program code for
computer control processing of measuring resultgriigen. In order to verify proposed method, the
results of measurements are compared with cathkrgateristics for NiZn samples F14 and F19. A
good arrangement with results obtained using sloattial line method can be obtained in the wide
frequency range, except for shift in a frequenast s a consequence of tolerance of sample
dimensions and characteristics.
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Table captions:
Table I.Main characteristics of short coaxial line holders.

Table Il. Characteristics parameters of MMG Nea@iahples: F14 and F19.
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Figure captions:

Fig. 1. Measurement principle Agilent Technology E5071B network analyzer.

Fig. 2. APC-7 connector and standard short-codixialholder.

Fig. 3. Cross section of sample holder with torbgtemple and adequate electrical model.
Fig 4. Photograph of test samples: F14 and F19.

Fig. 5. Calculated results for real and imaginaaxt pf complex permeability for: (a) F14, (b)
F19.

Fig. 6. Calculated results for relative loss fadtor (a) F14, (b) F19.
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Table |

Type

I mpedance

Dimensions

04191-85302

Zo=50 ]

2a =7 [mm]
2a; = 3 [mm]
b =20 [mm]

16091-60012

Zy=66 [Q]

2a =10 [mm]
2a; = 3 [mm]
b =20 [mm]
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Table Il

Fl14 F19
Dimensions[mm] 6.35x3.18x1.52 9.52x4.75x3.18
Initial per meability 220 1000
B<0.1]mT]}/10[kHz] B<0.1[mT]/10[kHz]
Bs[mT] 350 260
B, [mT] 217 165

H. [A/m] 172 53
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Figure 5
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