
2024/10/11  14:00-17:00
(JABM) BM

- -



: ( )
-2-

Data storage

L10-FePt

MAMR

Graded media

2000

2005

2010

2015

2020

JS
T

 p
ro

je
ct

Permanent magnet

Thermally activated 
reversal process

Magnetic tomography

Data science approach

E
S

IC
M

M
D

X
M

a
g 

FORC x m-XMCD

1997 Ph. D from Tohoku U

Fabrication of aέ-Fe16N2 phase 
and its magnetic properties 

Soft magnetic materials

Passive device and 
materials for power 
electronics IN

N
O

P
E

L
 

N
E

D
O



Contents
-3-

1. Overview of Soft Magnet Application and History

2. Basics on Static Soft Magnetic Properties

3. Questions on Energy Losses in Soft Magnets

4. Various Loss Analysis Models

5. Accurate Loss Evaluation

6. Broadband Loss Analysis

7. Advanced Analyses

1. Overview of Soft Magnet Application and History



Categorization of Magnetic Materials and Their Applications
-4-

Coercivity Hc Large SmallMiddle

H

M

H

M

H

M

Hard magnet Soft magnetCategory

Hysteresis

Semi-hard magnet

Applications Permanent magnet (Motor) Data Storage (HDD) Too Many

Power electronics

Motor core

Noise filter

Sencer



Market Size of Magnetic Materials and Devices
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HDD
23.7

Soft magnet
22.5

Permanent
magnet
31.4

BilionUSD
(2021)

Total 77.6 Billion USD
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Various Applications of Soft Magnetic Materials
-7-

Motor core Sensor RFID

Recording headElectromagnet Noise filter

Passive devices of power electronics



Operation Frequency of Soft Magnetic Materials
-8-

Frequency (Hz)

1 1K 1M 1G



Power Electronics
-9-

Energy management

Stabilization, optimization, energy 
saving of power transmission & 
power distribution systems

[https://www.upr-net.co.jp/info/iot/smart-grid.html]

Electric mobility

ICT

[NEDO 2021]

HDD

Data center



Loss in Magnetic Devices of Power Electronics
-10-

Â Loss in magnetic materialIron loss

Â Loss in Cu windingCu loss



Soft Magnetic Materials in Advanced Power Electronics
-11-

Next generation power 
semiconductors SiC, GaN

Toward high frequency switching

Significant iron loss in 
magnetic passive devices

H

B

dc
ac

DB

HB

Excess eddy

Classical eddy

Hysteresis loss

f

L
o

ss
/f

Volume : 38 %
(w/o Cooling parts)

Loss : 42 %

Magnetic passive devices
[Neumayr, CPSS Trans. Power Electro. Appl. 5, 251 (2020)]

Â Google Little Box Challenge (GLBC)

Si IGBT

SiCMOSFET

GaNFET

Si MOSFET

1K 1M
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EV

HEMS

PCS

5Gbasestation4G base station

Washing machine

Refrigerator

AC adapter

USB PD
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History of Soft Magnetic Studies
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Materials

1900 Fe-Si, Hadfield

1932 Sendust (Fe85Al5Si10), Masumoto

1967 Ferromagnetic amorphous, Duwez

1988 FINEMET(nc-Fe-Nb-Si-Cu-B), Yoshizawa

1934 Cold-rolled electrical steel, Goss

1889 Fe-Ni, Hopkinson

1916 Permalloy, Elmen

1947 Supermalloy, Boothby and Bozorth
1950 MnZn Ferrite, Guillaud and Barbezat
1957 NiZn Ferrite, Kornetzki

1900

2020

2000

1980

1960

1940

1920

1973 Metglas, AlliedSignal

1990 nc-Fe-Zr-Cu-B, Suzuki

2017 nc-Fe-B (1.9 T), Suzuki

2007 nc-Fe-Si-B-Cu (1.84 T), Ohta
2011 nc-Fe-Si-B-P-Cu (1.80 T), Urata

Strong demand for high-Ms and 
low loss materials

Theories on Soft Magnetics & Iron Loss

1990 Random anisotropy model, Herzer

1935 Domain theory, Landau and Lifshitz

1946 Domain theory for film and particle, Kittel

1892 Empirical loss model, Steinmetz

1985 Statistic model for iron loss, Bertotti

1950 Anomalous eddy for single wall, Williams

1958 Anomalous eddy for periodic wall, Pry and Bean

1980 Effective domain wall model, Sakaki

2006 Loss model on reversal process, Fiorillo

Theories and basic understandings are 
less updated during a couple of decades!Present Large gap

Steinmetzeq. W = kfaBm
b



Researchers of Soft Magnet in 1940s-50s
-13-

C. Kittel
[Wikipedia]

W. Shockley 
[Wikipedia]

J. B. Goodenough
[Wikipedia]
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[Wikipedia]

[https://www.osaka-
u.ac.jp/en/news/topics/
2012/11/20121113_01]

[IEEE Trans. Magn. 53, 0500103 (2017)]

Nd-Fe-B B
(Fe Co )
Sm-Fe-N



Contents
-15-

1. Overview of Soft Magnet Application and History

2. Basics on Static Soft Magnetic Properties

3. Questions on Energy Losses in Soft Magnets

4. Various Loss Analysis Models

5. Accurate Loss Evaluation

6. Broadband Loss Analysis

7. Advanced Analyses



Questions on Soft Magnetic Materials for Power Electronics
-16-

For power electronics applications, requirements for soft magnetic materials 
and devices strongly depend on the circuit type and power range.

General requirements,

1. High saturation magnetization m0Ms

2. High permeability m up to high frequency
3. Low ion loss P up to high frequency

Q1 Soft magnetic properties in textbooks are static properties. What is 
different for the modern high frequency applications?

Q2 Can be above 1 ~ 3 requirements satisfied concurrently?



How to See Hysteresis Loop
-17-
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Coercivity Hc

Saturation magnetization Ms

Remanent magnetization Mr

(Remanent flux density Br)

Initial curve

Major curve
(Hysteresis loop)

M (or B)

H

B = m0H + m0M B [T], H, M  [A/m]

1 kA/m : 1.254 mT

Saturation flux density Bs is 
widely used. But this is not 
physically correct.

Unit conversion

M = cH

B = mH

c [no unit]

m [H/m]

m/m0 (= mr) = c + 1

These relations become different in 
different unit systems, such as MKSA 
and CGS-Gauss  Units.

Demagnetized state

Saturation state

Minor curve

In SI unit,



Definitions of Permeability
-18-

[https://jec-iee.org/jec_ev/index_00.php]

WEB
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m = H/B 

Initial mi

Maximumpermeability mm

Amplitude permeabilityma

B

H

Differential permeabilitymdiff

Effective permeability me

Correct definition is that 
evaluated from inductance.



Rayleigh Region
-19-

m

H

m = H/B 

mi

mm

Rayleighregion

When H is small, B follows as B = mi H + n H2

m = mi + n H 

Reversible componentIrreversible component

(Magnetization rotation) (Domain displacement)

Looparea (Hysteresis loss)

Whys º n H
3 
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Coercivity (Coercive Force)
-20-

Why Hc is called as coercive force?

When 180̄ domain wall is assumed, 

Hc = (dew/dx)max /(2Ms)

If spatial fluctuation of ew is given by 
nonuniform stresss,

[Bozorth, Ferromagnetism (1951)]

Spatial fluctuation of potential energy ew

P
o

te
n
ti
a
l 
e
n
e
rg

y
 e w

o
r

Hc º (lsd/2Ms)(ds/dx)max

ls : Saturation magnetostriction
d : Wall thickness

Non-uniformity increases Hc. 

ls affects Hc through non-uniform strain. 

In other words, Hc can decreases 
when  uniformity improves.



Permeability
-21-

Magnetization rotation

Domain wall motion

For randomly oriented crystal, mri º
m0Ms

2

3K

ex) Fe (m0Ms = 2.15 T, K = 42 KJ/m3)
Fe 6.5wt.Si (m0Ms = 1.8 T, K º 20 kJ/m3)

mri º 30
          40  

[JFEcatalog]

l

[Chikazumi, Physics of Ferromagnetism]

For 180̄ rigid wall, mri º
2m0Ms

2

p23ls0

For mri > 10,000, K < 10 J/m3 is required.

ǎ
d

s0 : internal stress amplitude, 
ǎ : stress wavelength, d : domain wall thickness

ex) Fe (l º 20 ppm)
Fe 6.5wt.Si (l º 1 ppm)

mri º 10,000
        170,000  

(for s0 = 100 MPa, ǎ/d = 100)



K

l

Various Soft Magnetic Materials
-22-

Amorphous

Electrical steel (Fe-Si) Permalloy (Ni80Fe20)

[Phys.Re . 89, 624 (1953)]

K l

Sendust (Fe85Al5Si10) 

K

l100

[ , (1937)]

l

Febased amorphous has l ~ 30 ppm. 



FINEMET
-23-

[Yoshizawa, JAP 64, 6044 (1988)]

Cu content



Soft Magnetism of Nanocrystalline Alloys
-24-

[Herzer, Acta Mater (2013)]

Nanocrystal
Electrical steel

Powder core

Random anisotropy model 

Kav º (K
4/Aex

3)D6

Exchange coupled averaging

Cancellation of l

Negative Positive

ls º xcrls
Fe(Si) + (1 - xcr)ls

am

[Herzer, IEEE Trans Mag 26,1397 (1990)]
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Eddy current loss
(Dynamic loss)

Classical

Excess

Hysteresis loss 
(Static loss)

Classical Intuitive Understanding of Iron Loss
-26-

[Steinmetz (1892)]

Steinmetzeq. P [W/m3]= kfaBm
b W [J/m3] (P/ f) =  Whys  +  Wcl  + Wexc

from Maxwell eqs. for uniform flux change

from statistic theory for domain wall motion 
[Bertotti (1985)]

ψ „ὋὛὠὄ ὪȢWexc =

“

φ
„Ὠὄ ὪWcl = 

Whys : constant

Power loss Work per cycle



Simple Estimation of Eddy Current Loss
-27-

Uniform flux change

d

B For a uniformly magnetized slab with  ̂>> d, eddy current jcl flows 

along the slab edge.

1
2 cl

d B
j

t t

f

r r

µ µ
º =
µ µ

22
2 2

cl
4

cl

d B
P j f

t
r

r

µå õ
º º ´æ ö

µç ÷

Classical eddy current loss Pcl

Minimum case of eddy current loss

Pexc/Pcl º 200

Very important to control the magnetization reversal process

For ̂  = 10 mm and d = 25 mm

Single domain wall flux change Excess (Anomalous eddy current) loss Pexc

Large dB/dt occurs at domain wall displacement.

Maximum case of eddy current loss

1
4 exc

d B
dj

t t

f

r r

µ µ
º =
µ µ

22
2

cl

2

8 2
exc exc

d d B
P j P

d t d
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µç ÷ ç ÷ç ÷



General requirements, 1. High saturation magnetization m0Ms

2. High permeability m up to high frequency
3. Low ion loss P up to high frequency

Questions on Soft Magnetic Materials for Power Electronics
-28-

For power electronics applications, requirements for soft magnetic materials 
and devices strongly depend on the circuit type and power range.

Q1 Soft magnetic properties in textbooks are static properties. What is 
different for high frequency applications?

Q2 Can be above 1 ~ 3 requirements satisfied concurrently?

Understanding loss mechanism is important

Excellent static soft magnetic properties are obtained by improvement 
of uniformity and domain wall displacement. But these conditions will 
cause significant loss in high frequency region. Lowest energy loss state 
is magnetization rotation, but this cause low permeability.

Ans

It is difficult physically, and optimization is very important. But there are 
too many variables for optimization.

Ans



Eddy current loss
(Dynamic loss)

Classical

Excess

Hysteresis loss 
(Static loss)

Questions on Classical Understanding of Iron Loss
-29-

Q1 Wcl and Wexc can exist concurrently?

Q2 Is really Wh constant against f ? Do we really understand Wh ?

Q3 Do we really understand Wcl ?

Q4 Do we really understand Wexc ?

W [J/m3] =  Whys  +  Wcl  + Wexc

Â The statistic model can be only applicable 
for low frequency range.

Â Physics based loss analyses are required.

Ans Physically No. But the statistic 
theory mathematically deals this 
issue. [Bertotti (1985)]



Q2: Do we really understand Wh ?
-30-

[Flohere, Acta Mater (2006)]

Magnetic domain structure strongly depends on frequency

Change in magnetization reversal process

Wh is not a constant for higher frequency range



Q3: Do we really understand Wcl ?
-31-

,

Skin Effect

,

,

Classical Eddy Current Loss 
with Skin Effect  
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LLG & Maxwell Eqs. Coupled Calculation
-32-

[Magni, IEEE Mag 48, 3796 (2012), ibid. 1363 (2012)]

Co-Fe-Si-B am (l ~ 0)

well-explained by 
a= 0.2

Maxwell + LLG well explain the experimental loss, but very large a is required.

Eddy current origin loss + Damping origin loss 



Q4: Do we really understand Wexc ?
-33-

[Parsons, JMMM 476, 142 (2019)]

ls = 14 ppm
t = 12.3 mm

ls = 40 ppm
t = 23.8 mm

Prof. Suzuki Gr.

Â It is hard to explain Wexc by eddy 
current origin.

ÂWexc has strong relation with l

Possibility of l origin loss

* This is not static effect such as 
inverse l effect but the dynamic effect.

ά!ƴƻƳŀƭƻǳǎ ŜŘŘȅέ ƛǎ ƴƻǘ ŀǇǇǊƻǇǊƛŀǘŜ ǘŜǊƳΦ
Excess loss is better.



Magnetostriction Origin Excess Loss
-34-

[Tsukahara, NPG Asia 476, 142 (2019)]

Magnetostriction cause phase 
lag through friction of lattice 
deformation.



Excess Loss vs. Magnetostriction vs. Damping Constant
-35-

[Huang, PRB 109, 104408 (2024)]
Excess loss vs. Magnetostriction

Experiments

Damping constant vs. Magnetostriction

Theoretical calculation



Recent High-Ms nc-Ribbons



Questions on Classical Understanding of Iron Loss
-37-

Q2 Is really Wh constant against f ? Do we really understand Wh ?

Q3 Do we really understand Wcl ?

Q4 Do we really understand Wexc ?

Eddy current loss
(Dynamic loss)

Classical

Excess

Hysteresis loss 
(Static loss)

Ans Physically No. But the statistic 
theory mathematically deals this 
issue.

W [J/m3] =  Whys  +  Wcl  + Wexc

¢ƻŘŀȅΩǎ ǘƻǇƛŎǎ
For high f region

Ans

On-going topics

Â The statistic model can be only applicable 
for low frequency range.

Â Physics based loss analyses are required.

[Bertotti (1985)]

Q1 Wcl and Wexc can exist concurrently?
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Physic Based Iron Loss Analysis
-39-

Steinmetzeq.

W = Wh + Wcl + Wexc

[Steinmetz, American Inst. Elec. Eng. Trans. 9, 344 (1892)]W = kfaBm
b

Physically correct?

VWh is constant for even high frequency
VWexc is residual component from Wcl

[Flohere, Acta Mater (2006)]

Magnetic domain structure strongly 
depends on frequency

Change in magnetization 
reversal process

Effective domain 
wall model

[Sakaki (1980)]

= Wstatic + Wdyn

Statisticmodel
[Bertotti (1985)]

= Wrev, eddy + (Wirr, h + Wirr, eddy)= Wrev + Wirr

Magnetization reversal 
decomposition model

[Fiorillo (2017)]

W = Wh + Wcl + Wexc Steinmetz based model



Power Laws in Loss Components
-40-

Whys º n H
3 

m = mi + n H Rayleigh Region

º Bm
3 

n 
m3

In many text books and review papers,

Whys º Bm
1.6 

Hysteresis Loss Whys

Classical Eddy Current Loss Whys

Phys º Bm
1.6 f

Uniform flux change
(Magnetization rotation)

d

B

Phys º Bm
3 f

n 
m3

Pcl º r jm
2 º 

d2

r 
µB
µt 

2

 ́Bm
2 f2 

Wcl ́  Bm
2 f

Excess (Anomalous Eddy Current) Loss Wexc

Pexc º r jm
2 

µB
µt 

2

 ́Bm
2 f2 

Wexc ́  Bm
2 f

Single domain wall 

2d2

t̂ º 
d̂

8r 

Correlated multidomain 
(.ŜǊǘƻǘǘƛΩǎ Statistic theory)

Pexc ́
µB
µt 

1.5

 ́Bm
1.5 f1.5 

Wexc ́  Bm
1.5 f0.5

[Bertotti, JAP 57, 2110 (1985)]

[Williams, Phys. Rev. 80, 1090 (1950)]

Multidomain
[Pry and Bean, JAP 29, 532 (1958)]

Wexc ́  
Bm

2 f 
n 

Pexc ́  
Bm

2 f2 
n 



Power Law of Hysteresis Loss
-41-

B2

B1.6

B3
B2

B1.6

[Bozorth, Ferromagnetism] [Jiles, Introduction to Magnetism and Magnetic Materials]

There are many cases deviating from empirical model of Whys º Bm
1.6.

There is no theory on Whys º Bm
b.



Wcl and Wexc can exist concurrently?
-42-

d

B

Magnetization rotation Domain wall displacementWcl Wexc

Can not exist concurrently !!

.ŜǊǘƻǘǘƛΩǎ explanation [Bertotti, Hysteresis on Magnetism]

Hysteresis contains numerous number of Barkhausen jumps.

Eddy current throughout hysteresis i = ä ii, ii : Eddy current of single Barkhausen jump

From P ́  | i| 2, | i| 2 = ä | ii|
2 + ä iiÖ ij = Nà| ii|

2ð + N2àiiÖ ijð
i

N

i ̧  j

N2àiiÖ ijð = àNiið
2For the case of non-correlated Barkhausen jumps, 

Nà| ii|
2ð and àNiið

2 correspond to sum of each Barkhausen jump and 
uniform eddy current, respectively.

Thus, | i| 2 = Nà| ii|
2ð + àNiið

2 + N2(àiiÖ ijð - àiið
2)

Phys Pcl Pexc



Statistic Theory for Wexc 
-43-

[Bertotti, JAP 57, 2110 (1985)]

nMO(Hexc) = nMO(0) +

Cluster of correlated domain walls was treated as Magnetic Object (MO).

Hexc 

V0 
Number of MO

Hexc = Pexc/àµB/µtð  Effective field

Hexc = Õ sGSV0 àµB/µtð1/2  

Pexc = 8Õ sGSV0 Bm
1.5 f1.5   

Hw : Effective field of single domain wall 
V0 : Related to pining field distribution with unit of field (A/m)
G :  Geometrical factor, S : Cross sectional area

Hexc =
sGS 

nMO(0) 
àµB/µtðfor 

4Hw 

nMO(0)2V0 
<< 1 

for 
4Hw 

nMO(0)2V0 
>> 1 (high f region), 

Pexc =
4sGS 

nMO(0) 
Bm

2f2
Same with Pry and Bean model

Same pawer law with expriments

(Low f limit),  



Effective Domain Wall Model 
-44-

Hc dyn = Hc
ac - Hc

dc

Vm/Hc dyn = 2Bsnd/b ́  fu

Vm: Output voltage amplitude
Bs: Saturation magnetic flux density
d: Sample thickness
b: Domain wall damping

Assuming effective wall number n

Dynamic effective field Hdyn and 
dynamic loss Pc, dyn

Pdyn = P - Phys ́  fv

PdynÖVm/Hc dyn ́  f (u+v), u+v = 2

[Sakaki, IEEE Trans Magn MAG-16, 569 (1980)]
[Sakaki, IEEE Trans Magn MAG-17, 1478 (1981)]
[Sakaki, IEEE Trans Magn MAG-20, 1487 (1984)]

b

d

8.4sdb 

p n 
Pdyn = Bm

2 f2   

Experimentally, v º 1.5

Experimentally, u º 0.5

Modified Pry and Bean model,
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Capacitance Cancellation Method
-46-

Magnetic Device 
Laboratory Ltd. Standardmethod (Two-coil method) IWATSU, B-H analyzer

[Mu, IEEE Power Ele (2014)]

Capacitance Cancellation Method

P = VA cosq 
V : output voltage, A : Input current, q : phase lag between V and A

[Tan, IEEE Power Ele (1995)]

Â Error of core loss measurement

Ўὖ

ὖ
ὸὥὲ—Ў—



Accuracy Evaluation of Core Loss - R0 Plot -
-47-

Equivalent Resistance R [W] = P [W] / I2

R0 is also measured by using well-calibrated method such as VNA

R0 : Extrapolation to zero Bm

No.4No.3No.2No.1

Pics

3turn5turn8turn18turn# of turns

1642# of parallels

1:11:11:11:1N1:N2

~78%~87%~95%~97%Coupling

[Sato and SO, IEEE Trans Mag/DOI: 10.1109/TMAG.2023.3283955]

Accuracy evaluation method of iron loss

Magnetic Device 
Laboratory Ltd. 

R0 Plot



Wingdings and Self-Resonance for Low Permeability Device
-48-

Magnetic Device 
Laboratory Ltd. 

ÅThe coupling must be 100% for high-accuracy measurements.

ÅFor low-permeability material, many number of turns cannot be wound because the 

resonant frequency goes down. Ÿ Parallel windings were employed for the investigation.
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Ex.) 43turnx1No.4No.3No.2No.1

Pics

3turn5turn8turn18turn# of turns

1642# of parallels

1:11:11:11:1N1:N2

~78%~87%~95%~97%Coupling

Prepared Samples Coupling vs Frequency

With 4 samples, we investigate the effect on the accuracy 

of core loss measurement.

Â Power converters for frequency more than MHz range 
requires low-permeability devices
Ҧ Accurate evaluation of iron loss is very difficult



Iron Loss Measurement for Low Permeability Core
-49-

Magnetic Device 
Laboratory Ltd. 

ÅThe loss in each core is measured using capacitive cancellation.

ÅThe permeability observed during the measurement is also measured.
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[Mu, IEEE Power Elec. (2014)]

Â The iron loss was measured using 
a capacitive cancellation method.

[Ferrara, J. Mater. Res. (2018)]

Â The permeability during the iron loss 
measurements was measured.

Â Sendust dust core (OD/ID/H = 13/8/1mm)

Â The permeability of low excitation limit 
was also measured by a transmission 
method.

[Sato, SO, IEEE Trans. Magn. 59, 6301105 (2023)]
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Magnetic Device 
Laboratory Ltd. 

Excitation coil(L1)
Pickup coil(L2) Excitation coil(L1)

Pickup coil(L2)

ü Very large leakage fluxü Less leakage flux

[Sato, SO, IEEE Trans. Magn. 59, 6301105 (2023)]



Correction Method for Low Permeability Cores
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Magnetic Device 
Laboratory Ltd. Â Magnetic flux density

Dense winding : High coupling Coarse winding : Low coupling

Proposed correction:
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Broadband Iron Loss Measurement
-53-

Magnetic Device 
Laboratory Ltd. 

Combination of 2-coil andcapacitive-cancellation 
methods expands dynamic range of 106 Hz

Sendust dust core

[Mu, IEEE Power Ele (2014)]

Capacitance Cancellation Method

Standardmethod(Two-coil method)

[Ono, SO, JMMM 603 (2024) 172222]



Iron Loss Decomposition based on Magnetization Process
-54-

Developed by Fiorillo Gr. for analysis of Ferrite core
[Beatrice, JMMM 429, 129 (2017)]

Sendust dust core
( as-pressed, annealed)

Key points of this model

Â Broadband iron loss and permeability measurements(dc~)

Â Rayleighregion(linear region of susceptibility)

m=mrev + mirr (mrev : constant, mirr ́  H)
“ὄ ‘ͼ

‘‘ͼ
W

[Ono, SO, JMMM 603 (2024) 172222]
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Effective Domain Wall Model
-55-

Hc dyn = Hc
ac - Hc

dc

Vm/Hc dyn = 2Bsnd/b ́  fu

Vm: Output voltage amplitude
Bs: Saturation magnetic flux density
d: Sample thickness
b: Domain wall dampingAssuming effective wall number n

Dynamic effective field Hdyn and 
dynamic loss Pc, dyn

Pc dyn = Pc - Pc hys ́  fv

Pc dynÖVm/Hc dyn ́  f (u+v), u+v = 2

[Sakaki, IEEE Trans Magn MAG-16, 569 (1980)]
[Sakaki, IEEE Trans Magn MAG-17, 1478 (1981)]
[Sakaki, IEEE Trans Magn MAG-20, 1487 (1984)]

Frequencies for saturation of n is the same with that of magnetization reversal change

[Ono, SO, JMMM 603 (2024) 172222]
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Permeability Analysis for Various Materials
-56-

Mn-Zn ferrite FINEMET Sendust
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[Ono, SO, JMMM 603 (2024) 172222]



Broadband Iron Loss Analyses for Various Materials
-57-

Magnetization process decomposition Effective Domain Wall Number

Reversible

Low frequency : Wall displacement
High frequency : Rotation

Irreversible

[Ono, SO, JMMM 603 (2024) 172222]

Ir
o

n
 l
o

ss
 W

 [
J
/m

3
] 

 


