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Dynamic magnetization reversal and dynamic loss analyses for single domain model
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Fig.3 Ribbon model for Maxwell simulation.
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Effect of nanostructure on the core loss of soft magnetic materials

H. Sepehri-Amin!, R. Gautam!, S. Hiramoto?, A. Bolyachkin', N. Kulesh!, H. Mamiya!, S. Okamoto?,
T. Ohkubo'
"National Institute for Materials Science, Tsukuba, Japan
2Tohoku University, Sendai, Japan

Soft magnets are important components in high-frequency power electronic devices, significantly contributing
to efficient energy conversion. They are commonly utilized in transformers, inductors, and magnetic cores within
high-frequency power converters. However, cutting-edge power electronics technologies demand soft magnets with
minimal core loss at high frequencies. This study demonstrates that high-frequency core losses in Fe-based soft
magnetic ribbons can be reduced through nanostructure engineering. We present the optimal microstructure designed to
minimize core losses in the 10-20 kHz frequency range.

Amorphous Fe-based ribbons with different compositions were prepared by rapid solidification. The
amorphous ribbons were annealed at a varied temperature range and time to realize different microstructural features.
The microstructure studies were carried out using XRD, TEM, and APT. Magnetic domain observations were conducted
by magneto-optical Kerr effect (MOKE) and Lorentz microscopy. Saturation magnetization and coercivity were
evaluated by LakeShore VSM 740 vibration sample magnetometer up to an applied magnetic field of 2.0 T. Core losses
were measured using B-H analyzer under a magnetic flux density of 1-1.5 T and a frequency range of 0.1-20 kHz.

Figure 1(a) shows the total core loss of the Fe-based soft magnetic ribbons obtained under 1.0 T at 10 kHz as a
function of the volume fraction of a-Fe crystals of ribbons with different annealing backgrounds. The total core losses at
10 kHz decreased from 165 W/kg in an amorphous state to a value of 75 W/kg as the volume fraction of a-Fe crystals
increased to 5.1 vol% in an amorphous matrix, and then increased again as the crystalline volume fraction increased.
Detailed analysis of the core losses showed that the contribution of hysteresis and classical eddy current losses to the
obtained results is small and the observed core loss dependence on the volume fraction of a-Fe crystals is due to excess
losses. According to the microstructure and magnetic domain observation (Fig. 1(b)), it was found that reduction of core
loss is due to change in the magnetic domain shape and their movement under an ac magnetic field. Based on detailed
microstructural characterizations and magnetic domain observations, the underlying mechanism is discussed. Moreover,
we will present how this concept is universal among many different types of soft magnetic materials. In addition, other
nanostructural factors which are influential to the core losses of soft magnetic materials will be introduced.
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Fig. 1. (a) Total core loss measured under 1 T at 10 kHz from Fe-based soft magnetic ribbons as a function of volume fraction of
a-Fe crystals, and (b) BF-TEM images, selected area electron diffraction patterns, and magnetic domain configuration in the
remanence state obtained from samples i and ii marked in (b).
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Origin of excess losses in soft magnetic materials
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[3] H. Huang, et al. Phys. Rev. B 109, 104408 (2024). A< (DDM)
[4] H. Tsukahara, et al. NPG Asia Mater. 16 19 (2024).
TR Fig 1: (a) Simple stripe domain mode for our

RIS L E ST SE B TR AT T 3 L X — - pEERTA S R formulation. (b) Excess losses obtained by ex-
B (NEDO) OZFF%E (JPNP14004) TEEX iz, perimentals and theoretical calculations.
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ERRIE I =AW XA b a A a7 OBKHIE

RIS L BRI, PEERIA R, 48 0 L
(BERT /A ZWFFEFT, BALREE> . F ILEBE RS )
Magnetic core loss measurements of toroidal cores under sinusoidal and triangle waveform
Y. Uehara, S. Okamoto*, Y. Sato**, T. Taniguchi*
(Magnetic Device Laboratory Ltd., Tohoku Univ. *, Aoyama Gakuin univ. **)
X LI
AR O 18 IS FEAM 1% 2 O i 8 & 2> & IE 5% b g
TohdZENnEwn, —J, EEREOA L Z 7 ZEDT N
A AFZAWFRE TS ND Z LDZ, 2Ok, [ HySteresistosst] | e
TEALE = £ B C ORI S W T OB E K OE 1T 7
HIC £ 2 BE2 T T\ 5, Bertotti 1% Fig.l 1277
Yolcarfikr e 27 Y v AEK L MERERCYT ;/
- {dyCurrent Loss

TEZ, B AT U AERITER I IEFE T, @E
IR KD B DR TN AR ET D & L TR IBIZ £ 2
BHROEEZHLE VDO, ZOBZFICkdE, AT :
U ¥ 2RI KECRY 2RI 2 T R IR B A
HRWZ L2720 | BB N R 2NV T
WX Z AP T O 2 7 AT E IR iR O £ 80 % D4R 4k Fig.1 Hysteresis loop shape @
WD ENRENTND, ZDOBxJ L ENOREZRE
LT EITIEEA LRI N TV W), REERETIX
ESEIR I = AR X a T HAEZRERSAEL, b
FLET I E OB AT T,
A7 REDRAES® RF Amp.
o 7L OB E T Inductive Cancellation E512 & - TYT
S7-@, ZOFEE Fig2 [RT X ICHlEY L
280 N T A ESNEEE L, 2 AAITZED BT v A D
WEWZT D ETRUES S TNANDAL U E T B AR

B [ arb. units ]

H, [ arb. units ]

Excitation coil Sensing coil

Sy F v oL, BERBRICHN 2 ER & ES 7 Fig.2 Inductive Cancellation
CHEER SN DEIEDMAEZ/NSI LS T5HZ & THE Method
DREBREAIMZ D = LN TEHEBNEFIETH S,

BRI, BETIEEANE L A L A0 B R & " [ sondun ot core
L CNi-Zn 7 = 7 A b (Fire Rite {15 FT50-67) % | i it vos Eddy Current Loss
BRBHDLMEE LTV F R NN LRDER T _ oos
(F—F 8% IV, Yo 7O RBRERIT 100 kHz S oot
TENZN 45, 32 Th b, EKEI=AEIEO Lix < oo EVES
2 kHz 75 100 kHz o J& 3 3T - 72, Ssldo'mﬁf"‘

Fig.3 1Zi3, &> & 2 NEW 27 O ESZRE IR 3 i
B U O SRR T 2 g, T O S K RGO Y M T

Bm!Z 10 mT & L7z, 100 kHz LA F oA scciz = 7%
BIHE—Z L /2o TR Y . SOMBEHIER T E X7 Y
VAHEBKEAITH D Z WD, B XA MNER
=7 MBI O 5 HFEE L LTI L7228, ATl
B AT U AR LRI A C OB L 72 B,

Fig.3 Frequency dependance of core loss of
Sendust dust core
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Fig.4 Comparison between sinusoidal and triangle waveform excitation. The measurement
frequencies are 2 kHz to 100 kHz. (a) Ferrite core and (b) Sendust dust core.

AERREER

Figd 7 =54 FBLOEL X2 MNER a7 OIERKE/ =
AP 5 a T HEIROREMS R E2 T, RER L 2
kHz, 10 kHz 33 . TV 100 kHz T# %, Bertotti & D& 2 712 L
FWFT oW 7B T R IC X 2 EEIT RN
TP THDLN, 72T A F a7 TIE 100 kHz, 9 mT LLEDOREK
BEIZB W TR KRG T AN S o, —FH., B
ZARNEW 2T OEEITWT OB, MAREEIZBNTH

RGN K B 2D DAL, AR C o 2 TR RITIERLH
JbBEDR) 95 %L 72> TS, ZILHDFERIIEARNC LD

LV

Pe, / f(1/m?)

ATREMEDS & D723 TN TN OB OBALER ORIE 21T > 72,
HE L Fig 5@ 2R &K 5 22 ZABCETTIC t1 O v — 7 fREFRFH]
BN L 7= B IIR O EIRBIE 2 FHN L CT1T - 720, BaAbRERIZ

Fig.5(b)i= R4 & 9 Iz,

7274 a7 TIFH ps. BEHX A b

E¥y a7 TId 10 ps TR - TEY, 7B TRESHA

BRHMERE IR oT, TNHDORENS, 72T 4 a7 T
U JE I B CTREAL DRRFN DS 43 (S HE BRI I K DR ZE N
72 IRBM, B XA NER 3T TIEBALREFIZ R 23030 %
TEORWERE CHIERERALNL TS LB HND,
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Fig.5 (a) Trapezoidal current wave-
form for measuring magnetic relax-

YU H A NER I TILER) b —F kL 0 $REETE V2 AP SR B R — L s h e =7 2A
HH AR EE TR 42 B 38 2 JPJ009777 DD T TiThivl-,

L Z D&

1)
2)
3)

Bertotti: “Hysteresis in Magnetism,” Academic Press (2008).
D. Hou, M. Mu, F. C. Lee, and Q. Li: IEEE Trans. Power Electron., 32, 2987 (2017).
J. Mihlethaler, J. Biela, J. W. Walter, and A. Ecklebe: IEEE Trans. Power Electron., 27, 964 (2012).
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PWM A U N—HHAC 7 4 NEA LT HIZEITDH
T8 I /INaR B IR OD Jih R S A R RIE

IERR I 7 N N R
(AR TEERY)

Operating conditions for minimized loss design of AC filter inductors used in PWM inverters.
T. Yamaguchi, and H. Matsumori
(Nagoya Institute of Technology)

[FL®HIC
ICT &?ﬁ@% L7 77 RRAIDRBIZHENVEHLTRBY, T— X B X OEBEENHENEHE L 72-
TWb, T—X U Z T OEIEBLIININRD Si T34 A5 SiCX GaN & W\ o 72U A REy v 72l

{ﬂi?‘/*%Xm@%%Tﬁ&z /AN xﬁafm@lﬁi&ﬁﬁ%@‘ﬁ BRERINTEE, LrL, T—ZBUFEITD
72 EITRE S 5 B EHZEO FEEEIRTE kwfi LD KERSy & 56D D DO BEEMREL CTH D Z &R
WESNTWD D, KHFE CIIEEEEREFEICOHEHEIND PWM A U X—=FHAC T A NEA BT H
WZOWTHEANR/NE R DREIEZE XA %%Df%*ﬁjkb\ot%ﬁfxmrﬂdiﬁﬂ IR LTHTYY, 2D & XD
PR DG SRAEIZ OV TR 2 Lo O THREZ1T 9,

MREME L UFik
BEPERR A ORRFHT I N TiE, — RIS & SR o FIS Core Toss with
N 11 & 7 D NRRERRI & Lfﬂiﬁ LENTWS, L c::)wftxl:r(;n &1 Sampling recorder
L. PWM A o RR—=FHDAC 74 NVEA L H T ZDY; Vﬁuﬁggge%ymmmbe
B BB 503, SHRIITHIEROIELE (A Vv —b Fes & amplifier
—7) LHEIKDO AL »F Ty (A F——T) I @%@nv ir
HERT2bOREENTWD, FHI~ A F— N —F TR S T
IO PARIT R EIRER OBIERIEA 77 2 OREGEE (% T
PERAPEL - B8 27 (K50 ICh v EHECELT D, 20
7=, FRERAITH 28R & BHROEIG D 101 & 72 5 R
FLbE@E TRV ENTRIND, £lo, v A F—— Fig. 1 Single-phase PWM inverter circuit
(AT 2 BRI OV THEBEM B A =D b DT — ¥ Table. 1 Specification of single-phase PWM inverter
Rt e IEMERSIETHNRNETH 72, 272 Input voltage V., DC 200V
L. BATHFRIC LD, ~A F——FZENT L8 1T e Output power Py, 350w
A=y T IOMANC KV FHHEAREIC R o 72, ARRFFETIE Output frequency fou 0,
AC T 4 WEA 57 ZOEK (B - FHHEOGFEH) 2S&% Switching frequency fo 20 Ky
INE TR DEREN B L H AR SRR AR & o TRk 2 Tt Modulation rate m 0707
RFEHIR L TIT 90 PWM A /38— 2 DOHARIT Fig1 B & C filtor doanes L .
Ut Table 1 1ZFEHT 5. AC filter capacitance C 10 pF
AC T A NEA VB Y 2 DOREREER Output resistance R 2850

Fig. 1 {Z/RTHAH PWM A 3= (ZBW T, MRS
B (MBHHE « BRER) & a 7 IREEZ AT LRKD RN & 72 DG 21T o T iR O — il % Fig. 2 1277,
BH I~ A F— N —TNELTWNDLZ ERNbNnD, A F 7 ZOERRKREEREONT AR KL RN
THENRANT—A BRERIREOaTIZBNWTA ¥ 7 ZHEEB IR R RO 27 #F2nEFh Y —A N
—Z (1) B Q) &2, A —RAEL 200U —RAMNr—2A%HEdHLE, RAMNTF—2ADA X
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FAAC T A NEA U F I ED~AFT——TEBRITA =X OGS L > THEMCE(LT 5 DT
WIEE ARV, D L4 RO PWM A 3 —X OEWESRMTIE, AC 7 4 NVE A X7 X DFRFIZE
W T ERIFIE A FE D © 0 ISR 2 R - B o S CBIME S LA v & 7 ZHEEMERT %,

Best case Worst case (1) (Maximum inductor loss) Worst case (2) (Maximum inductor volume)
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Fig. 2 Example of optimal design results for AC filter inductor
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AWFGETIE, BAH PWM A U X=X T 5 AC 7 4 VH A L HZ T HZONT, B H A RO &
VN TR & TR BEMERR BHI S LT A v 2 7 KRB E/NE R DRFTEATV, eI LIcA v X7 2O TA v
' BRRERFEONT v AN 72 G Uiz, MBIOEOZ L0 HBRITEK 55.7%., KR IX K

6%%@§wﬁ%@\ﬁ@&@ﬁ%ﬁﬂ@@ﬁﬁAC74wﬁ4V§75@%%Kiﬁf%élkﬁbﬂo
7o W2, BFEMELD AC T ANEA U E T ZOBIEREZHR LTZE A, TRTOA U F 7 ZITEBN

T, %ﬁ@ﬁaf W26 LT 50%LL T OfEE CEEL TWey PWM A U X—FHAC 74 VAL BT HZD
<A F—I—T IR A = F DFMESIE K o THEEEICE LT 20T, — TS 220, Al
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D BNTz, SEIORIZENEBRIRZHE LEERMENIRE > TW0iuE, 77V Fr— a U EORMERME
@%%ﬁﬁ%mT_&iﬁ%f%éo

L Z D&

1) Jonathan G. Koomey, “GROWTH IN DATA CENTER ELECTRICITY USE 2005 TO 2010 Analytics Press”,

Analytics Press, Aug.2011

2) Hiroaki Matsumori, Taisei Yamaguchi, Toshihisa Shimizu, Takashi Kosaka, Nobuyuki Matsui; Iron loss evaluation
method for SiFe sheet material under PWM inverter excitation. AIP Advances 1 February 2023; 13 (2): 025302.
https://doi.org/10.1063/9.0000537
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Bt mRZEZ, ALFRE
CR[FI R R A N 1)
Frequency dependence of impedance permeability in magnetic metal core
Y. Tomita, H. Takabayashi, T. Iriyama

(Daido Steel Co., Ltd.)

H= - HY
4Vﬁ&&%%a~7:4wK%wé@ﬁ27mﬁmfiwu%f®4y5~ﬁyz@@$mﬁﬁgﬁﬁ

PEFREE & 7R D05 Z DWALEERE I A2 32, ARBFZE Tl 1kHz-1IMHz (23517 5 e bists 4 ] 5 2|
ﬁékw\m@%&@%ﬁﬁmowfﬁﬁ®@@ﬁﬁﬁ_%owt%ﬁ%%ML\%ﬂﬁ&%@bto
EKBRAZRURTAE

Hu—/ L amiBic L0 SO EAK 20 um O Fe Zi4 8 Sm i 2 &0 LAME 21.5 mm, £ 20 mm,
mE5mmoO haA ZareFL | BEFREAT, 843K TLl8ksfriFLiza 7 #t Lz, u ¥ —H A
MUA =2 AT ST A Y —E4990A |2 KV 5 IRE Hy= 0.05 Alm DS CHIE L7z, BEEERE O &
B A IR B S R R AS B BH 7 5 A $—SY8218 (2 & 0 JIIiE L 7= 2 IR =2 A JVEBE Vin M OMRRE ST He O 8 I
BURAME & FEIC Sakaki OIEE L7 FIED ICK W HEE LTz,

BEARIRAT IV IRERE DR SR L 0 & b D BEEER M OX (D) 2 7z, QI T 2D f i dmEF)E R &
PR EA, RRBEACE N (TP T 2 EHTH D, (i) BEERE N N —ETH L LW IRED T T, fildu" O —7
JARH f, & BT D7, fi=fy b Uiz, & 2 AN, WEEERE n DRI EURAE T Haller 2 <> Sakaki Y 12 L > T
fU2ICHBlT 5 Z L @mE SN TWD, £ 2T (i) BEERE n OFBEREIRAMEZ BB L TEIE L2 (@) X
MRS FEh L7z,
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1 1
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R
Fig. 1 (ZAHRHERERER n(f)In1o ke O JEIE BUK T2 77T, £> 100 KHz (238 W) TREBER S n 1 fY4 (2l L C
N5 2 &R S 7o, E 72 f < 10 kHz A 00 8 i Ehy C O WERERCEI T 2L E HIFIIZ K 0§l 23 T E 72
i, 2T RIBROFESZ I (i) f, 23 fYIZHBIT 5 EE L THEIE L7 @I 20T HEEEITV,
HE & D E 1T - 72,
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Fig. 2 1Cu O FEPE X (), (3). AN L DetFAMEEZ T, N upc L O IZIXZHE 4 100 HZ (2381 5 i,
D FENHE 141, 100 vz = 76,000 K2 OF f, = 20.9 kHz z%ﬁﬁu\f:o f < 10 kHz OAXJE R TIE(3). f> 100 kHz o /&) J& ik
TIER@) P ERMEZ L BEBLT 5 2 & 3R S v, BERERCE n IZARE Bk < Y21, mE I CIik fY gk
B LTI 5 Z & AR X iz,

10 _ 120000
. dashed line: 3 —Measured
3 5 100000 Cal.(eq(2))
2 ne fi 2 alleq
M g ~N S 80000 Cal.(eq(3), A=1)
e T [ q
i X o < Cal.(eq(4), A=1.33)
1) Y. Sakaki, IEEE Trans. Magn., s S g 60000
gz
16(4), 569-572, 1980 N 2 % 40000
[ ) o
2) K. Haller,J.J. Kramer, J. Appl. £ = " 5 o000
[
o 4 =3
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Fig. 1 Frequency dependence Fig. 2 Frequency dependence of
of domain number. permeability.
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RER P EALE Co-Pd B#: FINEMET KB AR &8 DRSSt 541

AR, SPudEh, BEHBIRL, mERFE, HAREER, PR
(EEPNED!
Evaluation of Magnetic properties of Co-Pd Substituted FINEMET Composition Ribbon

After Magnetic Field Annealing
Tatsuhiro Hashimoto, Eiji Teranishi, Akinari Osoda, Toshitaka Minamisawa, Makoto Sonehara, Toshiro Sato

(Shinshu University)

1. [FC®HIC

SiCX° GaN 72 ED T A KXy R¥ v TEERE FW /8T —F N1 R L > TEDEHIEE O EE K
BOBEERACRTREL 72D, b7 AR EOBKEH O/ IR S TWD . BifE, AL vTF
JEIRH N T 2 A1 0.5 T FEE ORISR E 2 FFD Mn-Zn 52 7 = 7 4 MELLAREZH SN TEY, T
ADE LI L/NUEO =D b T > ARBGLO & 57 DRI L mfaF R E LA RO B .
EHEOLOTN—TTIE, 12 T HROBIFIRREE & 8 A/m OIREREE )1 %26 T % FINEMET FHLAGH#H & HI%8
(2, FEHERARFROE A X > CTHRER CHRE L 722 5 TEIRBEAZARET 5 7 o A HEGEER OB
ZHED TV A, AFETIX FINEMET #1% Fe ®—ii% Co-Pd IZEH#L L, BIRPEVLBRIZ X 513D 7w
PEHLRIBLANC X - CTRERE G MEZ 555 L 72 Co-Pd EH#2 FINEMET #HECHEEF ORGSR RIS R 2~ 7.

2. ERAE

FINEMET @ Fe ®—#% Pd : Co=1:3 OEIG TEIL
7= Fers. 5. Pd; Co, Sijs. s B¢ NbsCuy (at.%) FEKD T E/L T 7
A TEH AT A B A2 TR L 721%, 0.2 T DE ik
P, T HAFHELKH 530°C-1h TF/ fl s b S 2L
ALER LT 18 um JE D Co-Pd (&2 FINEMET FHk i 4 15
7o, BEERFPERTM & U Ot Kerr ZVRBMEE (%47 —7,
Neomagnesia) 1Z X DWXBILE, (=X AT F T 44
\Z K DB O JE B ERE, B-H 774 (5, SY-
8218) |2 & HEEFHM AT~ 7=, s /
3. WiXEE a4 | .
5 mm G L ok L Ol R T & * " egnetic ild H kAl ‘
7 AN RE SR 2 N2 C o/ i L BVLERL L 72 Z D Otk & (a) In case of annealing under applying magnetic field
MEL, £t LIERS 2 Zmic#f 2 L T aligned in longitudinal direction of ribbon
RalE D ZE{l 2 8152 LT=. Fig. 1()I3 M4 B T H 0 RER % Magnetie Teld [0

2 CH / fE L BSLER U 72355 OB AT 2 5 18 O X
Boa L N7 A N EWMAPRBEXERERTHLOTH
% T/ RS EBMLBE OREFEIIN TS 180° REXIZIUT U
WXAEENBIEE S, ZALE BT 5 7 TIER e ri X
Bl S, ERTIE T RIS 2 0 2 T Al b 2L
WFRL7235E % (Fig 1(b) 1 ZERBETH Y, T/ fls b E
SLBRF DS OEIIN T M D Abas S, € b EAZT 507

B ABALIR S 72 > TV D b D L HESR SN D. ﬁhwﬁii~ .m..fwwmmo
SRR S UL, IR AR bR Sl A A L Tk 4 Qme&Hmmz 4

10 D FZREHRLHAE OB ERERIZ OV T HHET 5. (b) In case of annealing under applying magnetic field
aligned in width direction of ribbon

(1) T. Sato et al., INTERMAG2023, SF-05, Sendai, Japan, 2023. Fig.1 Magnetic domain observation.
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FINEMET #RE R EBRRELIC BT 2 INEF B X 28 EL

AT, KEEIT, NIZES, SARGE, R
(EEIPNES)
Characteristic Changes Deu to Pressing Method in FINEMET Plate-shape Powder Cores
Yusuke Fujita, Ryosuke Ota, Aoto Ogawa
Makoto Sonehara, Toshiro Sato

(Shinshu University)

1. [XLHIS

ABFFEITER T/ FE R RERRLLO S 572 AR &, B
HGMAFHE LT O TR RO A 2 22 [BHREE L O F A 23 7T
RE & 72 DIEMBL D EB A T —L e LTHRF LD THD. T
b~ A BRI T, AFZETIET h~A THR LY bk
BRI TE D m—/LamiEn 2 I & T 2RI RZ 8- L, iRk Fig. 1 Schematic cross-section of plate-
RESRICHKT U CHENE S PEOFENTHE L 72 B HCR B A 0 K ERL B shape powder core with horizontally
JEERBEE (Fig | BIR) OEBUCSL TR L7 gl(;%vrziee(isz.md vertically stacked plate-shape
FTHRCIRIY R E R B0 O RIS & LT, T/ #idbbRio v — L am
FINEMET #i 7 €L 7 7 A2 A L, (bBVABL L 727 €L 7 7 A2 IR LV L TR b LD R
RIIRD % 72 FINEMET SORBYRERBLLZER L7z, 2 Z Tl FINEMET SRR O K FRL ),/ iE
IS A EH T A RINERE L CHENT L ik & Wl 7 L RIECHOWTHRE LT R 2R,

2. FINEMET iR R KEBBODERF &
JEE 18 pm O 1 —/L2% FINEMET fEK 7 £V 7 7 A fH & 400°CHE L BVLER U /=%, 1R8I L CTHlfkL,
100~150 ym 7 v 7'V > b T4k L7 FINEMET 7 /L 7 7 AMCIRKY K &2 K& H 300°C -« 3 B o2 kic
X o ThHskawil 2 2Rk L7=. FINEMET BUIREY R &2 AR & 33 U 25k L, 1SRt O¥yR % Hiili7e & QN
By~ L RYETCIERRIE L, RNIEMHAT A dTF / fhd LBV % 522°C15
HHZ AR VBB 0 L CAE U DB ODNZER A 570z ) =

— VBB CRUEE R, Bk L CTEBBLO ST,

3. MEAZEICLEEMERDEMRIKEE L#EODFEEIE

Fig.2 | HlANE L2354 & MisihnE U= 3546 o B0 o Wik %
AT WENINEEIRISR A A T —T 4 ST E RN
JENEMZ 52 & TRIBFOMROEEIIIG U THA N EFICEIX,
EFoEERE (EHALT) 2/ TX5. Fig 2 lornd X912, M
JIE U 7 BCIR I R0 0 J5 HSHCIR K TR D 7K SR ) & T ELAE e A
Byl o T b0 EEZBND.

S5, R EKEDOETI~OEADFIEZ L > THMEROEL R,
DRI B R RIET Z E RGN E o7, B2, Bk EREZ—
FEIZATNZE AL T 1 BOMETHRET 5 —FEk L, MREZEKRIC
T TN AL, MR ZE AND TZONET 5 5ENED 2 T Z M
L7-. FiES i, L2 2O ETER U011, 4
fomefb, FERE, SHBEICO VW THLHET 5.

(b) in case of both side axes press
Fig.2 Cross-section of FINEMET
(1) F# %, ft, BFUE, MAG-23-107, 2023 4E 11 H. composition plate-shaped powder cores.
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O/NEF WG BIR AR 220 R B!, ARl AR e
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Relationship between iron loss analysis based on magnetization processes and statistic model
(ONobuhisa Ono', Yuji Uehara®, Tomoyuki Onuma', Takuya Taniguchi ', Satoshi Okamoto'>*
(IMRAM, Tohoku Univ. !, Magnetic Device Laboratory?, CSIS, Tohoku Univ. 3, NIMS %)
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[3] ARFEHRTIE, AFEEMERME L BRAHEN S B D MMORME 2 7108
BAL., EHIICHEREHOBmE LA HWHALTVS Bertotti DffatE 7 /L[4]
W2 & DTSR & OB &R L7 RIS SV TR 5,
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ke A ZAFIRGME 13 mm, AR S mm, EA 5 mm)DOE U F A NEHaT
(FWeR 1, =30, BAFIREIREE B;=1.0T), Mn-Zn 7 =7 A b 27 (4= 2,900, B =
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EWMER T ICBOTHE LN —AHIY 720 OFR W ORIERE R & S MR
B% Figl 2737, BALBRESBEE T VIZL > TR O NT-BEER NS X ORHE
AR & D8RR & RO LR OB T, Hrte T VITC L > TE bz
FHE & v AT U U ABEORMEZRR T, AC HEFLREE D S5 S /- B it
HEHFRTENETNR L TWD, BMa 7ICBRAe < KB E Tl
iz L DI, & AR A CRALIEIERIC K ARSI D — T,
LR OER BRI 2 T IR & RFET DR L e odz, TLTEET
NALZ BT 5 2 & T, BERERENC L 54T 27 U v 248k L ONERHE
2. BEALIEERIC X A RITH BIRETBIC IS S b b Z Lotz

F 72, Fig2 (CEREET T VIITIC & » TH BNz, EMEEERE & fBE &
VBT TEI S T newf OSEBEAHECL~Y—2) & EFET AEITIC L o T
5T, TEMEE Magnetic Object(MO)D ML n’mo D JE B EFFE(E A~ —2)
BT, FEONREEACEIIE NS L & HICN L, Z OFENIHEE T L CIEE
BT A—% L UTEASNTIGTEL MO OFE s K< —H LTz,
ARFFRII LR FH AR —2 L7 b =7 2RI IR Ie B R g 3
JPJ009777 DXAED F Tiibiiz,

Iron loss W (J/m3)

108 106
Frequency f(Hz)
Fig.1 Iron loss per cycle obtained by
experiments (marks) and analysis
(lines) of (a) Mn-Zn ferrite sintered,

(b) FINEMET wound, and (c)
Sendust powder cores.
100 @ a0
PAvAY ¥ )
;é;’“;!--!...
106 !._&é . ®:nert/B |10-3
R A n'vo
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Fig.2 Effective domain wall
number over the domain wall

damping n.s/f (circle) and effective
active MOs number n’mo (triangle)
of (a) Mn-Zn ferrite sintered, (b)
FINEMET wound, and (¢) Sendust
powder cores for B, = 1 mT (blue),
10 mT (red), and 100 mT (black) as
a function of frequency.

[1] C.Beatice, et al., J. Magn. Magn. Mater. 429, 129 (2017), [2] Y. Sakaki, IEEE Trans. Magn., 16, 569 (1980),
[3]N. Ono et.al., IEEE Trans. Magn., 59, 6301305 (2023). [4] G. Bertotti, J. Appl. Phys. 57,2110 (1985).
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Mechanism of wide-band iron loss using Sinc pulse measurement
(Tohoku Univ., Magnetic Device Laboratory Ltd., Aoyama Gakuin Univ., Tohoku Univ. CSIS, NIMS)
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Black and red lines indicate the results of Sendust and Ni-Zn ferrite, respectively.
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D. Neumayr et al., CPSS Trans. Power Electro. Appl. 5, 251 (2020).

2) D.Hou, M. Mu, F. C. Lee, Q. Li, IEEE Trans. Power Electron. 32, 2987 (2017).
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Correlation between DC bias characteristics and B-H curve shape of various magnetic cores
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IMRAM, Tohoku Univ.t, CSIS, Tohoku Univ.?
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Fig. 1. Bias dependence of iron loss of Mo
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Fig. 2. PCA results for magnetic score with different magnetic permeability. (a) Principal
component PC1, (b) Principal component PC2, (c) Principal component score of PC1 and
PC2. Note: Wmin = 80, Wmax = 120 at p, = 26, 60, 125 and 300. Wmax = 500 at p, = 550

(Only Wmax is defined).
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1) T.Onuma, Z. Liand S. Okamoto, IEEE Trans. Magn., doi: 10.1109/TMAG.2023.3281548.
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