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Ultra-broadband and ultra-high sensitivity permeability measurements by
transformer coupled permeameter (TC-permeameter)

S. Tamaru
(Spintronics Research Center, Advanced Industrial Science and Technology (AIST), Tsukuba, Ibaraki,
305-8568 Japan)

Magnetic materials are ubiquitously used in various high frequency electronics systems as inductors, transformers,

noise filters and noise suppression sheets, which often determine the entire system performance. One such example is
an inverter. Among many components used in the inverter circuit, inductors and transformers usually have the lowest
high frequency performance, thus limit the entire system performance such as the switching frequency, conversion
efficiency and unit size. For this reason, improvements of these magnetic components are crucial for the development of
modern electronics systems. High frequency magnetic components are often made of magnetic particles by either
sintering or dispersing into polymer resin. Currently the permeability of the magnetic particles can be measured only in
the final component form because of the limited sensitivities of permeance measurement techniques currently available.
This is a serious limitation in the development of the magnetic components, because it is impossible to study the effects
of the processes done on the magnetic particles, such as crashing, micro forging, annealing and solidifying, on the
permeability, and therefore one can only guess the effects by characterizing the magnetic component in the final form.
In order to overcome this difficulty and accelerate the developments of high frequency magnetic components, a
technique to measure the permeability with high sensitivity has been strongly sought.

For measuring the permeability of a single magnetic particle with sufficiently high sensitivity, we have developed a
permeability measurement technique, which we named as “transformer coupled permeameter (TC-permeameter).
Figure 1 shows the block diagram of this technique. A magnetic particle is sandwiched by two short terminated coplanar
waveguides (CPWSs). These two CPWs are electrically insulated by Kapton tape, thus this structure forms a loosely
coupled single-turn transformer. Each CPW is connected to the port 1 (P1) and 2 (P2) of a vector network analyzer
(VNA) that measures the transmission parameter (S21) twice, first under the magnetic field of interest, and second under
a sufficiently strong magnetic field to saturate the magnetic particle. The difference of S,; under these two magnetic
fields reflects the permeability. Figure 2 shows the permeability of a Permalloy particle with a lateral size of
approximately 100 um and thickness of 0.5 um, which is similar to the size of magnetic particles contained in
commercial noise suppression sheets, measured by the TC-permeameter. The figure shows that the permeability can be
measured over a very wide frequency range from 10 MHz up to 20 GHz with a high signal-to-noise ratio (SNR).

In the presentation, the measurement principle of the TC-permeameter technique, including the jig structure, the reason
why this technique can enhance the sensitivity, how to calibrate the system to give the absolute value of the permeability,
and how the measurement limits are determined, will be explained.

This work is partially supported by ‘FY2018 Research support program of matching funds for AIST and Tohoku
university” and 'FY2019 strategic information and communications R&D promotion programme (SCOPE) #195003002'
of Ministry of internal affairs and communications (MIC) of Japan.
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Fig. 1, Block diagram of the TC-Permeameter. The Fig. 2, Complex relative permeability of a single
magnetic particle is sandwiched by two short Permalloy particle over 10 MHz — 20 GHz.
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room temperature operation tunnel magneto-resistance sensor
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The tunnel magneto-resistance (TMR) sensors using magnetic tunnel junctions (MTJs) are expected as highly
sensitive magnetic sensors operating at room temperature. Magnetic sensors are used for current sensing, displacement /
rotation sensing, nondestructive testing, etc., and in recent years, biomagnetic field measurement that senses the activity
of the human body with a magnetic field has been actively studied. Measurement of biomagnetic field includes
magnetocardiography (MCG)? resulting from electrical activity of the heart and magnetoencephalography (MEG)?: 2
measuring brain current. These magnetic field measurements are considered to be useful tools for medical diagnosis and
basic research because they have high spatial resolution and temporal resolution compared to electrical measurements..
On the other hand, since the biomagnetic field is a very weak magnetic field of at most 100 pT, the sensors that can
perform the measurement are limited.

We have been researching to realize the measurement of this biomagnetic field using a TMR sensor. Until now, we
have succeeded in partial real-time MCG measurement using a TMR sensor and MEG measurement using averaging®.
The MTJ multilayer film used for the TMR sensor was deposited by ultra-high vacuum sputtering system. This
multilayer film is characterized in that it has MgO barrier layer and has a synthetic structure using NigFez in the
bottom free layer. Since it was necessary to reduce the noise of the TMR sensor in order to measure a small magnetic
field, we reduced 1/f noise by arranging a large number of MTJs in an array. The size of the fabricated MTJ array was
7.1 x 7.1 mm?, and four arrays were used to construct a bridge. The output from the TMR sensor bridge was amplified
and filtered and measured by a PC using an A/D converter. In MCG, the R-peak caused by the heartbeat was measured
with a probability of about 1/2, and a clear QRS wave was measured by performing averaging about 16 times.
Moreover, MEG succeeded in measuring the 10 Hz magnetic signal originating from the o wave by averaging 10,000
times, and confirmed that the phase of the signal is rotated 180 degrees by rotating the direction of the TMR sensor by
180 degrees. At present, we are studying to improve the multilayer film structure of the TMR sensor to further increase
the sensitivity. There is a method of thinning the MgO barrier layer to reduce the noise of the TMR sensor. At this time,
when the resistance value of the junction decreases, the signal is reduced due to the parasitic resistance of the lower
electrode film. As a countermeasure against this parasitic resistance, a thick Cu film was deposited and a chemical
mechanical polishing process was performed, and a TMR multilayer film was formed on this substrate to reduce the
resistance. In addition to the improvement of the multilayer film structure, we are also examining the improvement of
signal and noise by changing the spatial arrangement of the TMR sensor. In addition to the feature of room temperature
operation, TMR sensor has the feature of wide magnetic dynamic range, and its output does not saturate even if it is
used in geomagnetism. Therefore, it is thought that operation outside the shield room is also possible. Using this feature
of wide dynamic range, we are currently studying for measuring biological information without a shield room.
Acknowledgement
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Development of synchrotron X-ray nano-beam dynamic force microscope
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Soft X-ray magnetic circular dichroism (XMCD) measurement is one of the most powerful tools for researches on
spintronics devices. In recent years, the size of magnetic materials used in spintronics devices has been reduced to
several tens of nanometers. To measure the magnetization behavior in such devices, a high spatial resolution
measurement technique is required. An XMCD measurements technique with Soft-X ray nano-beam has shown
remarkable results for magnetization measurements. However, the spatial resolution of the soft X-ray nano-beam MCD
is limited to a few tenths of nanometers. Therefore, a new method for XMCD high spatial resolution is required. A
combination of XMCD and scanning probe microscopy (SPM) is one of the promising technique to enhance the spatial
resolution of XMCD measurements [1-5]. Here, we developed a soft X-ray nano-beam SPM for high spatial resolution
XMCD measurement.

For soft X-ray nano-beam SPM, we developed an original dynamic force microscope (DFM) with UNISOKU Co.,
Ltd. The soft X-ray nano-beam SPM was installed in Spring-8 BL25SU (Fig. 1). Fig. 2 shows a schematic diagram of
our soft X-ray nano-beam SPM. The DFM is fully controlled by the original controller developed with LabVIEW
FPGA. The controller can be remotely controlled by python programs. With this system, we can enhance the spatial
resolution of the XMCD measurements.
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Fig. 1. Photograph of soft X-ray nano-beam Fig. 2. Schematic diagram of soft X-ray nano-beam dynamic
SPM. force microscope.
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Femtosecond soft x-ray sources via high-order harmonics for ultrafast MCD measurements
Eiji J. Takahashi
(RIKEN Center for Advanced Photonics, RIKEN)
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Excitation and Propagation Dynamics of Spin Waves Observed by
Spin-wave Tomography

Yusuke Hashimoto
Advanced Institute for Materials Research, Tohoku University

In magnetic media, waves of precessional motion of magnetization serve as an elementary excitation, called spin
wave. To know its properties, one should measure how its frequency with its wavenumber vector. This relation is called
dispersion relation. Spin waves, mediated by dipole-diploe interaction, are called pure-magnetostatic waves. The
dispersion relation of pure-magnetostatic spin waves is characterized by complicated and anisotropic dispersion
relations; their slope may even become negative for the so-called backward volume magnetostatic waves. The
magnetostatic waves have been employed in spintronic and magnonic devices, while the observation of dispersion
relations of pure-magnetostatic waves was one of the challenges.

Recently, we developed a new method for the direct observation of the dispersion relation of pure-magnetostatic
waves by developing a table-top all-optical spectroscopy; we hamed spin-wave tomography (SWaT) [1]. Spin waves are
excited by the illumination of an ultrashort light pulse focused on a very small surface area of a magnet medium. When
the pulse duration and the excitation area of the light pulse are infinitesimally small, the pulse includes all temporal and
spatial wave components according to the Fourier theorem. Then, spin waves of all frequency and wavenumber vector
are created simultaneously and propagate from the excitation point. The created spin waves are observed by using a
time-resolved magneto-optical imaging technique [2]. The Fourier transformation of the observed waveform along the
time and spatial coordinates gives the power spectra of spin waves as a function of the frequency and the wavenumber
vector. The spectra represent the dispersion relation of spin waves. This is the basic concept of SWaT [1].

In this talk, I will introduce our recent studies about the excitation and the propagation dynamics of spin waves
using time-resolved SWaT [1,3] and phase-resolved SWaT [4,5], of which typical data are shown in Figs. 1(a) and 1(b),
respectively.
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Fig. 1 Typical data of (a) time-resolved SWaT [1,3] and (b) phase-resolved SWaT [4,5].
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Improvement of Calculation Accuracy of Axial-Flux-type SR Motor
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JER%: AIE SRS 7 1 75 M LY KBS, g | . .

0 0.05 0.1 0.15

m Average torque (N+=m)

1) K. Nakamura, Y. Kumasaka, O. Ichinokura, Journal

) ; Fig. 4  Comparison of torque versus efficiency
of Physics: Conference Series, 903, 012040 (2017).

characteristics.
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Influence of Current Phase Angle on Stall torque of Magnetic-Geared Motor
Koki Ito, Kenji Nakamura

(Tohoku University)

[TL&MHIC Diameter 140 mm

FTIWCEEZLIL, MKRFP—FE—4%%2R1EL, £ Axial length 36 mm
DAEMMZEIET D L &b, BRI~ O Inner pole-pairs 4
AEEMEEZ R LE D, Z20B%OBFICEWT, B Outer pole-pairs 23
XY — FE—FIFERMAAIZEY, B 2z No. of pole pieces 27
TAENAEL D ZERHLMNT -T2, AFaTIE, & Air gap 1.0 mmx3

Gear ratio 5.75

TN AHA DL XY — FE—ZOFE M7 12 %I

M- S\ C, 3 ROCAREEYE (3D-FEM) % Fig. 1 Specifications of a prototyped magnetic-geared motor.
WTHRE(T o D TRET 5. |
= = FYX X
BARAAAA & B LY OBIR 22f eesecc?
Fig. 112, BEHE L LA XY — FE—Z DRk s °
{ER O TAE AT, E—FHIL 349 A m y MR S0t
BOBET & 4 R ONPEE T CHE S, B Z2f
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XY T — 8 & moNRIEEE 7 &, 27 o R
—/LE— A, 23 fRxt OAMAEER T TR S 4L D
Fig. 2 |2, #BImAAEA IR 2 ~ v 7 o3|
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Fig. 2 Current phase angle versus stall torque.

1

AR, FKELY, ERAAHAGZED S &R R — Socee

JLEIL, BoEBEEDTEZ ENbnS, ;05 ————— 0deg et F |
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LMD, EIRNLFE A ARG R 5 2 D IO EJS‘aih

T, 3D-FEM Z AW CTHF&1T-o72, 70k, I g . .
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Almm?® THEFELI A %60, 0, 60 & Lia &
BIEELZ 0 A/mm* & L, BAFX YL LT@iEsy
TS A DRE R L LT,

Fig. 3 Radial flux density distribution in air gap between the

pole-pieces and the outer rotor.

Fig. 3 |2, R— /L E— |2 L > TEME N BERE ~ " —

FEW A~ , £7-, Fig. 4 13 FERRERBEIIE D& % e - —
WA D 5 B, b7 R H 55 23 ok L :
HEWBLERRETHSE, ZORERSDE, i 7 o

FIACIS U C, 23 Yy DIRIRASBIE L T V05 = & = i

Wb, Thbb, ARREY—RE—213, B ks Odee  60dee gear

WNARAZHED D & bV 75T D WAy 3
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ABFFED — I RAL RS AIE BELBCRZERE 7 0 75
LTRSS NI,

Fig. 4 The 23rd harmonic content of flux density distribution

shown in Fig. 3.

BE R

1) JVEE, Pk, BAF, HARGKZESTSCRE S 3,1, (2019)
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Efficiency Improvement of Outer Rotor type High-Speed Permanent Magnet Motor
S. Sakurai, K. Nakamura
(Tohoku University)
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(a) SPM (b) IPM

Motor diameter 54 mm
Rated speed 12600 rpm
Rated torque 200 mN-m

Torque (mN-m)
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Fig. 1 Outer rotor type SPM and IPM motors.
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Fig. 2 Comparison of basic characteristics.
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Fig. 3 Comparison of loss characteristics.
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Characteristics of Interior Permanent Magnet Magnetic Gear made of Amorphous Alloy
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Oishi, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)
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EEBEMBITH LT ENLT 7 AG4IZER L, HiEE
TR E AR =N —2ADMELOM ARG bE 22 %
HLTHKRZIT- T,

Fig. 212, 3L MREFRIETRO =, SMlllalds1
DER MV EPHOFFMEZRT, P, ZOK
O EEAR| o [E]#E %0 T 300 rpm TH S, [FX(a) & 7LD
L, —RIZT BT 7 AGEDTTNT A FHRK LY
b EAFNE SR E DRI S 0 577, 8RO EHT
TENLNT 7 AEHANDLZET RV RHELTWS
ZENRbnd, £z, RAXbG)EZRSL L, A—LE—
AMETENT 7 AT H T LT, FEEREICE
BTETWAHZ ENbhs,

WNT, 2 b 3FHOMR X Y 2 FZERICRIEL,
Bt Dl %17 > 7=, Fig. 3 12, ZMAlEEEF DK
MV OERINEZRT, ZOXKERD L, ERICE
WTh, A EBHRNPSTENLNT 7 AGEICEET
HZETIVIZNHELTED, Fig 2@z~ LIzEt
FAER L AR Z R L TWAD Z Enbhd,

AW D —EIT ALK T AIE K7 7 v 7 Z
AlZE v ZEENT,

BE Ik
1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).
2) T. Ikeda, K. Nakamura, and O. Ichinokura, J. Magn. Soc. Jpn., 33,

130 (2009).

3) Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Qishi, Y. Tachiya, K.
Kuritani, Trans. Magn. Special Issues, 3, 74 (2019).

Gear ratio 10.33

Outer diameter 150 mm

Axial length 25 mm

Inner pole-pairs 3

Outer pole-pairs 31

Number of pole-pieces 34

35A250, Amorphous
SMC, Amorphous
Sintered Nd-Fe-B

Core material

Pole-piece material

Magnet material

Fig. 1 Specifications of IPM magnetic gear.
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0.5
Pole piece
§0-4 @ Outer yoke | |
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=01 ——
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Fig. 2 Comparison of calculated torque and iron losses of the
IPM magnetic gears.
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Fig. 3 Comparison of the measured maximum torque of the
IPM magnetic gears.
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Characteristics of DC-DC Converter having High-Frequency Amorphous Transformer
with Interleaved-Winding for HYDC Transmission System
S. Otsu, K. Nakamura (Tohoku University)
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<, IEEFICER T 2 HHE O M Z Mk TE 5,

Fig. 2 (2, EJTH#ERA DC-DC =2 /73— & (/R
BEEBR T AT AOMKE RT, REIIERKNE BN
HIEIC L > TEBREBIRPHE I ND Z 05
DC-DC = >/ 3—% O AJJMANFEJ B IR CHdE L
oo —77, HMANTEFERFEELE D EIZ—EITRT
NTWB EREL, EETJR TR L7-, DC-DC =
Y X—%2 D DCIAC ZHEIIA A 7 MR LD,
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Fig. 312, 1 BBAHETENT 7 A FT v A%
WG, duty=06 & L7z &8 EZ RS, 20
Kz 25 &, ANJEEE HIIEIEONAEZE I
<, BRMEMBBERFICHEL TSI ERbnd,
CHIX1EEAREE T AT RENEL, W
NALF DB APD T/hIWNWTZDTH D,

Fig. 4 2RO A2 /R, 1 BERX AR
HZET, EEROMA], WAL v TF o 7]
KOBIFIZ LY, RN LETHZENHALNE
277,

BE Ik
1) HPFEH, e, — BB, ~ 7 %7 4 v 7 AW

ZeaEEl, MAG-14-29 (2014)

2) H. Tanaka, K. Nakamura, O. Ichinokura, J. Magn. Soc. Jpn.,

Vol. 40, pp. 35-38 (2016)

(unit: mm)

0.8
Fig. 1 Shape and dimensions of the amorphous transformer

with interleaved-winding.

Fig. 2 Circuit configuration of the dc-dc converter for HYDC
transmission system.
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Fig. 3 Observed waveforms of the input and output voltage
and current of the amorphous transformer (duty = 0.6).
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Fig. 4 Comparison of efficiency of the dc-dc converters when
the transformer has interleaved-winding and non-
interleaved-winding.
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Influence of Magnetic Saturation on Noise and Efficiency
of DC-DC Converter with Frequency Spreading
K.Nishijima , *S.Amaike
(National Institute of Technology, Toyama College , *Nissan Engineering,Ltd)
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Fig.1 Noise reduction and efficiency for spreading width.
BEZ R
1)  Gerhard F.Bartak, Andreas Abart: EMC’14/Tokyo,15P-B1(2014).
2)  K.Nishijima,S.Ikeda: Journal of the Japan Institute of Power Electronics(in Japanease), 43, pp.81-88(2018).
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Examination of Hybrid Inductor with Large Inductance in Wide Band
K.Shimura, K.Torishima, M.Sato, T.Mizuno, T.Matsuoka
(Shinshu Univ., *Nippon Chemi-Con Corp.)
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Fig. 1 Structure of inductors (unit: mm).
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Fig. 2 Impedance vs. trequency of inductors.
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Development of double five-leg three-phase integrated type variable inductor and
application to 6.6kV Voltage Control Integration System
T. Ohinata, K. Arimatsu, M. Yamada*, T. Kojima* and O. Ichinokura**
(Tohoku Electric Power Co., Inc. , *Fuji Electric Co., Ltd. , **Tohoku Univ.)
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Fig.1 Appearance of the variable inductor.
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Fig.3 Control characteristics of Reactive power.
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2) KHI[, f: BXR T2 CEEA,126 % 10 %5,997-1003(2006).

3) ﬁﬁ?, fit : Fpk 25 FERFREES SRS N3-76 (2013). Fig.5 Appearance of
the Voltage Control Integration System.
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Strong magnetic field array by using cubic permanent magnets
K. Nishimura
(Nat. Inst. Tech., Suzuka Coll.)
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Figl@?® L 5 2 EHBHRE L (O)D L 2 701T7&1EF @F”GL’DU"C & % 0)4jﬂ21§’('@':|3'l4‘*f5 (Z2f) @ By, By, Bz
ZRD, ZOB NI bRELLDENSOESTO B OfIEHIH L, 52, 3ficzhZEh s, 7, 9
AT DYEE L2 D (RS X TOARIEIR) 1220 ThH, Bz M b K& BB & 20Tz Rd I,

B A=

NEF IR A OFFETIZ ., VRS 200 UM RS T L2 AE DAL D RERIS BV T, N AR, S MRIfIZ /A LTV 2 ik
WEEEL LT, 7—uarOiERINGEEST 5 HiEESE I Lz, 22Tl MoAaXEHns Z & Crifg
EMATEE L CEH LTS, £/, xy FHIC NBOLER LG W TREIN TV AR, BEL%
ERBLT S MARESEZLDO2ELALES 2 & T, 2 #i u%ﬁé&bﬁﬁﬁﬂﬁkﬁb\f@ﬁﬂﬁ#f%EJO i
BHSCH A DA EZD 2 ETox, yill, Hofiz 4HICT DI ETXy,yz, x Sl ER LSO LT
HTENTED,

AWFFE T, A Y LA OFREBRBE Br=1.25 T IZ&E L. fi#hr Y 7 FZid Excel VBA % V7=,

BHRERLSBOEYE 33 — 24 cubes 25 cubes

Fig.1(0) | bR A7, 18 K10 D TIE SHET, 6 HTi L D b

PHET2TEZBADZ ENbhotz, B, ZNHORERIL, SR

D1IHBOEIICELTHEL 22D, LR -T, ERERKRILILETN

E VA RELSTHIEE Y, £ 5mmAD R LE 15mmAD B &

MABEDEELEOTILBD2{ELTE 2N TE S, )_y (a) (b)
X

)
: ~
S
—
S
N

Bl % fite EC. By Bk bRE < ARBHMN 2 o Q5 =
lbd D & i3, I o v ha<, By, By T, } 33433433 } 73+33
DRIAVNE < 725 & 5 K AERAIE L, = -

LT, BRI L DRI ORAESAT > 2 LS E B >
Th s, \inDOEG EFLdk CX oo 7z, fENTHR, ST F;
FIROEF] (v A ELFE DFEND FOHT) 2L =
THFEC, EATATETH S, =

2E Bk é“o (a) 120 (a)336  (a) 720
1) K. Halbach: Nucl. Instr. and Meth., 169, 1 (1980). 0 (b),122 (b)339  (b)724
2) https://kojimag.sakura.ne.jp/htdocs/index.html (©) 33 15\?umber of cubZ; 9?

F 1z 3
Part2. §3 IARBEIC LY 1F D SRR Fig.1 Two types of structure, (a) through-hole and (b) dead
(FISEF 2019476 A 12 H) end. (c) Number of cubes and their magnetic flux density.
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F4a3 v H AR T

IPM &

(FK HIRZ)
Study on Asymmetric Magnetic Pole Structure IPM Motor Using Neodymium Bonded Magnet
T. Yanagisawa, Y. Yoshida, K. Tajima
(Akita Univ.)

FLHIC

I, Dy 2 L7 WA AR Rl & W
T2E—XORENPED LN TND., XAV LRS R
BaAalX, BERERA LD LI L DL HDD,
TR E N B B RAE L & Do RIS
MOLEEHESNTEY, MAREREE K< THZ L
T~ 7%y N MV EWRL, A BB A LR
D NV BERERLERELH LM Ll
MNH, T3y b VT ZHINEE 5720 OREEIE
[Bl#E - DOZEBIEMELS UV T 7 X v A MV BIERT
TRV, ZIT, AT A VLR A ER
WEE—ZIZTCY TV XA RNY EERHTESE
WEBFL, EEIC L 20 ZIT o 72O THRET 5.
BEETILOH T & T

Fig.1 @) [ZX—RAET N THDIRAY LEERERA
ZHAWZIPM E—%, [ (b) (8T 5 IR
RS R A4 Y LR R E— % OIRIRERT. €
—ZEAE 112 mm, [AlEEFEE 55 mm, X v
Fi305mm, EEFROEEE-OFEIL 30 mm ThH
5. BEFEmET A EBETHY, 2/ Ml Ay
rH7=0 35 Z—1 BN TND., FETILD MLY
Wil % Lol 9= 5 72 O HRIE 4 A O IEEIRER 252 72
L XD MV A 2D-FEM (2 TR 7=, Fig. 2 (242
FETINO T EERZ T, JEMEE L T2 &
T Fy b MVT BRERE 72 2 ERAARDS 40 £
N, ~7 %2y NI EVT T H ANV ORFEN
WS, WE MLV M LT,

W, R=RAETNEREET VOFEEEZRAIEL,
BRI 21T > 72, 1300 rppm (281 5 b v e KD
TEFNALFE T O LR B2 Fig. 3153, FHEE & E
BT T 2R TH -T2, BEETLO b
L7 XRE DS FERAR & el U TRVl & Zp a7z, 2
DFERE LTIE, BMELEZR AT LR FAOFHE
BENRELS 2o TLEY, a7 RO OB
%i@ﬁﬁ@?ﬁ*)bhw7ﬁﬁTbkk®T%
%. Table L IR TFERETE DO E A5 &, 1B
VLB BT @%K&%%#ﬁﬁﬁi@%l&%@w
L7-.

55 mm

— 112 mm

112 mm —

(a) Base (b) Proposed
Fig. 1 Shape of the motors.
—Total torque

—Magnet torque
—Reluctance torque

1
0.8
0.6
0.4
0.2

0 B

Torque (N-m)

-180 -135 90 -45 0 45 90 135 180
Current phase angle f(deg)

Fig. 2 Torque characteristics of proposed model.

Current Amplitude [A] Current Amplitude [A]

(a) Base (b) Proposed
Fig. 3 Comparison of current-torque characteristics.

Table 1 Comparison of fundamental wave of back EMF

Base model Prpposed model
Calculated 194V 174V
Measured 18.0V 142V
Error rate 7.1% 18.4%

BEXH

[11 &H)ti—, /IS, WME=EL, BE—, &k
iaﬁ@%ﬁF%i%fyF@E%%wt
IPMSM DR IZBE T2 B4, EBRFED

,  FEXFIZX

XEE D, Vol.136, Nngm%7mm(mm)
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Y= =V PV RZRVT
LLC-LC ##REI DC-DC = v N — &% D HELHEET

W Mz, gk e, e FW, i R, ik 8, BRE S
(EEAPN=D)
Basic investigation of LLC-LC resonant DC-DC converter using a leakage transformer
T.Denda, K.Sato, T.Sako, T.Minamisawa, T.Sato, M.Sonehara
(Shinshu University)

;%_:é

L C®HIT

AR, SIC/GaN ST —YEKOBIGIZ LY, AL v F U VT EEERO SRS RREE 720, &N
R EZRBEIROBRBPHF SN TV D 2, SERIZHEY, BREMIZET KON BEEL L TW
L. FEEOIE, 1 MHZ U EOEERE CHIERBRRMEI THAELMEIE LT RA X L a R Yy MIER
L7= D UL LBERENMELS, FTRICHWEE, KRERFhA X I X2 RAE[qTH)—r—Y T
VAL LTEMET D, A v X7 2 A —IRIABLIRA %7 2 & LTHRIFT % LLC L4 DC-DC ==
NR—HF~OERAIZEAT 254, MDA >V F 7 2 ADa L N—F I RIETHELEET D 0LEN
HD. FTITEHELE, RMIRNA CF 72 AEGET D0, BN RMEBHES v v ¥ & B
% LLC-LC #:3E% DC-DC =t v "— X Z kst L7z,

Q,, 0;°GaN-FET Dy~D,:SBD
s Resonant Tout
LLC-LC ##ER DC-DC 22 v X—% I Ql]J S capacitor —f
T ] — % &0,
Fig.1 | LLC-LC #L4E%! DC-DC = > /38— & O [a] 4] PTT o e } T Vour
3 enetization’ |
BART. SOy S kSR & m; 5 |
FE O SIRE R A Gt b Z Lo kb, HIREM .. Leakage . p.g D,
iﬁﬁ{% IZBW\WT :Yj'\’rfﬁljyﬁﬂ/]’ Vs &“ 7R R 0)%;% %ﬁ'ﬂ Fig. 1 LLC-LC resonant DC-DC converter
1.4 T T 4 T T
A DML E 722> T D AR T, LLC-LC J:iRE S 1) [
DC-DC @y =% & TN IR v N & &Rz & 1 s ] E 3 o 1
7200 LLC-L #6478 DC-DC = v "— ¥ Ofhif e 5. . - T
YD, Tia o4 * * £ " A LLCL (VT 4F)
= . ATLCL s 1F XLLCL(A-7F-F) |1
£ oot * A Rk
ik Sia s S e R R R A
Output current I, [A] Output current I, [A]

HVDC(HIgh Voltage Direct Current)O) ‘:/X ?‘JAJ\@}TS Fig. 2 Power loss of FET vs Output current Fig. 3 Drain current vs Output current
%%z, EBFRIAEEEZ AT 380V, 7] 48V « 10A, 7 ADHESIRE % 0.8, HIEEM % 3MHz & L,
LLC-L, LLC-LC AR N—F DY — 7 —V N T VR FRHIERERH LI, ~A—T T U v U N —H
[AI#%121E GaN-FET, 7/ 7'V » PEFRREIFEIZIE SBD O F /3o ZEF /L% T LT-SPICE Ti##rZ L7-.

PRI R

Fig.2 (Z FET TO#%&D B, Fig3 12 KL A U EBROFEDMEOH EREE2 7T, Fig2 LV
LLC-LC 4% DC-DC = /3 — % DN IEFIZIHB T, FET TOHERKMEBML TWDH I ERbnd.
ZAVTARTEIR O IIRE L W =2 "= 2 R UGG, HIRF v U F 2 —kMAE ZRANZ T 52 8T,
—RABEIR 5 v /X Z OB R Ui i O SHRE R B MK < 72 B 72, EERIEEIC 31T 2 BT
DFIMEN/NEL 720, Figl3lZR Lz RLA VEBRMET T2 2 & CEBBMUBLZZ0EEZLND.

L 2D N

1) Naoki Yabu et al., INTERMAG, Vol. 54, No.11, 2801605(2018)
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5 BRI S VR L T BRI T 7L

BT, AR R
(Rt A SRR, *AER)

Magnetic Circuit Model for High-Efficiency Core Magnetized in High-Frequency Range
Tomoyuki Hatakeyama, *Kenji Nakamura
(Hitachi, Ltd., *Tohoku University)

[FLHIZ

PHEE v A7 U A, WERE, REREREBICOM LI EROBRREET L DX, OO IR
KEEZRIATH-DICHERE ATV VAL OFEAEEZVLELT5H, L, @RPLOEMRERENR
ATV AN—TERGT 5 LIRS TIERL, BEZEULARERND D, ZOMEEFRT 5=,
AEETIT, Bt ATV V2L —TOEMMELZREL 5 HEXIRET 5,

RETHHSERRETIV

Fig. | \ZRT X218, AEEACB T AT U P AVL—T1F, Btk AT U ¥ AN — T PRFARR W TS
FIER LT —T7 & LTRIIND, fED /NS WERBSIZBWTHERTHY, flicBifsex7Y v
AN =TI HRIBEW T TIERT D, LER-TC, FICBT S AN oBKWIL, ficBi) 5 —E#
WM OBRIW ZHNTRO L HICERTZENTE D,

Wi =Wy + Wae = Wy — W + Wac (1)
ZIT, Wk AN o AT U VA TH D, HIEK
W CRbEE L7234, ()ROSR RIRAO X 9 12 =B
T&E 5,

Ba

—

» H

T DC hysteresis loop

{ ] Hysteresis loop at f’
""""""" Hysteresis loop at f

2 1.5
W, =[/Vir_l_@(f_fr)_l_%(fo.s_f,o.S) @)

22T Y Vs TN E BB, RAmERBICST S Fig. 1 Schematic of breakdown of hysteresis loop.
BEchHy, EEZQXTT7 4 v T 4T TEHZETHDL —W\—

ND, ¢ EEOLOEREE, Byl KREETH 2, ' ¢L“;,dwsw
iR DE 2DV TR E T V% Fig. 2 1ZRT, fliZ | L @_|‘“;;‘“ daz‘ (f")
BIDEAT VY AVN=T 2Ny T vTT=TNgB)EL @ H=¥> [Orrasglrn (a“’)
TRBEFEOIC X, HEREFROT, I 5mETE, RE | " )
BRI RREES, LESoT, RRENHD, @Fabt |, SA 6e+n%5%w)
b ORERE 2T U & 2 —F YT 5, , D)
s ey

FERICE BRI

f'&%1kHz & L, T/ fEEaRBEEM O 1 > b a7 Izxf L C,
1 kHz 7 & 5 kHz O i TH I B 2 FHIIN U 72 BE O848 %
ELTERER, v,=178x107%, y,=221x103 % & 7=,
MATLAB® /Simulink® | TR 2 BARIKET VA2 ER L,
PR EE LR R, Fig 3\ ORd X 5 ICEEEIZFENE L B
HZ—E LTz, ZOMENS, IRETIRILEEE TIN5

Fig. 2 Proposed magnetic circuit model.

25

[ Measured
i | — Approximated by (2)
A Calculated

N

=
o

[N

Iron loss per cycle, W; [mJ/kg]

ARG LDOETMUICERATHD LWV D, 05
o t== 3 7 B
5":% ifﬁk 0 1000 2000 3000 4000 5000
Frequency, f (Hz)
1) K. Fujita, et al.: J. Magn. Soc. Jpn., 37,44 (2013). Fig. 3 Frequency performance of iron loss per
2) K. Nakamura, et al.: IEEE Trans. Magn., 49, 3997 (2013). cycle of nanocrystalline cut core.
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VNS
LLG HF# % W KU1z X 524 ko
TS EE A B2 B9 A Rt

PR EHAL, A R, 2 WS, <RI, EEA EH
HRAERZ, *(#)7 >V —)
Improvement of Prediction Accuracy of Magnetic Properties in Magnetic Core due to Machining Process by
using LLG Equation
Y. Hane, K. Nakamura, *T. Kawase, *N. Hosokawa and *N. Kurimoto
(Tohoku University, *DENSO CORPORATION)

4 L= VAN—THRT, INLORERDL L, BETD
- IETEIZ & o T, BRI O T RS BE 23 K (2 1]

T—H 7 EOBKEIEOTLM BN A SN 5 E L gy
A 3 o
WEARMRIE, DI TR DIS T X » TREK BN L, ELTWAZERTHIND
OB THAOMEREMET T2 Z 36TV S R

B LEENoT, BAMBOMIEELOLDICIE, D WR R R Nk, K, B, 56 : R
I & 2 REE DAL F TEE LI F1ED BRENIC I D B REEHAR O SR FEMMARAT 1, EPE,
HeSr ISR TR Tl 5 SA-13-6, RM-13-6 (2013)

NP S =5 N - H—{ N
LLG HfEUTE B U, FEREANE S 417 RS O o

, Vol.3, No.1, pp.90-94 (2019)
SRR A LR R PR B R AR R L 2, o PP

LU G, TEROFRIFIETIE, KRERELEN Table 1  Specifications of test samples.
it SN2 E DO T RS EIMENE WO FRER H - T, SampleNo.  [No. 0[No. 1[No. 2[No. 3 [No. 4] No. 5| No. 6
ZZCARTH, RROTRFERGARL, FE RO o L2 16 12 L2 101N
DRE SIS CTEMIEREE NS Z LT, &6 12 ,
2 PIRSEOW AR AT D THRET 5, . 1
FAERBICK FBEEROBIFE T AREER 5. |
Table 1 (2, BLZITAVERBORLERT, = < |
2T, RFITRTEER LT, BBOM AN 3 '
2N T OBIE O 27T, o '
EF, RBEAOHEICRN TR, Fig. 1I0RT & O O Rolledratio 2 07
D78, HEIEER x & INLHITE ORBET O hawe 0 BAFR Fig. 1 Relationship between rolled ratio x and /anir.
%mwkoﬁﬂwiomlEﬁ%}&mmﬁwf, R )
hanir ZJFEIER x O—REAEL L TREET S 2L T,
EEOFIERICB T 5N 2T TE L Z 03D L5 L5
"B, s s |
KT, HRBEOMEEICEO T, kkers ¢ *
N5k g(B) & VT2, - Y Nos
g(B)= LXHL(B) ) %5 Avgf;ge 1 s D Ave;.gse = Ml). s
h (B) Magnetlf; flux density B (T) Magnctu.: flux density B (T)
anr nonpre (a) Rolled ratio 3 to 12 %. (b) Rolled ratio 30 and 50 %.
Fig. 2(a), (b)iZ, #kE} No. 1~6 DEINZEFITDON Fig. 2 g(B) of each test sample and those average value.
THH L gB), BLXOZOVEHEERT, 2D
DRERD L, gBIFHFIESR 3~12%CHB 0T, 1JF 970N S P
—EDOHNZ T G, (DXNEHNWTE AT £, & B 15T £ & B-15T
VAN—T DI E TRIFRETH D Z & A bh g y ) 2 )
Bo —F, IR 2%5@B2 5L, EEROMm 5077 0T S0s 101
IZEE, gB)DOBANELLTEY, (DR TIEER 8 [/f——s5,-0sT § [l B,-0sT
Eiﬁ%?ﬁ”‘(i REETH s, =2 THAMBTIE, Jjé}izfﬁ&l 3 Lo 300 7300 11500 . oo 3500 7300 11500
5 CTARE A g(BICHNT B = & T, WIEZIT T2, Siaguse ikl 7 () Nagache e 7 )
Fig. 3(), I, FNENIEED TRIFRE, Bk (a) Previous method. (b) Proposed method.

DR FIEZHNCEIR LIZEE No. 6 DE 2T Y

Fig. 3 Comparison of predicted hysteresis loops of sample No.
6.
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RIERAREDOHREE S DT

WA, i ETs, EACEAS
(ASLAMBREE, ENIRF)

Analysis of electromotive force of environmental magnetic field power generation
S.Yamada, S.Ikeda, and K.Tashiro”

(Komatsu University, *Shinshu University)

[FLHIZ

IAX VAU YRy hU—7 R ToT IZR#E LT, BRERBERIN
WCBALREE - TS, REREHMO 1HE LT, BEXMEEE
=T W ip EOEBEOIRMEIIC L 2BRERARERHSH V. T
A —& 5 mT RREORERBEA S OBV OBLETHE mW 205

10 MW F— X OB ORES BB b0, BRI EOHS 200 mm ~ Magnetic core Coil
RS S LB DD, AR, HREED & 51 LTl L 7 ﬁﬁ-
B R IR OB AADTE S OMATHIR A B LT 0 CHET 5. g Fnvironmental fields Bo

Fig. 1 Magnetic field power generators

BEHMAREBROBELFBEEED

AR THG LT HRERAREROF Z Fig. 1 OEEIIRT. BEROHE, Eﬁﬁ;lﬁﬁﬁ@*ﬁhm»u a4 Vi
W HMIZERL Cd L. B—72 R0 MV OBREEESR Bo(ERENIKE L COHTICHL Ol A R ET 5. 2 Z Ciid ko2
OIE—WrmfE z R OMHEROBLOIZ, a4/ vElE YL A RELTHREENZRDS. ﬁﬂﬁﬁ@%ﬂj &, AR
LOHER ER) m 23T 5 KRS NmhZ X0 Bl CORIREE BAFENME) OHEE & Bl 17 x TO
REARIEE 3 AT Bx) GEME)M S5 2. Thebb,

6215%555 [T] (1), B@)za{l_cﬁ%f} [T] @,
s BELOWIERH(=2000), 115 BROE, C; WEFRH(=0.6-0.9).

TERIND. (Z)ﬁfz)ﬂb\f:4xv@f§@wﬁ§i®7§)6ﬁtt 5 )1 (FZ5NE) Vame %38 H L 72,

_ nirSiBgy _c l_2 B
¢"IEWE:5{1 g(11)} Wol  ®.  u—omfe V@

100 mm / : ~
<

150 mm

Sis BOLOWAE, 0 A VEE(=5000), 12 aAAE(<l), £ BiE%60 Ho) .

BEEEHDOERER

Fig. 1127 3 FEHORIERIC KW CHREE ) O R L2 5@ L 5 ERFERE % Fig. 21277, 3HED
B DRI —E (Veare=2.6E-5 m3) & L, £ &(;=200,150,100
mm)& 2L S8, af VOES LIIBOE LD 12 L35,

FREGARELOR VAR, BB GBS J)= 200 mm

INE S BEDF ORREER KX <, TRbbRERRAORKy & 200 0

IR 2 < B TN B & so
£®%ﬁkﬂ%;kﬁwﬁ%*m@£ﬁ4/ﬁ7&/x% £ 100

Kib% = LWTE, af LOEHEINZ 5 & R BIROEARIEE

B LRTE D, MRS, BB R O T

W, REROB L OBRE RATX 5. 00 =

&k 00 A;?p}md (r]nazgnet?chlelds B, [mT] o0

1) Y, fh, %@ﬁ%‘éﬁﬁﬂkﬂéﬁﬁ, BLZIEHRHR, 2016.
2) M, fth, EXRFEEHCEE, 54-B, 651-657,1979.

Fig. 2 EMF (Analytical and experimental)
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