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Observation of transverse domains in grain-oriented electrical steel by means of
X-ray magnetic circularly polarized emission microscopy
T. Inami, K. Sugawara, T. Nakada®, Y. Sakaguchi®, and S. Takahashi*
(QST, *JFE-TEC)
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Kerr Effect Microscope using Femtosecond Laser Pulses of Optical Frequency Comb
Sakae Meguro, Shin Saito
(NEOARK Corp., Tohoku University)
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Magnetic domain observation of grain-oriented electrical steel with insulation coating
using magneto-optical imaging plate
H. Sakaguchi, S. Meguro, H. Saito, T. Ishibashi
(Nagaoka Univ. of Tech., *Neoark Corp., **Akita Univ.)
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Fig. 2 MO image of a grain-oriented
electrical steel with an insulation
coating.
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Direct measurement of magnetic domain wall width by DPC-STEM
Y. O. Murakami, T. Seki, A. Kinoshita, T. Shoji, Y. Ikuhara, N. Shibata
nstitute of Engineering Innovation, The University of Tokyo, Bunkyo-ku, Tokyo, Japan, 2JST presto,
3Advanced Material Engineering Division, Toyota Motor Corporation, Susono, Shizuoka, Japan,
“Nanostructures Research Laboratory, Japan Fine Ceramics Center, Atsuta-ku, Nagoya, Japan
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Application of compressed sensing to high-throughput magnetic domain imaging by spin-SEM
Yuta Imait, Teruo Kohashi', Mitsutoshi Kobayashi', Shuhei Yabu? and Junichi Katane?
(* Hitachi, Ltd. R&D group, ? Hitachi High-Tech Corporation)
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AT, BB b EH LAY Ml vy IS T
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O Rt ¢ R OB T IR +53 e B ME D

. N . " Fig 1. Reconstruction of magnetic domain image with
5 LN mirole AFBEIMBNOBEORE S HH 10% available pixels of Fe single crystal by spin-SEM:

BN AR 7R Z & DR SN D, (a, d) original image of X- and Y-direction; (b,e) 2D
sparse image (10% sampling); (c,f) reconstructed image
L 2B from (b) and (e); (g,h) vector map from the original and

. reconstructed images.
1) Koike etal., Jpn.J. Appl. Phys. 23. 3., L187-188.(1984).

2) Koike etal., Microscopy 62.1.,177-191.(2013).
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Wideband high-frequency magnetic field imaging of perpendicular magnetic recording head
by alternating magnetic force microscopy with superparamagnetic tip
K. Suzuki, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)
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TREWEMSRRELZ FEBLL T D D, K CTld, BEBMEREHZIS W TEWERE E TOMEINEMS X
O 72 DRI COMBISEDOEREDOENARETH H Z LIZHKH LT, MEMBKGLE~ v FIZ20 T,
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1) 4, ik i, 55 44 B 0 ARR A2 AR 2LE, 15pD-1, 125 , :
Fig.1 A-MFM images of perpendicular
(2020). magnetic recording head by using a
2) P. Kumar, H. Saito et al., J. Appl. Phys, 123(2018) 214503 Co-GdOx superparamagnetic tip.

[(a) 100 kHz, (b) 10 MHz, and (c) 1 GHz]
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Development of microwave radiation system for high frequency magnetic field imaging
by using alternating magnetic force microscopy
N. Umeda, M. Makarova, H. Sonobe, T. Matsumura, H. Saito
(Akita Univ.)
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EAORIENI NN D X HIC., &Est Fig. 1 Schematic figure of present microwave
FANE LR AES AL LT v 1: B A radiation system.
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Quantitative magnetic field imaging by using alternating magnetic force microscopy with
superparamagnetic tip
R. Ehara, K. Miura, T. Matsumura, H. Saito
(Akita Univ.)
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ZLENHETH o, Box HELE, @Wi’%ﬁ@&mﬁ% B 22 W3 AR C BB HH C & 2 AR RS BB
(Alternating Magnetic Force Microscopy; A-MFM) 2, @& EMEEE (LB EIINC X 0 #5505

MBS R I bef LT3 AE) & R ERET H N aA v (W OZE/R oA ABEm) 12X Vi

WIPERS 25 2 & T, BRGSO TEEA A —V 0 TIEERE L, 7o, KABAEBIEREE L

T, —ERRANHMEESG ZHIINT 5 2 & T, BIGEOKRIEOREEEZ 7~ Le, ARG Tl KARARE O

A-MFM 872> B HE L 725812 DWW T, ERLOFEZHWT, SRR EENRD Z L THIGOERERA A —

VT ERBIFEREIRARD,

SFERAE AR L U CEABEREN 2. 3[k0e] B D il NdFeB Rifi & -, BH Rk ?“fjr

Si BREHRAIZ Co-GdOx AR REMEHMEZ 100 nm s L CIERL L 7=, E%En PEBREF D EIREIZ 1T 2 g 28

A (B, AMES) R, SRELOBIZHE N ZE L A L O/ SO g

HEOCERE L, BRI TE T M O AR ik HE cos(wt) Z il ;ﬂ@#“ﬁjr Z  (a)

FUN U7, & 2 COBESHI ) D6 H O3B B AT S BTS2 H®

e BRI
H=H®*+HXcos(awt)e, (272 % 7= . HEEBIL m™ [ XBES (C 4 5
(m™=yH), 2T, AMM 2T 28K N ARF, =d*(m™eH) /o2’

D E. F (o) =240 (HEH®) [ 6z)cos(wt) & 725, A=A BT %

ZETHNDZEL A ND HE, oHE oz, PHX 1 67° DIEIZEEMTH 5 7=

W, INLEEKE LT, BHICHRDLIREO HS &, oHE oz 4.

a Hd°/8z %%, WEHMBERMEICIE S BB 7 + V¥ —MBE1T

i) %Hab‘j L7z (BB, RO HE GOBSEOR X, Z2iia

/I’/I/@T R L7 EAAI XD — R EREES J D KD Ei}’bt H %o

EMEOELEE AW TITRbill,

EBRER Figl() ITAMERKE N E o 0REORE O AN £
(S*(H®H™)/az*1%) %, Figl(b)iZ Figl(a) 2> L7-3El R E
(HE ) 239, 7233, BREHBURHRIEERET 200 nm TH 5, X (b) D H®

BT, RIESNTBSHEOS@mRE HbE ORL WD, ZOMIGHED

RIEIE, AME ERLYS (-300[0e]) Z FIIN L CHRIE L 72 A-MEM > & 4 H

L72 HE B OSERICB VT, ¥ rER CoOMEEE%E 300[0e] & LT, Jt

DIGIE B Z WG EICERT 2 2 L2 X 0 iThiiz, -300[0e] HIIMIZ B

Tl HIE L2 P (HEHX) [ 621 SREBEINET % T L RN Z &b, ,

RELOBALIRBEIZERREGEIII TEE L TW W2 & 2R L TV 5, Figl A-MFM image and

7285, A-MEM AR SR U7z HYE 80 D Z2REM 3 7 4 v &7 — Bz X D

PHE 1o’ RO D & SMNBERBES ORI L ST REETHVBIZL

7= A-MEM 8 & XIS S22 &b, A-MIM BIZ°H [ o’y & R7a

ZERTELZ ERbinolz, 2O OFEMITFRTIRRS,

275 3Tk

1) BAE HE. =M R, ftho: 2 45 [BIH AR

contour of extracted

magnetic field imaged

,\

3R eI AE 02aA-1, 140 (2021)
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ARG R ST BREE BT B AV EREE D
ERSRERL R A A — 2 v T~ DG

e
(K HREET)

Application of superparamagnetic tip to advanced magnetic imaging

“|

on alternating magnetic force microscopy
H. Saito
(Akita Univ.)
[FLEHIZ FEFICLVIRESINT-RZEMK MBS (Alternating Magnetic Force Microscopy; A-MFM) 1%, i
B S o WEMEREHC E O SR E R & 7 D IR DO AZEREK ) A HIUINT 2 2 & TRAT 2 BREHEE) D8 I
BEFBL ZMM LK DBMETH Y . BBR T ORK ) 2 MBI T&E 5 2 L2 b @22 Mo fitee
PFFB I, RENTH W D BRI A2 IS 2 Z & CREKGLERIEARO K A A M B OB . 36 K OBESGRL &
~y NENDDRMSGZBET L2 LN TED Y,

ARR OB FWNERREH T AAMFM CHRBEMEREH 2 W58 IR e AT U S AR L BET S

REBOIRDIZOICEAEZED T2 O TH Y | Ml Co-GdOx FREt (7T = 2 7 —HBHE A A4 D Co
KL DERFES 3RS 44 vol% FRIE) OBIFIZEII L T\ 5 2, BHEBEREHT, 1) MRe AT U v AR B
SHREAL DS EVIRE S5 2 LB U C RIS T TN rIfi I A2 L, 2) PREMEAE2Y GHz LA L@ JE T &
GHONE L, FTRR D BB OBEGICEDEREDOE N R Th LR EE AT 5, AHWE T, MEMER
FHIIT R BN WN S OB FE MRS ORMARIA T 5 2 & THRBIZ /2 2 MBI A A — T 72D
THITT %,
ERBEOEEA A —DV T WRHEMSIIHG AR AR L T\ b7, ZRSHEIIEND b OO0
HERDERMICH D T EPREE SN TE o, RFETIE, EEBIERS O R 5 ) & SRS i
TR A D Z N TED T & FHEES 718 2 S A iy J7 TN [ E) . d6 & OV & R PR PR ET D [EiREA L,
DNERERN B DERES B3 5 Z & 28 2, BBHmICEE S W O EEY: H. cos(wr) ZHREHZEIN
Lot EHC D H X, B OB AT D ERMSG 2 HC & 75, H=H"+H* cos(ot)e, & 72
% FREEALZ m™ X SIS D (m™ = yH ) O T A-MFM BRI 28K N0 BB F =8> (m™ «H)/ o2’
D o K5y TREHRE O 8BS TR 2 5] i 4 RBREN) 13, F (o) =24 (0" (HEH )/ 6z ) cos(wt) & 725

I CRMRIRICZE R a A v E WS Z LT, RO RBICLVEND HC, 0H |6z, 0°H | 62" 7SEEAN
ERDBDOTINGEESE LT, R D OGRS HE, 6H |6z, °HY | &2° %, TREHMEERSKICES
 ZEMJEWE T 4 V2 —BEZ1T O Z LI XV T 5, WG EOKREIT, AN —kR A B %
FUmL7zBichiti s n s BB 502 b FIHT 5, RIS VGO ERA A —V 0 FINalREIC /e 5,
RRHBOERRAA—D VT BRSNS T, &R O RGO F N REETH 5 = &R
e SN TE, RFIETIE, BEBEMRSD GHz L EO & W ERE THRIGITISZE L, £ 2 BT O/
GISEDOERGDENRETH L Z L 2RI 5, @A RO Y 2 A-MFM 236 H T & 2 JERE TR
HT 2 7=0lz, @RS 2 RE R CMELR (EWEHR) 35, (H=H)(+acos(w,t))cos(wyt))

BB m™ 1RSI BT D DT (m™ = yH ), BEK SRR F =" (m™«H)/dz° O o K71,
F(@,)=am(@(H ) 10z°)cos(w,t) &5, ZDRERR I %, KB LIZENTINZ 5 2 LiC kv REHES)
W JE BRI AN R L. GHz LA LoD J8 e 5 DR HIIAN ATREIC 72 B

TR PRET 232 2 & THIICHEI TE D mERERR A A — Y 0 7 OFEMIT T2 THRE T 5,

L 2 BGN
1) H. Saito, ¥ < #3a/Magnetics Jpn., Vol.11, No.4, 214-220, 2016
2) Y. Cao, H. Saito, et al., J. Magn. Magn. Mater., Vol.462, 119-126, 2018




06pD -1 2546 O] AARLKERTENEFEZEAE (2022)

T REWR EOa S v ERAWE-a T L RAERE T OB

BRI, ILNIFHE, /NSRRI 2
(& LBEHAER), *8B LEE A — ¥ —#))
Development of coreless current sensor using coil on printed circuit board
S. Kuribara, H. Yamauchi, K. Koizumi, S. Harayama
(Fuji Electric Corp., *Fuji Electric Meter Corp.)

‘i L:U)': pattern coil

PTAE, B 3R & 2B TR S VTV D03, EREEE T/ current line
A AVERROEN T BN 2 EBLT 56 BRIk vy
YR KREUET 5720, INULDOEBNRETH L, £ 2 THAL, 7
U v MEWR EOFR N F — TR Lz aA WL /37— a A L)
T, WtER a7 o/ Vb A R L7z D, AlElL ER 5/ kD
e, a7 L AERE I ORE T o 72O THRE T D,

u K1)

hole

printed board

Fig.1 Sensor Configuration

Fig IR 851, RIBEMAEE T2 L0 ICFTICRE LB |
BE 4DDAT— Al VERBLET Y v NERE 2. BREOT 5o, | - 0126x
TSR T2 2 O BRI RUE T B Rk E R Lz, AMRIZT,  §3a
BN &> TEIMROFFIAE L HMROEE Y —rafvTo 25|
FHEEEL LTIRY T 2 & CERERINT 5. g0t

RHERCCIT, SV OB BERO 0, WEEKo®E o 7
THANT 2 DD/ 5 — 2 af MRS L BB L 0 & U 5 i S o
JEMEADAA L TINR SN S K 5 BFNTHRE L TV %, ZOREIC & Fig.2 Sensor output characteristics
0 HEARFEIETT [0 OISR D 58w Fi A O = A L THE LRI T X 2,

SHI0, BROEH - HRISHLT2MOAT v af VERBEL, 4 o on|
DO IA NV EBINCHEERET S 2 & T BIRRIEE A EL TS, g |

EREMOMET LY L L 2 BIRRHBEOLBLIRDOTZD E §E "% P g
WO R LB A BT OB A I AL L S PR § 300 |
RO LT OB L OIS L5 85 iRl LT0d, Zhic 5800
£V BN Figl O Y HEISTNIGE, B ETOERRICH L § o
T HITESE b~ HITES B0, FERALETIIC K DR Vorticaldispigcement dislancaof the board
@Zﬁé'ﬂj AR CE, EIR HREEE D25 ) EMZHIENTE D, Fig.3 Rate of change in sensitivity

when the board position shifts
SR EtIREE

RGO 2 8E L T Eitt v ORGHRGEEEZIT 72, ods | Y
VAR AR 0.5A~250A 12T BESURNT 2 IO T aA LV OFBEEIED  E505 | k’ i &
SRS LI AEEOMIER R Y Fig2~4 \on T, ditimgs  $Er 2 e
0.12mV/A TV =7 7o KEAM5 5 AU(Fig.2), FEMAZE 34 UF(=0.1mm) é :EP o output at :e?:ai:;:e\git?i:;d
DIEE BT K 0.016% (Fig.3). FMHEL5(0.125mT@50H2)I1Z L 5 5 B 0.%:3 [ external magnetic field : 0.125mT(@50Hz)

5 —

Hjjj%/ﬁ\%{i%j( 0015%«6% D (Flg4)‘ %?}:ﬁiﬂz :/‘]j- k LT+§7\%£‘I‘§'§E front and back I vertical I left and right
71)§?%; % j/l/ }Z) : k 7&?%%}8\ L/ 71’:0 (X direction) (Y direction) (Z direction)

Direction of external magnetic field
BE R

Fig.4. Output error due to external magnetic field

1)  S. Kuribara et al., Proceedings of The 2022 Annual Meeting IEE of Japan (1-040)
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BN e — 7 ERE Y
BRI — 7 HIARI YNy ROk

)

A B PR, AR B, AR MRRRY, T B2 ALR RLRE EOR R
MEMKREE, 2 F AT 7 A T4 R)
Investigation of magnetic yoke with embedded sensor head for optical probe current sensor with high sensitivity
T. Murakamit, M. Sonehara?, T. Sato?, S. Sue??, T. Kubo?, M. Miyamoto?
(!Shinshu University, %Citizen Finedevice Co.,Ltd.)

X LI

BFE, it iy ¥ o MEHLERS CT (Current Transformer), 2 A ¥ —a A L7 ERFIH I TV
W, HERERE ) A AR T, EBEERE LOBRUEBICER A ANEET S 2 LafEllEh,
FIATRE R BRBE DS BRE S 2 M & 5 .

EH DR A ADOEBEZIROERE L L O REE BN S T = 2 7 — R
Faraday 2% FIfIT 2067 0 — 7 RBHE v OBREED TS V. BIfE, NERIHINCE T 2® vl
TIMEL, /A RITHBRTLE S Z L BRI L R>TWD., 0T, Bl k4 /N BRIk
THIEEEME LT, Brth~y NIRRT AR 2 O B AR 3 — 7 2535
S CHIMBER AT N AL, BRER B TY OR AR S B RE EED T X2,

AR, B Y OE A BB E BT, By REICH 59 2RK 3 — 27 IR 2 Tt L,
Uty REBRT—27 THY A v F LESGEORIZOW TR LD THRET 5.

BRI—I BROBE LBFTER

ZE T*ﬁg‘{f INTE f:@‘”ﬁ qa—7 ﬂélﬁ(% £ U@ffk Magnetic yoke
39— Z{f5 L7 Faraday & ¥~y K% Fig. 1 - “"”’"""\
(R, FEPRUay REATBREEK S —2 (8 [ 00 K mx#4#
Ilmm, BiZ5mm, BS5mm, ES Imm, I—7H o R v
¥ v 7 02mm) THOBETMEICRS>TNT, & e
Yo~y RO TN E — 2713 20 KfECiE, & Magaetle yoke
ANy ROTFNZHES 01 mm TI—7 Xy v Fig.1. Faraday-effect optical sensor head with

magnetic-yoke (long side: 5 mm, short side: 1 mm,

o INTA T = - S R N -
7 0.1l mm OEPRBERT =7 ZEATL, ErP o~y length: 5 mm, thickness: 1.0 mm).

FETOERRER I —7 OREZEZ 1 mm & L,
IMAG-Studio % AW TEREFEAT LT-.

FEMNTHRE R 2 Fig. 2107 F . HolIeA 3 — 7 W55 Ho = 10 [kA/m]

DERFRE TH L. TEK I — 27 OFETHKRS 2 E

&, THA I —7 205 LB ENGEITEN E

T, BERKLEHEE 220, k3 —7 BikE fva 2

VIR R0 BRI < 2o 7o, BRI A st ]
DIHTE R L B0 Y HHT 5. L i
BETHR : ’ Positi(?lilx [mm] 02

Fig.2. Analysis results of magnetic field
1) 1%2?1%%%& fill - ZE41I0] H AR U 2 i A 2R, 21aB- magnification H/H, vs. position x in magnetic-yoke.

2) SFh AE7S, fh : BRI EEKRE, 2-C-p2-5 (2021).
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AC BT E R GMR & o Y OGS TGS IS & 2245 fRHE

B RAESL, BIRFERL. ARENE. *RIEHER, *ER—, RO
(RS, *HEF 7 7F VU v A(KE))
Application of High Sensitive AC Field Modulation GMR Sensor to a Magnetic Field Microscope and its
Spatial Resolution
A. Kikitsu, Y. Higashi, Y. Kurosaki, S. Shirotori, *T. Nagatsuka, *K. Suzuki, *Y. Terui
(Toshiba Corp., *Toshiba Nanoanalysis Corp.)

[TLC&MHIC

BES% GMR % AC BERAET T 2 M ER R 2 o 2 BB L D, Uf 7 A AR ELAY7: GMR # 7T H K
PRI OIS IIRIR & B IR CTE DO CTH D, ZOX I REBEMR OB E LT, 2k
WRT > 7 ST DM e KGRV A WS CRIPME T 2 RS TEIEE 203 508 SREEITE IRF D S 2h
PR L 2SR RREIC 72 D ARl BME LT R A RIGIEMEI S A T A A L, Cu 7Y v MRS
BT DR AAT N, B & B RREICE L CTB R A T o O TG 5,

GMR modulation: . Ferng arecten

RBRTTE 10 ke i e
. YA s N - fi reference GMR analogue out ) i .

Fig L ICRESBTBE L B v o=y FOBRRE [ [ costirony [ ol

scan 424‘

sensor

9, Bk GMR 713 10 kHz O AC BER CAH &
nNo, EROMMETEBRNT L7V T Y v OB T
2=y &L, 4% GMR FEFOMHNIZ 1 mm D NiFe ©
MFC (Magnetic Field Concentrator) Z &%} 72, MR %54 E printed wire

DREEE 1340 5%/0e, /A A L1t 13 pT/NHz@100Hz ‘ =mpe sample modulation:
THott, CuBLERY TV 100 Hz ORGSR E AIF Figselsor;;:;matic view of magnetic microscope
L, BvVa=y MOHEHEe Yy 7477 THRIE  and GMR sensor unit

T 5, & oV & BEE L mm TY 2 70 Lot ST 0.1/
pixel (16 umx10 pm/pixel) THEA L7z, MR 1 MR TS 72 I
< 72 %I TV EIE CRRE & A L. A IRERE TR -
TR & Pl T B 2 b CeR A RRE A FTAN L 7z, AR '
%, MI &2 (5 pTWHz@100HzZ) & brigs U 7=, HIEIE. simuiation]
K= RERTWRWERE T TfT- 72,

R L URE _ o
/A KU Bl b BT, Mk D2 Mot flld Images of GMR sensor

GMR & > % CRHRFULFE U ThH 72, £ 10 nT OBREE

BRI AXDEDTHY, 2D A RZ 2O rYa=y MCED2EBRECRBTE 2 Z & 2R LT,

Fig2 IZ 45 mAp ZFIIN L7z & & OGS LR T v 7 7 A NV ERT, 7T 2 78D Cu B IR D 8L

TE, ML B R0 S EWERISRRER G T, WET 7 7 7 A IR0 OFHRAE D & EE T 3

mm /AR ->TEY, MFC 2 &®Hizt o=y NOIED 34 FBRENRHBEOY A X Lo TD,

&R

1) S. Shirotori et. al.: IEEE Trans. Magn., 57, 4000305 (2021)

2) K. Kimuraetal.: Electro. Packaging Technol., 28, 16 (2012)

3) A Kikitsu et al.: Abstract book of 2022 Joint MMM-Intermag, IOF-07 (2022)

This work was supported by the Cabinet Office (CAO), Cross-ministerial Strategic Innovation Promotion Program

system K
Lock-in amp control unit

reference

GMR-B  GMR-A
[ 1
[ 1

g

GMR-A | | GMR-B

profile along the broken line

gnetic
(simulationz
0 1°2 3 4 5 6

S5 4 3 2 1 8 9 1011 12

distance (mm)

(SIP), “Intelligent Processing Infrastructure of Cyber and Physical Systems” (fnding agency: NEDO).
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2y baefT20~vA 7R RN yTRT 0—7\2 X5 HERHE

HODEERE, WFHIH, SORMEDR, eAmpsE, hEfmE, #EE
(ALK
Evaluation of Permeability using Microstrip line slitted Probe
Y. Watanabe, A. Mashiko, M. Sakamoto, K. Sakuma, K. Okita, S. Yabukami
(Tohoku Univ.)

FLHIZ

BEMKBEES AT L5656, 66 & mEARAEEBEFRRBWTIE, BE-T— @%iiﬁﬁ%&ﬁé%
WET T —OMEIER A LERATRE 2> TL 5. _@%%@Fa@ﬁu\ﬂ%ﬁm&%éuwxmf’aﬁ%\éwﬂ\é T
TWD Y. RERIE, ZhDOBEBERIADBRER &\ 5 S & ff 5 mszraﬂﬂﬁﬂ“é%':/f%%%*;
L, ZixHWZRIERRIZONTIERS.

B|: P20-15R(¥/\irhit)
SAEEE:18um

F~vA 7R b Y v FETu—TORE

50 ~ 100 pmFEE O IHEWEIMER 2506k o <
A7 AN) 7 T4 (LABEEMSL) THIET S &, K
W ORET, FREEIE IS ER DS, SERAZ > 7 R
THEMRESN TS, ZOHEOMEEBE L,
FRE O I MSL & 3%, Mﬁ@%é%%/7w IR~
NHEEHMAT, £7-GHz HICBWCHHE & 7 5K
ZhRORE-C, HEIEF T MSL ORRE J7 17 O v 12 4
F45., ZOMKRREL LT, Fig. 1IZRTHEZ, MSL ©
SR T O 2 Y » N & 8 AELE L, AR RS &
1B BIREEOY—{b & BimATZ.

%W% 6 L S T T T T T T
NiZn ferrite sheet(3 mm x Imm x 100 pm)
*IE L/ 7L_M S L FH) 7° 7— ‘7“ %’fﬁb N len ferrite _H_ 5 [ - ® ' microstrip probe with slit cond\mor_
v o ].lr". microstrip probe with slit conductor

YN D EWIGERE T L ISR T O S21 OfE%E
3y NU—=ITFITAY—THEL, ZOESNLHE
FILBHRZEH L=, Fig. 2 12F OB R LIERERN
ERE R AR BOER L, v Lo RER

p,". Nicolson-Ross-Weir method
e T ", Nicolson-Ross-Weir method

Relative permeability
T

% Nicolson-Ross-Weir 5% TORIEREFTH @ ZN ‘?&ﬁmw

BEFETHEH LEREFO Ry b LB L, RIE% L
LTS DRGNS, ZOfk, KRG TTH%# ot me 1x1|0'°%
L2V >y AT 5 MSLIEX, EFRORERAER Frequency (Hz)

KM TEDFELERD. Fig. 2 Comparison of NRW method and MSL

slitted probe
B2EIHR: 1) S. Ajiaet.al, /. Alloys Compd, 908,
163920(2022). 2) Yabukami et.al,, / £'£'E Transactions on Magnetics, Vol. 58, No. 2, p. 1-5 (2022).
3) W. B. WEIR: Proc [EFF, vol. 62, 33 (1975).
BEE: AWFIEITREE T O @ o FRAEFHI - MENTHAN 206 L7z 7 A XNl OWF 2B % | (JPJ000254),
NEDO Entrepreneurs Program(0349006), AMED(22ym0126802j001) D 34 % 5} 7=.
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774 MEREEZBLE LTEEEEA F 7 2D

GHz 7 1Z B 1 & HEM R A

REFPRE, EIRAIR, RIR L NI T JE 1 R
(TDK #Ez=1t)
Improvement of Electromagnetic Properties in GHz Frequency of Ferrite Thin Film Integrated RF Inductor
Takuma Nakano, Shota Miyazaki, Yumiko Ozaki, Kuniji Koike, Daisuke Inokuchi
(TDK Corporation)
[FLHIS
5G DEANIZEE, @A A &7 ZRFDICH LT, & 625/ QEDM EOSLEMENREE L CX

2o TIRD RFI TIEEILZEEI A TOA Z 7 ZBRFMENT 0D, A EZ=aT7IC$52 LT, 2410
WIFEFEOB S AT O T2 ENHRD 72D, TNDDEREERT D 2 EBHIFF SN 57, GHz & ClImért:
R 5 FEGE R LMBENMEILGO E E R E LR ENRE L 2> T D, 7=T4 MISE LKL TRWE
SEHAFD, AAKETO S TEMBALIMTEL 2 LBHMONTWD, o, BMEREZERILT S Z &
T, LV RERVREREGEZFIATE . IRWERER B O TEBRET LM TE DA’ H 5,
AW TIE, NiZnBE D Co 7 =T A MERZ N L7 RFL Z/ER L, 208 B RFHEC SV TR 2,
KBRAE

7 x4 MERAERLE LY L) A B ARk kiﬁm;“ﬁ" | ¥
RFI 0)571‘%%& Wir A [ % Fig.l ﬂ:ﬂf\"j‘o RFI 61?%&@%& 7=z i J ;Mlﬁ Ferrite thin film
T MR, LR DHER SN, L TR E TS X | e
VBRI SN TWD, A VESE Cu DEMRD - X H E@@ .,mwm
WCE DR LT, ke LT A 7O RFLIZOWT (b)Cross sectional view

B L7z, 72T FNERIZTZ7 =T 14 Do EIENTLDY
B U, AT Nio.16Zno2oFers304: 5 B L < 1E Coo.11Fe2.89041 5
E L7,

RFI O & &ML RF [Alfl GS 7' o — 7 286 L=+ v
NT—2 T F T AV E T L7,

EEREE

VERLL 72 RFI DA & 7 & 2 A F KO Q il o J&I % Heki i
% Fig2 \ 7, 28544 7O RFI L E# LT, NiZn 7 =
T4 FEELE LTZSAIT IGHZFREE T, Co7 =T 1 b
RGO E LT E1X2GHZ £ C, A VX7 XA, QL
b ET DI ENHERINTZ, 7= T A MEROFIHIZ X ;
V. 5G JEBEEEERIC I T b BT S E B R A FF D RFL ' Freq [GHz]
DFOENDZEDgmole, YHIXTZ =74 MEREEDEJE (b)

WiBRE e & OMBERFRE S I THRIET 5,

Fig. 1 (a) Top view and (b) cross sectional view of

ferrite thin film integrated RFI

(a) Air core
| - = =Mag core (Co ferrite)
= - = Mag core (NiZn ferrite)

..
~.

Indactance [nH]

o - N w EN 4]
1

o
=

K
= 4
o T

N
]

Air core

5 5 [ == =Mag core (Co ferrite)
?iﬁﬂ :L“E — - = Mag core (NiZn ferrite)
- . . . O 2s —--
NiZn 7 =74 M§EOY 7 v i St eleszee T T
R LR RS TSR, B8 MR 2 IE L C P N
W72 & F L7 Tohoku-TMIT 3% {552, mkASHE# o Frea [GH2) °
% 7 ZF R BT TR < JGH b o
B, PRIRZHFIER ST R LR Fig. 2 Frequency dependence of (a) inductance and
B E ik (b) Q factor of ferrite thin film integrated RFI

1) N. Matsushita, et. al., J. Surface Finishing Society Jpn., 61, 425 (2010).
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B TR o SEIEI B )T AT RE 4 R R B B RESR BIE FEE DR E
XIS 12, FFRER 12, Bl — 2, Il 2
(HULRFR R TSR, 2 HUERYE: BAGEIETFSE

Proposal of a High Frequency Near Magnetic Field Measurement Method Applicable to Actual Circuits in Electronic Devices

T.Karita?*, R.Ishida'?, T.Goto?, K.Ishiyama?
(*Graduate School of Engineering, Tohoku Univ., 2RIEC Tohoku Univ.)

XCHIT

SRR ARG 7 e — 7 Ly — 7 — — —
TAABRGENTNS VR, BB =D ARORR (o @’ Ly
ﬁj\ﬁ 72 EL [/ ( [/ i 5 2>o % @ f: &bzliﬁﬂ:%“é‘ ci‘ Eﬁﬁﬁ%? 3200MHz Circuit to be Measured :
'r{f%[:EIlElEl@jj\"‘;‘f\ v ]\ k/“f}l/7\ I/"“H:%*IJ)EH I/\ é 6“‘—% ]\ Function |10MHz| Signal ﬂ_-\ :
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1)R. Paul: Introduction to Electromagnetic Compatibility 2nd edition, pp. 10-11, John Wiley, NewYork (2006).
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Study on Driving MI Sensor Using Low Frequency Wiegand Pulse
R. Yao"? Y. Takemura®, T. Uchiyama'
('Nagoya Univ., “Yokohama National Univ.)
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1) K. Mohri and Y. Honkura, Sensor Letters Vol.5, pp. 267-270, 2007.
2) Takahashi et al., J. Mag. Soc. Jpn. 42, 49, 2018.
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FEIRREICAICE T7= TMR € 232 & 58RO BB IRENETE
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CRAERZR 2B L 5eEt)
Natural Vibration Measurement of Steel Plates by TMR Sensor for Nondestructive Testing Application
Jun Ito, Jin Zhenhu, Mikihiko Oogane
(Graduate School of Engineering, Tohoku University)
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1) N. Gucunski et al., National Academies of Sciences, Engineering, and Medicine. Nondestructive Testing to
Identify Concrete Bridge Deck Deterioration. Washington, DC: The National Academies Press (2012)

2) M. Oogane, K. Fujiwara, A. Kanno, T. Nakano, H. Wagatsuma, T. Arimoto, S. Mizukami, S. Kumagai, H.
Matsuzaki, N. Nakasato, and Y. Ando, Appl. Phys. Express 14, 123002 (2021)

3) P. Dumond, D. Monette, F. Alladkani, J. Akl, I. Chikhaoui, MethodsX, 6, pp. 2106-2117 (2019)
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(BRASHE S wigERs v 2 —)
Investigation of output signal in symmetric response GMR under AC modulation
Yoshihiro HIGASHI, Akira KIKITSU, Yoshinari KUROSAKI and Satoshi SHIROTORI
Corporate Research and Development Center, Toshiba Corporation
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(1) K. Fujiwara et. al.: Appl. Phys. Express, vol. 11, no. 2, Feb. 2018, ()N BIED A T ABGIGR AT

Art. no. 023001.
(2) S. Shirotori et. al.: IEEE Trans. Magn., Vol.57, Iss.2, Part1, 4000305, 2021
(3) Y. Higashi et. al.: Abstract of MSJ 2021
This work was supported by the Cabinet Office (CAQO), Cross-ministerial Strategic Innovation Promotion Program (SIP),
“Intelligent Processing Infrastructure of Cyber and Physical Systems” (funding agency: NEDO)
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WA TRV TR L7277 «— K23 o 7 BRI GMR & > o /EHL
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Fabrication of feedback-type GMR sensors using antiphase magnetization modulation
K. Komuro, D. Oshima, T. Kato
(Nagoya Univ.)
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1) GAWangetal.:J. Phys. D: Appl. Phys. 44, 235003 (2011).
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Analysis of strain sensor operation by local anisotropy measurement
K. Toyoda'?, T. Goto?, K. Ishiyama?
(*Graduate School of Engineering, Tohoku University, 2RIEC, Tohoku University)
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Magnetic anisotropy control using permanent magnets and applying direct current
A. Ueno, M. Tanii, H. Kikuchi
(Iwate Univ.)
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1) T. Yanai, et al., J. Magn. Magn, Mater., vol. 320, e833-e836, 2008. Magnetic field H (Oe)
2) R. Dost, et al., J. Magn. Magn. Mater., vol. 499, Art no. 166276,

Fig. 2 Field dependence of impedance change AZ
2020. when heating time changes.
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Considerations on Appropriate Slit Width of Line Type Thin Film Magnetic Field Sensor
Masaya Sakamoto, Ryota Suzuki, Tomoya Ishihara, Junichi Honda, Shin Yabukami

(Tohoku University)
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Fig. 1 Structure of proposed sensor.
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Fig. 2 Amplitude of transition coefficient versus

magnetic field.
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Fig. 3 Calculated amplitude and phase sensitivities.
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