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FFZECIE, FAERCBEIAG L 25 < | I RIZR RN 0 Z HHI ATRE 72 eLORETA ML VAR L7-, fkiL, Bls &
FENT R OB EBE L, FREZRRR Y /NS 72 fEfTaEIkIc T 5 2 & ¢, #EBEZM ESE T2 2, LarL,
IR RS TZEBIRIA TR, AN E LS RETE T, HEMNPELZENEZXONDH, £ I TLIHOK
XX REVINTHEIRZ R ET D 2 & THEMPEEZ RO TIIRWNEE T, 2OF X BRI,
MRS DR & SEEH T 5 2 LIS K DHEEMO B L BT,

BEAE

PERIBE Y DLEDO R E X (xy ik 120mm IUJ5) OfFEFTZER (BT AR - 1440 45) 123 LT, xy i 180mm
PUS DR E S OFFHTZEH] (AT A« 3240 45D, xy i 240mm DU 5 O K & S OfFFT2E (FRbT A 5760 #7)
EHIICEFZ L, 2D 3 DOMENTHEI D eLORETA |2 X A2 BIRIE OHEE RS E Z ik LT, AMECILE:
HLLEEK O R v — 27 B0 2HIRES 2 FV 7= (A S2#Lod 64ch SQUID REsREF 4 AV 7= 9), hikiE B 13 HEE R
TR RIE D 80%LL LD R 7 & /L%, GOF (Goodness Of Fit) , CT it & W= HEEED KE SOHKTH 5,

FREHHS R

3 OOENTREIR A LR U2 fE R, R 7 B VEBITMT N £ < b 2 LI X0 | ks K&E<T52 L
THEEMREDN LN D Z L BNy -oTz, WIS, GOF I[ZBI L Tk, T X TOMITHEEL T 099 ## 2 TH V. GOF
TIEHBEN W E N0 Dvo T2, %S, CT Wi & OB DUV T, TER DM HEI CIIHEE MRS 2 D125y
PITEY, ELWVEICHEE STV WS, JEE LT ER TR E S - E & bliBBLRIELL
WEINZ, TULOORRIVIENY O LHEIRFEMHET L2551, IR L & REWENTEEZ T 5
WENSH D Z ENgnolzizdRET 5,

1. BahR (K7 '8 - GOF)
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1) R.D. Pascual-Marqui. “Discrete, 3D distributed, linear imaging methods of electric neuronal activity. Part 1: exact,
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magnetocardiography,” J. Mag. Soc. Japan, vol. 41, pp. 75-80, 2017.
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Detection of Magnetic Resonance Signal without Prepolarization Technique in Ultra-low Magnetic Field
Daisuke Oyama', and Shinsuke Shibata?
('Kanazawa Institute of Technology, 2 RICOH Company, Ltd.)

X LI

uT 75 mT FREE O §ies 2 R 3 D B3  (MRI: Magnetic resonance imaging) & L C, KR
MRI DEHFENRED 5N TS, FEHELIZINETICHE LA XD aA vty TR SIS /NUBIKE S
MRI ¥ 27 LADOBIFEEZED TEX Y. ZOV AT ATIEEHSBREZE T uT & LTEBY, (E55RERE L
AU E EHIET D 2L &2 BE L TOmEBIE VA 2TV, L Lok OV A O ff T3S E
DO RKAULRLFH IR O RIZ DR D E WV o e AR W T2, 2 2 CARBFIE Tl s S v X & 4f
A L7Vl IRRESS MRI & A7 A0 EB A HIYE LT, BBEMEZK 1 mT & L7z MRIGHII > 27 & 2 /E
L, WEAILIE(MR: Magnetic resonance) 15 5 71l 928% 2 Fhi L 7-.

iB{EREIE MRI oA LY bk

Fig. 1 (ZANFZE CTRI%E L7 BIERS MRI a4 bt v FOMEZRT, Y HR OIS 34H 24 1B,
aA L) & LT Merritt 2 A /L2 ZFHIZaA NVEZRFL, 222 FEZ OB a4 VERIELE. 1A OFEH
ZEHUNUZBICRAET 2R DBHRBEEIL 0.6 mT Tholz. £, AV EEITD0O X FHORZ S %
WESHELaA L (RF 2AL) % By 2 A /VOMIHEIZALE L7-. 7

WERIRES (MRES) M T 57008 a1 L% By
IANVEBELORRF a2 VOFRIZEE, MRIGED Z FAkg %
BHET D LI Lz, Bl A VT ME 39 mm, AR 29 mm, &
X 29mm OMFEEEZ LTEY, B 660 BITHD. FHUGEE
FAGEDO A LORICEI LS.

R EBESEHAIEER

BUELT=aA vty NCTMRIGEZBIHIFRECTHH Z L2 RT
72, TTAF v I REICANTZ 11.4g DKERG L U-iHIE
BRA G L7=. Bo 21 /LIZ 148 A OEWRAZEIIML, 0.88 mT DF
Wi a3 E S, FHlC T = a2 —Ff % 10ms & L7z AT
== U A W,

Fig. 2 [ZBIHl SN /o= a—(EE 2R3, RO, #HBHEL

Detection coil
i B, coil

____ RF coil

Fig. 1. Coil set of our ULF-MRI system.

DEATBM SN b EE LTIV TW S, Wb sl 20 f -
OIMATHEIE TH 5. Wkkd ) OBBIIREERNICEET 2 | with water
3.7kHz OFREDBHSHTHY, Ta—FEETboBnns. 2
fERLL 7= a4 Ly MZkY, 8 1mT FicsW\ ol v Z % §
2O a—Fo2BIETHL Z PR TET. go -
_ S -05
L a0

ABFFEO—FPIL, BT (20K12680) DBk 252 1) THM L 7-. as | without water
SEH 20 Boiciiiienccnn i
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1) D.Oyama etal., IEEE Trans. Magn., 53, 5100504, 2017. Time [ms]
2) R. Merritt et al., Rev. Sci. Instrum., 54 (7), 879-882, 1983. Fig. 2. Recorded signal with and without a

water phantom.
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60 Hz AZyichse S 03 iy ARIWEA ~5- % 5,%2%5 DIFED

CREAE, MNEAT !, IEARAL
(IR, 2 RSLIMART)
Differential effects of 60 Hz magnetic fields on anticancer drug potency in human uterine sarcoma cell lines
with and without multidrug resistance
R.Shibaki', M.Kakikawa?, S.Yamada?
(*Kanazawa University, 2Komatsu University)

[TL&MHIC

AWFIEETIIZNET, b Ml AMIEKE AB49 35 X OV FAFAS AUMIIERE HepG2 123\ C, ZRBLSIZ &
LHRAKIWER DR Z MR LTz, BB CILZ O A D= X AITIIAR R RBZ 0, L, MRS X
O M CAFAE T DIEENL S WX R B OREENENT D ESbTEY, MLk s
NHE U RTEOENEALT DLV HWELH D, ZOBHHANG, BABHBSAHDOIY iAZ - JEHHIZEY
DOHMES R BICEBEH Z, fERE LU TCHDABFERN R L fREENE L 5D,
FATHFZEICIB T, b b= RBEMERE MES-SA TIXASHiERIRTRIC X » CHIRBEM 2SI L7228, R
Hk D Z A AR MES-SAIDX5 TIXEEN ~D 2L 72 o 72, MES-SA/DX5 [ZH103 A % fill st ~HE
9% P- glycoprotein & FEIZAV DS /37 EABRENIZHEEL L TWAHMRTH D, £ T, AWFFETITZA
M2 HE 2% 2T, MES-SA & MES-SA/DX5 (28T, A DBFNAFNERICE 2 2 EIZONT, 4
EREWEEE L GHET 2 2 62 HE LT,

BRAMRBICE T SANARERADXRBREEDRES &

AEVRES D 13 % 60 Hz, BEREEE 50 mT & L7z, HLas AAl g _ 1:
I%, daunorubicin, doxorubicin, etoposide, cisplatin @ 4 FE¥H A E/H L 7=, :§ ‘g 08 —
MES-SAIDXS D4-H178 AANZ AT BRI N ERRE-TVD. 2 L
WA R RE(MF + drug)l 1B AR & G5 4, FENREERE(drug only)(Z 2304
R DA AAIOAE RN L, ZREN05-4hISSH, A 320
EEWE LI, IEOEIFREIET 52 LT, SSAMERCHT  E2 o

2 R B F L OWIA AAI DRI L 2 A2 iRE U 28 % 34 o 0 12 4

L7, Reaction times (h)
(n=6, ***p<0.001)
BABRIZE T 5B AFHER~ADRRERCEDRER Fig.1 MF effect of daunorubicin on MES-SA cells
MES-SA 5 L TN MES-SA/Dx5 1Z%F LT, Hins Al daunorubicin % fif
M LT3 R e 2N Z U Fig.d, 2 17T, 77 7 Ofithln T IR i

(<A B RO MR ML, BSOS E R L e, 2 L[ o
SEBRAE R D, MES-SA TR TORUSHN CIHRBREC L~ TR §2 - B
BEREOMBBAEAFRDH 40 %IK T L, FHCHIGHER] 1 h TR TH $2 06

56.4 %01 T L 72, 7245, = Of% BITHHEI O FEBRIC L 0 BN H Y, 2B,

EHEHINTC L - THRCOREHE CHEESBO SN, —H, g3 o

MES-SA/Dx5 Tid MES-SA & fullid % L BRI N S s, FUbhe 52

[ 0.5h ICHB W THRATK 12.1 %, FEREREC L~ CIRGER O ML = o o5 1 2 4
GEPEBIIET Uiz, 728, - ORRIEMIE0ERIC L0 Mk Reaction times (h)
N, FIHIT L o TRIGHE 0.5, 2 h THEERRD b (n=6, *p<0.05, **p<0.01)
Too EDMOFL AFIER OB ZIZE T 585K & MES-SA & Fig.2 MF effect of daunorubicin on
MES-SA/DX5 DRI EZEEDE NI KT 2 B LIL N FRE Tk 5, MES-SA/Dx5 cells

_3_



3laA-4 B45 [ HARRESUE R AT AL (2021)

HEERIEIC X DA = —IT
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(LRBRORS:, 2 SHEE R 7R )
Preparation of spherical (La, Sr)MnOs heating mediator for magnetic hyperthermia
by electrostatic adsorption
K. Yamada?, S. Seino?, S. Fujieda!, A. Yokoi?, W. K. Tan?, H. Muto?, T. Nakagawa®
(*Osaka University, 2Toyohashi University of Technology)

1. B;l;-:,'g:lbﬂ

BERNA = — 7 L%, RO D EIN L 72 QW2 K > TREAT 288K % . (KNICERES DT
AL T, RBEYKEL O A% RIRPNTHNE L, BAKBRO A2 ZET HIRIETH D, ZORBKRIZIT, F
NGS5 D BRE (BRI FE DMEAFE L72aWn 2 & BEMESHUIES O & ITRFE LR W2 &, EFEHRICE - T
ERNIZHAFRRTH L Z ERROOND, TNUODERMEER T HREYE L LT, MAk2i(La, SHMnOs(BA T
LSMO)TdH 0, TILF R MALIE T 100-500 umD FERIFE O /ERNHAE STV D28, BRIREEI o &k
IZIEE - T Y, 22T, ARBFETIHREEHG KA BRIEHEE T 2 Hli T b 2 B AEREICER L 2, LSMO
BRARFE DR AT - T2 i ROV THE T 5,

2. ERAE

LSMO BRI ZERT 272010, £3°, BJ—7eflk OB O A Ak, &zﬁ%ﬁﬁéﬂw*ﬁﬁfﬁ*ﬂr@éﬁmi,ﬂ;ﬁ%f
X DGR EBIEIC L > TLSMO By RZ(ER L7293, FEW\ T, 2 LSMO ¥R 4 s FEHT #r R E I
> TR REA R EIERT 5, REEMRE TIL, LSMO ByKR Z RmiEtAl <& % SDC Z v T4 %&é&
7o, R BF A L L TPDDA ZfE S — X ENMNEZIEHFH8MV)IZ, EHIZARY T =42 & LTPSS %
RE\CFEET 52 Licky, B—HEMEARFS mVICHELZ, 2nH0 2FEOH AL Vg VEFTED
BRI CIRE L, 4rpm, 7 BRI O[EES « BB AT 5 Z £ 12 LD LSMO BRI RIEA K2 1572, &,
Z D LSMO ERIREyREAIRIZ KA 1250 C. 10 h OEVILEE % il 2 B IR 245 7=,

3. MREER

ERE RIS L - TIERLL 72 LSMO ¥yoRi%. SEM #
N HRIEE 100 nm FRETH 72, ZOHRRED D F
BEMIEIC L > TER L2 REARITIEF I
<. SEMBIZIITE o Tz, Z DIV ERINGE & B
HCRERE SBTfER, N RY VI NES il S ORI
& ip o T, BVILEELE O LSMO BRIRFED SEM # % Fig.1
R, ZORFOREEIORE S1% 242 um, FHHEIO R XX
220 mToh o7, KENTRT HEEOHIT 1.10 THY |
B WEERE 2B T 5, 1 Z0OERIKFEEHZ OV T Y
FIERBEORERELNTWS, £72. ZORKREEO
BEEIX. LSMO OBHEE D 80%TH V. [EMRIZIART
E7eWIC BB b T S WVEE A B T E T,

L ZD N

1) RIS fth, 2B 39 I8 A AR SN Z, (2015) 9aE-2.
2) W. K. Tan, et.al., Nanoscale Research Letters, 14, (2019) 297.
3) M. Horiki et.al., J. Magn. Soc. Jpn. 35, (2011) 22-26.

Fig.1 : SEM image of LSMO spherical sample after

annealina
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Evaluation of magnetic heating efficiency of silica-coated magnetic nanoparticles
Y. Kimura, J. Sakurai, S. Hata, C. Oka
(Nagoya Univ.)

ZCBHIT
Wt /R O T AREKIE BTN AKIREW L7 P CHEE SN TWD, MRHEEYSH T
X, BEAETHNCESWNET 2 BT E A RGN RD HILD D, BT /R OB EVE % I T
WF 2 HEFEER, T2 THRA i, BAEHRBRTEBEIN TR0V, EBEORL - TIXAEL T
%, BRI AEERICER Lz, AFETIE, BRI AEER 22 (bSO B LT L %
HEZ, Btk 2R+ A2 B2 DR T D@ L, BEEZFHME LR 2 ®mET 5,

%%ﬁ&

etk 2 k& LT, EIC K VAR LIc~ 7 & A M kit CEERIE 9.9 nm) & HWie, k)
IR DY IRFEIL, ANV ST AT N7 =F )L (TEOS) ZReMET / Kiforie ¥ / — VKEIRICER S
WA T CIRINLSEMm Lz, B0 ) W EORE 2152572912 TEOS IRNEE2 bS8 U I %
1Tofe. VU IWBEORIEL LT, v W@ T 2 hirFh oV B LitET 2 ki O-E &tk % ICP-
AES JFERE RN S UTe. FEENIEIX SV 58 £ 7o IIREERME T /RIS QWSS (2.0 MHz,
H=4.0,3.0 kA/m) ZFHUNU%E L7z, 3UBOMEE &L DSC HIEN O &L EE Wz,

EBRAER

Fig. 1 (T3 U g7 Rét 7 7 R TEM 8
. Fig. 2 IZRBERER R %<7, TEOS D#
INEFAEIZ LY, BT 2 Riicxtd 52U h
BELN 115, 2.07 ThLIRENE LT,
2 DRI EIEIN RN E D HINT 5 2 &
NG, BB EAER ORI L0 AR
422 &amER L, 1FR Uit/ kit
FHMXEETHL & TPHRINDLDT, 120D
K- IIEEE L L Co@E 2 b b, kiR
ISR EEA RM#< LB 250 Fig. 1 TEM images of silica-coated magnetic nanoparticles
%o WEEOBRRF- A AR, SRR o
3B LTZADKRT v LT F L F—
TRREND 1), 2F 0 U DRI 7Tl
- [ BRI O BE I v Mg RORASR - [ AH ALAEH

Mass ratio - 2.07

N
o

N
HH
[ ]

e
2
_ N e ees 215 L
WEBADRT v L X —0 D L. = .
N, SN N N 2 7'y
BRE— A FOEHRITHE S LD =RV F— g 1%
N R %}\@E N fm - N I 3 g
gg;ﬁ; SRS L 7= & HERT 5 : o o kAm
S0 S A H=3.0kA/m
1) Stefano Giovanazzi et al., Physical Review 0 . . . .
Letters, 89, 130401(2002) 0 0.5 1 15 2 25
BEE Mass ratio of silica to magnetic nanoparticles
72 )3 A A
ATPRIAFEIR (21K14512) OBIMRERZITIS Fig. 2 Effect of mass ratio of silica to magnetic nanoparticles
DTH%, (MNPs) on heat dissipation
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e’ NA X—Y— = 7 A PID NI o 2T L DBEFE

JEEF SBak, b X v b omA, FEHE R, HEfE
(RAERE)

Development of PID-based Automatic Temperature Control System for Magnetic Hyperthermia
Akihiro Shikano, Loi Tonthat, Akihiro Kuwahata, Shin Yabukami
(Tohoku Univ.)

1. [FC&HIC

s /~nA /8—+%—3I 7 (MH: Magnetic
Hyperthermia) 235\ C, ARICE G S -t R o
FEENT ié?mrkﬂ VIS AARIEA~DF D R S
ATV BA[L], B 22 BN I B LR IS %P LT b
FA—=Vhb 2, REMEZESDTLED.
TR DD AR O E R 72 IR BEFHI & BRI E I8
FEELRFINTH L. AWFETIE, U724 Ll
FEFHAIE PID HIENC K 2 EIRANEHIE > 2 7 A0
Bl L R EGE[2]IC > W THE T 5.

2. SRTLBELERAEE

Fig. 1IZBHRE L7z MH v A7 A DO RT. K
VAT AIE, F 77— (FLOWMAX, Miller Electric),
FAENEVEE]R (EasyHeat 2.4 kKW, Ambrell), £~ 7 A
AN—IREEEE (FL- 2000 #Z3LEtes), PC TSN D.
IR G & 12, LabVIEW 2020 (National
Instruments)’a}ﬁﬁb\t PID Hl#Z L » T, A iZ
T BT A I L,
DAMBIEE DT D a A vk, WNEE 70 mm, 4t
£8mm, EyF7Tmmd2ETHS. 260 kHz D
BR300 A X L7z & & D aAf /NI BIT BRER
SREEIT 115 KA/m TH Y, WFGRE & JERE ORE I
AW IE R 7R HIFR O 5X10° AmIs3] R TH 5 7=
B, HERA~OFBIT .

MRI (Magnetic Resonance Imaging) &5 & LT
EIRER A SN TW DM T 2 iIE D 7 = v B LR
k7 »(Resovist®iE, fn7 U7 ¢ 7)) 05 mL %~
AraFa—T~A, 2EBIANVFLICHEL,
BA%E L 72 EIRINES A7 L OMERER I L=, =4
JZAT v TIROERETE LTZHED 7 = VI ViR
F7/@%ﬁmﬁ%ﬂmb,/—7§-:ﬂWX&
[4]% VT, PID /85 2 —# K, = 2987, Ti = 0.64
min, Tq =0.16 min ZRE L. 5D PID /3T
A—HZHox, BENLOIBEEE 45CL 50 CE
T 600 Y[R D NNEMGAIE F2 R & Skt L 7=

3. R
Fig. 2 |Z BAZIESE 45 C & 50 ClzFiF % PID Eilk
MK FEBRDOBEENERT. 7=V AR KNT
COIRSEN BEEIRE D 2 %I T 5 F TOIEKE
REfE Tsid, N 194 F), 208 b CTH 7. HAZ
R 2 MERF LT 300 BN 31T 2 i E 2 L O R
H(FEE1L, = Fh 45+0.07 C, 50+0.10 ‘CTH
L. T ORI T 7 A N—IREF O o
BED 0.10 CLUATTH D72, IHFHEE & EfelZiH
W5z LT LT,

D=,

BRI RRE ZHERF T X 5.

RKUAT LEHWDH I LT,

Fiber Optic Thermometer
FL-2000 (Anritsu meter)

Induction Heating Power
EasyHeat 2.4kW (Ambrell)

PC(LabVIEW2020, A
National Instrument) EIC]@ A <6 Cooling water

? ]

Tumns Drnive Coil - Chiller FLOWMAX
(Miller Electric)

Fig. 1 PID-based automatic temperature control system for
magnetic hyperthermia

Ferucarbotran 0.5mL
(Resn\lstK mJ K\n\\a Criticare) /

Temperature (°C)

- For target temperature 50°C

For target temperature 45°C

0 120 240 360 480 600
Time (s)

Fig. 2 Accurate temperature control of Resovist® 0.5 mL
7 U RREEZ in vivo DEBRIZBWT D [EIEE
2, BRI AKERRARRIC & o CIRIFIREE & IRk
arhkr—LTELEEBEZLNS.

4. FEH
EIRMEHIE 2 ATRE & T~ DR ANA = — 7T
AT AEBRFE L. PID i ZIS T 52 L T,
NABRICHAWA 7 2 VIR NS U OREES, 45
+0.07 °C, 50+0.10 COEWLEMN THIET 25 Z &
W LT, BB%OTFEE LT, BAET LT A
ERW-EMEREZERL, K27 2% H0TK
REIINAETRFETE D Z L2 FEiET 5.
i
A BFZE O — 1%, ISPS B #F # (19K23597,
20K20210 )& L AL KPR F e 7 1 77 LD
B E&-bOTH 5.

Y 2B NN

[1] A S. Garanina et al. Nanomedicine:
Nanotechnology, Biology and Medicine, Vol.25,
102171 (2020).

[2] A. Shikano et al.: IEEJ Trans, 16:807-809 (2021).

[3] R. Hergt et al. : Journal of Magnetism and
Magnetic Materials, 311(1):187-192 (2006).

[4] Ziegler JG et al. : Transactions of the ASME, 64,
759-768 (1942)
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BRSO LT 7 = VLR T v ORI

AINESF !, K359 2, Suko Bagus Trisnanto', [LHZS !, & WS A= !
(BRI E SR, 2 B K7, P LN R )
Magnetic anisotropy of magnetically fractionated Ferucarbotran
Mamoru Ishikawa', Satoshi Ota’, Suko Bagus Trisnanto', Tsutomu Yamada', Takashi Yoshida®,
Yasushi Takemura'
("Yokohama National Univ., “Shizuoka Univ., *Kyushu Univ.)

XTI

BADBERERIGE RN T, BT VR 2+ ORI E D Z EGRETH Y . T D7D /R OB
IR D MEN D D, AR CIEREE T /B OB 2 R T & U CRER R FMEIZE R Uis, Bl R MHEE
R HET RN X— 215572, WALEZ )7 & WAL IR 7 T ORALFHEDZEN G R 2 ik, i bEN» S
BT 55k i, £7o, RIFFETIE. MRI EFANCERFIHA STV 25 Resovist® DA IR TH D 7 = LI VR
kT o B R E ORISR L7 3 B OREME T Wi 2 EREL & Uiz, 2N ENORALERE, 2SI b 5%
FPEER, BAHMET R X - L., FME L7,

EBRFE - R

BTk 137 = VB VIR T 2 (Ferucarbotran, y-FexO3/FesOu) % BEK 7 L 7= MS1 . MS2, MS3 (4P FE kU S4L,
Fha 7RI MSI : 21.6 nm, MS2 : 10.7nm,MS3 : 6.2nm) DEAFEA L7z, ZNEIE e =R 5 85 ClE o 72 [H
EREZER U7, EEREHI B W CIE, MBS T CREE U7 G A E &30k & uoH = 720 mT O EFikiss H C/EE LKL
T DRGAVTS Gy A4 2 7 Bl [ B 3Rk 2 T A (ESR U 72 2, Bl [ B SRH I L A S il ok U CFEAT 5 1) & R E 51
i U, sELORALE S ohITm) . BeAb R S 7 m OB bR 2 JE Lo, BEMET R ORREITSE & LT 28 mg-
Fe/mL, 2mg-Fe/mL IZF#E L7, £ LT, TNENOREOBFHACR:, AR (BRI u,H =5,20mT, &
Wk - 1-100 kHz) . IEBMER (BSREuH = 0.04 mT,, &%k : 100 Hz—1 MHz) OHEE{T-7,

MS1 OFC [ [E E B OB L2 5 B )7 17 & IR 7 17 O BB LAEZ Fig. 1 ISR 7, 20 2 il OZBITHR RS
PEICERE L TW5, £z, MS1 ORI LD 7T 7 % Fig. 2 1T, TNH ORI BTHEH., B
PRV —2 R LR L7z, 37T — 2 ITS BRERT D,

BE IR

1)

T. Yoshida et al., J. Appl. Phys., 114, 173908, 2013.

2)  G. Shietal.,J. Magn. Magn. Master., 473, 148, 2019.
0.02 0.1

=) DC 15T 3 MS1 Liquid Imaginary part
g 0.02 L MS1 2 mg-Fe/mL © 28 mg-Fe/mL = Real part 2y
= e ]
3 S 01 0.05 B
] - -
N 001} = =
1) c o
c . — .
o) Easy axis (=) c
@ ) @ -
= L = Hard axis =

0 PR ..?...l s s aaial PSR TTT! B savnl -

} ] } 0 0
-4 3 2 1 0
10 10 10 10 10 107" 10° 10 102 10°

Magnetic field : p H [T]

Fig. 1 DC magnetization characteristics of MSI.

Frequency [kHZz]

Fig. 2 Real and imaginary parts of AC susceptibility of MS1.
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BB Z#MZER S @B T / fi+FD FORC AIZE

NG BN Y, M58 12, Suko Bagus Trisnanto®, /INBRASS T, (LB Y, RHEEK 2, RS S, Mk en]
(BRI N K, 2 A T SERSE RN R, 3 B i 7F)
FORC measurement of superparamagnetic nanoparticles with oriented easy axis
Eisuke Sasaoka', Chao Yang"?, Suko Bagus Trisnanto®, ltsuki Kobayashi', Tsutomu Yamada®,
Zenglu Song?, Satoshi Ota®, Yasushi Takemura®
(*Yokohama National Univ., 2Nanjing Vocational Univ. of Industry Technology, China, *Shizuoka Univ.)

[FLHIS

WetE T/ K FDERISH & LT, RN N—P—=ITOMKT T A A= TR ENFET b D,
IO DEFIGHIZIBWT, T R ORI Z IR 2 Z L IXEE L 70D, AR TIZ. MRI OEEH
ELTHWHRATU S Resovist®lZ-oU T, First-Order-Reversal-Curve (FORC) fi##fr L2Z 47\, ®aET / ki
DRGSR s 2 I E L7z,

ERAELIER

AP TIX, Resovist®% =8 M E & IRA L, MRS T CREE S 7 MRS A [EE VR, & OfuoH = 870 mT
OFEY T CHIE Sl mE e 2 /ER LZ, 2o OBEX 28 mg-Fe/ml & L7z, ZhbOREHS
ONTC, BHEDOVSMIZE DAY vy ——T L~ AF—)L—TF Mz, FORC HIE&1T-> 7=, BLIMFECIIm
SHEIIN 510 % 25 5y i & IR oD 2 J5 e & LTz,

Fig. 1,2 1%, BEdiA[E & S H 72 Resovist®iZ 3517 25 S # 7 1n CORPEFERTH 5, Fig. 2 TR DOIRTS %
F 4540 T MRS | A RliE S 872 & & ORESpoHr [mT]. Bl A FUNEE S uoH [mT] TFR L TW5, 7=,
Fig. 2 [ZB T 2RO &H 5 a~c OHFHIL, Hgl@ﬂﬁ Téa@&ﬁﬁbfwéo:n%@#ﬁb% 7~
Syl 7167 C > FORC Z3AiilE He #illds X OV Hu filll2 iy » T\ D Z E M40 5, RFIC He Bl h » 7204 1R R6
DFREBLZR L TWT, _niﬁglm6w405mTikf%é &#%;T%éo_@;o ORI AT
HTEFEYA T —T D bR ST, BERIEA RS Resovist® 2Bl S5 2 & T, BUEAE S TR
IZHE SN DT80, ZORMENORIEE KIES D T2 DITREIINELTZEE X LND,

VHIXZ OFERICONTOREMIOM,  HERL A [E &R B [E E 0RO K #idh 7 ) CoWPER-R, £7-%
NS DB FHC DWW THET 5,

BE B

1). AR, £TH o, 556 %, #9 5, (2017).

2). C.Pikeetal, J. Appl. Phys., 85, 6660, (1999).
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Fig.1 Reversal curves of the easy axis sample. Fig.2 FORC diagram of the easy axis sample.
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AC magnetic susceptibility of magnetic nanoparticles whose orientation is controlled by DC magnetic field
Shoya Noguchi', Suko Bagus Trisnanto', Tsutomu Yamada', Satoshi Ota?, Yasushi Takemura'
("Yokohama National Univ., “Shizuoka Univ.)
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Experimental and simulation studies of dynamic MH loop with DC magnetic field of magnetic nanoparticles
E. Kita?, R. Onodera?, M. Kishimoto® and H. Yanagihara?
(University of Tsukuba®, NIT Ibaraki college?)
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Physical rotation of iron oxide magnetic nanoparticles under alternating magnetic field
M. Suwa, S. Kawahigashi, S. Tsukahara
(Graduate School of Science, Osaka University)
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Complex magnetization dynamics of Néel and Brownian relaxations in magnetic nanoparticles
S. Ota', R. Mayazawa', D. Nagata®, M. Futagawa', and Y. Takemura®
(‘Shizuoka University, *Yokohama National University)
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Large magneto-optical effects in a non-collinear antiferromagnet
and its application for antiferromagnetic spintronics

Tomoya Higo
(Department of Physics, University of Tokyo, Bunkyo-ku 113-0033, Japan)

Spintronics has attracted considerable attention because of potential applications in non-volatile data storage and
low-power information processing. These applications are traditionally based on the control of magnetization in
ferromagnetic (FM) materials. On the other hand, in the last few years, there also has been a surge of interest in
antiferromagnetic (AF) materials as an active material for next-generation spintronics devices, with the prospect of
providing higher density and much faster operation speed for the devices than their ferromagnetic counterparts [1].
However, it is also true that the absence of magnetization has made the AF state notoriously difficult to electrically
detect and externally manipulate, unlike in the case of FM systems. Motivated by these intriguing properties, several
breakthroughs have been made relatively recently. For example, anisotropic magnetoresistance and spin Hall
magnetoresistance, an even-function response under time-reversal (TR), have been found useful for detecting the
electrical switching of the collinear AF ordering [2,3]. Another breakthrough is the discovery of an odd-function
response under TR in the non-collinear antiferromagnets MnsSn [4]. As the first case in AF metals, MnsSn has been
experimentally found to exhibit a large transverse response such as an anomalous Hall effect (AHE) [4] and an
anomalous Nernst effect (ANE) [5] which had been considered to be restricted to FMs.

MnsSn is the hexagonal D019 system (space group P6s/mmc) and has the ABAB stacking sequence of the (0001)
kagome layer of Mn atoms. Below the Néel temperature Tn ~ 430 K, the geometrical frustration leads to a non-collinear
AF ordering called the inverse triangular spin (ITS) structure. This AF state can be viewed as a ferroic ordering of
cluster magnetic octupoles [6]. Interestingly, in MnsSn, the octupole ordering, not the magnetization, plays a role of the
major order parameter breaking the TR symmetry macroscopically. The polarization direction of the TR-odd order
parameter (magnetic octupole in MnsSn) determines the distribution of the Berry curvature in momentum space, which
acts as an effective magnetic field and gives rise to the TR-odd transverse responses [4,7]

In this presentation, | will talk about magneto-optical properties of MnsSn [8]. The magneto-optical Kerr effect
(MOKE) has been intensively studied in various ferro- and ferrimagnetic materials because it provides a powerful
non-contact and non-destructive probe for electronic and magnetic properties as well as for various applications,
including magneto-optical recording. Although MOKE had been believed to be absent in the fully compensated
collinear AFMs, recent theoretical and experimental progress has revealed that AHE has the same symmetry
requirements as MOKE [9], suggesting the potentially large MOKE in MnsSn. In fact, we have found that despite a
negligibly small magnetization, MnsSn exhibits a large zero-field MOKE (~20 mdeg) at room temperature, comparable
to that in ferromagnets. Our first-principles calculation has clarified that the ferroic ordering of the cluster magnetic
octupoles causes MOKE even in its fully compensated AF state. This large MOKE further allows imaging of the
octupole domains (Fig. 1), which are closely related to the large transverse responses (e.g., AHE, ANE) induced by the
Berry curvature, as discussed above. | will also report recent progress of development of the MnzSn thin films [10] and
newly observed optical responses from the terahertz waves [11]. These findings have provided an important avenue for
further studying the AF dynamics [12] and developing AF devices such as memory [13] and heat-flux sensor [14].

This work is based on the collaboration with S. Nakatsuji group (Univ. of Tokyo), R. D. Shull group (NIST), J.
Orenstein group (UCB), C. L. Chen group (JHU), R. Arita group (Univ. of Tokyo), Y. C. Otani group (ISSP), R.
Matsunaga group (ISSP), N. P. Armitage group (JHU), S. Miwa group (ISSP), K. Yakushiji group (AIST), K. Kondou, T.
Koretsune, and M.-T. Suzuki.
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Fig.1 (a) Evolution of the antiferromagnetic domains of the Mns;Sn (2-1-10) plane as a function of a field B (1-4:
—21—21 mT, 5-8: 21—-21 mT). (b) Schematic illustration of two regions with different MOKE image contrasts due to
opposite signs of the Kerr angles, corresponding to two types of cluster magnetic octupole domains that have inverse
triangular spin structures with opposite spin directions within the (0001) plane.
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Theoretical proposal for control of spin textures and vortices with
topological light waves

Masahiro Sato
Department of Physics, Ibaraki University, Bunkyo, Mito 310-8512, Japan

Topological light waves such as vortex beams, vector beams, etc., have attracted much attention in the field of optics
and laser science. Their basic natures and efficient methods of generating these waves have actively explored. These
spatially structured lights have high potential to create various novel photo-induced phenomena when we apply them to
materials. However, the study of such possibilities has been finally activated very recently. Motivated by this situation,
we have theoretically studied several ways of application of topological light waves to materials. Particularly, we have
focused on ways of controlling electron states in solid materials with topological lights."* In this symposium, I would
like to mainly report two topics among our results.

The first topic is the application of vortex beam to magnets (Fig.1)."»? Vortex beam is the laser beam carrying orbital
angular momentum (OAM). This wave has two characteristics. The first feature is that the intensity profile of the vortex
beam is a doughnut type, i.e., the center of the beam focused plane is always the position of zero intensity irrespective of
the value of OAM. The second is that electric- and magnetic-field directions has an angular dependence around the zero-
intensity center in the focused plane. Based on these two natures, we have proposed ultrafast ways of creating topological
magnetic defects such as skyrmion and skyrmionium (Fig.2), spin waves with a spiral wavefront (Fig. 3), and so on.

The second topic is the application of vector beam.?>* The vector beams also have unique spatial features. A simple way
of creating a vector beam is to prepare a superposition of two vortex beams with OAM +m and -m. Strongly focusing
such a vector beam with lens, at the center of the focal plane we have the small singular area where only the AC magnetic
(electric) field is dominant, while AC electric (magnetic) field is negligible. Namely, we can create a strong high-
frequency magnetic (or electric) field without its dual field. Using this property, we have proposed several applications
of vector beam to materials: Detecting magnetic resonance in magnetic semiconductors and multiferroic magnets,
observing the edge current in topological phases (topological insulators, topological superconductors, etc.), estimating
Fermi surface of metallic magnets, Floquet engineering, etc.

In this symposium, I would like to report these results, concentrating on their essential aspects. Moreover, if possible, I
will also report our on-going result of application of vortex beam to superconductors.”
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Metamaterials and metasurfaces with broken symmetries

Satoshi Tomita
Dep. of Physics & Center for Spintronics Research Network & Institute for Excellence in Higher Education,
Tohoku University, Japan

tomita@tohoku.ac.jp

In this invited talk, I am going to present intriguing optical responses of structured metamaterials and metasurfaces
with broken symmetries [1,2,3]. Mostly, my talk focuses on directional birefringence independent of light waves
polarization, referred to as optical magneto-chiral (MCh) and magneto-electric (ME) effects. I would like to convince
the audience that metamaterials and metasurfaces can boost optical MCh and ME effects by several orders of magnitude
compared to natural materials.

The optical MCh effect is a combination of the magneto-optical (MO) effect and optical activity (OA). While the
effect is usually very small in natural materials, it can be enhanced using metamaterials [1]. We embody experimentally
a metamolecule using a Cu chiral structure (chiral meta-atom) for OA and YIG ferrite rod/cylinder (magnetic
meta-atom) for the MO effect. The metamolecule is studied at the X-band microwave frequency at room temperature. At
a chiral resonance frequency around 10 GHz, a large non-reciprocal refractive index difference around ~10- enhanced
by MCh effects is observed [4]. Numerical calculations have successfully reproduced this experimental observation and
revealed that the enhancement is traced back to the hybridization of ferromagnetic resonance (FMR) in the magnetic
meta-atom and chiral resonances in the chiral meta-atom. Furthermore, numerical simulation predicts a giant MCh
effect with a much larger index difference [5]. Notably, our concept of enhanced MCh effects using metamaterials is
applicable to other regions of the spectrum including, the THz, infrared, and visible region.

For a higher frequency operation than microwave, MCh metamolecules are miniaturized using a strain-driven
self-coiling technique. A micrometer-sized free-standing Py chiral metamolecule is studied by cavity-FMR and
coplanar-waveguide FMR [6]. This miniaturized metamolecule is very promising for obtaining optical MCh effects at
millimeter wave and THz frequencies. However, many challenges remain within the optical region. To reach the optical
region, the MCh metamolecule must be miniaturized to the nanometer-scale, and losses need to be reduced significantly.
The former issue can be addressed by using supramolecules or biomolecules; for example, viruses, proteins, and coiled
peptide.

The enhanced and giant MCh effects open a door toward the realization of synthetic gauge fields, in other words,
effective magnetic fields for electromagnetic waves. However, the values of non-reciprocal refractive index differences
obtained in this study are not yet large. Additionally, although numerical simulation predicted the giant MCh effect, it is
relevant to a characteristic electromagnetic mode in the waveguide. Hence, implementation of the giant MCh effect by
assembled metamaterials and metasurfaces in free-space is of great importance.

I thank K. Sawada, H. Kurosawa, T. Ueda, T. Kodama, N. Kikuchi, S. Okamoto for their valuable contribution in this
work. I acknowledge financial supports by JSPS KAKENHI (20H02556, 20H01911) and CSRN of Tohoku University.
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Focused-millimeter-wave-assisted magnetic recording

based on epsilon iron oxide

Shin-ichi Ohkoshi
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We reported the first example of a single-phase epsilon iron oxide (e-Fe;O3) exhibiting the strongest coercivity among
all known ferrite magnets in 2004. Metal-substituted epsilon iron oxide exhibits a coercivity of up to 37 kOe. &-Fe,0s is
the world’s smallest hard ferrite magnet with a ferromagnetic order of up to 7.5 nm, which can be applied to
high-density magnetic recording tapes. Moreover, e-Fe;O3; and metal-substituted epsilon iron oxide have the highest
millimeter wave absorption frequency in the range from 35 to 222 GHz.

In the era of Big Data and the Internet of Things, data archiving is an essential technology, and therefore magnetic
recordings are drawing attention because they guarantee long-term data storage. To archive a huge amount of data,
further increase of the recording density is required. Herein a new magnetic recording methodology,
“focused-millimeter-wave-assisted magnetic recording (F-MIMR),” is proposed. To examine this methodology,
magnetic films based on epsilon iron oxide nanoparticles are prepared and a focused-millimeter-wave generator is built
using terahertz (THz) light. Irradiating the focused millimeter wave to the epsilon iron oxide instantly switches its
magnetic pole direction. Additionally, the spin dynamics of F-MIMR are studied using the calculation based on
stochastic Landau—Lifshitz—Gilbert model considering all of the spins in an epsilon iron oxide nanoparticle. In F-MIMR,
the heat-up effect of the recording media is expected to be suppressed. Thus, F-MIMR can be useful for high-density
magnetic recordings. Millimeter wave magnetic recording technique enables to reduce the particle size of the magnetic
material and solve the magnetic recording trilemma, leading to the increase of the recording capacity. The transition
energy of the millimeter wave is ca. 1/5000 compared to that visible light. Therefore, heat-up is avoided in millimeter
wave-assisted magnetic recordings, which is very important for magnetic recording tapes that use organic resin for the
base film.
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Focused-millimeter wave assisted magnetic recording (F-MIMR)
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Development of magnetic holographic memory using artificial magnetic
lattice media

Y. Nakamura', P. B. Lim', and M. Inoue'?
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? National Institute of Technology, Tokyo 193-0834, Japan

Holographic memory has been attracting attention as a data-storage technology with high recording density and data
transfer rates because two-dimensional (2D) page data can be recorded and read selectively from a single position. In
holographic memory, 2D data is recorded as an interference pattern in recording media. Most holographic memories use
photopolymers as a write once recording media, while the magnetic hologram is a candidate for rewritable holograms in
which the interference patterns of light can be recorded as differences in the direction of magnetization on the
magneto-optic recording materials. A magnetic hologram is recorded using the thermomagnetic recording technique.
When focused signal and reference beams are incident on a perpendicularly magnetized media, the light interference
produces a temperature distribution in the film corresponding to the interference pattern through the absorption of light.
As a result, the magnetization of the region above the Curie temperature is reversed during cooling, and the interference
pattern can be recorded as differences in the direction of magnetization of the magnetic material in the magnetic
hologram. A written hologram can be reconstructed by a magneto-optical effect such as the Faraday effect, and a large
Faraday rotation angle results in a bright reconstruction image.

We have studied to realize magnetic hologram memory using polycrystalline magnetic garnet (Bi:RIG) films using the
collinear interference method. We succeeded recording and reconstruction of magnetic hologram but this first reported
reconstruction image of the collinear magnetic holography was dark and noisy with large background noise . On the
other hand, we have also developed magnetic materials that introduce artificial structures with a scale of several nm to
several hundred nm showing new magnetism and functions depending on its structure, which is called artificial
magnetic lattice (AML). Based on this knowledge, we investigated the recording conditions including the AML
recording media to improve the reconstruction image of magnetic hologram. In this report, the improvement of
recording media is reported to achieve a large magneto-optical effect to achieve bright reconstruction images.

The diffraction efficiency of magnetic hologram, which is an index of the brightness of reconstructed image, is
described as 1 =sin’*(0,) =0, = (Ft)’, where 6 is Faraday rotation angel of magnetic hologram, F' is the Faraday
rotation coefficient representing the rotation angle per unit thickness, and ¢ is the depth of magnetic hologram,
respectively. So, the recording of deep magnetic fringe in the recording media with large Faraday rotation coefficient is
required to achieve bright reconstruction images. We have taken two ways to solve this issue. One is the use of
magneto-photonic microcavity (MPM) media for increasing the rotation angle per unit thickness %%, and the other is the
introduction of heat dissipation layers (HDLs) for controlling the heat generated during writing to form deep magnetic
fringes “9. The MPM media, in which Bi:RIG layer is sandwiched between dielectric mirrors, can increase the Faraday
rotation angle of a design wavelength by Fabry-Pérot resonance. We proofed that the diffraction efficiency can be
increased by the use of MPM media depending on the structure ?, and that the brightness of reconstruction image of
magnetic hologram recorded on MPM medium with 1 um Bi:RIG layer was also increased compared to that of the
same thickness single layer film as shown in Fig. 1. On the other hand, the recording thickness of magnetic fringe in
single layer films is limited by the heat diffusion during thermomagnetic recording although the formation of deep
magnetic fringe increases the diffraction efficiency. That is, the excess heat by the absorption of light during recording
diffuses laterally and merges the regions above Curie temperature near the surface of recording medium. As a result, the
interference information is disappeared in such the region. To overcome this issue, the multilayer media with
transparent HDLs without light absorption is proposed to control the heat diffusion in magnetic layer. In this HDL
media, the most of excess heat is diffused into the HDLs, so the deep magnetic fringe can be formed. The effectiveness
of this HDL multilayer film was first shown by numerical simulation ¥. The HDL medium using Tb3GasO12 (TGG) for
HDL layers was designed and fabricated as shown in Fig. 2(a), and the diffraction efficiency of the HDL and single
layer media was evaluated using magnetic assist recording. As a result, the diffraction efficiency of HDL medium was
about 1.6 times higher than that of single layer film as shown in Fig. 2 . In addition, the error-free recording and



reconstruction was also achieved using this HDL medium. These results suggest that the use of artificial magnetic
lattice media such as the MPM and HDL media is effective to achieve bright reconstruction image without error for
magnetic holographic memory.

This work was partially supported by JSPS KAKENHI Grant Number A15H02240 and S26220902, and 21HO01368.
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Fig. 1 Reconstruction images from Bi:RIG single layer film and MPM medium. Both media have the 1
pm thick Bi:RIG recording layer. The bright and high contrast image was obtained from the MPM
medium.
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Fig. 2 (a) The structure of the fabricated HDL medium and (b) the diffraction efficiency of HDL and
single layer media using magnetic assist recording.
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Near-Infrared Magneto-Refractive Effect for Magnetic Multilayer;
GMR film and Ferro./Antiferro. stacked film with
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('a) Department of Electronic Engineering, Graduate School of Engineering, Tohoku University
b) Electrical and Electronic Information Engineering, Toyohashi University of Technology)

1. Introduction

Much attention has been paid for magneto-refractive effect with the reflection configuration (R-MRE), because this
effect simply brings light intensity change according with the arrangement of magnetizations. The magnitude of this
change is small of about several %, which makes an application of R-MRE to real device difficult in this stage. In
general, for a metallic magnetic multilayer film, a dominant factor of MRE is thought to be the spin-dependent
scattering of conduction electrons and its optical properties are expressed by expanded Drude model corresponding to
the magnetization state [1]. Therefore, evaluation of scattering time and spin-dependent scattering coefficient of
metallic magnetic multilayer film are of importance as material physical properties to enhance R-MRE. However,
materials examination to evaluate these properties in optical frequency region is not enough. In this study, the
measurement of magneto-optical properties in IR region for antiferro-magnetically exchange coupled Co/Ru multilayers
was carried out.

2. Experimental procedure

The multilayer films were fabricated by dc magnetron sputtering on glass substrates. A Ti(2 nm)/ Ru(3 nm) layer was
adopted as an interlayer for the purpose of adhesion of the film to the substrate and the control of crystalline sheet
texture with atomic closed packed plane parallel to the film plane. A SiN with 10 nm thick was used as a capping layer
to avoid oxidation. The stacking structure of the magnetic multilayer was [Co or CoB(4 nm)/ Ru(dr, nm)]y with the
repetition number N of 10 with changing dr, from 0 to 1.2 nm. Here, Ru was selected as a nonmagnetic layer material
to stabilize anti-parallel magnetically coupling state under zero field with a thinner film thickness than that of Cu by
RKKY-like interlayer exchange coupling.

Magnetic properties were evaluated by the vibrating sample magnetometer with the maximum applied field (Hmax) of
14 kOe. Optical properties were spectroscopically measured by the ellipsometer (M-2000, J. A. Woollam) with the
wavelength region from 250 to 1700 nm. R-MRE was spectrometrically measured by hand-made system with an
electromagnet applying magnetic field (H) along the film plane direction [2]. Here, the measurement wavelength (1)
range was 550—1650 nm limited by monochrometer (USB-2000 and NIR-QUEST, Ocean Optics) and Hmax was 14 kOe.

3. Results and discussion

Figure 1 shows color maps of experimental reflectance with the incident angle 70 deg. plotted against wavelength
and magnetic field for a (a) [Co(4)/ Ru(0.7)]io film, (b) [CossB12(4)/ Ru(0.7)]10 film, and (c) [CogoB20(4)/ Ru(0.7)]1o film,
respectively. Here, magnetic field was applied in the film plane and along the normal direction of the reflection plane.
For reader’s understanding, reflectance curves normalized by the magnitude of reflectance of H = 14 kOe for the sample
(a) are shown with the wavelength of (a-1) 1550 nm, (a-2) 1200, and (a-3) 900 nm, respectively. As shown in (a), in the
longer wavelength region, reflectance changes corresponding to the arrangement of magnetizations such as parallel and
anti-parallel, whereas in the shorter wavelength region, corresponding to the direction of magnetizations. This means
that both R-MRE and transvers Kerr effect (TKE) are appeared in the same sample but different wavelength region due
to intra-band and inter-band transition. On the other hand alternating crystalline Co layers with amorphous CoB layers
as shown in (b) and (c), R-MRE is completely vanished, though antiferromagnetically interlayer coupling is realized in
the all films. This fact clearly shows that crystalline symmetry is necessary condition for MRE due to suppression of



scattering of conduction electrons in the ferromagnetic layer. Magnetic multilayer for GMR film and Ferro./Antiferro.
stacked film with Surface Plasmon Resonance will be also introduced in the presentation.
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Fig. 1 Color maps of reflectance normalized by the magnitude of reflectance of H = 14 kOe plotted against
wavelength and magnetic field for [Co or CoB(4 nm)/Ru(0.7 nm)]io multilayer films for (a) Co, (b) CogsBi2, and (c)
CogoBa, respectively. Reflectance curves for the sample (a) are also shown with the wavelength of (a-1) 1550 nm, (a-2)
1200, and (a-3) 900 nm, respectively.
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Faraday effect of nanogranular films

N. Kobayashi, K. Ikeda, and K. I. Arai
(Research Institute for Electromagnetic Materials, DENJIKEN)

Optical isolators utilizing Faraday effect are used in many applications, such as quality assurance of optical
amplifier, optical ring laser, optical communication system, in the commercial, industrial and laboratory. They are
highly reliable and important tools to support the advanced information society. However, since the discovery of the
bismuth garnet (Bi substituted YIG, Bi-YIG) in 1972, no material with Faraday effect beyond Bi-YIG has been found.
Furthermore, to respond of miniaturization of the optical devices, thin films with large Faraday effect have been studied,
but their properties are inferior to the bulk Bi-YIG. Since new Faraday materials are not discovered, proposals for new
optical devices are restricted. On the other hand, we have proposed a new magnetic transparent material of
FeCo-fluoride nanogranular films. Nanogranular films consisting of nanometer-sized magnetic metal (Fe, Co or FeCo
alloy) granules and a ceramic insulating matrix (nitride, oxide or fluoride) exhibit various functional properties such as
high frequency permeability, tunneling magneto resistance, magneto-dielectric effect and magneto-optical effect
depending on the composition ratio of granules and matrix. In addition, these films have significant practical advantages
(e.g., they are easily fabricated and are thermally stable, and have been applied in magnetic sensors). Here, we introduce
the giant Faraday effect of nanogranular films. Faraday rotation angles of these films are 40 times larger than the
Bi-YIG at a wavelength of optical communication band (1500 nm)®,

Thin films were fabricated using a RF tandem sputtering method. With the tandem method, a thin film is obtained
by rotating a substrate holder so that the substrate alternately moves over a magnetic metal target and ceramics matrix
target. The film composition was adjusted via power input to respective targets. The substrate used was heated quartz
glass and heat treatment was performed after the film deposition. Thickness of, thus, obtained film materials was
0.5-1.0 um. Films composition were determined with a wavelength - dispersive x - ray spectrometer (WDS), and
film structure was evaluated using x - ray diffraction (XRD). Faraday effect was evaluated at six wavelengths (405, 515,
650, 830, 1310, and 1550 nm) using Faraday effect measuring equipment (BH - 600LD2M by NEOARK Corp.).
Optical transmittance of thin films was measured with a spectrophotometer (UV - 3150 by Shimadzu Corp.); refractive
index was determined from results of measurement in a wavelength range of 200-2000 nm using a spectroscopic
ellipsometer. Values of optical transmittance and Faraday rotation angle in samples with different thickness were
compared by reduction to thickness (optical path length) of 1 pm. All the mentioned evaluation procedures were
conducted at room temperature.

Fig.1 shows the wavelength dependence of the Faraday rotation angle of FeC014Y24Fa1, FezsYasFsy
Fe13Co10AlxFss films and bulk Bi-YIG. All the nanogranular films
depicted in Fig.1 have much larger absolute Faraday rotation angles 16
than Bi-YIG. The angle in the wavelength of 1310 to 1550 nm, which 14r
corresponds to the bands of optical communication, is small in
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The effect of atomic disorder in nitrogen-doped FeNi alloys with high magnetic anisotropy
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(4 KFE)

Modification of magnetic anisotropy of La;_,Sr,MnOj thin film/BaTiO3(100)
S. Ishikawa, S. Komori, K. Imura, T. Taniyama

(Nagoya Univ.)

1 LI

<V H VY La, -, St,MnO3(LSMO) 1 Sr @#UZES R =L K=Y v 2712k D x = 0.5 (8 T
REED & BEEMIRIEAN L ELMEER 2 R T 2 e o nTWE D, x = 0.3 fhEo i@ LSMO/## 7% E
& BaTiO3 (BTO) N7 HHEEIZHE W T, BREZMMNT 52 L THRETHR—IV N —TREOLEFAV LU,
SHMEDOZ BRI N T WS Y, 72, WiAEA BTO OMOEMHIEM I S AR AT RIZONWT
LEWERBREINTVDE Y, LHELEDS, INEFTHESN TV IMARFEETIEIZEL LT x=03
ORGSR E R U TH D SRmBVE- SRV DAEEEFIZ H 72 5 x = 0.5 (HEI2 B 1 DR D2
RIZOVWTOMEIZDRNY, S, F2iF x=0.5 58D LSMO/BTO ~ 7 B2 513 5 BTO D
ERHEERE & SN & DBIRIZ O W THHAE L 2RI O W THlE T 5,

2 BRBLUER

T
LSMO (x=0.45) ]

*

Fig.1 1Z Lags55Sr945Mn0O3(20 nm)/BTO(100) ® X g [a] #7 /%
R—ViERT, RIFRIERFY v IVEENHERI NG,
%500 Oe Db & THALDIREKFAEZHEL /-2 25, BTO
DIEfA P SE LM 278 K). E A S ZHARE (183 K) ~
DRGSR (N T AL DO TRO DB S 7z, Frizm il 0% 3 40 50 6 70
WILZ BT, 183 K AET 114% ORUED LRDHZAES 20 (degree)
7zo Fig.2 12 BTO ®E &k (210 K) & & ZEH A (100 K) (2 Fig. 1 Out-of-plane XRD pattern.* de-
B B MRIRAETHRAL U 7 BB O TR ARRAZHE g g o
ZRT, WINDEEIZEWTH RSOSSN’

LSMO (100)
LSMO (200)

Log (intensity)
S

5%~ T, BALA BN 00 L TW5 Z L hib s, 010}

% 7. URIRLIGRIE OIS T & & & I MRS 5 2 & 25K osl T

RENTVB, DLOFIE, BTO OHEEIERICERT 5 08y

LSMO DKM R & UTHEE NS, x = 0.50.55 (2% < 0

THMRICOVT LI THMT 2 FETH D, AEO— 5 ) L1001

#8i%. JST CREST, JPMICR18J1. JSPS Rt &, JP21H04614, 0.4f

— [, JPISBPI2 197716 08B A 2 - 6 O TH, ol .

| -

----- 100 K
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Magneto-electric effect of ferroelectric and ferromagnetic oxide laminated films prepared
by metal organic decomposition
T. Ichinomiya, K. Kamishima, K. Kakizaki
(Saitama Univ.)

FL&IS

SREEVE, TREEFEM:. TREEMEZR & oMM A BRI RO~ AT T = u A v VBN R AR S
TWD Y, fTh, mEEME L REEEE L RS, MEMREIEELREI LT, MG ER L T
RIE LMK —BXIMEDIRZ R T O, Rt o =2 AT ) —7e E~DISARHfFS T
%o AWFIETIXHBEEARIZ CuFe04 (CuFO) %, HFATEMRIZ Ba(TiooZro.)0s BZD)E A L7, Zh bk
MOD {£IZ & U BZT/CuFO/BZT &7 % X 5 HifE L. £ O ME A3t 2 7l L7z, ME 2h 3458 0 i ©
LD LEBETD L. BEOBRENE NI E MERENRE 25 LHEIEND, £ 2T, AW
Ti%, CuFO JEDIE A ¥ 7 5 BZT/ CuFO/BZT ffEl 2 fER L, T D ME SR 25 L 72D THE
ERAE

#CFO @BZT 0 BaCO; O BaFe,0, /5n0,

EBRAE o
PUBHE MOD 12 & 0 fEI L7z, HIRYAWICIE Ba, Zr, Ti. Cu, Fe D47 o
B BB EHSYMMETRIX) 2 FHV ), Ba(TiooZro.)Os. CuFex04 DAEAL & 72 9 T ewon

~
~ vax.ﬁ..ﬂld'u; 210 nm

I

e ) WL 160 nm

HEICHR LT, TN AEIR T 24 MM LI2%, A a— MEE
FWNT FTO FHEREMAT & 4T A MM B2 Lz, £ Dk, K&H 350°C
T30 sy ST, ZOWAIR KON TR % BZT L 2 [, CuFO & N
14 BT oo, R, KA. 640°CT 3 FEIAMLEL %7\, BORH & wﬂn§4&¢me
7o VESL U 7-FEE o il b 1 X AR EIPTHEXRDIC X 0 fjHr Lz, fek -l i} H o
ME {25134 AL L 7= 308 2 1)U LRSS & AR A I B e ) R L somm
ML, FERSNEBLE T 24 LT AL VRETS 2 & TR, P el ™
R L UER e
Fig. 1 1%, CuFO Jg DIRE A %72 5 BZT/CuFO/BZT FBBIED X AREIHT  films with various CuFO layer
X ZRd, 2TORECHEM LT 5 BZT B8 L U CuFO M AR T %, F  thicknesses (fcuro).
72\ towro=160 nm OFRECTIE BZT B XN CuFO fHDO A L 72D, Mz T,
tcor0=210 nm OFELTIE BaFe,04 AL T 5, 24X, BZT @D Ba
J5F-73 BZT/CuFO FHEIZARAE L. CuFO JEH D Fe il & it L7272 T
bbHEBZLND,
Fig. 2 1Z 241 & OFFREIFEIZE Yy & LT Hee=4.11 kOe ZHIML 72 &
& D ME 8% 779, teuro=50 35 LTV 100 nm DFEFCTIE, max®$m
IZ& 0, CuFO BTk T DBEEZNFTA Uit /128 BZT Jgi2fabh v 1z <
<. K MEAREIEIZNZH 204 3 L1 25.2mV/iem+Oe & EWVMETH - o w0 1 a0 2%
72 tewro=160 nm DFEFCHA ME AR50 A% 7% L, 482 mV/em-0e _Cromeresim
L o R G - Fig. 2 The ME voltage
L7200 | tewro=210 nm OFRELTITRNTHEZ T 5, ZHUE, AR X 512, coefficient for BZT/CuFO/BZT
A& O R m CTHAILEDNAE U BaFe,Os f BN ERR L7722 & T, BZT B LW laminated ﬁlm.s depends on the
CFO FID AR BAHD LT Th 5 L B2 BiLs, CuFO layer thickness.
SEXB
1) T. Kimura, T. Goto, H. Shintani, K. Ishizaka, T. Arima, Y. Tokura: Nature, 426 (2003) 55.

Intensity [a.u.]
a
4 [ l

60

7]
=

Maximum ME voltage coefficient
[mV/em- Oe]
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e B AL - TEELRA L BiFeOs SR dRbsk It - 5Re% FE AR D PRR
—Bi VA FDOILFRE RN F—
A, BRI, gk, sCHMUKE, IACKH, DI ek
(FKHIK)
Development of BiFeOs based multiferroic thin film materials with large saturation magnetization and
perpendicular magnetic anisotropy — Effect of substitution element against Bi on magnetic properties —
S. Yoshimura, T. Ozeki, R. Suzuki, K. Takeda, D. Yamamoto, G. Egawa
(Akita Univ.)
[EC&HIZ FmBEE-TmFHEMENT, EHE) S L <IEREGE)IC K D REbM)F J OB 8(P) 0> J5 1A il 23 7]
REE SNTWDZ Enh, EFBRENLOEIEEE ) RRIERE T S0 A B L L THIESEFRIL L TE
TS, @PERRERT A A IBEMERPEHEIRI IR, K& ZRfafimiib(Ms), K& R EERKE MK (FEER
Wel)(He1)), RERAE 3R P), K& 22WA Kerr B A (61)78 & D@ WBERENES KO BV D A%, FRmkM: -
SREE A BRI O 2 b OEIT R E < 72 <, AEEEO BMEH TITRAT S ADIREEEIMITTE T
EMEREILIIAR S TRV, Thia5E AT, FHOITIE, mMmEEM: - 5055 B AR O BRI K 2 Bb ORI &
D, T LICHE S o mERE R EIE O L &2 )R S D, BRI AEST 22 L TnD. £L T,
70 emu/cm® F£E D M35 X OV4 kOe FEE D H. | % H T % (Big4Lao.s)(Feo72C00.28)0s TR 2 AR L 72 [Co/Pd], TEEL
BALBIC BT, BRAINBSEGICR Lz D, L LR D, [Co/Pdl. EIRDORESEEI AL 75 %
ThHV, BERENAMBERE G 2 FEBL LR TR o7, BEMKIRG 2 FZBT 272010k, k-
TREE RISV T, EICE WD MiBXOKE 72 Ky(Het/ Hy) DS E L 72 2. ARBFFETIE, BiFeO; RIERMENE -
SREA BRI B\ C, Bi A hO@EHITTHR L LT, a7 Y 15 (Ca, S, Ba) 8L U7 4 /4 K (La,
Nd, Sm, Gd) & V7 fli 2 OFBEAER L, @ Mot KUK E 72 He/Hy 2§ 2 M BREIROTRR 21T~ 7.

ﬂ (Bi0_4_0,5A0_6_0_5)FeO3 (A = Ca, SI‘, Ba) (BAFO) %H%% L < 53:(Bi0_4_0_5L0_6_0,5)(Fe,Co)03 (L = La, Nd, Sm, Gd)
(BLFCO) #H (JH/E 200 nm) %, SUSHE/ VA DC A8y 2 U > 735 (B : 100kHz, F: 150 W, 7
2—7 4 —t2:1) ZHWT, BABRLIEAT X Si HAK/Ta(5 nm)/Pt(100 nm) N HuJE EIZpkE L7, FEEEIL, Ta
%3, Pt % 400 °C, BAFO % L < X BLFCO % 700-860 °C, O FMiiE ChME U7z, HEEMEAT I3 X B Inl Pl
E(XRD)IC L 0, BEAUHNE IXIRERERE /3 (VSM)EB L OWEAR Kerr 2 BRI EEE IC LV, ST~ 72,

fER  Table.l 12, ER L7= BAFO % L < % BLFCO MDD My, H../Hey, 6k, %ZTNTHoRT. SE#THE
DIRAFr, A A O, A A RO G Bi), HEEIZIH1T D Fe lZxtd 2 Co i, bHboE Trd.

XRD T DFERN D, WTNOEEIZBW T, BiFeO; HHOEMTH Y, (IDEM L TW\D Z & 2R L T
W% . BAFO HEREIZHOWT, EHITHRIC BiFeOs HHO X T A DA MEEOEKREZAET 5 Z LB ESND
Bi DA ARV KRENVEDEHWAIZNEY, MR KEL 72D, KT emu/cm®> THHo7-. Ca TOE
BUZBWTIIAFICBERENSZ AL ERREINTEY, MK TOERIZIZZORELEZLNLD.
F72, Hot/HylZWTNH 1L0LLFTHY, ENDBBALES M Tho7o. £ LT, ZEFE TITHIE L6k
HIEFIT/NE Do 72, BLFCO HEEIZHOWT, —FRICKE 72 MBS 57223, 2O THEFIZ Nd TOREH#IC
BT, KD 140 emuw/em® NG 6NT-. LT, Ho/HyBI OO —FRITRKEL, 1L0BLO0.1°LILET

Holz. BEHEITRICLD 25 OFMEEIZAE(LT 2%  Tablel M.ezﬁnetig propel;tite_:ts (t)'f BiFleOs-btased_ﬁhtn]; .

7j§’ %@{lﬁr’ﬁ]ﬂi%ﬁ%ftﬁ < i %‘r&&:&ﬂi‘j‘;ﬁ%%}h with various suostitution element agains 1.
Substitution

BICREZVRTIEARV. —H T, (BiLa)Fe,Co)Os | eloment |2 [ SF | Ba| ta | Nd|sm|cd)| &

HHRIZIBNT, Co BHROAMEIZLY, MBI T He | Atomic number | 20 | 38 | 56 57 |60 |62 64|83

U Hey DS, FITIEOH KIBIZHE R L TW5. Bi A :

KOS H A }\(3 {ﬂﬁ@/f?ﬁ“/) T@%Tﬁi R lonic valence 2+ | 2+ | 2+ 3+ 3+ [ 3+ [ 3+ | 3+

Fe 4 h® Co (2 flidA F>) TOBHED IR, a0 of  |102|126(142| 111 |1.09|1.07 106 1

BERBEIC RIETERREWE B2 5. ik co?"/ 5 o o Bolozs oo o lnse e

& (R¥FLIFHOFEK) TIE, Fe %A D Co | (FeltCo™) '

BT BT B S A HE T A TETCH B 2. Mg[emuem®] | 10 | 60 | 90 | 15 | 80 | 140 | 110 | 80 | —

BEIGR 1) S i, 5543 [B] BB R, | Her/Hew | 0| 041080 |15 /17 /26 27| —

25aB-3, 2) R fih, 55 45 [] A ARG F A S | o« @750nm] |  [0.01]003[ 0 |0.72]035/019|021] —
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i BRI - FEELRLA L BiFeOs SR SR - 5RGHE B il B O ER R
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Development of BiFeOs based multiferroic thin film materials with large saturation magnetization and
perpendicular magnetic anisotropy — Effect of substitution element against Fe on magnetic properties —
T. Ozeki, D. Yamamoto, G. Egawa, S. Yoshimura
(Akita Univ.)

[EUSHIC =E CIRBENE - RFEENEE A T 5 BiFeO; @ Bi¥'™<° Fe¥' %, Wbl flifis F9 5wk CEfd 5
Z LT, HEEMERRBET A ENBICHREINTWS. Forld, KMV R DC ARy & Y v 7 EE AN
THESRL L 72(BixBay)FeOs #iFIZ B T K 92 emu/em?® O @ WEIFIRAL NS H D Z 2 MiE L2 D 23, A
HGPENEIEEN S HTh Y, BIERENRRR T A AR LT ehotz, ZHUTK LT, kO
L CHERL L 72 (BiixLax)(Feo.72C00.28)O03 VI Z 35\ T, B EBRENV R ST /3 A RIS HIZH 72, K 70 emu/cm?
D L i WO BRI L s DB E R R T PER S SN TN S D, LosLAaR D, 314l Bi & 3fiod La TR
L 7= RO B RFFE OB BLER IOV T, £< ﬁq:o“(lﬂf@ﬁ’oﬁ AWFSECTlE, Fe(Bi,d)(Fe,Co)Os(4=Ba,
La)fflC 51T 5, Fellxfd 5 Co BHAEIZHH L, BEIAFHE BT LT

A% (Bi,4)(Fe,Co)O; (4=Ba, La) (BBFCO) (BLFCO) %H%(H%J; 200 nm)é")iﬁﬁli;/\/l/?( DC ANy Z Y v 7k
WX o TR L 7=, BVER{LREfT & Si JEM 12 Ta(5 nm)/Pt(100 nm)Z FHuJE & L CREL7Z. DL X Ta )%
ti DC B % VTR T, Pt/ RF EJ A T 400 CT, BBFCO L < X BLFCO JEi% V2 DC &
W& FAVWT 695 CT, TNENEIEEZFT>7-. Pt B3 L OVBBFCO % L < I% BLECO M4 pifisi9- 2 BE, itk
O #5728, VAF 77 A~ &S Lz, Ao X Y 72— MII, (BaorLa)-Fe-O ¥k, Fe ¥
XK, CoOMREBERE ST TERLZEELY—5 v MZBiv— e Cov—b2EBLZLOZRAWE. Kk
PV A DC ANy X2 TIRIZEBIT 57V ASRMEE LT, RS 100kHz, #E7) 150 W, ON:OFF L 3:2 ™
—EME L U=, MG L, =%/ —088 X #5tss (EDS) (I X0, B&IE i%)&@mtﬂﬁ”ﬁzm FHVSM)
kY, BT T “ |
#&R Fig.1 |2, BLFCO, BBFCO XD EIFIBHLICZISIT 5 Fe Ikt % Co fEff  wof
BIKFEEEZTRT. 22T, WThOEEIZESW TS Bilixid s La b LI
Ba {E#if % 40~60 at%FfEfE Db D& E# L7-. BLFCO M TlE, fafiiéibix
La [EHA R IZIIRE <KAFAE T, Co BEHLEDIENMIZENHER L, Co EH#LE 28 at%
WZBWT 78emu/cm’® MG D7z, DFED, AY A FOEHITCHEN La DFFIE, B
FA FD Co BENFICHEMEOFKIUCTHF G LWL EEXLND. —FT, . ‘
BBFCO WICH\V TiE, faMmBifbid Co M#MRICITEL AL REES, 90 ° O S
emu/cm’ FRE C—ETHHo72. 2T, Co %Tﬁ’%ﬁ/ﬂ} L T 72\ (BiixBax)FeOs  Fig.1 Dependence of
R, F5 LY Co B b %\ (BixBay)(FeorsC0022)0s HIEICE 1T 5, fe b Eagur:éfcf;ngaﬁg;ftij;ﬁg;(;;
R OBIFIEEAL 3G HAVIZRF D Ba EHERL, TIEI 50~55 at%dS LT 40~45 [ e Co-O films. ’
at% EEWVWR R BN, DFED, AV A FOEBRITLED Ba ORFIE, AT A LD 2

BBFCO ,,

M (emu/cm®)
3

'S
o
T

[N]
o
T

Ba il B A F D Co EHDM S ANMBEIEDOFHIZwE L, EEHRED 50 BLFCO .
~60 atFLEEIZ AR DIHICIREIC 7 = U REEAL T2 £ B2 b, Fig2 o, i o7 5 B
T L7 160D (R (HLe ) O % TEIETE P9 T 1 D ARG (Ho) DI T > 72, TR T A
BRI PEDORE S 2R T —DOIEEHe L [ Ho)\ZB1T D, FelZxf+4 % Co 5 4—3
BRAFE 2. DT ROMBICE N TS, Co BMBABIASES 2 L TRE os) BBFCO
WREGVENRBLS 5 Z LV RE S L7273, FFIZ BLFCO #EIZ DWW TIEZED .
7 2380 T - 7=, LR XY, BLFCO HIRIZ 51T 2 ffbds K ORE RS )7 ° i % %
PEOEHOFERT Fe lZxd 5 Co DEHIZLDEDEEZEZILND. X (Co/ CotFe) (%)
) Fig.2 Dependence of Hc1 / Hc

SEZCHR 1) S. Yoshimura et al., JJAP-STAP, 57,0902B7 (2018). , on Co concentration in

2) M. Kuppan, S. Yoshimura et al., Scientific Reports, 11, 11118 (2021). Bi-(La, Ba)-Fe-Co-O films.
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Element—specific magnetic states and magnetic compensation in Mn;(Coi-Vy)Al studied by XMCD
J. Okabayashi!, T. Tsuchiya® and S. Mizukami®
'WTokyo, *Tohoku Univ.

FErwic  N—7 R &zv}i%ﬁ@ﬁﬁt WALAfE 7 = VBT RIZ A e be =2 ZAMEHE LCHER ST
D, INLOMERNZIT, ZUBREBRIORA AT —/ENE L TR, #HERHEIC X D323V <20l
HEEINTWa, T4’7\7~é}/£ BT DMl i & 2ME T Z OO Slater—Pauling H i = 7 - 24 12 &
S T[], Z=24 12 CHitER & 72D, D78, ARl Mny(Cor, V) Al #EEIZE R L, x= 0.5 OMAEKIZ THAL
WENEZD Z ENTHREND, TOERBEEZFADZDIT, V, Mn, Co DILEBRBALIRREIZ DUV THIAK
ﬁ'é(r 0, 0.33, 0.5, 0.6, )&, VA MNEOLZHMHENEHOKF T ERAfIZT L BNET S, £
DT=DIZ, XEREULSyH (XAS) & X BRI —att (XMCD) % vy, e BIZeBEACIRRE 2 HREIC 9 5,
%Eﬁﬁ& HREHZHOWT, =27 % b 28y Z 12T Mg0(001) bR I HERE L 7=, MnyCoAl, Mn,VAL Z —
7 hOIEHEREIC LV . EE 30 nm O Mny (Co V) Al DR ZZFH L7-, XBREPFIC LY L2 HAETH S Z
& ZHEDND ﬁ%ﬂtiﬂﬂm X 0RBOSRMEARE L=, V, Mn, Co L WRIUHED XAS, XMCD JHIEIZHOWT, &
T M Photon Factory BL-7A (B AHR) 2T 80 KIZTITo 7=,

FEREEE  BHMEIETIE, x= 0.5 R TEAEAHEE L T D Z LAV 7z, & 2T, XMCD I TrnRAIRE
{EARAEZ 72, MnaCoAl TIE, Mn & Co DAE T FATTH Y, MnVAL TiEMn & VORE UIRCEATTH
%o x= 0.33, 0.5, 0.66 DEEDARY MLORFERIHRE(LF Fig. 1 12759, MnCoAl ~0 V FMZ &
V. Mn YA MZBT DTG O 3BLAL, MEMED x= 0.5 TIX. Mn, Co & &RCEATRIIZED
XMCD JREEAIN 2 Hav, W BID AT hvbied, S50 VEIMEOHEIZEI Y VIZh XMCD 238, Co
@ XMCD OFFBITWHET 5 Z L3 D, T AT Mn—Co MDA BAEH OFF 5 O Kis A EWT %, Mn ¢ XMCD
X OMARTIER AT 2 OO INTWD Z ENAXRT MVIBIRNGHL, Znbhhb,
Mn; (Cog.5Vo.5) Al (21T D BMEARME L, Mn, Co ICBW TR TR 2 A FBFELTAE V2B LA-T
W5 Z & DRI BALIRRE DfEMT 7> B - 72 [2],

HE LW (1] 1. Galanakis, P. H. Dederichs, and N. Papanikolaou, Phys. Rev. B 66, 174429 (2002).
[2] T. Tsuchiya, J. Okabayashi, and S. Mizukami, submitted.
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Fig. 1, XMCD at V, Mn, and Co L-edges in Mn>Co;«VxAl films for x=0, 0.33, 0.5, 0.66, and 1.
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Multiple-valued Memory Utilized Chiral Magnetic Syrmion

J. Watanabe, Y. Nakatani
(Univ.of Electro-Comm.)

IF &I

A, REEFEMEA €Y O—FE & LT Spin Transfer Torque- MRAM(2A
STT-MRAM) A% X T W5, STI-MRAM (3 AHEFM: & Fioa 2 & Atk
THE2LEVSRENRH L, ZORBERATLZZ LTy Yy YatEYAD
FHBARELEEZ O6NT WS, AHFETIEI HIZAE Y DRERILDTZDIT,
EHO AT DAL AR OE S BREAGEZHEHT 2 2HAEY THLEDIC
WU, EHICAFILIAURGED 2 88T 52 & T4 DORMIE (Fig.1) %
B4 AT Y HAT, AHKINICADORMMIEL 1E, RTHEMTOR  eq nemory
X HEE (AR, WSD), LD B E DA X)L I A4 VHEE (BAR. ¢cWSK), 2 THV R & OBl XHGE (BUF, BSD), HOL AT
MEDAF)LIF UG (BLF, cBSK) TH B, AWK TIEID 4 ATV IZHEL THALRGE DT E RIZHER TRV F -
TEELLTEDIC4 DD LEED T X LVF DR LU TH Y. 4REEDTFLF =N THRAE) L LT HHTHIHEE
Blor TEMWRYIDEZLE 20T A 2787 2T 1y 2y Iab—YayzHnTHAT,

Fig. 1 Magnetization distributions for multiple-

YXal—vavilE

EEH 60 nm, BEAY 04 nm O Z NG L, ¥ Ialb—Y 3 v 0AZNEKTIE 1.0 nm THEEILL 72, e
D, BIFIRE(E M, = 580 emu/cm®, $HEEH a = 0.1, y = 17.6 Mrad/s - Oe, iR p=10& L7/, ¥Ialb—YarTiE &
AT v 73X AEM A, DMI EB D, KR STMER K, #2852 2TWSD & cWSK DT 2 LF =% <, #ZE
PEFREC (BAR, A) 28407 2 3 5 Hilaa bR 2ROz, KT, ZOMAEDEDOZRMAED FT WSD IZid-z i, cWSK 21 +z J
MOAEVHERD 2MA, EREEICLDEEEEOE(EY I 2L —Ya itk V#HEL

R

V3al—=va L DRDZ WSD & cWSK DT R )LF =03 L <, A D340 & A2 REH R Table 1 1I2RT, ZH o D5
125t LT, 2OV AIEAY 0.02 ns T 500~ 1000 GA/m? OEFREEZ A 7214, 1 ns B S E/2 & 25, Fig2 O & 5 iR S iz,
Z DK, (a) 1Z WSD 12z AFDA Y VEBHRZ MAZREOFERTH V. (b) 1X cWSKIZ +z AHAID A VB ZMA RO ETH 5,
ZDZDODFERMNS A =2.0,2.5 yerg/cm T
HDW, KW= v ORFREE T EE i

(LIREED Y] b B X AT TH 5 & o 7, ,g?w )OO0 0000000(
2.5
A perg/ecm | D erg/cm2 K, Merg/cm3 ‘ 92-0
gl.ﬁ ®.0 0
0.5 3.12 14.43 10 O OO
1.0 3.78 10.15 <5 .
: : : 0S|l 4 oA 444 A AAAbAAAAAA Ak A
15 4.67 931 500|52$4n|550 5sn|so$zu 640| 60680 700|720 740] ?s;Faulsuu ls20|840/360(880/900 520/ 340 sﬁsnpwq
z

2.0 5.60 8.77 o (GA/m") |
2.5 6.62 8.74 (a) Initial state : WSD
3.0 7.69 8.85
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Fig. 2 Spin configurations at various current densities
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Control of magnetic skyrmionium on TbFeCo films
Satoshi Kato, Kentaro Ohara, Xichao Zhang, Jing Xia*, Xiaoxi Liu
(Shinshu Univ., CUHK*)
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Anomalous Hall effect of
noncollinear antiferromagnetic antiperovskite nitrides
°Kou Sonoda , Hiromasa Kato , Kento Matsuura, B.W. Qiang, Tetsuya Hajiri , Kenji Ueda , Hidefumi Asano
(Nagoya Univ.)
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Fig. 1. XRD patterns of the MSN, and. MGN films. Fig. 2. Temperature dependences of e at 7 T.
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The Effect of Confinement and Protection of Skyrmions
Kentaro Ohara', Xichao Zhang', Yinling Chen!, Jing Xia?, Yan Zhou?, Xiaoxi Liu'
(Shinshu Univ. !, CUHK ?)
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S = N . =

& T EZZ X\ A “}\" ] 1% N j— :/ @ F?lﬁ L Ji\ y) ° 'f% n% measured by VSM and polar-Kerr. (d) Experimental observation of room temperature stable skyrmions in default PMA and
DMI which confined in parallel narrow channels formed by boundaries of stripe patterns with enhanced PMA and DML. (e)

) ;‘j% ;&‘ i—\- L *( vy 6 . : 0)%%75) g Eﬁ/i Tllustration of a Néel-type magnetic skyrmion stabilized by interfacial DMI.

AL I A U PEMEER O TR LRVREON R EMR L, SIOICRRE )V Y TTT7 4 — " — il
EHIT T 2 A, BRAFAIFZ O CIADIRGMHER L., ZOERERIIBERATVIL V2=
— AV Ea—T 4 TR EDAE S v =g AT, AWCHEIEL SN TE D EEZTWD.

BE

1) Zhang, X; et al. J. Phys.: Condens. Matter 2020, 32 (14)

2) Jiang, W.; et al. Nat. Phys. 2017, 13 (2), 162— 169

3) Ohara, K.; et al. Nano Lett. 2021, 21, 10, 4320-4326 143001
4) Jibiki, Y; et al. Appl. Phys. Lett. 2020, 117 (8), 082402



31aB - 12 A5 A AR R AR AR (2021)

Configurable pixelated skyrmions on nanoscale grids

Xichao Zhang!, Jing Xia!, Keiichiro Shirai', Hiroshi Fujiwara!, Oleg A. Tretiakov?,
Motohiko Ezawa®, Yan Zhou*, Xiaoxi Liu'

! Department of Electrical and Computer Engineering, Shinshu University, Nagano 380-8553, Japan
2 School of Physics, The University of New South Wales, Sydney 2052, Australia
3 Department of Applied Physics, The University of Tokyo, Tokyo 113-8656, Japan
* School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen, China

Topological spin textures can serve as non-volatile information carriers [1]. In this work, we study the dynamics of
skyrmions on the artificial nanoscale square grid formed by orthogonal defect lines with reduced perpendicular
magnetic anisotropy (PMA). A skyrmion on the grid is pixelated with a quantized size of the grid. We can store digital
information in the position, size, and shape of skyrmions. The center of the skyrmion is quantized to be on the grid and
the skyrmion shows a hopping motion instead of a continuous motion. We show that the skyrmion Hall effect can be
perfectly prohibited due to the pinning effect of the grid. We computationally demonstrate that the position, size, and
shape of skyrmions on the square grid are electrically configurable, which can be harnessed to build the programmable
racetrack-type memory, multistate memory, and logic computing device. Our results will be a basis of future digital
computation based on skyrmions on the grid.
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Phys.: Condens. Matter 27, 503001 (2015); Nat. Rev. Mat. 1, 16044 (2016); J. Phys. D: Appl. Phys. 49, 423001
(2016); Proc. IEEE 104, 2040 (2016); Nat. Rev. Mater. 2, 17031 (2017); J. Appl. Phys. 124, 240901 (2018); Natl.
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Figure 1. (a) Illustration of an ordinary skyrmion with a unity topological charge. (b) Illustration of a square-shaped
skyrmion with a unity topological charge. (c) Top view of the sample with K#/K = 1. Ky and K indicate the PMA
constants for defect lines and unmodified areas, respectively. Defect lines are indicated by yellow lines. (d) Top view of
the sample with K/K = 0.2. (e) Hopping motion of a square-shaped skyrmion induced by a current pulse. (f)
Deformation of a square-shaped skyrmion induced by a current pulse.
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Recent progress in magneto-Archimedes levitation

Yasuhiro Ikezoe
(Department of Applied Chemistry, Nippon Institute of Technology)

<Introduction> Human beings have conducted various experiments using the micro-gravity environment in the space
station. For example, if crystals of protein molecules associated with a particular disease can be obtained in space and
their structural analysis is successful, we will benefit enormously. Therefore, we are conducting space experiments with
a great deal of cost and risk in mind. On the other hand, there are multiple technologies for floating objects on the earth.
Magnetic levitation using superconductivity and optical tweezers can be mentioned. However, there are many restrictions
such as the need for extremely low temperatures and the fact that only objects of a few microns can be floated. Among
them, magnetic levitation is the only technology that can make a macroscopic object stand still in the air in a room
temperature environment.

Magnetic levitation is achieved by balancing the repulsive force that a diamagnetic object receives from a magnetic field
with the gravity acting on the object. The equation is expressed as follows.

() 522+ ()55 =0s) -+ -0

Here, x and p is the magnetic susceptibility and density of the
substance to be levitated, respectively, and u, is the magnetic )(1.(,0

A
z t F, = -XBvB
Ho

9 o . . X2, pz(medium)
permeability of vacuum. The distribution of the magnetic flux density

Fgr = Apg
as the positive direction of the z-axis. The magnetic susceptibility of B Ay =y — e Dp=py —ps

along z-axis is B(z), where the vertical upward direction is defined

a diamagnetic object has a negative value, and its absolute value is Figure 1. Schematic illustration of principle of
extremely small, ca 10-. The magnetic force generated by a magnet magneto-Archimedes levitation

is proportional to the magnetic force field, B(0B/0z). Therefore, a
very large magnetic flux density is required to obtain a magnetic force
comparable to gravity. Beaugnon et al. demonstrated the magnetic
levitation experiment of water for the first time in the world", using a
huge superconducting magnet that generates a magnetic field of more
than 20 T. Even now, such a strong magnetic field is available only in
a few institutes in the world. In order to overcome this difficulty, we
proposed the principle of magnetic Archimedes ? as a new principle
of magnetic levitation. Figure 1 is a schematic diagram showing the
principle of Magneto-Archimedes levitation, and the equation for the

balance between magnetic force and gravity is expressed as the ° o
Figure 2. Levitation of water by magneto-

following equation. Archimedes levitation

(-5 [ (9] - -0

Here, y; and p, isthe magnetic susceptibility and density of the substance to be levitated, respectively. y, and p, is
similarly those of the surrounding medium. Ay = (y; — x,) and 4Ap = (p; — p,) is defined as the differences between
them. The difference from Eq. (1) is that the density and magnetic susceptibility of the substance to be levitated are
regarded as the difference from those of the surroundings. From equation (2), if a paramagnetic object with positive
magnetic susceptibility is used as the medium, the magnetic susceptibility difference A x can be increased, and the
magnetic force field, B(0B/0z), required for magnetic levitation becomes small. Consequently, magnetic levitation
becomes possible with a small magnet. For example, if 10 atm oxygen gas known as paramagnetic gas is used, a magnetic
field of about 10 T is sufficient for the levitation of water (Fig. 2). Also, considering the low density of plastics, if a liquid
containing paramagnetic ions such as manganese (Mn) or gadolinium (Gd) is used as the medium, magnetic levitation of
plastics is realized in the medium using even commercially available permanent magnets. This is because not only increase
of Ay but also decrease of Ap makes the condition for the magneto-Archimedes levitation much milder. More than 20



years have passed since the magneto-Archimedes levitation was invented, and a large number of applied technologies
have been developed. Since then, a few excellent reviews were published.>>

[Applications] In a micro-gravity environment inside a space station, an object can be floated but not stationary. This is
because there is no minimum point of potential energy of an object in space. The levitation position in the magnetic
levitation state is the minimum point of the potential energy of the object. Moreover, since the levitation position is
determined by the density and magnetic susceptibility of the object, objects made of different substances levitate in
different positions. Taking advantage of this, objects can be separated magnetically in an instant. For example, if a colored
glass piece are placed in an aqueous solution of manganese chloride and
placed in a magnetic field, the colored glass pieces are instantly
separated. If we pour an ethanol solution of manganese chloride between
a pair of magnets and put small pieces of polypropylene (PP),
polystyrene (PS), or polyethylene terephthalate (PET) in it, these small
pieces will fall down due to gravity. However, they are spatially
separated due to the repulsive force of the magnets; some can can pass
between the magnets, however, others cannot (Fig. 3). In recent years,
marine microplastics have become a serious problem in the world, but
our magnetic separation technology can be considered as a solution for
reusing plastics or recovering plastics waste.
The great advantage of levitating an object is that it can remain in non-
contact state, however, at the same time it means the object is immobile.
We are currently developing a technology to move a levitated object in a

non-contact manner using a substance whose magnetism changes by the

irradiation of light. For example, the phosphorescent material used for Figure 3. Magnetic separation of plastics pieces, PET, PS

displaying evacuation passages has different valences of Eu ions in the and PP. (a) After introducing a mixture of plastics pieces,
excited state and the ground state, so the magnetism changes depending (b) through a pair of magnet, () materials are separated
by the magnetic force.

on whether the light is turned on or off. Therefore, when the UV ON OFF
phosphorescent material in the magnetic levitation state was repeatedly <

> <€ > <€
turned on and off with ultraviolet light, it was found that it moved away
from the magnet while it was exposed to light and returned to its original
position when the light was extinguished (Fig. 4). This process is
reversible, therefore, it is believed that new types of mechanical parts or
actuators are realized.

Recently, the performance of computers is so high that it has become

easy to simulate the magnetic field distribution in detail. We carried out Figure 4. Non-contact manipulation of levitated object by
light irradiation. A magnet is located under the bottom of

a precise analysis of the magnetic field distribution near the edges of the the cell

permanent magnets, we discovered that when two magnets were placed
side by side, water droplets could float in a space of about 1 mm between
the two magnets (Fig. 5). This is a great advance in the history of
magnetic levitation because, 20 years ago, nobody believed the water is
levitated by permanent magnets. In the future, it will be applicable to
make a compact surface tension measuring device or liquid supercooling
experiments, and so on.
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Electromagnetophoretic-microfluidic technique for the separation of
micro-particles

Yoshinori liguni
Nagoya Institute of Technology, Gokiso, Showa, Nagoya 466-8555, Japan

For the detection, separation, and characterization of nm and pm-sized particles, such as biological cells and
extracellular vesicles, the method using a microfluidic device is effective, and many researches have been reported. In
such the method, the flow pattern design and the transport control of particles in the microchannel are very important
techniques. These are governed by introducing a multi-flow, a flow path structure, and applying an external field. In our
laboratory, microfluidic analysis of micro-particles based on control of particle transfer in the microchannel utilized
electromagnetophoresis with applying the magnetic field and the electric current have been investigated. So far,
techniques for separation of micro-particles using the staggered electrophoresis and control of particle transfer based on
Lorentz force combined with a conductive/non-conductive aqueous two phase (ATP) micro-flow have been developed.
Separation of micro-particles by Staggered-electromagnetophoresis. When the electric current and the staggered
magnetic fields generated by two external manets are applied to a conductive solution indluding micro-particles,
particles experience two localized electromagnetophoresis (EMP) in a microchannel. As the result, The particles
mixture injected from the inlet by the flow of an aqueous medium are once focused near channel wall by EMP force of
which direction is orthogonal to the flow. Then, the particles experience the EMP force whose direction is opposite to
focusing process. Particles with low EMP migration velocity travel toward the parallel outlet while those with large
EMP migration velocity elute off from the diagonal outlet. This elution behavior should result in the separation of the
particles based on their sizes or properties. Using this method, we demonstrated the size-based separation of polystyrene
(PS) particles (3 and 6 um in diameter) using localized EMP migration by the magnetic field designed by two Nd-Fe-B
magnets. In consequence, both 3 and 6 um PS particles could be separately recovered at the different outlets with the
100% purity and recovery, respectively. Moreover, yeast cells and 6 um PS particles could be separated with the high
separation efficiency. Currently, application of staggered electromagnetophoresis to plankton analysis is investigated.
Control of particle transfer by electormagnetophoresis combined with ATP micro-flow. When the electric current
and the magnetic field are applied to the conductive/non-conductive ATP micro-flow, Lorentz force acts only on the
conductive solution (Fig. 2). Therefore, depending on the condition of the ATP flow, electromagnetophoresis of
micro-particles only in the conductive fluid and/or convection generated by magnetohydrodynamic (MHD) effect are
observed. A double Y-shaped microchip with two inlets, two outlets and a guide on the bottom of the channel was used
to form a conductive/non-conductive ATP flow with 1.16 mol L* KCI aqueous solution and 20% dextran (Dex) aqueous
solution as a conductive fluid and a non-conductive fluid, respectively. PS particles (1, 6 and 10 um in diameters) and
carboxylate PS (cPS) particles dispersed in the conductive fluid could be focused on the ATP flow interface by
electromagnetophoresis when Lorentz force was applied to the conductive fluid in the direction opposite to the ATP
flow interface. Then, cPS particles were transferred to Dex solution and separated form PS particles. On the other hand,
when Lorentz force was applied toward to the ATP flow interface, the rotation of ATP micro-flow by MHD effect was
observed in which the positions of the conductive fluid and the non-conductive fluid were interchanged. During the
rotation, micro-particles were transferred by both electropmagnetophoresis and MHD rotation.

Magnet1® ®Magnet2 e Dex s
0,0 oo KCl <" ATP micro-flow .

O o ol —— o
o 3/ ------- 0 \ o Lorentz force
; =>
° o /EMP EMP KCI Dex
O LO | (o) OOO
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Fig.1 Schematic illustration of staggered Fig.2 Schematic drawmg of Lorentz force acting on
Electromagnetophoresis in the microchip the conductive/non-conductive ATP micro-flow
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Development of in situ solid-state NMR system for
magnetically oriented microcrystal suspensions

Ryosuke Kusumi
Graduate School of Agriculture, Kyoto University, Kyoto 606-8502, Japan

Magnetically Oriented Microcrystal Array (MOMA), i.e., a composite in which microcrystals are aligned three-
dimensionally in a polymer matrix by application of a frequency-modulated rotating magnetic field, has a great potential
as a means for determination of anisotropic interactions in NMRY. The 3D orientation of the magnetization axes (y1, y2,
y3-axes with y1 > y2 > y3), which are related with the crystallographic axes, can be induced by modulated rotation of a
microcrystal suspension under a static magnetic field”. When such a rotation is performed in an NMR probe, we can
determine the anisotropic interactions, e.g., chemical shift tensor, directly from microcrystals in a liquid medium. Recently,
we achieved in situ solid-state NMR of a magnetically oriented microcrystal suspension (MOMS) using a probe developed
for modulated rotation around an axis perpendicular to the external field”. However, the previous probe only provided
one single-crystal (SC) rotation pattern around the ys-axis (L Bo) of microcrystals. The SC rotation pattern around a
general axis, i.e., an axis not perpendicular to B, is required for complete determination of chemical shift tensor.

Here, we developed a new MOMS probe enabling temporal tilt of the axis of modulated-rotation during the period of
pulse application and signal acquisition. In this probe (Fig. 1), the microcrystals in the viscous medium are intermittently
rotated around the axis normal to the external field (Fig. 1(a)). The magnetization axes of the individual microcrystal are
aligned in a reference frame fixed in the modulatory rotating sample, such that the yi-axis is parallel to the initial direction
of the external field whereas the y3-axis is to the rotation axis. By temporary tilting the rotation axis (Fig. 1(b)) during the
pulse sequence for various rotation angles, SC rotation patterns around an arbitrary axis can be obtained. We successfully
measured SC rotation patterns of '3C CP spectrum in a MOMS sample of L-alanine in a static magnetic field of 7 T,
showing that it is possible to characterize the chemical shift tensor for microcrystals in a liquid medium.
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tilting of the modulated-rotation axis during the pulse application
and signal acquisition of NMR.
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Magnetic field effect on the preparation process of carbon materials

Atom Hamasaki
(Shinshu University)

Coal tar pitch is a residue left when coal is dry distilled to obtain coke and the like. As it is a residue, even if itis a
raw material for activated carbon or graphite now, continuous quest about reuse is important. Coal tar pitch having
diamagnetic susceptibility passes through a mesophase, which responds to a magnetic field like a liquid crystal in the
heat treatment process. We recently reported that a highly ordered structure of carbonized coal tar pitch due to magnetic
orientation was obtained by application of a high magnetic field of 10 T [1]. By using the oriented carbonized material
of coal tar pitch as a precursor, the advantages of using magnetic fields in the preparation of activated carbon, graphite,
and polarizing elements have been discovered, and | would like to present about these.

[Graphite] Graphite precursors prepared from coal tar pitch in the absence and presence of a magnetic field of 6 T,
which are denoted as general carbonized pitch (GCP) and highly oriented carbonized pitch (HOCP), respectively, were
formed into pellets with 20% coal pitch as a binder and then carbonized at more high temperature The Raman spectra of
carbon materials are characterized by a G band around 1600 cm™ derived from the growth of the graphene plane and D
band around 1350 cm™? originating from defects in the graphene plane. The dependence of the D-to-G-band intensity
ratio (Io/lc) of the carbon materials on treatment temperature is plotted in Fig. 1(a) [2]. Io/lc of graphite produced from
HOCP decreased faster above 1300 K than was the case using GCP. Fig. 1(b) shows the (002) lattice spacing of the
carbon hexagonal layer obtained from X-ray diffraction (XRD) measurements. The interplanar spacing of graphite
obtained from HOCP is narrower than that from GCP. Therefore, if the precursor is previously oriented, rearranging the
crystallites during graphitization becomes relatively easy. As a result, energy was effectively used for crystal growth
during the rearrangement process, and graphitization was accelerated.

[Activated carbon] In order to make activated carbon from pitch, the pitch is generally oxidized near its melting point,
which called as stabilization, and then activated. Here, relatively mild environment such as water vapor or carbon
dioxide is usually used for activation gas. HOCP (prepared in 10 T) is difficult to be activated because of its highly
oriented structure. Therefore, we activated it with potassium hydroxide, which has a high activation ability. The
activated carbons prepared from HOCP increased the relative surface area and total pore volume about 30% compared
to the that prepared from GCP (prepared in 0 T)as shown in Fig. 2 [3]. Nitrogen adsorption isotherms showed that the
pore shapes were almost identical for GCP and HOCP, with more similar holes.

[Polarization property] Fig.3 shows polarized microscopic images of a prepared thin film (0.15 mm thickness) from
coal tar pitch with the absence (a) and presence (b) of 10 T [4]. Those prepared under no magnetic field have domains
with a local orientation structure, however, the orientation direction in each was random. Contrastively, those prepared
under a magnetic field were completely oriented for the same direction in the range of at least several millimeters. Next,
a linearly polarized light was guided to prepare carbon films, and its transmitted light was investigated. Fig. 4 shows the
brightness of the transmitted light. In each figure, two kinds of angles formed by the magnetic field axis of the
carbonized material and the polarization axis of the linearly polarized light are shown, parallel (open nicols) and
orthogonal (crossed nicols). The sample prepared in the magnetic field has functions as a polarizer.
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Fig. 3. Polarized microscopic images of a prepared thin film of carbonized coal tar pitch in the absence (a) and
presence (b) of a magnetic field and these resistance.
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Fig. 4. The brightness of the transmitted linearly polarized light of a carbon thin film prepared in the absence (a)
and presence (b) of 10 T at open nicols and crossed nicols positions.
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Delay of magnetic field-induced martensitic transformation
in some ferrous alloys
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Martensitic transformations have been classified into time-independent “athermal transformations” and
time-dependent “isothermal transformations” from the viewpoint of kinetics. It had been found that an iron alloy
exhibiting an isothermal transformation changes into an athermal transformation by applying pulse magnetic fields®.
This kinetics change has been interesting, and it had been unclear how it changes. The incubation time is particularly
interesting because it is related to nucleation, but most of the studies on the incubation time required for martensitic
transformation have been about the incubation times longer than one second or more. Therefore, in this study, we aimed
to detect an incubation time shorter than one second that cannot be measured with a steady magnetic field, by using a
pulsed magnetic field with a large magnetic field sweep rate.

The samples used in this study were Fe-24.8Ni-4.0Mn (at%) and Fe-20.1Ni-5.4Cr (at%) alloys (abbreviate 4.0Mn
and 5.4Cr). In both materials, the magnetizations of the martensite phase are larger than those of the parent phase, so a
magnetic field can induce martensitic transformation. A rolled plate with a thickness of about 1 mm was prepared by
induction melting and hot rolling. From these rolled plates, 4.0Mn was cut out of 5.0 mm x 1.5 mm x 0.30 mm, and
5.4Cr was 5.0 mm x 1.0 mm x 0.30 mm. The 4.0Mn does not have a clear martensitic transformation point even when
cooled to 5K at a cooling rate of 2 K / min. However, when it is maintained at an isothermal temperature under a
magnetic field of 9 T, it exhibits an isothermal transformation with a nose temperature of around 140 K. The sample
was rapidly cooled to 77 K by putting it directly into liquid nitrogen, and then a pulse magnetic field was applied to
measure the magnetization. The 5.4Cr has a clear transformation temperature near room temperature and is a sample
with remarkable time dependence. The magnetization was measured by applying a pulsed magnetic field to this sample
as well.

When a pulse magnetic field with a maximum magnetic field of 25.8T and a pulse width of about 15 ms is applied to
the 4.0Mn alloy at 77K, a sharp increase in magnetization due to martensitic transformation is observed at 16.53T. It
was. When the same measurement was performed a total of four times, the critical magnetic field varied slightly from
sample to sample and ranged from 15 T to 17 T. Next, we conducted an experiment in which a pulsed magnetic field in
which the maximum magnetic field was increased by about 0.5 T from around 10 T was applied to the sample until
martensitic transformation occurred. Martensitic transformation did not occur when the maximum magnetic field was
13.47 T or less, but when the maximum magnetic field was 14.24 T, a rapid increase in magnetization due to martensitic
transformation occurred. However, the transformation occurred 50 ps after the magnetic field reached its maximum
value. From this, it can be considered that this transformation requires an incubation period of at least 50 us. This time
is more than enough time for martensite nuclei to grow and is considered to be the time required to form nuclei. In
5.4Cr alloy, the critical magnetic field of martensite transformation depends on the field sweep rate. At 280 K, the value
of the critical field was 5.97 T when the sweep rate was 0.015 T /s, while it was 34.01 T for 18.40 x 103 T /s. These

results show there are incubation times much shorter than one second.
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Dynamic hysteresis measurement of a magnetic nano particle suspension

under a DC bias magnetic field

°Reisho Onodera', Eiji Kita'?, and Hideto Yanagihara2
(NIT, Ibaraki college !, Univ. of Tsukuba?)

Introduction

Magnetic nanoparticles (MNPs) have already been utilized as contrast agents in MRI and are also being investigated for
applications in magnetic hyperthermia, magnetic nanoparticle imaging (MPI), and a drug delivery system. Magnetic
hyperthermia uses the heat generated in MNPs by applying an alternating magnetic field (AMF), and the heating ability
of MNPs depends on the energy loss in the dynamic hysteresis loop, therefore the dynamic magnetization curve obtained
by applying AMF has been studied experimentally and theoretically.

In MPI, two types of magnetic fields are used for a direct current field (DC-MF), which creates a zero-field region, and
an AMF, which induces the magnetization of MNPs in the zero-field region. In addition, magnetic hyperthermia has been
investigated in combination with the drug delivery system using DC-MF to concentrate and retain MNPs in the affected
part.

Thus, it is important to evaluate the magnetic properties of MNPs under the condition that DC-MF is combined with
AMF, because DC-MF and AMF are expected to be used together in many medical applications of MNPs.

In this study, we have investigated the dynamic hysteresis of Resovist®, a commercial superparamagnetic iron oxide
when parallel and perpendicular DC-MFs are applied to the AMF, in order to evaluate the effect of DC-MFs on the high-
frequency responsively of a magnetization.

Experimental setup

The system consists of a DC-MF magnet and an AC magnetization measurement system". As shown in Fig. 1, an
electromagnet with 50 mm diameter poles is used for DC-MF generation, and AMF generation coils for dynamic
hysteresis measurement and magnetization and magnetic field detection coils are installed between the poles. The AMF
generator consists of a series LC resonant circuit consisting of an air-core coil and a capacitor, and a high-frequency
power supply (1 kW), which can generate a high-frequency magnetic field in the range of 20 k to 1 MHz. The magnetic
poles of the DC-MF, the AMF coil, and the detection coil are arranged as shown in Fig. 1, and the applied direction of the
DC-MF can be changed between parallel and perpendicular.

Experimental results
Dynamic hysteresis measurements were carried out with the DC field strength and AC field amplitude of 0-50 mT and
5-70 mT, respectively, and the frequency range of 60-200 kHz.
As a result of the measurement, the hysteresis loop of the applied DC-MF perpendicular to the AMF showed linear
response with increasing DC-MF strength, while the coercivity in the (a)

Digital Oscilloscope

M signal
H signal
i

DC magnet
(parallel configurati
s ‘—, AFM generator
| DC magnet 1 Pickup coils

(perpendicular configuration)

dynamic loop did not change significantly.

RF power generator

When parallel DC-MF was applied, the slope of the loop showing linearity (50k-1000 kHz, 1 kW)
changed with the intensity of DC-MF in the small range of AMF amplitude.
In this talk, we will introduce the effect of the DC field by comparing the

results with static magnetization measurements by using a VSM.
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Fig. 1 Schematic diagram of
the experimental setup. 2
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In-field annealing for precipitation of magnetic alloys
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Magnetic field effects on the phase diagram, phase transformation, microstructures, and diffusion of the magnetic
alloys have been studied so far. Phase transformation or reaction to the ferromagnetic phase were enhanced by
application of magnetic fields, while those to non-ferromagnetic phase from ferromagnetic phase were suppressed under
magnetic fields '?, because the energy gain of magnetic phase under magnetic fields depends on magnetic field
intensity and magnetization of the phase. Furthermore, when phase diagram is changed by magnetic field, phase
fraction of the equilibrium phases can be controlled.

On the other hand, magnetic field has been used for separation of the magnetic particles and the non-magnetic ones”.
In the viewpoint of gain of magnetic energy, magnetic-field-induced precipitation can be expected by difference of
magnetization of the phases. In other words, novel magnetic separation method by in-field annealing can be expected.

In this study, we report the magnetic field effects on the precipitation of ferromagnetic and non-ferromagnetic
elements. We focused on the magnetic field effects on the precipitation of non-magnetic elements Cu in iron and that of
iron due to the decomposition of rare-earth permanent magnet SmyFe;7N;. The phase fraction and precipitation behavior
was evaluated by >'Fe Mossbauer spectroscopy.

Table 1 shows the phase fraction of the Sm-Fe-N annealed in 0 and 5 T. Sm,Fe;N; decomposed into Sm,0; and aFe,
iron-oxide compounds due to the oxidation and the existence of Fe,O;. After in-field annealing at 5 T, phase fraction of
Fe-based phase become larger than those at 0 T. Therefore, it is found that decomposition of Sm-Fe-N phase and the
precipitation of Fe and Sm,0; was enhanced by in-field annealing.

In the presentation, magnetic field effects on Fe-Cu and Sm,Fe ;N; systems are discussed in the viewpoint of
magnetic properties of the phases at the reaction and the phase diagram in magnetic fields.

Table 1. Phase fraction of Sm-Fe-N phase and Fe-based phase

Phase fraction of Phase fraction of
Sm-Fe-N (Sm,Fe;7N; +  Fe-based (aFe + Fe,05
SmyFe; 7Ny phase (%) + Fe;04) phase (%)

0T 853 14.7
5T 65 35
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Analysis of film thickness dependence of degree of order and perpendicular magnetic anisotropy energy
for FePt granular film with structural inhomogeneity
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(1. Tohoku Univ., 2. TANAKA KIKINZOKU KOGYO K. K.)
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Evaluation of magnetocrystalline anisotropy energy of FePt grains in FePt granular film
including FePt grains with c-axes parallel to the film plane
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Effect of FePt-C nucleation layer on c-axes orientation and perpendicular magnetic anisotropy
energy for FePt-C / FePt-oxide stacked granular media
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EBER  SEOBERIT Sub./ CosoWa0(80 nm)/ MgO(5 nm)/ FePt-30vol%C(2 nm)/FePt-30vol%GBM(0-8 nm)/C(7 nm) & L
7=. FePt-C & FePt-GBM (% 550°C D i TR L 7-. GBM I B203,Sn0,Ge02,WO3,Nb205,Si02,TiO2,Mn0,Y203,2r02 T 5.

1120, (@fEfif . (M), (b)TEE AR T T R V¥ — (Kufim), (c) b Z VRS 5 nm BEROLRREET) (He) @ GBM
OFS (Tm) OEFEMEZ R, NL 288 L2V EHATIX, FePt-oxide :

Y5 =2 ik (GBM ® Tm < 3500°C) 2% FePt-C 27 == F ik E 8001 L L wyp (@)
(GBM @ Tw:3500C) LV il M@® 2= LTW\5 . FePt-C 7 T == 2 e00) S
FRARD M@ RN DT, FePt Wi 112 C REE L=z L EZ B S w I\(I)L o y
% 9. Tm % 3500°C~450°C (C (LS5 &, NL A @ L7tk o> Mave g 001
12 500~600 emu/ecm® (2L LTV 5. —J7, NL ZFJE LRV RO 2 0C_ ; ; -
M (% 500~750 emu/cm® (272 > T 5. NL Z g L 7= iR Meve | E o (b) |
U DAL, BUERBEAD Mae 23 FePt-C NL 35 L U FePt-GBM 0 e § 27 - s
M@ DIRREEE Tl % = & AR LT 5. M (L, GBM 0 T 24 GZ Lo g8 °% ]
L CEMAICZEL L TB Y, NL ZFiE L2k & [ CHn Z2 R L e | .
TW5 D, ZhZ, FePthit-& GBM & ORI HED FEEA VA GBM S
D T lIRIFT 52 EARL TS, NL ZF8 LR Kofim & a0} O ‘ " (©) |
He (X, Tm% 3500°C~450°C (2L &5 &, Kufm & HelZZhEh & 30f - . o0, 9
0.9~2.1x107 erglem3 & 9~35 kOe |22+ 5. NL ZFi/E L2k & < 20f © oD o’
RIBEIT, Kuﬁ”mk Held, GBM O Tm &RWVHBIBIRAS LB LR, T o © o - ]
2 (a) |2, A7 FePt-GBM & LC, FePt-C (2 nm) NL @ FIZfif e
J& L7- FePt-SnO (0-8 nm) D[N XRD 711 7 7 A )L &R LTS, M 0 1000 2000 3000
N XRD 71077 A LTI, £ 33°L 6Q°DEIYTAHET, ZhZh T (°C)

FePt(110) & FePt(220) MIEIFTARAMELER &4, FePt ffidihins ¢ ffici L Fig. 1 Dependence of (a) Ms™, (b) K™, and (c) He for

THETLERLTUG. R ) 24 OEITRIT FePO0) BT Gout T T T 8 o G e e

DEIER S, (001)AE AL LTV DS AIFE L TWD 2 & 3bh

5. NL 288 L1227 T == T R0 FePt(001) EIFTROFESIBEZ L rert [
JEizkt LT ey b LIERIFR 2 () 1”7 8L LT, NL&ZE "W

;% L 72\ FePt-Sn0O 7' = = T iR D FePt(001) [EIHFRRODFE Sy 30 & [ :

FIZZR LTS, NL 288 L7 FePt-SnO 7' T = = 7 iR D FePt(001) | E e

B ORGSR 1T, WIS L CEMIICZEL, NL 2REE LA

WA L0 HEHEX /N EL 2o TS, ZhiE, NL OFEI X v (001)

R [-107]
5 5l Adu 151

In-plane

o
T

RFEPSNOE)

N A
u FeP1-Gn0G|

Intensity (a.u.)
Ty ™" / direct intensity

05
B BER S NG 2 L 2 RE LTS, j_“’j“““"*“ﬁ*
£EER 1) J.S. Chen etal., Appl. Phys. Lett., 91, 132506 (2007). 2) A. Perumal = s . R
et al., J. Appl. Phys., 105, 07B732 (2009). 3) Y. F. Ding et al., Appl. Phys. Lett,, 93, et g 2 ey Totalganul e hckosss tom)
032506 (2008). 4) E. Yang et al., J. Appl. Phys., 104, 023904 (2008). 5) B. S. D. Ch. S. Fig. 2 (&) In-plane XRD profile for Sub. CoW(@0
Varaprasad et al., IEEE Trans. Magn., 49, 718 (2013). 6) J. Wang et al., Acta Mater., nm)/ MgO (5 nm)/ FePt-C (2 nm)/ FePt-SnO (0-8 nm)/
91, 41 (2015). 7) T. Saito et al., Jpn. J. Appl. Phys., 59, 045501 (2020). C (7 nm) and (b) dependence of FePt(001) diffraction

integral intensity of the films on the film thickness.
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X 2 IRoThr s & IV 7e
B SR RE AR A PR IS D 5 Vit i S 1] D BRI 0D A

ORI O, NI Bz, B ET, A
CRAER=, AL T 3R

Evaluation of crystalline texture for thin film magnetic recording media
utilizing two-dimensional X-ray Detector
°Daiki Miyazaki, Tomoyuki Ogawa, Ikuya Tagawa”, Shin Saito
(Tohoku Univ., Tohoku Inst. of Tech.”)

LS FU Lo~ il & i DB GEEEA & LTy R L BC A 28 7o EARHEC A Co/Pt i D <o Heat
Assisted Magnetic Recording (HAMR) fl FePt 7' 7 = = T ARG STV 5, 2 b OB TIIRAL 2 5 il
ZZEMORFEF NI Z D2 HERH 0 | ¢ B H0ZF OERMEOHIEA O CHEETH D, THET XM
[IHTVEIC K 2 A St oo J5 [ <eBL 1) /0 Bk O RFAfiE & L CiX. In—plane, Out—of — plane. Rocking curve ® 71~
7 A NVOFHBITONTE T2, LML b KRR ORE BEL A OB L - TS bERRETH Y |
FR3MOT e T 7 A NEGT DDA ET 5, £ 2 THEL, FENIIHNE 7 B2 28 00E L E
7 B VARSI BT X #R A FHICC & D 2 ook a2 - CRRGEHI 2 E0E - S0 fFRE 1TV fdhfiio
75 T RBL M) S R & 5l L 72D THE T 5,

REFE XBREPEEEICITOKW a2 —F 7 L v 7 ZHFEO SmartLab (U F 7 #8) 2 vz, 2 Rookitgs
VXA RS )Y 77.5 x 385 mm, #iH v & /L$K 775 x 385 = 298,375 t° 2 /LD Hypix -3000 (U 4 7 #1HY)
AW, CORHBIIZREEREEFIRE TS 2 LIk 0 RS E LTHWA Z L L RETH D,
FRIT 2 RTRHHER O S A I/ N TR, 0 RTitgs & L

TRV BB TAT & — DI H & Uiz, JIEREHC LA @
i) ColPt i D % FA\ 7=, Fig. 112 Pt FHuUE FIcfE®RL L7- Copt O™
BEOFERARRE & JE T m O %773, (@) 1L Pt & ColPt Pt 2

e WS R 7 IS R R SRR T H 0 R TR IR AR A i 2l {
EATTH D, —J (b) X Pt AR SE-RETHY . .

. L Fig. 1 Schematics of the measured sample
Pt & ColPt O 7B i AR T & [3OPATIC /e > TR, of (a) vertical deposition of both Pt and

. . . e Co/Pt layers and (b) inclined deposition of
. - SSAPAN - SpaIn) ) -
FEEER il & LC Fig. 2 12X, Fig. 1 THM L= AEHZBE L a Pt layer and vertical deposition of a Co/Pt

T 0D H2\VME 2D HH# TR L7z PHUL)E (77 » 7 layer, respectively.
39.70°) DX Z R, X EECRTEE (@) TIX 0D & 2D
EHIZ 0 TRIFTHRIRE NI K TH V. Effim o U > 7 % [FldR

2D oD
BRI ESNTWA Z &G, Pt EIFQD)EELAM L TWVWD Z &R ‘ _
P, —H. B FECRETRE (b) T PHLLL)E O A S Mi*
AR D 8 REER L TH 0 g s omsy @)
b WD AR A AL TN B, 111 7 3 BB [0 B .-

ERELTWDZEDRHLNTH D, BIEICEL-ERIX, 0D T

175 BRI % DIz L, 2D Tl 15 B T o7, = 2D 0D

D X 9T I IR 0D it R T oD R AT L R A R ' ’ l
T %, 4 A IE HAMR il FePt 7 7 = = itk g v we  (0) -
FETH D, ‘ ”

m. ] ) Fig. 2 Polar coordinate map of (a) vertical
(2021), in press. Pt.
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Si Rk KO8 Si bW hbe Fe BRI 1T 5
AR A R AL A R T R ORGSR

AMAEZSH Y, EINRE 2, BA
(" BARRZERF BB T2 eRE, 2 EARZEEE T52E)
Magnetic properties of nanoparticles produced by RTA
from an ultra - thin Fe film sandwiched between SiOx and SiN
K. Komatsuda', H. Yoshikawa?, A. Tsukamoto?
(‘Graduate School of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

[T COIT KA DM RS R FLREAROMEE & LT Lo - FePt 0B FREATER ST b, Frxld,
B2 Si EH/ Fe/ Pt (Fe/Pt #8JE <5nm) @A fIHIEE & L, RN IR COE H-IR AL FE (RTA : Rapid
Thermal Annealing) %175 Z LT XK % FePt G427/ BEMEBRL T REER O rIRENE & FIE B RORMET 23 L T
7o DD FIOEEARMRLTER Y 72 22BN T, HEEREEM Co SIN FHIEE AIZ LY FePt BLHIA S
FRAE IR K & A LT 5723 Y, RTA i#f: THERZ SiN 23 Fe LR I KIETALFRNEBII R M TH - 72 ARAF
ZETIX, Si RBEBIERIRICEEE 4172 Fe #IEIC RTA 217V, Fe b -T2 RR AT OBEKURFE D DIRFTT 5.

FERAER Fe BOMEICIEIDC ~ 27 % b 28y Zik, SIN ORRJEIZIZRE < 27 % b o v 28y ZiEx
W KRR TR L7 8\l Si AR R & BB C 77 X~7 v v v Z IR U7 t%, w#ifE L T Sisub./
Fe (1.18 nm) / SIN B nm)DJIEIZFERE L7-t%, 92 Ffkm L7zilklz () &35, ZoBHox L, BlEEZE
FE < 1.0X 107 Pa O N CHIBEEHK 70°C/ sec., BIEBEIRE 700°CORM A R%, EREAIZLVE
IRIEFE - 90°C/ sec. CRMPFIRAILZIT o7 b O &L (i) &35, &k (i) (oxt LAEAERE 7 BMsE
(SEM) (2 kv &mkE %, #Ek () (i) (oxh U COBEES & - FWHE - 2UREECERL ) § (SQUID - VSM)
WX VBRI EE 2N ERIE L, IR E B0 B A DR 5.

EEBER Fig 1 \RTHE (i) (2B 5% SEM 147> 5, RTA IZ
K DINAL - PRI AL D3RR S 472, IRIZ SiOx 38 K TN SiN phiEfs i %
HEAERE & L, QUEFHR - SRR X VK & R B8 2 1 5 1%
BLFALRTZIZ BN T, Fe (LB RRSEICE R UAEREHE (KT —
A NEE) BAKAEUCHELBGEET D728, 3B (1) (i) [Tk L=
IR (B00K) "CHEEM i N 5 ]~ D RESG FLIN G4 CRéA b dh B 2 I E L
ToRE R A b L7z, Fig2 (R di80 it M fIXE 21 (1)
300 emu/cc, (ii) 330 emu/cc TH Y F/KREDE LR L. D &
XV, Fe WIEIT Si M M O Si FRAL\ N D T BERE L 72 4]
W& ISR LT, mEAEMAB L ORE REBEIZE )@ s

Fig.1 SEM image of sample (ii).

ZRETH, BRE—AL FEPBRELSBOTLL7% Fe (LEWIE 300 A(? Fefilm || ceentts
IR U RO Fe e HIRE < BB T2 EENDHD g [
LEZLND. E..loo '::::"":":""

g A‘-
B AHFZEO I, WA N L— DBFTEHEER R OB K Y -300 FRRRRRRRRR®
P 20 kOe
1To7=. -500

-100 0 100
H [kOe]

EEIH Fig.2 M - H Curve of sample (i) (ii).

1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T. Katayama : Jpn. J. Appl. Phys., 43, 12, 8040(2004).
2) A.Itoh, et al : J. Magn. Soc. Jpn., 36, 62- 65 (2012).
3) K. Miyoshi, et al : IEEEJapan, Mag - 18 - 6 (2018).
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ColPtZJElRT/ Ky hD~A 7 a7 > A MEbLRERIZ BT 5 BTENE

REEE, i, MIES, EEET, AR
(HAER)
Thermal activation on microwave assisted magnetization switching in Co/Pt nanodot arrays
S. Mizutani, N. Kikuchi, M. Hatayama, T. Shimatsu, S. Okamoto
(Tohoku Univ.)

FLHIS

~A 7 a7 v A MEfbCEE (Microwave assisted magnetization switching : MAS) TiX, GHz #D~A 7 o
Wehse |2 K0 WAL D AE ) 2 bl U, SRS S BRERES 2 IR S 5. MAS IZBW T~ A 7 1 ik
DJEWHE & FIINT 203512 L > TER =X X —FRENEMEICE(LT 5 Z LAl STV d D AR
ZETIE, IR, A XX D =X —[EEEOHIE N E S 72 F 7 By W, £, ~A 7 ailigish o]
SN 2 A < Z2{b ST MAS EBR 21T > TEIEME DB & i~

EEBRAE

T )L X —[EEE A FERIICTIRD T2 DI2E, BEGOHNF M ZMEIA 2L S 20BN HDH. £ 2T, K
FFFECTITBMRE R O @ Si HAR I~ A 7 o ERGENA O @B R 2 ER L 2, 2o RicizEzn L
THEE R =V RN EH OEME L O ColPt Z@ET 7 Ky b7 LA ZER L7z, Fig.l IO 2 7R
9. Ky MESIZd=40~200 nm & L7=. MAS FEBRITERAZ X0 5w I E 5 S EisES, mN AR~
A7 RS AEIINL, BEAR—AEERET 52 & THIE L.

%ﬁﬁ% dot array
Fig.2 IZE d =70, 200nm @ K v k7 LA OLREET) 0I5 R —/
B2 R, ~A 7 n GRSl =4, 8GHz Th 5. ~
A 7 a2 PRSI tuse = 20 s DL AP & U CTHIN L 72, SE2hH]
JIPREFE tere 17 S0 R JE A toeriod & L C tesr = 10X (tpuise/tperiod) & BT L,
tert = 10°5-101 DL WEPA TA L S BTz, W OREITH, 8 ™ Non dope Si sub.
RER DN AEWERBE I ME T L, (KO KRERT/ Ky b
MAS IZIB W T HEBWEMED BN RN TS, E£72, d=70nm @ Fig.1 Schematic illustration of the
HINEOBEENRREL, LVBEEORBRPBEETHS. Ll sample structure.

NG, WO Ry MEZED 20nm & RED b2 RBEASRE (a)d = 70 nm (b)d = 200 nm
E0IEFHICRELS, Ry bO—EHrbDOKENEE TS LT 06— 0.45
HENDI. 207w, ZOBENIOVWT—FEERFEEL, | . .
BICED Ry NOBRALTHAT L L3 L. 5%, Ry 055 * 4'GH; 041 o
RECOE BB O L2 BRIREOEN R, #EMTHO - B
A= DT E DEEL D TRMNEIT. £ 05, 7 o3
HEE ABFIEO L ASRC DX A Z T TiibhT. =t scH, | 3

0.45 . 03re o 8 GHz
EEIR T TRt N TSR TR
1) H.Suto et al. Phys. Rev. B., 91, 094401 (2015). tesr (S) tesr (S)
2)  N. Kikuchi etal. J. Appl. Phys., 126, 083908 (2019).
3) H.Sutoetal. Sci. Rep., 7, 13804 (2017). Fig.2 Effective time fit dependence

of coercivity for Co/Pt nanodot
array (a)d="70 nm, (b)d=200nm.
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By bRE—Y AT 4 72 Wi 3T T & X MEKELERICEWT
ALER B v b ORFED LI MIE TR
Effect of Dot Volume on Recording Performance in 3D HAMR Bit Patterned Media

AR, Simon John Greaves. HAE—ES
WAL KB SR E AT

Hikaru Yamane, Simon John Greaves and Yoichiro Tanaka
RIEC, Tohoku University

FLoIc

BAERO TR 3 FREEOH LD, BT > 2 ML (HAMR) Hiff
P STV 50 ABIETIE, BOEREEOERDED, %2 ) —iRE (T,)
DR B 2 ODFEEE b o7 3 KT HAMR Ky b o9& = FX 71 7 (BPM) ; oo S b TAGK]

O+ d=6nm, h=7nm, TC:460K

B.RAZOBRY I 2L —Y a YEHOWTHEA 2TV, EE DR L 50 ik
WRIE TR E AL 720
SZal—=YarvETIL

Yy E ARy b Down-track i 10nm R THER &7 BPM 248
FE L. X7 4 7 OW{t% Landau-Lifshitz-Bloch(LLB) AR IcH S Wiz~ 1 2~

DRAEFAEACTES LR, EFLOMRE. Fy b OEEE d nm. & om0 g P R
TN T E D & WREEMEE FEREMEE (Snm) /FlskE 1(RL1) (hynm) /IEREEE 1 T.,=460K ® ¥ ¥, d=5nm,h=5nm
(2nm) /Fe#%/E 2(RL2)(henm) T, X7 4 7 LH &Ny FOREE 3 nm & L7z, ¥ d=6nm,h=7Tnm OHFEITBT 5 (S
BB O T X — IR A M= 1138emu/cm?, BJ71E T * Dl HAFE

NF—EH K,=6.6 x 107erg/em?, XY 7 E M a=01 LFEL, FaV—HBEZZRAZN T4,To £ Lz, 22T,

(T.,d;h)=(460K,5nm,5nm), (460K ,6nm,7nm) DHFEICDOWT, (RES ORERFEEZ AR ER 1 IRT, RS2 10

kOe LUTFICZ 5121%, #h 2N 410.3 K, 4202 K S THAX N2 BERH D, 10K IFEDAEND -7z, THhiFiisns a8, i

SRE DRI/ NES W FEAALEA T 4 7THRLERZFROETHAIT 272010, XV RVKERET 2 2 2 EKT %,
Ay FiZ 10m/s TA7 4 7RME EZFHE, ¥y MR 10 nm T3 By b

REHMU, LSl 7z2—7y NEZTHEICKESE2 X5F/EL

72o Down-track T 8nm OFEREEER L. Z OHIFHN TKIERMER D FIEH R 1

Ke s &OVPEE R AR Y UTHHi L 72 d=6 nm, hy=ho=5 nm osol ]
Y LT, T, Too Z2H2H 450K~600K,450K~750K O #ifiT 10K 32021k E oo i
S8, RIEHERDE 72 2 A G DR EME L AR, (T, Te)=(530K 460K), £l y 1
(460K 550K) % HbIc Vs E o0 (1), ABRTEZ 0 2 o0Matbe £ repitumcel BN
KBILT, Fv OBESEREOBS 22 8T, Z0LUSRRET 5 2 Ko 1 s
E?@%gﬁjﬁ Lj’, 095+ €2 |
= ] Zo
gt 0.94g 10 1 . 14 i 18
K,V (x10™" erg)
(Te1,Te2)=(530K,460K), (460K ,550K) D#lAEOEICB LT, i@ omE % 9 RUERESR ¥ RR A EIRS 12 % L
hi=ho=5nmm OFE Fvy MEdZ5nm BXL 7 nm 12, d=6 nm DF ¥ (hy,hs) {BB3RETORLERED K,V

% (6nm,4nm) B X & (Tnm,3nm) IZZNAZNEM S BT, RSB L ULREEICEZ 258 2R, Py MERZEL S B
R AHEINSLKBBEBND I Z7 v 78y FBRELLD, KIGHERD/NS {207z, FHT d=5 nm TIZERIHY 7R SERHERH
0.95 F21% &+ KRS E S h s o 7z, 2 JEEDEEREL . d=7 nm D& %, 8.5 Thit/in? ZHZ ZIFFITKEL
EAFoNT, MEOE S ZZLIELME, RL1 OEI2REL T2, RIEBHERPKELBONL, NN T vy 7Y F
. (460K,550K) Tid RL1 OB HENNE (o 72 —7 T, (530K,460K) Tld RL2 DA/ N KR 21Z BN 7 »
I ANDFEFRDOHELZITRTRoT, hE Iy 78y FRREL R o7, FEREEIX. (460K,550K), (hq,he)=(7nm,3nm)
TiA®D 8.34 Thit/in? MF SN 7z, TNZFNDORMFICE T 2RENDFINBIGICE L R 2BE» 5. ZOREICE T 27
Mz INF—EB K, 2itE L, BZELOREL 22 K,V L &iLREZ X -7 v e Lt 2O REHROMGREZX 2 12R
3o RL2 ICBHL TEITARTOZEMATRWEZ R > TW32, RLL Tl K,V 2VNE W e EEERA R E (KT 35 2 L AR T
% %, 3D HAMR OF#Icid. HIMEES/NE K722 TEO RL1 OKERHERD AR MLy 72w REWKEHEREZS 512
FERL1I O K,VZRKEL B3I ehRDLND,

Py MERIREOES 2 2NN LT B LAERD 5 KRB BN 25T (Th1,T02)=(460K,550K), (d,h1,he)=(7Tnm,7nm,3nm)
LTy Iab—yary LR SEHRELLHEECRNDO M7y 78y F, RO KEHEREIHE SNz, i 9.0
Thit/in? ¥ 7% - 7z,

BE
[1JHikaru Yamane, Simon John Greaves, Yoichiro Tanaka, ”Heat-Assisted Magnetic Recording on Dual Structure Bit Patterned
Media”, IEEE transactions on Magnetics, Vol. 57, No. 2, February 2021
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MAMR BDOIAFARE HB3ESTO
FH {5
AL T RFEXRE LR A TR A KA ILFEERT 35-1

Minus Spin-Polarization Tri-Layer STO for MAMR

Tkuya Tagawa
Electrical and Electronic Engineering, Tohoku Institute of Technology, Sendai, Japan

1. [FCHIC

~ AT v AMER RS (MAMR) (23T, A MLy
FEIERR (STO) B & B IR EN R R A 155 Z LIk IRE L T
MEETHD, — 7T HEN FC R HIET) -MAMR 2425
L72E912[1]. STO DOREALIREN N2 TH UEFFAY7a~ RISt
FAL T GD A REMEN S D, 7277 L, STO R~y KR D
BALERT M Z W TS 2O A3 f, DFoE KL
7o TUED, ARRSCTIR, R @& B IR A HERFL 2D, 20
U S B R A BT A DHELEZ R L, FOfERDT=0 .
BADAE 3% T 5 3 BOREMEE ) BRER ST L
STO FEFIHEARET D,

2. RAUDEHREEFURT (>

AT FT AU A2 —F Examag (& 118) 2
T, STO RIFWSH 2 ETe~y A% SRR IEHALEIZ B
TEHHE LTz, Fig. 1 IR T IDIC, = A7 il B ARRE FUEE (MA
field) . 3L, FC-MAMR 2RISR K3 D~y R HEFRE R
A2 (DC field gain) ZVEREFESLELTZ, Z2°C, #2381 STO AY
BIOELD SO~y RBEROZESNSEE LT,

Fig.2 IZR$ 91T, ~y R ERR (MP) BN —U 7y
— LR (TS) e L T35 MAMR ~yRTld, TS IZ&
DAL B 212 FAWAZ L2 XD (%) . F9VEANER T
JRUVY MA field 2355 AZ SITREIZH A L7 [3], Bl cizkes
NTWRWERAR72 2 8 STO LEETE (&) . T OB D
%, UL, DC field RGBT DL BOSHR TS LHHA
HE72 2 8 STO Tl DC field fHL A RENWZEN DN, Z
FUTKIL T, BDAE 3R E A5 3 B STO OHA (),
MA field (25259 VVEANER CE— 22 R 5L 720 . DC
field gain 13 RIEICBEES DI LN DD,

J=4x10% Alem 12U D~y R B SE S 3 O ReAL o0 A %
Fig.3 12”7, AL ANJE (SIL) LRGSR 56 4 )8 (FGL) DAL
I HEWIS R D70 ARNT w7 FANEA L TODH, X TR
WAL N B TlEZaun=s, DC field #8545 E 24,
ZHUE, FGL & TS DB OEAH BEAEH B AE ARENL S
JOHENZHEE 2 HIND, AL U NV REE D212,
FGL % —# SIL THeAriA A7 3 J8 STO Mt & L7-9 2 CT[4].
ETORBO MR E QLT HILENNETH D, Bk iz at
B9 5L, FGL b 2352 2N Icdh~C SILL féfbas MP
A ROkt & 725728 DC field 22 MiEESND,

3. £&H

HEHD 2 J& STO Tl fMid CTRERFENEGE G /2R
D, ~wA7alER R (MA field) & #EFF L7 R HEFRI e~y FIg
A (DC field) D KA TDHZEFHLV, —T7, AAD Iy
ZAHT5 3 @ STO ICLNIE, W EAER TH DC field 8%
ZEECEAZEN DI -T2, LI, IEABIRN KSR 5HL
MA field AU L CLEIZEB o7,

BN

[1] A. Takeo, The 31st Mag. Rec. Conf., C1 (2020)

[2] M. Tsunoda, et al., Appl. Phys. Express 2, 083001 (2009)
[3] I. Tagawa, J. Magn. Soc. Jpn., 43 (7), 1 (2020)

[4] Y. Kanai, et al., MSJ 40th Annual Conf., 7pB-4 (2016)
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Fig. 1 (a) Time-response waveforms of the writing field including
the STO oscillation field, and (b) its Fourier spectra and (c) the
down track profile of the time-averaged perpendicular field.

(a)1.6 (b) 1
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Fig. 2 Injection current dependencies of (a) the MA field amplitude
and (b) the DC field gain, in the 2-layer STO unconnected to the
head poles, the 2-layer STO with the minus-polarization TS, and
the minus-polarization Tri-layer STO.

Fig. 3 Magnetization distributions near the head pole tip in the case
of (a) the 2-layer STO with the minus-polarization TS and (b) the
minus-polarization 3-layer STO, respectively, at the injection
current of 4x10% A/cm.
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Dual FGL STO O~ A 7 v~ 7 T

MEERR, 4. Simon J. Greaves?
CHris TR, LERAER)
Micromagnetic analysis of Dual FGL STO
R. Itagaki, Y. Kanai, S. J. Greaves*
(Niigata Inst. of Tech., *Tohoku Univ.)

FLHIZ

AT v A MEKGLER(MAMR) S RUZH W B 5 S EEFEIRSE T(STO)PDD ~ A 7 a~ Vi =17 > 7.
Takagishi b 725#2% L 7= 2 OO s8I ##28 (FGL) & £-> STO(Dual FGL STO)IZ, itk MAMR i STO €7 /L
&, TIPSR N ARG 23 2 & 7R DAL TRUERICA E R TR 978 0 & 72 5 72 BT Rt & o 2.
AR CIL, Dual FGL STO @ BAF7 3tk %E HIE LT, W O ORat & To72. £7, FGL ORIRNEE
T o HEEMEE L. WIZ, 220 FGL MO SREENERE G (Je) X STO OFIRICH- 2 D BN KEI N & 2 Hf
ALz In-gap field

gap >

BFEETINEYVI DT
AL T, Fig. 112739 X 912, STO Zitdk~ v RO ERME(MP)

ERL—U 7= L RASMDFX ¥ » THNITHA LT 7 VET L A

AW, FGL OfFE% 5nm & LTWAA, ZHIUEFE 10 nm Tl

FGL ORIENLE LIZ Wz THS. Dual FGLSTO X2 2D FGL v

BIXO1o0AEHEARBMNOSIL)D G5 . MP - FGL1 K X OnSIL - FGI1 FGL2 NSIL

FGL2 DA B M/& FGL1 - FGL2 M DR BmeIERE A 2B E L Fig. 1 Schematic of Dual FGL STO.
. BRREMED nSIL IZ SBE P, =-03 #IKELT-. ¥~ 2 a~7%  Width x height = 40 nm x 40 nm.

ﬁﬂﬁ I Numerics and De3|gn Inc.#? FastMag Micromagnetic Thickness: ILL=2nm, IL2=IL3=1nm,

Simulator v9 % v 7z, FGL1=FGL2 =5 nm, nSIL =3 nm.

HERE

Fig. 2 121%, FGL1 B L WFGL2 D FEEIREALA N Tlaltsd 5 EE (Min-plnae/Ms: 2R DL D X fE % &
D, EBIZ4nMs TEIS 721 D) TH Y, IBEN K EWIE ERUMEA AN CTRlER L T\ 5 Z & &779. FGL1 — FGL2
MO EEMERE S & LT, (@)% Jex = -1.33 erg/em? %, (b)1E Jex = -10.0 erg/em? % 5- 2 T\ 5. BAb A3 PN Clal
fird 5% A% 0.0nsec—4.0nsec M CHEH L& 25, (@)I1%£646%, (0)IX76.4%ThH-o7-. LAEE, 250
FGL IICH X 2 JxZZEZX D2 & TCFGL N LY BAFICHIET 5 Z LW 0hnd. Fio, IEOETH D Jex = +1.33
erglcmz ,%;’ \]ex %’H—*Z_%@U\iﬁ’%{j\, FGL @%T& j:ﬂg 1 —FGLl Min-plane / Ms —FGL2 Min-plane / Ms ——Coil current o.

[N

PV < 2 L7, | g
: \ VR ummmmmnmm.
o a3 10 SR SRR
(Advanced Storage Research Consortium) ? i B4 (a) A . .“' 8
kot ! | B
1 - O.l_
sEXR : | VA N %
1) J. Zhu, X. Zhu and Y. Tang: IEEE Trans. on = WM)\MW‘/\MM}\MAMWWM& ‘—2
Magn, vol. 44, no. 1, pp. 125-131, Jan. 2008. 1] (b) ~ - u U - Ums 01

2) M. Takagishi, N. Narita, H. lwasaki, H. Suto, T. Fig. 2 In-plane component g;‘m\(/eo[?a]me-averaged FGL oscillation

Maeda, and A. Takeo: IEEE Trans. on Magn, vol.  vs. time. J = 3.0x108 A/cm?, coil current = 0.2 ATpp. (8): Jex =

57, no. 3, 3300106, Mar. 2021. -1.33 erg/cm?, (b): Jex= -10.0 erg/cm?.
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Dependence of MAS and signal recording characteristics on layer anisotropy structure for multilayer media
K. Kurihara!, X. Ya?, K. Kawakami', Y. Kanai’, T. Tanaka'
("ISEE Kyushu University, 2IMI Kyushu University, * Faculty of Eng. Niigata Institute of Technology)

[ZL®HIS

~A 7 a7 v A MERFLEK(MAMR: Microwave Assisted Magnetic Recording) /i i % JE fiék & Al HEIC T
HHEAMO 1 2L LTHEE STV SD. MAMR (IZOWTH A 7o 20305 23 ST 0 U3, IR B 5 PEfd A
& L T Notched F=X> Graded 72 E3MRRE I N TN D DY, £ DIE SRiskITHaE & b 2 B VERRIE 3D
Mo TR, RIFFRETIEAT 4 7 ORGHEB MG L~ A 7 a7 v A ML ER(MAS: Microwave
Assisted magnetization Switching)f#PEds IOV EAE HFREEFHEDBIRIC OV TY I a Lb— g ST K D& L 7.

HEAE

AWFFE T Fig.1 1IZ-T 4 @SR ALBE L. &3
(ZH1T D B VERES He & BRI ORZHEEL A LS,
MAS X TXMAMR D2 2 b—v 3 V&2 7o 72, {5 5idk
BPEIE 200 kbpi D3 7 F L E 1600 kbpi O/ A A D H 3K

(SNR: Signal to Noise Ratio) TaHii L7z. LLG FFRUZ X
DEERHRE CIE, KB offii % 800 emu/cm?, X ¥
VITEBE 005 L LT, FEAE U ML AV L—H DK
& X% 30nmX30nmX 10 nm, £3FIREE{L% 1600 emu / cm?,
JAME A 22 GHz & L7z, 723, EER&ITIE N7 > 7@
30 nm D HEAR~ > FZHE L CTHREREIC L Y 2O/
Rz R, fisk~y FREF & L THWE.

FHEER

Hiu % 35kOe & UC Hu, Ho, Ho & Z{bSE, v 7
W7 > A MEAL R L7285 % Fig2 (R d. RN S Ha,
Ha, Ha QW01 D0 K E RGE TR G r R 7o i
ROV G R (Haae) D REL 2D ERND. =
T Ha WREL, Ho, Hg /NS WERGHETNEEZ
LargeHy i & BT 5. Ho , Ho HFRERIC LargeHo 1
1%, LargeHoMiE & 5. B ORZEEE (Lina2, Aines, Ainsa)
% (0.5,0.5,0.7) (uerg/cm)& L T LargeH #i, LargeH
1%, LargeHis #i&8 L OV A Z &k L72(0.5, 0.7, 0.7)
(nerg/cm) LargeHi #§i& D15 S Ridk et 4 Fig.3 (=4, [A
X726 Hyave = 25 kOe T LargeHi &% SNR 15 dB A E &
bl m <, JEHOZIER & kT 5 2 L T 16.7 dB
LB ENginoTz. — 5T LargeHw i, LargeHs 1
1E Tl SNR 1L FEFITIRVME & 72 o 72, LargeHy, LargeHis
REIELERIZ IS 1T D Hiave > 20 kOe DKL SNR 1 200 kbpi {5
BORENTHICTETCWARNZ SICERNT S, 23K
R FE DAE 7 FLERRE I VL E PH D BEAL 2> & O FR g H AAE
AP RKELS AT HZ L PEFREREICRE R
BERIEFLTONDZENFNEEZOND.

B Ik
[11S. Li etal., Appl. Phys. Lett., 94, 202509 (2009).
[2] S. Okamoto et al. J. Appl. Phys., 107, 123914 (2010).

[3] X. Bai et al. IEEE Magn. Lett., 7, 4507904 (2016).
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Fig.1. Schematic of medium layer structure and
anisotropy fields.
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Fig.2. MAS plots for a multilayer with (4int12, Aint23,
Ainia) = (0.5perg/cm, 0.5uerg/cm, 0.7uerg/cm).
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Fig.3. SNR comparison among three type of layer Hx
structure media and SNRs for 4int optimized LargeHki

structure media with » = 0.4.
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F T 2L F =T HUFEIC L D~ A 7 T v X Ml SO
N B!, S SEE !, AFBERG 2, HAUEDE
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Microwave-assisted magnetization reversal analysis based on static energy approximation method
K. Kawakami', K. Kurihara!, X. Ya2, and T. Tanaka'
("ISEE Kyushu University, 2IMI Kyushu University)

IFL &I

~A 7T A MRS (MAMR) 1%, #EEBERLEREZARICT 28O —2 LTHEESNTNS.
ELHRES Hpe 28 B MER Bl FOEAT A AN HUIN S 5 358 ORMb RS E b S TW A28 1 2, Hpe
DEREMRGECIEAT RGBT~ A 70~ 2T 4 v 7 12— a r TRODIVERH -T2, AF5E
Tl Hpe 23 BV Sl %Iﬁ&%Q®MMﬁ%*#%EUW \ZRDDFIEEREL, RPEOEHER &
AT~ IT R T4 IV I alb—vartEgLE

EMFE
ABFFE CTHUE L7 — R LT 70 & HUMBE R O - |ERR ST 2 Fig. 1(2nd. STz Lme L,
ELRES Hoe % z il (BGVER S W) (2% L TODAETHINL, B RN o RS He % xy
WHTENCHINS 9 b D & L. AR TIE~A 7 unl7r v
A RHRITED w/y@lﬁ(ﬁ%ﬁﬁ@ﬁﬂ@ﬂj@ﬁ?é@@jﬂ]01 4 . . Astroid curve
xp U Clifa S SRR 2 SRGE LTe. TRzEEEh & 2 il L = —*— Magaetic field vector
DT A% ol EF LTz, 7o, BRI 2 S VERAR A
THELLT-bDEhERT . Fig. 12X, A O
KT (hy) 3 L OHEINERSY (i) X FREOKN TR E NS

w
hyy = hpcsing — ——sing + huc v \« Hpc 0 02040608 1
Hky hyy
w (a) (b)
h, = hpccosd — H_ky cosy (1) Fig. 1. (a)Components of DC and AC field vectors.

S = N s _. (b) Comparison between Astroid curve and switching
AR IT AT 4y 7Y ab—va L L) K field components derived from the equation (1) and

BER hreverse & @ 3R, (1) 2z W TR b I 7o B L sk micromagnetic calculations.
R Fig. 1G)ICT 0y b LIAER, 7 AT nA Rl +

RP=1 (2) LIFEF—H L TWB I ENmholz. /o Taly I
O ELHE S5 A RE SR A3 REAL 0 eSS TR Xt LT3t & ({2 08
AT DLW IMETADNTHD LHERISND. 2 06
£ o4l ]
M S . N . . 0.2 Approximation -
ZKJEM%?/I/@/}}IZ\/WF~E TE— :/3:7\/1/3’\’:‘—& O;I.j Micromagnetic simulatipn
R —ofmTRaND,. OXEZHNTE—~ 0 15 30 45 60 75 90
VERNLF—ZRL, REREBTHDIE/dp =015, 0C )
0.5sin2¢p—hpccosg Fig. 2. Comparison between the approximation and
DC — sin (8 — @) 3) micromagentic simulation.

BEHND. Q)RUITBNWTY A 7 m R RE T KX OVE I, DCREFEIMAZEE L, o2 Z LSRN H
hpcZ R, TNET AT A NHBMOREERDD Z & T heese DIFOND. A7 BT XT 4 v 7 T3
;v—yaV&ﬁ@%&f%%htmmm@HMWMﬁfoé%mg2_r¢ AL 25 Sy & BRGSO
T AHNS WG EITROR T 8UFREE DR b D DN A EPR T 2 LIPEH AR R L VI a2 b—va VR
N ESE Sk o A k Doy oTe.

B3 3k

[1] Giorgio Bertotti, Claudio Serpico, and Isaak D. Mayergoyz, PRL. 86(4), 724-727 (2001).

[2] S. Okamoto, M. Igarashi, N. Kikuchi, and O Kitakami, J. Appl. Phys. 107, 123914(2010).
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Simulation of the switching rate of STT-MRAM
K. Kawakami, Y.Nakatani

(Univ. of Electro-Comm.)

IFL®IC

STT-MRAM &, SZEENDI-DDHEFOMML, FEHFLZAADLD DRIEERDOKFSIHE L TNTWVWD, METFRA G
Talb—yaVRED, OK TOERER @ L VRIE 1, 12X 2 REEBROERK Y 2R Lz, L LEEORRTIIHILK
HMITEES &2 OB R KELS R B0, BIICHN L CKIRMEENZENT 2, KIRHERIEX FPIEY I X D MITINCEL Z e 3T
T30, KEEMICR 2, 2 TAME TR, BIRICHT 2 KBRS R ERROMERE BRI, BREE J. o 1, 1K&3

RIEFEROZE S I a2l —2a Yt DAL,
SHEEMH

PIal—YarWRIIEHHEDAL L. ZAER 7B A YETFTATETME L. BEE d =2nm, AV = 1.41 x 1078 cm?

& L. MEREBIIAIRIRE M, = 600emu/cm®, BHHEEE K, = 1.76 x 10%erg/cm® & L7z,
HITHEEBIIBEEME A =60 £ 722 KD WCED Tz, F/z. HiE n=1.0, AYDOHFANZ kL g=(0,0,-1). =i

AN

Z 2 CHEEESNE CoFeB O ffi %

T =300K &7z, aid0.0001~1 TELSE, 1,13 1~100ns TEILZ Bz, WML D KERFEHE D S EBCTFAGRG O g/ LA

D XD r-0.129rad & L7z, MLEDSZMX D,
BRERUVEE
BOEHPIREEZ AIIIRAE Y U, BRI L 10000 EOMLKEES I 2

L= 3 YRV, WEREED R R L. D ORE T 5 720, 006
BERBEMORAEE N -T2 MRER 1 O Sim 1 IRT, BRI, 20 gﬁ

DRERATED bEEPRECS S 7L B2 2L bh T, 2T B 003 Sim1
THARIEDRAEAENTIC & B KEEREEOZ(L Y, KENORIES X2 ks Eon \ Sma
REEREROLL L 20T TEZ B 2 LIc Uiz, RULO IR % BUT 50 001 /-

SERA R L. REFIE T = 300K & L7Ba %K 1 0 Sim.2 12, o T - -

BALDWHINEZ BPEIREC L, REFIZ T =0K 2 LEBEG2K 10
Sim3 1R, Sim2 WIEMAZAIEWZZ 72 b, Sim3 XIEHZR LD
SEWHIRNWT T 7 iR o7z, Sim.3 OIFIRDREZ TR 2 7D, IR

BIREEIC &L 2 KR OE(LERD 7z,
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-80 60 -40 20 O
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J-<J>(GA/m>)
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Fig. 1 PD of switching rate of @ = 0.01,¢, = 1ns

700

FAE DRI (2 2) FERE D, BULAEATE A7 LTW5 b 2 R
Dotes NECRILOWS 0 O RIEETS BE, ALY bAssmEE w0 T
WEBREREFE R D, KEVHERALY FAZAHELT VDR Beo) | .
EREEATE < R 5. £D7 Sim3 OMKEESSHEI R TR B ° ",
LEREND, koT Sim3 OWEHH S Sim.| OMEEENHEOIIILE o 8
DEEDETHARIE B B RUACAEN D B L BRI, ol i = S
312 Sim.1, Sim.2. Sim.3 D a I & 2 HWOZERT, Sim.1 OOH oo oot an 0'290'25 02 0 0t 0
F @ NS VBATRY LD L a AAEVEAICIE o ORIY 3H Fig. 2 Distibution of
MLTWa, Sim2 OHIE o« MILSTHMLTH D, o KHAIL TS o0
EEZbN DS, Sim3 OHEIE o WKSTRIL—ETH 2, Sim.1 DD 10000 Sim2 —— P
Sim2 ¥ Sim3 OAFTHRE S L E X, Sim2 ¥ Sim3 OEFERDI:, i om0 Sm2SimI oo /

HE2X 3 D Sim.2+Sim.3 127", Sim.2+Sim.3 73 Sim.1 2 IXF—HFT 32 ¥
HHEFRT E 7z, Sim.2 OHENZ o ICHBIL. Sim.3 OTENIER TRIAT =,
Sim.1 D77 EUE Sim.2 & Sim.3 O OFNIZIE—HFT 5, &> T Sim.1 ®
R EMR R TRETE 3 2 e h o7z,

BENM

3) Y.Suzuki,et al., "Nanomagnetism and Spintronics”, ELSEVIER, p.121, (2009)
4) W. H. Butler,et al., IEEE Trans. Magn., vol. 48, no. 12, p. 4684, (2012)

0.001

0.1 1

Fig. 3 Effect of @ on Variance
1) K. Yamada, K. Oomaru, S. Nakamura, T. Sato, and Y. Nakatani, Appl. Phys. Lett. 106, 042402, (2015)
2) Y.Nakatani, Y.Uesaka, N.Hayashi, H.Fukuyama, J. Magn. Magn. Mater. 168, p.347-351, (1997)
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(NHK JiesHir it 5enT)
A Study of Low Current Recording for Parallel Magnetic Nanowire Memory using Recording Metal Wires
K. Ogura, N. Nakatani, M. Takahashi, N. Ishii and Y. Miyamoto
(NHK Science & Technology Research Labs.)

FLHIC

TANTRRDONAET L I T 2 BEEN O REFEERRIRA R L —U 8 LT, BEMRAEY —%
BELTVD D, RAEY —TlX, EAEAMER & 722 2RMEMR 1 ARCH LT, BEARRRE L7 2 KO4 R
A, B (GidkE 1) WX VFEEHEITY, TNET, R FICEWVICHFMOSVAERZFML, £OX
¥ v 7l %é#éAﬁ m@ﬁ%%wf@[ﬁﬁ?é?&_owf/\:V~v3/ KUBEILT& T,
FORER, FTEEBFICTHIINT 2 2 2O/ )L REFRICHEY) R BER 23R 5 Z &1 . R LY HIRER
THIXKFLERNAIRE L IR Z 2 R L7 2, 4lal, WHIEE L 7= BarERRIC 7‘57\3% h—7 OREED T
W, 4 KEWHIEE LB A T Y —F BT ERROFELZBEA L, [FEICKER CRLX Zodkas ]
BECTH D NN 2D =D THET 5,

DIalb—YarvEHLERER
iy 2 21— 3 X LLG (Landau—Lifshitz—Gilbert) J5FE=%E AW CEE L7z, MR EDOHEAL A >
2 A RiTdnm O HFRE U, BEMEARR & FReksE 7208058 L2V X 9 M ORI 10 nm Offafa)E 2 5% 7=
(Fig.1), WEMEAIRR 2 4 AW FIBCE L7-AEE I BV T 2 RDOFEESHE T A, B ISR LiH & O/ A Ia,
Ig \ZIBFERFE] T A 5% CHIIN L. T=0 ~0.19 ns OHPH D8 i s fE 12 35 1 B WX RESk DOBR T 2 fif T L 7=,
7=0.17~0.19 ns OHIPHIZ I 1T D BEXFLERIRAEDZE{L % Fig. 2 (IR T, T=0~0.17 ns DOHiPH TIL 4 KT ~TD
WEMEHIRR CREBEIZFE D EDRWETE LTeHX N FRERFE X ¥ v TEH IR END Z EnbhoTe, —,
T=0.18 ns Cldie N OBENEMFR O ALK 3 FOEE S LT, T=0.19 ns TIE T X T ORI THX O RN T
XMoo Tn, BEMERIRR 1| RO R T, 7=0.03~0.08 ns 3 L ¥ 7=0.15~0.18 ns O#iH TRLX % fidk T &
TW oy, 4 WEF IR CIXB AR D D7 B A F—27 OFEIZ XY | BAXFLER FTRE 72 B IERF] T O a3
WIRLZb DL EZHND, 5T, T=0.18 ns L L TIXFRERER o, s DBLERFOENRRKE W=D, &
m*mmﬁ#mmﬁ% LB L 72 D4y e BRIERE SRR & 72 57, Ak IS L ONBERE(R I 3 i S v7e 7=
v ERD LTI RN T ORI CRIXGLERTE 2 o7, S HIL, B OB E E 2 -ie 0D/ v
A % 7 DEBOIARL, BN EOMKE— A NOFEBENT 2 Y, 2 RET L TETHD,
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Fig. 1 Simulation model & applied write pulse diagrams  Fig. 2 Spatial distribution of magnetizations in four nanowires
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1) EARIED: BEMEARR A T Y —ICB T DREXIEAK - BEED & KO R, NHK $4F R&D, No.181,
pp. 20-31 (2020)

2) NEIED: “BEERIRR A TV —FR IR DX EROIRERALIC AT 7R, T MBIE®R A T 1
T SRR RS, 15aC-7 (2020)
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Master structure dependence of magnetic printing performance by utilizing double magnet mater media
Takashi Komine (Ibaraki Univ.)
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Orthogonal-core-type Variable Inductor consisted of Cut-core and Laminated-core
T. Sato, K. Nakamura, T. Ohinata®, and K. Arimatsu*
(Tohoku University, *Tohoku Electric Power Co., Inc.)
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Fig. 1 Specifications of an orthogonal-core-type variable
inductor consisted of a cut-core and a laminated-core.
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1) O. Ichinokura, T. Jinzenji, and K. Tajima, IEEE Trans.
Magn., 29, 3225 (1993).
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Fig. 3 Comparison of basic characteristics of the proposed
orthogonal-core-type variable inductor.
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Fabrication of magnetic ultrafine particle embedded porous alumina for power inductor and their properties.
T. Hamada, Y. Endo*, K. Yabumoto, M. Ishitobi, A. Tayaoka**, N. Fujita
(NIT Nara College, *Tohoku Univ., **NIT Kitakyushu College)
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Air-Core Inductor with High Energy Density and Low Loss Characteristics
[.Masuda, E.Asahina, K.Maeda, M.Ishitobi
(*NIT Nara College, **DAIHEN)
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1) Marian Kazimierczuk : "RF Power Amplifiers ", Wiley ,p476 Fig.3 Distribution of current density and
(2014) magnetic flux density

2) FAMmFIHL A o R D,Vol.139,No.4,pp.409-415 (2018)

3) AkHHHREE fth - FEFER D,Vol.138,N0.9,pp723-729 (2017)

4) M. Hayata et al. : The2018 International Power Electronics Conference, pp.410-415(2018)
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A study on ANC system for ultra-compact EV by using giant magnetostrictive actuator
(Fundamental consideration on output characteristics of road noise range)
T. Kato, T. Kitamura, F. Maehara, H. Nakayama, A. Endo”, H. Kato, T. Narita
(Tokai Univ., “FIT)
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1) R, HE, AATLAHSREE, Wol.5, No.8, (1992), 457-462.
2) A, IR, DN, RKE, /NG, &L, BAR AEM Gk, Wol. 25, No.2, (2017), 88-93.
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A Study on Linear actuator installed on cylinder head
(Fundamental consideration on thrust characteristics to operating temperature)
Y. Majima, J. Kuroda, R. Suzuki, A. Endo", T. Narita, H. Kato
(Tokai Univ., “FIT)
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1) FE, An, &8, ME, HE#SIREOHIE] > R Yy AR ICE, Vol. 10, (2007), 177-180.
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Development of electromagnetic guideway for seamless ultra-thin steel plate
(Basic consideration of damping effect on electromagnet installation position)

R. Nakasuga, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT.)
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Fig. 1 Schematic diagram of electromagnetic

guideway for seamless thin steel plate.
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1) FE, HER, A, BA AEM F535E Vol 11, No. 4, (2003), 235-241.
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Electromagnetic levitation and transportation system for bent thin steel plate
(Fundamental consideration on acted position of electromagnetic force)
A. Shiina, S. Kayama, M. N. Hakimi, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT)
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2) /hHEEfl, BRI SCEE D, Vol. 138 (2018), No. 8, pp. 692-698.
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Development of electromagnetic levitation system for thin steel plate with electromagnets
and permanent magnets
(Fundamental consideration on acted position of tension)
S. Kayama, M. N. Hakimi, A. Shiina, K. Ogawa, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *FIT)
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ST AER, KT M ERA OB U Cal 2 iA R ENZ L L, 20 & & ORI S E 3 255

5 J & #7228 &R~ Lz,

BEXH

1) /NHEEEH, SEEST, RINEN, PRF, WSRO 27 2 o 25T AVREHWeX vy v 72
P E AN WERTE BV AT ARG LT ERNER”, BRFSWmOGED (EXEISHEEE), vol. 138,
no. 8, pp.692-698, 2018.

2) AT, RRHIESR, MEESSE, BRI & KARAIZ X DS O NS T Y v REERTFE AT A (B
L OMAANEM 2B Uz R Bl R R B 3 2 MM 7, B AEM #2335, vol. 24, no. 3, pp.149-
154, 2016.
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IKEETT M7 & OReS % A To FefRilii O ie < -
(7 B OIRENRAEIZ BT 5 SEREROIRE)

BRSO, FEILEAIR* . HEABAL, DA< RXANF I BTN R <%
ANIRSE* Bl IEAICs N5 52 *
(fE TR, *HER)

Electromagnetic levitation for flexible steel plate using magnetic field from horizontal direction
(Fundamental consideration on vibration characteristic in levitating)
A.Endo, S.Kayama*, A.Shina*, M.N.Hakimi*, K.Ogawa*, T.Narita*, H.Kato*
(FIT, *Tokai Univ.)

i

Tl

Electromagnet unit

SO R E R H L LC. B A BT T R
BEEHAAMER I TS D, L LAaRS, BSOS
TARI A 5t & LA iE, 2 OMIMEDIE S 75
ITRMEREI R L, 200 LTI LS5 2 L AL
VN DT D IR O S A R 1 & - TR
LCi LS5 FHEERE LR D, ZhE Cloik—iiic
EHEINDEZOFMMRIZBNTF EARETHD Z &
B LRI B AME LT 5 Y, Zelkii e X 2 (b
%L ZOMWER KX S BT 5 2 L b, R LI L%
FHF 572010, JEE D& ORIERRE KD N T X, Fig. 1 Magnetic levitation system
Lo L7t b SHRARIE S O A 28 L TR LS A 12010 [ o o —
L FEARER O X & 7 P 351 2 IR O BRI 2 B 5 7 (emitter) :
12 U Fix OJE SIS R RE A B Rk ak s okob LD, 22T Electromagnet
A TR B AMRE U7 BERTE RS % T — s
SN S OMSIRIC X 57 EEREFT -7, Zhic kY ZiK
SR DI X & Z O L OEBE L ORISR 5 v 5,

HEHROBE ST X 5% ERtEDE/L

Fig. 1 1ZEE DB ER % LIoAE BEEE 2 R4, 3 Exrgad,
M5 100 mm, £ X 400 mm, A48 SS400 O FHREMK & Uiz, Ak = 7
BT 4 DOEBAZ= Y FOORER I TEY | RO MEmEIZ 2 Laser sensor
PR LT B, B = 3 Fig. 2 0k 31 | S0 (receiver)
Wt & 1 oL —Fe oIS T\ 5, BlAIXERE
U422 & CHICR L CRBI N 254E3 5, 2 ORF, SifkiX
W S WG S, T LTS, L= o TR O K ESMEMEZFHRIL, 74— Ry 74
% Z & TREF M OANBERDHIEZIT 72> TV D, AEE TIIEI2%0.05, 0.19, 0.24 mm O FERER A x5
LT EFEBREIT o7z, ZHUC X VR ERICE T 5 iR OIREMREEZROBE S Z L IZEHIIL, BT
X DIEENFHEDOE(LIC O W TH L NIT LT,

BEI

1) KRHDL, HARBSR RS, 1,76-81 (2017).

2) Y.Odacetal,J. Magn. Soc. Jpn., 43, 11-16 (2019).

3) T. Narita et al, Int. J. Appl. Electromagn. Mech., 64, 1191-1198 (2020).

Fig. 2 Electromagnet units
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45 B HAR D FIGREELE  (2021)

CGRAERZ:, *7 ' 231 V)

Examination of Restarting Torque of Induction/Synchronous Magnetic Gears
Y. Mizuana, K. Nakamura, Y. Suzuki, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

[FL®HIC

R YIIIEEMCEN I 2B TX 5720, B
A L ATIRR) - BRES/INE L, RSFIEICEN
b, FTOHTHREATUEK T TIL, MoK x
Y EHART M7 EERE DI, —F, MKAXY
WK BAMAEIN SIS EREA L, EJEENT
XD, Flz, RARITANE HDREETY bR
MIRWVRY , FREITH 2 LN TE R,
AFETIX, WRZOFGEMEN L2 B E LT,
FHEFEME—ZOFBICER L, BAX YOl
W TR A AN L 72 B R R X Y &2 3721
ETDHE LI, JFRBEMRIEERZIT - =0 THE
35,

FERPMK VYO RERT

Fig. 112, BRI OF TEZR~T, FXKE@)DH
HEBERAT VIL, ¥riare chy, N1
|2 28 ROEHR A= EMPFICEE S LT\ D, £72,
FIK (o) DFFERBIR X VIX, ¥V 1033 TH
D, PIEER T 6 AR ER S — 3 SRR I Al &
T3,

Fig. 2 |2, HGERBMERRICIT D107 v o OWE
FERERT, BRAXYE —EMNHIETHhLANE
THTWE, FEEI LMD ML 2R ALY &
L7, #MAIEI#E%2 1% 60 rppm, 80 rpm, 100 rpm & L,
& ElfiA% T 10 | OREE AT > 72,

F@ LD, ¥V 6 DFE, WIFholEsiic
BWTH, NIWEKREET HHERBIBRY YO
S, I TIEERO B OBERF Y & T,
BI/R MLV IIRKRENWZ ERbNnD, £7-, FX(b)%E
5L, ¥¥i 1033 o%4, SMAlEHEREL 100 rpm
WZBWT, NIWEEREZMAINT 52 & THIAZOH
WREN FIREIZ /e > TV D Z &b ad,

PLEX Y, BRI D8R Z N5 Z & T,
BT DR b L7 ZdETE 5 ZE AW LNITR
ST,

ABFGE D —EIEHACK S AIE R pe 7 v 75
DR ARSI,

e 2 P4

1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).

2) F. T. Jorgensen, P. O. Rasmussen, and T. O. Andersen:Summer
Seminar on Nordic Network for Multi Disciplinary Optimized
Electric Drives (2003)

Outer torque (p.u.)
o o o
= o ©

o
N

0

N o o
IS o ®

Outer torque (p.u.)

o
N

0

=N
=

o

Gear ratio

Inner pole-pairs
Outer pole-pairs
Number of pole-pieces

Axial length
Outer diameter

Air gap

Pole-piece length

Magnet scale

Core material

Bar material

Pole-piece material

Magnet material

6

2

12

14

24 mm

130 mm

15mm x 2
5mm

4 x 37.5mm (Inner)
5 mm (Outer)
35A250
Aluminum
35A250

Sintered Nd-Fe-B

(a) Gear ratio 6

Gear ratio 10.33
Inner pole-pairs 3
Outer pole-pairs 31
. Number of pole-pieces 34

. Axial length 25 mm
Outer diameter 89 mm
Lt
Pole-piece length 5mm

/' Magnet scale g.fnsmiolllg:)m (Inner)
Core material 35A250
Bar material Aluminum
Pole-piece material sSMC
Magnet material Sintered Nd-Fe-B

(b) Gear ratio 10.33

Fig. 1 Specifications of induction/synchronous magnetic gears.

-=-60 rpm -+-80 rpm -=-60 rpm -+-80 rpm
H 100 rpm ~0.8 100 rpm
s
2 0.6
g
o
<04
S
5
N\ Op2
O S . o sy

0 2 4 6 8 10 12
Number of trials

o

0 2 4

6 8 10 12

Number of trials

(a) Gear ratio 6 (left : w/o bars, right : w/ bars)

Number of trials

J =-60rpm -+ 80 rpm L -=-60rpm -+ 80 rpm
100 rpm 08 100 rpm
]
g
2 0.6
g
=]
204
2
3
Oo02
e s B PP T
B S S U T T 0 L L L | |
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Number of trials

(b) Gear ratio 10.33 (left : w/o bars, right : w/ bars)

Fig. 2 Comparison of measured restarting torque.
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T UNRT AR E = AL DX YV HEEAX YO
237 bV AR BT D MY

BHERE, PATRE T, CSRRIEER, *SLOME—, RS
ALK, * 7 7 281 )
Cogging Torque Reduction of Integer Gear Ratio Magnetic Gear by Applying Unbalanced Pole-Pieces
B. Dai, K. Nakamura, Y. Suzuki, Y. Tachiya, K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)

[ZL®HIC

AR AR X VIR I CEV 1 2 a2 T 5
72, BV &R TRE) - BRE N/ hE L, A
YTFUARATY—ThD, F£lz, ORI Y LML
RT VI BEENREND Z LD, B3 EH O
WYY E L COARMEEINTWS,

VAT AEROBRFEMICESE, BRX YT
XYL ROLND T —ANRH L0, ZDOHEA,
EEMIO 2 X0 7 ML BNRE L R0 IREOERRE,
EE= TR OMENEL D, ZORBEICK LT,
AX a2 —EEIL—ODOHR IR axX 7 bV IRER
72W 2, ARSI D720, FRCR IR E
FH O KA CIIBWEMEO R CTARFITH 5,

ZZTARTIE, mEfloaxy s v s IREE
HRE LT, BT NI AR L E— R &
T 5, 3WoLAREFRYE (BD-FEM) % H\, 2%
FIEOFREIZOW TR 2T O THET 5,

aAX VT RV OREIBIZEEY BHRE

Fig. 1 12, BZ2ICHWEZT XV v Xy v 7RO
BT Y O L R T Y, md Al E R T R A
B AR EA - THAR AT T h 5, g Rl El s
T DRSBTS )M o A FRERR,  AREAAEIdE 1
DF &R =V E— 2D EHIEMBLL TH 5,
Fig. 2 |2, R—/L & — 2D EJ7AlgH2s 0.5 TH—
DIERD 2 A 7 L, JATTAEL.Y 0.3, 0.8, 0.7 & 5%
725 3P AMBEDLRETT LV NT AL A T HR
R

Fig. 312, 3D-FEM # fHWCHE LT, W& A 7D
MO aX T MR A RT, ZOMERD
L, TUNRTUAZAL T DX 7 M7 IXKIRIC
B LTS Z enbnd, ZOERERTD,
Fig. 412, 7o NRTUREATD I FEFDFR—LE
—APMEL B AR DAX T MV W E RS, O
Mzfo&, FEROMMARTNDZ LT, AN
HHHLAE->TWDHZ ENbND,

ARBFFED —HRIF ALK AIE SR B 7 1 75
NI 3733 (Wl
BE IR
1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).
2) S. Ahmadreza Afsari, H. Heydari, and B. Dianati, IEEE Trans.
Magn., 51, 1 (2015)
3) B. Dai, K. Nakamura et al., ICEMS 2020, LS8H-2 (2020).

Gear ratio 10
Inner pole-pairs 3
Outer pole-pairs 30

Number of pole-pieces 33

Air gap 2mm % 2
Back yoke length 11 mm (High speed)

Low speed SMC 10 mm

Pole-piece length 4 mm

l I_=:]: Core material 35A250
[ - mememsmmmm | 36 MM Pole-piece material SMC
[HTTRn

Magnet material Sintered Nd-Fe-B

Fig. 1 Specifications of the discussed magnetic gears.

<N 07
7\ s
—

‘
o

E ) e—

Fig. 2 Comparison of conventional and proposed
pole-pieces layout (left: conventional, right: proposed).

[

o { \ / A
odot [ ooz 0003  ogod [ ooos  oolg
W .

Cogging torque (N * m)
=)

Cogging torque (N * m)

Time (s) ’ Time (s)
Fig. 3 Comparison of cogging torque of high-speed
side rotor (left: conventional, right: proposed).

0.4

03

0.2
0.1
0 Ay e _/ \e >
ogot " \e0g2' /.2 0003 " 0004/ -0dos
-0.1 M -

-0.2

Cogging torque (N - m)

0.3

-0.4

Time (s)
Fig. 4 Breakdown of the high-speed side cogging

torque of the magnetic gear with unbalanced pole-pieces.
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HOAMEARIR KT v — R E— 2 D)3 « ZhRICHT 5 —EBE

(A O, AT
(HAERF)
A Consideration of Power Factor and Efficiency of IPM-type Magnetic-Geared Motor

Koki Ito, Kenji Nakamura
(Tohoku University)

[FLHIC

SR S, HIABARIPMERA X Y — KT —
ZERIEL, EROEHRBARLLY bEIRTHD
ZEEFEELE D, £/, IPM AT Y — FT—#
XL T — X OB EERIZE Y, Bk
MV BEALT B EERALMNI LY, ARETIL,
IR EAER 23 IPM B K ¥ — RE— X D J)E0
BRI KIETHBIZHONT, 3 KTHBREHRE
(3D-FEM) MW T 21T > T2 DO THWET 5,

BB EERALNE - EARITIEE

Fig. 112, EE8XxI%HL Lz IPM AX Y — FE—
2 ORI OFEITCE R T, 13 U DI B
MDA RIETHEEZMRD720, AR 30, 45,90
FE\ZH U % BT ONLFH % 3D-FEM ICTHEL
7~ Fig. 212, Afif 2 & OB BIE O Ky
DHEEMRZTT, ALY, ARADKEWVIZE
BT EIE L ANBRONMAAENRKE L 20, 7%
PIETT 22 Lnbnd, ARAZENTSZ L1
R Y OERER O ST DH 2 Lok

LW7=®, JIHENEAT 2 ORI BEER 0%
B2l W2 D, BRLY, S#E - GREEEIT
IITIE, AMAOHEINIEY, ERMAEZED 50
NEWnWeEZ6ND, Fig. 312, AMA T EDHERD
HEMEEZTRT, FKED, HRNEKE2DE
NCAEZDS, BT OIS U CHERMABENIZ > 7 b
LCWAZERTHRIND,

Fig. 4 I[CATRTA Z & ONBROREMRERT, 2D
Ba 2 &, EHRERMABMTHENRERERD
ENbNS, Thbb, HABAREA XY — KT
— ZXHEL B IO CHRE) L7252, J13EB L 0%)
BRMETHZERHALNE ST,

AHFFE D —EBIE ALK S AIE HRF Pt 7 m 7
AT E W EEI NI,

BE IR

1) G PR, HR, AR SCRE S, 3,1, (2019)
2) P, R, AARBERESISCRHES, 4,1, (2020)

Diameter 140 mm
Axial length 36 mm
Inner pole-pairs 4
Outer pole-pairs 23
No. of pole pieces 27
Air gap 1.0mm X3
Gear ratio 5.75
Speed of Inner rotor 3000 rpm
Speed of Outer rotor 522 rpm
Fig. 1 Specifications of a prototyped IPM-type
magnetic-geared motor.
80 2

%5 Noload

2~ — - = Load ang. 90 s

o 2/ 20 b o —EN | Load ang. 45 41 :

o [/ E\ | Load ang. 30| 71 S

22 — —lnputcurrent| /44

ES g

2 0 1082

Sg 3

g 2 5

5E40 £

T

T

-80 2

0 60 120 180 240 300 360
Inner rotational ang. (elec. deg.)

Fig. 2 Calculated waveforms of the armature voltage at
various load angles.

1
-8-550
H°-95 I ---360
é 0o | =545
< =530
Eogs FE15
P -0-86.13
08
075

30-25-20-15-10 -5 0 5 10 15 20 25 30
Cwirent phase (deg.)
Fig. 3 Calculated displacement power factor at various current
phases and load angles.
94
938
936 1

-30-25-20-15-10-5 0 5 10 15 20 25 30

Current phase (deg.)
Fig. 4 Calculated efficiency at various current phases and load
angles.
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WA T ARESREINAB A Z BT 5
FETTOREHR A A > F KU T 7 & v AT —H O IR

KHHRE, ZBamF, PR
(AL K)

Basic Characteristics of Transverse-Flux-type Switched Reluctance Motor with

Permanent Magnets applying Reverse Bias Magnetic Field
A. Nagai, K. Mitsuya, K. Nakamura

(Tohoku University)

XL &I

7 s ! (Transverse-Flux-type) € — % & (3,
[Al#R7- D [Al#E 7 [N % L C =R R 2 J7 N i
NHE—Z DB TH D, FTITEELIL, BHI
FAL SRM (TFSRM) DFAMERER 21TV, —fkiI72 S
RM Vb R&EZR MV EFTLHZ LML

- 1)

[

AR TIE, TFSRM O S 5725 My Lx B L
LT, WA 7 AR EIMAEA %2H 3% TFSRM
IZOWT, 3WoeAREHRE (3D-FEM) & Tk
WA EE L0 THRET 5,

IRET % TFSRM DEEEFE

Fig. 112, ¥4 7 ARSKEIIAB A Z A3 5 TF
SRM D HEAMER AR~ , ZOKEY, BT > b
27 OWANZ K ABA DBELE S LTV D 2 & bh
%, Fig. 2 IR TFSRM D55 DILKIX & 759,
[ B4 1 D SR FINE [ RE BT & D BRI & ARG
K OBRDWENZ R L THY, EHEFIZBW Tl
DRGSR DAL AN T2 > TN D Z Eldbind,
THUS KV, BhEEBHAG AT O B ERE R B 0D I A R
FIZ K> TARFANTHAA T 2SI, Lo Fod
OB REEN L RDT2D, ML s OERA
Wrrsh s,

Fig. 3 ([CEWMEEX M7 FeE 2R d, ZOX%E
DL, WA T ABREIARAIZ LY, 2R
W RV BEER L2 Z Ebhnd, £7-, Fig. 4 12
HEARL LORRMEEZ AT, ZOXERD &,
FRICE AT CHHE L IRB L, #hEEssm kL
TWDZENDND, THIITH AT AR HINA
WAl L> TR RmELEZ ElIZHkT 5, &
BITAERBRZ1TO TETH D,

¥, AWZEO—HIT ALK AIE KBt 7
=878 VNP QIS T -2V g W e
B3k
1) T. Komoriya, Y. Ito, K. Nakamura, J. Magn. Soc Jpn.

Special Issues., 3, 58 (2019)[In Japanese].

Permanent
magnets Material 237110

Permanent magnet N52

Rotor/Stator pole number 5

Stator pole length 22.0 mm

Rotor pole length 25.7 mm
g  Gap length 0.3 mm
E Pole width 10.0 mm
=N

Winding diameter 1.3 mm

Number of turns/pole 75 turns

v Voltage 60V

Fig. 1 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field.

Stator

Winding

Permanent
Magnet

Fig. 2 Proposed TFSRM with permanent magnets applying
reverse bias magnetic field. (one-pole).

2 -

[ | — With magnets

1.5 1 .
| — ‘Without magnets //
.

5
Current density (A/mm?)

Fig. 3 Current density vs. torque characteristics of TFSRMs
with and without magnets.

70
60 1| —  With magnets / 7

50 | —  Without magnets
40 1] — Copperloss /
w0 Iron loss

20

Average torque (N-m)
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3
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——  Without magnets

Efficiency (%)
28
I

2
3

10

i
i
i
iy
U
o
2

0

0 0.5 1 L5 2 0 0.5 1 15 2
Average torque (N-m) Average torque (N-m)

(a) Copper and iron losses (b) Efficiency
Fig. 4 Comparison of losses and efficiency of TFSRMs with
and without magnets.
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U A Y RCEMN L CRYE L 72 B SR & — % ORFEMGE

=V T, TR
(HAERF)
Characteristics Investigation of SMC-based SR Motor Manufactured by using Wire Electric Discharge
Machining
K. Mitsuya, K. Nakamura
(Tohoku University)
XL ®HIZ
JE# L (Soft Magnetic Composite: SMC) 1%, 3 - Gap length: 02mm
WICHERFET AL, @EARSER /SN &9
b, WHERDOE—FZERLMEO—2 L LTHIfF S
TWD D, LanL2eis, E, ERlE Hv:
F-ZEOLOEYEIZIL, Sl RANAETHY,
C AV IR BE B O BRAEREA D FE & 72 o TV

Stator pole width: 32 mm
Stator yoke width: 1.6 mm

Winding diameter: 1.05 mm

45mm

Winding turns/phase: 44 turns

Winding space factor: 44.3 %

Voltage: 144V
D, FZTEEOIX, A YKENTIC X A808 - Core material: 354300 or SMC
EICEH LTZ, AT, Fig. 1 DAL vF FU Z Fig. 1. Specifications of 12/8 SR motor.

JH A (SR) B—H D &R EL, VA YK
TN T CHRE U2 EBMTGL SR B— 2 DR A Wi
L7z THET S,

T4 VHREMITHEEL-ERHELD SR E—4
DHABRIER

Fig. 2 \ZFAE L 72 SR & — & OEE T & [Alfis 1 & /R
. ERRITEERNME T, A, kA% Fig. 2. Stator and rotor cores of SMC-based SR motor
B LT BT A Y REN TAT I8 S 720, Z 071 manufactured by using wire electric discharge machining.
NN TR R BRI DS AR 737 o T2 3, :!777( 0.12
Db DITITFIR R T 22 EITEC 2oz,

Fig. 3 | Z&MERE X MV 7 Rtk & omd, Wikf
B & ERO G NOCREN L LTz, 72k, ER

® Meas. (35A300)
® Meas. (SMC) LR 4
——Calc. (35A300)
—— Calc. (SMC)

=
—_

=
=
==

Torque (IN-m)
(=)
=
(=%

g0 3 Eb s et G2 O EEREERRR. (35A300) (2~ T% - 0.04
TWA DL, MBI OB ER DO X ZRK LT 5, 0.02
Fig. 4 |2 M7 ‘ISBREMEEZ R, ZOKERD 0 . ] o s N

L, MRS b EEOSENFHEM I VB L Th
D, ZOFRKD—>ELTYUAYHREMLIZL DS
IEREZ NG, 27170, SEOFEAE L HEMD
EEI3 35A300 2349 1.6 f5i2xt LT, EMIOIEA 1.8

Winding current density (A/mm?)

Fig. 3. Comparison of winding current density versus torque

characteristics.
60

fBFETHY, HIEOESWITHME T E A EZ2ENE % ® Meas. (35A300)
Vo LIS T, VA FIREBINTIC & 2 ER#L = £ i)
T OEWEIAMTH Y, PR BRSIC 31T 2 E 2 . ——Calc. (SMC)
. . . 2
P D N— RV E TP 5 Z EREIRF S D, = 2
= o ¢ ¢ §

BE X 10
1) Y. Enomoto, H. Tokoi, K. Kobayashi, H. Amano, C. Ishihara, and 0

K. Abe, T. IEE Japan, Vol. 129-D, pp. 1004-1010 (2009). 0 0.02 0.04 006 008 01 012
2) K. Nakamura, Y. Kumasaka, and O. Ichinokura, Journal of Torque (N-m)

Physics: Conference Series, Vol. 903, 012040 (2017). Fig. 4. Comparison of measured and calculated iron losses.
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NANOMET®Eg a7z L7-1 & v M PM £ — % O E-EEAT

T8 AR M=F, A
GRAERZ, "Rt~ Ry b V2T 47T 2— 1)
Prototype Evaluation of Inset PM Motor made of NANOMET® Laminated Core
Y. Yu, S. Hiramoto™, K. Nakamura
(Tohoku University, *Tohoku Magnet Institute Co., Ltd.)

X C&HIZ
fﬁ&’ :E_&fﬁiit‘\kLfgﬁga:ﬁﬁb\%hfl’\éﬁ Rated power 264 W
JVAHE 7 A SRERARIL, 22 C AR E & 750 2%, « C mawes oo
AR NARE N LAY, @A L ORE & e
STW5D, ZHUIK LT, T/ b ahREE A 40—

’ \ Rated torque 200 mN-m
Diameter 54 mm
‘ ' Stack length of stator 16 mm
Stack length of rotor ~ 19.5 mm
] [ Gap length 0.3 mm

OVG}?) é NANOMET® iﬁﬁ%u&ﬁi&gz})[ﬁ] < ’ 73)0 E Number of turns/pole 24 turns/pole

EHHTHH 2 LD, KR OE— 2 BRibE L "L_fmmﬁ T s

LTHIfF SN TS, JBICHEH bIE, NANOMET® E[ _:llg ot of s oo 50

HBHEOREa T H T, AL vF R THR s 2 el of roor core 30 :;Z'Emm'”a‘ed o
(SR) E—X&MIEL, EHFHTiZIT-72& 25, ‘ S

AP RE AR L, 2N mELEY, £2ZTK Fig. 1 Specifications of a prototype inset PM motor.

RTIE, #irzioA oy MROKAEA (PM) £—

ZATHEM L7 RO TS T 5, 200 | [ 035A300
42ty b PM E—4 ORERBER L RANOME
Fig. 11, ®EL7=A &y N PME—XOffc%E  EI50 |
R, 346 Ay b AWHTHY, EHEERT  F
12,600 rpm, EH F L7 13 200 mN-m T 5, 5'0(’
HRICPE O AREIRE Z M <o, Bl R T3 E s |
FYLR R L Uiz, 27120, BatEREE WD
BLEIND D &, Ry FREAITIRERSREAAICH D120, 0 1 } . | - -
— WX R TR A B CIRIE <, MRS M AE e & B 0 1 203 4 5 6 7 8
L7c, SEATHRSE D ClX, —MA7R G itk A 280 Current density (A/mm?)
B (35A300) %Hﬂmmﬂ’ﬁﬁ%ﬁ%ﬁotﬁ:, AR T
15 NANOMET® 4 (O = 7 % il U\ C [ -850 Fig. 2 Measured torque characteristics.
ZRMEL, #2E L CHEERBREZITo T, 100
Fig. 2 |2, TEMBEER b7 Rk O SERE % 7”3, o5

ZORNE, WAEE BIZIERSED ML s Bt A
THZEnbnrbd,

Fig. 3 I3V FIETH D, ZORNHH LA X
912, NANOMET® %3 L7 PM &— %, 2E)E
I CHNENLE LT, 2B, FEEOREDIFITN

[=. <IN ]
wn O

Efficiency (%)
- %0

S S

T —

-
o

T —
~

BN TH o7, ~0-35A300
BEXH 65 -e-NANOMET
1) KIE, =8, PR, P, NANOMET®$§J§37%@WL 60 bl
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I BF, IR RER, s
(HAER)
Outer-Rotor-type High-Speed PM motor with Segmented-shaped Rotor
S. Sakurai, Y. Uchiyama, K. Nakamura
(Tohoku University)
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DB (PM) ®—X 2B LT, 34T LRI &
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ARETIE, MRS A& 7 A 2 MEEICT 5 2
LT, VIR AN IO ERIEEICT S & &
B2, BEAMEREOK I - 728 LW igiE o
PM E—ZIZ2oW\WT, fFREFREE (FEM) ZHWT
BT 2O THET 5,

5 A MMEE PM E—4 DT

Fig. 1@)\Z, FMAlEE -2 7 A o MEEIZ LT
X —na =48 PM E—X ZRT, 4 DIy
SOOI, BFMICER SN -sa s E -
EEAL, ZHZXV YT 7 XA N7 OFFAMN
WREIC AR > TV D, £z, Wbwd dihngkLod
RE2ML T END, BRI AIZIZITRAL
RN, XAV APEREAE WD Z LN TE 5,
728, RXOIIBICH W RO A 2y RO
PME—4TdH5D,

Fig. 212, B 7 A > MEiE PM £ — % OEFRALIAA
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T DRI 96% ThH - 7=,
LSRILFEFEEBRZIT ) TETH D,

Flux

(a) Segmented-shaped rotor (b) Inset PM rotor

Fig. 1 Schamatic diagram of outer-rotor-type PM motors.
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Fig. 2 Torque versus current phase angle characteristic
of the proposed PM motor with segmented-shaped rotor.
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1) BE, i, BARRSESRICRIE S, 4, 72 (2020)
2) S. Sakurai, K. Nakamura, Journal of the Magnetics Society
of Japan, 45, 70 (2021).
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Experimental Study of Losses of Axial-Flux-type Switched Reluctance Motor for Compact EV

K. Sato, K. Nakamura
(Tohoku University)
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FAE AFSRM OZ)E13 3 IRTTATREEE (3D-FEM) R:Winding resistance  7:Equivalent iron loss resistance
(L DRGHEE TRI- 722 Lnh, ZORIKOAEY] Fig. 2 Equivalent circuit of AFSRM.
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Fig. 3 Voltage and current waveforms of AFSRM
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Gap length: 0.3 mm Fig. 4 Comparison of efficiency.
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Winding space factor:  62% S E TR
Weight: 14.4kg 1) K. Takase, H. Goto, and O. Ichinokura, The Papers of Tech.
Weight including case: 323 kg Meeting on Magn., IEE Jpn., MAG-17-002 (2017).
Core material: 35A300 2) H. Aizawa and K. Nakamura, . Magn. Soc. Jpn. (Special

Issues), 4, 62 (2020).
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A Study on Design Method of Axial Gap Induction Motor
T. Terui, Y. Yoshida, K. Tajima
(Akita Univ.)
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ZEXIvILX vy THREET— 2 BHOBME Table.1 Requirements specification of the motor
AR TIT 12T v VXY v FHEE—Z D Rated output 0.75 kW
BREHE, BN EEIC S < BREMN R LUK Effective value of AC voltage 200V
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EHEHITI 0.75 KW DT 2 ¥ L v v TFEE— 0 b -~
2 &AL RNA ISR DRHIERE 217 5. @Ak LT: 2 ol .
TS OERMARE R LITRT, 72, K1IZRNA E .l i
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Fig.1 Calculation result of characteristics by RNA

B E TR

1) AR, HEAESL, BEIC : [T X X X v v ST — X OEMERGHI BT 2 ME . BRES
T RT 4 v 7 ARGERE R, MAG-17-169, MD-17-111, LD-17-090 (2017)

2) WOREEL, HEAEIL, EEIESC: IRNA (KRS T F Uy b ¥y v THEE— X 0P~ v TR FIE
BT 2. ERFE~ T RT 4 v 7 AFREE R, MAG-21-051 (2021)

3) MWFKER, W HER : Ry B (ET 3/ 1. pp.77-115, Bt A4 — 2 41:(2016)



	01ALL
	31aA-1
	31aA-2
	31aA-3
	31aA-4
	31aA-5
	31aA-6

	02ALL
	31aA-7
	31aA-8
	31aA-9
	31aA-10
	31aA-11
	31aA-12

	03ALL
	31pA-1
	31pA-2
	31pA-3
	31pA-4
	31pA-5
	31pA-6
	31pA-7

	04ALL
	31aB-1
	31aB-2
	31aB-3
	31aB-4
	31aB-5
	31aB-6
	31aB-7

	05ALL
	31aB-8
	31aB-9
	31aB-10
	31aB-11
	31aB-12

	06ALL
	31pB-1
	31pB-2
	31pB-3
	31pB-4
	31pB-5
	31pB-6
	31pB-7

	07ALL
	31pC-1
	31pC-2
	31pC-3
	31pC-4
	31pC-5
	31pC-6
	31pC-7

	08ALL
	31pC-8
	31pC-9
	31pC-10
	31pC-11
	31pC-12
	31pC-13
	31pC-14

	09ALL
	31aD-1
	31aD-2
	31aD-3

	10ALL
	31aD-4
	31aD-5
	31aD-6
	31aD-7
	31aD-8
	31aD-9

	11ALL
	31pD-1
	31pD-2
	31pD-3
	31pD-4
	31pD-5

	12ALL
	31pD-6
	31pD-7
	31pD-8
	31pD-9




