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Time-resolved vector domain observation of soft magnetic ribbons
Takeshi Ogasawara, Shingo Tamaru, Satoshi Okamoto*
(AIST, *Tohoku Univ.)

EIREE 0T — Z — DOYEREIN L7212, FEEMEM BFOIRIRRAL - mE kA RD T D, <7 ML
& L COMKOEE I THALDISECH ORI EHERBRR L TV D7D, INEBIET D2 LIFMERRT A
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BIESATRE L 7o o TWVB[1], BRI REBIZRIZIZ A Fr AR R a—FEZ O, G E L T/rUr 2R L —H—
EHWDZ LICE VR L &V RREALEIZRERRE L 72V . de 70D 10 GHz FREE F TOJRWVEHRTOH
ENAREL 2o TV B[2], EHE, TEALT 7 AB LT/ fEEBE R OEH 218 1 ~2mm, &S 10~15
mm FEEOREE T IRICEI 0 L7z b oz v, 7V > MER BICBEEEE Lz 9 2 CRANZEIEA & Bt
BEHOaf veznZinl 6 2 —& iz (Fig. 1), ARSI 100 - 100 kHz OFEH THIE 21T > 72,

Fig. 2 27 /L7 7 ATH0E 2 10 kHz, 500 mA (peak) T L 72 BROBEX DAL & 779, Mg i o 5KH]
XENOB L TZER L, A o7 vy NI LR EOXHET 008 2R3, BEEOBBEINC LV BI{EA K
g DR SEHBRICBIER ST b, E70, RBHRE O X XM A0 J83) CREEEDIEB) 23 HIIR S v, HEREK
TORRERS>TVWDLZ LMD, ZOED, JEAEEE L2 EMEOMSERRBET DEF0, T/ #b
AT CIXEICBHMEREIERIC X > TRILOZELAE = D4k 17 E3 Bl s vz,

ARFEZ, KEOBNHFEOLER /2L, BE OFFREIZB W TR FEIZHE
WHERETH V) . G EFRCT S A ZA DSV TIR A 223 Tk & 72 5
EEZEZOND,

ARFFEIE, SCHRFEE [HEH T —x2 L7k a =7 AR A7
BiFE R BEO [F—2AIH - &R ~T ) TR E Y =7 b
¥ OBz viThhT,

[1] Takeshi Ogasawara, Jpn. J. Appl. Phys. 56 108002 (2017).
[2] Takeshi Ogasawara and Akinobu Yamaguchi, Jpn. J. Appl. Phys. 61 018001 (2022).

Fig. 2: Magnetic domain motion in an amorphous ribbon excited by a 10 kHz AC magnetic field.
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Magnetic Domain Observation by Polarization Angle Detection Using a 16-bit Polarization Camera
Sakae Meguro, Shin Saito
(NEOARK Corp., Tohoku University)
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BEEES: Kerr 32 AW T X B CIIEE D EREOIRN I A 7 THh 2 F T A MO BWBERBSENE D
DT ENDB T A= VTEWREN 7/ B FRE TR TONTE D, L LD LR HEhs
PMEV, RO BEEFBHOEENRKENEWVWIBEN DT, T TERAXEIIATOT I /T A 55%
T DR A TR AR L2 2, & BICEE DS T TR IEZER RO E AR A4 ) B IR C A
HATREZe Z 125 B L 16 bit BEEE X RREDR Y A 7 283 L. WYCARIC X 2 @A KGR O B2k
LD THRET S,
"hh A 5DRE

Fig. 1 [ ASEE L THA 0°OEMMFEIEE AS L7258 ORGSR DRI m e iE 2 nd,
RXTAE 0°, 45°, 90°, 135°DFmBNIRE L ZNEI Lo Lsy Ioow Iins ETHEA M= AT A =2 %
So=1Io+ Ioo=Lss+ l13s. S1=1Io— oo, S2=ILis— I35 £ 334, WAAOILO= tan! (SYS)ERZND, Lo XIFF 0
ERBTED, S = L THY So=Iv+ Ioog=Ls+ [13s)35 81 = Ls+Iiss & 725, LTEN- T, RYCFAE 45°,
135°0 2 SDRHEE N BRI ZRD D Z ENARETH D, IEHA D FRRE IR /> fiREE 12 bit D4 0.024°,
16 bit OHE 0.0015° L 72 %, 16 bit DIGA DOIRIEAFR AT 4" OFPH T 1%LIN &0 b,

EERER

Fig. 2 IZBA%E L 72 16 bit f@EH A 7 Ok A~ T, #Etg L o XD S E% PBS THEAR L7-mIEIZ/HEEL 2
BOARAFZIZENENMB I ED Z LIV ERFELGESGD, BONTREGNOEA =T AT A—4
A UIREA Z1S 5, Fig 3 ICHIROMENE T A Z LBFE L7z 16 bit @Yt H A 7 % H\ 72 GdFeCo B DX
@), B)LHEEE A N7 T A(e). (DETT, TTROMRHEA A F1E 12 bit T 2X2 EHFKIZ 0°, 45°, 90°, 135°
DIRIETZHEFE L TR Y 2X2 B RO R CZEM D MEEME T L, 12 bit BEEE /S AFRE (LR L O R 43k
MREL o TWDHDICH L, BIFE L= 16 bit (RIEH A T Tl | WAL THE L Tk 0 22/l fFRENE 72
b Z L EESBO/NS WVESNLRBEREN G LN TWD 2 ENbnD,

FEH

EAS 2 F ORI O B TRICAZ BT 5 16 bit RIEHATEBHFEL .| Wt AL & A X G515
Too BT OBXBIZIIEN T2 TETHD,

L Z DTN

1) S. Meguro and K. Akahane, S. Saito, M. Naka, and M. Takahashi:
Ann. Conf. Magn. Soc. Jpn., 24aF-9, (2004).
2) S. Meguro and S. Saito, Ann. Conf. Magn. Soc. Jpn., 6pc-3 (2016)
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s 90 Fig.3 Magnetic domain image and brightness
o5 pre - 135 T80 ::n;?g(;tion histogram of GdFeCo thin film by polarization
Polarizer Angle (deg.) Lens camera. (a) and (b) magnetic domain images and
Fig.1 Relationship between polarizer angle (¢) and (d) Iluminance histograms from a
and amount of transmitted light for 0-degree Fig.2 Schematic of 16-bit commercial polarization camera and a 16-bit
linear polarization incident light. polarization camera. polarization camera, respectively.
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Improvement of complete domain expansion ratio for spatial light modulator
driven by current-induced domain wall motion
M. Kawana, R. Higashida, K. Aoshima, N. Funabashi
(NHK Science & Technology Research Labs.)

[FC®HIZ
IR AR w7 7 4 —OFEBUZAT T, Bt EREERE) & RO T I — R A MG W T B
ERI 72 A8 (SLM @ Spatial Light Modulator) O3 D TNDH Y, TNETIZ, 77T 47~ U7
ZBEEN 7 A VT, 10k X5k HiFE (B E v F 0 KE 1 um, EE 4 um) ONARBEES 1% 2 mEKE) L,
AR 30° OFERr T T T 4 —RREFEBOZBIMZ ZFBL LY, 20 SLM 1%, EIEHINI A CREEED
By Gz H & 508, —HROBEEREE) S RHEIC I D EEHRZ e, Al IS BUNRT VA
BREFIRTHZ EICL > CTHETOEELLE L, M FROBBERENC L2 2D XY — L FopRESHZ %
EBR L0 THLET B,
KRBRAEBIUHER

AE L7z SLM O IK & EBEC AR T OPERKZ K 1127, HEFE (Gd-Fe) & ZOijmiZfdiA
ENTWALEERE (NM : Co/Pd ZJEMK) THIFENHER IIL, 2 20 NM 38725 K S TEREHL TR 2%
T2 D, NMI & NM2 % SOPATRABIRREIZ L7242, NMI1 2> 5 ORIV X - TR IE O NM1 S
(CHHAREIX. (RgRE) ZApk L7z, ZOMRRET, BFRRIN N7 A X —(ZEE 3BV) FINT % Z LT, e
BA~ IV ABREZME L. NM1IOBEEZEREY L=, F T AKX —ORE L, BEED NM1—->NM2 B E)
TH5E (EJm) & Wm IR TRE 2B EN R0 . 3V HUNEHZIE NM1, NM2 (| OREE 13 %
NENHI 12 mA, 0.8 mA OEFRVBPHIIMEIND, WL/ VVAZFINL T, BEEFR FOBKEIE (1,200 EFEH,
HIHARGBERLE D> & SO O REBEAL B CTHRED L 72815) ZFR76ER, IBEF MO XER VA K 0.1 ms
THI 80% DEREN R NG LD DI L, Wi FENTER SV AEE 100ms & L7ZHATHRS0%TH -7, i
F DRI RNMEWREIIEBRA L EEZXOND 2D, NM2 NIOEEERSEN 2 7 v A NI Db Hm (b Lk
X)) I BN BRZEHINT 5 Z & 2Bt LTz, K2 ICER IV ARE 100 ms DFEHTT v A MR %2
ZT-BA OISR & G R OBREIRZ R, 7 A MEREZHEMT S &, ESHOBRERITED T 508, W
J A DOERENRITRMRICHEIN L=, 7 3 2 MR A 12 Oe FIIN L 7238380121Z, WEHF /i 5 & 12 T0%FEEE D
FEPEENICTE 2, K312, EMEDT A MES 12 0e ZHIIN L7275 5 80,000 [EIFE 57 & B BEE) L 7212 D
TR CBEMEE - X A A 2T, EHm (1) T “NHK” (M AR NFoRTE, WihmE (2) 12BWn
TH 20X2048 1\ Z—27 (B) 2RRTET2, W7 VA MERZRHWTEEIREZUGET 5 2 & T,
BV RREEE) (W m) 12k B 2D NF— U RROEZMMI NARETHH 2 L 2R LT,
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o == f= 4 um A .
& domain expansion versus
¢°6 ////// magnetic field. . M . b of
& ig. 3 Magneto-optical micrograph o
vV L /// the SLM device after writing data for
=l 500 x 160 pixels.
nMQOS cell selection transistor ﬁfg‘if"ﬂ‘k
10k
. . ) ) 1) R. Higashida et al., Jpn. J. Appl. Phys. 59, 053001
Fig. 1 MOSLM (10k x 5k) with pixel pitch of 1 pm (2020).
and schematic illustration of hght modulator. 2) K. Aoshima, et al., OptiCS Express 31 (13),

21330-21339 (2023)
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Magnetic domain structure of amorphous magnetic wires for GSR sensors
S. Tsuneto, M. Takezawa, Y. Honkura*, S. Honkura*
(Kyushu Inst. Tech., *Magnedesign Co.)

LI

EIRE~A 7 aE& Y THD GSR ¥ D 2 7l BN 10 pm FBRE O T TV T 7 AU A
YRHNBITWD, GSR YT D ) A ROFARIKZ B SN D 7-0IIE T A Y ORRBIZEN G T
HDHEEZLNDA, HE L0 um BEOMNT A Y OBRBEENITIF E A L2, £ 2 TARIFZETIL,
GSR B DR ) A AOFRERRN RIS 5 Z L2 BE LT, B 10 um @ Co-Fe BT ENL 7 7
AT A ¥ OBEIXBIEE 2 AT > T2,

EERAE

BT BN T 7 AT A ¥ OBEXBIENL, Kerr 2 RIEMEEZ HWTITHo 72, BEEZERIREIZT 729D
W 2R URIIBIC T A Y EBEOIALME U, e IR W U= E T CMFEBR S IZ 28 umBRE TH - 7=,
YRS U 723 BHZ A~V AR VY oA L& FAWT £15 Oe DA ZFIIN LT-RD . U A VBN R O RLX

g O ELE A LT

KRR

Fig. 1 IZAFEEE S 1.7 pm ORIFIZHBNT, o
SNERE SR A N U T BR O BE X LA RS R % 7R

¥, MPCHEOBKX Y PR MY A E
YGOSR LTV 5, 7R
BEALARREIZ I\ TR IS A2 TR

I 3

S A e S ) . IR E
6/\/7 ’U:@MIZ*%JEZ&)&EEBT%ZDO — -15 Oe -:203 90e -60e -30e 00e 30e 60e 90e 120e 150e

D/ 7 —IRBEXAEE L, BT RIS BA 2 Fig.1 Magnetic domain images at polishing depth of 1.7 um.
FINd 2% &%k L CRABaMIcES, Ak

RSB AFINT 5 L. —60e b —120e  om
D [ TAH A C a7 e X AR D 2 L A3
ToTWD Z ENHERETE D, Eﬂ
Fig.2 IZAFEEGR S 2.8 um OREFICBIT 5
WXBEHERTH D, FREB(LRETIIY

A VRGO — I L TR, A 1150e -120e -90e -60e -50e -30e 00e 30e 60e 90e 120e 150e
V7R E IR T E R, AT
RS ZFNT 5 &, —50e 76 —6 Oe I Fig.2 Magnetic domain images at polishing depth of 2.8 um.
DT TR FTARRKEELTND D
EINERTE D,

T DIREEGIZT B 27 b DAL, GSR IR AET AR ) A ADFRKDO—272LE %
Hhd, SH’IT. VA YICERZEE LIORE COMREEZELOBIEZE AT 5 Z & T, GSR &V ERE)R;
DUA ¥ OBALHEOM A 2B L LEND D,

BE3CHR
1) Y. Honkura, and S. Honkura, J. Magn. Magn. Mater., 513, 167240 (2020)..
2) K. Richter, O. Vahovsky, and R. Varga, IEEE Trans. Magn., 58(2), #6500505 (2022)..
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Simultaneous measurement of longitudinal and transverse Kerr images using polarization camera
Takayuki Ishibashi', Itsuo Wakamatsu? and Tomoyasu Taniyama®
(‘Nagaoka Univ. Tech., Nagoya Univ.)

[ZC&HIZ

T Kerr 20 R 2R U725 ENSRE Y U T2 BEMER O RE IR 2212 13, fiE Kerr BliE © L < 138 Kerr B2
ERANSN D, HNEAEIEDSGE | —MRIZHE S ROt E FV T Kerr BAEZ AW D Z L LU, £ D65
AFHRSEHE & PAT 2R T ORI L ToOnay 8T A MR ELND, EO7=H, AFRGEICEE 5
DOBX O v T A MEHT=OIZIE, O AFFHmz 90° 22 THIE Lzl & &b CGHET 2 LER H
LI, WFRDEREC 2 D, —T7, p WIED & A L THE Kerr JIEZ 95 & it Kerr I RIC X B E B
ANFHREH & AT BRI K DB Kerr ZIRICE D2 EFVNEELTLE S, b L, ZOMGERIFFCHE T
UL, HABALDR Y hUIERE —EORE CRS TE 5, RERTIL, WIEH AT &2 HOTHED —hiEk &
R — 2 B OBEE S F B O RIFEHE IOV THRET 5,

RER A&

it Kerr BEMEE 2 0 F e i ITAESE U 2R 41T - 7, JEIRIC IR 630 nm ¢ LED (CCS # HLV3-22RD-4C),
%)L > X2 NIKON LU Plan Fluor 50X (NA0.8) & V7=, BT ERA 2 VWV CRUBHE N 5 I EIIN L 7=,
R OEFIZIE, WYL A 7 (Baumer, VCXU-50MP) % FV 7o, BUEHTIE, SiFK EIC/ERL L 72 Co D JE 1]
PRE—2 (KREZ 1 45um X 45 um, JAH] : 50 pm) Wz, @A A Z 2LV RGEOAEED 0°, 45°,
90°, 135°D & EDHFREE (Ipe, Iyger logen Iyzse) ZRIRFICEHAIL , 4 B ORIEGZ 1 BIORE TEHHI LT,
Z LT, & SN SAmIAR D IEBREE D S IR & [mlfinfi0, 2 kU LV FE LTz,

1
I = E(Io° + Iyse — Igge + Iy350) €Yy
1 Iico — [12c0
0, = —tan-1 (45_135) 2
K 2 100 — 1900 ( )

I, BN ER X OEEE A OMEN SR LAFIREE CTEHI L7 EE Xy 7 7T KELTELE
Ay

BRBIUEER
Fig.1.Fig.2 IZ P Rt KOS (Rt ot & AdF L CEHII L 7= Co
NG — ROEE G EOCREG ART, AFOEORICIRIED P
W, SIREDELLDHETYH, RiRfADEEZ 7wy b4 52
LT & o T, it Kerr DEESF BN D, FEERIC, Figl(a), 2(a)D e
5 PR DB 1B S 1T, — . B Kerr {51, p 0 T
RYEAB D & X 12 mEDELE L TR &, S RIEAS D5 Fig.1 (a) Rotation image and (b) intensity
CHBESNAVIETTh B, NIE SRS S B TR image measured with P-polarized light.
&L PIRIE TR XA IE D B2 XD (Fig.1(b) 23, S LTIl
2237 (Fig2(b) . THMEY OFERNRELNTND Z L)
Do LLEDFERING AR A T 2 D 2 L1 Ko THE Kerr %)
REM Kerr HIROWM G OEGZFRFICEGT 52N TEL D
& MEBRAT R SHle, AFEIL, mNBELOXT R UEHROER

g TR ] S

B » Fig.2 (a) Rotation image and (b) intensity
FHTISHATEETH D, image measured with S-polarized light.
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BENXFERIFTET f —F =2 —F Ry NU—TF A ZDOBF

kG Mg, WD FEE !, BRHE FE5EY, GE f& ', FZ.Chafi', B SR ER HRG, SEE fH2 ]
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Development of magneto-optical diffractive deep neural network device
T. Ishibashi', H. Sakaguchi', T. Fujita', J. Zhang', S. Sumi?, H. Awano®, H. Nonaka®
('"Nagaoka Univ. of Tech., *Aichi Inst. of Tech., *Toyota Tech. Inst.)

XL ®HIZ

IT4F, Deep Neural Network (DNN)i, /3% — U585k, Sinfldl, KRR T, Z o/ 7 EONAREE T E
T, A2 BTICHEN TS, L, ZNODOFEICHNE L SNDWKRERENDEL 72> T
Do DI, AKHEET)TDNN OFRAZFETTE HMET N, ZADEBNGLIN TS, Frxld, 7
FETENEL, BUTOA A= 7T 3 R L DA NFIRER, RN FRIBERMT 4 — T =2 —F LKy
kU —2 (Magneto-optical Diffractive Deep Neural Network : MO-D’°NN) %% L7- " (Fig.1), AFFET
(T, MO-D’NN OHERFHHR & EEROEPRI oW THET 5,

isﬁjﬁy& Magnetic films Polarization
MO-D2NN . %g;ﬁ*kg)lg%‘ﬂ% Al KA — ‘/"C?Efﬁj‘é Polarization  with doma/in patterns image sensor
(Fig.1), #R633 nmDEFFIEDONAASEE L, 1um
DX % 100X 100 WATZFENEZ 58 & Lzt T /L 24
L. MNIST DFEEHFT —F 1y MIHFT 08O
TRHREZITo 7z, ERTIEL, BAYRAEBBBEET— v K A :
ez AT ERnE 2 BRI L7, IR TR X ¥ Input MO-DNN — output
— & B A RERREIE T — R B IR ST
ERWTREL L7z, MNIST DT —% &y bk L-F
FEHTFOT7 4+ b A7 2B Bt ANETE L
THWZ, HAEFE RIEh AT 2 VTR LT,

RS R ———
BRI AW BER D 7 7 757 —[Einf0p 2 B S, '
HOWESZREHEORERfA & L THEREIE-EEDT A b

Fig. 1 A schematic drawing of MO-D2NN.
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B 25 5 Sy RS % Fig. 2 \ZRT. 6578 ©/1000 rad T 02l 00
55%LL E. w/100 rad TiX 80%LA L&D /INE720:THH 3 | — oo

S TT revsevese
WIEBERBEOND Z E Rbhotz, WIZ, YIal—y 0 o

Epoch number

3 2 CRIE LICREIR AN Y — 2 e A~ ABHIENET — 3 > Fig.2 Accuracies of handwritten digits
N XA A T2 % Fig.3 12”89, 100 pm X100 um @ recognition by MO-D2NN trained for output

BEIRICIZITREHE Y TR A B XADTNS = & Rbh signals of rotation angle of polarization plane.
%, FEMITY HERET D, ] -
FFEN
BEE © AWFFCO I ISPS BHFE JP23H04803 DBk % % ¥ :
b DTH D,

1) T. Fujita et al. Optical Express 30, 36889 (2022).

2) H. Sakaguchi et al. IEEE Trans. Magn. (2023). DOI Fig. 3 Magnetic domain patterns for @ a
10.1109/TMAG.2023.3281842. hidden layer obtained by a simulation and (b)

MO image of magnetic domain pattern

recorded in a Bi-substituted iron garnet film.
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BEMEA B RT S A 2 DR Fi oA A—2 7
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Neutron transmission imaging on magnetic materials/devices
Hiroaki Mamiyal*, Yojiro Oba?, Noriki Terada', Kosuke Hiroi’, Takenao Shinohara®
('"NIMS, *Toyohashi Univ. Tech., *JAEA)

IO fEEHE, TR TEAREZ I X TREW - % —, BRERES O L 722> - RRGLER I, KRR
, NLBARBASVIA, BEclE Sn-ma Ll EWNITH->TH, WTFNbETHORAE D& N[FE U
AT - 72 A28 B EIR CTH Y, 2RO VPR Z W5 721 TR C&E 7=, —J7, BB O IT A
vy OEMEA BRSO R EGRRIEEE ISR, R ASOInERS 2 AW e e ETE A R L7 B o fif ]
BEEATEZ, ZLTC, i, TORREED LT, T 9 WIEHMER A E RS ORI IR & MR OFSRE

L IEATAREDBEA 7ol LL, ZO%E, RO X IITFEEBLER 720, T3 AOFEKH
OIS 2 > 720 35 720 TR ORGEZIIR 0 CTh b, 22T, AHFETIE, WEA B ES]
DIEMIEA A= 7 W) Friz7p=— R 2 DaHliE & L THSETER D EEICER L, EEEOME -
TNA R BETT M LTZFFEFERIZE Y, ZORIMEL MR L.

ZAVE CHHER RN E R O BB A o CE T RIMEA TR L EITAZHIS. 20, T8 A
LOEEIZFMET 2 AHTUE, B2 D@ CRAR 2 BT ICHEL Lz PrE -0 g o R CHEANCBE S
L. —J7, EAE CHURFIRFICE OB R CHEEE N T 523, ZoEm AT ML TlE, i ETil
XEFTAEEL A Z Lo Th, B ETCREZBITAERS Z &1L\, £ T, J-PARC ©
POVAHE A A A — U JHEEIREN A T, B E a T RYEIRY B O BRI 2 70, BRI O
PRFEGH 2 — 7 6, vyﬁyﬁ%7xi4%UVﬁn?ﬁ%%%%ﬁokbn%&w4/&7&&&®ﬁmu
EUREBA A=V T BT T, ZORER, B =27 O LT % ORI~ > 7 RREM I — 7 H D
LA LIREE (Fig. 1), SR aA AVNHO heA X LaTHvo 7 274 o~ 7 algil/7 = U R EE
~ v 7 (Fig.2) 72 EDOFERNIEETEH LN, U LD X 9 RERFERND, RENZBEITZ VL OOk
KT A ZADOHMEAIFBBG A A= 70%, BEHER A U ESIRBLIRIE Z < LT R 7 — )L TR OB B
R T A AdHiT 59 2 TAETH DL EEZ LN,

2.4

1.6

u(em’™)

0.8

[Neutron spin polarization
| ® parallel to H

oL® .antiparallel to H
2 3 4 5

A(A) : : :
Fig. 1. Attenuation coefficient for polarized Fig. 2. Contour map of the difference in
neutron through the ultra-fine-grained transmission between  upward and
carbon steel [1]. downward polarized neutron for an
operating ferrite inductor [2].

S E R

1) H. Mamiya ef al., IEEE Trans. Magn. Submitted.
2) H.Mamiya et al., Sci. Rep. 13, 9184 (2023)
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REPETEHRFIC 31T DR ONT 2 J e ke it D A

A, ERESAT, WilE B—, =k AN
(REERIPESE, "L R)
Frequency response of magnetostriction in Magnetics Alloy Ribbons
O. Mori, S. Sato, R. Utsumi, Y. Endo”
(Toei Scientific Industrial co., Itd, “Tohoku University)

[ZLHIZ Bk, BIEA SR ORI OT H Ml 1T A BELIERL O TR — LW\ o 12 EHliTE 2 MR IR < ]
HAENTWD, Zib OFHIEI LA I CEMRI R Z b2 HE U T 2 2 bz gl S 2 L, IR ZE
fbEBRHT 52 LIC L > THROTAEREZ RN T 5@ E e FIETHL D, TO—F5 T, @Eia g d &
TERB ORI A X2 RELTAMBERNDH LR EDRE B L TWD, Zus L THhx 1Tt 44
HHICRR LIS ENE L, ZOLEDA L H T B ADOMNBEFUEENE (BREKIE) ZaA kD
BT Z LIk » THBOMKOTHETMT 52 & DTEAH- R FEERIEL, ME LY, £7-,

Z OFHI T BT E ORIEJEEEIC TR O T AORENATRETH Y . MbZ A I 7 A LMKROTH DM
FRIEIZOWTRAECE A E B2 TV 5D, RIFFETIE, 2 OBMEER AR O T A ik z2 AV CTiliilio Fe

RTENT 7 A 2605SA1 (HNLAJR) DR F O JE I U A7 2 5Tl L 72,

REAAE Figl 13, AEBRICBIT2MET AT LA TH D, AHEETIE, 8 8 mm DR EHR o Hho i
ZRRH o A VNERICHR A L CHERY O i & 75 B CHEE LIIRRE CEBA O X ¥ » 7 HICHE T 5, EELE
MWD 5 HLO—C T +— A=V ER AT CTEFORFHFAICSRIS &M 53 5, 2ok x, #
HNE O RV DENT D, LIehi o T, #HFIC—EDINT] (o)) ZfHE L7eH bHE 7 M2 0~300mT
DEFHR (Hye) ZFNL, JEHEAFA SR aA v 527 2 A (L) % LCR A—Z 2L HlE
T 5, GolcA X7 2 A0MH (/(L—Lp) (Lo: ZBLIAANDA L E T B RA) & He &EOBRE,
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STT-MRAM [] I+ EE KR A RO MBI KRS PR AIEE

INE R, BARMEE]. LIWEF]. Jinseob Kim*, Wookrae Kim*, Ingi Kim*
(BARY LR Samsung T/AM RV 1) 21— 3 D XWFEAT., * Samsung Electronics Co., Ltd)
Novel Magneto-optical Kerr Effect Measurement System for Perpendicular Magnetic Anisotropy Films in
STT-MRAM
Ken Ozawa, Kenji Suzuki, Shinji Ueyama, Jinseob Kim, Wookrae Kim, Ingi Kim
(Samsung Device Solutions R&D Japan, Samsung Japan Corporation, Japan,
Mechatronics Research, Samsung Electronics Co., Ltd., Korea)
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(AT ERE)
Fundamental properties of domain wall displacement GMR sensors with closed loop operation
K. Komuro, D. Oshima, T. Kato
(Nagoya Univ.)
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1) K.Komuro, D. Oshima, T.Kato, IEEE Trans. Magn. (2023), DOI: 10.1109/TMAG.2023.3284398.
2) G.A.Wangetal.,J. Phys. D: Appl. Phys. 44, 235003 (2011).
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Tunnel magnetoresistive sensors exhibiting highly symmetric resistance-magnetic field response
Tomoya Nakatani, Hitoshi Iwasaki
(National Institute for Materials Science)
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MFC Gain of High-Sensitive GMR Sensor Used for a Magnetic Field Microscope
A. Kikitsu, Y. Higashi, Y. Kurosaki, S. Shirotori, *K. Suzuki, *Y. Terui
(Toshiba Corp., *Toshiba Nanoanalysis Corp.)
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Enhancing Leaked Magnetic Field Measurement
with Thin Film Magnetic Field Sensor

Loi Tonthat!, Ryota Suzuki', Junichi Honda!, Kazuhiko Okita', Jerdvisanop Chakarothai?, Katsumi Fujii?,
Shin Yabukami'
Tohoku University, Miyagi 980-8579, Japan
National Institute of Information and Communications Technology, Tokyo 184-8795, Japan

The leaked magnetic field generated by wireless charging systems and RFID card readers has presented significant
challenges in ensuring the reliable operation of sensitive electronic devices and systems across various industrial and
residential environments. Accurate measurement and characterization of leaked magnetic field sources are crucial for
devising effective mitigation strategies. While conventional evaluation methods utilizing antennas, such as loop
antennas, have been employed in previous studies ), they suffer from limitations in terms of frequency bandwidth and
spatial resolution. In response, this study introduces a novel approach by utilizing the potential of thin film magnetic
field sensors to overcome these limitations. Our high-frequency-driven thin film magnetic field sensors offer superior
capabilities in detecting magnetic fields in the pT range while achieving spatial resolutions below a few millimeters at
room temperature ®. To validate the effectiveness of this approach, we constructed an experimental setup specifically
designed for measuring leaked magnetic fields from wireless charging devices. The setup comprises a thin film
magnetic field sensor, a signal generator, and a spectrum analyzer. Figure 1(a) depicts a circuit configuration where the
leaked magnetic field is detected and analyzed in the spectrum analyzer. The AC magnetic field signal emitted by the
wireless charging device is applied to the sensor, resulting in an AC modulated signal due to the change in sensor
impedance. In this circuit, the sensor element is electrically connected to a microstrip line with a characteristic
impedance of 50 ohms. Figure 1(b) illustrates an AM spectrum, where fc represents the carrier frequency and fs denotes
the signal frequency. The intensity of the sideband is directly proportional to the impedance change of the sensor. Figure
1(c) shows preliminary experimental results, demonstrating a measured spectrum for a wireless charging device in the
presence of a varying DC bias field applied along the longitudinal axis of the sensor. The internal noise floor was
approximately -107 dBm, while the signal at a frequency of around 109 kHz reached a maximum value of
approximately -83 dBm, corresponding to a DC bias field of 10 Oe. The outcomes show the efficacy of thin film
magnetic field sensors in accurately capturing and analyzing leaked magnetic field. We are currently conducting
detailed experiments to compare the results obtained with conventional antennas.

(1) Fujii, K., “Basic characteristics of magnetic field antenna factor of loop antennas for EMI measurements”, IEICE

Communications Express, 11(10), pp.643-648 (2022).
(2) Ml b, NS, BAE, AR, SRHE —, “10-13T B ORI fRRE A A 3 5 8 AR SR
HIEERE 7 oV, B AR ARFEEE, 31(1), pp.17-22 (2007).

Acknowledgements: This research was supported by Matching Research Support Project 2023 of Tohoku University
and National Institute of Information and Communications Technology.
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Fig. 1. (a) Equivalent circuit, (b) amplitude modulation spectrum, and (c) power spectrum for wireless charge.
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Evaluating characteristics of orthogonal fluxgate strain sensor
K. Chida'?, T. Goto?, K. Ishiyama®
('Graduate School of Engineering, Tohoku University, RIEC, Tohoku University)
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Vehicle Detection Device Using 2-Axis Magneto-Impedance Sensors for Traffic Monitoring
R. Yao, T. Uchiyama
(Nagoya Univ.)
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BEOEAIL M TT, ULV, BHOBLEIXZENENIER 2 ETHRO 17.19%, 0.09%I(272 0 7,
7o, 7ML 17.93% ML EST, LorL, 5m O CIY—J @2 mHd 52 LTl
DET, 200 YOERKEORMZEZFIHA L CHEEZFE LE L, FigllZwd@y, B oRE»
80cm DIGA . [Fl— D H[H 0 3 FEHE TR B 13 £ 3km/h O #iFH T 81.67%. S5km/h OFEPH T 98.33%IZFE L F L7-,

L ZD N

Accuracy of speed calculation f%
o @ ow © @
3 2 3 & 8 R 8%

70

1) S. Taghvaeeyan et al., "Portable Roadside Sensors for Vehicle Counting, Classification, and Speed Measurement,”.
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Evaluation of Dynamic Range Enhancement Effects through Single-Coil Feedback
S. Idachi, T. Uchiyama
(Nagoya University)
FLHIS

iR A v —F 2 AR EF|IH L7z Magneto—Impedance (MI) &2
VIR, R YV R— A EMEA L, EARESEHITEE L
THFENA AL ThHb, ML BV ORRREL ¥4 FI v 7 L
YU L= RA 7 OBRIZH D7, AR EHI T RE 2R R R
JE LR — L Rb— DM BT D R EIBEOW LA EHE LV E VD
PREN DD, EORBEOMRFIEL LT, ML B HEDICT £ —
RNy 7 af VERETDZEICE DA T ARG ZREIE, M

WRETBMETHEA T 4 — KXy 7 2 ERFEET UM 2o
Byl Ty lafnt 7 o — KKy 7af)VEFRAL, Yoo
ANMZK DR T 4 — Ry 7 %2179 FEbHRESINTVWDLID K
JAWE ) A ZABEEMLTLE D &V REERH 5, ARG TIE
IV ABRREIEFRM B oHIcy v I raf iz o — K3y 7 Jifl
EHEATHZET, XA T I v 7 L VOPEEEZ BIET,
RERAE

Fig.1izv v naA N7 4 —RK_Xy I MI o YoEET o
v I ERT, B~y R 400 #—> D1 emEY L /A Kz
AT 30 pm®D FeCoSiB TE/NT 7 AU A Y AHETZ & THEAK
SNDML B HFIE-80 dB DB —/V KR v 7 AN TENET 5,

WML F=lta B 22 L ST M & oV OBIGRE, KO
@%/%Xx&ﬁbw%ﬁ%%wﬁé%%%/4fx&7hwﬁﬁ
I, ML BB DEEEZ R RRRA 7 04 (0.1 Hz~1 klz) |
fEpalE SR 2/ L C FFT Analyzer I X W EHAI SN,

EEREE

Fig.2 TiX, BEEFOLICE D, o7 raf iz —FK
Ny 7MY OBERFEDELETRT, R T 4 — RNy I
X0, WRFFEOBERPHDIIER SN TND Z E DR TX 5,
Fig. 31T MI B> VDR ) A RAARYT NVEBER T, /A X701

71X 30 pT/V Hz (at 10 Hz) & 720 | B 7 4 — RNy 7 DRtk T
LN ERbholz, TNHDORERLY, Yoo nrafnz
4= RNy 72X THAFT Iy Lo Y% 120dB UL BICHERT 5
ZENTE, JARXDWMERLS T ENTE,

L ZD N

1) Hanetal, Virtual Reality & Intelligent Hardware, 4(1), 38-54, 2022
2)  Gudoshnikov et al., Phys. Status Solidi A, 211(5), 2014
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Wiegand 7 4 VDl - HEAE &/ NJLAH DS
BRI, VAR E] (BRRE N KT

Pulse voltage of Wiegand wire depending on positions of excitation and detection
Hiroto Suzuki, Yasushi Takemura
(Yokohama National University)

FLHIC

a5 e RS 2 TER L T % Wiegand 7 A Y i, MBI OHIINC K 0 /B DRV Y 7 Mg % Kiis
SHZBCRAV I NGB Dy T W) RIRRALKIEN AT 5 D, AV IR A VETRD ()5
ZETEEEDASVANNETGD Z LN TE, IR ERF~DICHADBEIF STV D 29, AfETIEH
TR & U CREBEFSAENE R, VLV A EE, HEf7e &0, Wiegand U A ¥ OALERFEEZ ZEE LT,

%ﬁjﬁ% 15.5 mm
Fig. 1 lIZ7RF X 912 1 mm &, 100 turn O = T
N Ny P Ferrite bead
AT O LT b OEER L, 0.25 mm £, e T, .

15.5 mm & Wiegand ¥ 1 ¥ DAMEIZERE L 72 Y,
TAXYOWEmHIZIE 7 =74 heE—X %25 LT,
% LT 10 mm £, 2 mm gD/ 7D NdFeB H¥:
AFFEHERSHE, UL VICREBAZAN L, 2
DIRIET /L 2 % 1000 BRI L RERETE A i .
WrmfE, PEE, OV AmRBEEBR LT,

-;MJ« lwll)‘:uUu _‘wﬂu!!‘nﬂn )

)
L ¢

Wiegand wire
Magnetic Field

™ Drive magnet

3210123
;ﬁﬁ% Distance [mm]

U A XY OFCNIRER A FIIN LT & X ORGBESS Fig. 1 Measurement setup.
AENTLIE D531 % Fig. 2 12T, LD a4 L0 fit 500
W CREBEN S S EAEL TNWD Z ENDND,

Flo, KHIANDOIVAHFED 53 % Fig. 312
AT, HULD 3 A L O AT DSV A HFER K E W
e D2 LN D, £ 200}

WA, BEEERAALE & EC I AR O AH B 100
R0, TGS 2 Rl B 28 2 12356 DO ERE R 0
. XVEEMINRERET D, C-~B- B-~A- A-~0O O~A+A+~B+B+~C+

4001
300+

Imes

T

S ESCER Fig. 2 Coils detecting the first pulse.

1) J. R. Wiegand and M. Velinsky, U.S. Patent
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NG w1 AU

https://www.posital.com/jp/produkte/wiegand sens
ors/Wiegand Sensors.php

3) S. Saggini, F. Ongaro, L. Corradini, A. Affanni,
IEEE Trans. Emerg. Sel. Topics Power Electron., 3,
766, 2015.

4) Y. Takemura, N. Fujinaga, A. Takebuchi, and T.
Yamada, IEEE Trans. Magn., 53, 4002706, 2017.
5) gaR, HRIE, 1T, A0S AR B REER

£,2-098,2023 43 H.

N
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3,820,090, (1974).
2) Products Wiegand sensor, POSITAL:
| | 1 |
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Fig. 3. Area of Wiegand pulse.
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