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This study analyzed the demagnetizing effect for a permeability measurement of a thick NiZn ferrite sheet (100 um
thickness) applied using a microstrip line type probe. The ferromagnetic resonance of the NiZn ferrite sheet was
observed by two probes with different width conductors. The FMR frequency decreased as the offset between the
microstrip conductor and the specimen increased. The two demagnetizing factors were estimated using the
ferromagnetic resonance and FEM analysis, and the two values were almost equal. We simulated permeability using
FEM, considering the intrinsic permeability of NiZn ferrite (evaluated using the Nicolson-Ross-Weir method) and the
demagnetizing effect. The simulated permeability roughly corresponded with the measured value of the microstrip
line type probe with a narrow conductor (0.36 mm wide). These results show that the demagnetizing effect is dominant
for the high frequency permeability measurement of the thick specimen.

Key words: magnetic permeability, ferromagnetic resonance, magnetic film, demagnetizing factor

1. Introduction

. - films. The first factor is the width of the mi tri
The need to measure high frequency permeability of s © Tirst Tactor 18 the wi OF THE mICTostiip

magnetic thin film has increased due to the rise in the
usage of high frequency magnetic materials for the 5t
generation mobile communication system, spintronic
devices, etc. Many methods have been reported for
evaluating the high-frequency magnetic permeability of
magnetic materials and thin filmsV19. Table 1 shows
the comparison between our method and the others.
The Nicolson-Ross-Weir (NRW) method is the standard

line. The second factor is the concentration of high
frequency current in the microstrip conductor due to
the eddy current effect!?. It is recognized that both
factors can enlarge the demagnetizing effect.
According to Muroga2?, the demagnetizing factor, MV,
is suggested to become smaller in order to measure
magnetic permeability accurately. Otherwise, a
frequency shift of the FMR might occur.

Equation (1) shows the relation between the FMR

and most popular method. However, the sample is
strictly limited to a toroidal shape ». The waveguide
method has a very narrow frequency bandwidth and
needs strip samples!?.

Our microstrip line type (MSL) probe method enables
ultra-wideband, high sensitivity, and sample size
independent evaluation!®19. However, since thick
magnetic materials are placed close to the microstrip
line conductor and the high frequency magnetic field is
localized, there is the problem that the ferromagnetic
resonance (FMR) frequency is shifted due to the
demagnetizing effect'919. Therefore, the purpose of
this study is to analyze the shift of the FMR frequency
due to the demagnetizing factor and to decrease the
measurement error.

2. Demagnetizing effect of permeability measurement

The demagnetizing effect is a common phenomenon
occurred by exciting some portions of a sample. In our
microstrip line type (MSL) probe, the magnetic field is
localized near the microstrip line, so the effect of the
demagnetizing field is very obvious. Two kinds of
demagnetizing factors should be considered when using
the MSL probe to measure the permeability of magnetic
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frequency, finr, and an anisotropy field, Hk. Here, 7 is
the gyromagnetic constant, A the magnetization of
magnetic film, and w0 is the permeability of air.

Y MsHk

ffmr = E Lo (Y]

Table 1 Comparison of selected methods. The MSL
probe method has some superior features, such as
having a wide frequency band and being capable of
measuring samples without size limitation.

Method  MSL probe The Nicolson- The
method Ross-Weir Waveguide
(NRW) method!?
method?
Accuracy Medium Precise Precise
Band Extremely = Medium range Narrow range
range wide (up to
67 GHz)
Sample  Free from Toroidal Strip shape
shape sample size shape
limitation
(up to 12”
wafer)

Journal of the Magnetics Society of Japan Vol.46, No.6, 2022
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Fig. 2 Schematic diagram of the measurement system. A
network analyzer is the main instrument for measuring
S parameters in the wide range of 10 MHz to 67 GHz.

If the demagnetizing factor is negligibly small, FMR
frequency can be obtained by the equation (1).

Fig. 1 shows a configuration of the MSL probe and a
specimen. A high-frequency magnetic field is applied to
a specimen using a current flowing in the microstrip
line. The Miincreased as the width of the microstrip
line, ws, decreased?? at higher frequencies.

3. Analysis and Experiments

Fig. 2 shows a schematic diagram of the experimental
procedure. The main piece of equipment is a network
analyzer (N5227A) capable of measuring a wide
frequency range of 10 MHz to 67 GHz. The output
power was 10 dBm and a magnetic field around 1 A/m
or less was applied to the specimen. The electromagnet
applied the DC magnetic field up to 2 T which was
enough strong to almost completely saturate soft
magnetic material. Fig. 3 shows the MSL probes,
designed to measure a wide frequency up to 67 GHz
with the microstrip conductor with widths of 0.36 mm
and 1.2 mm.

Fig. 4 shows a flow chart to measure and obtain
magnetic permeability. First, the sample was set in the
proximity of the microstrip conductor. Second, the
transmission coefficient, Sz1, was calibrated in a strong
magnetic field around 2 T as a reference. Third, the Se1
was measured without a magnetic field in the main
measurement and obtained the equivalent impedance
of the sample, Z. The complex permeability was
optimized using FEM analysis and the equivalent
impedance, %. The equivalent impedance was

Fig. 3 Photo of the MSL probe. This probe has a
narrow microstrip line (0.36 mm wide (left)1® and 1.2
mm wide (right)2?) and copper block as return pass.

| Contact stripline and specimen |

[]

| Calibrate measuring system at H . |

| Measure S,; with 0 field |
[ |
7= 100(;2: S31)

Calculate inductances corresponding to
each relative permeability by FEM

| Calculate complex ,

Fig. 4 Flow chart of the experimental procedure.
Sp1, transmission coefficients, are measured first.
From this, the permeability is calculated.

Fig. 5 Equivalent circuit for measuring sample.

By calibrating network analyzer at strong enough
field to saturate sample, the equivalent circuit is
simplified as shown in above right.

Fig. 6 Photograph of NiZn
ferrite film.

This sheet is around 0.1 mm
thick, and ferrite particles
are contained in  the
polyethylene film?2?.

transferred from the circuit as shown in Fig. 5. The
complex permeability can be obtained from the
impedance, Z because it can ignore admittance, Y.

Fig. 6 shows a photograph of the NiZn ferrite sheet
produced by the Tokin corporation. The dimensions
of the sample were 0.1 mm (thickness) x 10 mm
(width) x 10 mm (length).

4. Experimental and theoretical results

Fig. 7 shows the measured FMR frequency as a
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Fig. 7 The FMR frequency as a function of the offset
between the microstrip conductor and the sample
(NiZn ferrite sheet).

function of the offset between the microstrip conductor
and the sample (the NiZn ferrite sheet). The FMR
frequency decreased by increasing the offset between
the microstrip conductor and the sample. The FMR
frequency measured by a 0.36 mm wide conductor was
higher than that measured with a 1.2 mm wide
conductor. This suggested that the demagnetizing
effect in the narrow microstrip conductor is more
dominant than that in the wide conductor. An almost
intrinsic FMR frequency of about 0.9 GHz was
observed using the 1.2 mm wide probe when the offset
was over 0.4 mm because the demagnetizing effect was
negligibly small. The FMR frequency was estimated
to be approximately 0.9 GHz using equation (1), which
was derived from the Landau-Lifshitz-Gilbert
equation.

Therefore, we analyzed the demagnetizing effect
using two approaches. Table 2 shows the comparison
of the demagnetizing factor from the FMR frequency
and from the FEM analysis. At first, the magnetizing
factor of the microstrip line and thick sample was
estimated using two-dimensional FEM analysis. Fig. 8
shows a model for the FEM simulation. The FEM
analysis was performed using a commercial solver
(Maxwell, Ansoft co. Ltd.). The frequency was 1 GHz,
and the relative permeability of the sample was 3,
which corresponded to the intrinsic relative
permeability of the NiZn ferrite sheet??. The
imaginary part of the permeability was neglected in
the FEM analysis. Fig. 9 (a) and (b) shows the
calculated flux lines when the width of the microstrip
conductor was 0.36 mm and 1.2 mm, respectively. The
demagnetizing factor, Vi, was obtained using equation
(2) 29 along the “y” axis in Fig. 8,

H =1)—-H
Nd — (HT ) (I’LT) (2)
XH(ur)
where H(1:=1) is the magnetic field when the relative
permeability of the sample was 1, H(z4) is the magnetic
field when the relative permeability was s, and « is

0.1

y Specimen

Toffset microstrip conductor
. . and sample
Microstrip conductor

High-frequency current 123um

Ground plane]

Fig. 8 Calculation model and evaluation of the
demagnetizing factor. “y” is the distance from the
center point of the specimen on the side of strip line
to the opposite surface, the thickness of which is
assumed to be 0.1 mm.

<
- Offset-0.05 mm
i} '

(a)magnetic flux line on 0.36 mm probe

Offset=0.4mm

(b) magnetic flux line on 1.2 mm probe

0.8
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0.6
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(c) distribution of Na

Fig. 9 Calculated lines of flux and distribution of M.
These values are calculated using FEM along the
center line “y” of the specimen.

Table 2 Comparison of the demagnetizing factor
between from the FMR frequency and FEM analysis.

Microstrip conductor width | 0.36/0.05 1.20/0.4
(mm) / offset (mm)

FMR frequency (GHz) 5.0 0.9
demagnetizing factor from 0.586 0.087
FMR

demagnetizing factor from 0.524 0.082
FEM

the magnetic susceptibility. From the FEM analysis
of Fig. 8 and 9, the average M are obtained to be 0.082
and 0.524 for the 0.36 mm and 1.2 mm width probes,
respectively.

In Table 2, another demagnetizing factor was
estimated from the ferromagnetic resonance
frequency obtained using Fig. 9 and equation (3).
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Fig. 10 Simulation of magnetic field. Two high field
areas are observed near the edge of the strip line on
the sample surface.
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Fig. 11 Simulated " using FEM and measured data.
The solid line is calculated using FEM and the square
symbols show the data measured with the NRW
method for comparison. The simulation predicted the
shift of the FMR frequency. The measured spectrum
using an MSL probe roughly agreed with the
simulation data.

_ Y M (Hy + NgM)
ffmr - E\/ Lo - (3)

where M, Hi, and yof NiZn ferrite were 183 kA/m,
3.58 kA/m, and 2.21x105 25,26 respectively. A demag-
netizing factor of 0.524 and 0.082 was obtained
respectively. The demagnetizing factors from the
FMR frequency agreed with those derived from the
FEM analysis. This means that the demagnetizing
effect increased the FMR frequency when the 0.36 mm
wide probe was applied to the thick specimen. In the
1.2 mm wide probe, an adequate offset (over 0.4 mm)
released the demagnetizing effect and can evaluate
the intrinsic FMR frequency even if the thickness of
the specimen increased to about 0.1 mm.

Fig. 10 shows a contour diagram of the magnetic field
calculated using FEM when a high-frequency current
at 1 GHz flows in the microstrip line. It can be found
that the strong RF magnetic fields localized near the
edges of the microstrip line (the red area of the
specimen), which resulted in the demagnetizing
effect.

Fig. 11 shows a comparison between the simulated
and measured permeability of the NiZn ferrite sheet
(0.1 mm thick) using the 0.36 mm wide microstrip

Journal of the Magnetics Society of Japan Vol.46, No.6, 2022

probe. The measured permeability using the Nicolson-
Ross-Weir method is also present in the graph. As we
mentioned in Fig. 7, the demagnetizing effect was
dominant using the probe. Therefore, the measured
FMR frequency shifted about 5 GHz, which was higher
than that of the Nicolson-Ross-Weir method!®. The
FEM simulation was performed using HFSS (ANSYS
Electronics Desktop 2020R1). The measured
permeability from the Nicolson-Ross-Weir method was
used for comparison to the FEM analysis. The
procedure to obtain the permeability from the FEM
analysis is the same as the experimental one in Fig. 4.
The FEM considered for the
demagnetizing effect of the specimen. As shown in Fig.
11, the simulated permeability roughly agreed with
the measured permeability. Therefore, we successfully
analyzed that the ferromagnetic resonance frequency
shift and the measurement error of permeability were
caused by the demagnetizing effect.

analysis was

5. Conclusion

1. This paper presents the analysis of the
demagnetizing effect which is dominant for high-
frequency permeability measurement of thick
NiZn ferrite.

2. Two microstrip line type probes with different
width conductors were prepared in order to
measure the ferromagnetic resonance of the NiZn
ferrite sheet. The FMR frequency decreased as
the offset between the microstrip conductor and
the sample increased. The demagnetizing effect in
the narrow microstrip conductor was more
dominant than in the wide conductor.

3. The demagnetizing factors in the different probes
were estimated using the FEM analysis and FMR
frequency. Both demagnetizing factors
corresponded. The localization of the RF magnetic
field around the edge of the microstrip conductor
caused the demagnetizing effect dominantly.

4. We
considering the intrinsic permeability of NiZn
ferrite and the demagnetizing effect. The
simulated permeability roughly corresponded to

simulated permeability wusing FEM,

the measured value using the narrow MSL
method.
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