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Fig. 2 Relative permittivity of NiZn ferrite sheet.
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Fig. 2 Electric lines of force in the cross-section of the parallel
wires and sample obtained by two-dimensional electric field
anaIYgis (1 GHz).
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Fig. 3 Measured permeability of NiZn ferrite(3 mm x 3 mm,

0.5mm-thick).
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Effects of Joule heating on thin-film magneto-impedance element with meander and parallel
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Measurement of iron loss at high frequency and high magnetic field
H. Tanaka, T. Mannen, T. Isobe, E. Kita, and H. Yanagihara
(Univ. of Tsukuba)

1 FLC®IC

N —T L7 a7 25HTE, KR =P8R T AL ZOFERPEATED, ZHCEDETS Y& 7 X -
kS 2D a7 OEFAEEADREARD SR TWS, ZO-DIZEEERa 7RO Y, ZhEFHET 2720
DL, PRIEFHGTFEILETH 5, A 1E LC HIREH ZHAAA LI A L e 1 MOy 77y Faq
ALERWT, 8 MHz O 2BHEGEROFHIATRETH 2 2 e ZHERLTWS D, AR TIE, EiERe LT v
MUY LEA —% v b BLOBLIZATa s Y a2HWE 2 TEHHROBIEEZITY, Y7 7254 SO MHz O
KIRMERE @R & B Z R L 20 TG T %,

2 AE
Fig. | AT THISE L 7= BRI B O BLRM £ 5 5,
BEMERERRL 2 il 3 % 72 1 , GaN 4 ¥ N—2X& EBIRY LC HIR Excitation coil __ Sample
5 . VS . | | Oscilloscope
FESE VS C LT, WA VR e e T e, 2 [ o T2 G >
o, MEOBILE | RBAME v 27 v a4 LTHRINT 3., |wma1;\:/;:i t 1 PC
! 1 Pick |
WA LBy 27y FEBRFYRRa—TTHIL, T —— | )
PC TIMET 2 2 & T, BHLiRES 5, BREZKET 37012, | standard sample H 72
BEARIE LTA » b U 0 ABH— o b (YIG) BEMLz  [Phase comecton] [, H comection]—|3 /
Dy,0; YIG )
=

Tusva Dy0;) 2RV, YIG & E A O R T
HY, HEWTH 22D MHz RCIZHBROBED HHTE
e RET DL, MBI Mg SBEHITH D, F 7ML IE
Hg = Mg/3 TH 2 5h 3 Z ¢ h ol BAOHHEIRENSREL /22 23, —F, Dy,Os Xtk cd 2
2D, BRE—X Y MOHIMBSFICN U TRIBICIEE L, BAT VS REEURVWERET S Z 8T, Hit (B
HIE e EIE (L) BIEOBOMAHEMEDSTHE L 725 2,

3 BREIUVEE

Fig. 2 1 Fig. 1 OEBRZ AW TEHIIL 7 48 MHz I28B1F %
NiZn 7 = 54 b (B 1 mm OIRIEFERIR) OBEIWE LR E
RT . B MHz ORFEEBICBEWTD, SEEED & LA E
% £ TORMAGEROFHAFIRETDH 2 Z L 3L D Tz, i
HTIX, Zhs ORMGBRRORIER R & HE U 788 O IRIEHK
e 2 DY OVTHET 3,

Magnetic field H
-

Fig. 1 Conceptual diagram of the system

—_
(=]

Different amplitude

o
W

References

1) FHACREBE Ath, 55 47 [0l H AR R FMESR, 27aD-10 (2023)
2) P. Lenox, L. K. Plummer, P. Paul, J. E. Hutchison, A. Jander, and P.
Dhagat: IEEE Magnetics Letters, 9, 6500405 (2017). -1.0 500 0 200
3) R. Onodera, E. Kita, T. Kuroiwa, and H. Yanagihara: Jpn. J. Appl. 1o H [mT]
Phys., 61, 065003 (2022).
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Fig. 2 Dynamic magnetization curve of NiZn fer-
rite sample (4.8 MHz)
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BRREER N D 72 ARG O Lasso [Bl)F % AV - B0 HEE

TAARERIG !, A2, WEMER? IR 2, SRS 2
(RAERZFE T, 2 RAE R T2 9o, A RF w2 v b =27 A5ERs e o 7 —)
A loss estimation based on lasso regression for toroidal cores composed of electrolytic iron powders with
different shapes
S. Matsumoto!, S. Muroga?, Y. Kodama?, S. Ajia®, Y. Endo?**
('Sch, Eng., Tohoku Univ. *Grad, Sch, Eng., Tohoku Univ. *CSIS, Tohoku Univ.)

FLBDIZ EEE ST AL &7 2 OB B O 7238 kL LT, @SRRI RN G5
BMBLRZET HND. ERBOIE 7 =T A4 ML) bEfMBREL TH 528, M AN RE N
WO RN D D, IR O Z B LT, Hka 2ERE, BITNT 7 n—FAmE S Tngd. Ll
RIND, BETRENTA—INWRTHY, REHEFOMENNEL W IBRENH L. ZOFRIED—D
LT, BEE ORI Lo TRiERZ 7 m k287 A —F i RURE) DHEE T & 2 rREMED R
SNV LU D, R Z R 20 ERE T A OREEMES, AR AERBEOIMILICE > TR
VL ARBFIETIE, AZA Ay Y OER NTH DEKSEEDOE ZLITESNT, BREHETHR S LTk
0, HEERE DM EE R,
FMfiAE SRgmomik, 7L AER X UOELHIRENZN

TR D 9 FHOERBLL VE R A7z T o150 :
FEESIE, kL L, ZOMEBH T4 ¥ emn S 10T g

THIE L7 BH A —7OmH»HEI L. BT, BH 2 Fo-400

T F T A FOHIBERE E OWRIER KO, Bl g O 1

BB LRER LOBBIRE, 4 BTECE->THELE B -

RELOHEHIE, VSM & - CHIE L7=Reiif(® Dbk <1000 — No-10

T BARIRAL S X OMRRE, RELHARAS B A L 7= Ry 2 =2 7 T
(PC1-3)B L OWRITHIIE % D EEFE(UMAP(X, Y, Z)) & L7=. External magnetic field, Hgy [KA/M]
T2ty bOREILI54 THY, 75%% FEHM(Train), 25%  Fig. 1: Magnetization curves of the
ZREER(Tes)IEH L2, 2 b DF —# 1%, PC1-3, UMAP(X,  toroidal cores with different process
YD ERRE, AT L. parameters

BR FEOBR, ANRREED 22 F, AIKO 14%, B 0T
WBRRIED 1.7 FICHHIT 2 QAL FRBESBONE. T g o 1
SRR S BUER ORI L LTRSS L, AiiEk 30 F o ;
LT AT A — 8 OBREERLT IR T 10 . 1
ThOMERERL TS, M21, TIEZEMEE L gLOT | ad&  Tanimssund
TR AP T S OUEIRICE 096 Th D, ST & 107 @ TerrerD)
DHE PUEREC 008 I A, EHHEROHGERIERF L 1058ttt ]
7. ORI, 224 A Y OEBRREORERANCIEES True P [KW/m’]

W T — X OEICIE, BRI O 0ICEE TH 5. Fig. 2: Relationship between measured
BEE AL, SCHRSEE ST — Ly hae= and p'redicted loss based on lasso

regression

7 AR ISR E AT JEBA S 26 JPI009777 B KO — Z Al -

ERBL~ 7 V) 7 ARFERR% 7 1 ¥ = 7 b JPMXP1122715503 O & 4Tz, £z, #HALKZF CIES B8 LUK

LR CSIS DXEED & L TiTbh -,

BEXH

1) S.Muroga et al., “An AC loss Estimation Based on Machine Learning for Toroidal Cores Composed by Electrolytic
Iron Powder,”38th JIEP 2024, 15D2-3, 2024.

2) C.P. Steinmetz, “On the Law of Hysteresis”, TAIEE, vol.IX, no.1, pp.1-64, 1892.
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Evaluation of Eddy Current Loss in Bonded Magnets Under High Frequency Magnetic Field
M. Abe, S. Tada, M. Yamamoto, H. Hirazawa
(Nichia Corporation, *National Institute of Technology, Niihama College)

FADE

W, T—X O/ - @IRIEN LD —BEEN WD, T—XIEmERIERIE5 2 & CTR—EEOEE
EHIMENARETH D, L LERBIRIS TS Z LIl o TAELIMERNBIRICKELS Y, T—X Dl
ADIRE ERAZFI XL, ZHADBGERIC SRS D, ZIUTk LT, Bk & IR TR S DR Rk
FAlEEWERERZAT 5720, GEEE~OBEHAPRET ST D I, RNy REATE, B0 1 o &8
HEDFLEHNZ &L o Th A RN H 575, @ BB NG X i ERERICEE T 5 R HEHI e Sh
TV, Al flix QR DB GABGEW R b ONICRm 2 — hOFME) WAy A ZER L,
R R R 2 FIIN L C & O _EFEEE D BB iR K O 8 % G L 7=,

ERFGT

Table 1 (Z7~3 4 FEORBK 2 U B S H R IE T ®10-L7 (Pe=2) DR GMER Y REA 2 ER L 7=,
fii . 4800 KA/m & THRIFNAERE L 7= 308k 2 ¥l L7z 9, Z OFCEHIREF R =8 KA/m, JE¥H % 100 35 L 8370
kKHz O & ERER 2L, £ ORFOR bmawtmﬂw%iﬁz%iﬁfﬁ%f%ﬂﬁuu‘:o FEVINE RS 1ok
JHAT (BESEIN 5 min % OIRE FA&) 2 Hv, 2 BRIEIC L 28E58E 21T, B o7z AT O X 2
OISR BT D IRE TR & 5 L 7=,

ERER
FEERAE R A Fig. LIZRT, AXFICRT 2 ATH o288 1 RBIEIICZ b L, MERBROFIEZ R LT
W5, A< B-1H LRI 2/ RT8, TOMEIITA LTS, F2B2ITHE NI 5T/
XL 70 | MR TH DAL CITEWE(LZ R L2, A:NdFeuB & B-1: SmpFesNs DZEIFMEIZ L D
%%?ﬁ#@ﬁb‘ F 72 B-1: SmoFe;sNs (22— RE) L B-2: SmaFesNs (22— M) OFETIRE =2 — FOFME
X DR T OMRMERBEDENPEEL CVD LD EEZTND, lETIEI DICFEL < fIT L5
5'!'% IOWNWTHET D,

03 r
Table 1 Sample List of Bonded Magnets H = 8 KA/m
Sample Magnetic Powder Classification = f =100, 370 kHz CA
5 02
Rare Earth Magnet S o
A Nd2Fe14B X -
(Metallic) :‘
= 01 r - B-1
B-1 SmzFe17Ns 5 o A
Rare Earth Magnet a ______________ P — B-2
B2 SmzFe7Na (Nitride) 00 ¥ . )
(Phosphate coated) 0 100 200 300 400 500
C Sr-Ferrite Oxide Magnet f [kHz]
Fig.l  Exothermic Behavior of Bonded Magnets
(2% 3R]

1) K. Yamazaki: IEEJ Journal, Vol.127, No.11, pp.715-718 (2007).

2) Y. Yoshikawa, T. Ogawa, Y. Okada, S. Tsutsumi, H. Murakami, S. Morimoto: IEEJ. Trans. IA, Vol.136, No.12,
pp.997-1004 (2016).

3) K. Itoh, Y. Hashiba, K. Sakai, T. Yagisawa: T.IEE Japan, Vol.118-A, No.2, 98 (1991).
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BRI — 7Y A vy FEDE T 0 — T &tk v O EERE
ST FHAL, WHUR B, T KM, FUT B2, PR BN, EA e, AR Rl
EMKE, 2 o F KT 7 £ 273 A 2)
Fundamental study of twin head type optical probe current sensor with magnetic yoke
S. Kaneko?!, M. Soneharal, D. Hirail, S. Satoshi2!, T. Sato!, M. Miyamoto?, T. kubo?2
(1Shinshu University, 2Citizen Finedevice Co.,Ltd.)

[FLHIC

SiC X GaN O FEHLIZfEV, KER (FELE - KER) OB+ MHz DL EOBE#HA A v F 7
BEREF - EHEI 2250, ZNHOERICBIT2EREBERSFHITE2ERE L TOERNREE -
TWa. EH DI, in-situ THEPED HEE MHz O E TOREGREZ WP ET 5 2 & 23 r[REZe Faraday #2878
K7 a—TERE YO EED TEZM UL LAY U ERIEER & OB o MK
LR Y Th D I OB OMKEFHA R EE S WO FREN S - 72, AR TIE, EROMHERZ B 5
LEM T — IV A v~y R o —TEiRE P ERF L, ZORME - ROV TERS.

KEI—I AV oAy FEARXTO—TEREVYOERK

Fig. L ITY A o~y REDET v — 7 @it o OFERF RO K 2 R~T. At o306, F6Eh, &
YNy REBLOEEBT 70 b, RO~y ROEH T PMF % 90° [BlfiifEl % 35 Z & ¢ Faraday
[ERDOF 52 KIS HE T D, Tl k- T Faraday [AlfsfOARE ) &35 2 &N TEPEHIERR % KR
HAREIZ D, ZD2ARKDE Y~y RIZFig. 2 12T X O ITHBHFE 20 D Fe ZA XNV AL KRY Y Rk
RAHEW I — 7 WD Z LT, HHEERA TN D EHROMEIC L DI OZ b2 MEI L, Bk o i
A FTREICT 5. Fi, AEL A X L CEBBE R D720 ) f AORBEZBRBT 2R LG TE 5.

KREREE

Fig. 2 lZB 2 &R — 7 OB OIER (0.5 mm) 2B L, ZOEHMIZ 20 A DSV AEFRZRL, Eit
I E1T 72> 72, Fig. 3R T OQDONEISEMR A28 L2 BA0OERME (X Hh) IdT 250~ 5%
B OZLROFER % Table 11277, RFRICT I~y FRIB IO A o~y FEID J-MAG Studio (2
L BMHTE G OFRLT D, VA v~y RERUCT 5 2 L TEROELRIT SWRE Mz bz 2 &3 RS-,
@ & O TR & EREICZENH7-HBIE, 2 KoBrH~y ROBER B L TN DThd L
EBx D, FEY B ITERT — 7 OFERIGIEHAT « JIERHFIC OV TEEMIZIR R 5.

%ﬁ ) SLD | Sensor headl
RIFFENE, NEDO TR ERC & 2 4 F AR %40 e P N e e
_ . « o N coupler | ;

TR KFAPET =X (2023 JEHT R il e S N

S o i i (smrroa]

A5 1002006 5) DB ZZ T2 b DO TH S.

PMF

Fig. 1 Configuration of twin head type optical probe

Table 1  Sensor output deviation in point® to &
from point® in Fig. 3

Opticul fiber (PMF) S

T m_ﬂd. - dl 5 o Position Single head Twin head Twin head
T ) = [ simulation simulation measurement
: A R A @ -2.31% 245 % -1.19 %
— Yo — @ 22,53 % -2.36 % 2.4 %
. : e @ +15.67 % +3.54% +5.25 %
Fig. 2 Photograph of sensor Fig. 3 Measurement
. . AP ® -8.4 % +3.57 % -2.46 %
head with magnetic yoke position in sensor head
L 2B

[1] T. Murakami, et al., “Investigation of sensor head with quadrangular pyramid magnetic yoke for optical probe
current sensor with high sensitivity”, The papers of tech. meeting on magn., IEEJ, MAG-23-010, 2023.
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Estimation of magnetic field sources on printed circuit boards using object detection by machine learning of
magnetic near-field information

Y. Sato!, S. Muroga?, H. Kamozawa!, M. Tanaka'
('Akita Univ., *Tohoku Univ.)

BEUBHIZ BN O T Y > MERAR(PCB) LIZH 1T 2 B/ A X DIRATRARIRAIREE OHEE D 7= D1
BlARCHE T OB SICET 2 EENRERPILETH L, EHE LI, ﬁwmwwﬁﬁ%,mﬁ%mh
HLEBEREFDY B — BT SN D Bl %ML —7ERE LTET LT HZ LIk, L —7o
WREAZERILTHDFIELZIER LD, £7-, PCB LOREBRB AR L LI O ERR~ v 7 &
v, BERIREOHHNOAER L OHEFREME L, V— 7 Om S LEXOWE LRI D, FORE, BRR
DOHFLNEEORRAETR K 10mm, £ IOMAETRK34mm THY, TOMREREER ENGREE to7-, A
2 ClE, PCB LB OAE L DWMA MNP IROA 7V = 7 M 21T\, E O EEES LR &
EHEET D HIEICHOWT, B Y I 2 L—F (HFSS, Ansys) & YOLO v %R F L THiET L 7=,

FEHixIS  Fig. 112, #HiRS L+ 5 PCB O Z~T, HihE®R

3.1, X 1.5 mm OEMKRY 7x=Lrx—F /VERIZ, Ew,= 0.8

mm, /£ 35um O MSL (microstrip line) Z#&FL7-, Z Z T, Fig. !
1 Oy FaOEFHROES %I = 5,10, .. 45mm (9 /3% —2) LS )
72, MSL |Z 1GHz, —5dBm D& ﬁ%mm?é L EMEL, MSL 7

5 OfER, = 1.6 mm ([Z351F D MO e~ > 7)) & ERER A
VIal— X L ORE L, MR~y 71T, RERSRE DR KA 0dB & Y
5K OHEL, —60~0dB DI T/ L—X 7 —LEg L Lo, B
1 O ~HEIZRE TR 02> & 25 mm ORGP E L7z, Fig. 1 Top view of PCB
A7V IMRHBROEE WA A, Fw, (0.8,1.6, .. 5.6mm), £
X1, (10,15, .. 95mm) NEALDHV—TERET VL L, ITERIRSY
T O PE m%%MLfﬁﬂr Be L, V=T OESIzToNTIE, &
i & 3 DEHRIEHRIED 2 5Dh, = 3.0 mm, BREHEOE S %
hy= 1.5mm & LT, #RADME A - TRV OEAICESE R L
Tre 2O EE, BRAEIZBITL /A X707 DELo&&25E L, —30,
=25, —20dB ® / A A7 aTIZRIET B~ v T EER LT, FHEIZo
W, BTAOTLH BB E15 mm, 5 Ly, /2 OFEPH & R Fig. 2 An example of detected
DO (RN T4V TRy I R) ELTT ) T—var&2froiz, At result (g = 15 mm)

38 DT —ZEHHNT, A7 V=7 FaHEE (YOLOv4) 58 LT,

BAEORH 9 ¥ -2 O~y TERIHEICATIL, GONT AT T 4 v TRy 7 AN BEERIRO
DS & B S AHEE LR, T ToMAEAZELBRETE, BHF%E Fig. 2 1TRT, BRIFEOH
DR L B S OVHRREITIFENENK 0.10 mm, 1.6 mm TH Y, BEBORAEE TE 5 Z LRI,
BONZ 7V v MEAAR EOEFRESAE MO E 2 FH U, BERIR OB 2 RS U, SRR
WINZ, BEOTECREICET2EREA 7 V27 MRHSBICHEE S 2L T, iR~y 7 b ORR
ORI B IO EEBEOHEREN M L Lz, 4%I%, FERZBT 2RI 0 TR 5,

2E IR

1) Y. Sato, et al., IEEE Trans. Magn., vol.59, no.11, #4000704, 2023. 2) #&=gkftt, % 38 [0l JIEP &
K, 14B2-3, 2024. 3)A.Bochkovskiy, et al., arXiv preprint arXiv: 2004. 10934, 2020.
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Practical Design Method for Large-Scale Flux-Modulated-type Magnetic Gears
T. Sumi, K. Nakamura, and *K. Takeda
(Tohoku University, *TDK Corporation)

26pA - 1
NI A PN AR
£ 850,

[FL®HIC

WE RS FAIE AT VI, FEHefit CHEBUE FTRE T d
LHZEMBIRSEVRESTHY, ML BEESHEDL
W7o, FEERREEROBEHEY Y & L THEAL
DHFFIN TS, KRETIE, KA ORI TR
K[FYICONWT, FAREHRE (FEM) & HWZFEM
H7esksHE Mt Lo TG 3 5,

AEERERVHEI X YOERAMEREE

Fig. 1 1T, BZUTAW K OB A TR X
Y &R, )13 12.8 MW, ELA1E 9600 mm TH 5,
PRI oD e 3R B - DO f ok 450 65, SME D ARE =S+
DOREXHENE 521 TH Y, F¥EiX0.02 TH 5,

FEM % W CE&— % OB 217 9 BRI
WA oA O JEHEIPEZ R L C, B‘%rw%mwé
DN TH D, —F, BREMURKTYIX
V7 U TN EIET B2, PNIEEG - OB &
R—IL = 2D DF/ NGB K EL 2D L9
SRR D, S0, MR OEHIESEL,
FENTET VS KT 5, Flx1E, Fig. 1 12”0
T BE R ZEFIRS A Y TI, 2D-FEM THho> THE
T 125 FiT/e BT, Hmak it 2 EHRIR
FLEREICITH Z L IR EECTH 5,

Z ZCARETIE, Fig. 2 IR T X921, BT
MR LT, PAIEIEE T 2 e 2800 L, ZEpRo
WAHRBESMERE L, 20O EOEFEHIK 8
HTHY, KLU IZHIET A Z LN TE D,

Fig. 3(a) |2, WEHEET /L L 2 WXIET /L OZERE
WEEREOREEREEZRT, WEEITIRFIC—
LT3 ZERbns, REb)E, FFT OREETH
%y ZOXERSDE, MLZIZEHEET HNMZERD
1 WARSTCHMAZERR D 8 R L < —FH LT\ 5
ZEBRTHEND,

JEATRFGE DRV, ERBREED M2 ICFHET
BEGr E AR b vy ORICIZ B MR H D 2 &
BHLMNISNTWD I D, #BED 2 MxtET
NERAWD Z LT, KROBREFARBA X Y2
WCEHR AR R & RE] TR R T & B Al e

PR %,

Axial length 1700 mMm  oiotor (ST):ip,  Ouwvtpower 12.8MW
- Input rotational speed 7.81rpm
g e Outer diameter 9600 mm
Arxial length 1700 mm
Air gaps 8mm

Pole pieces:p,
(Low speed rotor:LSR) %

Inner rotor (HSR) pole-pairsip, 65
Stator polepaireip, 521
W Number of pole-pieces LSR):p, 586
W Gearratio 2.02
Core material

| Pole-piece material
! Magnet material

Inner rotor:py,
(High speed rotor:HSR)

50A270

Sintered Nd-Fe-B

® 9600 mm

Fig. 1. Specifications of a large-scale flux-modulated-type
magnetic gear.

Calculation plane of the outer airgap

______ i alculation plane of the inner airgap

Fig. 2. Two-pole-pair model of the magnetic gear and the
enlarged view at the edge.

—— Partial model (inner)

—— Partial model (outer)
- = =Full model (inner)

- = =Full model (outer)

Flux density (T)
o [
Flux density (T)
o =
—— T
D>
=

1
=

Mech. angle (deg.) Mech. angle (deg.)
(a) Air gap flux density waveforms

m Partial model (inner) 11
k| = Full model (inner) 1

m Partial model (outer)
% Full model (outer)

o1 |2
0.1 | . |
o & d |§ w BB b pE ..

1 8 15 1 8 15
Harmonic order Harmonic order

(b) Harmonic components
Fig. 3 Air gap flux density waveforms and their harmonic
components (left: inner gap, right: outer gap).
BE R

D g, f, dob, et ®E, AARRY:
5, vol. 8, pp. 35-39 (2024)
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Frequency Response Analysis of Magnetic Gears for Input Torque
Keigo Iwaki, Kenji Nakamura
(Tohoku University)
. MWINVT UTARKRENZ ERDDD, —J7, FAE
[ LIz o

BERAETIRER X VI, MLV BESHRENE
ZEMNLEAEPFEEIN TS Y, £, XA v
FrYF 7 HE A (SR) E—F LWRXYE2MRE
DA, SRE—HFD hv7 U 7 VBN A
EINRWAEESHRESI LTS D, Lo, £
DOFEA72 A IZ OV THIHA S MNT STV 2R,

T ZTARBTIE, BEAXYICU IV EAT5 R
7 AT ST BRD JE AU BT DN T, BUEREAT
AT - D THET 5,

BSXvORESE T

Fig. 112, BRICHWIHRAX YO ILER~T Y,
AV F—BXOT v ¥ —a—X O EIIENREN
3, 31 THY, ¥FYHiX1033 TH D,

Fig. 2 1T, WE5F ¥ O AT DS I~ kv
IR T 5 %% 77, ZOKITRT LI,
AKX YIIANMDA v F—u—x L HAMOT v
H—n— X PREKBIFERIE T TRE G Shv7z 2 1EE
FRTEREND, KRICBWT, FHZE(LTEAN B
VT Tu(OBA T —ua—ZIZAhEh, TuHZ—n

—ZZIFARE LTE RS Tn5b, 22
T, NIV T TR TEHR D,

T, (=T, +T,sin(27 ft) (1)
FERO T, 810 T xENENAT) bV T OFHE
BIORETHY, Y554 05Nm &Lz, 20
2 BYERICEBWT, lin—& OES GRSk O IE
MBI TEZ N Z Eh, ZhEfiEl
L CREEBISEREERET LN TE D,

d*e T . .

n =SP4 oo )+ T, (0 ()
de,, dé

w2 =T sm(p 6. .+p, ,90”) T;’” 3)

0¥, FROIAEMENTIZ I Matlab/Simulink R2024a %
ﬁﬁb\f:o

Flg 312, Wia— & OBEREBISE R E 2 R, (A
ﬁiﬂ/ﬂi@ﬂ NEIAN =2 XV e —2 D7

BRI TIIAe—2D) FUTI A VT DY L
ToHDHINmIZ, Hiig—%D U 7L 0NmIZE

NENWEELTEY, "2 U ZAnHE N ARE
SNV ENTREIND,
BEBR

1) P.M. Tlali, et al., ICEM 2014, p. 544 (2014).

2) K. Iwaki, et al., IEEE Trans. Magn., 59, 8202005 (2023).

3) Mizuana, et al., T. Magn. Soc. Jpn. (Special Issues), 4, 52
(2020).

Outside diameter (mm) 150
Inner air gap length (mm) 2
1\ Outer air gap length (mm) 1
Stack length (mm) 25
Pole pairs of inner rotor pi, 3
Pole pairs of outer rotor por 31
Gear ratio Gy 10.33

Fig. 1. Specifications of magnetic gear.
_,| nner —\/V\— Outer E
T, (| rotor Nonlinear rotor
: magnetic spring i Damper
-—-fﬁ sin( P, 0, + Poulye) D
E n Yout
Jimn Inertia of inner rotor (kg'mz) 0.025
Jow Tnertia of outer rotor (kg'm?) 2.5
D Damping coefficient (N-m/(deg/s)) 2
Twar  Stall torque of magnetic gear (N'm) 20
&» Mech. angle of inner rotor (deg.) Variable
@ Mech. angle of outer rotor (deg.) Variable

Fig. 2. Configuration of the two-inertia system.

~12
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Z -O-Inner rotor

= 8 -0+Outer rotor
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5 4

g 2

£ 0 B R  — 3
0 10 20 30

Frequency (Hz)
Fig. 3. Frequency response characteristics of torque

ripple.
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Iron Loss Calculation of Orthogonal-Core-type Variable Inductor with Permanent Magnets based on RNA
H. Hatakeyama, K. Nakamura, *T. Ohinata, and *K. Arimatsu
(Tohoku University, *Tohoku Electric Power Co., Inc.)

[FLHIC

IR OUX, BRI R ORI T K AR A &
HAT2ZET, BHEFCLHL -EDREED
WS 2T D N TE DR A &
IR EREL, BIFRRMEEAET DI EEHALIC
L7z b, AfaTix, VI27 %A%y MU —7 @l
(RNA) IZHES X, RualZEA X7 2 OEEORE
LT 12D THRET D,

AKAMAZET S EXBEOEAESN TV 42
DHBEE

Fig. 1 12, KAAZAT D EARM DA ZEA
XU B D 3KVA RERIEER DFEC A R~ SO EHE
0.35 mm JEDOMES [ A REAR TH Y, i ILm
AJE 1 mm, 3mm, 5 mm DR AT LAEERERA TH D,

RNA EF/VOEHTIE, IR TH D
L% Fig. 2@D X 5123 FIL, &4 EIE % [ (b)
T L 97 3 WOt BRI TR T, 22T
R DA 27 20 Z38BEELTBY, 5
BLROPEE MBI OSEIRNORES, —F, M
JESRR 2 BRI E < Z & TRAET DMEBEIRICONT
I%, Fig. 3 OiEHIAIKET L% Fig. 2 ® RNA E€7
NVEHERRT DD L TEET D,

Fig. 4 12, Eiko> RNA £7 V& VTR 728548
OFEMETRT, ZORERD L, EOBAEIZDS
WTHEBEEZBER<EETETWND Z ERbh D,
S Bk

1) S, R, KBW, G, BABR S SCRE S,
vol. 7, no.1, pp.67-72 (2023)

Front view Side view

Cut-core| Primary DC 1220 turns

winding 0.460 Q

Secondary AC 2 238 turns

133 winding 0.500
Rated Voltage 1200V
Frequency 150 Hz

Rated capacity 1 3kVA
Core Material 1 35H300

l 81
\ Control Current  : -18Ato 18A
Laminated-core

i)

i35 46 ' 35 357 46 '35

I 116 116 [mm]
Fig. 1 Specifications of 3 kVVA orthogonal-core-type variable
inductor with permanent magnets.

Neodymium sintered magnet (N-42SH
Coercivity: H, = 907 kA/m
Residual flux density : B. = 1.21T

<Side View>

<Bottom View>

(b) 3D unit magnetic circuit
Fig. 2 Three-dimensional RNA model of orthogonal-core-type
variable inductor with permanent magnets.

Fig. 3 Eddy current circuit model.

120
O 5mm Meas.
© 3 mm Meas.
100 O 1 mm Meas.
? 30 ——5 mm RNA
= d =3 mm RNA
w — | mm RNA
g 60
—_—
£ 10
L
=]
20
0

18 1512 9 6 3 0 3 6 9
Primary dc current (A)

Fig. 4 Iron loss characteristics of the orthogonal-core-type
variable inductor with permanent magnets.

12 15 18
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JINIEV FH7 3 v /L X v v 77 SR = — X ORGSR HIME BAEH
BEB LTI 2 b—3 g UETFVICET A RS

TKIBIERRR, e —
(RAER)
Basic Examination of Simulation Model Considering Magnetic Interaction of
Axial-Flux SR Motor for Compact EV
S. Nagasawa, K. Nakamura
(Tohoku University)

XL ®HIZ

FEIZEE O, /NUEKEBIE (EV) HOT ¥vvL
Xy TRAL v F N T 7 XA (SR) E—FIZON
T, RO MV IR T 2 WET A 720, @EXME A
BRI R v s I AR L, BRENER 2 KiRIZ IR
HZETEHLTEY, —JT, IRLOHIETIE, & -
bV SERIZ 3T, EHIME & FH A O RN TRBE A A U
DT EDHB LT, 2 2 CARTHL, iR i A
PPAREAERNCERT 2 £ & 2, [ERE WIS & 272 LT
W B OBEHRIZ DWW, AN D DR BEZETE D &
Iy Ial—va v EFARRE LEOTHRET S,

BISHMBEEREZERELE-ETIL

Fig. 112, ZBRICHVWETF T ¥ L ¥ ¥ v 7 SR £—
X %79, Fig. 212, MATLAB/Simulink IZH4E 1L 7= SR
T—H DY 2l —a BT INVERT, Fig.31%, Fig.2
TOE—ZETALOPETHDL, T—FETNLTIE, T
T R—=ENEDANSIEIE Vo, V, Vu & ANT, KRR
2 & THEMDOBERPu, dv, pu 27 HT 5,

%szjoamw—Rthdt (€))
WNT, A OER DO EEZE S 2720, kD XL H 1T,
A DBEHIAREL K %2 3 U C HAHOBRIINE T 5,

B = Buvn+ K (B T ) @
EROBA P, @\, g E BTN Y 2T v T T—T 1 (LUT)
WCANT2Z LT, MR EEREZBE LSO E
TR E D,

Fig. 4 IZEHEE — b7 Rtk o el & o3, W) Dk
ETVTI, B - L7 SERIC RV T, EEIME L FHR
EATEEEL TND Z EBb)D, —7, RKbO)OREET
VT, AREK Z USRS 5 2 & T, REIERTE
B EAEE R B CE TWA, RWT, Fig. 5 IZEIKE
DA R T, [FR(@)AY V2 FE4AE 40N m, SRS
B 700 rpm OFERTH 0, [FIX(0) 23 kL2 545 80 N- m,
HEFESE 700 rpm OFERTH D, INHOMERD &,
RBETNVEEB LV TEHBRERRENZ E N b5,

Vol FERN

Uiz lenprh 1.2 mam
urmter ol lurns 9% Lurns
Wl spice Tl na%

Weigh: 1d.4 e
Woipht (el hegsingg 32 3hp
Uode marera A

Fig. 1 Specifications of an axial-flux SR motor.

iu,v,w iu,v,w
. i
D ?ate v Motor |—]
Contwllery] signal |Comverter] " uvw model Torque
T model model Tuvw | position [
Fig.3 Comvent
a (7] 2]

Fig. 2 Simulation model for the axial-flux SR motor.

[ 2]
v Current Torque Tuvw
TR Eq. (1) ¢u,v.w Eq.(2) ¢u,v.w' LUT fuvw LUT
l iu,v.w by

Fig. 3 Motor model considering magnetic interaction.

- Han (=0 0T H=rn (e - 40 N (f =016 d0 W -1 (Weas
- ¢ N = 0 Hem (hleas . $0 N (r=028) 80 Nema (Meas
1]

" i "
Feo = i 0 b g
= - . &5t T Ty
40 by foazzend o0 i e IR
30 B S Wi 20 —
ko1l F =
w0 w0

e [

M0 300 400 S0 600 700 E00 O 300 00 500 600 W0 E00

Speed fpm) Speed (pm)

(a) Previous model

(b) Proposed model
Fig. 4 Comparison of the speed-torque characteristics.

LE=016  LE=0%) & E=010 TE=0®)  LE=029 L =09
A 3, (WMeas —i — &, (hleas. i, (Meas —i eas
71
7] 120 . "
/- : A
w0 < gwo |/ o S
= ow | 80 - 4 71 A
60 [\ E 60 [ \ ft A
Ew*vxk , / o \ /o NLalY
b / 270 NN L] YT
0 A 0 Ni /
I ] @ Wo® M 45 S0 5560
Tosition fleg) Fosition. 1eg)

(a) 40 N- m, 700 rpm

(b) 80 N- m, 700 rpm

Fig. 5 Comparison of current waveforms.

2E 3CHR
1) WEUHEHEA, PEEK, PAREET, HABRFRER SR
££5-, vol. 8, pp.45-51 (2024)
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B 3D AT A AW T X v X v v I
SR E—#% @O h)V 7 HEEE O KL
BTED Pt TRHE MR (RS KR

Maximization of weight-torque density of axial flux type switched reluctance motor using Quasi-3D analysis
Hiiro Abe, Hiroki Goto (Utsunomiya University)

[ZL&HIC
IR, MZEB D BB ER S THR VO, ZD7=0IZ,
T— X O MY BELBRDONTND, & ZTHEED

I MV BENEIR TE D EEEOREWE—Z & LT,
THXVANX Yy TUMAAL v F N T I X AET—H
(Axial Flux Switched Reluctance Motor: AFSRM)IZ35 H L7z,
—Ji, AFSRM 2T 2f#ATCix, W&, 3 RouARRER
f#HT(BD-FEA)Z N 5728, BRFHIIE R At ERER 232
Bl d, TIT, R TIE, FHEREHZ AR CX D5

2L 3 R ITfEHT(Quasi-3D Analysis) @12 & Y, AFSRM @ kb Fig. 1 Overview of quasi-3D analysis method.
7 BEEEORKALIZ OV TRE L7z,
FLYERBEORAL i;:‘g’iffm poles ‘8“212‘;‘:;
Fig. 1 [ZfEHT T 72 3#EL 3 oot O 2073, 3 K Current density 12.75A/mm?
TEDE—FET VA RRFNHEIL, %Wk 2D 5 Rotation speed 3000rpm
Core material 35H300
e LTS Z & T, TR 2 EHE 35 Z E N FTRE T H
%, ¥z, AT I2E—XET )V %& Fig2 lTr"d, 4 Fig.2 Specifications of AFSRM.
FIOMRFTIE, T—XEm%E 15kg —ESRMETHME L il 160 0
ExEl LT, 910IC, T—F ONREREL, KICE
RAS 15kg L7225 K 51C, W L IRE L, AAMEIC 2 1 N
BT, P bV IR L B - BRI LT, / "E
R R g 60 4 —g
Fig.3 |Z41% 240mm, 300mm, 360mm 05 /L2551 5, ) -
fili %, NERREFRFOYYE) hvy & MV EREEE L E R 0 +D-mm D-30mm [-D36mm | F
+, WEAEL 725 L RBEAMETF LT ML 88T % O it
—707, WENEL 2D ERNENRKRE 20, IMIVEER &5 Fig. 3 Effect of axial length to the average torque
SEAFNZ LY MV MET T 5, F£72, Figd ITIMR L and weight-torque density
¥ hov o oBRE R, ARIOMKETIFEIMED 300mm O 160

140
BEIZAc R RV 142.1Nm, bV EEEE T 9.47Nm/kg & =120 b_gﬂzf\—ﬂ\\\
Z
T 100

Tt 7B, MR OV TIE, 3D-FEA Tfi#gfr L7
LA 1T AHZ0 11625 7, HML 3 Wt 2 A L
B BT 1587 L 720, 750 1 IZHEfE T,

i%iﬁk 220 240 260 280 300 320 340 360 380

Diameter(mm)

2

Average torquel

[SEFN
S S

=3

1)Wenping Cao, IEEE Trans. Ind Elec, vol. 59, no. 9, pp.3523-3531 . .
)Wenping Cao rans. ind Blee, vo fo PP Fig.4 Effect of the outer diameter to the average torque

(2012)
2yRAEN - BARIER  FEEATE, MD-23-094, pp.91-96 (2023)

at the optimized design
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CGRAERSE, *HEERT)
Calculation of Dynamic Characteristics of Variable Flux Memory Motors based on RNA
Toshiki Fukata, *Yoshiki Hane, Kenji Nakamura
(Tohoku University, *Toyo University)

[FC®HI
AR A £ Y B—H L, KARA DR % He

NZHIES 5 Z & T, 558 SR8 UIZhE ISV AT
ZEHIEEN AR TH Y, B H B EA~O G2 W5
SNTWVD, KV EMERERAIEERAE)E—ZD
BREHZIE, mIEN O R E R EATIE DML R E R
55, ARZEFYE (FEM: Finite Element Method) |2
KX DM TR 225 A EN L <, FHERFOEXR
ERBEREND, £ ZTERBTIE, E7 AR HEED
O e A 23 AT RE 72 G RUHR PR S M AR AT (RNA:
Reluctance Network Analysis) % VT, FIZERIH A
T E—FZORMERELZTY, FEBEICOWTH
Lo THET 5,

RNA[CKDAERHEAEY E—2DEERER

Fig. 1 12, BFHZHWZ 3 /124 21~ k16 fiRod A]
ERRAEY E—XDif a7, Fig. 212, HEL
7Z[RE—Z D1 A1 v F450 RNA ET /L OIS %
R, 7RE, EBEOTT VT, BASDSEMEC
R HEE R, =7 Xy v, BlEERA, (8]
Ha -3 —271%, JEAHEIC 0.5 ELATHELTWD,
Fig. 3 12, W /1D —E D & & OEFix hv 7k
PEOFFEMEZ R, ALY, RNA & FEM OffHE
FELS—HLTRY, ETVORZYERTHRIND,
Fig. 4 1T, AW 2B I L ED b L
I W DFHRAERZ /T, MRHTIZ IV TREA DR
%, d SV AEREZHINT 5 2 & TR bEET
(500 A@17 ms — -50 A@54 ms —-150 A@92 ms
—-500 A@130 ms —300 A@167 ms), 7233, g HHEHE
F—EThD, ZOMERD L, WEOMMIL
LTHEY, RNAIZK > THAEBKAE Y E—Z DH)
BN EERRETH DL N TRENS, —F, &
BALIRRBIZ T B bV OFEHEIZZEE BB D S
Do ZAUE, BELHIEE ORA OBE R HE T L
T—HLTWARWNTEDTHDHEEZLND Z &
b, SRITEHMEROBIR R LA X0 RE R < Bk
TX5L9 RNAEFTLOURBEITY TETH D,

Motor diameter | 261.1 mm
Axial length 61 mm
Air gap 0.8 mm
Magnet length 5 mm
Core material | 35H300
Nur_nber of 100
windings/pole
‘Winding 1Q
resistance/phase

Fig. 1. Specifications of a variable flux memory motor.

Fig. 2. Schematic diagram of RNA model for one slot of the
variable flux memory motor.
200

= i
= =

Torque (N-m)

Winding current (Arms)

Fig. 3. Calculated current versus torque characteristics.
100

50

Torque (N-m)
(=3

-50

---FEM

-100 - - -
0 50 100 150 200
Time (ms)
Fig. 4. Calculated torque waveforms when the magnetization of
variable magnets is dynamically changed.

— 175 —



26pA - 7 HASTE B ARREACE LS REE (2020)
2ot ) =7 T V%ﬁﬁb\fJ?ﬂE‘/JwI/ﬂwy T PM T — & D
% WX E Baﬁ_é*ﬁnj‘
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Optimum Design of Axial-Flux-type PM Motors by using 2D Linear Model
Koshi Yaginuma, Kenji Nakamura, *Yusuke Ueda, *Yuto Kimura, *Takeshi Hara
(Tohoku University, *Yanmar Holdings Co., Ltd.)

XL ®HIC
7%ka¥¥y7ﬂ%—&ibw7%iﬁﬁ%
WIRIE L 72N e, ERURICERITH Y, I
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ITCARTIE, THxRVYALEFYyy SRE—2D 3R
JTEETNE 2 RTLY =TT IVICERTDHZ LT,
FEHB R Bk s HEIZ DWW TIRET 21T o 72,

FEIILXey TRHE—LZDD Y =ZF7ETI
Fig. 1 12, &L %ka#y%w¥¥y7ﬂﬁR
v (PM) E—X Ok RY, Fig. 212, L
722D V=TT NERT, 2T, FARFORIE
Fig. 1 (TR LTZERZER THY, ZOH k%ﬂ%hlm
FONEB LONERO M THENTZ 2 DOmENE

L b R&L Lz, 72, 2DV =T ET VO z ¥l
FEOFE S, BHEFABOWEREN 3D 7L e —#
T AHEE Lz, 723, FEM OfEHTIZ 1 IMAG-Designer
ver. 23.0 Z A 7=,

Fig. 312, 2D V=77 VE MW THE L7=EIR
BEERE MV R R RS, TORERSE, 2D U =
TETINE 3D T AOFHEMITBBLE LT
WAHZ EDBDIND,

W\NT, Fig. 4 IR T 4 DOHEEBRGAESE LT,
2D Y =TT NVE AW CEREEORR 21T - 72,
TITIE, M7 EREORRLEBEEE T 5%
H & mMTwZJXA (GA) M=,

Table 112, B LRTZEOET LO~HEL B ML
U want, £ O 0, GA THE LN FEE T
WT 3D EFVTHEELERK MVY ZRFEPITR
T, ZORERDE, 2DV =T ETIILTHEE Lk
KEAVZE, 3D ETVOMRERE 5S%LINT LT
BY, 2D V=T ET M X DEERFOFRAMENT
N5,

Target power (kW) 25
Target torque (N*m) 100
Max speed (rpm) 3000
No. of poles / slot 16/18
Magnet material Nd-Fe-B

M IL Material of iron core ~ 35A230

Fig. 1. Specifications of an axial-flux-type PM motor.

nR

z! g

Fig. 2. 2D linear model of the axial-flux-type PM motor.

120 —0-2D linear model
100 + —0—-3D-model

Torque (N*m)
3

0 5 10 15
Current density (A,,,/mm?)
Fig. 3. Current density versus torque characteristics.

Magnet Rotor core | Parameters (mm) Variable
..... name
a
Rotor back-yoke

. a

thickness

Stator
core 50 | Magnet thickness b
<. mm
Coil width c
//

Coll §4 Stator back-yoke d

thickness

Fig. 4. Parameters to be optimized in the 2D linear model.

Table 1 Comparison of the initial and optimum models, and the
maximum torques calculated by the 2D linear and 3D models.

Initial model Optimum model

$ 6 mm i 5.0 mm
8. le -
6mm 5.8 mm
Max . torque | 2D 103.0 107.5
(N-m) |3D 99.3 105.3
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Optimum Rotor Pole Width of Flux Reversal Motors
Shotaro Tsunoda, Kenji Nakamura
(Tohoku University)
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KA (PM) E—ZDO—FThb, LL, Xk
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Z A (SR) E—H & [A] UL D k00D I THRERK
AW, ToX—a—ZEELARETHY, &
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Fig. 112, B2ICHW=7 U % —a— X FR £ —
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Fig. 2 |2, [AlHs{-HliE bk O E 2 md, [alfis 1
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r=6,/0, (0<y<I) (1)
L7eMRo>T, y=0.5 DL X[EHET-ORE & Ao b
BN L 2D,

Fig. 3 (2, FBHRFRRiEL & MLy OEGRERT,
ZOLEXOEREREEILL2 A/mm? THDH, ZD
K& R 25 &, [EE7-AE 7Y 0.33 11 C hLv o A3
RIZRDHZ EWnbnd, vk, Z0L EEEF O
fEEAmy MEOKIT1:2 THD,

(B85 F D FGE & A =y MESE L W—Z ey =
0.5 IZxF LT, £ &b biE» ey 033 2T
VI BRI S T2 B IZ DWW TE LT 5, Fig. 4(a)
Dy=05 D& ZTOHAMXZE /D L, [EHRF-FRD B
BT DEE A 72 N E SHBROB A ABLR)
WERE SN TS Z ERnbnsd, —J, RKDb)Oy=
0.33 DA TIX, [BHEFHRIEAHEE A 2 > ME X
DL, MRERKNAE LT TR, ZOWH, y=
033 f1EC LI BEKRICRoTZEEZZBND,

FRM

Outside diameter (mm)

222

Stack length (mm)

51

|Air gap length  (mm)

1.0

NINo. of stator poles

18

INo. of rotor poles

24

No. of turns/pole

5

Core material

35H300

Magnet material

NMX-S45SH

Fig. 1. Specifications of an outer-rotor-type FR motor.

Rotor pole pitely &,

Rotor slot width

Rotor pole
width: &,
Fig. 2. Definition of the rotor pole width ratio.

45.0
400 | %%,
350 F° %
300 F °
250 F °
20.0
150 ° °
10.0 F °
50 o
0.0 e e
0.00.10.20.304050.60.70.8091.0
Rotor pole width ratio

Torque (N * m)

Fig. 3. Relationship between the rotor pole width ratio
and torque.

A8

(a) y=0.5 (b) »=0.33
Fig. 4. Comparison of flux line diagrams for different
rotor pole width ratios.
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Characteristics of PMSM with Sm;Fe17N3/Fe1sN2> Hybrid Bonded Magnet

I. Cirozlar!, S. Murakami', K. Nakamura!, T. Ogawa'??,

S. Yamamoto??, N. Kobayashi?, H. Yamamoto?

(‘Tohoku University, *Future Materialz Co. Ltd., *Sankei Giken Kogyo Co., Ltd.)

Introduction

This paper investigates the potential of a permanent
magnet synchronous motor (PMSM) employing a novel
SmzFei17Ns/FeisN2  hybrid bonded magnet. Three-
dimensional finite element method (3D-FEM) and
prototype tests are conducted to evaluate the torque and
efficiency of the novel PMSM.

Characteristics of PMSM with Sm-Fe-N/Fe-N hybrid
bonded magnet

Fig. 1 illustrates the geometric structure of a prototype
PMSM. It is a
concentrated-winding, surface permanent magnet motor.

three-phase, four-pole, six-slot,
The motor diameter is 54 mm. The stack lengths of the
stator and rotor are 16 mm and 19.5 mm, respectively. The
core material is non-oriented silicon steel with a thickness
of 0.35 mm. The magnet is a novel SmoFei7Ns/FeisN2
hybrid bonded magnet with a residual flux density of 0.53
T and a coercive force of 280 kA/m. Fig. 2 presents the
parts of the prototype PMSM.

Fig. 3 shows the experimental setup. The prototype
PMSM is driven by the three-phase PWM inverter with
sensorless current vector control. The current phase angle
is kept constant at 0 deg. The electrical input power,
voltages, and currents are measured by the power analyzer,
while the mechanical output power, rotational speed, and
torque are detected by the motor analyzer.

Fig. 4 indicates the current density versus torque of the
prototype PMSM. It can be understood from the figure
that the prototype PMSM achieves the designed torque.

Fig. 5 represents the efficiency of the prototype

PMSM. The measured maximum efficiency is about 89%.

16 mm

54 mm

——
19.5mm '

Fig. 1 Geometric structure of a prototype PMSM.

Fig. 2 Parts of the prototype PMSM (outer case, stator,
rotor and shaft, outer case, from left to right).

Motor 7oy
Analyzer .

Fig.3 Experimental setup.

Torque (MN-m)

0 2 4 6 8 10 12
Current density (A/mm3)

Fig.4 Current density vs. torque of the prototype PMSM.

100 T
901 0000000
S o
g o
& 80 1
c
2 C
é 70{fo0 ——FEM
i C

O Meas.

0 50 100 150 200 250
Torque (mN-m)

D
o

Fig. 5 Efficiency of the prototype PMSM.
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Reduction of Torque Ripple for Outer-Rotor-type Segment PM motor with Ferrite Magnet
S.Sakurai
(Akita University)
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Lo, b2 RENAY SPM X 0 HI K L, Héfk o &5k
I CAR &b, ARETITEZ A MEED ML
7 RENSGE IZ DWW TR L7 D TS 1%,

Segment PM E—42 M b ILY R
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Fig. 1 Schematic diagram of segment PM motor

0.4

——Nd only
0.3 || =X—Nd & Ferrite

02 = === = =
0.1 X

Torque (N-m)

0 5 . 1o
Current density (A/mm?)

(@) Current density vs torque

o
w

----- Nd only
Nd & Ferrite

o
)
ol

A'\'r‘rlt\’l“
o N AN LA :“l‘\ no\

LY VA v YRRV AN U

Torgeu (N-m)
o
- O
(2] N

0.1

0 10 20 30 40 50
Mechanical angle (deg)

(b) Waveform of toruge at 0.2 N-m

Fig. 2 Comparison of torque characteristics

L 2PN
1) BRI R, A ARBERUE i SRR 5,6,69 (2022)
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BRI 7 T v IV AAAL v TF v TH—X|ZEBITD

i AR ISIE U 7o B oD

/NATER,

TR g s

(FABE KT

Examination of the number of poles for higher power in Wound field Flux Switching Motor

with Segmental Rotors
Y. Koishi, H. Goto
(Utsunomiya University)

[FL®HIC

WL T 7 — ARA Offiks =l & E IR T O 5%
B LT, BRAME T 7 v 7 AAL v F U T E
—% (WFFSM) DREAIZIFZES N TS D, JicsE
FOIX, BEORL DT A b —Z WFFSM
DEFE— "V 7 BPEIZOW T HRE 21T o 72 2
ARETIE, ORI B A L buo— 4R
WFFSM (2B W T, EiitB X OELEOHIREZEE L
TR DI O W TR 21T - T2,

BT ETIL &R

Fig. | IZBNTET VAR LTS, JICEE LR
F L= s A ho—&R WEFSM? % A58 O fif
MreET/LELTEHLTWS, BEEFERIE, B
B Rl— &> TWN D,

Tablel |ZfEATOfEEEZ R L T D, EE, Fx v
TR, a TR, BRI L 5T LT\ 5,
72, BIEHIFRM 100V, EFfENME LR 2.83A (10
A/mm?) DM CREVERRIT 21T 5 7=,

H OB LR

Fig.2 (2, Wm0 fE — My o Bk, S — 1)
L N PRGN sﬁwiﬁiﬁﬁﬂmmmif
&K RV2 215 Nm 23 &4, BARHE X 2900
pm L7 o7, —J7, 6 MEIZFLEHE Y 500 rpm,
R MLVZ B3 1.73Nm & 720, FREHEE X 1400 rpm
Llpotz, iz, SHEOLA, HIEHE 400 rpm &
THRAKMVZ 240 Nm N—ETHY, RAKEEIX
2400tpm &7 o7=, LLEX D, (EEHBENEL T 8 Mk
DRV BRERBRELRY, mEEKTE S o
M BERBRELSRD I ENDOND,

Fig2 £V, 5 MIEEIEsEE O AN H A
BN, [BI#EREEE 1700 rpm THAH A 231 W &
BT ERNbND, Fiz, [BESEE S 1700 rpm & B
ZDEHAPETFL TN Z EBbnd, —5, 66
FE D e K H DX EIHREE 600 rppm T92.0 W 720,
[E]HATHE 2 600 rpm 7> 5 _FIF 2 & A5 ) A
LTV Z ERXbnd, £, SBEDLE, [MliziR
FE 800 rpm 725 1400 rpm £ THAMIIE —E & 72
0, RRHINZIS5W E7p oz,

P bofER Ly, 5 BEAmEIcEL T D
EEZLND,

L Z &N

1) C. E. Abunike, et al.,
pp.110910-110942, 2023.
2) /INARER M, EFFE, MAG-22-099/MD-22-

in [EEE Access, vol.11,

117/LD-22-070, 2022.

(¢) 8poles
Fig. 1 Structure of analysis model.
Table 1  Analysis constraints.
Outer diameter of stator 118 mm
Iron stack length 40 mm
Airgap length 0.3 mm
Number of turns/pole 202 turns
DC side voltage 100 V
Max. current RMS 2.83A

Torque : —5 poles —6 poles —8 poles
Power : ---5 poles ---6 poles ---8 poles
3 250

1)
=3
S

Torque (Nm)
g 2
Power (W)

w
S

0
0 500 1000 1500 2000 2500 3000 3500
Motor speed (rpm)

Fig.2 Motor speed — torque and power characterristics.
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Sm-Fe-N 7~ > RéA 2 W= 5 H — B IPMSM O B Z&

EHBE !, HHEEIL 2 RERRIRZ, IIARRAE!, B2
(RE LI, KRS
Development of Injection Molded IPMSM with Sm-Fe-N Bonded Magnets
R. Yoshida !, Y. Yoshida?, T. Uwano?, M. Yamamoto', K. Tajima'
(Nichia corporation', Akita Univercity?)

[FLBHIC

VAR, BEL~DT 7 h OB TRAMEIORE
DA U722 &1 XV Nd-Fe-B BEAERBLA (Z A0 72 A
+¥505E Nd, Dy OEJFRBENEZMEL 0D, o
OEJRY A7 AR AE7e ki & L CRTIA 5T
FTH D Sm & 7= Sm-Fe-N B A7EH ST
5. FFE B, Sm-Fe-N Ry Rief 2 AW EA 1
7 ) —OHAMAREYE—% (IPMSM) OfREt
17> TV, Nd-Fe-B Jefiia 2 H\ioE—#IT
VL2 bV BT D Z L&, AIREHRELH
WEEHBICEYWRLE V. KFETIE, #%21T5%
IPMSM % /E L, ARFRERIEORIBME L LT, &
AMREOBEELZHE LRz rm7.
LRSS UEERER

Fig. 1 {2257 % Sm-Fe-N R FiEA 2 A L7-
IPMSM OE&— & Wi &~ 7. i 3 D1 D% B
W Br 5 X OMERS ) He 18, 0.86 T, 645kA/m T
b5, AREFRIEICTHE L M2 ITEROHEM
WX LTI T L TRV, HKEF20A, &
TEATARAS 0° (=HK MV 7) [ZBiFD M7 ig,
325Nm Th-o7-.

Fig. 2 (ZHHH— R & 0 /ERL L 72 Sm-Fe-N 7R
v RWAZ AWz IPMSM O u—# Zord. BIEL
7o v — X 3RO TR 97%, ELIRIERDN 95% T -
7.

Fig. 3 (Z[A#E3EFE A 1000 rpm (2331 2 HEA R O
FREEDOWKE 2T, VU RANFREREICT
FHEL7ME, FERPREREEZRL WD, FHEEE
FHNE & el 32 LRI R & LT b Z R
PnD. w7 F oy N MV ICEET D AR R
Mg, FHREL 114V, SEHEMEA 10.8V TH v i
HEBEY DB THoT2, ZDOZEND, FEEIZLD
AakER CHEHEM & FRRED by s 2 HJIAHRET
borrEZLND,

Lth1L, EECTAMRBREZITY, T—X DM F
HERETHTETH D,

Fig. 2 Injection molded Sm-Fe-N bonded magnet
IPMSM rotor. (@ 60-L50mm)

o calece U o calec.V o calee W
—meas. U —meas. V —meas. W

Back EMF (V)
o

0 0.005 0.01 0.015 0.02
Time (s)

Fig. 3 Comparison of back EMF waveforms at the
rotational speed of 1000 rpm.

BE R
D ®E—=E - FEAEL - FHEE - B - 2|
Fr— « INARAE - BBRY, HARBK SRS
7, Vol.8,No. 1, pp.62-66(2024)
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Wik TR SRS EARBNV R E T A ADFRFHRPICBIT S
Jis ) &R D S ATBSR

HRMER - A)BEE - RPT o
(BIEER)
Distribution Relationship between Stress and Magnetic Flux Change
in Cantilever of Inverse Magnetostrictive Electromagnetic Vibration Powered Generator
Yuta Nakamura, Eishi Ishikawa, and Mitsuru Ohtake
(Yokohama Nat. Univ.)

[FLBIT 10T 73A R EOBNRER L LT, REIEESMOFEHAIF STV D, ERGEE 2 F
U7 IRENVIEFEICIE, MeAfm@Eha, W19, TE/AKCERIOBAT X RSO0 H D, ZnbIEZDT A
A AYA RNIE CTC, BB, HE TR R EERE, A VOBKR EBRRRL D, BERELLR
9%, ARLRENWEERERNT, v 7 v X = inbH 7 A — MLV ETORRWY A X TOT A
APRI SN TR, 4HTHE, —RREETAXE LTRSS TWS., ARHETIE, PYmAEIC b
THETHIR & EMORRDISHPMERT D720, @HE, PIHEEZDLRWE S ITHIEMEIARE ST D.

o, ZOBRERRBIEMN T2 L4 BN, EMELAMELZFFOMEZ L TICHA2EDE D1 EL
TREEICT D2 LT, 2= TR FERAR AR E A TR S IR O R 2150 FiEbRE ST
W54, =T, ETEAEBICFACEMEDS LATABEMEI TH->TH, IREBIORLRDIMIHOZ A I
7 CHARZALE LD 56, IRIBITHM L2V, RSN 2 f5L700, TORE, BENELN 2 fFICk0D
L TE D, PSLE O BT TR LDMHRZ(CEB 2RI HE, ML RS T, AR 2 51
RHZENEZOND. o, AFRHLR T, BHEOEEMIZH» > TSP 5720, BLld
WOIEST5m (LTl 2T TREESHMBMKLT, IS EMRSMEHETOILERHDH. £ 2T,

AWFZETIE, RRDWEEORORZFIN L TIE S T5m, £, ORI GEITIH > TR ORRE LA
LA D Z N TE DRAMH = A L 2R L TR EHFROIS] LR OBRZ B 5 Z & 2Rl T,

EREE RS BB L LTHAME Fe-Si i @ @[

(IS HiFs : 30P120), FEREMERTEL L LT Fe-Si BUTHEMRI  resiaoomm = ANAAAN
FRMEANITVY Cu b (JIS Bk : C1100P) % JHv =, 2L C, reneim TRy LN S
BRI BIEHOD Fe-Si 5 LU Cu i filfl S, =A% g -
ATHEGSHL I Licky, B2 4 EOMEEEOR P qoom o oL~ Ja\
AR L 72, BEMIEIE, Fig. 1 1R X 91, (a) Fe-Si(100  /resicoowm S, /X /X
pm) b A /Cu(200 pm) 1 F #, (b) Cu(200 pm) b 1k o A e R
/Fe-Si(100 um) F#, (c) Fe-Si(100 pm) FAR/Cu(100 pm)+ 4 © > ©
[Fe-Si(100 um) T4, (d) Fe-Si(300 um) i Fize L7, % Fesiloomn) ™ NN
72, MO SIBIOMREITZZENZH 50 mm B L 10 mm T / Fe-5i (100 ym) ~7 -

—EL L. LT, REFAOHNS 10mm OWHET o S
EETETHIEICEY, iFbROREIZ L. BEERBKRH L I —— @ ™\ aN

F = A VACIE Fig. 2 (2~ 3 2 FEFE A L 7. Fig. 2(a) & (b) e SRAVAVARVAWVY,
%, i, RIETEHELORITNRZOR S HRICK  Fig.1 Beams. R R E
THMKERIET DO THD. T LT, BORENMIEHE ©[
EOCCHEIREI S, A A OHIRFEF S r R a— " R A A
TTBEELE, ZolE, IREIOMEEIT1S GTEL o L

L, JEMEIAM B OLIRE S E L, 4 100 Hz  C T;A—J T W s
BEChoT-. £, N T AR E~L LKLY 3L b? |2 Phase, p (rad)
EROCCROESFANCHINL, foli7eam iR xappr 70 Ban 0 .

THOTEMNCERR S, B 150e Tho7-. Fig.2 Coils. Fig.3 Waveforms.

KERIER Fig. 3()~ ()T, 4 FEORIZE T 2 BE VORI 2773, (a) & (b) TIX, BMEMEIOLE A
ETFTHIZRsTNDEZ s, MABEDOMMAEN @ T TWD Z & MRFATIL, ZEZEEMRHIT /> T
LD NG, ()T, MAEEKREOERED, RAOZEED 2 512725 Tz, BTN IERMER
BHZ L0 3B STV @icBn T, (o) B IXIZFERORR 277 L7, Fig. 3(e)lZiE, (a)& (b)DREHK
EHEATRE LADLEREEZ 7T, ZOHBIL, B IO EREOZREE Z /R L TR Y, KL TH /= Fe-Si
T, EFETENENMN L CHREENRENAEL, BEICHFG L TWDL I ERBINTE. YHIT, B
FT 72 N DOBERZEALIZOWTHHE L, ST EMROBREE L O 5.

1) T.Ueno and S. Yamada: I[EEE Trans. Magn., 47,2407 (2011).

2) S.Fujieda, S. Suzuki, A. Minato, T. Fukuda, and T. Ueno: [EEE Trans. Magn., 50,2505204 (2014).

3) Z.Yang, K. Nakajima, R. Onodera, T. Tayama, D. Chiba, and F. Narita: Appl. Phys. Lett., 112, 073902 (2018).

4) [[ERZEE, AR, TEITAESE, e —, ARG 4 47 0] A ARR 2 AR E A BEAE, p. 266 (2023).

5) KPIFe, JIHGRR, —ACIERS [38mE4EE ) RiE 2022-086851 / RFBf 2023-174153 (2022).

6) KT, FAER TREERE] K 2024-084029 (2024).
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TEMRAT A bR EAERRET A 2D
TRENEGE TSI 1T D BRI KA SR AREATZ & % JRFTRESR O 728

PR - RHER - R

(B ER)

Influence of Local Magnetic Field Applied by Permanent Magnets on the Magnetic Flux Distribution

in Soft Magnetic Beam of Perpendicular Magnetic Field Assisted Electromagnetic Impact Powered Generator

Soh Kamiya, Yuta Nakamura, and Mitsuru Ohtake

(Yokohama Nat. Univ.)

[FLOHICS 10T 731 ADRGHRLE RN, ZOBEMERE LT
IREN/EREENER SN TW5 . BH AR/ EERED AL
LT, WAt 0 ER 29 L (3R B |ERT A FA D
FEEHESIIREL TS, ZOHFKTIE, KEEMENSR2220
FAENIKT L CEEFENCT > A MR Z2 K AWAA T L0 EHINT 5.
ZFLT, FELENEET L L, 732 MEROENARS O N
180° LT 5 Z LT/ 5. T ORER, MMM EIOMAL KR4 T,
BRGHEEIC LY RN O A WVTRESINREET D, EEOZH
HETI, BRAEEZHEND D Z L2 HEZ, ~LAFRLY 3oL
ZROWTRICH LT —RBEAZEIML, @RICLD2BEEIT- -5
RERELZO. —JF, EF L ZATIE, R TITRL, BAaf
DR E L 725 H BT R & K ARSI X O EINT % 2 &
DE S, BBEPERNICB T DR b AR —127e b Z L&
Z NG, FIT, RWFFETIE, FOEELERICHLNL, &
WIRET N A HHT D L TOMARE S 7 v A MR REICE
THMBESEL L HHME L.

REAE P RN MRS (JIS Bk 35A270) & AU,
X% 80mm, % 10mm, &% 350um & L7=. £ LT, Hmib
MNH 10 mm O ETEBEETHIEICEIYFRELREORIEL L
2. ORI FANCKT 2 RBRZ 572012, a1 v (K
BL:945Q, V77 XA ;582 mH, &% : 5000 [, &L : 14 mm
X14 mm, 2K :8mm) % Fig. 1 [T R”RT LI hb—RSH. &
72, BEEMD ET 23 mm O @EICRA Y AEAERE L. £ L
T, HHEIGC 4 mm OBNEZEH 252 LIk 0 EHEBEEORREIT

ST,

REBHER  Fig. 2 T xeon = 44 mm (I8 2 BEAUE FE O R§ AL 2 — B
ELTORT. RRBMABEZNEAB=082T 24 L-0h, HHIE
2 LV IRIE ORI B, 7 X MEROmWNA S L, 3
HOBHRBEEDN/ NS Ipo T 2 ENyinD. F7-, Fig. 312 AB
D A A NWALERAFIEZ /T KA DB 2 B HEEICHEE 2 A L0
TSI HEDL BT, xeon =44 mm LV B BHEREITIZ AB IZHEINE
WAICEE T, ZoMEE LT, ROumE T TR O KIZ K
DS N EHEIC 72 Y, ZOREE, BERPRFTIIC R L
RIS TedThDEEZ LD, M HITROEN WA OB R
ErZ IR bE D, RS & AR OBRIC OV TEE
A HET 5.

1) H. Wakiwaka, Y. Kumakura, A. Yamada, K. Otakae, and A. Izuno: J. Magn. Soc. Jpn., 31,

250 (2007).
2) T.Ueno and S. Yamada: [EEE Trans. Magn., 47,2407 (2011).
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| Displacement
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“ tl @ ~Magnet

|
|
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Distance from fixed end, x.; (mm)
Fig. 1  Schematic diagram showing

positional relationship between beam,
coil, and a pair of magnets.

0.6
0.4
0.2
0
0.2
-0.4

06 [ R R R R R
0 200 400

Time, t (ms)
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Fig. 2 Magnetic flux density at coil
position xeoit = 44 mm.

1

Maximum magnetic flux
density change , AB (T)
o
ol
I

L -O-
O kl I l N I l N |
0 20 40 60
Coil position, X; (mm)
Fig. 3  Coil position dependence of

maximum magnetic flux density change.

3)  S.Fujieda, S. Suzuki, A. Minato, T. Fukuda, and T. Ueno: /[EEE Trans. Magn, 50, 2505204 (2014).

4)  EWNHHh, B, AL Pk 81 FEERE A EE KSR IUE, p. 146 (2019).

5)  KVIFE, NIFFERS, ZARIER] [9EELEE ) FrE 2022-086851 / 4FBH 2023-174153 (2022).

6) AR, A)IBEL, BIE@H, AR, KTE, JIFEET, ZARER: 5 47 Bl A ABKES FITERS M, p. 260 (2023).
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Fundamental Principle of Horizontal and Oblique Magnetic Field Assisted Electromagnetic Vibration Powered Generators

Keisuke Imamura, Yuta Nakamura, Soh Kamiya, and Mitsuru Ohtake

(Yokohama Nat. Univ.)

FL®IT EREFEREERED HE LT, MaoEihle HimEx
DR EANTIN HEN TV BN, FE LITEEMA T VA MMM Z,
BT, KEBIOROBERT A FRIZTE L. AT, 0
%$ﬁ@%%6#mfé:k%ﬁ%k?é.@ﬁ?vx%ﬁﬁ,ﬁ@
HMEN DR SN DR E R RBIREBIC L, MMERNOBRE % E
PHICERE L= 2 A LT i@*&lzw%%ﬁ@éﬁ OS5, W
RKEBAEED A D= A LTTEE L KE/BOERT A R TRLET
BN, 2 ODKAMERIC L DT A MEFROGEZE 5 EHIIN 7 A 78 E
ﬁé A CILIE M T H DI LT, %#F Tl Fig. ()R d &

WCEFFmETDH. Mol ROBEEECS U T, RICEHNS NS /A
ﬁrﬂwmu it,wﬁﬁf;mbf“mw%ﬁéﬁﬁ,%ﬁ%ﬁ
LT DHZEMEZLND. £ T, ‘@Eéﬁﬁ&@f@&ﬁ@
DIFEFREZFATIC LSS OKEER T 2 bR (2B 2 2-WA R
Bt dom 35 LN 2 D ORA B FERE dom & WMéﬁ‘%@kioﬁﬁﬁﬁ%
T2 WIS, 2o H B OO ERIT AN 7/beﬁ#WMé
DL DA DIEMBEI DO AE 0 ZBALEE-HE (FOWRT v 2
F) OREEITo .

EERAE PN JIS HIs 35A270 O 7 AP E AR (80 mmL x
20 mmW x 350 umT) % H\y, ‘E%jﬂﬁ@lﬁﬁb 5 20 mm DFR5Y F T [H
ETHZ WLV AFLOREIZLE., BEaA VITEEN 54 mm,

WWﬁwmmeanJ%ﬁwmmMJﬁ#wwmm/m/
HIHEANTR HOLOEMH Uiz, KABG E L TIRA Y LR
A (3mmL x 30 mmW x 10 mmH, L HFHANZERD) 2V, A B
5O dom 7 3 25 10 mm OB T LI ®7=. 7=, WaMIEEE don
BROB A E 0 12B L CHME L7z, Fig. 1 IZZ D OBRZHED
b0 ERT. T LT, MEEEZ AW TY AT ALK EREIRE S+,

%ﬁ%%%ﬁot REOMEEIL20G TE& L, FHEEIIET v
A MEREMCBT 2RO EE R e Lz,

REBER don=6mm, dun=0mm, 0=0deg. DA IZIUTHIRSE
B 65 Hz O ELIGIREN 2 5 2 7-BEONHEE, P H Mg OZhr, Bk
&, MAEBIEDOWE A Fig. 2 1[Z-d. BZ2A REEOIRENIE > TRERE
NO0S8TEIL, 232VOE—VEBENMEOLN TS, dom=0mm, 4=
0 deg BT dom W{Kéﬂ"tk%@t%7 BER X ONZOIRIE%

Fig. 3 18T dom DHINZHONT, E— 2 BEEFBALTVE, 20
% dym=6 mm ZEIZPAD L TWB. dom DEEINZES T, ZICEHIINE
DRGSR IRE TR T 5 — T, WAE I ORI L0 RO IR FEI
S OMRIRIZIEINT 5720, TOFRAEWIL o TE—27EENRKKE
D dm NFELTZ DO EIRENS. YHIL, dm< 0 2L LSETZ
AEEED, KERBLOHOHWART v 2 RO ABE NG OIRE &
FEREICE 2 2ROV TR RS 5.

1) T. Ueno and S. Yamada: IEEE Trans. Magn., 47, 2407 (2011).

2) S. Fujieda, S. Suzuki, A. Minato, T. Fukuda, and T. Ueno: /EEE Trans.
n., 50, 2505204 (2014).

3) R, B Tl T 3R RS
p. 146 (2019).

4)kﬁﬁ JIFFHTRS, “ARIERY T3EEEALE | FrlE 2022-086851/%F B

2023-174153 (2022).
5) KRITFE, HAHER TIEELLE] FFHE 2024-084029 (2024).
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Fig. 1 (a) Direction of magnetic flux
in beam. (b) Positional relationships
between beam, two magnets, and coil.
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Fig. 2 Waveforms of (a)
acceleration, (b) displacement, (c)
magnetic flux density, and (d) output
voltage.
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High-output vibrating electromagnetic power generator with beam resonance
Hanae Aoki and Hiroshi Masumoto
(Tohoku University)
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T, BREOEMN DEE~NNAE=F Y T OFTENREE Y, TOEBUMERB R o
ﬁ%izé BIRFELR DN & 72> TV D, BB 5 IR EDO LR, 2 A MERO-HI2, Eil
RSP ERICA D 5 BAMBREREEROBB N LEEN D, AT L DHMRAEICILHT 5 Z1H#H ?/%%?
ﬁbt7ﬂ4z %, 1-3W L EOEIRMERNEEN DD, LFHFITHETE VKGR EZ IR &R
ﬁ% 5D, ﬁwoquT%D HEREAHIRE I 2520V ORBIRTH 5, BETOREE%
BINCEHRT 5 HEEPRE) (X, AF CAERIEEZENICERT HIREHITTHY , MoOREL R
Zof'“’i‘i(EIﬁ{%@fotb%%DE_M _Fa?ﬁ;f%é:nzﬂ/ﬂ%~: v 7 ADBLENSL WIS D, b L, IRENR
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EBR 5k
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U7 W) R FFH 30 B HSICEE LIIRERS & . Bl 5 X v v 7 (9) 25T Tt % xf1m)
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IREN AN JAhEL S AU 72 Hh S s AR DL B2 AT 4

(FRELATTIRF D E H ISE T

B9~ 2 FEBRAYIREY)

NHEK B ZANIFDEE* R—5p, BEME, NEPE*2, ME =53 IERRE*, m SIS,
R IEAR, IS 5%
GRIER, =M TART:, *2EEm S, <2 ImERE R, A TRR, R T oK)
Electromagnetic levitation system for excited bending flexible steel plate
(Experimental consideration on steady state response under disturbance input)
Y.Uchida, K.Ogawa, I.Kobayashi, J.Kuroda, D.Uchino, K.lkeda, T.Kato, A.Endo, T.Narita, H.Kato
(Tokai Univ., **Aichi Univ. Tech., *2NIT. Numazu., **Hokkaido Univ. Sci., **Tokyo Univ. Tech., *5FIT)

X EHIT

WA OW R &R U RS R 21T 5 7o B4
R EHARR ORI DNEANCB Z b T g Y, Mifge
TN —T Tk, B ETHRTE B X D IERE i o L8
PEZER LTV D D, F itk & x5 & 353581213,
HRARK & VAPEZS T U e WELPH CHllF 7ok RE i LS w5
BHMRE EEELZ LY, L, BRE LR oMK
RENZOWTIL, FEL SRS TV 2R, & 2 TR
HTIE, B B odilRIcEFRANELE AT L, Bk
2 B BRI DOWB] A R O 5 ORI O AT I R E
L. SR OE S XD ERMEOZIZ OV TR LT,

BB RE EERR

Fig. 1 (ZB MR I E OIS 2 R4, iR
T EEEIL, 5 DATOBH A=y MZ X > CTHRE
WEF EEEs 2 N TE 5, AMIECILFig. 20X
2, B oY% A~D JUCRE LTZ, @ ERRIEIES
FESAR (S x =800 mm, i y=600mm) & L. 2 FffJH
OMJEDOHIM (0.19 mm. 0.30 mm) ZHu iz, A
TR O#HR 12 Fig. 3D X 5 7R IESLHER DAL
Z Fig. 1 12351F 5 FEHR4EE o Frame No. 3 (2 AL, 4
WOIRENFFEIZ DWW TRFT LTz, £72, EORFTELY
HAB TR B A2 E S 5 Rl oA B 72, Fig.
412 A-D R COENIFAEZ T, ZO/EELY AD
M CAAZENE L TE Y, 0.19 mm O J5 2MRIEA K& W
LR ST,

L Z BN
1) HEh, AABSRFEEE, Vol 35, No. 2, (2011),
pp. 123-127.

2)  JURRMh, BB ERSCHE, Vol 81, No. 823,
(2015), 14-00471.

3) /Wi, BABSRTFEmSCRRE S, Vol 3, No. 1,
(2019), pp. 101-106.

— 186 —

. F;
Electromagnet Unit ﬁ;g?iﬁ

-- ___o_._ ________ §<€>§ __________ O--t 600

€ N

155 ' 80 85 x

800

Fig. 2 Placement of Displacement sensors

1

El
£ o5
=
i
£ 0
o
2.-0.5
&
a
-1
0 1 2 3 4 5
Time [s]

Fig. 3 Time history of sinusoidal disturbance

1.5 1.5¢
E! g !
;E) 0.5 g 0.5¢
= o E o
505 5-05¢
2 4 g
a a -

-1.5 -1.5

0 1 2 3 4 5 0 1 2 3 4 5
Time [s] Time [s]
(2)0.19 mm, 13° (b)0.3 mm, 5°
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WEMEAR DAL EFIEN O 72 8 O A A JE D @m

VAR, E#E %%
(FHE )
Optimization of magnet angles for magnetic motion control
H. Sakuma and S. Sawada
(Utsunomiya Univ.)

XL ®HI

3 DDKAMEAL T — Z T LV AR S/ CTRUINR K AR A DOALIE % 3 RGTHIZHIlE3~ 5 B ffi s s 4T
WA D L LN 2L, #HERG & 5 2 J7mi ’%@Jéﬁék RS (LU — Al
EMES) & EOFAICEER S HIUE L W E R L TSI E e, #EHIERA 03 S DALEICE I & &,
ZHUCES BB R LD X O B _R—AAAEEZRD D Z 1%, MCESIE OSSR - SEE(LICB W CEE
TohD. ABFFETIE, covariance matrix adaptation evolution strategy (CMA-ES) 23 % F\ N T_— ARiA4 O %
STk [ AW

HEAELER
N%X@Eﬁ%ﬁﬁﬂﬁﬁbtm SRR AT A (EE20mm, £X50mm) THDH. 30D —AfE
A (MO~M2) 12 1HDFEEH 180 mm O IE=MATFOHOHFIIZENAILTWN S, geHIR A I XEE 3mm, &

S 3 mm O fE 49(7:74’ MEATHD. (EZFBRT H7-OICERZe MM DT 7 AF v 7 ERIZHLDIAE N,
FzERik T oDz 6mm O T AF v VERRY T 5N TWD). Fig. LIrT X912, E=AF
OHFLEFURE UTHEIEIR A OB LY EFRT D, N—ABADAE (b~6) 1%, NMI+z FH %z [T
WhHEExEErl L, HARAZOREREZIEET S, HEX—AEAAEIZBWNT, HAHMEISEITZHHIAE
WA haRD D012, ARESREI 2L —F Femtet (A7 %Y 7 v =7) Z MW=, Python H
HALFIHR T A4 77 Y DEAPYZ HWW T CMA-ES #E(T L7, 1HOR—ABAAEL LEEE LT, 1R
BWCTT OOEKEERK Lz, ZOF 05 3 SOENEE (x, yﬁﬁ@@j}ﬁiﬁn Wi, z H DT
E (EH—77) OEPERIGEWVER) Z8IRT 5. ZOMOSEMIL CMA-ES (2361 2R 72 E 2% H
VN 2L Fig. 2 (kI RG A OArE A x =y =0,z=55mm & LT/\~7<&AE&JE%H§J@4[:L7Z#E§T%%/T*T. G~
O 1T DFFHADELEL N H A X — F L TR 0IZINR L, EBREIFTIT K L7, BETIIEX RALEICBIT S
wiECAEREZHRET D TETHD.

2 E R

(1) H. Sakuma, Sci. Rep. 13, 18052 (2023). (2) N. Hansen and A. Ostermeier, Evol. Comput. 9, 159 (2001). (3) H.
Sakuma, J. Magn. Magn. Mater. 566, 170315 (2023). (4) F.-A. Fortin et al., J. Mach. Learn. Res. 13, 2171 (2012).
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S 30 bo
= 20 b
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] 0 \_/\/_/
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—20 T T T T
MO 0 5 10 15 20 25
Generation
Fig 1. Schematic of magnetic motion control Fig 2. Change in magnet angles with progress of
system with magnet numbers, magnet angles, optimization.

and coordinates of the magnetic object.
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2ot ) =7 T V%ﬁﬁb\fJ?ﬂE‘/JwI/ﬂwy T PM T — & D
% WX E Baﬁ_é*ﬁnj‘
PIVEERE, PRHE ., * LM, *AFER, it

GRAL KR, * Yo ~—FR—T 1 v 7 ARk4h)
Optimum Design of Axial-Flux-type PM Motors by using 2D Linear Model
Koshi Yaginuma, Kenji Nakamura, *Yusuke Ueda, *Yuto Kimura, *Takeshi Hara
(Tohoku University, *Yanmar Holdings Co., Ltd.)

XL ®HIC
7%ka¥¥y7ﬂ%—&ibw7%iﬁﬁ%
WIRIE L 72N e, ERURICERITH Y, I

E&Eéhfméottb,%~&%ﬁﬂmﬁﬁm
—RR TR W=, 3 WL IS AL 720, KR
hR B O —ECEEH T LT RN EE W
Tolcm R « SFEORBI R 2R AE T 5, Z
ITCARTIE, THxRVYALEFYyy SRE—2D 3R
JTEETNE 2 RTLY =TT IVICERTDHZ LT,
FEHB R Bk s HEIZ DWW TIRET 21T o 72,

FEIILXey TRHE—LZDD Y =ZF7ETI
Fig. 1 12, &L %ka#y%w¥¥y7ﬂﬁR
v (PM) E—X Ok RY, Fig. 212, L
722D V=TT NERT, 2T, FARFORIE
Fig. 1 (TR LTZERZER THY, ZOH k%ﬂ%hlm
FONEB LONERO M THENTZ 2 DOmENE

L b R&L Lz, 72, 2DV =T ET VO z ¥l
FEOFE S, BHEFABOWEREN 3D 7L e —#
T AHEE Lz, 723, FEM OfEHTIZ 1 IMAG-Designer
ver. 23.0 Z A 7=,

Fig. 312, 2D V=77 VE MW THE L7=EIR
BEERE MV R R RS, TORERSE, 2D U =
TETINE 3D T AOFHEMITBBLE LT
WAHZ EDBDIND,

W\NT, Fig. 4 IR T 4 DOHEEBRGAESE LT,
2D Y =TT NVE AW CEREEORR 21T - 72,
TITIE, M7 EREORRLEBEEE T 5%
H & mMTwZJXA (GA) M=,

Table 112, B LRTZEOET LO~HEL B ML
U want, £ O 0, GA THE LN FEE T
WT 3D EFVTHEELERK MVY ZRFEPITR
T, ZORERDE, 2DV =T ETIILTHEE Lk
KEAVZE, 3D ETVOMRERE 5S%LINT LT
BY, 2D V=T ET M X DEERFOFRAMENT
N5,

Target power (kW) 25
Target torque (N*m) 100
Max speed (rpm) 3000
No. of poles / slot 16/18
Magnet material Nd-Fe-B

M IL Material of iron core ~ 35A230

Fig. 1. Specifications of an axial-flux-type PM motor.

nR

z! g

Fig. 2. 2D linear model of the axial-flux-type PM motor.

120 —0-2D linear model
100 + —0—-3D-model

Torque (N*m)
3

0 5 10 15
Current density (A,,,/mm?)
Fig. 3. Current density versus torque characteristics.

Magnet Rotor core | Parameters (mm) Variable
..... name
a
Rotor back-yoke

. a

thickness

Stator
core 50 | Magnet thickness b
<. mm
Coil width c
//

Coll §4 Stator back-yoke d

thickness

Fig. 4. Parameters to be optimized in the 2D linear model.

Table 1 Comparison of the initial and optimum models, and the
maximum torques calculated by the 2D linear and 3D models.

Initial model Optimum model

$ 6 mm i 5.0 mm
8. le -
6mm 5.8 mm
Max . torque | 2D 103.0 107.5
(N-m) |3D 99.3 105.3
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CGRAER)
Optimum Rotor Pole Width of Flux Reversal Motors
Shotaro Tsunoda, Kenji Nakamura
(Tohoku University)

[TL&HIZ

77 w7 A R—H)L (FR) E—FX, _EHEM
KA (PM) E—ZDO—FThb, LL, Xk
D HZEMR PM E— X & Be v, WA EE 3 —
7T, BEMREHICEEIND Z D,
WA 1 R O BAR AT IR DAL S A R—F 1270 D
£ o T, FRE—Z T 172 PM &—# L [AEOM
BENHIfCE S, 72, BEEFEIAAS T NI F7
Z A (SR) E—H & [A] UL D k00D I THRERK
AW, ToX—a—ZEELARETHY, &
LHBEE (EV) OA ViR A —LE—Z|#T D,
AFETIE, FR & — ¥ O it 72 [Bl#5 7 15ilE (2 2 T
R 2T T DO THET 5,

REGEEFEIEICET 5ER

Fig. 112, B2ICHW=7 U % —a— X FR £ —
X DFETLERT, IMESHEIREA O/ BV HA v
ARA—/SRE—HLELL LT,

Fig. 2 |2, [AlHs{-HliE bk O E 2 md, [alfis 1
MLy 1%, [EEEFRE > F 0, (deg.) & [FIHEF-HRIE 6,
(deg)ZE HWT, WA TERT D,
r=6,/0, (0<y<I) (1)
L7eMRo>T, y=0.5 DL X[EHET-ORE & Ao b
BN L 2D,

Fig. 3 (2, FBHRFRRiEL & MLy OEGRERT,
ZOLEXOEREREEILL2 A/mm? THDH, ZD
K& R 25 &, [EE7-AE 7Y 0.33 11 C hLv o A3
RIZRDHZ EWnbnd, vk, Z0L EEEF O
fEEAmy MEOKIT1:2 THD,

(B85 F D FGE & A =y MESE L W—Z ey =
0.5 IZxF LT, £ &b biE» ey 033 2T
VI BRI S T2 B IZ DWW TE LT 5, Fig. 4(a)
Dy=05 D& ZTOHAMXZE /D L, [EHRF-FRD B
BT DEE A 72 N E SHBROB A ABLR)
WERE SN TS Z ERnbnsd, —J, RKDb)Oy=
0.33 DA TIX, [BHEFHRIEAHEE A 2 > ME X
DL, MRERKNAE LT TR, ZOWH, y=
033 f1EC LI BEKRICRoTZEEZZBND,

FRM

Outside diameter (mm)

222

Stack length (mm)

51

|Air gap length  (mm)

1.0

NINo. of stator poles

18

INo. of rotor poles

24

No. of turns/pole

5

Core material

35H300

Magnet material

NMX-S45SH

Fig. 1. Specifications of an outer-rotor-type FR motor.

Rotor pole pitely &,

Rotor slot width

Rotor pole
width: &,
Fig. 2. Definition of the rotor pole width ratio.

45.0
400 | %%,
350 F° %
300 F °
250 F °
20.0
150 ° °
10.0 F °
50 o
0.0 e e
0.00.10.20.304050.60.70.8091.0
Rotor pole width ratio

Torque (N * m)

Fig. 3. Relationship between the rotor pole width ratio
and torque.

A8

(a) y=0.5 (b) »=0.33
Fig. 4. Comparison of flux line diagrams for different
rotor pole width ratios.
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Characteristics of PMSM with Sm;Fe17N3/Fe1sN2> Hybrid Bonded Magnet

I. Cirozlar!, S. Murakami', K. Nakamura!, T. Ogawa'??,

S. Yamamoto??, N. Kobayashi?, H. Yamamoto?

(‘Tohoku University, *Future Materialz Co. Ltd., *Sankei Giken Kogyo Co., Ltd.)

Introduction

This paper investigates the potential of a permanent
magnet synchronous motor (PMSM) employing a novel
SmzFei17Ns/FeisN2  hybrid bonded magnet. Three-
dimensional finite element method (3D-FEM) and
prototype tests are conducted to evaluate the torque and
efficiency of the novel PMSM.

Characteristics of PMSM with Sm-Fe-N/Fe-N hybrid
bonded magnet

Fig. 1 illustrates the geometric structure of a prototype
PMSM. It is a
concentrated-winding, surface permanent magnet motor.

three-phase, four-pole, six-slot,
The motor diameter is 54 mm. The stack lengths of the
stator and rotor are 16 mm and 19.5 mm, respectively. The
core material is non-oriented silicon steel with a thickness
of 0.35 mm. The magnet is a novel SmoFei7Ns/FeisN2
hybrid bonded magnet with a residual flux density of 0.53
T and a coercive force of 280 kA/m. Fig. 2 presents the
parts of the prototype PMSM.

Fig. 3 shows the experimental setup. The prototype
PMSM is driven by the three-phase PWM inverter with
sensorless current vector control. The current phase angle
is kept constant at 0 deg. The electrical input power,
voltages, and currents are measured by the power analyzer,
while the mechanical output power, rotational speed, and
torque are detected by the motor analyzer.

Fig. 4 indicates the current density versus torque of the
prototype PMSM. It can be understood from the figure
that the prototype PMSM achieves the designed torque.

Fig. 5 represents the efficiency of the prototype

PMSM. The measured maximum efficiency is about 89%.

16 mm

54 mm

——
19.5mm '

Fig. 1 Geometric structure of a prototype PMSM.

Fig. 2 Parts of the prototype PMSM (outer case, stator,
rotor and shaft, outer case, from left to right).

Motor 7oy
Analyzer .

Fig.3 Experimental setup.

Torque (MN-m)

0 2 4 6 8 10 12
Current density (A/mm3)

Fig.4 Current density vs. torque of the prototype PMSM.

100 T
901 0000000
S o
g o
& 80 1
c
2 C
é 70{fo0 ——FEM
i C

O Meas.

0 50 100 150 200 250
Torque (mN-m)

D
o

Fig. 5 Efficiency of the prototype PMSM.
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7274 MEGEMRA LR A MEE
T UE—a—ZE PM E—Z D L7 IREMERICEET B et

IR
(K R7F2)
Reduction of Torque Ripple for Outer-Rotor-type Segment PM motor with Ferrite Magnet
S.Sakurai
(Akita University)

[ZLHIC

TIVET Ru— 3z RO R 3K B 72 S IRER e
AR TRA SN TERER, S%I1IWiK, SfikET
DIERPHIFFENTVWD, I Fe—rHE—
ZNLBERERE A & 7 — AREITR Y (T 7o Rl A 8
(SPM) 2@EHIND, —FH, Ny 7 Id—J L AD
7o D, BERHEAT DOREH 2 FNFIH TE Ty,
UKL, B A & (Segment PM) ##Ei&E VT
WA RO E B IICRE T 5 2 & T, R ER
DN Z B D728, BEfka 2 AR Tx 5,
Lo, b2 RENAY SPM X 0 HI K L, Héfk o &5k
I CAR &b, ARETITEZ A MEED ML
7 RENSGE IZ DWW TR L7 D TS 1%,

Segment PM E—42 M b ILY R

Fig. 1 IZ Segment PM &— % O/ A2 /~k$, 14 ik
12 A1y b CEMKHEE 8krpm, EM M2 02Nm
Thsb, ELLLEBMITET I TEY, [FX
(@IIFEREB A OB TEMADORE ZFFRLCTH S,
SHUTHRE L, RGBSR & 7 = T A MRS
REICEE SN, 774 MEaITEfERa Lo K
ELLTWD, ZHIZK Y, R fafdE s & i,
Kelfs - HC R D ML 7 WA RAE L, IRENMEI
DR TE D, oD MLy Rk E FIRER LS
HAWT, HE - gL,

Fig. 2 & MV K273, Rl (a) D B iR &t
M ZEERTRT LS, 7254 MEREFALT
EBEREE A D ED R L2 b b, (R EREE
WZBTH MR 2EICE EEoTWD, F
7o, RGO M7 EEE RS &, R RhEb
WhE< e VBRI TEIZEEBTE D,
—77, BfMEEZARE Lo mEREIAIRC 7 = F A b
Wt OB ANBE T DN -T2, A%, 7=
T4 MEgEAORERBSEE &b, S5R5EEIb
IZOWTHRET L T <,

N s
(a) Ndonly (b) Nd & Ferrite

Fig. 1 Schematic diagram of segment PM motor

0.4

——Nd only
0.3 || =X—Nd & Ferrite

02 = === = =
0.1 X

Torque (N-m)

0 5 . 1o
Current density (A/mm?)

(@) Current density vs torque

o
w

----- Nd only
Nd & Ferrite

o
)
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A'\'r‘rlt\’l“
o N AN LA :“l‘\ no\

LY VA v YRRV AN U

Torgeu (N-m)
o
- O
(2] N

0.1
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Mechanical angle (deg)

(b) Waveform of toruge at 0.2 N-m

Fig. 2 Comparison of torque characteristics

L 2PN
1) BRI R, A ARBERUE i SRR 5,6,69 (2022)
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/NATER,
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Examination of the number of poles for higher power in Wound field Flux Switching Motor

with Segmental Rotors
Y. Koishi, H. Goto
(Utsunomiya University)

[FL®HIC

WL T 7 — ARA Offiks =l & E IR T O 5%
B LT, BRAME T 7 v 7 AAL v F U T E
—% (WFFSM) DREAIZIFZES N TS D, JicsE
FOIX, BEORL DT A b —Z WFFSM
DEFE— "V 7 BPEIZOW T HRE 21T o 72 2
ARETIE, ORI B A L buo— 4R
WFFSM (2B W T, EiitB X OELEOHIREZEE L
TR DI O W TR 21T - T2,

BT ETIL &R

Fig. | IZBNTET VAR LTS, JICEE LR
F L= s A ho—&R WEFSM? % A58 O fif
MreET/LELTEHLTWS, BEEFERIE, B
B Rl— &> TWN D,

Tablel |ZfEATOfEEEZ R L T D, EE, Fx v
TR, a TR, BRI L 5T LT\ 5,
72, BIEHIFRM 100V, EFfENME LR 2.83A (10
A/mm?) DM CREVERRIT 21T 5 7=,

H OB LR

Fig.2 (2, Wm0 fE — My o Bk, S — 1)
L N PRGN sﬁwiﬁiﬁﬁﬂmmmif
&K RV2 215 Nm 23 &4, BARHE X 2900
pm L7 o7, —J7, 6 MEIZFLEHE Y 500 rpm,
R MLVZ B3 1.73Nm & 720, FREHEE X 1400 rpm
Llpotz, iz, SHEOLA, HIEHE 400 rpm &
THRAKMVZ 240 Nm N—ETHY, RAKEEIX
2400tpm &7 o7=, LLEX D, (EEHBENEL T 8 Mk
DRV BRERBRELRY, mEEKTE S o
M BERBRELSRD I ENDOND,

Fig2 £V, 5 MIEEIEsEE O AN H A
BN, [BI#EREEE 1700 rpm THAH A 231 W &
BT ERNbND, Fiz, [BESEE S 1700 rpm & B
ZDEHAPETFL TN Z EBbnd, —5, 66
FE D e K H DX EIHREE 600 rppm T92.0 W 720,
[E]HATHE 2 600 rpm 7> 5 _FIF 2 & A5 ) A
LTV Z ERXbnd, £, SBEDLE, [MliziR
FE 800 rpm 725 1400 rpm £ THAMIIE —E & 72
0, RRHINZIS5W E7p oz,

P bofER Ly, 5 BEAmEIcEL T D
EEZLND,

L Z &N

1) C. E. Abunike, et al.,
pp.110910-110942, 2023.
2) /INARER M, EFFE, MAG-22-099/MD-22-

in [EEE Access, vol.11,

117/LD-22-070, 2022.

(¢) 8poles
Fig. 1 Structure of analysis model.
Table 1  Analysis constraints.
Outer diameter of stator 118 mm
Iron stack length 40 mm
Airgap length 0.3 mm
Number of turns/pole 202 turns
DC side voltage 100 V
Max. current RMS 2.83A

Torque : —5 poles —6 poles —8 poles
Power : ---5 poles ---6 poles ---8 poles
3 250

1)
=3
S

Torque (Nm)
g 2
Power (W)

w
S

0
0 500 1000 1500 2000 2500 3000 3500
Motor speed (rpm)

Fig.2 Motor speed — torque and power characterristics.
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Sm-Fe-N 7~ > RéA 2 W= 5 H — B IPMSM O B Z&

EHBE !, HHEEIL 2 RERRIRZ, IIARRAE!, B2
(RE LI, KRS
Development of Injection Molded IPMSM with Sm-Fe-N Bonded Magnets
R. Yoshida !, Y. Yoshida?, T. Uwano?, M. Yamamoto', K. Tajima'
(Nichia corporation', Akita Univercity?)

[FLBHIC
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FTH D Sm & 7= Sm-Fe-N B A7EH ST
5. FFE B, Sm-Fe-N Ry Rief 2 AW EA 1
7 ) —OHAMAREYE—% (IPMSM) OfREt
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WEEHBICEYWRLE V. KFETIE, #%21T5%
IPMSM % /E L, ARFRERIEORIBME L LT, &
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LRSS UEERER

Fig. 1 {2257 % Sm-Fe-N R FiEA 2 A L7-
IPMSM OE&— & Wi &~ 7. i 3 D1 D% B
W Br 5 X OMERS ) He 18, 0.86 T, 645kA/m T
b5, AREFRIEICTHE L M2 ITEROHEM
WX LTI T L TRV, HKEF20A, &
TEATARAS 0° (=HK MV 7) [ZBiFD M7 ig,
325Nm Th-o7-.

Fig. 2 (ZHHH— R & 0 /ERL L 72 Sm-Fe-N 7R
v RWAZ AWz IPMSM O u—# Zord. BIEL
7o v — X 3RO TR 97%, ELIRIERDN 95% T -
7.

Fig. 3 (Z[A#E3EFE A 1000 rpm (2331 2 HEA R O
FREEDOWKE 2T, VU RANFREREICT
FHEL7ME, FERPREREEZRL WD, FHEEE
FHNE & el 32 LRI R & LT b Z R
PnD. w7 F oy N MV ICEET D AR R
Mg, FHREL 114V, SEHEMEA 10.8V TH v i
HEBEY DB THoT2, ZDOZEND, FEEIZLD
AakER CHEHEM & FRRED by s 2 HJIAHRET
borrEZLND,

Lth1L, EECTAMRBREZITY, T—X DM F
HERETHTETH D,

Fig. 2 Injection molded Sm-Fe-N bonded magnet
IPMSM rotor. (@ 60-L50mm)

o calece U o calec.V o calee W
—meas. U —meas. V —meas. W

Back EMF (V)
o

0 0.005 0.01 0.015 0.02
Time (s)

Fig. 3 Comparison of back EMF waveforms at the
rotational speed of 1000 rpm.
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Distribution Relationship between Stress and Magnetic Flux Change
in Cantilever of Inverse Magnetostrictive Electromagnetic Vibration Powered Generator
Yuta Nakamura, Eishi Ishikawa, and Mitsuru Ohtake
(Yokohama Nat. Univ.)
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L TE D, PSLE O BT TR LDMHRZ(CEB 2RI HE, ML RS T, AR 2 51
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THOTEMNCERR S, B 150e Tho7-. Fig.2 Coils. Fig.3 Waveforms.
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Influence of Local Magnetic Field Applied by Permanent Magnets on the Magnetic Flux Distribution

in Soft Magnetic Beam of Perpendicular Magnetic Field Assisted Electromagnetic Impact Powered Generator

Soh Kamiya, Yuta Nakamura, and Mitsuru Ohtake

(Yokohama Nat. Univ.)
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ST,

REBHER  Fig. 2 T xeon = 44 mm (I8 2 BEAUE FE O R§ AL 2 — B
ELTORT. RRBMABEZNEAB=082T 24 L-0h, HHIE
2 LV IRIE ORI B, 7 X MEROmWNA S L, 3
HOBHRBEEDN/ NS Ipo T 2 ENyinD. F7-, Fig. 312 AB
D A A NWALERAFIEZ /T KA DB 2 B HEEICHEE 2 A L0
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A HET 5.
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2) T.Ueno and S. Yamada: [EEE Trans. Magn., 47,2407 (2011).
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Fig. 1  Schematic diagram showing
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Fundamental Principle of Horizontal and Oblique Magnetic Field Assisted Electromagnetic Vibration Powered Generators

Keisuke Imamura, Yuta Nakamura, Soh Kamiya, and Mitsuru Ohtake

(Yokohama Nat. Univ.)
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Fig. 1 (a) Direction of magnetic flux
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High-output vibrating electromagnetic power generator with beam resonance
Hanae Aoki and Hiroshi Masumoto
(Tohoku University)
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Electromagnetic levitation system for excited bending flexible steel plate
(Experimental consideration on steady state response under disturbance input)
Y.Uchida, K.Ogawa, I.Kobayashi, J.Kuroda, D.Uchino, K.lkeda, T.Kato, A.Endo, T.Narita, H.Kato
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Optimization of magnet angles for magnetic motion control
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Sakuma, J. Magn. Magn. Mater. 566, 170315 (2023). (4) F.-A. Fortin et al., J. Mach. Learn. Res. 13, 2171 (2012).
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Fig 1. Schematic of magnetic motion control Fig 2. Change in magnet angles with progress of
system with magnet numbers, magnet angles, optimization.

and coordinates of the magnetic object.
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Negative Spin Polarization in Mn2VAIl Heusler Alloy Thin Films: Effect of
Composition on Atomic Order and Electronic Structure

H. Suto'*, V. Barwal', K. Masuda', K. Simalaotao', T. Sasaki', Y. Miura',
H. Tajiri?, L.S.R. Kumara?, T. Koganezawa’, and Y. Sakuraba'
'Research Center for Magnetic and Spintronic Materials, National Institute for Materials Science (NIMS), Tsukuba, 305-0047, Japan
2Japan Synchrotron Radiation Research Institute (JASRI), Sayo, 679-5198, Japan

Introduction

Materials with negative spin polarization generate a spin-polarized current whose spin momentum direction is opposite
to the net magnetization direction [1-4]. Such materials are of growing technological interest as they can implement new
structures and operation of spintronic devices beyond the limitations of conventional positive spin polarization materials
[5]. Mn-based ferrimagnetic Heusler alloys Mn,Val (MVA) are expected to possess high negative spin polarization
originating from its electronic band structure with a gap in the majority-spin state. We investigated sputter-deposited MVA
thin films by examining the effect of composition on atomic ordering and by evaluating magnetoresistance (MR) and
spin-transfer torque effects in current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices.

Results 20 10
Figure 1 shows the saturation magnetization (M) of single- E

layer MVA samples deposited at 600°C with various 51_5_ _._S"O-S

compositions. Single-phase MVA with B2 and L2, ordering € ] o5

was formed in all the compositions, as revealed by XRD (data § 10 N ¢ %

not shown). The M ratio, which is defined as the experimental > ° 04=

M normalized by the Slater-Pauling value, is shown on the g 05 ° L

I'ight vertical axis. Mn2'2V0'8A1, MHQVQ,gAle, and g ’T‘ H ’_‘ 02

Mn; 2 VoAl 2 showed higher M; ratio than the stoichiometric “ 0o —_— e 0.0

composition. The higher M, ratio indicates the improved SHIRTC I g\"% g\\'w R R g\&

ordering in the off-stoichiometric compositions, as M; of MVA & \?’@*é\v&ég & e @\EQ

is sensitive to disorders. Figure 2 shows MR curves measured Fig. 1. Composition dependence of M and M; ratio

in CPP-GMR devices consisting of MVA (10 nm)/Ag (5 for the MVA samples deposited at 600°C.
nm)/CoFe (7 nm) for the four MVA compositions selected with

respect to the higher M; ratio. The MVA layer was deposited at

500°C. Negative MR was observed in all the composition

indicating negative spin polarization of MVA. The amplitude

of negative MR was enhanced by using off-stoichiometric g IMnVAI s | Mo Al
e o1 . e : -200 -100 © 100 200 -200 -100 © 100 200
compositions, indicating that these compositions increased the Magnetic field, uoH (mT) Magnetic field, uyH (mT)

negative spin polarization of MVA through the improved
ordering. A maximum negative MR ratio of —4.4% at room
temperature was observed for the Mn» >V sAli» sample, which
is currently the largest reported negative MR in pseudo-spin-

valve CPP-GMR devices, indicating very high negative spin T, Veshls MraaVo Ak s

polarization of MVA. In the presentation, spin-transfer torque 50 fo0 8 160 200 oo —foo & 100 260
. . ... . . . Magnetic field, yoH (mT Magnetic field, py,H (mT
induced via spin injection from MVA will be also discussed. ) 9 HoH (mT) ) 9 HoH( ) )
Fig. 2. MR curves measured in CPP-GMR devices
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mA L R Co:MnGe A AT —5 400 Mn-rich #ERIZEIT 5
NA ZAN—TF» k XMCD f##T
Ol &X', Lira Foggiatto Alexandre!, [l %2, & FAKER !, [Lfd 3,
KRR AZE 3, KA fakkE >, B KE 2, BKE 8% 2, /i BEA!
CERERIRZE !, NIMS?, JASRP, RERIKZY)

XMCD Analysis of Mn-Rich High Spin-Polarized Co2MnGe Heusler Alloy
OTakahiro Yamazaki', Alexandre Lira Foggiatto'!, Ryo ToyamaZ?, Kentaro Fuku', Kohei Yamagami?,
Hitoshi Ohsawa?, Takuo Ohkochi*#, Yuma Iwasaki?, Yuya Sakuraba?, Masato Kotsugi!
(Tokyo University of Science!, NIMS?, JASRI?, University of Hyogo*)

BUBDIZ TIVXNT—Z OB HDD Ok LS aH L 7e> T\, &
P EAEREASHRET (CPP-GMR) £ 11%, h RS IRPT (TMR) FE 712 2 YA HDD
=R~y FELTRELER SN TWS, LvL, TERDMBMEA B CIT MR AR+ TH
V. 5725 MR A EDO7-DIZIEE A B ARMRRZ R OMEHRR N EE TH 21, AHFZETIE,
Beh - & O TR ZE R BHE R O TR RIS HED X, N—T A H VR A AT —5 4 CooMnGe
EHFFERI G L Uiz, R, Mnerich SEICO LD @A EUARBRE AT LM EHER Z HINE L,
ar e MU T AFEEROCGERBERIEZFR L7z, & 612, ) X #EEE M —Ar (XMCD)
ZRH L TEF - BRIRBEMEIT L. @A URBEROFKBLA = X L0 % B LT,
EBRGE ~ 7 bo ARy ZAEEEZ W T MgO A EIZ CoMn-Ge DRLRAERBHIR % plfi L
2o X BEEMHTIC K 0 IRV IELAGEIDE T L2, BIHIAEE 4 %58 L 72, SPring-8 @ BL25SU B'— A5
A 2T Co LU Mn O Loz W THR X fRiEE I bt (XMCD) JIEETTV, &Itk ORAT
— A2 NEFE L7z, BEFHERSHEST (AMR) JIE T, 73510 AINTHICEHK DO AMR L%
A L. BB REREE CE B ERAE & A B R OfEAT & S L7,

MER - ZEL XMCD JIER LN AMR HIE DR, CooMnGe B4:1231F 5 Co TLHED A B U HEA
T— AL FOHKA AMR fLOBIK SN H D 2 L AR S iz, KIS, Mn-rich SEIE CHIZ &
NTZE WA D AMR BiE, L2y AR &2 FF2 CooMnGe A4 D @\ WM afifig bz R L Tung 55
26D, IHIZ, AD AMR N KEZ W ED, Mn-rich fHIK TO B A B U RARFE D RIE S
b, ZOERIT, FBREHEOREL L —H L TWDH I LRIz, ZOZENL, B
A ARRRER OFE BN FEERA R L OGRS TFRIFRE TH D Z EBRH LN E o Tz,

BEE  AMFIEIL. IST-CREST MBI DORE) 2 IRok 3 2 MERE A9 B AR SR FIEIC K D F Bt oAl
(BFFEfRER  ARHRE, FRREE S : JPMICR2101)DSHRIC K- TEMi S E L,
ZEZC#R  [1]S. Tavares et al., Progress in Materials Science, 132 (2023) 101017.
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Fig. 1 Co-Mn-Ge compositional-spread thin films Fig. 2 Mn concentration dependence on AMR

and the color map of XRD structure analysis. ratio and Co spin magnetic moment.
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MgO(111) Bk b Fotl BICTERE L 7=
T B A% L MngN(L11) R O & & e B
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Structural and Magnetic Properties of Mn,N(111) Epitaxial Thin Films Formed on MgO(111) Single-Crystal Substrates
Ryota Kuwayama?, Kosuke Imamura?, Shinji Isogami?, and Mitsuru Ohtake?
(*Yokohama Nat. Univ., 2NIMS)
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VN FEAKEE R & ERRHE AR D72 0I1E, BAESTTIERT A 2
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Diffraction angle, 26 (deg.)

AR S SUIIRE </ b o s s (LG () SeRe, MR g
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FIZ MN IR ZTZRR LT, 20 & &, NeAy R 3 25% T—E & L, (a) 400 °C B

FERRIREELE 200~600 °C DR T L W7, fiEFHnZ 1% RHEED,
XRD, XPS, AFM, &XFFMERHMIZIEL VSM d6 K O AR — L 3Ll
TEHEE % FHV =,

FEREER  Fig. 1(a)lC 200~600 °C THIZAK L 7= MnaN JI£0> XRD /34 —
YERT. W B QL)AL L7 MaN BERTEZR S TnND Z &
M5y ho 7=, Fig. 1(b)IZ RHEED /8% — > % 75d". 200~400 °C TRk
L7eME2x LT, 2 2DQ1) N 72 "B DRI & — )3 EHE
LTCHNTWDDIZH LT, 600 °C TR LTI, H—n/ ¥
=l RO TWD I EMDLHERIETHD Z LNy nD. fEdh
BEERIT A: MnyN(111)[110] || MgO(111)[110]3 & TF B: MnsN(111)[110] ||
MgO(111)[110] TH v, HUfEEMEIT A O A EIR D A TR S AR A3 E
Z o TV e, E72, Figo 212400 35X 1V600 °C T L 7= MngN i
D 111 AT U TR BB 2 E L7ofE R 27797, RHEED & [t
IRAER DS IZREIC L > THh D bl M AL, BEA—
IVHFSIE DFER I E 2B E 2 TREMIICHEm T 5.

1) T. Higo, et al.: Appl. Phys. Lett., 113, 202402 (2018).

2) T. Hajiri, et al.: Appl. Phys. Lett., 115, 052403 (2019).

3) S. Isogami, et al.: Adv. Electron. Mater., 9, 2200515 (2023).
4) M. Uhl, et al.: Phys. Rev. B., 55, 2995 (1997).

5) D. Fruchart, et al.: J. Phys. F: Met. Phys., 9, 2431 (1979). Fig. 2 Pole-figure XRD patterns measured for

6) S. Isogami, et al.: AIP. Adv,, 11, 105314 (2021). MnsN films formed on MgO(111) substrates at
7) Z. Zhang, et al.: AIP. Adv., 10, 015238 (2022). (a) 400 and (b) 600 °C.
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Characterization of four-terminal nonlocal signals in lateral spin valves
consisting of perpendicularly magnetized Mn/Co/n-GaAs junctions
M. Ogawa, K. Nara, M. Yamanouchi, T, Uemura
(Hokkaido Univ.)
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Influence of Sputtering Condition on the Structural and Magnetic Properties
of Single-Crystal Y3FesOi, Thin Film Formed on Gd3;GasOi2(111) Substrate
Risa Yokoyama, Kosuke Imamura, Koji Sekiguchi, and Mitsuru Ohtake.
(Yokohama Nat. Univ.)
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Micromagnetic modelling of stochastic magnetic tunnel junctions
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Simulation of antiskyrmion XOR circuit for logic devices
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("Univ.of Electro-Comm., 2Gifu University, >Tohoku University)
ooog
goooooobMIODOOOOOOODOODOODDOODODOODOODOOODODOODOODOODOOODOODOODODOO
0000000000000 000O00O0O0D Yoooooooooo0o0oo0o0o0o0o0o0o0o0o00oooooooo XOR
goobooboboobooboooboobobooooouoboobooboboboboboboboo

goooooooon

450 nm x 600 nmO 000 25nm 0000000000000 030mO0000000000000O0O000O0O0
000020000000000000000000000000 M, =580 emu/cm®I00000000000 A =
1.5x 100 erg/cm0 00000 K, = 4.0 Merg/cm®0 DMIO O D =20erg/cm’ 00000 ¢ =0500000 =0.50000
00 y=-1.76 x 10" rad/(s-Oe) DO OO

0000000000 000000000000000000000000000O000000000 50m/s00000
0000000000000000000000000000000000000000000000000000XOR 00
00ooDOo0ooooooo

ooooood
XoROOOOOOOOOOOOOOOOOOOoOlIOD10Cc11000o0oooooooooooooooooooooo0oOn Fig.
10000000010000 10000000000000000000000000000000000000000000
000 1100000000000000000000000000000000000000000000000000000
000000000000 0000000000000000000000 XOROODODOOOOOOOODOOODOODO0Oo0Do0oO0O
0000000000000 00000000000000000000000 100000000000000000 NOT
0000000000000 0000000000000000000000000000002000 OROOO ANDOO
gdo0bOo0o0o0ooObO0o0o0obOoOo0obOOoo0obOoOO0o0oDbOoOo00oDObOO0o0o0ooOoODOo0ooDoOoOoOo0obDoOOoOooooOOoo
600nm

Input
01
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Fig. 1 Time stamps of antiskyrmion motion for the cases of (al-4) input 01 (b1-4) input 10 (c1-4) input 11.
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1) J. Jena, B. Gobel, T. Ma, et al., Nat. Commun. 11, 1115 (2020). 2) A. Mukherjee, D. S. Kathyat and S. Kumar, Phys. Rev. B 105, 075102 (2022).
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HATGVT 4 EFFORAXNIF L OHEIab—vay
LTS ER i RN I e 3 IS N L P <
CrEEA, 2Rk, P HIER)
Simulation of Duplication of Skyrmion with Chirality
S. Yamadal, K. Yamadaz, A. Hirohatas, Y. Nakatani'
'The University of Electro-Communications, *Gifu University, *Tohoku University

X E®IT

TE, L—=A N7 v 7 A% ) OmBREEOFREEE LT, MROBEEEZFF>AF 114
Y OFMABBEI SN TWDIL,2], e THIETIE, 7 ey RRAX LI A DA T )T 4 DEIY
%2?%&\%®ﬁ4?)?4%ﬂﬁ’i@ﬂﬁ?é%&ﬁﬁiéﬂt&ﬂo7ﬂy$@1#
VA H IR B 1 OIS A I B A6 5%, HETIEIC O T OB
EFR IR TR, AR Ti 7m/fmx%w A BB L, WA T VT 4 e lRf
LeEERET 2T EE2Y I 2 b—2armHAVWGHE LT,
HEEMH

YIal—iarigeA s u~l R T4 v IV ETAERANCITo, VI al—i gy CHW-MEHE
BIIEIFRAE M = 1600 emu/cm®, 5 PEEHK, = 16.2 Merg/cm®, MR T 4 v~ 7 R AEHA =
1.5 X 107® erg/cm, DMI E#D = 0.54 erg/cm?, Rek[AliEtby = —17.6 Mrad/(s- Oe) & L7=, I =2 L
~ya/ﬂ%immwx%awx1M@mFWKY$%mMELt@%W%ELt@gDoE¢
DF IS BIEER =Y 7 & L, BRI FEET 2R AT A IAITIADLZENTER
WU 7 e L, ERFEEREY 7 ORGEERITK,, = 81.0 Merg/cm3 L L7z, I a2l —v
2 U TILY TR O LS A X VI A ZEE L, A5 ~EIREE] = 10~400 MA/m?2 CEHLER
5282k, YFEODEGE TORFNVI A O5EOFEEZTHE L,
HERE

FREEHEI D D7 vy AR AR )L I A A ERIENT 5 & j =25 MA/m2LL T & & mEGMEE
BV TOFEITIEESTZA, j=26MA/M?LL LD L & AX NI A d@mBHEERT ) 7 D%y
T2 o0 Wisni, 20L& EHIZIEINAT VT 4 2Rz AL I A V3B, FHIZ
AR URBNT-, FFEDOERET TS Ar AZxt L TN RO 2z 5 Z & T,
Ty RIAXNVIFAE L TEDL AR LT,

Electron flow
direction

Fig. 1 Illustration of a Y-shaped Fig. 2 Initial position Fig. 3 Appearance of
nanowire with high anisotropy area of'a Skyrmion Skyrmion and meron
23R

1] T. H. R. Skyrme, Proc. Roy. Soc. Lond. A31,556(1962)
2] J. Sampaio, V. Cros, S. Rohart, A. Thiaville, A. Fert, Nat. Nanotech., 8,839(2013)
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SRR 31 2 KSR 22 R U 7o bl S e il 4

ANHIENEL V234 BRAEAT ' TEEH 1238
(VBRKTERF. 2B A CSRN. 3P OTRI. “IST & % 7251F. S # 4k A SRIS)

Control of magnetic properties using hydrogen in ferromagnetic thin films
T. Koyamal’2’3’4, N. Seki', D. Chiba"***
('SANKEN, Osaka Univ., 2CSRN, Osaka Univ., *OTRI, Osaka Univ., “JST PRESTO, >SRIS, Tohoku Univ.)

X LHIT

A hr =7 ATEH—ERAICRBEESIE S WV S5, RIERR R T IS B3 2 mER R T[]0,
& SRS PR MR AL RIZ IR IT D T ¥ 2 S0k [2] H2OWIEFRE Y v = v A% — « SFRMHEAEH
[3172 EMXFENBINTHIFE ST D, Il Tl S8EHE 2 e Bt bR E 2D Tnb, LavL, £95 L
BAEHC BV TR, RRBBICEI DML T BB R A —VIC L > THARMERSILLTCLE) Z e LIE
LiIdfEfi g (4], ZORMEEZMRT 572010, Fox FREEEFICS L CEA BRI LWT N, A7 mk
AL LT, AKFE H) 7T=—NROMEEED TN D,

EXL Wik

AMFFETIE, Ta(2.0 nm)/Pt(2.5)/Co(1.4)/MgO(3.4) % Ja i & 2 B o U = Bt Bl ANy & U AT
R L7z, 2D0%, AU IBA T AZEANLIZEZET ¥ U —NTEEZT =— /L LTz, 7 =—/WiiE & RFHiX
ZNEN150°CE 1 FEHTH D, F7o, CofEE TRIUBE L 7% A2 KRR LIS, TOo%EREYX v v
7@ LTSI BT D Hy T = — VBRI OV T B AR,

EBRER
1 \CHAIEAEH T OBERTE— A b Mst OEEIEY Ho RGMEZ T, BEEH O asdepo I T

I LIRBEER) 72 R 2 ZE VMBI S U2, ZAUE MO B & BV ARy XD — (120 W) CTRIE L 72728 Co

JBIEBE DR LA A—NAD . fERE L TN E LD THDH, —F. H 7:~/I/7¢"ﬁ07‘:ﬂﬁ’661

W2 e 27 U ARBIIIEN D, Z ORI, Co BRBRENZERL S A —2 %% 1F 7= Pt/Co/MgO fr%if Iz

WTC, Hy 7 =— U Ko THEEMHEIREENREIE T 5 Z L 2R LTV 5, 2RER L L T Hh 2 AT HZE

— VBT S EETRIEZ T T2, ZOBE Mst- HL— 78T R 6oz, LIz T, %ﬁ/ﬁﬂé

NI BRSO ZEAIT®T L C Hy MM EE 5% 2 17

LTV EEZLND, #ETHE, Xv v 7V BORE 8.0

IZOWTHBRBEFETH S,

= - asdepo
——anneal w/o H2

g
o

==H2 anneal

BEE

AT R L BRI ZE(FA 2F), JST S E 23T,
SCERRH A R MEAR Xenics B ARAI AL R 3,
AV hu = ZAEHEEE SRR ' v X — D3R
AT,

LMt (x10°1° Tm)
EN o
o o

_8-% L L
-0.2 -0.1 0.0 0.1 0.2
EE AR toH . (T)

[1] S. Tkeda ef al., Nat. Mater 9, 721 (2010). [2] L. M. . , . .
Figure 1: Magnetic moment per unit area M¢ as a
Miron et al., Nat. Mater 9, 230 (2010). [3] T. Koyama et function of perpendicular field H.. The results for the

al., Sci. Adv. 4, eaav0265 (2018). [4] H.-K. Gweon ef ¢/.,  films annealed under different conditions (asdepo,
Sci. Rep. 8, 1266 (2018) annealed without H, flow, and annealed in H, gas) are

shown.
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R R MRS A A 2 BRIEZ R L 7o R 22 50

K KBE, Infg WIS
(A AT R R)
Modification of magnetic properties by resist mask with graded thickness and uniform ion irradiation
Daiki Oshima, Takeshi Kato
(Nagoya Univ.)

[XC®HIZ
JEE N T T OBEREFEDZETHIC L 0 A E L b =7 AT 8 R THT- R BSREME DM 5. 85 2 L s &
nTng Lo, ﬁ%%ﬁ/%%&iwﬁ%ﬁ®@b%@%ﬁ%m’3ykm%wﬁﬁéﬁﬁf%éﬁ IR

T V=R —VEBHIZE VIR LR LR MEZE L T AR5 2 81 PP OO 1 SR
T A e R AR 9 D i 2 1R R T 5.
RERTTE

B R — VN RBEIC K0 /T e 2 T i3 5720, ~ 7R b ANy ZIEIC KD ERIL -
[Pt(0.9 nm) / Co(1.1 nm) / Ta(0.4 nm)3 f&fE@EZ 7+ N U YV 7T 7 4 BIRAr A A I Y 712D A—nn
—IRITIN T U72t%, BEL VA MEBMA L, v A7 LA DL-1000 2 W THR— A N—Z0n5b X H
(27 b= A — VBt e Elm Lz, RV A MR O FBMEHS 4 Fig. 1 (TR, 2073 X2
Kr' A A N 2 — kRIS L, JRPTRY 2R RS DS &

ATz, B, YIa2b—yarhnb, 100 mBEEOLY
A FEEBTEDTRAX—THD 100keV TS L7-.

EERIER
Fig. 2 (a)lZ Fig. 1 DRI > TR LI LY A b~ A
®ﬁé7m774W%rT.ﬁ%®ﬁmiﬂ& PE2LIES
Thsd. MTE2 20ORF—rDFa 77 A NVERLTE
D, 1203V VA MNERICARZZIT=HD, 9 12134  Fig. 1 Grayscale lithography over Hall-bar
BLERITTWARAWNWLEDTH S, LA MEEICAR Z3%F  structures
ERB IS LI LY R NERRR-TEBY, FL—
A — VBRI X VAL VR MEPER SN Z LD
5. =20 ~ +20 pm ONAEIZFR T AR —/L 7 v ZDRE R
— VBN RE OFER DD RAE S o 72 ERN R TR Hierr D
% Fig. 2 (b)IZ79". Pt/Co/Ta I&A A > PRSIk L H
W& Hier NI T 5 Z ENRb-TEY, —RERBREHNIR L
LU A MNERHE D A PYCo/Ta FEFEMEA~D A A o b &
ML 72D 2 EMTREND . EBS, Her l ERERTE D HIK
TLTEY, VYR NENELRDHITE Hier MK T LT
DERFRBISND . SEER L 7Z3EIO Hier DARBLIT 25
Oe/um & RS HiL, ARFEIC LV IEFITRE ZRmE AR
RN FRE TH D Z L RSz,

BE R

1)  G.Yuetal., Appl. Phys. Lett. 105, 102411 (2014).
2) S.Lietal., Nanotech. 28, 31LT01 (2017).

Fig. 2 (a) Line profiles of resist height in the
grayscale region. (b) Position dependences of
effective anisotropy field Hietr.
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3RITHER AT Y D7=D D CoPt BATIED % FimFE D FENT

AT A, PHELEE* Md. M. Hasan**, HFAER*, ZERRSS M1+, H)1] 5k
(FHUR TR, ** AR R SE)
Analysis of deposition process of electrodeposited CoPt films for three dimensional magnetic memory
Yota Takamura*, Tongshuang Huang*, Md Mahmudul Hasan**, Yuya Tanaka*,
Mikiko Saito**, Shigeki Nakagawa*
(*Tokyo Tech, **Waseda Univ.)

Wt 7 A2 @ B IR E L7 3 ROt A & VIR OEH A & Iw—“/“)( EV L THIR SR TY
5. ZO3WITHER AT Y ORMET 2 RHEE T A7 ME & <AFRT 5729121%, 3DNAND 77 v o=
Dy F 2 THANT T LTc T/ AR— L ORI > T ETCTRaMERE %ii&’)ai\@_ ERENTHD. ZNET
Hx 130> ZYETHE Tom O CoPt IR Z AL L, @ WM & |MEM KR 2RO L 2R L TE 2.
£, ANy ZTER LI PtJEN 5 CoPt o ETEICAE U NEASN, BbomENE Lz &b EGE
L, ®o &34 2BLEAN OMA ATaEtE 2 R L7z Y. £72, A7 LAV TES 100 nm, 5 S
Bt um OBET 2 €T —H R LT Y. O XD R OEWEMEAEIZ I WL, BN Dz < BT
DRSSP LR S EHEETdh 5. AWFSE Tl CoPt RO EHTIZI U THURRF# 2 151X L, 2 nm-20E nm
F TOFICI T 5 B —HEBREO R RIBIR IOV TERZ{To 7.

CoPt JBEIE, Ay & TR LTz Pl @B RO BICEBTE SV AEIZ X0 B Uiz, AR ERD 7
5 120 ORI TEL S 72, ZOMOFEMR BT RMFITL 2 LR CTHS.

Fig. | |{ZEEHTREH] & L EAE & 72 V) Ofafiféft My OBIfRZ =7, HE 2% (8 40 nm) TELT D
B 7o BB 2 7% U7z, Wi s A e 7B alasn ©, 30 BOIENT L7o3 B ORI 7 nm 725 72 D%t
L, 60 DO HDIE 33 nm Eo/c ZERDhrolz. L — FBEBGET T LIz B X b, Ms OEE
DEALE, BHHEN LR o7 Z LIZHIE L TNWD Z & T TE 5.

NS OFEHIR LT, XRD IZ X D5 aiEEMAT 21T > 7. Fig. 2 12 hep #H CoPt(002) & CoPt(101)UTfH D
BT 5— 2 2R3, (002)EHFTIES 7nm OFREHIIB W TH 72572723, 33nm UL EOFETIXAAMIZ S
B, ZhuF, 7 nm TP D DO OT B2 5| & F o7kl kE L T0D0%, € ORE 1k
M Z Y, 33nm PLETIIOF AR SNIREEAEE LTS EMRTE 5. £72, 33nm L EORET
FAODEDEHT BN TER Y, MBS LMONDOERIHL B2 HND.

ABFIEDO—FE, JST CREST IPMICR21C1 O3 EE% 1z, BIRTHERFA—T 77 VT 41—k ¥
=B FE~T U TN Y Y —TF A 7 T ORI R R ST T
CoPt hep 002 CoPt hep 101

0.01 6000

< ] |
£ A4 = .
= o £4000¢ :
g 0.005¢1 Pt %‘ E
= 7 & 20001 !
» s = !
S -7 = :
0 Py & . L 0 — —
0 50 100 150 42 48 50
Deposition time (s)
Fig. 1 Magnetization per unitarea versus time. Fig. 2 XRD patterns
L Z DN

1) Y.M. Hung, et al., J. Magn. Soc. Jpn., 45, 6 (2021), doi: 10.3379/msjmag.2011R002.

2) T. Huang, et al., IEEE Trans. Magn. 59, 1301005, 2023, doi: 10.1109/TMAG.2023.3298911.

3) T. Huang, et al., ICM, Italy, 6.02_264, 2024.

4) Md.M. Hasan, et al., Intermag, Sendai, Japan, 2023, 1-5, doi:10.1109/INTERMAG50591.2023.10265078.
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NRB YA INVBEERICBITANERMEYAY Y F—ILEhER
IK S, SRIEVIE, AR R
(B KPR T, * 5URHR)

Intrinsic inverse spin Hall effect in topological superconductors
T. Mizushima, J. Ogihara, and T. Matsushita*
(Osaka University, “Kyoto University)

1 ELC®HIC

B, PRBY—CESKHUVCEBNLE Y, HELBETHAEZRD MR Y AVENPERINTEZ. ZobFRavsh
VB EILBEERE~NBRAI N TVS. BEOBLEEARTIE, R PHEOZDIZHBROIAINF—PRETHE. —K
T, MRBYHVBEETIE, SVZIZHETAHEEBR RO Y —2 KL T, 20T vy (M) 12Xy v 7L AUk ik
PENE, Ty V2 EETLIER PR FER—IVIRREHTREER R LS5 T L HFIN TS, kxR bR Yo
EEDEMYENI S22 B—HT, REMKRO YV EE KU 72 8BRS R R OB E > TV,

—}HT, BEEEKERAWEZAY Y M OS2 A, ThbbEEEAY Y b
SO AMEEREHEZBTTCNWS VD, BEER2EOREE2 A bO=2 A
t@AIELZ LT, ISHETORMAM/FEINTVS. — /AT, AV b
O=7 2%, NRBYMIVBEEL Y E2EUIEEEIBEECB T2 HGE
THRAZHERT 2 ECORBBELRFERNTIELRVES. EBIZ, bRaYh
WVBEEDREWE D% FAY Y 3 HIEBEETH Y, R FIZMXT
I—N=xHACVHHER2ETS. £/, MBRERRPT Yy VEREET L
KL FRhE S, NV BEED AV HEERRFREZ KBLL T, R A
Yokt az AT 5. A Moo 2A0BHE N EEMiEHAWEZ T, b
KB D IDVIBIRER O F 7z 2 [IE A3 0 B n 5 L it h s 39,

Fig. 1 Schematic figure of a topological

superconductor/normal-metal junction.

2 MIREMEHER

RFETE MR INVBEREARAEVIREE2EATEIILT, TONHEP PR Y -2 KB LAY VRIS
EHMMAICHSNIZTZ2IL2ENE TS, M INVEEED L VEIANY IVEEELFEUESE L OBEAREE X,
FWESBU»S A VYREEATIRNEZE XS (Fig. 1). i Fik e LTI, Bogoliubov-de Gennes (BdG)
FRAPHMELER R LY E2A VWS, BIG AR, BREREBCTOUER 7B & I2H 9 5 Schrodinger iR TH
D, BEAZWMHRE L Vo ZRDO RO YAV LRTEZEMIZHDIAATHMER LR E2HBRTIILNTES.

N B YAV RO Ml L LT, BRI, Ao VBRI Lo ‘ ‘ ‘
ANV IOVEIREIREE B X 5. WL, R FE 2 AR > 7o Topological SC Normal Metal
EERIETH D, ABOT Y DIT, A VIR S THED 101 D AL 08

W BN TNTy SRENSENS. BEE, RS R 7z b
A0 YA VBEERETH D, Ty VEEOAALSERTFOAY Y OREE 2
BT 3. SO ehs, AT VBIEEKE Y DVBESKE, ThE  §
N, BER—VREE RTAY Y h— VR L A D Z e s S
5. RFERTHE, ZOFEAWR MR Y —IZHRLEZIA TN - ~NY BV

T/Tep = 0.2

Ty URERED LS ICAY VIR EES ODHERT S, ~) HVBEET 0 T/Tg = 0.9
RIEAINB AV VR BERSAICERNEND [H 2 R— L5 ol g o .
MWELSZ %R (Fig.2). —/AT, A4 IVEBEEEANZE V2 EA zi/a

TBEEERZLOICAEVREINTENDS AV R—LHE] B2 &%
AU, INDRF vy —rvBTHREINE bROIHIVEEHKTH D Z & 23
FERER

Fig. 2 Charge current density along the interface,
where the spin current is injected into the interface

from the normal metal.
References
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T2 BRI Ok 3L 7= Ta/VIND BBAEE A T F-~D A B 1A

RRF R Y, BRER L, TRV b, B F5H8 L, AR R B2, EEME KRR b2, sEH G — 12, NEps b2
(A HRABAE, 25K CSRN)
Spin Injection into a Noncentrosymmetric Ta/VV/Nb Superconducting Artificial Lattice
R. Kawarazaki?, R. lijimal, F. Tokoro!, H. Narital, R. Hisatomi® 2, S. Karube®-2, Y. Shiotal 2, T. Ono? 2
(MICR, Kyoto Univ., 2CSRN, Kyoto Univ.)

IXL®IC

22 [ BRSSPI O R 7o BB, MBS AN I SR v OBREIRREIC 22 288 7 A A — Rk
1R, 8 OBREIRIZI T 2 ARG OB T CTh 2 30 VIR 428 2 2 LEE s 2)78 & OFFR
RME AR 2 ENOITEER 2O TV D, ZE M PR O T2 BB T, 7 — =D A e
— I - SHEERSPRERT D NS TEY . 2 ORKOERERMEC S 2 DR BT OV THBEA
FF-n T 5 3), Bx I Z ORBCIREZFHNT 5 ik s U CTRBMERBIC I 2 A RO B JICER L
4), AR T EE, BWBHI A 7 ik a2 A U CRBBEMHIRDORKE— A & N OB EE) & i S
% (FRIEVELLIE) L ZOMAEEEBNA SR E L TAY UK EMNIEN S A U AEREORNE L THET S
WE~LEHET 285 THD (Fig.l), AV MPBEET DME~ S siE T 5 & amBEIEIRIT I 1T DL Ok
ZEEEBOWRDRKEL 2D, LIGAT R ) b IREPEIRICBEE T 2B T 5 A B LB G 451
T2, Ay —HEBRERIT —_—dDAC U AEFHENEr THLH—FH T, A —HEBKRE
T — "= P AE BB EZ AT 5700, AV —HEBEERE A = HEBE SR TIEEE
BOWRERFEMITR R D 5-7), AWFIEILAE M R O T B8R D FIZ@EgtGeTh 53—~ n
A4 (Py) ZHE S E72 N LEZREIEIC I T 0= EE O AR A2 T~ Tz,

ERGE

72 [l BCHn PRI O B AL 72 [TalVIND B AR E N T+ |k
2 Py 2 S 7-EHC W T, BRI (TR
e CHRBEME LIS INE 2 35 272\, IR EE (@) DR KA
PED O IRERA~D AV U PEBER R 230 L7z, 3k %
0T 72 7 —F 8 I AN N B 7 F LRy B
T—0T7 74— TEEKERE AL, AT
LTG5t 3 2%l LI E 0BG 4R T Sa/ T A
— X DB KAFIE &2 AR E CHIE Lz, o2
7 RVIN BRI ER A R DT,

EBAER

Fig.2 (IR E M aD i AT AR d,  [Ta/VIND]
R8N T OBIREERBIRE 2 TE 5 & X1 3— R
WEBMPERT D Z LI Lz, ARERTIEIERTH

Fig.1. Schematic design of
measurement setup

BTz Fig.2 ORIRIC SV C#T 5. 0.0060] |

BE T iy g §

& 0.0055} ; 1

1) F Ando et al., Nature 584, 373-376 (2020). E i I 1 Is I ; 11111 )
2) M. Sigrist, AIP Conf. Proc. 1162, 55-96 (2009). i
3) E.Baueretal., Phys. Rev. Lett. 92, 027003 (2004). 00050y | T.=36K ‘
4) Y. Tserkovnyak et al., Phys. Rev. Lett 88, 117601 (2002). 5 : 7 3
5) KR. Jeon et al., Nat. Mater. 17, 499-503 (2018). T(K)
6) Y. Ominato et al., Phys. Rev. B 106, L161406 (2022). Fig.2. Temperature dependence of
7) Y. Ominato et al., Phys. Rev. B 105, 205406 (2022). damping constant e
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26pB -3
EREGEZE T 2HEMEERICET 5 SOTHILKIEES I 21— a v
JREASORER 1 (LA 2, e !
(' EEKR, 2 IRK)
Simulation of magnetization switching by SOT with tilted perpendicular anisotropy thin film
K.Harada !, K.Yamada 2, Y.Nakatani !
(! University of Electro-Communications, > Gifu University)
IFLC®IC

2 ¥V EAE KR % R L7z MRAM O H T, SOT-MRAM & & (bt ol & = 4L
F—DEBIERTE 2 LTEFETEHEIATWS D, LiL, EEBULRESRO SOT-
MRAM T SOT D& & 3 L KB DHIFEDHEETH b | HEERBENIZDZD121E 7
SR NNEPBETH D, TR NHRE L TIEEAC DMI EMHREIATNS 2 25, &
FFZECIEAE A (Fig. 1) 1I<EH Lz, FHENROMBIRBEEEE I, ZT0EA
TEAIWEBPEET 2ERESEEEX, v4 7892 T 497> 3Ial—Ya
T & DERME D 7 > 2 R R R L 72,

BHEAM

42 15 nm. EE 2.0 nm O PR E MR e U, 2R TR 1.875 nm THERL
b U7z, MEFERNZ. BIFIBHE M, = 600 emu/cm’, B7HER K, = 0 ~ 6.877 Merg/cm?,
AT 4 v 7 HRER A = 1.0 x 1070 erg/cm, BEREEELE [y = 1.76 x 107 rad/(s - Oe).
HEEMa =10, RV A=A O=10rad & L7z, Z I THWEEHHERIIARE
MBS A =60 L7223 THD, BEGHOELTORAMEBOM (KM, KMin) 1%
Eq. (1) 2ii/=3METH 3,

K™ 4 KMin = 6,877 Merg/cm® (1)
A2 YDHENZ MU F=(-1,0,0) Lk, BEREEE I =05~35TA/m?. &
MoVLRIE%R 1, = 0.1 ~ 1.0 ns ORIZ(LX €, EREFHEE T IRMEEREFICBIT3
SOT b REEDZELE Y I 2L — a > TN,
BRRUER

EREFEEZET 2WEHRETICBY % SOT b REEOK T LT, BAMEK
D% (K{l“a",Kl‘;‘i") = (5.877, 1.0) Merg/cm?, BRHEE% I, = 1.0 TA/m?, L XIE%
t, = 1.0ns ¥ L7358 O PRI (0) ORMZLZ Fig. 2 1TRT . MBhTIR, HKHH
T RROBAL O FMmA ORFHZAL. RS EF DL (—x ) ORIL D3I D
WREfZE L. BROBRTOEFT (+x M) OB O FImA DR AL 2% T, Fig. 2 X 0.
KT oMo IV LB TEFOLEMOBLAEHNTE D, RFOL
L CTRLORFED N T VB Z e 00Tz, Ehoy BRI ALF—DRKEVHETOD
FERIREBDOBAEDS 0.5 ZRZTKREMANTE D, ZhEHZT L RIETETRZ YIRS
% Z L THEERBMUIENET T2 L B X 6N b, KITEF N —RRAR R HIR & R
FHEEE T 2BMERICOWT, EREE L OVREEZ(LXERO, BIRYIE 2 ns £
DERIELI 72 AL DZAL % Fig. 3, 4 1SR T, Fig. 3 XRGEN—HE R BIEER O
R, Fig. 4 JMEMESTEL AT 2 MIEHEEORR TH b ROEEIBEILIEOR 2. F
GBI IED R Z RS, Fig. 3 & D BATEN—HRRBEMER T, BLEEO K
BOHMERED X 51BN B Z e 23 h oz THUTK L Fig. 4 X DERE AL H T 5/
PR CIE, BIREEL AN S WS IOV RIRIC & & TTHYLREE 2 2 3 A5
NBZEBTh ot Eiz, RIKEERBEIZ 09 TA/m? Lo TED ., BAFEEI—F
RHHEEEOZE D 1.1 TA/m? 12 LT 18 % KIRL Tz, ZoOFK e LTk, @R
BAMIC K o TAECEEAEZINF —D/ NS WHTFOEHFEBROBE— X > FAEE
D HHENPTRoTVEIELEZOND,

BEXH
1) F. Oboril, R. Bishnoi, M. Ebrahimi and M. B. Tahoori, IEEE Trans. CAD., 34, 3, 367 (2015).

2) J. Watanabe, K. Yamada and Y. Nakatani, I[EEE Trans. Magn., 59, 11, 1 (2023).
3) T. Nozaki, NPG Asia Materials, 9, e451 (2017).
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DMI 2B T A2 FEHIRBEEERRIC BT 2 SOTHLKEZS I 21— a v
A ILEBA 2, ha e !
EEA !, EEK 2)

Simulation of magnetization switching by SOT in elliptical magnetic film with DMI
R. Tsunoda!, K. Yamada2, and Y. Nakatani'
(Univ.of Electro-Comm.!, Gifu University?)

IFC®IC

AR, REFEMEX TV THS MRAM IZBWT, A Y M2 I & D EHLKERZ S 2§ STT-MRAM X SOT-MRAM D H#3E53
fIbhTwd, STI-MRAM 1, ETFREEALY VERERT Z & TRLKIEZEZ 372012, HEEOMAMENIEE &> T
%, —/7. SOI-MRAM 3., EFICEET 2ESBHEDICOAAL VERZHT 0. STI-MRAM DI /A M DR % @R LT
3, L2 L%ED S, SOT-MRAM TRIREN BB KIEEZ KR T 272D DMIY 2D 7 ¥ R MIRBBETH 5, DA, A
FETIE, BEERERE T2 22k, BMEEBICIENMAMEZEC B2 FIREREL. ¥ I a1 -y a VITXDIREN
BRI FETE 2 22 BR LI, Y,

AW TR, BIEEEOIENFMEEZ X S5IIEKRT 22 2HNE L, BEOEREEMAMICT 2 28 ICL 2 FEERREL, ¥
T2l —yaYE O REFEROEEEFTE L 2.
SZal—I g iE

RKIIa2L—2arTliEk, 4270~ 274 v 27T AEROE, SHENRIE. BERED 40 nm, BEEHD 2 nm OMHEER %
FUEIZC L C7 AR PR ELX BRI e Uk, MRPERIE. BIRIBHE M, = 1000 emu/cm®, AR T 4 v 7 % REH
A =15x107°% erg/cm, DMI E# D = 1.0 erg/cm?, BREH o = 0.1, WEE#ELL y = —1.76 x 107 rad/(Oe-s), A E > KR —/L £
©=03rad ¥ L7z, T/, BWREAEEE K, 13, BEEHTER A 25 60 TREE & 2 2{HE Wz Y,

Y2l —yaryTiE, FRET (T =300K) 2E LGS TORIREREEL L O RKIEHERE, AL, £k HEr L2
MEEEOER 22 ELHE BV T AR KIEEREE S X CRIEHER 2 HE L.
BREEIUVER

7 ARZ M i1, GEBEREES 100 %. D = 1.0 erg/em?. B UL A, =03 ns DFH L. 7T RARZ P 101, @B
2375 %, D =20erg/cm’. 1, =02ns ODHPE. 7 A7 A 1:1.35, BEED 100 %. D = 1.0 erg/em?. 1, = 0.3 ns DHE
DEHEETOBEBREEIC & 2 KIBELDOZ(L%E Fig. 1 1R T, Fig. 1 X 0. EBBHEEA 75 % OMEHEKE . 7 227 FHE1:1.35
DOFEMEHEIE T, KERHERD 100 % I2EGET 2 Z bbb olz, 51T, EEHEBEFAE L 2GA IR BHEERTIE K
HRTEHRDY 100 % & 72 2 BIREEOHEN 1.9 512 e dbhoTz, Tz, HAEX R Z2MEHKEOERZE% 20 nm X 60 nm 12 L
72HBEICBVTH, 7ARY M DMIEREFAE T 2 Z 2 X D IBAWRIEETRE S T RIEMERD 100 % 1CHET 222 h
brotze Y EX D, HBMEHERTIE, EEEBEFET 2 2ok, MEEEX D b IRWEREEOHH T KRR 100 % 12
FET R e Bbdr ol

ZZTC. 7 ARY A 11, BB 100 % OJE L. T ARY F DS 1:1.35, BEFEIED 100 % OGS OSHETOENR
IR Dbk % Fig. 2, 3139, Fig. 2,3 X b, FFEE TR, EEO LT TNMNRMEENHATWS Z e b s, —77.
AIGEBRIC BV T, 12 AL OBMLIZENARZRE, £ TO—HOBMEARRe T AMEZFNT WS, ZHUTKD, BFDLE D
BREEDIRE D, FRDRTFREITIED S L THRENRBLRIENRZ 2 v E 26N 5,

100 -
90 AN varibaay
/ “" ¥N¥YY
30 Yyy¥VYy
. et S it
PNIRIRE IIVNINY
0 I ,,/ 3333
~ 333333
1S3 6 i A[ 113333
= ss83s
550 [
XXy
40 weveve
e EE S
30 circle, Wire width 100 %, e . o
D=1.0erg/em?, 1, =0.30 ns
20 circle, Wirei)vidlh 75 %,
D=2.0erg/em?, ,=0.20 ns
L e N ellipse, Wire width 100 %,
0 D=1.0erg/em”, 7,=0.30 ns
1 2 ; 3(TA/mi) 5 6 7 Fig. 2: Magnetization texture at = Fig. 3: Magnetization texture at t =
S

. 0.3 ns (xzy = 1:1, Wire width:100 %, 0.3 ns (x:y = 1:1.35, Wire width:100
Fig. 1: Effect of the current density on the p=1.0erg/cm? t,=0308,T=0K, % D=10erg/em’ 1, =03ns,T =0
switching probability (7' = 300 K) I. = 6.0 TA/m?) K, I, = 6.0 TA/m?)
References
1) S. Rohart, and A. Thiaville, Phys. Rev. B 88, 184422 (2013).
2) J. Watanabe, K. Yamada, and Y. Nakatani, /EEE Trans. Magn., 59, 1 (2023).
3) R. Sbiaa, S. Y. H. Lua, R. Law, H. Meng, R. Lye, H. K. Tan, J. Appl. Phys., 109, 07C707 (2011).
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Simulation of magnetization switching in thin film by SST
T. Watanabe', K. Yamada?2, Y. Nakatani'

("Univ. of Electro-Communications, >Gifu University)

IFC®HIC

BE, THEEEXEYD—ETH 2 MRAM O ERTHORATW3, AV Y FEAMLKIEEEFH T2 MRAM @ 5%, STT-
MRAM oiixfEH Lo E= SOT-MRAM DAL OHIFEIDOREEX ¥ v o 7238 2 fi#k 3 2 MRAM & LT SST-MRAM 23425
INTWDB, F, FHBRICRER 2 SRR Z W 2 2 ¥ THENED KA TRERD 2RO A Y UHERIN S Z &
Fcrlxn b, 2hzfviey 2 MREL TOBURIENEITEI Nz Y L L, SST IC & 5 b Kz KRR K ik
EIRBEEDOBEBIIRZ L1220 TIE, RIS 2R > TWRL,

AR TIES I 21— a2k D SST I K 2RO R/ NRERERZEE 2 KD STT X SOT Db D L L Lz, 72,
SST DAY > DRI F 2 BUL RIERER D 2L & TRz,

BB

APIal—yarTRER=30mm. KEd=2nmm OEEMIES M2 HOMBREREZ R L, ~Z70A Y EF
NEROTHEZ{T - 72, MEVEBZAEMBIHE M, = 600 emu/cm®, EFHEE K, = 1.76 Merg/em®, $H5KEH o = 0.1, K
m#ELE y = —1.76 x 107 rad/(s-Oe), A >R —Af O =10r1ad ¥ L7z, 2 TEAFEEBIIALZEEEA =60 2 2 2EEZH
Wieo 7z, BV £, = 0.01 ~ 100 ns. A Y > ORI 6, = 90° ~ 180° TEAL X ¥ Te. B/NERFETEE OFHE CIIRE
T=0K. REMEROFHETIZT =300K & L7z

BRRUEE

Fig. 1 IZ& R Y O 6, \2B1) 2 BIR-VRIE 1, 1T 3 R NRIBEREE jo OZLETRT, MED, ER-OVRIE
t, =0.01 ns TiX 6, = 135°, 1, = 1 ns Ti& 6, = 150°. #, = 100 ns TIX g, = 180° D &k 5ic, B VUL RAIRIC & b B/NRISE TR
EENRD/NELKBIZRAC Y OMANENT 22000z, TO K5 REAERNLAY Y OMMAIXER ULAROEME b
WIS 253, 6, = 150° DBFERFFER OV RBIIB W TR/ DNIZRERZEMEL . RENICERTERNG NS Zehy
ol

Fig. 2 ICER VAN 1, = 0.02, 1.0ns, A > OHif 6, = 105° TOERBEE I 1T 2 KEERBIER Po, OELERT,
XD, EFOLRME 1, = 0.02 ns TRXERBEOHEME & HIT Per IZHFARD L. BIRHNC—EDHEE 722 Z DB TD ol —
K. BV RIE t, = 1.0 ns TREEAV/N S WETREE TIE Pey EHFRD T 25, D BEERIC Pey XM LIAD. —EDMH
WIORT 2 Z ey oTee F7ey Pey DWURT 2fHIZ 1, = 0.02ns ¥ 1.0 ns TRILETH 5 72,

Fig. 3 122> DHfg 6, 105 2 SARRIER P DZEALZ RS o T Ty Por BRIZITRT XS R —E R o fEZ AW
Foo B & D ERRMIERIZ A C Y ORA ORIV, $BENCED T2 2 20395 h o7z,

100 T T T ey . T T T o
6 ,=90°(S0T) 10° 11(?_:“_
& 9p=120° —Io—'l' tp=1.0 ns 3 10_2_
E10¢ 6,=135° | tp=0.02ns | o
P 0,=150°" 5107 A s10
£ 6 =185%STT) SN T ¥ 10
2 1F e 10° 10°5F
= —_ 10°4F 7 109
1077F i
0.1 L L L - 1 1 1 1 | E| -8 L L L | |
0.01 0.1 1 10 100 Wo "2 4 6 8 10 090 95 100 105 110 115 120
tp (ns) le (TA/M?) 6 p (deg)
Fig. 1 Effect of current pulse width#, and  Fig. 2 Effect of current density /. and Fig. 3 Effect of the spin polar angle 6, on
spin polar angle 6, on minimum switching  current pulse width #, on switching error ~ switching error rate Pe (f, = 0.02 ns)
current density jgy rate Pey (6, = 105°)
BE XK

1) R. Gonzilez-Hernandez, et al., “Efficient Electrical Spin Splitter Based on Nonrelativistic Collinear Antiferromagnetism” Phys. Rev. Lett., 126,
127701 (2021).
2) S. Karube, et al., ”Observation of Spin-Splitter Torque in Collinear Antiferromagnetic RuO,.” Phys. Rev. Lett., 129, 137201 (2022).
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Low damping in L1o FePt by controlling the number of misfit dislocations

P. D. Bentley?, Y. Sasaki?, S. Isogami?, I. Suzuki!, Y. K. Takahashi' and H. Suto!
INational Institute for Materials Science, Tsukuba, Ibaraki, 305-0047, Japan
2Kansai Photon Science Institute, National Institutes for Quantum Science and Technology, 8-1-7 Umemidai,
Kizugawa, Kyoto 619-0215, Japan

THz spintronics is an emergent area of research aimed at bridging the gap between 5 (5G) and 6™ Generation (6G) by
utilising new spintronic devices such as magnetic spin torque oscillators as a source of low powered THz emission.?
The realisation of such devices using ferromagnetic metal thin films however requires magnetic materials with both
large perpendicular magnetic anisotropy (PMA) and low Gilbert damping constants. Llo-ordered FePt is a
ferromagnetic material with giant PMA making it a suitable candidate for magnetic recording applications. However,
the damping constant of FePt is relatively large limiting its applications in conventional spintronic devices. Therefore, if
the magnetization dynamics of this material can be characterized and the damping constant reduced, such a material

could be used in applications in the THz wave range.

In this study, we used all-optical time-resolved magneto-optical
Kerr effect (TRMOKE) to explore the ultrafast magnetization
dynamics of continuous films of FePt deposited on
single-crystalline MgO(001) and SrTiO3(001) (STO) substrates.
Using X-ray diffraction (XRD), and SQUID magnetometry, we
examined the structural and magnetic properties of these two
FePt thin films where a similar tetragonal distortion (c/a) of 0.97
was observed in both samples, the L1lo-ordering parameter of
these films were 0.70 and 0.82 and the PMA of these films were
278 MJ m?3 and 1.79 MJ m3, respectively. Performing
TRMOKE with an optical setup described in Ref. [2] and a
Quantum Design OptiCool system, we explored the
ferromagnetic spectra of both samples at magnetic field angles of
Fig. 1(a) 80° and Fig. 1(b) 45° at different magnetic field
strengths. These spectra were fitted and resulting Fig. 1(c)
precession frequency (f) and Fig. 1(d) effective damping constant
(cerr) determined. Using Kittel’s formula and a least-squares
approach, f and e were fitted where our results show for
FePt/MgO and FePt/STO a minimum e of 0.045 and 0.033,
respectively. As seen in Fig. 2, we suggest that the smaller
damping in FePt/STO originates from a smaller number of misfit
dislocations and therefore reduced extrinsic damping due to two
magnon scattering and other extrinsic effects. Importantly these
results demonstrate the ability to engineer the damping in FePt
by controlling the nanostructure at the interface.

This work was partially supported by JSPS KAKENHI (Grant
Nos. JP21K14218 and JP18H03787), and JST CREST Grant No.
JPMJCR22C3.

Reference

1) Y. Kurokawa et al., Sci. Rep., 12 (2022) 10849.
2) Y. Sasaki et al., ACS Appl. Nano Mater., 6 (2023) 5901.
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Fig. 1 TRMOKE spectra for a continuous 30
nm FePt/STO film at magnetic field angles (a)
80° and (b) 45° . The solid red curves
represent the fitting of the blue dot raw data.
Calculated (c) precession frequency f and (d)
effective damping constant eett.

Fig. 2 High resolution transmission electron
microscopy of the (a) FePt/MgO and (b)
FePt/STO sample where misfit dislocations
are highlighted by the L marker.
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RER I R R T 7 — R Rl K B IRHES C o
T E Ml CoFeB IR DAL X A T 2 7 A5

fere AR IR, A BIE, Bl sk, i B8, =% W5, &fF A7
(NIMS)
All-optical time-resolved magneto-optical Kerr effect measurement
for perpendicularly magnetized CoFeB thin films at relatively low magnetic fields
Y. Sasaki, S. Sugimoto, S. Kasai, Z. Wen, S. Mitani, Y. K. Takahashi
(NIMS)

FLHIZ

MR T X L7 7 A AE Y (MRAM)IZEHEMEDO GWAHERBEA T FE 7L LTERSNATEY, i
EHBHEAINIHED TN D, [1] KRER bR REKIRPUL & BEMKE TV, NS v T ERE R
L TW5 = REE (L CoFeB (p-CoFeB) ik A3 sk 4 4 8 Jg (2 WV H 3T 5. [2] p-CoFeB J& D& FrE I
K o THETFOBRLENESCHALIHER D EIE N LT L7280, 7't XA JP0083 A > 7+~ T 4 7 ADBL
NOBEMBKIETELE X U T ERE Y N —Y A XCTRHliT 2 Z ENEEEL 05, BEASLVAL—F—
% F N T2 A S R ] Ay A ROt 5 — 2 B (AO-TRMOKE) 1334 100 GHz ORéfbisz= 4 A 2 7 A& J|ET
XL DKRE KRB FMEEHT D RSB OFARICE LT\ 5. [3] £72, SN L2 R CIEREfhEHII©
B DI T TN A XOFEFEI A ATRE T 5. —J7, p-CoFeB WD BIL & A F 2 7 AZHOWTAEFET A
> CHRIH FTRE ARG E N BA 3 2 1 B 2, ARIFFECIE, B 72 2 BEURFIE D p-CoFeB I Z 35\ T,
{Eii55 C TRMOKE FHHI Z 1TV MBS G PEC & 2 B V7 EB O FRRFR M I Z D W TR L7z,

EEBRA &

BBRAL Si R o~ 7 R b ARy HiEE WG CRE 2 ERL U 72, IR AT LA A &, Sample A:
Ta(3)/MgO(1.3)/ CoFeB(1.30)/ W(0.3)/ Ta(3), Sample B: Ta(3)/MgO(1.3)/ CoFeB(1.43)/ W(0.3)/ Ta(3), Sample C:
Ta(5)/MgO(1.3)/ CoFeB(1.20)/ Ta(3), and Sample D : Ta(3)/MgO(1.3)/CoFeB(1.40)/W(0.3)/Ta(3) (/ZH AL nm) TH
% . SampleA, B [ ZEVILELIE B T,=350°C, SampleC, D % T,=300°C CTHIE (2 B 22 i CELEE L 7=. TRMOKE
TEHOFEFRIIT DR 1030 nm, #: 0 3= UJE %% 10 kHz, 7LV AfE 230 fs @ Yh:KGW L — % — % Fu 7z,

EEBRiEE

1(a)lZ Sample A (2D CTRESS A B 4 5t BB 5 [ %k L C
On=60° & L 7= D TRMOKE JIERS F 2~ 3. (K5 T CHIR e
AL AR TR LN TV D, X DI FEN R Z vy 7 ER
et LDV TRUBFD FERN Y 7 TR BSOS T PERES oH T Lo LT

O-I

By LR R R, BEAKE < 2 BITHEL aur DI/ & 0 100 200
<720 intrinsic Z2IZITSV TN D, — 55T, KRR O 72 0.15 At (ps)
SRR T Lo 255 ms. —o e, 7 () OV T ]
LRSI AT 4 ACREL AT LTIER _0a0 S CE R OB
TRMOKE JIiENAZNTH D 2 & ARIE S LTz, &"O o5l ¢ | 4 ; ;
ARFGE D —EIE SRR A O ELEAFSE B $23E (IPMXS0320230 T A ; L ]
082)5 & O A B B AIFHR BUM [ 00 S4B 4 521 bz, ot 1B . DryA O]
0.2 03 _ 04 0.5
BE X toHy ™ (T)
1. (a)Sample A (ZOW TR A E
[1] T. Schenk, et al., Rep. Prog. Phys. 83, 086501 (2020). [2] K. Ou=60° & L7~ TRMOKE & &
Nishioka, et al., IEEE Transactions on Electron Devices 68, 2680-2685 . (b) #7257 2 ' 7 EH qetr D
(2021). [3] S. lihama, et al., Phys. Rev. B 89, 174416 (2014). FURHKAFIE.
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Co-Pd &4 B A MR JtihE v

PR 12 fRIREE s, AfE 5 12, K bpkE 24
(Hdb kT, 2k Rk AIMR, 34 KT, 4#dbK CSIS)

Circularly-polarized-light induced torque in Co-Pd alloy films
Koki Nukui!2, Satoshi Iihama3, Kazuaki Ishibashi!2, Shigemi Mizukami24
(1Dept. of Appl. Phys., Tohoku Univ., 2WPI-AIMR, Tohoku Univ., 3Dept. of Mater. Phys., Nagoya Univ., 4CSIS, Tohoku Univ.)

1. ILC®HIZ
AT X DAL OFIENL, T OEEMENS L—P—T ¥ X MERGEHRONEIABLMDO ALY hbo=7
ATV ~OIGHAPEIRESd, EEORFZES R DB T TV A1), el (k) OMAEERICE
WTHEHHZED TWDOBAREN LRERICEASIN D AESEOHEL THA[2], MREBHE I AE
BEAZERTHIIRE LU, W77 77 —DRBICAT T s AN AV =T —a VAR HMBR TN D,
LG, BRSNS AESEN A C U AESEROND D WVITMEAES R OERITH E Y 72 <,
Z O OBRITHEA TV, FolfFk 4 1L, Co-Pt A& 317 2 FEEHE vy 230~ MEEic &
S>TAETICHR SN D E A ES RO %5 & idwm L72[5], MEOMMEZ & HICHED 5L, AFZETIE
Co-Pd &a& NI 31T 2 FMRELFEE b L 27 I DN TR,
2. EBAE
MRBEZE~ 73X har ARy 2 Y U 7RI R0 BRbiEf & i Probe light
O Si HAR FITE A 5 nm O CoPdy (x=0-0.8) A&z s 4 Polarzaton polarization)
oo SRRy ZIEIZ LD PSR X % 0 0D 0.8 F CRHAICE |
7z, Ry 77 a—7 RIS < BRI RRE R IC T T — %) 5
(TRMOKE)IZ LV . FRIEDR 7 I Ko THRAET Db =
HEZ 70— 7 ORI — R TRAME L7=(1X 1), # DR, mamj,/;}ﬂg;k
R PNIZ 20 kOe D AN 2 FlIin L 7=, : field
3. XERER 1 MRCFHRAL 2 A T 2 7 AE OIS
Hi1E1 Y PR E(RCP) & [ ) FIE(LCP) DR v 7 H % ot
BRI LB~ Y 7 (10 ko TR 2 BfbaisEs L _ o 1
DT FNEBR LI, 2D 250D 7 FNLDES A D ]
ZET, MRS L > THR SN DAL X A F I 7 R &4l
U, Rz RN 7 v N T5H2 LT,
(bR ZEEBfE 5 b — AL OIRBY R A & 7H ¢ %KD
72(2 2), Pd AL x DR E &b ITHEIE & AT OB R AN

Magnetization

1
N
L e

— Fit
— cos Fit =

Kerr rotation angle (A&/Gy vax)
z component of magnetization
A o
—_— :

HENnT=n, 26O Co-Pt Iz el L/ 2 : — sinFit ]
LNy olo, IETIRE VAR T -2 2R LoD, [ S S e —

I b L7 OMBLZ OV Tl D, Delay time [ps]
7o 3 N N 2 Co MBI RO~ T 4 ITHEIF LT
RIRTELL, PP E (No 21HO§909) L ST S & WAt Z A F 2 7 ZAREOH], B ITEREICT ¢ v b
(No.JPMJIPR22B2), fBAH 1M, FHZMIEEME, ®IL LTkh. D cos & sin DRSS b O TR,

K X-NICS, HAL K2 GP-spin DXEED & i1z,
2E Bk

[1] H. Becker, et. al., IEEE J. Sel. Top Quant. Electron. 26, 1-8 (2019).  [2] C.-H. Lambert, et. al., Science 345, 1337-1340 (2014).
[3] G.-M. Choi, et. al., Nat. Commun. 8, 15085 (2017). [4] P. Némec, et. al., Nat. Phys. 8, 411-415 (2012).
[5] K. Nukui, et. al., arXiv : 2405.07405.
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7T FFEEICBT AHEE L — =V RFER T T~V R

ARG 2, AR EE , BOREER 1, K b
(1A R T, 2. HIE K AIMR, 3. & &AL, 4. ALK CSIS)

Circularly-polarized laser pulse-induced terahertz emission in Pt thin film
K. Ishibashi®2, S. Iihama23, K. Nukuil2, and S. Mizukami24
(1. Dept. of Appl. Phys., Tohoku Univ., 2. WPI-AIMR, Tohoku Univ.,
3. Dept. of Mater. Phys., Nagoya Univ., 4. CSIS, Tohoku Univ.)

[FC&IC

T4 bUMBETRADAY CAEBROEEIL, KK DRALHIEC L — W —FFE T 7~ S O
B BRI TN TV B[1,2], T, B A~ AB)EBICES O CHREFHL~Y T A RFT 7
NIV NS S 2[2,3], BRISNTZBRIE, 74 P LETRADAY UAER R ORE L i X
EUR—VEIRIZ L DR L LTCERESNTERY ., Bi D MR U h L7 E N Eh R 2R &8T5 AT REME
NdbH, BiLUSNDMDO AL R— L ADORKEVEESRBICE W THEBEOT 7~V I BIGNf S D
D, TOLIRWETIINE TR, ARETITIAE U HR—VARKENT T FFPOMIEIZER L, #1HT
MRICFHIEL T 7~ PO OB B Eh L7 S RS DWW T3 5,

ERAE

BEBEZEA Ny X ) 7RI LY PERE BT AR EICRIE L7, BRI ISR E 45 EOAET
ANF L, BAET DT T~V % T T~V BERIBE S G (THZ-TDS) [4)12 L » THRiH L=, L—3—EJRIC
IR 800 nm, ~ /L AE 120 fs, #: 0 K UEKE S kHz DF X oV 7 7 A T 7 = A ML —F—%2HH L1z,

ERBER

112 Pt R CHLIH S - AREM 2 FHREFE R 7 7~
WSt oT —42 R4, 22T, BBy EAkEO Ty ME
FhEN+E—D~) T 4 0 AT 5AFEEE RE LD
VIFINTHD, MO~V T 40 2B DHET TV
VW T FVOR S (GiFE) BRERT A Z AR THGL, Pt
2B WTH, Bi & RBROPRIARIET 7~ RS 3B
AHETHDH Z L AR LTINS, Gl CIXGEe T — 2 2R L,
Y T A MRIFT T~V BB O BRI RIS O\ TRk
Do

Vy (V)

2 -1 0 1 2
Delay time, At (ps)

AHFZEIX. B B4 (No. 21H05000) . JSPS FHiFE (No. \ R
22122178). IST & % 43 (No. JPMIPR22B2). i 7, A B4 1. PtIIRICIST DM REHE T 7 ~L

o s o . - VRN, BB RO AKE O 7y M,
TR BAE R X-NICS, ALK T GP-spin DD b ZNERA. —D~Y T 1 B AT B IR

LTI, Y% BES LT s 7 L & ord
B Hk

[1] S. Iihama, et al., J. Appl. Phys. 131, 023901 (2022). [2] Y. Hirai, et a/., Phys. Rev. Appl. 14, 064015 (2020).
[3] K. Ishibashi, ef al., Phys. Rev. B 107, 144413(2023). [4] R. Mandal ef al., NPG Asia Mater. 16, 1 (2024).
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The magnetic domain switching by single shot ultrafast laser pulse on GdFeCo/Fe thin film

Hiroki Yoshikawa, Yuichi Kasatani and Arata Tsukamoto

(College of Science and Technology, Nihon Univ.)

[FL®IC

TE RS DX )48 208 AT BE
N5, TexiTnE TITHBE L ZEASTZIC

KERAIBRE 21T 9

KERAEK ~ 7% bor 28y Z THERLL - SIN(60 nm) / Gdas Fegs s
Coo.1 (10 nm) / {A:SiN or B:Cu or C:Pt or D:Fe (5 nm)}/ glass sub.D HE[E
14t GdFeCo BT | IELHRR YL 22 HLI R 800 nm /L A 90 fs (3
ERNE) Oy T7 v b—F—NaEmf L ST 5 2 &12kY
FIRICTRALER 2B L. TR & RO BAMEE G I TR LTz,

HREMRBERER Sample A~C [23V T, Gdas Fegss Cogs (10 nm)/
{SiN or Cu or Pt (5 nm)} #EHZIST D REHE 2 L [FAARIZ, Fig. 1 (IR

T AOS TERUE X 2 fifegl L7z, — 4. [Al UIURDEIREE S {4 Tl Sample
D @ Fe (5nm) % #2932 GdFeCo % Tl AOS JERHEIX & ffEid T~ 5
T EIETER DT, T2 L, REDEHE A AOS BIEDKI 3 i5E T
NS E BRI AR SN D Z e 2R LT, £ LT, 2

DIEHRE K S AOS BLGHZ IS S BEXKTERK T o 2 BT 5 7= D1

PR & RIS A X D 0 FR EE B B L % H ORI X 0 Kiis

WX E=1T>7- (Fig. 2), fif& L CEMRECRSIZE T 5 A0S

B CHIRE S D IRETRIBLX R Z — NI T 5 — B R/ —

BT, B Y ICET MR R Bl s, BLEo
& 912 Sample D (GdFeCo/Fe) (28 Tix A0S B4 L DX TERL %
Ble2 AT 72 A OEIREFRIRIL, MR C&E o T,

ZAUTKE L, £9 Sample D 2342 & JE B 10 nm ¢ Sample A |2 b~
EREREN 1.5 FFE<, BERE EFEOETICED, A0S Bl
DAETCIZLKRoTNDHHDEEZ HILD, LL, Sample D & [F]
02 15nm D4 BB R % A9 5 Sample B, C TlE AOS XK 23T
bivTe Y, BITHEITHEIC
t AOS X TR HER LT D D, L END
ESAR AN -2 Tl G E S BN AN -3 gV 8

AR - ARWFIEIE
L Z DN

() T o AREIRBM H OBk 2 32 1T TIT~ T2,

GdFeCo #ETIIE+7 = & FPOBE IV AN EZ B SV ZARE T 5 2 & T, 2B R RS
% (All - Optical magnetization Switching: AOS) Z#FHl 95 = L 23 AlHE
ez bt HEELEERER D X A v F 2 T TR, ZADOIERFEEA~OJSH b IS
TR T 5 B R O IR A OBLR N DA D
GdFeCo #R D FEEEEMAFIED BB LB L BB ARICHE H 2 LT A0S LR D JFEL L §F AR IFIic > &
EHED T D, AR TS DI FRALIKRE O B 23 B A /FRL L |

THD, FIZ A0S IFHRIEITHIG LT

Rt

B 14k & AOS BB DRIRIC S X

4 Irradiation Power

A:SIN B:Cu

C:Pt D:Fe

Fig. 1 The created magnetic
domain images on each

samples (A~D)

Irradiation Power

<

15t shot x3

2ud ghot

HI-AOS Domains

on Sample A on Sample D

Fig. 2 The difference between
the created domain on Sample
D and HI-AOS domain

BT 5& B E GdFeCo EE DS 10nm~30nm OREHI BN T, WTHOREET
. 2 FEO B 1AL TR & 2 BER LR D 22 M504 AS AOS 1

1) H. Yoshikawa, S. El. Moussaoui, S. Terashita, R.Ueda, and A. Tsukamoto: Jpn. J. Appl. Phys., 55, 7S3 (2016) .
2) #JIIK#&, Souliman El Moussaoui, <F FEZ{h, BEAR: ~ 7 X7 4 v 7 A4S, MAG-17-029 (2017) .
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SIAVERI B2 W B R mER LA A v TF o 7

mARSWY ARG, B N BBl L
(BEERREARTE, 1@ [ K E)
Current-induced switching of magnetic thin films with perpendicular magnetic anisotropy
S. Takagi, T. Horaguchi*, K. Yamanoi, Y. Nozaki
(Keio Univ. *Fukuoka Univ.)

[TLHIC

A ARV R(SHE) & R IR HICIREMER 2 825 L 7o RISk LB A EIINT 5 &, SHEIZL Y
FEREMER I U A BB BBREMEIRICIEA SN D, 20L& BBERICAE S N TV A7 7 — Ly
RO REICERE SNl 2 v & ORZHAE AT X 0 BB R ORI Ry 7 MER L, Bt KiE S
HZENTAREE 0D, SHE 1A B VLB AIEM(SONZ A LTA L 5720, 1EkI1T SOl DV E4E & 2 Hv
T RDEA TH -T2, Lo UL, 39 SOl A B B 72 2 FR(LSA-C L 12 B8\ T 3@ SOl A BHZ DL~ 5 A
EURAER S D Z LA S, BTSRRI EE 2 FEBLRTRE A28 LW A i A OB L B S 2 ISR
DHEA TN D, Fox 1355 SOl MEHCTH 5 SITAI R B & T 72 T B R LI O B a5 AL i L iR O S5 E % H
FELTWD, ZHETORICENT, SIAMERIEID PLICICET 2 A MV BEERETLHZ L, S
DIZHHAEREIZ R L CA Y MV REPBRE R T LR EZH LN L1, &2 T, AT
SI/AI ERWTE O BT LR~ DA 52 FiE T 5 720, B0 BIMEE T & SIAl RO F A
AHIE D BELR & G~ 72

ERTFE

IR R ANy B SR NS EARBEIC K0 BEE(L ST SR T SUAIEANTEL A 1R L7
DL, O LICEERBKRTIELZ AT 2 PUCoPL3 JEEZ il L7z, 7235, SUAMBURMTEL OREBRAURHE 13
R CORAIEERZFH T D 72O A L 72 fiE AlSIEOE S0 X0 Hilf# U72[1], 7ERL L 72 A% Z R,
T NI TZT7T7 0 HNWZY 7 MATIECED A=A SR L L 7=, P/ColPt D H 5 = — 1
IER(AHE) DJIEICIE, EN R OV BT S ek 2 T OF S 2 HUINATRE/e 7 v — S8 2 7z, B i
AL O EBR T, %P IHE IR 2 BN L RE B ORAL T M 2 9L L= #% . N IICAE
OB A EIIN L7 & | Bish & AT H I BT 45| Uiz, Ri A — VARG (Rane) DRESE, R O (P
BRET S 2 LIk | BRHERAK SO R & AT,

EBREES L UER (a) B,=50 mT

Fig. 114, U5 HT 2 Rae O E A7 ) v AN =T Th 5, Bt Q 7
DAEHEHENNZPE Rape AT L, HINBEGO EAIZI YV E R T U R E_ // ,¢
=T DI E IR LT 2 LD BB ERILEE SR L. oL, ) —
SUAHERFTEL D 2 €2 N2 RO 57 b TR E NS HNBERTT & & [ S
N—F DX OBUERETH-72[1], D F 0. SUAIBAM RO 2 [/ mA
WIS L BEEE L7 D Tix72 < .Co gD LITHE L7 PtJg D /3L 7 SHE (b) ,thfsomT

WCEDAEUWMICED M REEINEE 2 NS, —7 T, BLKERD
BRI DR 7Y SUAIEUEVLEF O M BUEARME IR E L TE{bT 5 2 & bR L
TEY ., SIAMERHEI O A &I LD bV BEBI/ER LT g Z & .
DGy Ino Tz, SUAVBERA R - Tz @ eh 3 72 B il i b SRR 0 J281Z ) =10

0 10
. . [/ mA
AT BT B, _ SmR
Fig. 1. SOT switching experiments
L 2B N for [Si/Al gradient materials]

[Pt/Co/Pt films. In-plane assist
fields were set a (a) Bx= +50 mT,
(b) Bx=-50 mT.

[1] W E 5« BARYESESE 78 [MIFER KRS
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Si-Al B & EIZH KT 2 A B hv 7 RO AR

ST UNENR ISR S RN S S NS = ey S
CERFT, 2K, SERAE )
Composition ratio dependence of spin torque efficiency derived from alloy films using Si and Al
H. Nakayama?, T. Horaguchi?, K. Yamanoi?, Y. Nozaki':3
(*Dept. of Phys., Keio Univ., 2Dept. of Appl. Phys., Fukuoka Univ., X3CSRN, Keio Univ.)

[ZLHIC

EFAE DN TH DA I, BEMHEERNICEASND EZOBILIZ NN 2525 2 LN TX 5,
ZOBST, BEE - KEBRE SR AT Y OFEBUIANT T2 AR ERE L U URAICHIE SN TE 72, itk
DEFNFRAE CHAERICIE, Pt W, Ta 72 EORZ 2 A E U HUEM BEIER(SONZ AT DM BB AR AR TH
o7, LML, I, AKX SOl O/hS 72 Cu DR A HIRER{L L7ZAFEBHL]RC Si & Al BEE T aic ) 7 A
— MV A — L THRARRAER L 728 BH2] CL & SOl ABHCICH S 2 A B Uit AN G Sivic, 20 2 &1
59 SOI MR C LI IE 2 7 1 2 Z L1 & 0 3 SOI MPENZ LT 2 A B Ui B RE 2 R - E b b =
EEBEHRLTEY, 9 SOl MEHIKIE LR WS AT F TN A ha =7 AT 34 ZAOBFIC AT CEE
Thb, AFFETIE, EHICHEILETHD Si & Al O E “FEO HETREMICE LSBT 4 s
EL, ZDOAE Y M IR EFRIZO THRET 5,

KRBT
RAEHNTHLRL I 2 2 b S 72 Si-Al B lE 2 B b Si Bt B “HEO FETHER L, —oid, B

23 Sub./Si(10)/[Al(ta)/Si(tsi)]10/Al(0.5)/NigsCus(10) (HEAZIE nm, LLFEAR) DR A ANy X ETHhbH, 2T,
(tsi, ta)iE(0.25,0.75), (0.5,0.5), (0.6, 0.4), (0.75,0.25), (0.87,0.13)& L7z, Z DK TIX, A/ Sy XKiT-D
EVEB = )L X —ZFH LT, W SifEs Al @A ZAMET 22 & TR /At E TRy, £
ORI Si, Al BOBEZZ ST 2 LIk THIBI L2, & 9 —l%, BHEEN Sub./Si(4.8)/
Si1xAlx(10)/NigsCus(10) D = ARy X HETH D, Z I T, xi£ 02, 04, 06, 08 & L7z, ZORETIE, Si &
Al ZRIFFIZANR Y 2T 52 L THERILESETEY, FxDL— a5 2 & TEOMAE 2 fil5 L
7o 2V S A AMEO MO S 1 A A RS T T B EE T i Al

BEAITHO T Lc, £/, AV b7 sl g (ST- (@) 40

FMR)IERBIEHWTAE Y M 2 EER(L LT, " ﬁ
EBRBRLEY : 5
Fig. 1(a)lZ2c B A 3w Z K, Fig. 1(b)lL = A3 Z ECHIHI S ~ 20 !
72 STFMR A7 ML Th D, MIESEMEIZ K-> TR DR X _a0] s f
XU PABBLI, FHCRE AN Y ZED AT S TR d\:\$ I
RORE L T2ote, TORRIE, RBRFCLY SEAl Galo BT
WA 72N B2 5 2 & 2RI LT WD, ARERTIE, EH aof f\\
T T MBI £ 2 WA 5 AP L A< AR i 00 i - A
B L. BIEEMEOEVICHKT 5 Ay hAs#RpRIc> 3 ) ‘
VTR BT B B et

=105 \ j
B TR S A

25 50 75 B }Dr‘}ﬂ' 125 150 175 200

[1] H. An et al., Nat. Commun. 7, 13069 (2016).

[2] T. Horaguchi et al., submitted (preprint is available in:
https://www.researchsquare.com/article/rs-955888/v1).

[3] L. Liu et al., Phys. Rev. Lett. 106, 036601 (2011).

Fig. 1 ST-FMR spectra for (a)
multilayered and (b) co-sputtered
samples, whose compositional
ratio is Si:Al = 60:40.
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TMR DNV 7 IEE#RENZ %3 5 BigF e

FEHEAT L, Scheike Thomas!, JMJIREE L, /INEMRA L, —45keE] 1, =i B 12
(NIMS?, 5 TRk 2)
Theoretical study for the TMR oscillation as a function of the barrier thickness
K. Masuda?, T. Scheike?, H. Sukegawa?, Y. Kozuka?!, S. Mitani?, and Y. Miura®?
(NIMS?, KIT?)

[FLHI

~ U RVBEKIERST (TMR) A iia U TIRE OB L L CIREIT 282X TMR KB & L THIH T
4. ZOBBITGE DIZ L - TFe/MgO/Fe(001) ik b v x4 (MT)) OE K TMRZIEO % RICAHRET 5
ECTREEN [1], Z0% L OEREMTIIE W T2 = "—HP L7228 3A O % FFoRENIH S & L TH
BFENTE7Z [23] £O—FTZ O TMR BB O R BUFEREITKIR & L CTHE STV 720, Fe/lMgO/Fe(001)
MTJ DEWTMR TV DD D At — L > b R UEIC Lo TR S5 7%, Z OBREICAHINE 72 %)
R (B ARty MEOTWRIESH b RV OBR L) 2BE LIomEOHGRNE [4,5] 13 TR
{LARAE & BOEATRALIRRE D E 7 1B W T U 2 TR E 2+ 2@l 32 2 E R TE 20572 TMR REh D
HHBWEEZ A LN T 52 EIXTMRIRICHE LT E T b RV BIRICRHT 223D 5 LT CE
EThiHrEZLND.
hix - R

AHFFE Tl Fe/MgO/Fe(001) MTIIZH 1T 5 TMRIZBI DR HFERE 00

EEGHINCIRET D [6] Fex DT A FT O, broLE mN/\vﬁ\vﬁ\dﬂ\/\\/\
ICBWTHEZRD A U RBIZE LEZR D Fermi I 2> 2 >D
WHBKOERSERELZZET L2 L10bhD. 2L RE ot '
REFIREIZZ N E TO TMR OBFZE T UIE LIZ# OIFEIED 54
SN TET MTIRETO A L KIEEELIZ & - TEXS{L S5 ol
B HxEBHMAE S AREE DI A E Y A IRRED ERA IR (a) _ | |
% N VBEOGEREICBWTEE L, £ Fe EMOIFEAT " ; -
BALIRE, FOEATRALIREE D 712 ST b o LRI 4 i X | s ]
FRNTRIIC B R A LT, ZORE, MR{CREIC BT 258 _ ;W%;%agﬁmfﬁw_
f%m
]

2001

TMR ratio (%)

P w
=] =]
< [=1=]

w
=]
=

F, RIS HEE &5 TMR B3 3A O J& HI Cfafgk N U

TR L INTIREN T 5 2 & Nbhro e, THUTEE O EERE R

LEAETOIMRTHD. FONTMITH KA S TMR IRE) O

FIEZ AL Y ACRIEE DBA L M RIED Fermi iz (O , .

FICEOTREDZ LB LN o7, AT HITHE ML 1 13 o »

N . - . . . barrier thickness (A)

IR HEE MTY Z/ERL L, Zhic 20T b7z TMR BB Of5 5

EARE LN FEM R EELER L., 2ORRZM 1ITRT Fig. 1 (a) Theoretically calculated

A, FHEAER [M 1a)] EERTHE SN TMR BB O 7200 and (b)) experimentally obtained

S X0 WA [M10)] 2B FBLTND S & Bbhs, TMR r.atlos as a fu'nctlon of the
insulating barrier thickness. From

AMFIEIE ISPS BT # (22H04966, 23K03933, 24H00408) K% USCHE  Ref. [g].

BB T — 2R8I - ERM~T U 7V RRE T v o = 7 h R

(JPMXP1122715503) DO 4E# %1 TN b D TH 5.

L ZD TN

[1] S. Yuasa et al., Nat. Mater. 3, 868 (2004). [2] R. Matsumoto et al., Appl. Phys. Lett. 90, 252506 (2007). [3] T.
Scheike et al., Appl. Phys. Lett. 118, 042411 (2021). [4] W. H. Butler et al., Phys. Rev. B 63, 054416 (2001). [5] X.-G.
Zhang et al., Phys. Rev. B 77, 144431 (2008). [6] K. Masuda et al., arXiv:2406.07919.

TMR ratio (%)
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T B X 3y )L fee-CoFe/MgO/CoFe(11 1) A sfmsilt b o R AT
BT 5T/ fEes R A A DR & BERIBTEL ~ D 2%

Cong He', H4H A !, Jieyuan Song'?, Thomas Scheike', Zhenchao Wen', —jfji ELIfE ",
RAGEEES ' FEAE ' =88 2 ot !
(NIMS', HiK %)
Nano-crystal domains and their impact on magnetoresistance in epitaxial
fcc-CoFe/MgO/CoFe(111) based magnetic tunnel junctions
Cong He', Keisuke Masuda', Jieyuan Song'?, Thomas Scheike', Zhenchao Wen', Yoshio Miura',
Tadakatsu Ohkubo', Kazuhiro Hono', Seiji Mitani', and oHiroaki Sukegawa'
(NIMS', Univ. Tsukuba?)

FCHIC

SRIGEHE B xRS (MTY) 12815 b R VEERIRET (TMR) 2RI, RNERMMK T X L7 78 A
AEY (MRAM) XU LT HAE L hr =7 2T A ZAERIZHET TR RSN TE 72, ZRETIS,
Fe/MgO/Fe °> CoFeB/MgO/CoFeB 72 £ ? bee(001)! MTJ Tl K& 72 TMR A ZEE SN TR Y EHE L
LTHWHENTE 7, ZOKEZA TMR IV ZA REEZT LIcae—L o b i Lo TRl
TW5, FiT. H LWRESELA Z 5 fec(11DH MTI RNEEGRIER SN D, ZOHTH Co/MgO/Co(111), CoPt
/MgO/CoPt(111)%5 TlE 2000% % i 2. 5 KX 72 TMR L3 PRI STV S, 205 (111DHE MTJ O K TMR ##
IERE ISR AN LT b3z ka2 b0 & FllEN TS D, FEBRTIEZHE T CoyFero (CoFe)/MgO
JCoFe(111) 7 /LT B X 3 v LA OFEDL L =i TMR o (35%) MBS HhTW5D 2, —F, EB TMR kb
FEER TN LD b NS ZOTEMORE AT 2 BN H D, ABFETIEIER L 72(111)MTJ Wik &
JRF-yfERe e A - BIMEE (STEM) BIE2IC LV RFMANCHTHRTZRER. 3 DOERR DT /i RAA %
FFoZ b, &BIT, DI BED KA A D28 TMR LEOK FIZhdb > TV aJREMEE R L7z 3,

ERAEE
BELLDMTI 1 TEEEZE~ 7R o ANy ZEEZHOTER I, BEfMEs L7747
ALO3(0001) BLf5 b ZEAR FIZ Ru 73 7 7 /CogFery (CoFe) (20)/73Y 7 /CoFe (5)/Ru (0.75)/CosoFeso (2.2)/IrMn
(10)/Ru (10), (FEJE : nm) ZHHW 7z 2, NUTEIL Mg E% 0.5 nm A8y XL, Mg U v FAE R L
(Mg4Al-Ox) Y% B THREEICL DRI U2, F Wik OIS S8 220203, INZEmE AR SR E 7 e
(FEI Titan G2 80200 ChemiSTEM) % H\\ 7=, BUAIS 728 LW R A A U HErE (Type-3 KA A V) OIFH%E
FAWT, BENBEEHERICESF JFHEEHRA & Landaver A& H)i L TMR L& 35 L=,

EERER

MTIJ Wi I O BRI EF (ADF) -STEM #1222 )/ B — AR 2 WS Z & TT R TOBEMHEE TV
TEX XY LAIDREENER SN TS Z ERbhoTo, TR F—258I X #5056 (EDS) & v 7-#l
FRAIAT N 5 MTI BULBRZIZ )Y 78 IIEIE MgO Mk & 725 Z & 3o Tz, F1-Wriki O JAWE O STEM
BEEATo T fE R, HiRFHE COME TH D Cube-on-cube #it D (Type-1) (ZH1Z. MgO [ 2Y 180°1H N[l
L2 (Type-2) . S HIZIE PRI STV ey o 7w 30°IHER (Type-3) 2337 LT D Z &AL
Sz, B, Type-3 Bl KA A DAL, CoFe & MgO O KX 7248+ ARIEE (19.6%) ZfEMT 5 X 5 I1HE
ENTWDZ ERbhrolz, H—FEFEICLY, Type-3 FAA % L7z TMR HIIFEFIT/NE L, #
FAREEE DK E VN Co/MgO/Co(111)H MTI IZH 1T 5/ EWEER TMR O ERD—>E L THEZxHILD, T
O OFERIZ(1D)E MTI TIIRAFEB ORFHIRWHBER S 2 & bR LT 5, AWFJEIL JIST CREST

(JPMJCR19J4) . O} JSPS BHiFE: (20K 14782, 21H01750, 22H04966, 23K03933) D F 84 5% 1F TiTbiLi-,

L 2P &N

1) K. Masuda, H. Itoh and Y. Miura, Phys. Rev. B. 101, 144404 (2020); K. Masuda et al., ibid. 103, 064427 (2021).
2) J. Songetal., arXiv.2308.04149 (2023).

3) C.Heetal., Acta Mater. 261, 119394 (2023).

4) T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
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MgGaxO4 /X U 7 HIsgRENE b o X A5 O 7 RUmEfflc L 5
ko RV RIRBTR B D HE K

Rombang Sihombing'?, Thomas Scheike'. Zhenchao Wen', Hiff % !,
RIOSRERS . =48E] 2, oft IR E !
(NIMS', HiK %)
Enhancement of tunnel magnetoresistance by interface modification of
MgGa,04-based magnetic tunnel junctions
Rombang Sihombing'?, Thomas Scheike', Zhenchao Wen', Jun Uzuhashi', Tadakatsu Ohkubo',
Seiji Mitani'?, and oHiroaki Sukegawa'
(NIMS', Univ. Tsukuba?)

[TLC&HIZ

FREEVE B xS (MT)) (X, N—FRT 4 A7 RTA4 TOBERA~Y RRBRT VA LT 7 8AAEY
(MRAM) Oftgkt /L 7ed | RAWAE Y ha=7 ZAHATHEHASNTWSD, b OIEHTIE, F 3
LD BRI Y TR ZHERF U722 D HUE (RA) O RO SN TnD, LivL, BEDOTZEN
V7 ThoDH MgO 131 X v v 7HRE S RIFERAREIULOESRIIRNEECTH 5, 8RR Ex /L MgGaO4
(MGO) NV T ELTEHMA LI EH X2 v /L Fe/MGO/Fe(001) MTJ {23 T, MgO /XU 7 MTJ (Tt
RN T EE R L OO R E UV TMR B (iR 120%04 ) & ST Y . MGO IZE#H Y
THEFE LTHETH S D, fill, CoFeB/MGO/CoFeB M ELAZ( LT MTJ & BH%E i, #E D MgO & % MGO
FETFICHAT D Z LIk » CREBRE TR TMR OB KA EHE SN TS D, LrL, AICL b5k
TD AT = A LIFEH S TR, AR TIE MgO ffiAIZ LD MGO FaEMiZh R ZH <5701,
Fe/MGO/Fe(001)RI- " Z % v /L MTI ZBAFE L, fERE L THRAICEI2FE LW IMR RN EBL L2 & %
WET D,

EER A A

BBEEZE~ 7 % b v Ay ZIEE Z T, MgO(001) B Sh FE 12 Cr 2N 7 7 /Fe (50)/ Tk MgO 1
AMGO (1.7)/ L MgO i A/Fe (5)/IrtMn (10)/Ru (10), (% v 2 NIFEE, nm) ZAfE L7z, MgO & T MGO
FRELZ 1E MgO K O MgGarOs X D BERE % — 7> R 225 RF ANy Z &2z, EF MgOfAEITY =7 >
¥ o A= HOTU = WERHIEE L TE2, 7o, FEITEEANREE IS ME & PHEEEEEDO T O R R T
T ==V EEEAT o T, fERL L7 MTI 7 = NI EZEREG P EVLER (200°C, 2 kOe) Z#1T-o72%%., um A X
D MTI AN T2 AT E T 5 1512 £ 0 TMR i 2 =350 D ARRIC S W CRIE L=,

EEMER

MgO fiABDEAIZ LY TMR O KRB A BTz, ETEHICMgOFHAEE LTH 03 nm EHATHZ
& T TMR W KIEZ BLY | Fe/MGO/Fe IZ31T D IERBEIE 121% VLD HRE WV 151%D =R TMR L3 @]
W& 47z, 5 K TIL TMR biE 291% £ THER LIEROIKIRME (165%) DOF2 5L 7257, S HIZ MgO ffiA
EAEEINT 25L& TMR LR T & RA OZF LWEEINAA LIV, FREEMIEP I E DL Z LR -Te, LR
T, Y7 MgO REEMICE > Tabt—L 2 b b RADGEREHRKTEHZEE2RLTWS, MTI Wi
DOAELFZBIEMSIGE (STEM 8) KO 3/ X—088 X 8550 (EDS) & HW iz L0, i AL
72 MgO 12 X W MGO H1® Ga J&L 1@ Fe JEI~DILEAINH] S5 2 & T, Fe/MGO Sttt LE R &
LT TMREERNEH L TWAZ ENRBINT,

AL Kioxia2023 AFEEGERHIFSE, TR E 7 — 2 Bl - i8R~ 7 U 7 URFZER 7 e o= 7 M3
(JPMXP1122715503) KO JSPS B (21H01750, 22H04966, 24H00408) D X4EA 51T T{Thhi=b D TH
Do

ZE 30

1) H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017).
2) S. Mertens et al., Appl. Phys. Lett. 118, 172402 (2021).
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The effect of tetragonal distortion on magnetocrystalline anisotropy in
bcc CoFeMn alloys: an ab initio study

Tufan Roy?, Shunsuke Kubota?, Masahito Tsujikawa?, Masafumi Shirail?
(!CSIS, Tohoku Univ., 2RIEC, Tohoku Univ.)

Magnetic tunnel junctions (MTJs) with a large tunneling magnetoresistance (TMR) ratio (>1000%) are required for
device applications in spintronics. Rocksalt-type crystalline MgO is generally used as the barrier material, which offers
predominant transmission of tunneling electrons with A; symmetry and responsible for a large TMR ratios for
Fe/MgO/Fe and related MTJs at low temperature [1, 2]. However, the long-standing challenge is that the TMR ratio
decreases rapidly with increasing temperature, mainly because of thermal fluctuation of interfacial magnetic moments
[3]. For stabilization of the magnetic moments against thermal excitations, ferromagnetic electrode materials with large
magnetic anisotropy energy (MAE) are desirable. Under tetragonal distortion, bcc Co is known to show large
perpendicular magnetic anisotropy (PMA) [4]. Metastable bcc phase of Co could be stabilized by doping of Fe. A recent
experimental study reports bcc CoFeMn/MgO/bcc CoFeMn MTJs to show a reasonably high TMR ratios at low
temperature (1002%) and at room temperature (350%) as well [5].

In this study we investigate the electronic structure, MAE and Curie temperatures of bcc CoFeMn alloys by using
first-principles calculations. We used coherent potential approximation to account for chemical disorder. MAE was
evaluated using magnetic torque method [6].

Figure 1 shows MAE as a function of tetragonal distortion c/a and Fe composition y in bce (CoggMng.2)1-yFey alloys.
A positive value of MAE indicates PMA, and a negative in-plane magnetic anisotropy (IMA). The PMA is highest for y
= 0 and decreases gradually with increasing Fe composition in the region c/a < 1.0. It is to be noted that bcc Fe under
tetragonal distortion shows IMA [4]. In this study we discuss the role of the band filling and hybridization between local
orbitals near the Fermi level on the MAE. We also present the results of magnetic moment, Gilbert damping, Curie
temperature and electronic structures of the CoFeMn alloys.

The authors thank S. Mizukami for fruitful discussion. This work was partially funded by supported by CREST
(Grant No. JPMJCR17J5) from JST and X-NICS (Grant No. JPJ011438) from MEXT.
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Figure 1: Magnetic anisotropy energy (MAE) as a function of tetragonal distortion c/a and Fe composition in bcc CoFeMn alloys.
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Recent progresses in STT/SOT-MRAMSs for low power Al/IoT Processors

Tetsuo Endoh
(Tohoku University)

Introduction
STT-MRAM with Double CoFeB/MgO interface perpendicular MTJ has become the de facto standard technology.
However, there are still issues for high density memory application and high reliable application. Furthermore,
achievement of high speed and high endurance features is still challenging for STT-MRAM, because of its tradeoff
relationship among the retention, endurance, and operational speed. Recently, Spin Orbit Torque (SOT) devices have
been intensively researched and developed because SOT devices have the potential to achieve high speed and high
endurance. To realize the practical use of SOT-MRAM for LSI applications, these issues must be addressed.
This invited speech reviews our recent progresses in STT-MTAM, SOT-MRAM for future Al/IoT processor and its
systems that require ultra-low-power and high-performance computing at the same time.
STT-MRAM
We developed novel damage control integration process technologies including new low-damage MgO deposition
process, low-damage RIE process, and low temperature cap process. By applying the developed damage control
integration process technologies to double interface p-MTJ fabrication, TMR ratio, thermal stability factor, and
switching efficiency of Double p-MTJ were successfully improved. Moreover, it was shown that despite the significant
increase in thermal stability factor, the endurance of the fabricated Double p-MTJs was over 1010. Finally, with our
double-interface p-MTJ technology and novel damage control integration process technologies, fabricated 128Mb
STT-MR AMs successfully achieved 14ns/7ns write speed at Vdd of 1.2V/1.8V, respectively.

Next, for further scaling of STT-MRAM, we proposed novel Quad-interface p-MTJ technology which brings forth
an increase of thermal stability factor compared with conventional Double-interface p-MTJ technology. We successfully
fabricated the quad-interface MTJ using 300mm process based on the damage control integration process. The
fabricated Quad p-MTJs achieved an enhancement of switching efficiency in addition to an approximately two times
larger thermal stability factor without degradation of TMR ratio. The developed Quad p-MT]J technology will become
an essential technology for the scaling of the STT-MRAM beyond 20nm without changing material and process sets
from mass-production STT-MRAM. Moreover, the high reliable Quad p-MT]J technology with enough thermal stability
factor is suitable for Automobile applications that require high temperature operation such as 150°C.

Field-free SOT-MRAM

To realize practical use of SOT-MRAM for LSI applications, we demonstrated 55 nm-CMOS/SOT-device hybrid
MRAM cell with magnetic field free writing for the first time. For field free writing, we developed canted SOT device
under 300 mm BEOL process with 400° C thermal tolerance. In addition, we developed its advanced process as
follows; PVD process of SOT channel layer for high spin Hall angle under 400°C thermal tolerance, low damage RIE
technology for high TMR/thermal stability factor, and ultra-smooth surface metal via process under SOT device to
reduce contact resistance. By using the developed technologies, our canted SOT devices achieved fast write speed of
0.35 ns without magnetic field, an enough thermal stability factor of 70 for non-volatile memory (over 10 years
retention), and a high TMR ratio of 167%, simultaneously. Moreover, we fabricated a field free canted SOT-MRAM cell
with 55 nm CMOS technology and demonstrated its write/read performance. These technologies will open to high
speed write non-volatile memory such as 1 level cache application of many kinds of application processors.

Reference

1) T. Endoh, “Embedded Nonvolatile Memory with STT-MRAMs and its Application for Nonvolatile Brain-Inspired
VLSIs”, 2017 International Symposia on VLSI Technology, Systems and Applications. (Invited)

2) T. Endoh, "Nonvolatile Logic and Smart Nonvolatile Processors with CMOS/MTJ Hybrid Technology for IoT and
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Long-Range Interlayer Chiral Exchange — Known and Unknown

Chi-Feng Pai
Department of Materials Science and Engineering, National Taiwan University

In recent years, there has been a surge of interest in the practical application of interlayer Dzyaloshinskii-Moriya
interaction (DMI) in multilayers and in magnetic random-access memory (MRAM) devices, driven by its ability to
facilitate long-range and chirally distinct spin textures. In several of our works [1-4], we experimentally investigated the
characteristics and the possible origins of interlayer DMI. The growth condition has been identified as the key to
generate robust interlayer DMI. An oscillatory interlayer DMI strength is observed with the cap layer through layer
thickness dependence. This characteristic demonstrates the capability of optimizing the robust field-free switching,
implementing such long-range interaction into practical spintronic devices. Furthermore, by exploiting the origin
mechanism of interlayer DMI, innovative azimuthal symmetry engineering protocol enables tuning it through controlled
deposition conditions of individual layers at wafer-scale.

Reference
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Advanced MTJ technology for high-density cross-point STT-MRAM

M. Nakayama, R. Takashima, C. Kamata, M. Toko, S. Itai, T. Koike, H. Sugiyama
H. Kanaya, Y. M. Lee, and M. Saitoh
Frontier Technology R&D Institute, KIOXIA Corporation, Yokohama, 221-0022, Japan

Latest innovative technologies such as Al, DX and deep learning increase demands for high-speed non-volatile memory
with much higher density and lower cost as compared to conventional DRAM. Spin-Transfer-Torque (STT)-MRAM using
perpendicular magnetic anisotropy is a promising candidate for high-density MRAM [1, 2]. Recently, demonstrations of
1-selector/1-MTJ (1S1M) cells for high-density cross-point STT-MRAM have attracted much attention [3, 4]. Toward
much higher density, higher speed, and lower cost of cross-point STT-MRAM, sustainable scaling and improvement in
performance and reliability of MTJ are strongly required.

In this talk, we present recent progress in key MTJ technologies toward high-density cross-point STT-MRAM. For the
scaled MTJ, we introduced a novel MTJ design and demonstrated high retention and high-speed writing simultaneously
towards 1Z (15-14) nm STT-MRAM [5]. Key design concept of our MT]J, called as AccelHR-MTJ (Accelerated STT-
Switching and High-Retention MTJ), is to assign the functions of high retention and high-speed writing to separate
magnetic layers in a storage layer. We demonstrated excellent performance such as high retention of > 10 years at 90 °C,
high-speed writing at 5 ns pulse in our 14 nm AccelHR-MTIJs as predicted by its design concept. Furthermore, large He
of 4 kOe for strong magnetic immunity, large TMR ratio of 100 % with low RA of 1.7 Qum? for large read margin, and
large Hex of 14 kOe in SAF for stable STT switching were successfully achieved.

We also investigated the mechanism of the time-dependent degradation of MgO barrier in scaled MTJ [6]. The stress-
time dependent degradation of resistance and TMR ratio was experimentally observed in tail bits under an applied voltage.
The degradation can be theoretically explained by the generation of oxygen Frenkel defects at the Fe—MgO interface. A
reduction in the initial oxygen vacancy in MgO is an effective method for suppressing degradation.

Our MTJ technologies provide the potential for high-density cross-point STT-MRAM.
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Fig.1: Schematic of cross-point STT-MRAM
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Spin-Orbit Torque Based Domain Wall Motion Logic: Spin Torque
Majority Gate

Dongryul Kim?, Suhyeok An!, Eunchong Baek?, Jun-Su Kim?, Soobeom Leg?,
June-Seo Kim?, Chun-Yeol You'

1Department of Physics and Chemistry, DGIST, Daegu, South Korea
2Center of Basic Science, DGIST, Daegu, South Korea
3Division of Nanotechnology, DGIST, Daegu, South Korea

We conducted a comprehensive study on domain wall (DW) motion-based spin torque majority gate (STMG) for
advanced logic gate applications. The majority gate, a pivotal functional logic gate, outputs a true signal when half or
more of the inputs are true, and false otherwise. For instance, a three-input majority gate can dynamically function as an
AND/OR gate based on the third input, offering a streamlined approach to circuit design for logic family devices such
as full adders and MUX. Our implementation of a majority gate leveraged spin-orbit torque (SOT)-driven DW motion
within Ta/Pt/Co/Ru heterostructures. Through our unique field-free SOT switching technique via SOTY, we
successfully generated three input signals for eight distinct cases without reliance on an external magnetic field.
Subsequently, we orchestrated SOT-induced DW motion seamlessly to execute the majority gate operations. To address
critical requirements like cascading and fanout in logic gates, we adopted a sophisticated dynamic logic technique.
Capitalizing on the inherent non-volatile properties of spin-based devices, our simulations indicate that STMG-based 32,
64, and 128-bit full adders exhibit superior performance compared to modern CMOS devices. Further in-depth insights
into our research findings will be elucidated during the discussion.

Reference
1) S.An, etal. Appl. Phys. Lett. 120, 262402 (2022).
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Trends of Embedded MRAM IP Development for MCUs

Tomoya Saito
(Renesas Electronics Corporation, Tokyo, Japan)

IoT and Al technology are driving a paradigm shift toward a smart society. In the process of this shift, microcontroller
units (MCUs) play a major role in a wide range of applications with secure and high-performance operation in home
automation, robotics, and medical applications as well as intermittent low-energy operation in 10T endpoint applications.
MCUs with embedded flash memories (eFlash) have the advantages in terms of security and faster boot load time
without initial program code loading from external flash memories. Endpoint MCUs with eFlashs also contribute to low
power operation powered by a battery or energy harvesting sources. On the other hand, it has become increasingly
difficult to provide eFlash at advanced technology nodes such as 2Xnm and beyond because of its complex process
steps, low affinity with advanced CMOS process, and the need for high-voltage transistors to support 10V-class
write/erase voltages. Accordingly, embedded emerging memory have been developed and launched into mass
production to replace eFlash thanks to fewer additional masks, BEOL process, and lower write voltage.

This presentation will provide an overview of emerging memory and forecast future trends. Circuit technology for
high-temperature read and high-speed rewrite of embedded STT-MRAM (eMRAM) will be presented, as well as the
evaluation results of test chips. In addition, future prospects for MRAM technology and other emerging memory
technologies are also discussed.

Currently, MRAM, ReRAM, and PCM are available as embedded non-volatile memory (eNVM), and Yole's report
predicts that the eNVM market will grow at more than two times per year between 2022 and 2028, with eMRAM
leading the market growth for MCUs in particular [1]. This is because MRAM IP is available from major foundries for
the 2Xnm generation and beyond, which is expected to replace eFlash in a various application.

Next, the evaluation results of test chip will be presented. There are several challenges in accelerating read speed and
write throughput to enhances the performance of MCUs with eMRAM, and to realize low energy write for expanding
new MCU applications. These are due to intrinsic characteristics of smaller read margin especially at high temperature,
and write current variation of MRAM, respectively.

In this presentation, a high-precision boosted cross-coupled sense amplifier [2], global- and local-trimming with
parallel-connected resistors, and cascode-clamp MOS scheme to achieve random read access frequency of over
200MHz at high temperature of 125°C will be introduced [3]. In addition, we will also present novel write schemes (a
variable parallel bit write scheme and a self-termination write scheme) to enhance the advantage of eMRAM, achieving
10.4MB/s fast rewrite throughput and 65-69% lower write energy [3-4]. These achievements using 2Xnm and/or 1Xnm
process technology will enable us to continuously provide advanced MCU products with embedded non-volatile
memory to expand new MCU applications.

Finally, a future emerging memory technology will be discussed. Although MRAM leads eNVM market at present,
other emerging memories also have the potential to change the situation drastically with the improvements in material
development and so on. The next generation eNVM and expansion of its applications will be discussed from the
perspective of memory IP design.

Reference
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Spintronic security devices based on magnetic random-access memory

Soogil Lee!, Jaimin Kang?, and Byong-Guk Park?

!Department of Electronic Engineering, Gachon University, Seongnam 13120, Korea
2Department of Materials Science and Engineering, KAIST, Dagjeon 34141, Korea

Security of information in Internet-of-Things (10T) era is becoming a critical challenge because present software-based
security technology is vulnerable to adversarial attacks. Recently, hardware-based security technology that utilizes
natural randomness of materials and devices (e.g., physical unclonable function, PUF) has received much attention as
an alternative to overcome this vulnerability [1]. In this study, we present a spintronic PUF utilizing field-free spin-orbit
torque switching in ferromagnet (FM)/nonmagnet/FM trilayer structures [2]. This spintronic PUF exhibits ideal
uniformity and uniqueness, which are essential PUF metrics. In addition, we also discuss the reconfigurability and
reliability of this spintronic PUF. Furthermore, we demonstrate a magnetic random-access memory (MRAM) based
PUF that consists 70-nm-diameter magnetic tunnel junctions [3]. We believe that our spintronic PUF offers excellent
potential for enhancing the security of 10T applications because it could be compatible with current
complementary-metal-oxide-semiconductor and MRAM technology.
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2) Soogil Lee et al, Advanced Materials 34, 2203558 (2022).
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MRAM growing into 3 terminal device

Tomoyuki Sasaki
Advanced Products Development Center, Technology & Intellectual Property HQ, TDK Corporation,
Ichikawa, Chiba 272-8558, Japan

Recently, increased energy consumption with the development of Al is becoming a major social issue. The human
perception by Al technology is used in our general life. According to Jones V, the national energy consumption in ICT,
which has a 2000 TWh in 2018, is rapidly increasing. The weight of data center is changing from traditional to
hyperscale data center. In particular, the energy consumption in networks and data centers regions will be increased by 5
times in 2030 on a 2018 basis. Human society must suspend this power increase. One of the solutions is edge Al. Next
generation Al is demanded low power consumption with keeping computing power at edges. Currently data from
sensors were sent from edge to cloud Al, after that, answer is sent from cloud Al to edge. In this case, sending data band
should be wide. If we realize edge Al which is mean the recognition and judgments within edge, we can achieve social
level power consumption reduction and keeping personal security data. Recently, we can use embedded-MRAM in
semiconductor circuits. Mass-produced MRAM is STT-MRAM which replaces NOR-Flash, is not enough for edge Al
because of slower write speed and lower integrated density than DRAM and SRAM. To use MRAM for Al, advances in
MRAM technology are required.

Present STT-MRAM is trying to achieve L3 cash level memory. The challenge is to improve the write endurance
because tunnel barriers break down at a certain rate under a high speed write operation. One of the solutions is
SOT-MRAM which is expected to be high endurance with high write speed 2. SOT-MRAM must be compared and win
that it is more suitable than an SRAM in case of cutting-edge node.

We have a different choice which is Spin-memristor in Neuromorphic device 3. Neuromorphic device mimics human
brain. It needs memristors and analog or spike signal computing. Memristor is defined as analog memory whose
conductance depends on number of electrons passing through the element. Memristor is integrated in logic circuits. Its
important properties are dynamic range, linearity, symmetry and non-volatility 9. An ideal memristor should have a
linear and symmetric response with a constant and small conductance change under each write pulses.

2-terminal STT-MRAM can grow into 3-terminal SOT-MRAM and Spin-memristor. The SRAM-class generation will
be tipping point for MRAM.

Reference
1) N. Jones: Nature 561, 163 (2018).
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3) T. Shibata, T. Shinohara, T. Ashida, M. Ohta, K. Ito, S. Yamada, Y. Terasaki and T. Sasaki: Appl. Phys. Express 3,
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Development of high performance thermoelectric materials by utilizing magnetism
Takao Mori
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Recent Progress in Thermoelectric Effects in Magnetic States Focusing on Magnon Drag Effect
Hiroyasu Matsuura
(Department of Physics, University of Tokyo)
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Thermoelectric properties of ternary transition-metal tellurides with low-dimensional crystal structure
Yoshihiko Okamoto
(ISSP, Univ. Tokyo)
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1) T.Inohara, Y. Okamoto, Y. Yamakawa, A. Yamakage, and K. Takenaka, Appl. Phys. Lett. 110, 183901 (2017).
2) F. Matsunaga, Y. Okamoto, Y. Yokoyama, K. Takehana, Y. Imanaka, Y. Nakamura, H. Kishida, S. Kawano, K.
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Magneto-thermoelectric properties of a pseudo one-dimensional semimetal Ta;PdSes
Akitoshi Nakano
(Department of physics, Nagoya Univ.)

AR, BT 2EMERRICIEANEE > TVD D, EEeRBITNER D EREEYERR T
B & STV 1019~1020em3 FREED ¥ ¥ U TIRES AP ERL L CEBARETH D, FIlH
DEJE E R TEWBEE Z MR H D Z 0D, BVREE 2525 DI b L’Cb\é *ﬁ’(‘\
B EIEANKGFET L LicLpE—y 71’-?%(@*@@ IRERMEEZ RS SHERDEL DT, ZhE
KT 5 2 LN RRGTOE L 20 D, BERIICIE, BT - BV ROREEREGDE i%#xﬁ’r el
DIEPRESNTNDN, KK E Lf*ﬂaﬂ:/\ﬁz@%’fﬂﬂ AN

ez 13T, BIRER AR Va4 K TasPdSes DEVEYMEICIEH LT 5, TazPdSes X TaSes
T XA EIEAE L TR kIt & . PdSes i DS FEA R > TR S 40D —IRILEEDS 2 %F 1 THLA
BOELZETREBERT 28 RWETHY 2, FHEHEIC L > TEeRNRE HIREZH T
LIENTEINTND, Fig.l [ZIXZ DROENKRAFZ oSG RBEM B L i L TR LTz, 22
TENRNT- LT, BEYEICIREEEZ 1K 52

L EBONLIENORLZLRLETHY 10* -
PRy 7R S LREE oIk > T Qo k 5 Sig Tazpdsee\.
#ENB, Hrldk TaPdSes s 15 KicsT 100 () (15K) .
24 mWem K2 \Z R SIS KERBAF ¥ 102 B _
FERRTILERRLE 9, oM@, § | b oMy _

N L . - o ® Mn oxide a
20 K 17T 108 Qlem! % LA @&\ V& FE é: 31 10 "ﬂ’k' ° én0,$drTi03
40 pVK1 BEOSWE —y Z7RENWL L \g 100 B ° ‘::%‘ Y : otﬁe?)gx?de N
TWAZLIZXZ B TWS, Tabb, 20 W0 O Kurtoutte
FIET B ORI & 0 ¥ o 7 IO Wre e ey pm
BRI S T R RARIEIC S 5 = o5 S ° s,
LRARBEND, £i0. ZORTIEEROLE 107 107 107 107 103 10* 10° 10° 10
T Y S2D1E 3 D Wiedemann-Franz 73 O'(Q cm’ )

HLIWBWNTEBY  ERARENRFEMHE- T,
20 Kfhir e LTiXZhvE TOREMEOHT
RO VEREFE B 2 7”7,

ZOERRE R ORPIE 2 72 OMRIRIC 31T 2 BEEmEREGE 21T o 72 & 2 A ARITEE
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Fig.1 Comparison of the power factor between Ta,PdSes
and other thermoelectric semiconductors®.

1) M. Markov et al., Phys. Rev. M, 3, 095401 (2019)
2) D.A. Keszleretal., Inorg. Chem. 24, 3063 (1985)
3) A.Nakano etal., J. Phys. Energy 4, 044004 (2021)
4)  N.W. Gaultois et al., Chem. Mater. 25, 2911 (2013)
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Exploration of thermoelectric materials involving spin and crystal degrees of freedom
Hidefumi Takahashi
(Osaka Univ)
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1) H. Takahashi et al., Phys. Rev. B 100, 195130 (2019).
2) A. Bentien et al., EPL 80, 17008 (2007).

3) H. Takahashi et al., Phys. Rev. B 98, 024405 (2018).
4) H. Takahashi et al., Nat. Commun. 7, 12732 (2016).
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Development of goniopolar materials for transverse thermoelectrics and the effect of magnetic element
subsitution
Y. Goto
National Institute of Advanced Industrial Science and Technology (AIST)
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Electric field control of magnetic, electric, thermoelectric properties in transition metal compounds
S. Shimizu!, K. Miwa?, S. Ono?
Toyama Prefectural Univ., 2CRIEPI
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Refinement of the lattice misfit between a Cu,0 seed layer and a Co ferrite thin film
R. Sasaki, K. Kamishima, K. Kakizaki
(Saitama Univ.)
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1) T. Niizeki, Y. Utsumi, H. Yanagihara, J. Inoue, E. Kita; Appl. Phys. Lett., 103 (2013) 162407.
2) S.E. Shirsath, X. Liu, Y. Yasukawa, S. Li, A. Morisako; Scientific Reports, 6 (2016) 30074.
3) CHEIAH, #hEE ., RS —; (F57 0 (2021) 18.

— 229 —



26aD -2 Faglml  AARRF R AR ELE (2024)

MOD VEIZ L V/ERIL 7= Sr 52 ML 7 = 5 A KO RS R E

JIA EaL, #RiE Sk, filile 15—
(B ERF)
Magnetic properties of M-type strontium hexaferrite thin films prepared by metal organic decomposition
M. Kawaguchi, K. Kamishima, K. Kakizaki
(Saitama Univ.)
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Exploring the synthesis conditions of Li-based QS-type hexaferrite
T. Yoshijima, K. Kakizaki, K. Kamishima
(Graduate School of Science and Engineering, Saitama University)

wa
QS HUART 7 =7 A M. 153 BazSnoMeFe100x(Me : 2 i< JE@) TH S 4L, SORMEMEARTH U 7203 IS
R LR E b a2 R4 LW O R E 28>, VQSHAF T =74 MIBT 2 e e % Li CE#l
T2 & TT7 = UVBMENRILT UL, 7310 A~DISHPEIRFTE 5,
AWFFETIIRMERR D Li R QS AT T = T A F DIERSEAFOPRE 24TV BAHRE O (R 2 5K 7 72

%ﬁjﬁ% v QS & M-type ® BaSn,Fe,O;
JEUERE (BaCOs, SN0y, LiCOs, 0-Fe;03)% Ba:Sn: Li: Fe= A BaSnO; x BaySnFe;i05

2:2+x:05+05x:105-15x(-0.8<x<1.0)ITFF&EL., =
X )= AR I LT 24 KR A LT, Wttt 7« A7k
WCHNERTS L. 1000~1250°C C 5 WEfIea L7z, T DH%T
4 A7 F &K 0.3 mm BFEE L7-5RICHEL., BIE AT 72,
FREE O B 1T AR X BRIEIHTIELS X0 AT L. BRI
XIRBY SRS /) 5H(VSM), BRI & T REH(SQUID
WAEHZ AW Tt o7,

RRLER
X 113 1200°C THERK L7~ Ba:Sn:Li:Fe=2:2+x:05+
0.5x : 10.5 — 1.5x &kt X BREIHTKTH 5, 1200°C Bepk S

Intensity (arb. units)

Tl -0.1<x<0.4 O THMARE2F BTz, x>05 v . —0.4

DAL TIE, BaSnoFeOn ZEIF L L THILE, x<-01 0 e e T —

MR TIEMAEL Y = F A k& BasSnFen0y 23EIFA & L THIL 10 30 50 70 90

7o BTERIL. x>— 0.1 OFIPHTx OHICK L, a= 20 (deg) CuKa

5.929~5.943 A, ¢ = 28.62~28.71 A & RAHIIZHIMI L, Li*(0.59 1 BazSiasblosvosFe1051.5022 )

R). SN*(0.76 A)DE A} & THIA A2 15 Fe®(0.645 A) (Ts =1200°C) D X #RIl714 To4

FORENZ LMD, FeoSnlins BMNER ThHL L% | | - 02

ZHNB.x<— 01 OFPATIE X DEAUICH LIS TERITE 55| - 3:2

{b9" Snysliyz—Fe BEHLIIITHON TV RN EEZ BN, 8451
[X] 2 1% 1200°C THER L7~ Ba:Sn:Li:Fe=2:2+x:05+ 20— =1//, 06

0.5x : 10.5 — 1.5x sEt D HIRMAL I T D, x>—0.1 DF
R SRR 72 55 £ 0V AR LTz, x<— 0.1 OFR I
WhzrmL, 2RI E LTERLEZMAEL Y =5 4 M
kabnlEZOND, x OISR 2RO T IE

Fe—SnzsLiys [EH#LIZ L 2 RIEDORKE— A > F O DR ~
KThsbeEXLND, 0 ' '

Magnetization (emu/g)
=
I [
|

\

0 50 10 15
B EICHER Magnetic field (kOe)

2 BazSna+xLios+o5xF€10515022
1) M.C. Cadée et al., J. Magn. Magn. Mater. 62 (1986) 367. (Ts = 1200°C) D = IR BHAL. it
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Investigation of QS-type ferrite containing divalent iron cations
H. Ochiai, K. Kakizaki, K. Kamishima
(Saitama Univ.)

OIS

QS @*jﬁa‘% 774 ME Ba,SnoMeFe10022 wCzj,% X
noY, Fiz, KRB 7228 &2 R T RN — i 7
FCBREMEIR & L~ 5 L Ba %t L TR & ik %
AT ZERMBNTND Y, SATAFIETIL 2 A A
> & LTNi, Cu, Mg. Mn, Cd, Co. Zn %% [&#a
L7 QSHEE 7 = 7 A MRS N T 72, ARIF5E
T, IHETIHERSRED R 2fiA A & LT
Fe2*% JHV 7= QS i 7 = T 4 b OFEBLSA: L RER
FEOREEIT -T2, FTo. — AR RBEME R X
D KREREALERT Z EDBIEIEA A Ik DHE
Pl K-> C7 = VIS ORANYFEIND 720,
2Fe* % Fe'Sn™ CiE#L T 5 Z & bl Ariz,

BRI E
2 filigk & R\ 72 JFURREY (0-Fe203, BaCOs, SnO2) % H

HIRER N B 2 ik A2 722 Lol W e e 0 &, BE L
7o FO%. 1mm?OI N a =T R—ILTHEE I L
o, IRA Uil 2l S 72, 700°C THALER
BT 7%, BB & 725 £ 912 FesOs Z1RA L
HE 12mm?D5 ¢ A 7 RIZ 1.0 tonfem? THIE kA
L7z, At SUBHZ A3 IC ANNE 2.0 Pa TH
ZEEFAZATUV, 2 DA HE % 1000~1200°C T 5 KEfH
IENL 72, BUREO RS SRS 13 R X AR El ik 2 v
TIRGE U IRENBUBHRIE /1 5 CRESURFIE 2 E L 72,

EBiER

Fig. 11T BazSnomFe?*1.xFe®*10.2¢022(1200°C JFERK) D X
a2 oRd, B x=-0.1,0,0.1,02 2B\ T
QSHI7 = F A4 FHM L 2o T,

Fig. 2 1T 1200°C CABERL A 1T - 72 alBE D LS
1 kOe (Z351F DB MR 2 7~ 9~ EH#LE x=0,0.1,
0.2 TOXR—/VIREEITHI 410K, x=-0.1 TOFR—/L
BT 422 K TH o7z, F 72, BaSnggFeds 702 D F
—UIRFEIX 420 KA L SN TR Y | SOk L
HVMETH -7, SHICEBEE X NPRKE LD
NTR—IVRENRED Lz, Zhids s sz
BT Fe*'Sn* DB AN HEA T2 EZ BND,

L 2PN

1) M. C. Cadée et al., J. Magn. Magn. Mater. 62 (1986) 367
2) M. C. Cadée et al., J. Solid State Chem. 40 (1981) 290

¥ Ba,Sn,MeFe 1,0,

| | | | |
'v x=02
,;; v w 'ﬂ v v
2 v
5 . 0.1
£ v Ty ¥y ¥ v v
< Y 0
E |Wvy I'."Y,'h $r¥y vy
E v
— v v v -0.1
y ¥ vy Ty Y
| | | | |
15 25 35 45 55 65 75
28 (deg) Cu-Ka
Fig. 1 Ba;SnoixFe?*1Fed10.¢02 D
X ARET
| | |
413K| :
= : |
e 414K]
=
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= -
g 207K]
ol
% m
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= : —0.1
| | |
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Fig. 2 BazSnasxFe? 11xFe®10.¢02 D
1 kOe (23517 2 B A AR

— 232 —



26aD - 5 BaSE BARGCESE RIS (2020
WIS 7 = Z A b BEPORIA DR

S]] RS PR
CRARR )

Coercivity of W-type Sr ferrite single-domain particles
Shinji Nakai, Takeshi Waki, Yoshikazu Tabata, Hiroyuki Nakamura
(Kyoto University)

FL®HIZ

WHRISr 7 =7 A  (SrFeOy, SIW) I, =i T afiféil (77~79 emulg) & +453 72 B MEREY (17~19.5
kOe) ZFFHLEAL KR D T = T4 MEARIM & L THEAIN TS, 2N E TICRAT F X —FE(BH)max
=5.3MGOe ® SIW A BME SN TWVAHA, SIW B RKKT TARLEETH D Z LI L, BB A{LOFE
WM T e ANMET, ARSI E# L <, MRS DI ZEOMERAE LN TR WEIZ & R#ETH
Do LW AIIEEEZAND Z LT, BIBLEHTHD SIW 2B EETHLAMSEFIELND Z L %
et U72M) AR CIEEHE 5 A2 VO CIlEE L 72 SIW BARE DCORE (LRl O BRRE ) & 34T L 7=,
REBRAE

SIW D it et il Bk 2 BRSO L B LTz, JiUBHT SrFeOm. a-Fex0s. Fe Z vy, LATFoRUTHES
WTHE, IRELELOEAIEICEZEE AL, 1250 CT 12 Kff, Mk ',

SrFe12019 + 8/3 Fe;03 + 2/3 Fe — SrFeis027 T o oo v oo,

BoN-RABEERZ0SMM O L a=T E—X L L4 ISERR
—/L L% VT 600 rpm C 30 43 R R L. BLREORI b L
oo FWts OFBHI AR A S ICE 225 A L, 1000 CC 1 Ko
OB ATV, EEEY RV, S S EEHI R X BRET

(XRD) #HWTHREIEL L7c, £, BB LalpH T Rl Before milling
[T/ T 7 ¢ CREE L, IREREPRRL S E (VSM) 12 & 0 =ik . JL J‘M [

After milling and annealing

|
|| =
_—Hmwf‘ L__J \'L’L_ﬁ "“v""“wu'ﬂuuw'uw

Intensity (a.u.)

TEAT U LA —FZHE LT, B " 0 * :
RBRER. BV Fig. 1 XRD profiles of the samples.

B o7z SIW s iaElo XRD 71 7 7 A L% Fig. 1 1R,
A=V I T L DAL FesOs AR & L CTE LTV, 8 S ————— .
He=4k0e
e, LB I AWM E LT MBS 7 =T A b & a-FeOs 23 *I| p@s0 kOe = 76 emwe | 7

@

=
S
T

RENT, THIFFEEISBMERC T RS 2 L ERE LT
WD,

B OR LBl o v 25 U & A L—T7 % Fig. 2 ([R$, 0
WAklX 76 emulg Td v | R AT O BTN b O (% 7> 72 Jd )
DR LN, —FH T, REESIIT4k0e TH Y . SIW OWPEERN S 0 S

)
=3
T

=)

Magnetization (emuw/g)
[
s
T

IS
S
T

KOO DRMES) @@?ﬁ}'fﬁ 6.0 kOe & b LT+ 72 R T1 035 W w0 a0 2 ';1!‘0’ oW E:I?A, 20 w0 W s0x10°
B, BHCILEL 2RTAIRC X0 (I LIS OBSAHE  Fio 5 Hysteresis Toop of the sample aftr
. RIEAOMAEZ R £ 2 TEET D,

milling and annealing process.

2B R

[1] S. Dey and R. Valenzuela, J. Appl. Phys., 55 (1984) 2340. [2] H. Ueda et al., J. Phys. Soc. Jpn., 87 (2018)
104706.[3] BH=ER, ks L O RIG4A. 44 (1997) 17. [4] FIHET i, AAL T 2 v 7 A4 2024 48
22| [3E05].
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Compositions of Eu magnetic iron oxide by RF sputtering

Atsushi Sawamoto, Xiaoxi Liu
(Shinshu Univ.)

[FLHIC

T BT — % v ME ReFesOn (R 1A H3HeHR) kB Tch bbb
SINb7 = VEEEIE T D, ERBBERAFZDRERTZEND
K74V —FIEHINTED, KEEICBWTRAIR N & 72
STWND, FToAE U &M D B OBE) 2 b7 VRS E— A
¥ FOBIIZOWTIFIT NS WEEER A AT L2 L0, IBFET
IFHBIREE =R —TF A A~OJEHABI S TN D D RIF5E
T, RF=7 R bul s ARy X U TIETHICH T AHM EIZ Eu gk
WM b 2 BB L, A3y X RAEOEVIT K DO ZE L 20~ T,
EBRAE

RIEIZIZI RF~ 7 ha v« A8 2 v 73EEZ -, 0.67 Pad
Ar FZPHE T, Fe,03 (@ 50.8 mm) & Eu,03 (@ 7 mm) DBERE X —7
NERFFA Ny 2352 L1280, BEOFER EICHEEKREZIT- 7.
Z D%, BERIFZ T, 800°C T 2 B D EVLER & K& Tl L 7-.
AR IERTAM 1 13 Cu-Ka @ X #RIZ X 5 XRD, R ERFm I X IR 8N
BHRBE 5 (VSM) &~ A 7 o 1 —3h RS 2 AV 7.

ERER

Fig. 1 (A2 Eu0s Dl =& 0 XRD /3% — 2 % 71”4, Eu,03 D #
Ty MUZ X > TEKT 2MAZI L7 @), (b) TiEa-Fe034H &
EusFesO12 (EulG) FH2MEFEL (¢) TIXEUIG HARIZ 72 »7=. F7=,(d) T
X EulG #H & EuFeOs (EFO) FHZMETEL, (6) TILEFO HfHIZ /2572, Z
DFRFT /S Z — 2 DEARI Ay A O n B AOEIZEL D L& X
b5, 2vn A Lgkotts EulG & EFO Db b &2 5 &
ZINEI06, 1 £720, EFO OEKIZIZ EFO &b Taur By AN
VETHD EHEHESND. (), (d), (€) £V EwOsDH 7L N %
52 E TR SNDFN EUIG 705 EFO IZZ{fELCWD Z b, =
TR EY AL o TARSNDHENRET D Z ENRBEINDS. £z,
2R U AREI LD bl aun By AEEER a-Fe0;
WA ESND ETFREIN, 2t (@) & (b) R N7 —2 & —F
T 5. % HIXEUIG DR ROL TRV R OFMIZ DWW T H A7
2.

L Z BN
1) Yamahara, H. et al., Commun Mater., 2, 95 (2021)
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Fig. 1. XRD patterns of the films
deposited with various number of Eu,O3
tablets. The films were deposited with
@) 3, (b) 4, (c) 5, (d) 6, ()7 Euz0s
tablets.
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—WE FHEY KB B, N.N.Adline , ih kE, A FE
(KZMEEEIERT, ~ 7R T YA R th)
Development of Stainless—Steel Magnets for Magnetic Dental Attachments
C. Mishima™, T. Mizuno, N.N.Adline, E. Kikuchi, Y. Honkura
(*Mishima Lab. , Magnedesign corporation)

[FLHI

F—RATFA NRAT UV AFNTIEMEO T RS 2O TEMITASEA SN TWS, LLeRn D, ie/in
M2 2 ETHIFHR~ALT oI A NEEEFIERZ LEEZH RS-0, LIELIZKREZRMEE R-oTn3E Y 2, —
SN TR~ LT o PERE ARSI L. 2k T SUS304 ZEM Lz AT v L A8k (LLF SUS fm)
FHRLEY, XIZSUSHAERMET # v F Ay hOT L— MBICHEAT 5 2 & ©, WS ERMICHE~R 2.5 {10
M EXE2Z LI LTS, SUSEEAZMEH LIZWBHHBMET % v F A2 ME, BEENS A > KRR T 2 H.ODICIR
TEBIAE L CTWD, L LA s, BARENTIRIET 554 SUS304 (i » Tl &M@ 7= SUS316 Z M+ 2 e %
LV, & Z CABIZE T, SUS316 OBFLIREIB L T & v F A > MERE O AE ) b 3 L 720 TG4 5,

REBHE

PR A — AT T A NRAT L AHOD SUS304 35 L TR SUS316 DR A, KiRE (IR, RT 4 7 A AEE (-79°0), ik
RZERIEFE (-196°C)) FTHHILIZHB, Ax—Yr 7~y v (E AR  SD-500 ) #FH L TN T21To7%, £D%
12, A2 500~700°C X 1 IRpfl], #EEfrds L OV 50kegf TR Z 2T 7RIE CRVLBE A HE L 7=, BERAIEIX, VSM (%
T3 P-7 Bl KFVINEEES 1193kA/m) 20 Uiz, fafifift (Js) 13, mKBEIGICRHGT 28(boEE Liz, ~AT v
P A MMAREY X 100% % 1. 57T (SUS304 D Fe M HEHE) & LT,
FREID Js OB REHE Ui, MR, 58820
. JIS G 0571-2003 [CHEL L 7= L wp D R v F > 7 &7V, b Liq}QTemp.
PR S L OV SEM B 21T o 7=,

ASUS304
@suUs316

.f',Dry ice Temp.

EERfE R e
Fig. 1 1%, SUS304 35 X UFSUS316 DINTHR & <7 L 44 | §o
B (fs ) OBIA T L7z, 304 B L0316 & b, MITHEAKE I/ a } orrend
2B ETMs BIIEIINT 5, Ll Ms ®id, MTEEICE T VA P — °
K& R, FRIMT B 2 20%RE, K747 A RRER P I

Processing rate / %

RIEERIBETIT 0% LRGN Z En3gnotz, —H, &
677 (iHe) X, IRIAERRE L b, IMLENPKRE L 2D LD
THIENGNoT=(Fig.2), S HIZ 304 Tk, 550°CREE TR
BULFL A 92 & T Js 1% 1. 52T {2,316 TIX 500°C T 1. 37T 2845 5
Nz, BBEIE, 580°C TIEIBMABET 5 = & T, 316 TRK %
16. 8kA/m MFEHND Z LN ahoTz, a0

Wl T, MRS B STE S 56D T SUS W OFFIEZ
TLHPETHD,

Fig.1 Relationship between processing rate

and Ms amount

AsUsf304

30\ Liq.N2 Temp.

Room.Temp.

Coercivity KA/m

HEE - AWTTEIL 2023 58T & W HAEMTFEBR FE i B e 2 (5 FEFR
B 218-60 ) DR ZZ T THFE LTV E LT,

L 2PN

40

Processing rate %

60

80

Fig. 2 Relationship between processing rate and

1) =% AAR@JREREE 78(10), 2014, p.375. Comreivit
5 PN . oercivity
2) MAE: HODLEERFEHINRE 2 —TJEH T 2016, p.2.

3)  AUEREE : BEFFER 7312995 5 (2023 4E)
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Nd-Fe-B 25 51NV 7 WeA O sk 1 RpHEAL

FERIGTE. IARIEA . fEREERER, $ARTERE . Kb
(2 RRT I IS4
Improving the magnetic properties of Nd-Fe-B isotropic bulk magnets
H. Komura, A. Yamane, K. Hanashima, T. Suzuki and Y. Okawara
(MINEBEA MITSUMI Inc.)

1. [FCHIC
E—HEITEAE LT U TBIRD Nd-Fe-B RE MR REARZ < o<y, Fim (UHE
HAHWINE) MO EMR L TR TWD, B—X O EEE e ES /M2 EE ST 5720120,
WERIRIN BIEATNIIRE IR 2 P D 2 E N BR S N D M3, Ry R DRI T D m B ALy o §is
SHRFPER BIIRET SRS SNTZERH 0 . A% ORI E IR L Bbh b,

F—HZ L LTk, EEEHEAZFER LT WE TR FIEEANL D L~ULT v 1% o X0 ZREzhE
EEST-OAMATHY BEL R, £ 2T, A X RIEZE B CEUEL L7- Nd-Fe-B REHME v
A DWW CREM 7 i 21T - 72,

2. HifRE~RFEAR

Nd-Fe-B SREZ 51V 7 BaA 2B L €, 20 CREEAL U 7oV 7 B IR IR 5 c S T 82565 2 2
WESNTEY, BEREFHETIZEN Y, SF 0, U IEADOEA BB AT 72D & O ZimE
Wl 727D LI L < 72D, ZOHRSERE XD L. BB EZED 2D ORESMEILE
B & B 2 R -3 2 & E bz, 22T, BELEH LV OMBOMRE X 0%
R 25 R EVE O FEAR 2> 5 Nd-Fe-B 527NV 7 BEA 2 81T 2 il 1 R tAb oo mTREME 2 I L 7=,

3. %ﬁ «+eee+A-direction T [ A-direction

TR DO RZMTER I L 22 W T B 7 7 X~ BefkitE tﬂ%%? i sl
(SPS)IZC. A4 & 10mm-fi & 7Tmm D U ¥ FTERD /L il //?
FaREfl LT, Z0BE, i & LTI R > FRGH % H { . .

W, BRRESURIELE Tmm S OSLF RIS L, IESEA S | ) / T e
)4 L O O EE S RI(B H1)7 HME Lz, (Figl) ZOB, | Sl .7 .

~ A T B LR RARATIC K RIS L, S | ;
RERFPEIERL L 722 ) o 240 o 9mm I T L& 2> 5 10 H (kh/m) H (eA/m)

Bulk magnet Bonded magnet

FAERE U CaMli L7z, (Fig.2) FDFEE. /L7 B OFES,  (relative density = 99.3%) <for comparison>
FEMEIE, FESmMORFIICE D A FRIFEER L B Fidik Fig.1 J-H loops of Nd-Fe-B bulk magnet
T B8, B HIAOSMARAEL HRRATIC X 5 25 fE and bonded magnet
AR YA) % AT enbino 7”:0 :E::EE::::E: i@é’lﬁ:ﬁfﬁgi - Calculation <B-direction>
HRERARNTIC X % R & SR & DFERIT VAR 00 T pre—n—
ERT 25 LB 2 oD, BRI D BRI ~DURAT % i
LI A MR G EREREIIZ 8K TH D
PNV T B TR DR B A S T A REFEIIR T T 5 & b
TN, EEOEBEREFITIC FRITAERE o7, Z U,
HIEFMOEFORFIZE Y T o F MR S 72k sy O
I MBI K VER SNy N EEN, RELTER " o o - o w0 a0

a
=3
=]

~N w N
o =3 S
153 S3 =3

Sueface flux density (mT)
g

Sueface flux density (mT)

o

f‘t%:;l‘é b —,%“ < Tpot- b *&{EU 3 R Ed %fgﬁ)iﬁ-@— AIEE A Magnetizing current (kA) Magnetizing current (kA)
o . Bulk t Bonded t
FHEDRIAN T B HAOERAEFEIE T T 5508 FH (elativedonsing = 99.3%)  <for comparons
D RAERREIT 7T D2 Rl S 47z, Fig.2 Magnetization characteristics of Nd-Fe-B
4. F&BH bulk magnet and bonded magnet ( ¢ 9-10P)

YHEZ TORER L ITRZR Y | Nd-Fe-B &/ 3L 27 A CTIEEE R E MR T T 2 4R 1 Th->Th
T B LR Gl Z & TEWEBRER R ONLIBR MR SN, ZOHRLEEMTL22LT
YEEHEA D E RV FFEAL N EBLATRE & 72 0 | B— X O SR LSRR/ MEICEIR T X 5 L b b,

5. BEXE
[1] R. W. Lee (1985). Hot-pressed neodymium-iron-boron magnets Appl. Phys. Lett. 46, 790-791 (1985)
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Properties of magnetic films prepared by LIFT technique
M. Nakano*, K. Higashi, G. Tahara, A. Yamashita, T. Yanai, and H. Fukunaga (Nagasaki University)

[FCHIZ

K AW AKED MEMS(Micro Electro Mechanical Systems)~NDIGAMNIRESND T T, AHEMHERZFIAL
THEREHINZILFPTILMEMS ZFALIEMELFE SNBOHTLS[L], CNhi5D MEMS ~DHAIRED
HAAHEEET DL, SERANEO O EZANEEE, DT/ ADEREHEEORENRYET
HdEEZBND, AAETIE, ERERANOHEAEOKELNRFIND [L—YFRITAEEE : LIFT &

(Laser Induced Forward Transfer ;%) ] [2]IC&FB L1=.

AERTIE, ZBEOBELESO-EBARLELTLIFTEIZL S Fe EEORERZREZEYICHENL, FIC
FROEEEROERME : PDMS RUDAFILIOXHY) LICERERE L -HEAEOHRSFEOTE
PHBBEOHRERER, GoWICHEEDICETIEELGERICEHALERET 5,

EERAiE

LIFT k0% —7%5 > b & LT, ABFEEOBEAF OB Cd 5 PLD E[3]1% VY, £ um JELL LD o-Fe i
72 5 N Nd-Fe-B 52 1% 10 mm £ OFAIR A 7 A(S1111 or S100224) FIZfERLI L 7=, 7272 L, Nd-Fe-B 5&fs#
AL —7 > ML, B, *ﬂkfi%ﬁ’@ LTW5a, &IZ, K&K (a-Fe D) SLEZEHIZIHBWT, LIFT &
IR L7, LIFT R, 1R d &5, 44— /7/ NDOH T AR NS L—FERE L, ¥—7 v k
RS2 0T AHMR, TatEf & L <X 5 mm D PDMS i Si £:4 (4 #2 : PDMS 100 pm JZ, Si 420 pm
JE) ICHRESE L FIETHH, OB, L—F OITE & BEFFMZ G 5720, 287137 37—
Thorlab GVS412/M) & L —H + % » % — (4= . Thorlab SHO5R/M) % v 7=,

ERIEBERLER

RSP TD LIFT JEIZ&D o-Fe DREDHER, BEMOELVEEIFELHZWI L E2HRALIZ, —4A,
Nd-Fe-B AR TIL 10Pa (O—4 Y — R TDHFFALLEEFHEHR) (2HLTH, REICHESEIER
SNERIN-, FCT, 10*PaDEEFTHRICE T, TaHiR L~ Nd-Fe-B REBA % LIFT IE L -8,
BAIBY B L4 <, NdFeuB #ERMBERMK B5iX) TE, 200kA/M LLEDREAEBONIEEHE LT,
B, SiIERLICEEMETHS PDMSERY DAFILAXTHU)EERm LI-ER (LUE, PDMS +Si Eifx&
M) ZFALT LIFT JAICT Nd-Fe-B REMABRZHEL =R, R2(CRT &S ITHRES - 200 KA/m LLE
DEFB2EFMHRE Lz, BIK, JI—Hloop ITEVWTEHREINLERMHABOEFEENRELEZAOND,

Nd-Fe-B film magnet

........ target é 0.02}
Glass substrate E O'mﬁ,_\
substrate / %
i -y
T Laser -2600 -1600 = 0 Appm;dggm [kAijZOIOO
i (scanning) ’/ﬂ
Flying clu;t‘é-ll"gf.: film magnet -0.02f
Fig. 1 Schematic diagram of LIFT technique. Fig. 2 . J-H loop of LIFT made Nd-Fe-B film
BEX on PDMS +8Si substrate.

[1] ABD, =L ba =7 AFERIEEERKRS, B350 L7 ha =7 RAFREEIGER KRS, 17B2-02 (2021).
[2] #c B %2 — F& Wi W3 %, J-STAGE A~— b7 mt 25456 2013 4£ 2 % 4 5 pp. 192-196, 2013.
[3] M. Nakano et al., IEEE Transactions on Magnetics, vol. 56, #7516303(2020).
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TIRXEL B UVIZLAHAMR = 2 L—y a3 B IO
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(LA FR5)
HAMR emulation and life estimation based on chemical structure analysis of overcoat and lubricant film
using plasmonic sensor
M.Yanagisawa, M.Kunimoto, T.Homma
(Waseda University)

FLHIC
WRT 4 A7 OFEEEN Loj-olz, BT v A MEKGER T HAMR) 2N EH &40 T %, NFT(Near field
transducer) = /" L C L — VP —HIT L D BERGEEEZEZ o U — S ir £ TEvd 2 5003, EF SN L
T RXE Y DT ié%ﬁ S OALFREE AT FE L MBI E M TH Y . 2T K Y HAMR O
AT o b— g UNATRRIC /2 D ERIBRS, B X DL FAEE ORI N AIRE L 70D, AETIXT I X€
UL D REBETR T ~ 4 EIE(SERS) 2 W T, L— BB O BRI, A — R R

(DLC) . MEIEIE(PFPE) 72 & OMEVMEZHIE L, £ b DL FAREEZA b & ffbT L7z,

ERAE ’ Laser
Fig1 lo7'7 XE & & A7z SERS HlE Y — LV OE&ER 274, L— i gi-_ | ongesie
PN DME 2 E R AN E 2D Z LTk D BN « B —R RN - e e - "

Plasmonic ahanced
Enhancet

LU EE DRNE &AL R LA 2 F T2, BEPEEOIRFE X 1064nm DTS L ™ 1

| Ramar

P EIC £ B B A0 b T (R PRI e
532nm DAL —F—DT v F A h—2 AL A h—2 A — 7 OB \ =
HUE LTz, E72 CoPtEED 2.5 4 »FN—RT 4 A7 RIATIZT T XE v
YUY T LA BHAIAR, 10,500rpm TlEEE XHTANRT v FHIEZIT - (Plasmonic field)

7= Fig.1 SERS analysis system with plasmonic sensor

R -EE

N=RF 4 RT RTA TIABRAATE R HT LT R ORIE o soneron ors condton
L7 — R U & IR O b A IE 1L, Fig2 (I3 L 91
HAMR D Z&{:(Typical 3 £ O Worst)iIZHB W T H A LN N2 L A&
R L7z, L L Co BILW=° Fe it/ & O fifEAE <o E) I
L2 FIART IANBISIZE Y BRABSET D ZEEZWAD S oo e
MLz, BRI T —NEH L Uk AETE R B> R
T A T D~y REG OB BIETE RIS Co Kb H3
Sz, FBRFEOT Y 27 VEEL T ~ CEELANA 7Y > Ry 0
SEIZ K0 A REE b A — R 2 38 KO Co BEb DR T (&)
EWNTREZ NS T 5 Z EnbroTe, Fig.2 I(D)/I(G) of carbon and ether group(-O-) for duration time
TAUTEL, M, B L X —NEIRAIZ DML, Ny R T v v aDORINE RS 2 AR LTV D,

&R

KD

1) M.Yanagisawa, M.Saito, M.Kunimoto, and T.Homma, “Transmission-type plasmonic sensor for surface-enhanced
Raman spectroscopy”, Appl.Phys.Express, 9 (2016) pp.122002.

2)  WNR, VY FERREBIAR AR - T~ U atEE W F T AR e U —D ARG v RBIEEGE S W) - MEHE
DL FTA R —2H# 2019 F HAHL(2019)
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HAMR Read/Write System Prospects and Challenges

Masafumi Mochizuki, Naoto Ito, Masato Matsubara, Mitsumasa Minematsu, Yukiya Shimizu,
Masayoshi Shimokoshi and Masaomi Ikeda
Western Digital Technologies GK, 1 Kirihara-cho, Fujisawa-shi, Kanagawa-ken, 252-0888

For decades, Heat-Assisted Magnetic Recording (HAMR) has been researched and developed as a candidate to enable
higher area density in Hard Disc Drive (HDD) [1]. Recent Demonstrations and Announcements [2], [3], [4] have
identified HAMR as a promising practical technology for HDD and enabling its areal density growth. The Advanced
Storage Technology Consortium (ASRC) HDD Technology Roadmap includes HAMR as the main successor to the
conventional perpendicular magnetic recording (PMR), (Fig.1). However, we have several technical challenges of
Read/Write system because HAMR uses a laser-coupled near-field transducer for writing on FePt base media. Since the
recording process is significantly different from PMR, we must take care of unique phenomena of HAMR.

Written track quality can be degraded by iteration of adjacent track write. Adjacent track interference (ATI) is a
well-known characteristics to be handled for HAMR as well as PMR. ATI causes performance degradation and
unrecoverable error in the worst-case scenario. Therefore, the track pitch in the product is chosen to provide sufficient
margin against these problems. Ito et.al [5] characterized ATl in HAMR drives. In HAMR, there are two types of ATI:
one is ATI localized at the track edge. The other is broad ATI which affects several adjacent tracks. For ATI localized at
the track edge, it is important to reduce the number of ATI-sensitive grains by using a high cross-track thermal gradient
head, by using high anisotropy field (Hk) media, and by reducing the base write current. The broad ATI is a relatively
gentle effect compared to the others. It is caused by a combination of wide magnetic head field, widespread heat, and
low Hk grains.

The combination of HAMR with Shingled Magnetic Recording (SMR) system is also another point to be optimized
because the temperature distribution in HAMR is different from the magnetic write field distribution of PMR.

More challenges and understandings by HDD and spin-stand evaluation will be presented and discussed at the
conference.

10.0

HDMR = Heated-Dot
Magnetic Recording

HAMR + = HAMR with  *
ordered granular media

HAMR = Heat-Assisted
Magnetic Recording
E-PMR / MAMR = Enhanced PMR + with or

PMR + - without energy-assist including Microwave-
= Assisted Magnetic Recording (MAMR)

Areal Density (Th/in?)

Perpendicular

Magnetic Recording -
including TOMR with

or without SMR

0.1
2018 2020 2022 2024 2026 2028 2030 2032 2034

Technology Readiness Date

IDEMA ASRC

ource : hitps://asrc.idema.org/documents-roadmap/

Fig.1. The Advanced Storage Technology Consortium HDD Technology Roadmap [2].

Reference

1) D.Weller, et. al., “A HAMR Media Technology Roadmap to an Areal Density of 4 Th/in?”, IEEE Trans. Mangs.,
vol. 50, No. 1, Jan. 2014.

2) IDEMA “ASRC HDD Technology Roadmap — 2022, https://asrc.idema.org/documents-roadmap/

3) Seagate, https://www.seagate.com/blog/seagate-hamr-solutions-deliver-industry-leading-reliability/

4) Seagate, https://www.seagate.com/innovation/mozaic/

5) Akihiko Takeo, “HDD Technology toward Large Capacity”, IDEMA Japan Symposium, May/16™ , 2024.

6) N. Ito, et. al., “HDD Level Characterization of Adjacent Track Interference in Heat-Assisted Magnetic Recording”
TMRC 2019 #A5.
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BEHODFGLEZHF3 5 MAMR BSTO MY A &~ BT

SHE, IR, YA EY Y —T X
GRS LR, *HAEKR)
Micromagnetic analysis of STO with multiple FGLs for MAMR
Yasushi Kanai, Keita Tatsuno, Simon Greaves
(Niigata Inst. Tech, *Tohoku Univ.)

1. [EFL®HIC

~A 7T v A MR LSk (microwave-assisted magnetic recording: MAMR)(E Yk T D T ELRER GRS 7 5K
ELTIRREINEZL [2), A E Y b2 F4E % (spin torque oscillator: STO)IZ MAMR % EHL 45 7= 910k b H
PR ETH Y . ST 1 Ko & E I 36 IR E (field generation layer: FGL) 2495 €T LS., HFE S
Too MRITRERFBIBET DD, HBEO FGL A7 5 STO NEE I AL TWH[3]-[5], EAUT L, FEER
MENOZRE XA BEN 5T, b EMEC 2 > 7, A Cld FGL/MREE!EJE (soft magnetic material:
SMM)/ FGL THEpR S5, HifliZet§iED STO O~ A 7 v~ FFT 217, RIBRER X UG8 A5 %
g Do
2. HEETINEVILDIIT

Fig.1 IZIRET Hitdk~ v F& STO DA A2 R~d, Fofk~> NIXE R ERIC RAFTHST 2 X9
I—27K%500nm & L7z, 2 EHEAD S HEAREFTRE (soft magnetic underlayer: SUL) 13358 L 7275,
FOR LTV, BEAGEEE X, BIERMEY R 2L —2a U TIEEEB L TRy, BRo@ by . STO 1%
FGL/SMM/FGL TH{ S 5 Hifli/efiiE Th D, A STO Zitdk~y FOF v v 7HITHA L, Ein
(main pole: MP)& FGL2 OB LT FGLL EADpEEZ L O AE L IEARE (spin injection layer with
negative polarization: nSIL) ORIZAE Y b7 #FE Lz, —F. FGL1L & SMM OB L OFGL2 &
SMM ORIZIZAE Y MVY ZBE LTy, £z, FGL1 &£ SMM B X OVFGL2 & SMM DIz D
exchange Z i€ L., 1 E-10erg/em? % 5. %2, h L—1U > 7 > — L R(trailing shield: TS) & nSIL D[z
I% exchange = 12.5 erg/cm? % 5- 2 7=, O EHRFEI Tablel i Y Th 5, FGLLI B L UFGL2 D K& X
1£40nm x40 nmx5nm T&H Y, nSIL DK X XX 40nmx 40nm x3nm Th 5, FEREMEE DR S X MP -
FGL2 [#172% 3 nm, fiiZ 2 nm TH 5, AL MV HEAEGT LLG FRXEZML 7-9DI2, FastMag
Micromagnetic Simulator (Numerics and Design, Inc.)Z{# f L 7=,

Return yoke

Trailing shield

Exchange X
[ 7=12.5 erg/lcm?

25 deg B E.xchange
=-10 erg/cm? Z+—Q®Y

Fig. 1 Schematics of write head (left) and arrangement of STO inserted into main pole (MP) — trailing shield (TS) gap
(right). A double-layered medium was considered, but not shown.

3. MRLEE

Table 1 Major Parameters Used in Calculations

STOREIIal—av 4nM, 24 kG 4nM 10 kG
Hy 31.4 Oe Hy 31.4 Oe
FngiZ FGL2, SMM, FGL1, 33X nSIL @ FoL Exchange, A 2.5 x10° erg/cm nsiL  Exchange, A 1.0 x10° erg/cm
.. e, - . 0.02 0.02
BAbmliEz R~ 4, 2oL &, STO ~DOHINEH * 05 (FL2) ’
Po -0.3 (FGL1) Po -03
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LTEY, STO & it~y FOERSMEIERN /NS
WEEDbND, BIEEEEIT16 GHz THY ., J=7.0x108
Alcm?2d & %1320 GHz Th o712, OFV . JEZKRELITS
ERERWENEL 72D Z LD, A STO T2/ REskicH
WA ZEMARETH D [6],[7]. & BT, FGL1E FGL2IXH
FICHER L, FGL1E SMM B X OVFGL2 & SMM [ XA T
[mlEsd 5,

HASEEEEYIa2L—Yay

Z Z Tl STO OFEMNT £ 0 £/ S0 (20 nm x 20 nm x
5nm) STO % v /=, £7-. STO iﬁiﬁ@ﬁ \Z%f L C15°
BFNTWD, 51T, FGL & SMM (X584 iR N Clal
#x L (FGL1& FGL2IX[FAFHCHIEE L, FGLLE SMM 5 L
FGL2 & SMM [ZfifH CREIEAS %), A A v F o 7] (FGL
PNEIHR 7 [ 2 28 2 A\ H ) 138 e S OE L72[8),
INDDOERMITERLR LN, BG2BET 2T+ ThA
Do

Fig.3l2W\ A A 72 SMM DJE X (o) I2 %325, FRERIE D
STO DFRIRSEWELA~ DR T Z T, SMM DR E 3B d
& X TREEMB IR AR TH Y . SMM DJE X A3 HE4 & FedkiE i
B9 5, Zhid. FGLIB L FGL2E SMM D] CTREH
DAL D72 TH D, OGS, Fig.3 Inset (2R 1 Y | dsott
DMEINT 512240 T figure of merit (FOM: SNR / track width)
IIR&EL 2D, 22T, EHxtiEtt (SNR) 1% STO D3¢
PREW A9 GHz 1T T18.1dB-18.4dB TH U | dsore (24
VAN

L Z &N

[1] J.-G. Zhu, IEEE Trans. Magn., 57 (2021) 3300106.

[2] M. Takagishi, et al., J. Magn. Magn. Mater., 563 (2022) 169859.

[3] M. Takagishi, et al., IEEE Trans. Magn., 57 (2021) 3300106.

[4] Y. Nakagawa, et al., IEEE Trans. Magn., 58 (2022) 3201005.

[5] W. Chen, etal., TMRC, (2022) C3.

[6] R. Itagaki, et al., International Journal of AEM, 71 (2023) S191.

[7] S. Greaves, etal., IEEE Trans. on Magn., 53 (2017) 300510.
[8] S.J. Greaves and Y. Kanai, TMRC, (2024), (to be presented).
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Development of Microwave-Assisted Magnetic Recording Technologies
Naoyuki Narita, Masayuki Takagishi, Yuji Nakagawa, Tomoyuki Maeda
(Corporate Research & Development Center, Toshiba)

[FLHI
~A 7 a7 oA MERFE (Microwave-Assisted Magnetic Recording : MAMR) 1Z, R AR D & Fodk s
A%P?417F?%ﬁ%%ﬁT%’#éTyxhﬁﬁ&ﬁ@@kof%én FUE T, BEAHIEEE (Flux
Control MAMR : FC-MAMR) - Lo (Microwave-Assisted Switching - MAMR : MAS-MAMR) @ 5725
@MAMR&m®%%%ﬁoné AETIE, ZNHOHIFORRBRNZHIAT S L L BT, FFTEWED
FREEART v W EAT D MAS-MAMR (21T 2 BB ER L. 26 OB ERITHT 5 HE TOMR
FHzoWTHET 5,
FC-MAMR & MAS-MAMR

MAS-MAMR 1%, 763K & < 21540 % ML 2 Fn 7= 7 o 2 itk Th 5, it~y RNICRE S
Mo AE Y b7 5541 (Spin torque oscillator : STO) 7225, #+ GHz #5 O &1 JE I BESR Z EAR L SR AT L FTIN
L. ORI CopEMEILIG A GR35 2 & CRidkE A ) 5 Z LN AREIC 2 5, — T, FC-MAMR T
I, FRERS Y FNICERE L2 A Y b= AF TV T, BERIETIIZRL . BEREERESE D,
ZHIC XD BB D RAET DR OWN DB RFTINCEFT SN D Z & T il EELmD L N TE D 2,
FC-MAMR TiZdLmBE L 2 720 720, MAS-MAMR (IR TRT o v UTEW S DD, %k 5
MAS-MAMR [EA OBIEEREOH i 2 LB L LW &b, Ay b= AFEMEHW =7V 2 b
Rifk~ Y Rl E LT, R THID TERICE ST,
MAS-MAMR DEEHEEFR?

1. “STO LMD AAER DA -

STO & REMRDSEESBIITHE A3 2 2 & T, STO OEMEEEN K
T %, HAEMERZMGI L, [FEEEA TR B EEE & =T
DHMEND D,

2. M~ F 7

FOERIEAAR D SRR SLNE JER B & STO DIEIR)E Wk % | A Fe s
ELCOMDOBEMZ I Lz b — ﬁéﬁéﬁ?@%@

3. “STOIZ K 5itek~ > FOBIKEME DT

FhEk~ Y RICERE &7z STO DREALRCEIZ & - T 27
WSS 23 A4 URRERAE I 3P b T D50 F, STO DRIRZhHE % U
THZ L THHTE S,

4. “BEAEBREERSICEDT VA MIRORL

PR B 5 T @ SRR S R & p = & ¢, ETIE T v
Z NNENEIET D, Wk STO #ETIX, [FBET 5 2 &2
HThHY, Hilo7 STOMEDRENME LD,

&R

1) J.-G. Zhuet. al., IEEE Trans. Magn., 44, pp. 125-131 (2008) Fig.1 Schematic views of MAMR technologies
2) N. Narita et al., IEEE Trans. Magan., 57, Art. no. 3300205 (2021)
3) M. Takagishi et al., IEEE Trans. Magn., 57, Art. no. 3300106 (2021).

Flux control device
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Development Status of Next Generation Perpendicular Magnetic Recording Media
Haruhisa Ohash
(Resonac Hard Disk Corporation)

FLHIC

I, NLHBESCEMFEZ I LD ET57 VX VEMTIERE LWRELZZT TWD, Zhb 0o
BAE LR DDINKREDT — 2 Tl %, % OREITIFEBEN 224N % 748 T 1 2025 4R34 T 17528
LOT—ANERIND ETFHENTND Y, N— KT 4 X7 RZ7 A7 (HDD) I£4% bk L TREEA b
L= L LTOREEHES Z L2 MBS T 5, HDD OREEEE M E O 7= DI IX AR H 72 0 12 fidkd
LBy NOBEHELTHEN S L0, Ny NETERT 2 72 DI T OREZ /NS < LT &L
TARNAF K o THEDER L CLUE S MBENRBAET D, UM DRGSR E G M= 1L F—KuV
(Ku: HAEFE & 72 0 ORGKE G T RV —, Vo BEMERL D IRFE) BB 2L X —kpT (ko: A < U EH,
T MERHREE) I BB TR RD7-DTH D, ZORMEERRT 572 DIZ@m Ku 2 H T 5 BEMERE 2
T 5 &, RENDFE L RDTCDIZHBATO~ Yy FIEHR TIIRERE Y BT 5 2 LR b, 20O
B WDPDHN=RT 4 27D M) LR RIT DO DFENTFNLF—T VA MERGLERTH D,
A~y RERTHEZIALNTE 2 L 5 ITREBRITH LTS D =R F— % 5 U CTRUABCIR T B R
ATy VI ETT 28I CH Y ItRO TR TNE L TOWRG BRI T T
W5, ERA = —Th D VYT v 7 T O OWMAREERGE ST AU 5 U7 BEARBHFE I fLA TH Y |
T 6 ORRAFBKRIUZ SN THET D,

CoCrPt £ 5 =2 S—EEKEKE

CoCrPt 5% 7' 7 = = 7 — REMARIE 2005 FIZ TR SN THHHI 20 FEIC/R 503, REBEA b L—YO%E %
HoTND ZEMBBELHAMARSLENRERALNTND, TRXLF—T VA MERGHERDO D Th D~
A7 a7 v A MELGELER (Microwave Assisted Magnetic Recording : MAMR) 2i3i&i~ v FICH# Sz 2
B b7 384 (Spin Torque Oscillator : STO) 7> & &y JE G 2 BRI HIIN U WAk AS oRpg P Heni 4 il = 3
Z L TR 2B S ST 2808 TH %, STO DI BEL CoCrPt R B E A oD R M AL i ek & [7] U
Bt GHzHTHDHZ EnD, BERFERESEZD I L2 BUTOREIAE MAMR Bk L L CHEA FRETH
%o Y HIXZAE TO CoCrPt AIRIZOWTHIE Y IR Y 72208 b Z Ok it 82+ 5,

FePt 275 =215 —BEEHEHK

L10 BUCHIRIME U 7= i & A% FePt A EHT CoCrPt R L 0 b @V Ku 295 2 L bkt oFe
SRIEARAARLE U CHER S TR Y | LR ~D FERITIT VB £ THENEAL TS, M= RLF—
ELTRZHWD Z ENBET VA MggAEEk (Heat Assisted Magnetic Recording : HAMR) & FEIZLTE Y |
IS O TR DTSR L7 W& T A ARy MAYITINEA L | BRREAICHEZ B4R 6 T 3825 2L Ty
RERTHRRE vy FEBEZIALFRICT HHM Th 5, HAMR IFBUTHUR & o U TGRSR & < £
HZENLEFEOREDLZ O, HH T I OESCHBR IO W THET S,

\\3&

%5 SCHR

1) Seagate Technology L' "R— bk [F—% ZHE$ 5 |
2) J.-G. Zhu et. al., IEEE Trans. Magn., vol. 44, no. 1, pp. 125-131 (2008)
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Materials Development for 3D-HAMR
Y.K. Takahashi
(NIMS)

OIS

10T B X DX 2D EIRCERR Al OTEIE/R P2 X 5T VX M EROBERO 72NN, T X U EHRE
RETLHT—H 2 ZDC)THWOLNDA R L—UFT NS ZAOKRFEAPRD LN TS, —FT, BlTH
MOEFET TV HZ NGO UkelT 2 & DC O1EEE J)1E 2025 FAZ TSR OFRIEEE 1 D 10%I122E T 5 & FL
IAFENTEYVO, DC DB =R IIFFAIRE2 R 2 RBIT 2% L TR OBETH H, DC DE = x &L REEL
FRIFHCERT 2720, A VA NL—UTNRA ATHBEN—FT 4 A7 K7 A 7 (HDD)D BB EAL B L
2725, TD1oDHEE LT 3RTEZERRENFT NS, ZZTIHAT VA b 3Rk isks HiE L
TeF 2 OEGE OB KA ZE BRI LTz,

87 VR b 3XRAMTELEDBERE

X 12 fREER TRV 2 Redk B R O AR d, FRdRBARIE 3 ot~ BT %, 2 Z CIEfHEO o5
BN 2BOGEE R LTS, ETOREBIZIET 2V —mOEE DT D(Ta & Tw). FEMIZIZ, B
B2 BT A —Z 3R —TH#Eb2R, BT OSSO S 2 #4572 12 Breaking
Layer(BL)E Z AT %, EAAII L —F —BREZHI#T 252 LI2 XV 2@ L —F —MH T L FiiskEIcE
XiATe 2 pass write D HFIEEBAT 5, BAEIIBUTOMSKEIE 2., EToOMKREEEN O Oz i
T 5, ZHE ETRLEEOE SICE 5T 5 ICIHBUE 5B N LB L 72 5,

FePt-C L \/- REEFTRER

[4 2 |Z FePt-C/Ru-C/FePt-C 77 = = 7 — IO & Writi OBGHIALRE 2~ N TEM 56 | 5k 72
25K 14 nm & FePt R 1- 238 — 20 B L TV D EET- 2305, Wi © STEM-HAADF 1470 5 1%, T #5 FePt, Ru,
FH FePt A= X XU v LiEE L, RuM fec lEEZ - TS Z D, BRI LT FePt Of
{EEHRIZ XRS5 2 BED AT v TR T TR Y BEOIRERFIEND BT % 2 DD F 2 U —41(526 K & 620K)
DM S 7@, FETE IR VXERM 7 PEGHIAEL AR & REURFMEIINE DRSS & . BPBHBAZE D BLRIC SV T 72

L Z D&,

1)  Applied Materials Blog, Aug 21, 2019.
2) P.Tozman et al., Acta Mater. 271, 119869 (2024).

multi-level recording system

Magnetization

2 X ~15nm Bottom FePt
! A
Temperature - - T ]

ghod 1 1

Recording layers are stacked

M1 B7v b 3kTHAEE Ty R
LEAROEA, fHEOTZ0 2 JEDY%E 2 FePt-C/Ru-C/FePt-C 75 = = 5 — O N O B
2R LTWD, BT OBKGLEEARITE  JBg & Y X454, Wi STEM-HAADF # & o~
HF¥ 2 ) —mEED, v 714,
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Prospects for Three Dimensional Magnetic Recording

Simon Greaves !
! Research Institute of Electrical Communication, Tohoku University, Sendai, Japan

Introduction

The transition from longitudinal to perpendicular recording allowed a rapid increase in the areal
density of hard disk drives, but in recent years areal density growth has slowed due to limitations on
the strength of the recording field. Energy-assisted technologies, such as microwave-assisted mag-
netic recording (MAMR) and heat-assisted magnetic recording (HAMR), offer ways to overcome
write field limits and the thermal instability that accompanies reductions in the recording medium
grain size.

If a recording medium contains two, discrete recording structures then, in theory, the recording
capacity can be doubled. Although such three dimensional (3D) recording is possible by varying the
write head current [1], [2], [3], energy-assisted approaches offer more control and flexibility [4], [5],
[6]. In this talk we will discuss the technical issues and prospects for 3D recording using examples
from micromagnetic simulations.

3D MAMR

Fig. 1 shows how MAMR can be used to selectively switch either of two, vertically-stacked
recording structures, RL1 and RL2. The figure shows the maximum medium Hj of grains in each
structure that can be switched by a combination of a head field and a high frequency (HF) field from
a spin torque oscillator (STO) integrated into the write head. If the two structures RL1 and RL2 have
Hy, in the range AHj; and A Hy, respectively, one of the structures will switch at f; and not at f5,
and vice-versa. A similar approach can be used to increase the number of recording structures to
three. Using more than three recording structures seems to be unfeasible due to the decay of the HF
field with distance from the STO.

3D HAMR

HAMR can also be used for 3D recording if the two recording structures have different Curie
temperatures, 7., as shown in fig. 2. Heating to 7}, or above, allows information to be recorded on
both structures, but heating to 7}.; will only allow writing on the structure with 7, as the coercivity of
the other structure is higher than the write field at this point. The difference in the Curie temperatures
of the two structures should be around 100 K, or more. 3D HAMR can also be extended to more than
two structures, limited by the maximum temperature that can be tolerated and the strength of the write
field in the structure furthest from the write head.

Areal density estimation of 3D HAMR

A grain switching probability (GSP) model was trained using data from a Landau-Lifshitz-Bloch
(LLB) micromagnetic model. The bit error rate (BER) of tracks with a total of 100000 bits with
random polarities (up/down) was then calculated for media with a range of average grain sizes, (D),
and Curie temperature distributions, 07 .. Given the BER, the user areal density (UAD) was obtained
from Shannon’s equation. The results for media with a 6 nm RL1 /3 nm IL / 6 nm RL2 structure and
a target areal density of 2 Tbit/in? are shown in figs. 3 and 4.

In the absence of any read/write errors the UAD would be about 2.07 Tbit/in?. For RL1 (the lower
recording structure, furthest from the read/write head) the maximum UAD was about 1.6 Tbit/in?. The
target AD of 2 Tbits/in? was not achieved due to the lower readback signal and increased sensitivity
to noise from adjacent bits and tracks. Optimisation of the recording structure thicknesses is required
to boost the readback signal from RLI.
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For RL2 (the uppermost recording structure), a UAD of 2 Tbit/in? was achievable when ({D),oT.)
were in the range (5 nm, 25 K (4% of (T.))) to (5.3 nm, 0 K). Lowering the UAD to 1.8 Tbit/in? would
enable the use of media with much larger grains (up to (D) =7 nm) and/or o7, (up to 70 K).
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Fig. 1: Example of selective switching of record- Fig. 2: Selective recording in a 3D HAMR sys-
ing structures in MAMR. tem. The recording structures have different 7.

Grainsize (D) (nm) Grain size (D) (nm)

Fig. 3: Effect of average grain size and 7, dis- Fig. 4: Effect of average grain size and 7. dis-
tribution on user areal density in RL1 of a 3D tribution on user areal density in RL2 of a 3D
HAMR system. HAMR system.
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particle using MR sensor. Fig. 2 Magnetic field detected by MR sensor from the

MNP samples containing different amount of Resovist®.
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Fig. 1 (a) Measurement scheme of gradiometer coil-coupled flux transformer circuit with MR sensor for ir current
sensitive detection. (b) Signal quality of MR sensor output (Vs) and gradiometer output (Vr) for small MPI scanner.
LC circuit of flux transformer filters high frequency-noises of ir. Vs, Vrn, and Hy are harmonic spectra of Vs, Vg,
and excitation field H normalized to its magnitude at frequency f = 0.5 kHz. (c) Decomposition of Vs into 3"
harmonic components (Vs x and Vs, v) for a given DC-bias field Hq. relative to field-free line of head MPI scanner.
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Nivio xMR o H 0 ZHWeT7 T v 7 R« 8T U RARIEEZHHREL, 7 /LR T O = IREMEE

DFEE(R;) & NLAH(95) % 2 kHz, 1.5 mT/uo THIE L7z, 05 & EW Ry 1EBk &I %3 2 M s © & 7= (Fig. 2).

BAEE  AEFTEO L. BHFE JP20H05652, JP22K 14268 0Bk % 5% 1F C Fki L 7-.

SEXH

1) B. Gleich, J. Weizenecker, Nature, 435, 1214, 2005.

2) FHH. BABARE £<14,13(4), 161, 2018.

3) T. Sanders, E. Mason, J. Konkle, P. Goodwill, Int. J. Mag. Part. Imag., 10(1), Short Abstracts Suppl 1, 2024.
4) T. Oida, K. Kato, Y. Ito, T. Kobayashi, /nt. J. Magn. Part. Imag., 5(1-2), 1906001, 2019.

5) S.B. Trisnanto, T. Kasajima, T. Shibuya, Y. Takemura, IEEE Trans. Magn., 59(11), 10153680, 2023.

6) Fll. WA, K. BARR TS £ <1, 14(4), 211, 2019.
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Fig. 1 Prototype of human head MPI scanner with Fig. 2 Phase-sensitive detection of gradiometric head receive
asymmetric gradiometer. Imaging simulation of  coil-coupled MR sensor output ¥, into V; and V,. For n = 3, 3
letter “X” virtual Resovist® phantom under 0.2  harmonic signal (R;) is linearly ¢ concentration-dependent at
T/m and 5 mT/u for f'= 2 kHz confirms unique 75 nV/ugre for 0.1 mL Ferucarbotran sample under 1.5 mT/uo
odd harmonic portraits at f, = nfwithn =3,5,7,9.  at f=2 kHz, while its phase (J3) shows less c-dependence.
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WUNBEIZ MR & T DA FDRE

V5 87 547 !, Suko Bagus Trisnanto!, K35 2, 7rkfZe=] !
(BRIRESLRA !, #i R 2)
Detection of magnetic nanoparticles dispersed in small area.
Naruki Nishino!, Suko Bagus Trisnanto!, Satoshi Ota?, Yasushi Takemura!
(Yokohama National University!, Shizuoka University?)

[FL&HIS

Wb A A —3 2 (magnetic particle imaging, MPI) %, X7 4 b L—H & T 2 EEZKENR CThH
51D NRERG L3 2 KEEB OB R ED STV 5H 23, Mla%E, N ezeftEks x5 L35
FE, HET~ORBRLbEE->TWVD, REE, A= —=ITISHOMIEE LT, Ml ORERLTIC
KLTRE AT UV AREEIT, ZORKPOMEKL T NOE L LRV X —2FH Lz 9, £z
WEAE, ARG IS 3517 D BERURL 1 DREKURAIBERE O RN 90, #E MR IZ I8 1T 2 BERL1 DB <URFE
P D& AR THAE Lic, AFERTIX, Bx DMT o 7By IMEEA RIEFLFE & 95 BT O R H F25R I
DNTHET D,

ERFELBR

WRRLAA A= TICB T DHRRLF OO EEZ R ET DR Th LR - ZFBAELHIML, A A —
VoL T HHEE (Figl) 9L, MKRL T AR T 2 04 0% E, 2 8 CHlE 2 i L7,

Fig. 2 IZH OLEE TH LN D BERRL A0 b O HIE 5 (EE) OMERMRE RT, BHI TR
&, 7=/ I3V b T (Ferucarbotran, y-FeO3/FesOs, £ WEPESEMRASH) ZEH Lz, IREZFEEL,
BEND Fe HEDRRD 40O TNEWE LT, ¥ T NeRiiaA VETICBE SE 5 2 L Tl
Euamit Lc, ERFET I/ ONEROFEMIL BREET S,

~
o

=& o
=
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Fig. 1 Measurement setup for Fig. 2 Detected signal voltage from
magnetic particle imaging for small size MNP samples with different Fe-weight.
object.
SE X

1) B. Gleich, J. Weizenecker, Nature, 435, 1214, 2005.

2) HH., HABK S F <43, 13(4), 161, 2018.

3) S. Ota, T. Yamada, Y. Takemura, J. Nanomaterials, 836761, 2015.

4) /N, BHATIR AR R R TAAIGERIE S . 2TpE-2, KPR, 20234
5) VMM, EBATIR A AR SUR R AN . 27pE-4, KPR, 20234F.
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RN T KA DR KUR FIBSAR AT 1 & 2 ZE RPN I O MR A
INRZERE Y, RZEK Y, TR, AT ZRE] 2, JEKIRST 3, R !
(M ERRE R 72, 2 BRI N R, S IR E R R T)
Characterization of living tumor by measurement of magnetic relaxation in magnetic nanoparticles
H. Kosaka!, K. Honda', M. Futagawa', Y. Takemura 2, K. Shimizu?, and S. Ota!

('Shizuoka University, >Yokohama National University, *Hamamatsu University School of Medicine)

[FL&HIC

Wtk T 2 B2 T A R—= P — I TR A A=V 71X, Bz e A WnisiiEedi s LT, #F
BREANATON TS D, Ziub OHEFEERALT 2 BT, Wi /R OREENIZ I T 5 KR FIiE
DFFHNMLEART R TH D, AFFETIE, BEENICBIT DT ki OSBRSS OMIHEZ BN L L,
~ 7 AN LT BB B 5 U 7ot T 2 b OB e LIS A OV ARG A IV CERRIIL . & BICHER
FERNHEFE S SRR N O MR IRAT 24T - 72,

ERAE - BR

AT ClE, Befbgk) 2 ki1 (Resovist®, PDR pharma Co. Ltd, Tokyo, Japan) ZHIERELE LCTHW =, IEE
WNORENET /B OFHANZ A 2 belalkt & UC, Btk b1 2 Mk Py ik S iz imiialkh, =R v
BHIEIC L v € LB ARREHCTIN 2, fliAkeE 70 Y U ORAICEVIAEBOREE 2375 L2k (1.7-45
mPa-s) (2B L CHEMIAZFN L7-, BR85S mm, &S 9.5 mm O MFRAZRITHI RN 2.64 mg-Fe/mL |2
725 XTI Ui, ENINT 5 7V AREGIZOWTIE, BEGTRE % 0.79 kA/m, L5 EAS 0 FEfE] A 22.5 ps &
L7,

Fig. 1 \{ZREMET 2R 7255 L Cod 70 05%ICEHAI L7, 2OV ARGEEIINERE O b MRHEARE (HT1080) 33
K OWENR A (BXPC3) Dt 2 MO IS NIZ I T DReMET /BT ORSRIEREBEZ R L, 2 BOMES & HioX
VARG EINT 5 2 & T 2 BERSICE LT 2 RS 67, 1 BB OZIZ 2V T, GO H ER
DEET L D BB VEERE OBEBIEIET DR E— AL FOREEEEZ HND, 2 BER DL, 2 FOEE
M CR DBLISE PR S NI, T OEWIIEBENMIRICHK L, BxPC3 JEEIE 2 7 — 7 oMk S O
ORI S 22 T8, BT OMBREIER8 4 U5 ATREMER B 2 DD, — 5T HT1080 MEEHE S AMIE D &
D D HEA 2N 2D . BXPC3 BT H AR - [EHAS N 2R fEI N 22 & B 2 BHivd, YLD BxPC3 &N
IZBWT 2 BEFEH OB(LDBRKRE VDI, 7T 0 URERNCHRT 2807 7 b1 OBSKAEFRFE DS HT1080 fE
BICHA_RTHEFICENL TS EEZ2BND Y,

WA, [, CREEERRFEEUES I ON HT1080 &N & BxPC3 RGN 1T BT/ ki 0 R 8 Fr i [ f%
Hric 33 < FEEN ORI OFER I OWTIEY HHET 5,

B

AREFIE D —EBIL. BHFE 20H02163, 20H05652,
23K26114, JST ACT-X JPMJAX21A5. B GREERR
FHWFFEM I OB & 52 1 T FEH L 7=,

! [
—BxPC3 :
—HT1080 :

i
1
1

N
o
T

-
(4]
T

Magnetization [A. U.]
=

SE Xk ' Rise time of the
5 .
1) C. Shasha and K. M. Krishnan: Adv. Mater, y+— applied ,plu,sed
' magnetic field
1904131 (2020). 0= - — - - ,
2) S.Otaand Y. Takemura: J. Phys. Chem. C, 123, 10 10 101“ne[;f 10 10
28859-28866 (2019). . ) ) .
Fig. 1 Magnetic relaxation process of magnetic

nanoparticles in HT1080 and BxPC3 tumors.
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High-precision identification of magnetic nanoparticles using harmonic magnetizations
Mizuki Todo, Isami Matsuzaki, Takashi Yoshida
(Kyushu University)

XL&HIZ

GIERAE & ITRIRECREA EME 2R L OTUROBESCRENET 2METH D, MikT ki rE2 kT
RIEEM S TR~ — I — & MO BREERE L, 1EROEEMRAE L B L TEERETH D Z &N
TREERTELZ LR EOMENOIEERZED TS, AT, PUREHEA LEBR~— b —%
EHE, FUR & FEA L TO RV~ — I — & A CREHE L2 [EFE - iR o A2 ERLL . o T ANIcs
FNDLMEH - TN TN OSEEHE L, HEREOR/MEEZKD Z & THhW TR L TOBKBERE
DEFEELE B LT,

Db

— DD, FEARIRREDOREE T R F2NEE L TV DRE 150ul OV TV EERILT-, ZDW
T ISR ERE S A FUN U, etk T /7 KA O @A i 3 215 B8 vy, Vg, -, v E R L, £ D
EHEENOMRUICT K VM, BERZENICE ENDWMET R O8Ew, waHEE LT,

V=[Vm1 Vmz ° Vmn]" =AW Ws]T = Aw @)

ZIZT, v MEEBESRY ML A T - BEZENE Lug 72V O BEEEZ BRI OV AT LTH
Thd,

HeET DIZH T VAT DTHIO B/ MG BRAEA, &L JIE ) A RAvh HEREHEEREZ b -7, £ LT, &£
BUCHIE LIZEBEENS T I ANOSEEHE L, SR ERELZHINT 52 8T, ghEHEICANWD
it 70 AR AR B O & ORAE DR B R LT,

EEER

JahiEe JE I 4K 20 kHz, RESFHIRIR 20 mT DGO b & FEER 21T o 7o, Btk T/ Kif-1X Perimag ® (Micromod)
AL U7z, Fig.l ([ZEEHT 2 @il bl 5 0BG hEICB T 5 v AT MMTHIO Fe/ N EA, &
WIE 7 A ZOEREAvD D RAE S o T HEERZOBGRE (B L ESBEOFERE SR L VA
H L7 HEERR 22O ERIME (ftlh) 2~ FEmiE & ZHMEICAHBERIR S H v | BRFRE CEBREI /N E <
RHMAEDOEEBRBURGHMETE 5 2 PR TE L, EMERZEOFEANED F/MNZ > 701X 3
DD EFA T & W HEE T 1.90 ug L 72> 7,

14 | <
= mO+m1*x

12 fie I5— A i
= m1 | -0.66935[ 0.021009
= HA2% 213.38 NA
” R] 063589 NA
= 10 - e
>
wn
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Fig.1. Calculated values of ||Av||/A, and RMSE of experimental results
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ZRICMPT A F v F— D% it & PERERGE
T TS RO ok RE, HH B
O A

Design and Performance Verification of a Three-Dimensional MPI Scanner
Wang Haozhe, Sun Y1i, Zhang Haochen, Takashi Yoshida
(Kyushu University)

IFL&HIZ

FLWWEREHINE LTF A—2 YA XO[MT /BT (MNPs) & H\WIcESBL T A A—Y > 7 (MPD) 3R %
HL£DHTNDHD, MPLIL, EHIZIEA L7z MNPs 56 O FHAE 54 Mt U, e & OB 4 & RE - ma iAo 2
=V I AEEINTH D, RGEOMBEERSEINE LT, R bo o WEiE PET) MEECEML SR THWAE A, HuER
NARZ 3 5 72 SEEANCHIRS & 5, £7-. MPI Tix. PET TIZFEHRARER, #—4 v FEFEA L7 MNPs &S LT
W2 MNPs DRI, A /3—H— 7 (RIREVRIE) & O—&{I® (K& inRo—i{b) BRBEICIZATRETH Y |
ZI 5 MPL T UMNEBLCE Wiz 72 EREATIC B T 28R A T OIUa D T b, Fox OFFFE 7 v — 7 Tlid, MPI IZ
£ % MNPs OFEG OFBIRC MPL & A N—H—I T O— Kb Z &AL LTEY , AR TIE, €OFE AL LT, mk
JE72 =Rt MPL A% v F— DR EIT - IO TLULFIC®ET 5,

3 ;XJTL', MPI R & v F— W Permanent magnet(PM)
sz s Shift coil (Z)
EF - LT WPT A% 4 F—it. DMNPs % 5SHEES % t

————— Shiftcoil (Y
T2 = A ) (Excitation coil) . @MNPs OBHLIE 5715843 % A — ] — gggfvt;grgf ggg
A WRET B 7 D OBRRARE (PM), OBMBARAICLD | R
R nE L7258 (FFP) ZZERIICA X ¥ T 57bDaA g z
(Shift coil) . @MNPs DEALIE B ZRHT 270K = A L
(Receive coil) THER STV (X1 2H), M Y X
BRHBRR .
Fig.1 Scanner Structure
B SN A X v F— ORHBRZTH~ 572D R ED 10 ug
& 100 ug OiEAH Resovist o 7 L& W2 A X% ¥ 7 A b & FEfE L7z, = = P2
o TN BB LB o VSR S B S - A
FWIE B OBEWHAZR 2 7T, 10 pg OF > T AT A ZRART

MR TE 20, BHITRBIAETH D Z LN S iz, T OBLIIRER
M5, HHET 10 ug DA MNPs 2 HT 20030 5 L ¥l & 5,

Voltage(100ug

E72. 10 pg 735 100 ug D 5 SO Y > F LA EEEE 217V, EBE o v h“j\‘f ‘ \; “““
peak-to-peak FH5OHWEHE T Lz, ZOHEICESNT 99.7% D o W ]
FADSAFEIFH A H = . BB (LOD, Limit of Detection) 7349 10pg B
ThsEHET S,

Fig.2 Magnetization signals for liquid phase samples of 10
pg (blue) and 100 pg (red) iron content

B R
121 T st P

1)  Knopp, Tobias: Magnetic Particle Imaging: An Introduction to 10

Imaging Principles and Scanner Instrumentation. (2012) ?m ) x
2) Frank Ludwig, Dietmar Eberbeck: Biomed Tech 2013; 58(6): o x

535-545,2013) " G
3) Zhi Wei Tay, Prashant Chandrasekharan: ACS Nano 2018, 12, 4, ’ * s B

Fig.3 Detection voltage vs. weight of MNPs (iron amount
3699-3713(2018) of Resovist)
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(U, 2R E SR )
Development of a 1/5-scale human-sized magnetic particle imaging device using HTS coil
T. Nagano!, T. Sasayama!, H. Sasa', Y. Takemura?, T. Yoshida'
(‘Kyushu Univ., ?Yokohama National Univ.)

[FL®HIC

Wtk kiAo WS RAA A= 7 (MPD) OERISHNHGES TS, BIE, /)
WA X VB LXOGEHY A X x5 MPI A% v F—I3ERIENTWA R, AT A XD
MPI O EBIZIZE > TRV, 2E P A XD MPI EHOBED 1 SHAMERMER 2 A L OERTH
%o AW TITEBN 23 RER FiREEE A V2 W TAE 1/5 A4 X GR7 £ 120mm) D
MPI A3 v F—Z /B U, WS b - OAVE B OB 21T > 12O THRET 5,

FEME

AAFZE CHERL L 72 MPL A % ¥ F—OWiE X % Fig.l (23T, EIZ420aAf vEFEHLTEY,
AC coil, Gradient coil, Detection coil, Cancel coil 238 %, EHIXZ 24 7 Turnx25 Layer, 90 Turnx2
Layerx6, 11 Turn, 5 Turnx2 Layer C& %, Gradient coil |Z & iR =ERAS (SCS4050-APi, SuperPower) |
ZOfMD ALY v #RE DTN D,

HEALESAIE

Wtk Bit-% 27 (Resovist, 4 mg) & x HANZAF v (p, z JEFEIZAR T L) Ltk oD
R HBEIE 5 % Fig2 (Oord, HIESRMIE. AC coil (2K 2 HUOBRIRIEAY 11.2 mT. &% 15.06
kHz T&® Y, Gradient coil |Z L AHFEF OKE 12034 T/m TH D,
ERABEE o A L W EABR 2 FUINT 2 2 & T, (F55ONEMED ., BRI 2L 7
AL L THS0%E 72 0 Z2MofREEN M E LT\ Z & 2 i Uiz, BRI, W7 522 Mo fiRhe
A EOXRZAT> TN D,

180 : 35

. Gradient 30| ° W/gradie_nt magnetiq fie]d N
coil S ’ ° wj/o gradient magnetic field
AC coil E 2.5 ' \
TR T 20
I ~ » 15 % \
56 i Bore dia. s !i % \
= i $120 g 10 \
ZREES & 050 / i %
Detection coil / i E
Cancel coll 0.0 .« \
Z! = 050, 1%
e s coil U000 50 0 50 100
X H 162 s X (mm)
y
Fig.1 Cross section of AC, DC gradient, and Fig.2 Comparison of magnetization signals with
detection coils. and without gradient magnetic field.

IEE - AMFZEIT ISPS BHFE TP20H05652 OBk A= T 7= D Th 5,

SE 3
1) Retrieved June 20, 2024, from https://magneticinsight.com/

2) S.B. Trisnanto, T. Kasajima, T. Shibuya, Y. Takemura, IIMPI, 9, 2303086 (2023)
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NARE N AT T2 REBREMERLA- A A — 0 2 735 E OB %

EPRIALOR Y, BERRREL Y, mEH Y TR 2, J)llE 2 A= s
(* =ZEERER S A, 2 KRB, B 1L R7F)
Development of Large-Bore Magnetic Particle Imaging System for Human brain imaging
K. Nomura!, M. Washino?, T. Matsuda?, S. Seino?, T. Nakagawa?, T. Kiwa®
(*Mitsubishi Electric Corp., 2Osaka University, *Okayama University)

1. BRER

Fefbgkz £y &3 2EMET kit (MNP) 2> 5 O & JE 5
IGEERE L, BIREICA A=V T DR A A=V
2" (Magnetic Particle Imaging: MPI) 13381 L\ 9 BHE 22 W Bt
LLTHEABEINTWD Y, Frexid, ;RE TV A < —TIE
HRED R A BEE L U, BARNET 2 b7 & @ 2 B% L
TW2 2, & NEEY A XDT 7 b AZ TR ATREZR KRB D
MPI $£{8 2 3R EHEME L7 3. BEGRITIC K 2 = A VERGHRE R &
KRBT 7 v N AEHOTA A= T PERE OGRS F 2 #irs
T 5.

2. EER

AIE L 72 KR MPI B OB B E % Fig. 11287, S1EL 7= MPI %
B, A7 EPE 300 mm ZH T 5. K MPIZEE OHRGIERE 2 7T
9% 7= IZFAE L 72 150X 140 mm O M TR 7 7 o ks LD SV EH
# Fig. 21279, 7 7 > b AIZEAT S MNP (3, MREEZANZ V&

D72 VHIVER kT o (y -Fe203, L BEPEZ(FR) ) & Fiv 7=, NEE6
mm OV 3 Fa—TICMNP ZE AL, M PRNZEZRIT 2R Y Fig.2 Appearance of M-shape fantom,
~—WRICEE LTz, BRI 72D OIE B & bt 9~ 5 23 imesiiL, & @
%500 Hz 38 L O 3R 20 mTp-p ZEIIN L, 3° v v FDlalfizfs T

77 N AERERSERN ORGE L.

3. WMRLER

M FHI7 7 o b MO LR % Fig.3 12T, BRME R i
1Z, Shift coil IZIAET 5 EBITM %A £500 A LS5 L T+90
mmEETED X HICaA VkF L TRy, HE SN D HRE THEHE
WUXERE 190 mm Th 5. ER AR F 2> 6, 150 mm X 140 mm LA

Shift coil

Drive coil

Rotation angle /deg.

LFOBBEREA L TWD Z LB TE . BRTIE, a3/ LK SIS RA0 £25 e B

Translation /mm

FHRE R B L OB GG 5 O BUSHE R 722 K OFEIZ OV T i (b) 100
T 5. AREFFEIL. AMED DR EEE 5 JP22hm0102073 D X #E %25 T 7=, 75

L ZD TN

1) B. Gleich. J and Weizenecker: Nature, 435, 1214-1217(2005).
2) S. Seino et al., Journal of Controlled Release. 367, 515-521 (2024).
3) K. Nomura, M. Washino et al., IJMPI, Vol. 10 No. 1 Suppl 1 (2024).
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Fig.3 a) Sinogram of third-harmonic
signal, b) Resulting reconstructed MPI
image.
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