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New physical picture on large temperature dependence of tunnel magnetoresistance:
Crucial role of interfacial s-d exchange interaction
K. Masuda, T. Tadano, and Y. Miura
(National Institute for Materials Science)
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FIG.1 Schematics of (a) an Fe/MgO/Fe(001) MTJ
and (b) s d exchange interaction in interfacial Fe
layers. (c) Calculated TMR ratios as a function of

the temperature. From Ref. [3].
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2) T. Scheike et al., Appl. Phys. Lett. 118, 042411 (2021).
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Fabrication of MTJs with Co,FeAl Heusler electrode using MBE technique
T. Hojo, N. Tezuka, T. Nakano, M. Tsunoda, and M. Oogane
(Graduate School of Engineering, Tohoku Univ.)
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1) N. Tezuka ef al., Appl. Phys. Lett. 94, 162504 (2009)
2) Y. Miura et al. J. Phys.: Conf. Ser. 200, 052016 (2010)
3) H.L.Yuetal,Appl. Phys. Lett. 109, 083509 (2011)
4) Y. Miura et al., Phys. Rev. B 83, 214411 (2011)
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Giant tunnel magnetoresisitance in epitaxial Fe/MgAlO/Fe(001) magnetic tunnel junctions
Hiroaki Sukegawa, Thomas Scheike, Zhenchao Wen, Shinya Kasai, and Seiji Mitani

(NIMS)
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LA (TMR FE) 13 200~300%LL FCH 0 | I OEE 2 TR 572 D121E TMR O EKEBAME TH 5,
BT, & 1% Fe/MgO/Fe(001)DHERA MTI IZB W T, FmiiE O IZ X > TKRIEIZ TMR ¥ K23 A[HET
HY | =il 400%LL EO TMR 3G 6 s Z & &2dE Lz [1], LxL MgO & Fe & O AEAIZE DR
HEIE D X 572 HIEESEIINEE L o7z, ZOTROARFRETIEL VK TEAER L VAE RN T
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nm)/IrtMn (12 nm)/Ru {RFEIEOAEE 2 FEO R NEM LR MTI 2 /ERL L7, MAO NV 7 J& 1% MgsAl-Ox KLk D &
FEENOETRAEEICIVERL, EBE Y v v X =2 Lo TY = PR & LTk L, W
HEMLER %12 10x5 um? H R MTI ~EHIIN T L, B 4 56 715 K o TERESIRHT#R & B — fB IR ReE:
ZRHl L7z, F11E MAO BYEAL S IAIZ 46 1T, AN TREL 72 5 12 20 FIVERL L 255G 217 5 2 & TEHH
PEDE MAO BEEARAEMET — # 2 HufS L7z,
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2o MAO /AU 7HAIC LY | RIRCIRHFHFIC LS o I— 'gsag &N |
Fe/MgO/Fe TO MR 22 THETH 5 1,000%ZFE L7,
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THDY 2 NNEFREGEHM AT o728 2 A, Fig. 1 1R
T LD ICHMAIERLHAR Tl e, /aX U ABKRTHS Z %0 12 14 16 18 20 22 24 26
ERFIZITH B AN 22 o T2, RAREOD TMR FREI O ERAREHR ST
DI=DIZHEERMBTHL EEZXDND, ABJEIZISPS  Fig. 1: TMR ratio vs. ftuao of
FHFEE (21HO01750, 21HO01397) O3HRIZ L D ITOiLZ, BT™  Fe/MgiAl-O,/Fe(001) MTJs at room
FILF — - EEREINR A PATERME (NEDO) DOZEFEHH (No.  temperature.

JPNP16007) DfERiGHNT= b DEET,

L ZD.T;N

[1] T. Scheike et al., Appl. Phys. Lett. 118, 042411 (2021). [2] T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
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fcc-CogoFe1o/MgAlO/CogoFero(111)
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Jieyuan Song'?, Thomas Scheike?, Cong He?, Zhenchao Wen?, JMJI[#RH 2,
RALRERS 2, FEFiE 2, =ake] 12
(1 HFPE KR, 2 Wk isE)

Development of fcc-CogoFe10/MgAlO/CogoFeio(111) fully epitaxial magnetic tunnel junctions
Jieyuan Song'?, Thomas Scheike?, Cong He?, Zhenchao Wen?, Hiroaki Sukegawa?,
Tadakatsu Ohkubo?, Kazuhiro Hono?, Seiji Mitani'*

(1 Univ. Tsukuba, 2 NIMS)
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Z AL LS TREZ TMR H (~2000%) 23535005 ATREMEA FHIE LTV D [1,2], ARIFETIL fec HEEN
LZENIFH IS CogoFero Z WMEEIZ VY. CogoFero/Mg-Al-O(MAQ)/CogoFe o(111)HLD 7 )Lt 4 %3 % )L MTI
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EERAE
~ 7 X by ARy ZIEEEFW, T 7 A4 7 (0001)EfGE S EIC Ru FH/CosFery (20 nm)/Mg (0.5
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1T 724 10x5 um? A XD 7 —{RIZHAIIMN T 3% — =2 7 BATOEGE 4 S 1512 X > T MTI OREEURE
Rt & 17 - 7=,

EERHER

RERME O T =— L&D L Y, Ru FHUE LD T CowFero /&, /XU 78, LB CoggFer B DU
TG fec(IIN)TZEXF v LEE L TWD Z & ZffEad Lz, Wi STEM Bl 6 b Kk o g E T=
B XX U v VR DS BRI R S AL, FRERHOSEH 72N ) T R B AR DIV TUW D T & D3RR S 417z, fee-CogoFerg
& MAO DT FIELEIT 20%355 5 DD RIEIZI AT ¢ v NEBWEHICEAINTEY . ZADNRHE
bz OB oo LS D, T OMEREEED HAERL L 72 MTI IZB W TER T 37%0 TMR HABIZE X
iz, B — BERHEII AN A 7 REHEMIEICK LTI TH Y . ZAUI AU 7 ETFREANIZER—SE T
R TETCWND I EEREBLTNDS, ZREDORERND fec(11DH MTI 222 EI/ERT 2 Z LN AETH D
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[1] K. Masuda et al., Phys. Rev. B 101, 144404 (2020).
[2] K. Masuda et al., Phys. Rev. B 103, 064427 (2021).
[3] T. Scheike et al., Appl. Phys. Lett. 120, 032404 (2022).
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Tunneling magnetoresistance effect in magnetic tunnel junctions using L1o-(MnCo)Al electrode and

MgAIl,O4 insulating layer

R. Kikuchi, M. Al-Mahdawi, M. Tsunoda, M.Oogane
(Graduate School of Engineering, Tohoku University)
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~DISHAREENTWS, L, MnAl ZERIZ AUV MTIICE W T TMR 2R 28195 7291214,
MnAI/MgO R iR AN VB Th>7- 1), ZOFIKE LT, MnAl & & MgO #ikxE & O+ REEN
KEL, MBTFOab—L > M hURADBRHEBIND ZENEZ LD 1), AR TIL, Co % 2%IRMNT %
ZLETIRT 7R A0 0E (001) AL (MnCo)Al FEfiizERIL, & 5ICHikxE & LT MgALOs # VW5 = &
THFAEESZERB L MTIRZF2FR L, 2O TMRDIRZHIT 22 L 2B E L,

RERAE

TERL L 72 MT &7 OIS &8 O pliE s K OBVLEE FE % Fig.
1T, REHIEEEZE~ R ha v ARy 2 U v 7IEIC K
DERLL 72, MgALOs DFEALIT X $RGHE 743 06i%E (XPS) % H
UWTHIE U 7o MR AT D SR, MgALLOs DFLEKIE Mg : Al : O =
9.2:18.9:41.5 (atom%) TdHh -7z, fhsniik, Rkt B

PEFS & ORESUERHURFIE L X BAEAIT (XRD) SR T HIDBMEE ~650°C
flushing™

(AFM), IRENFREHRLE /) 3 H(VSM)., P BERFHERIE & A 7 2 (PPMS)
ZHWTCEDE 4 B K E L,

ERIER

Fig. 2 12 300K 3 L V10K I281F % . (MnCo)AI/MgALLO./Fe-MT)J
DOIEEBLIGEIINO TMR A ~7, {ER L7 MTJ Tik, 300K ¥
FOV1I0K 2B VT, TMR HAS 17.4%, 32.4% T - 7=, R AJE
ML TTMR IENBHI SN2 LD, i@+ I A~ F
PEHCTE-EEZLOND, 57425 TMR IEOKEDTZDIZIE,
MgAILO4 BBt D W 72 B L S EE & 5 2 B, i TIEZE D
REEICET AR L WMET D TETH D,

BiEE

ABFFEIE. HAL K% GP-Spin 71 25 A, CSIS, CSRN %X CIES
DX EZ T T T,

L ZD N

1) Haruaki Saruyama, et al, 2013 Jpn. J. Appl. Phys. 52 063003
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Fig. 1: Schematic illustration
(MnCo)AI/MgAILO4/Fe-MT]J structure.
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Fig. 2: TMR curve for MTJ with
(MnCo)AI/MgAl,Oa/Fe structure applying
perpendicular magnetic field.
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Anomalous Hall effect in Al-doped Cr;O3 thin films exhibiting spontaneous magnetization
L. lino, H. Sakurai, T. Tada, K. Toyoki, R. Nakatani and Y. Shiratsuchi
(Osaka Univ.)

BU®ic KRR, BEEERATEReT 7~V ETZFOFHAY v IL 7 bu=27 25734
ZDFEMMELE LTHIfFI N T3, L LAads, KEREERIZARRILEZEL Rvz0, HKe—
AV E (A=nAR7IV) BEDXIICHIEAIL, BT 200858 ko T3, Tk id, ROBHLER
L LT CrOs M5 C T, XSRS, JEREMETTHE (AD) DRI X v k3 5 B [2]
ERWTA =27 s Loflfl e & b ic, Pt/CrOs RETEL 2 BEF—AMEEZH 23—~ b
LNOH[3]%#ED T3, —J7, Pt/CrOs R TIIARMILLE LR\, BE - LR OEIHD
DT LDHAL IR > Tk, RiFFE T, BRI ERT 2 ALEM CrOs M L <, B+
—VEHROHEERITH T & T, KR TOEREFR—NVHROIFICO W THET L 72,

EEHFE REE LT, Pt(2nm)/(ALCriy)205(200 nm)/a-Al,O5(0001)subs. (x = 0-0.255) % 7=,
AEMERLICIE, w7 A2 PRy RNy 2 ) v ER Rz, BERIC S WC, Cricn 3 28 AE ) % EE
L, ALINT 2BABNAEZ 52 ik ) AR EZ L X €72, BEEREIC 1L, X RETE, Ko
EHE T RRETE 2 72, AL, SOE XBROITEIC XV FHEI L 72, s — AR RHEED -1, F
B EEZ 74 V)Y T T4, Ar AF v I ) v ISEERACT, A= AR IHHN L AT 72,
FACAE I 1%, @IRER T TWHeRE 2 v 7z,

EEER  Fig. 1(a)ic, 200 K THIE L 7= b ahifk & 2 @ | jz
A — LRI A R, AL 4040t % L. g E 03
WD AT A L D 2T ) SRR, R SO Y = B
b—H L7 T Th b, BE S —IURERE (64 = py/pu’) i g R
LRELIE, BB ICB L ORI & o < b 4t S 0 o 0 w0
o te, (b)IC, F—BORHC A 5 TRRIREL & Rk — e
MBHE ORERFE 2R T, BRI, BEo L I 12
Fe b ICHIICE T T2 2 LI LT, oy, WE L 53
DERICKY —HE, ERLEE v &Y, FE ol . 18
K3 2. (KREHTD o, D EROKFKIL, S 2 ——o,
725 T AR\, Pt/CrOs RETCTHl 112 % 712 R Wm0

CYREAIDERRRT 2. ML 0 LM BIMTE o 0y 200 K CHIE L 2 RAL S (£

Fa Y —REETEE, o, LT BIEE IR T 2 & BRI RERAR CiCll). (b) B R
Y —BEE I L7 — WARESE & fiEAL o R AR A1

[1]Y. Shiratsuchi et al, JPCM 33, 243001 (2021).[2] % HEEAM HASEFEH 169 [MEEE A S,
[3] X. Wang et el, AIP Adv. 12, 035216 (2022). [4] T. Moriyama et al, PRAppl. 13, 034052 (2020).

— 139 —



08aA -7 2546 O] AARLERTENEFEZEAE (2022)

EEM NV T 2T A MNEMREICER L EERIL
a7 2T MEREICED PRI T o L2 —Th R

R, oA, AR FHERL, I SE, ghERIERE . AL NPT RAK
(4 LRI, R RABAIR, **PEPE RS X BH)
Spin-filtering tunnel effect of perpendicularly magnetized insulative cobalt ferrite layers grown on
conductive cobalt ferrite electrodes
M. A. Tanaka, M. Furuta, M. Morishita, T. Ichikawa, Y.-M. Hung*, S. Honda**, T. Ono*, and K. Mibu
(Nagoya Inst. Tech., *ICR, Kyoto Univ., ** Kansai Univ.)

XL

SRRGPEAERR AT 2 N2 R R VA T, REDE SINETOAL NI X W R s7d, MoVl
FTOAENUKGF LEBREOENEL, AV URMLUZEREERTHZENTED, ZOHLET M *
WA T g V=R LTI, BTLWAE U FEARE LTHIFRFCE 5, —J7 T, [0011AL A L 7= 5t
Mafxika L s 7 =7 4 MERL, mNGROFEERC LY BEMKRGTEETRTZENMONTN S,
Fa ) —RENEWI VL N T 2T 4 FOBEMGERIZFEAOREBER O xR T 4 1 H
—BL LTI CE D, AFFECTIE F' s F& NGFHET HEDEEMLEZRT ANV ET7 2T Ak
Co,Fes,041o(C-CFO) BB J§ FIZ Fe' RN Z LA EFE LR WVWEDMBEMEELRT a AL T =T A b
CoyFe; . 04i5(I-CFO) R A RIPL L, EERALO 2L N7 =T A FNEEEEERE &3 55 b A MTI)
RFEFER L7z, 2O MTI FZ T LT F o fMESEERGUIRORE LTV, 22V F 7 =7 A RO
BT 4 N E ORI AT o T,

EBFE

YAG 2 {5 U—— & 2OV A b—H —HERETE T, MgO(001)EAR 127X~ 7 7 J& I-CFO(20 nm), B
MG O C-CFO (20 nm), A B> 7 4 /L% —J& I-CFO (t=0, 0.8, 1.5, 3.0 nm), _ OB OREAE G OIKT
J& MgO (2.0 nm)DJIEF CREL L 7=, Z D _LIZ A f i HssfgE & LT Co(1.0 nm)/{Tb(0.45 nm)/Co(0.56
nm)}15/Co(2.0 nm) & B - B — LAREE TR L CMTI E FHOZEEEZ HE L-, X ARETEE O s
LR TEAOFHI 21TV, SQUID WHEHE W THALIIEZ T o7, £17 4 NIV T T T7 4—4 Ar A F
VIV T EROCTEZEN S um O MTI F# 7 2ER U B E 7 SNBSS 2 N L CRESHRTTNE 2
TN I-CFO =D A V0 7 4 )L 2 —3h RO M &2 3T 7=,
EBRER

MgO(001) R _E Tl I-CFO #EEs L O C-CFO #BEIZ00) FIIC = EX F v ¥y LpkET 5 2 &b oolz,
F 72 I-CFO {35 L O C-CFO 5D 5t T (B 5 [/ O8% 1 BT Z 4 8.32A & 837A TH Y, mNIFIH
DT EEITED L 8428 THDHZ LD, WNFTROBIRERNGFET D Z N> T2, BALRIED
5 MTJ 5% T-HOLZ I EERAL 2R U N SR O5 IREACIEM OB RSS2 L D 1-CFO #E & C-CFO
M I EEMLRETENFESN WD ZERNbhotz, MTI EFOEBEREBERE T b v RV EEE R
SWRHARDMSG DAL, 1-CFO MR T BAF72 b o R AFREZ R T Z Enbotz, £726=0,08,1.5,3.0nm D7
T O MTJ 31 OREEIPTRIE T ORAL R ERIZfE 9 A TMR W N8I Sz, B REEHE
5 I-CFO DFEREE S~ A J VT 4 AL DO IMENTZD  AD TMR 2R3 %24 TH 5, TMR it r=3.0 nm
D MTJ FFIZHBWT, 100K T—20%TH Y, I-CFO D A B FE AR IX 18%EE ThHh->7-, TMR LD
INA T RBEEFE DTS | AR A 7 AEETIE TMR FeDOMSHEDS NS < A T ABEEKELT5
& TMR EEDHEHEN K E L 725 Z v o T2, £72t=3.0 nm D MTI 1~ TiX 150 K D #545+0.25 V T TMR
FEOMEIHEBR & 720 . LA EDO /A 7 ZAFEETiE TMR JEOFERHMENME T35 Z Elbhotz, 208
410X 1-CFO #EI281F 5 Fowler-Nordheim > VB A HWCHT 52 &R TE 5, BLEOX i, K
42Tl I-CFO IR X 2 |mEMIL T RO h o xR v 7 0 V2 —BEBOBRNT KT LT,
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FeCoNi/Cu Z &= GMR |2 31T % NiFeCr T #iE#HakL D %h H

Prabhanjan D. Kulkarni, S A, Zehao Li, % RZEHh, BLEEMTR
(W& - MBI TERER)
The effects of the composition of NiFeCr seed layer on GMR in FeCoNi/Cu multilayer
Prabhanjan D. Kulkarni, Tomoya Nakatani, Zehao Li, Taisuke Sasaki, Yuya Sakuraba
(National Institute for Materials Science)
[FLCHIS
IIRBETERIIZ B REIRE & U 7= iBait/ FERAMEZ B IE R I BT 5 B RSP (GMR) 1, K=& b - BFENE
MAMEDB R IND = a— X EDRRE YL LTHETH Y, #BKERHE L ® GMR EEO WS X E 7GR
BCTH 5. F GMR &5 720121F, Co/Cu X Fe/Cr &\ o 7 REHELD A B FER R K & WA ERR D
BPUINZ, T 7 R A2 SRR % 9008 M Al & 2 K L, SOPATHME 2 BB T 5 Z L AHEETH
%. WEDOWIEH D, NiFeCr 72 &0 FHIEA, GMR HICKE S EETLZ ERHMOLN TS, 2], £D
FLARAFERS GMR HER D A J1 = X LD W TOEMRITA53 T/ ABFFE T, FeCoNi/Cu ZJE 1D GMR,
BEALREE, DSOS IS (2% 2 NiFeCr NHUBLARL O S A A L7,

ST Wab:

ANy B2 Y T Lo TEFRME Si ZEAK _EIZ NiFeCr (5 nm)/[FeCoNi (3 nm)/Cu (1.1 nm)]s/FeCoNi (3 nm)/Ru (5
nm) % AN L7z, NiFeCr FHUEIZ Ni,Fe,Cr ¥ —% >y MO RIFA Ny XY 7352 LT, BHEB LD
2 A& E SO 72 FFEHOMAIZ OV TERL L 72, FeCoNi M#HA%IE FeisCossNis (at. %) T 0, #RIENED D
EREE DMK 2 BIR L 7o, REVLE OFEHI R L, GMR, ®ifbtE, sk - Soias s 2 50 L7z,

R

[¥(a)lZ NiFeCr MBI 2 GMR o (AR/R) DEEMXZ 77T, AR/R IXHIHE7: NiFeCr MLAURFMEZ R
L, (Ni0‘55Cr0‘45)1()0.yFey(0 §y§47 at. %)@ffﬂﬁk@?ﬂﬂ %t LG, lEJl/\ AR/R 75)?% LA, .(a)¢'@7 =8 QPPN
JIRFEWREL 14 271, 2650 GMR B Z KGR T. KRB Lo fafiibic x4 % b
(M/M)F LY AR/R D, SCRRENERE G = R L F— 0D 90 & = 1L —1Zxt 9 5 (/L) DR FHEZ 7R3 J &
S (XBACHIRR D DN R D D Z E N TE L. BRRHAES OBLGGRET ANLENNDLEY, M /M =
V2= J1 /12202060, ARIR X I BT 5. Jih> 2 THiUE, MIM, =0 T 7 boeaie ROPATHA LR g
NEBESI, ARRITA14%E 725 Z ENTREIND D, FEBRIZEBIT D L DKM 1.58 (M/M;=0.33)TH
0, BOFATRALIRIBIZI A 22 TH 5.

F7o, B & 3IITHBOMEIZITENE DD, ARRIZKRE S BAL. X REIHTE L OVERE B E Tk
BRI L D HERENT ORE R, BUBE 31X LI, KRR E <, IR SER A PEDME S, ST 7 o AD
KEWZ ERbotz, Fiz, BB 213 31T, [HERMEIZENSE DO, RET 7R AD/NSWZH
2, IR E 72 ARR k3 Z ERFBHEND.

3CHR [1] Vas’ko et al. J. Appl. Phys. 93, 8409 (2003). [2] Bannikova et al. Phys. Met. Metallogr 116, 987 (2015).

100 ARIR(%) 40 ®) : : R 1.0 , ) , . . : : 50
12 Nigsr€35Lrag C i = o
35 35| 2 NiyFe,,Crry 0.9F maximum AR/R= 4{.4\/@: 45
5 30} ——3: Nig,Fe;,Cryg 081 140
95 4: Nig4Fe5Cryg 07} 35
5 = (at. %) 06 50 15
x 21 1 s [| = MM, , B S
0 @ il 1 = 95[| e ARR(%) - 235
< = oa4f o {20 X
15 10 ] " =
03| t". 15
51 ]
10 /N al R 1ol
0 |— = N
100 s 01} o8 .
_5 1 1 1 1 0'0 1 L 1 1 1 1 0
300 200 -100 0 100 200 300 15 10 05 00 05 10 15 20

Cr (at. %) ot (mT) JilJ,
(a) AR/R O NiFeCr SLFKAFME, (b) GMR Hifit, (o) MM, 5 X U8 ARIR O il (A7
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Bk — Lgh A V- HDD B U — R v ofkst

AR A, Prabhanjan D. Kulkarni, IR &, BEBEGESC, BEERTR
(W& - PPEHITEREAE)
Study of HDD read sensors using anomalous Hall effect
Tomoya Nakatani, Prabhanjan D. Kulkarni, Hitoshi Iwasaki, Hirofumi Suto, Yuya Sakuraba
(National Institute for Materials Science)

FLAHIZ

AR, WA HDD & AL TH 2 =3 F—7 v X ek OHERIZ L - T, HDD OFLERE )
HRLTHY, 3Thit/in? & B9 HaCsRE BN FEGE STV D[], EriskE BRI fE O fisk/ S % — 2 Offi/NS
bbb T, GAHLET (V—F—) OHELHE/NT2LENRH Y, 4 Thit/in2 TIE—/V RREF ¥ v 7 G 1L
17nm, W@ WIE9mmBE LR ZENTFHEINTWHAR2]. K 1@ TEITORAE L 2L TR N o VR,
P (TMR) U —%—TiL, BEOBNS, 4 Thitin? (CHE L7272 — 2 —0EBTHE L. 22T
Fox i, B OB EREN SR S D, RER—1AE (AHE) 2 Wiz ) — X —0O et ia Lz,

AHE )—4—Q1E&

1) T FeFR AR A H 2> 5 72 AHE ) — 2 — O Th 5, @ (A " 7B 2 HHE
WZFHY) 13 AHE O K X ZR88BMER D 5720, ZORBMEIZY A Ro— b KD ORI X - TR X 12
AT AEIND. A Rr— R, 20 OMICHEA SN EEEOIERMEREIC X > TSI
SEESNTEBY, A4 R — L F2 U —REME LT, BB T AERPEEIND. EFv—
KEH A RU—n Nidan<cky, V—4¥—0WNHThorF— VEEANZTETFTY— /L REEMRE LT
BoHEh, TOREIEIAR—VT7aRLOEHEND, AV=2p,Gnp TREIND. ZIT, pyldREHR—L
PR, J 3N, T ABREE, n 1 IBRREGEGEHEOFHAERTHS.

EEHBHORELY

iﬁﬁﬂﬁﬁ&ﬁ TMR & H[3]& bl LC, AHE U —4% —DfE 5HEEI(SNR)Z IR L7z, AHE ) —%—Dt&
PRI, BUEAMON TSI b KEW AHE Z/R T O—>Th 5 CoMnGa HiEELIEDME (py = 20 1Q
cm, #R?L@pxx 220 uQ ecm) % FHWVZ[4]. U — X =07 v T OREE T SCER RIS R O 2 V-

[X] 2 |Z SNR & fié O RfR %9, AHE U — 4 —|% 2.4 Tbit/in® L L OFEFEE D= > T, TMR U —
X — X VBN SNR /-9, 24X, CooMnGa DK X72 AHE GEE O 3d &)@ « 54 Tld py<1pQcem) |
%, AHE UV —#—TlZ3 — /L FlX v v 7OIFIET R TCOLEME v o VBT ED L Z LN TE, ﬁuﬂ:@?ﬂ
BILIC LD~ A AR TE D720 THD. ZOFEND, AHE U —X —3fkD Y — X —Hiff& LT

AR A AT 5. HETIE, AREHREI Iz L—YaitkoTABENZREIC W ThERTS.

3CHR [1] Seagate Technology [2] Albuquerque et al. IEEE Trans. Magn. 58, 3100410 (2022). [3] Park et al. presented at
TMRC 2019, D4 [4] Sumida ef al. Commun Mater 1, 89 (2020).

(a) b 30
Lii1o (b) AHE reader
. Insulation layer i i
Top shield P —] \ NiFe top shield Py =20 pQ cm
R . AFM e ar 5XX =22§ 01%?,Ac/m 2]
op shiel : : sensor layer o =2.0x cm
_____________ Side shield, .|| "ont - = *
Side shield %
'(;ifze';? 20L TMR reader ref.[3]
Bottom shield Nnon-magnetic RA=0.25Q ym?
Insulaton L conductive layer TMR = 100%
Bottom shield (NiFe) Viias = 100 mV
15 1 1 1 1
w 2 3 4 5 6

Recording density (Tbit/in?)

1(a) AE> L7 TMR U —4%—&, (b)AHE U —4% —. [ 2 SNR O Ft L.
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CosSmSo (L EMNT BT 5 TRIEMEIRFS IZ LD A B L7 ?ﬁ@fﬁﬁ@iﬁ'jﬁ

BRI . v a T s il L BT BUREE Y UL
A AREORER °, Bl
(SRAER AT, 2 PEBABE, ° RALRAEAE, RALRA B ST, S JLRER, LK CSIS)

Enhanced Spin Conversion Efficiency for Co3;Sn,S, Compound by Ferrornagnetic Phase Transition
T. Seki,' Y.-C. Lau,'? J. Ikeda,' K. Fujiwara,' S. lihama,>* A. Ozawa,! K. Nomura,' and A. Tsukazaki'
('IMR, Tohoku Univ., 2CAS, *FRIS, Tohoku Univ., “WPI-AIMR, Tohoku Univ., Depart. of Phys., Kyushu
Univ., °CSIS, Tohoku Univ.)

X UDIZ B A BB OB ENE VM EIORRZ X, AV br=J AT, AOHE =3 LF—1k

MTZBRBOFETH D, AL UFR— VR SHE)TER- A B UMER (LI, AT A EFET) ofk
%E@fﬁfﬂ%f‘% 0 Pt Ta 72 & DA VU HLEM AAEH OKR EWIERENER BN A B 2B Hipkl E L CRIH S
% Z BB, Ol CIIRBEMERSC SORBEMERIZ I 1T D A B 28 HuiE & R AFERI Gl e - T 0  kkx
RMEF TR A B AN RPN STV D,

A BB OBERICB N T, BEED F AR U AR MICE R T5 Z ENEDRIEEE R0 5 B,
Tex DT N—T"TIL, HIAAETERFOV Y o H A MEEWMTH D CosSmS2 (CSSHTHEEH L., CSS #ilEIcE
U DRSS L OMRE R 2 SRR T & 72 9, CSS 1Tt v A Ve Ro—o L LTI S B8 L Z 175
K OF#EMEEBIRIE (To)LL F TE WA B ik L B R RE R — IV RErmT Z EnmonTnd, — 5T,
Tc LA EOIRFETHRIME CSS £ 7253, In HDHWEINI 250 R—TFTH52TT7 2 VI ET 2 —=2 7

TE, TORRE L TRV VA= /MEEELZ IR TEDL 2 ENDroTERLY, ZOZ &0 bHEHENE CSS 1X

A BB BIOBEREIC e D 2 E DR E LA, TRIENE CSS IZEIT 2 A BB HOMNERE L ORI AR T2
BN 5TV, & 2 TR TIL, A By My 7 iEEMEILIE(ST-FMR)E 2 -V T CSS D A B 2 H D
B (DIRGEZ R L, TREEMEERRZIC K Y CSS DAY U EHNREN ED X DB IbT 20 EFR~T,

EBHWER RF~ 7 1 b v 2%y ZiE% VT ALOs (0001)J4R 2 CSS B8 LU Si-0 F v v 7@ % 400°C
THUBE L 721412 800°C TT7 =— VLR L7, D%, Si-O ¥ v v 7 EE Ar A A IV 7 ThREL, A4
E— A Ay ZYEIZ LY Cu 8, CoxFesoBao (CFB)E R LN AL-O & %~ 7 & Rk L 7=, Z @ CSS (10 nm) / Cu
(1.8 nm)/ CFB (2 nm) / Al-O OfEJEEEZ . A— A "—JBREBE LV =2 7 L —F BRI~ LRI LT L, EX
{REEMER LTV ST-FMR 222 RV &IIE LTz,

T > Tc Tk, Wk CSS D SHE IZ X 5 A B Hjli hv 2 & CFB J& D #2 5 PERKIRHIAMR) I RIZ L -
CHEYiEE T %2 £ U T ST-FMR OfE 5038l S iz, — 7 T < Te TIE, CSS DB IZ vy CSS/ Cu/ CFB
ZJEREIETO GMR IR B RBLT 5720, T < TelZBIT % ST-FMR A7 ML OEJEZ T 5 720
CFB ® AMR Zh D FH 7253 CSS/Cu/CFB @ GMR W RO FE L EET 20BN H 5 Z L ﬁ:zomof:o é %
2. ST-FMR A7 )V OS5 FEARAFME 2 AT L 7oA . st CSS J& 123617 % SHE & 5 WM T A B 2
R=NVWERE L T T4 7 MTIEOTERTHD Z LRI NT, S0K<T<300K Ol FEFiFH T A
VLB R E RIS o 7m & T A, TRIEIEIAES 2 BRI A B BB RO R NELI S L. T= 50K TiE 300K
DIED 1.4 FIZEBNRNm LT 5 2 LR LN T,

2% CBR 1) K. Fujiwara et al., Jpn. J. Appl. Phys. 58, 050912 (2019). 2) J. Ikeda et al., Commun. Mater. 2, 18 (2021),
3)J. Ikeda et al., Commun. Phys. 4, 117 (2021). 4) Y.-C. Lau et al., arXiv:2203.02356.
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a6l B AMKEFES

Synthetic AF #%1& % A\ 7= Spin-orbit torque %)

TR

(BRAEK ICIES, *CSIS. ®CSRN,

LOMRIE M SRR
‘RIEC,

2P}y

* TR FER)

EAREE AR (2022)

Enhancement of current to spin current conversion efficiency in synthetic antiferromagnetic layer
Yoshiaki Saito?, Shoji lkeda*, and Tetsuo Endoh*®
(Tohoku Univ. ICIES, 2CSIS, 3CSRN, “RIEC, 5Graduate School of Engineering,)

ZLE®IZ
A HE v (SOT)-MRAM,
FDAY VEE BV T HANOFTERIFE DK AT

EEBMECE AR, TR R OFFFE T, |Osnl23 B
BEMELDZ X, IIRFIAREVORBURTH D, LSI 7o
DRBUEEIE P CRE R IR B 2 Bl & L CTHWD &
HHRIRLF—DOHERK, A— FOREE, KRERE FMT
EHLeb LIHELL 2V, ZNLOELRRT DD
VL T O HE RIZEE R 5 |Osn| D HE KRIZHH S 9712 A t"‘/n“\
— VAR EEKRT D ENEETHD, BrlXInbifE
ZfRRd B 72002, (PYIr(E 7213 Ru)/Pt) 2 @ 5kt k) % Hdih
& L7= Synthetic S TR (AF) H3E (Fig. 1) 12 & 5 |0sn| D1
KZRIZTWD P Synthetic AF #i&1, IRAVEES 23
S MBI A R PE MR R, SREEMER LY b
WAL v F U RAREe R (RBEAE Y hr=27 &) I»
SLIER SN TEBY ., ZOBLENS b REBIEE,

ERFE

AR EELZE 2%y 24 E A VT, B 72 Pt Ir, Ru, Co 5/
Z 49 % Synthetic AF #EIE A FRL L7z, kD78, Pt Hifg

-
=~

iz aT 2B ERL L7 9, il & LT, Sample | (Pt HLEE)

Sample 11 (Synthetic AF ##1%) OFEMIfEE & 224, Fig. 2(a)
20)IZ7” T, BRI A & | 2 T OREHITRE R S M
EHLTWDZ EEHERLTWS 2, 25 ok 2 #i
INT LA — L AS—JZRIZINT. L, SOT switching ##i4: % I E L
2o TORERIGOBIRICE D7 FBLOAE VA —
MR (SMR) OHRIERE LS 2 2 Hall O Z1T -7 7,

ERER

Fig. 2(c) 2(d)iz, TEE/ IV AE zoousec CTHIE L7z Sample |,
Sample Il ® Switching #4779 Y, % Hall HIROKE X
X, Hall BifROMEE —B LT 5 2 EW%D\H$E%MO
I% Co AR A v 2 iz L, ColP/Ir/Pt/Co synthetic AF i
1L E T Co MBI BsMERE S k-7 F £ (/|u/\/1/7\& £0
FIRFICEE L TV D 2 E DS BT o7 Y, R E
DR E S DOHEES Hy = 0 0e ~DIMFfEIL, Sample I, Sample
I OZRZIUSH LT, Jo (Hy = 0) =7.9x10 Alem?, 4.2x107

ThhTwa, Hi
%mbt&%mxt/m(k)@E%ﬂ+f%éxt/f~wﬁ
HIZHEA L T3,

Read device such as MTJ

‘_

Syn-AF layer

/
/s
Storage layer J/
> %

1
‘_

MOS transistor

1V
=

L2

skyrmion, domain wall 734 2O EB A BIF L., &R S

BERERDNR, SE D, HDHE
WMIMM)%WWéﬁ5t®\§<@
L. |fsu|3 K E 2 Hide

Bt Je)

Ferromagnet

Fig. 1 Schematic diagram of our proposed memory
cell with synthetic antiferromagnetic (AF) layer for

SOT- MRAM.
Sample 1 Sample II
Ta(3 nm) i
0 ¢ o | MgO(1.5 nm)
5 (0.5 no f
-~ 5 (0.8 nm
- & Ir(0.5nm) | coupling
Pt(7.2 nm) ®Pt(0.8 nm
B .
Ta(3 nm
(a) (b)
Sample 1 Sample 11
) 'H\*ZsmT ) H, =28 mT
| /
A H i
S |lo2a H,=0mT S | 004 H,=0mT
o | —————— e = -
< H, = -26 mT ~ H,=-26 mT
/ ; i
i / \ {
H i
L 1 ! 1 b_l—A-— 1
30 0 30 =30 0 30
(C) I (mA) (d) I1(mA)

Fig. 2 Schematic of detailed film structures in (a)
Sample I and (b) Sample II, and SOT switching
properties under various fixed external magnetic
fields (Hy) for (c) Sample I and (d) Sample II.

Alcm? ERE 729, LLEX V. ColPtIr/Pt/Co synthetic AF #i&  A & L [ HRE R FE 1 Pt HiJ@f%/Co D %= h

(ZHEAT 12 fRITAEI S U % & L 303 570

Z7p o7, Osu DR E XX, Sample 1, Sample Il D FiLZEFLIZ

kf

LT 0su=7%,15.6%&RKE VD Y FFITR LI EREREE DO KE & & Consistent 72 E23 5 Hi7=, % HIL
WU, BRURFMEOREM 2 S 3 2, AMFFEILCIES =2 v Y — /7A$%\BTUERMPMDMMD\1
R AR Xonics 52, BHFE (JP19H00844, JP21K18189) D XD ¢, & TiTbhiiz,

&R

1) Y. Saito, N. Tezuka, S. Ikeda and T. Endoh, Phys. Rev. B 104, 064439 (2021). 2) Y. Saito, S. lkeda and T. Endoh,
Appl. Phys. Lett. 119, 142401 (2021). 3) Y. Saito, S. Ikeda and T. Endoh, Phys. Rev. B 105, 054421 (2022).
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TaJ& FIcFEE L7~ Gd/FeCo & B 2 v dfism s v

RNWEST, KRR, mffsemt™, =", IS
(LB, *¥ LA R&D)
Spin orbit torques of Gd / FeCo multilayers on Ta layer
S. Yanai, D. Oshima, S. Takahashi*, Y. Hirayama*, T. Kato
(Nagoya Univ., *Samsung R&D Institute Japan)

IFL &I

2V HE ML (SOT) BHMEEEIE, HITO MRAM BiHE RS TH D A BT b2 (STT) Wik
KRR A_REH P DERIEE = RV F —CHAALTE, HAHL - EXALBRA IR &35 2 LAvw]
BRTHDLEWVWIFEEAL, RO MRAM FXiALZLFAE L THEAESNTWD VD, ZE THAIL Ta
FICHEfE L7= GdFeCo A4 SOT # i, XL B2 7 T4 7 MV 7T X DA DB ER RIS <
FERELS DI E, T4V RTA T MATIZXEDEEROFZDACREM R Z RIS 5 2 & %
HE L7, GdFeCo A4kt L C Gd/FeCo @I L 0 MW EERMK R FPEEZ R L, GdFeCo A4 & FAIERIC
AL MEF R 2 RS> Z E B BN TV 5, £ 72 GdFeCo 44128\ T Gd Jii - & FeCo i1 D IEIE J5 1H O %
AEZ XY DMI N RBLT 5 Z E0NMiE SN TERY 9, GdFeCo £ &M CILBE J7 16 D FL AL A)EL % 8 E i X
D RGIHIEITE D, ABFFETIX Gd/FeCo £ &l SOT ##IE L, GdFeCo A4 SOT & bk L7z,
REBRAE

AEHMERUCIZIRF v 71 hu o ARy ZAEE 2 W T, Bk o U =2 o HR @ 112 Ta(20) / [Gd(teq) / FesoCo1o
(1 —ted)]s/ SINGS) (BT DO HALIL nm) ZFE L7z, GdEE teq % 0.44 nm 2> 5 0.59 nm £ CA LS 72, v
TIIAR— V7 g AMED 8 um 172 D X O IS A ATV, BAEA— AR (AHE), SOT féfbidis, # v
o TIA4 7 NI ET A=V RTAT NI DEDR (FNFENHo, He) ORIEZEIT-S T2,
EKERER

13 (a) & (b)i% Gd/FeCo £ & EED Hpy, 0 20
Hee 0 Gd BIZIR 1A R LT b O Th D, E g N
FFKIC GdFeCo 4D 7—#® Gd T E GdFeCo alloy
JRFHpc b 2 Gd I ZSHE L T ® -20 o OF
5. B 10@) LY, GdIFeCo BBID Ho, & S
DR I GdFeCo &4 & RIS 1E S T GdFeco auode/FeCo MLs T
WES<IEERELS D, £72K 1 D(b) -40 : -20 *
£, GdlFeCo ZJEIRD Ha OFF 751 o'gd thickn(:efs tep (nn(1)).6 O.Sd thickn(()a-fs tep (nrr?).6
GdFeCo &4 & FARICHIE R A Z D &
BT DR’y holz, LEERoT (a) (b)
Gd/FeCo £ @& SOT 1% GdFeCo &4+  Fig.1 Gd thickness fca dependence of (a) damping-like SOT
BRI &R B, effective field HpL and (b) field-like SOT effective field HrL of

Ta / [Gd / FeCol MLs (open symbols). Hpr and Hrr of Ta /
SHEIR GdFeCo bilayers are also shown as closed symbols?.
1) L. Liuetal.: Science 336, 555 (2012).
2) L. Liuetal.: Phys. Rev. Lett. 109,
096602 (2012).
3) K. Kawakami et al.: J. Appl. Phys. 59, SEEF01 (2020).

4) D.-H. Kim et al.: Nature Mater. 18, 685 (2019).
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RS A T A ZFINN L 7= Th-Fe B2 351F A HRgiE
A A —E Y b MV T R R DB

08pA -4

BIHE—RR, AR, JEEBEE, BARER, JHRIER. GiEmk
(LK)
Observation of field free spin orbit torque-induced magnetization switching in Th-Fe alloy film with
exchange bias field
Y. Kurokawa, M. Wakae, Y. Hamada, M. Fujimoto, M. Itoh, H. Yuasa
(Kyushu Univ.)

)
2

EIRIC K DAL 1 OB BT AR HERENE 2 € U TH D MRAM(Magnetoresistive Random Access Memory)~®
JSHIRFRETH Y . Z < OB ITRDOITVWD, EIRICK > THEL DL ZBIET 570D M7 ITKRE
ST TOFEL, £ D 95 BHO—-275% Spin Orbit Torque (SOT) T 5, SOT (2 & 2 B L E/EIXIER 12 mEIC
THZENTELENI, MRAM THWWD 9 2 TD A Y w bOBMFIET 253, — 5T, SOT & AW 7oAk s
WIS D IEHANES Z T 2 0ERH D LN T AU v EBFET D, AEVITSHT HBICIZINT
WSS 2 FLINT 2 B3 MU L OBERE L 72 0 9 B, Z D72, SOT WAL RO BLINIC B 70 S50 i N %
Mok Z&id, EMLT 2 L TEERRETH S, TF, ZOMEZMRT 2 H1EE LT, KRR S
SEREGPERO FU CTH U DA T AZ AL HEMERSNIZ[1], L LR, 2 OFETIHHNEYS
HCTORNEAEVIEE L, TREMEZ D LW BENR S D, AWFFE Tl NS & FIIN L 72253 & BEME (R 2
J@9 2% Z & T AL T ADNEAEITV, BULE TRZ M LT MRS SOT bR BlELTRE T h
DINE D MEFT,

RERS % 0.03
ARl Si Fob EIC PUTb-Fe/lrMn £ )@ i % A /< 0.02 With
v Z Y IR THERT L7, £ OBR. K AREA 0.01 T magnetic field
ERERA Ay b5 LT BAFAOR S
WaBICEM L, 2ok, 74 ryvrsy B0
# —% FH T 5um OHE Z R OfIRRIZ N T L 7=, ~F -0.01 ___Without
SOT WAL SRR IZFVINER B & 25k SR 72203 & B 7R 002 | magnetic field
—WIREBILRT HZ L THRIE LT, 003 . : .
Bt ) \ 25 125 0 125 25
R 1R L7 SR SR il L7 & J (10" A/m2)

DOAR—IVEEZRT, BRI S calkEt ol

JEEATo 72 b D FROBRITIERES T TRkt o B 2
Tl bDEENEIR LTS, KNG LR
X 9T, BRSSP R CIE SOT BE IS BIZR S
o l-Dlzxt L, R CHRIEEZ T2 b Dt
2T V2 %H L, EESHTH SOT 12K - Tk

Fig. 1 Hall voltage (VH) as a function of current
density (J) under in-plane magnetic field poHx =0 mT
for the samples sputtered with (black line) or without
magnetic field (red line).

KHEALTWB Z X gnnd, Tk V., BGHREEZIT Y Z & T, LI Th-Fe IZ IrMn 205 D /81 7 At

SHINS D 2 Enyhot,
BB EFINTE 5 2 LRnh o,
Bt

-
—

D
2D

Nd

L7ehio T, BB Z 1T < THES TR L0 miN T iz A 7 A

W22 13RI 2 (JP18K 13805, JP21K14487) D 4k %521 F TiThhi= b D TY,

1) S. Fukami, C. Zhang, S. DuttaGupta, A. Kurenkov, and H. Ohno, Nat. Mater. 15, 535 (2016).
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XEV%%F»&V&%/VSU”Tﬁﬁ@ﬁW@

T A T IVAE GO R
PIPIRE R T AR K 23, JHEgE 34, PR — 34, BIPERAR 1. &JFBR . FHIE ¢ KifFx
% 1,3-5,7\ %E{Qﬁﬁ 1,3-5,7
("IRAER - WPI-AIMR, 23JER FRIS, PHAbKR @dfrftE )/ - A v R, ¢ AL KRR
TERRgERE SHAER  CSIS. SJEF B ASRC. 7RIEK  CIES)
Spin-orbit torque induced rotation of chiral-spin structure in non-collinear antiferromagnet
Y. Takeuchi', Y. Yamane??, J.-Y. Yoon>*, R. Itoh**, B. Jinnai', S. Kanai®*3, J. Ieda®,
H. Ohno'3-*7, and S. Fukami'*>->’

("WPI-AIMR, Tohoku Univ., 2FRIS, Tohoku Univ., *Laboratory for Nanoelectronics and Spintronics, RIEC,
Tohoku Univ., *Graduate School of Engineering, Tohoku Univ., CSIS, Tohoku Univ., °ASRC, JAEA, "CIES,
Tohoku Univ., Japan)

FER FRE DS L T B~ T A 72 ECIXBI O L » TA B V#E bV 7 (SOT) S S,

Tl 2 DRGHER B OBEKBRT 2 EXBICHIEI TZ 2 D5, Zo X H572d, 7 val) =7 ROBEMHEIR DRI
MERAL L SRWVICE 00D LT REREER— AR OLTRTZENLEFERIN TS, Fiz,
BRI TIE SOTIC kL2 7 v 2 U =7 ROBRBENER O IEMERAL O )R D3 @E S D e E"r”él%ﬁ‘é'@"fﬂ/f A IS
T AR RDNEFIZ 2 > T D, —, /3l =7 SOBRBEIEIRRS A OBIROFEREICE B LIcistid s b
DTh7R, AGEHTIX, 7 2V =7 SOEBEER MnsSn O = B2 % 3y LR 5 722 5~ 7 e iiic s
W, SOTIZX > THHlL SN A TN A UAEEOEE [RHRBL R 2 B L 7o/ R 2 HiE T 5.

A8y B T K 5T MgO(110) 4K 12 W(3 nm)/Ta(1 nm)/Mn3Sn(8.3-22.3 nm)/Pt(4 nm) DA i 0 K
&ML, BRIERZIZ 500°C TRMLEL 21T - 72D H, R—/VHE TN L=, Fig. 11X L 7= o E 4%
W E PR TH D, MnsSn JBAS M HEL AT X F 2 v LR L TV DT MR CE 5, SOT IZxtd
% MnsSn U A TV AE HEEDISE 2 XD 72012, MnsSn D AR — /LT Ry & 73V AR OIRNE [ DOEf%R

Z 7z, Fig. 2(a),0)ICE DRERZRT (Ry &AM H OBIfR S Fig. 2(a) IR T), EIRICKH RS
Ry IREE~DER ., £ ORBMEER OB T TIKAFIE, @ EHEE T Ry DEEL, &V o T2 R 22 R 2 #E U
DB S A7z, K03 2R LR ERE R 6. 2O Ry ORI R 5 L SOT I XD MnsSn DA A 7
WA MEEDFERRIC LD b D THL I EBRPLNI RS9, ZOBRPIIEROAE L hr =7 2G5 L

—MEETHDOTHY , SHOEMNE - FHEEET A A~ORBABHIFFIND,

B2E R
1) I. M. Miron et al., Nature 476, 189 (2011). 2) L. Liu et al., Science 336, 555 (2012).

3) S. Fukami ef al., Nat. Nanotechnol. 11, 621 (2016). 4) P. Wadley et al., Science 351, 587 (2016).

5) S. DuttaGupta et al., Nat. Commun. 11, 5715 (2020). 6) S. Nakatsuji et al., Nature 527, 212 (2015).
7) H. Tsai et al., Nature 580, 608 (2020). 8) J-Y. Yoon et al., Appl. Phys. Express 13, 013001 (2019).
9) Y. Takeuchi et al., Nat. Mater. 20, 1364 (2021).

(@) tunssn = 8.3 nm,
0.02 - _. 10 pm width Hall bar

Magnetic field
for initializing

1T

“T

11/ [1120] b e 17/ [0001]

-30 -20 -10 O 10 20 30 -30 -20 -10 O 10 20 30
1 (mA) I (mA)
; Fig. 2 (a), (b) Hall resistance (Ry) as a function of applied current pulse amplitude (/) in W(3 nm) / Ta(1 nm) /
Fig.1 Cross-sectional STEM Mn;Sn(8.3 nm) / Pt(4 nm) heterostructure for cases of I || [1120] and I || [0001], respectively. The width of

image of Mn;Sn layer in  current pulse is 100 ms. The inset of Fig. 2(a) shows Ry versus out-of-plane magnetic field (H).
prepared stack.
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WXAEE A A= T

RN 2 RS R 34, Bl P, I —7 7 T v X6 HEEIES, X v I TV IR,
NHE— 15, FEE—T 7704 ~T 47 A6, @il
(" HAEREMT, 2 HACKEE LA ZeRh, AL RABSE, * BALIG@ATT, 5 P i
SANRAT =T YL K~ A 7 TR A TR S v L)

Domain structure imaging of current-induced magnetization switching process in a synthetic antiferromagnet

H. Masuda'?, Y. Yamane>*, T. Seki'®, K. Raab®, T. Dohi®, R. Modak®, K. Uchida'?, J. Teda’,
M. Kl4ui®, and K. Takanashi'’
(1IMR, Tohoku Univ., >Grad. Sch. Eng., Tohoku Univ., 3FRIS, Tohoku Univ., “RIEC, Tohoku Univ., NIMS,
6Johanness Gutenberg Univ. Mainz, ’"ASRC, JAEA)

X CWHIT SaEIERIL. 35 7 A Kt IRAUVBEE O R O BRI b 2 A 2 7 A CEE A€ U 5
A ADEE ALK O RmBLIZHEF R EE 2 2. EFEA Y #0E hL 7 % B 7o RS O 88 < 1 23 52
FEESNTZZ EBTSA ASFAGIZHENT TR e AN TATON TV B[], L LR D, KRGV SRS 1S
LREE A O AEERICOWTIIREARHZ A S Z L R FZERIZIE S 7= Y B O fig B 3
ROBNTWD, KRR SRS S8BT A OMABEHZ ZHEICHTH~NL x5 & LTHER ST
DOH, NTREEBEMARTH 5D, Co/Cu/Co =° Co/lr/Co 72 Fidfssit g & FEfstt g % nm 4 — % — TR A FE)E
L7 Crk. BRI A IS L 0 BEDOBIE T S OMBMEE OB DS FERME I 2 U CRBarER
ICREA L, S OICBELRIC L KRR G IRE N EHNICE (LT 2 2 A mbn TV 5[2,3], ZoMmE
3V SOEREMEARIC X 72 < | SORBEMERESAEIE IZ/ER 95 A B Ul V7 ORI 72 KR A AlHRIZ T 5,
THETHMED L IZBET 28I A B0 R — L 2h B A R T IR B 2 Bl D 2 & CEI LR
{EICHEDR AR AT E7223[4,5]. IREEMERE G 238\ RV TR AL S S 5 72 9 O FR 3L
ENTELT., KEEHEICOWTHHoR @R G o Ty, £ 2 TAFE T, HAmEZEEICE
STRELLEFTED Collr/Co & NTLGERGMEMR E L GRBIRL, a2 KRERAY UV E—AZRERT Pt T
BRATHEEIZ BT, I —BEMEE 2 O o KRS B ST K 0 BT ER LR T 1 ' A ORI & 3 A T2,

EBRER ~ 7R hr ARy H Y o7 K0 BRAL Si K B2 Ta(1 nm)/Pt(2 nm)/Co(0.65 nm)/Ir(tir = 0.45 nm,
0.5 nm, 0.8 nm, 1.3 nm)/Co(0.9 nm)/Pt(2 nm)/Ta(1 nm)% B U 70, IRENGUEPREE /1EHT K 0 JIE U 7z B E R b b
BN D e WX 5 BRI O A I 2L 3Bl S 4, Co/lr/Co HEEIZ 31T 2 JEM A HAE G R S vz, £
720 :=0.5,0.8 XN 1.3 nm TIIEEMLREGTEN LR TH > 7283, =045 nm [ZBWTHIERN G A H 7%
BEALNBI SN, 2o OB 2SN TIEIC X VIES pm OFR—A =Tk~ LT L, 100 ms @D
de BBIRAZFIIN L7228 & A1 —BAMERIC L 0 KRS EE 21T 72 o 7o RS G 462 0 =0.5 X1V 1.3 nm
TIE 20 mA BREDOEIRFIIMNZIZY A ¥ —H3 OIRWGERTa > 7 A NEAE L, BT E bR 8l
WENnT, —FH, BEEEASZ2AT 25 =08 nm TIXEIRME 10 mA OFIINZRICE 222> b T A ML
TA XY —NTEIELICAEL., BRMEIHEMT 2220 TR IS ER AR > TOLIEDZ BBl S
Tre FTo. WAL 2RO tr =045 nm TIXRR D00 a2 F T A N LDORENHI SN, ZhbD
BIEE R, BIRHEMENEY 0 ADRFESHRE DR E SCBLOE NS OFTICHEIRGFET 52 & &
IRIB LTS, FhREFFICIZ~Z B A U ET A ERHWEIT LR L, L0 MBI i 2385 5 7
ETWD,

BECHR 1) V. Baltz et al., Rev. Mod. Phys. 90, 015005 (2018). 2) H. Masuda et al., Phys. Rev. B 101, 224413 (2020).
3) H. Masuda et al., Phys. Rev. Appl. 17, 054036 (2022). 4) G. Y. Shi et al., Phys. Rev. B 95, 104435 (2017). 5) Q. Ma et
al., Appl. Phys. Lett. 117, 172403 (2020).
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A E— LT — Z I B 2 FE D S BRIME L E IR R
T oY T s b — 2 PRRIEIC & Z)%?EU#%EODFEIL

A Rngi 2, ARIR TSR, SRR, AR
(" =T RBE, > ki)

Magnetic multilayer design by small-data-based machine learning:
Implementation of data augmentation and ensemble learning for high prediction accuracy
K. Nawa'? K. Hagiwara', Y. Miura®, K. Nakamura'

(‘Mie Univ., °NIMS)

[FLHIC
B E A2 LI~ T VT AR A T 3~T 4 7 AT DT EOERRITE L. Wik - 28 - i3
RERIE EOSFERMELR TR EIN D72 8, 2O ARFHITELRN D, 20X 577 — 2 BRI O A EHBE
T A N DO E R %ﬁm“é i BWMEHEDT — X W RICELE v 7T — X OBENLETH D,
—F., BFEEHREOBAND BB OHIIZT UIE LIERE RHE R 2820, T4
7R — BT — R — A i%kiﬁﬁﬁ*&f; D15, Texld, AE— LT —XIZHSHMFEE L 58
BHEXFHOFEBZ B L T D, AFETIE, B =2 —F L%y hU—27 (NN) 2\ RAE— LT —H
OMY) 72578 & Bz, 7 o7 V8 (Bootstrap aggregating; Bagging) & 7 A ) A R X DT — XYLk
% (GDA) #EALT, EDICFr—ARAZT 4L LT, ANTEEE CoFe DERE—AY b, AT FR/LF
—, FEERBR BRI RV X — | BRS E TEROEE - PRNCEA L, 2 2Tl MgO(001) FiZ 9 i
TJED CooFex ZFEE L. & 512 (=2°) @Y OFE@EYNIZKT 5 8WHMEE ., —bAfdalicES5< 7
RT v VIR s QI XV EI L7, NN OATT— &T%é%ﬁ@ﬁaﬁwi 2 fED X I —EK
(0=Fe, 1 =Co) TEFL7=, NN OoFfIEE 3 L L, FHELHNEOIEMLEEITZZEH ReLU
(Rectified Linear Unit)Js J USRI BE% 2 IV =,

EREER
CoFe 2D 4 512 BEHIDOH D T v Z AZEIR L2 102 B (&RD 20%) & 5T 2T — A2 b
(mgpin) ZHHHT— 42 & LT NNIZHE SE725, 780 410 BlS) (BED 80%) D mgin 2 THI L7, T,
B — L ORI R 2 TR E 2 R ERB RPICE VFHli L7, Table I XY, GDA 3 XU Bagging 7
YT NVERE AW WGEIL, R? = 0.5895 O TRIEEEAF DAL, NN IZ XD TRIOIEMERITK 6 Hlgs &
72572, WRIC Bagging ZE A L7=L Z AR =0.7693 L EAR S, &5I2 GDA i A$ 5 & R?=0.9097
L7209 HBOEWTRREN G bz, L EORENL, RE
— VT — 2 BRENVR OB B FHI 3V T GDA X° Bagging 2374

DOTRREER EICENTHDZ ERREBIND I, ERTIX
Bagging 35 OV GDA D AIZ X 5 TG EE ) Lo & | A pk—= =

Table I. Summary of R? score for
conventional NN and NNs with Bagging
only or both Bagging and GDA applied.

R? score
JLE— BHEZ L — HRF BT e ) ;
%Faaﬁﬂ it g et EBURT Conventional NN 0.5895
AR L ®RET D, . .
AKWFZED—E31%, FHFE (JP22K 14290, JP21K 03444, JP21H04562, NN with Bagging 07693
) - NN with Bagging & GDA 0.9097

JP19K03716) . [if] =N SCAL IR BLAA [, A0 e SR FH SE REATT 2R i L
B DRI L 0 FEis S 7=,

BE R

1) Y. Iwasaki, et al., Commun. Mater. 2, 31 (2021); V. Stanev, et al., npj Compu. Mater. 4,29 (2018).
2) K. Nakamura, et al., J. Magn. Magn. Mater. 537, 168175 (2021); A&, MRS 25, F <A 15,217 (2020).
3) K. Nawa, K. Hagiwara, K. Nakamura, submitted.
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Pt/Co/Spacer(Pt, Ir, Au) /Cr,O3/Pt BEE IC 81T 3 EER MR E S
ICN 3 5 2 R—F B ORE
LIS, T tERy, SORWERES, |hase— Bt #
(KBRR)
Influence of heavy metal spacer layer on perpendicular exchange anisotropy
in Pt/Co/Spacer(Pt, Ir, Au)/Cr,O3/Pt stacked films
Hirofumi Ekawa, Shen Jiaqi, Kentaro Toyoki, Ryoichi Nakatani and Yu Shiratsuchi
(Osaka Univ.)

XU EREEA & SORBE TR O BRI CIRE T 2 SN A T R, BRI OREL T 1 & — 5 TN
BETIMEELT, MR TV ALT 7 2ARXAE) R EORAE Y FFITEHINT WS, RILTI,
MG X o TR A 7 R BRSNS 2 2 & D AMREIC R o TE Y, HirzmRdbHlE e L
THIHEHIN T2, Frc, RERWEMEARLE LT CrOs Z W72 2383 4 7 2108, EXWERAIRIC X 2%
ALY R AIRE A E R TH 5. AEMOEBICIA T 2—2o D IL, ZHa A4 7 R & RIS Dl
Hicdh 5. AL TlE, BATEEEGE Co g & KRR CrOs o R IcEREEZ 2A~—JgL
LCHIAT 2 2L T, s g 7 2ol % il A 7 f R o w» Tl 3 2.

EBHE  HEMERICE, DC =2 A by o8y 2 Y v ER G ERLL 72 50R o kg,
Pt/Co/X(Pt,Ir) /Cr,0s/Pt BB T H 5. FHARITIL, o-AlO3(0001) HfE REEMRZ V72, A=V ED
BEE %, 0.5nm, 1.0nm, 1.5 nm, 2.0 nm & Z{t. &3 Z & T, Co-Cr,OsHHBE D Akt & 55 2 HilE L
7-. WEXEEEAMIC I, RHEED & X#REImEE Wiz, BESURFERTHR I, IRENE R § & iSOt
% Kerr 1% (MOKE) HIE%E% A\ 7. MOKE HIZE X, MAE TV, ASORE% 405nm &
L7, HPERE X, 80K 225 300K & L 7=,

EEBRER EiRCoWLiRIE Ic L Y, (FRL 22 CoMBEAEERRE T 2R T I L3005
7. Pt AXR—VE L L THiAL 2O A4 7 2 LR ORI %, Fig. 1(a), (b)iczn
ZNRT, AX—YEEES 0.5nm, 1.0nm & L 7=
T, HIE U 2 iR N C N 4 7 A0
H Xz, 80K ICH T B5Ha A 7 AL, A<
—JEEE I U CHRBBEEI IR T I 5. [FlkRD
Yo A T A5 DI BARAR T X, A ~—H/F
MR E Ir, Au & L72EEICHAEL 228, HERIFA

T T
Spacer thickness (a)

—0—0.5nm ]
—0—1.0 nm
—O—1.5 nm
=0=—2.0 nm

o N B~ O
T T T

(b))

[e2]
T

Coercivity (kOe) Exchange bias(kOe)

N—HEMEHNC X > TEL T35, 2A—FfgL LI 4r
ZHOEBEEL, A<—HFEREE 1.0nm L ET& 2r
{5 £ 7 R KT L, Pef@ & ol L CREER 2, S0 0 1% 200 250 30
47'7— X’\"—-'H‘)E'éi L’CA %ﬁﬁb\f’iEAﬂi Z— Temperature (K)

" ) e Fig. 1 Pt %~ — /8 % FiA L 72 SEH 64 3
VERIE % 2.0nm & L 728554 Th 24 7 Z2HMR (a) 534 7 2 & (b) R D
HEn, WERERECILRND o7 it AR
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PMN-PT XAk % AV 7= Pt/ CoFeB " JBER A A F I 7 ZAOBRFIHE

—HEREAL BRAREE. RETHIR, KRR, IHEFE, AR5
(JuRBzEE)

Electric field control of spin dynamics in Pt / CoFeB bilayer system using PMN - PT substrate
H. Hitotsukabuto, R. limori, S. Obinata, K. Ohnishi, K. Yamada and T. Kimura
(Dept. of Phys., Kyushu Univ.)

LI

AR/ RO~ LT T a A v 7 REICBIT 5 EAEEI & LIZER - BRSS
X, BIKTERBNRAC T3 RZBIT 2R & L CTHZEH I TS L2, RBFSETIE
HFHEERDOE Y NREFNH LI BADEREE T ITHFER R AL REOENFEICL2EHER
BOAE U R—NVADOERERLZHZ 2 HE L, MFER / 548F / WmEMHEERORZ FHEIC
BIFDHAE G - BIREEOE TN Z M L7z,

ES 9k

HEEERIT S EZE~ 7R ha v ARy ZEEEIZ L VAT ALE O LD 0.7Pb(MgwsNbys)Os -
0.3PbTiOs (PMN - PT)Hij i At 12 Pt/ CoFeB @ 2 JENE A B L 7=, & 1%, 200 nm F2EE D Cu fiE
EREL, -V BEMELOMREAEBEMmME Lz, 5572 PMN-PT/ Pt/ CoFeB (2B T, stk
EZ2FHE LAY D EAZE L, WAL R—IAZIREN LI- AU - ERETRE O

KA 2 54 L 7=, EIVEBRUER

EBER AN BHERE
Fig. 1 |2 1IN B & 1T 5%%@@ﬁ
E\ngmﬁmxt/EA%% NiEHN

T2 A G — B AR | (E) /| (0)@,33
IKAE, WA EBERICB T M A~2 |k
IV AV [ Vimax % 7759, Fig. 1 DFAAEEIZRBW T,
AV [ Vimax X CoFeB D ILIEREG T )G LTz B —
7 s Lz, L(E) 1 (0)iZ. BAREIIN AL M

DL E>10kV/cm TIEEERBA 2R L1, Fig. 1 NS IS B T D
E>10kV/cm (2B 2R D H WL, BRI PMN-PT / Pt/ CoFeB 3% - D[]
e S 772 PMN - PT OREEARERR 973885 L T mmp”mm”wcﬁﬁ
WHEEZ LIS, ikl TlL, CoFeB Dl Kk 100 1B/ %)
UNPMN - PT OGO BEIEE % %2 58 2 PMN - S N
PT/Pt/CoFeB IBITAHPLOAY L R— D Sl . ¢ =45 deg. |
BRI THEPEC U Tl 5. S | lE
BER @
1) S.Fujii, et al. NPG Asia Mater., 14, 43 (2022). B ol TS |
2) Song C., et al. Prog. Mater. Sci., 87, 33 (2017). 0 5 10 15 20
3) W. Zhiguang, et al. Phys. Rev. B 90, 134103 E (kV/cm)
(2014). Fig.2 W50 ¢ =45deg.i2B% 1 (E)/1(0)

DOBEFULAEVEPHFII B 2 <7 F L)
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NiFe/Pt &5 2=+ 2 R i M E R O FEAR RO 72 s 2 R

Ml B A, IHEFHE — A A, RElRy SERE AP
(BRETA BERAE B
Nonreciprocal Attenuation of Surface Acoustic Wave Propagating in NiFe/Pt Bilayer
Ryo Shinozaki®, Kazuto Yamnoi®, Yukio Nozaki*B
(“Dept. of Phys. Keio Univ., BKeio Spintronics Center)

[FL®HIC

A B IR — NV R(SHE) 72 & A B U BLIEF A/ER (SO & WV = A B U AR IE, kit A v A
DA AA > F o T ~OIE I AT TREACHFES LT 5, —JF, SHE OFBLIZIE SOl DIRVVEEBRRZ
DF 72 EWXARAIK g T 6D, TN T ASA ASHICB T D MERERZ RE L T, Zhicxt L, B2
FlHAEE) S I 7 m REF A OMEBRAIEEE (KRR PRESIZE > TTPFE S TUREL]
WVEEA O SONITHE B2V A B U FAERIENEH ST 5, FEEE, 59 SOl WE O Cu HiEAZ a2 LA
Y —BIRME MR (SAW) O FRIEER) S AR A B Uit 2 L, ZHUZ L2 A B LIG 0 hfd 73 F£5E
ENTWA[2, AEl, 78 SOl WE @ Pt L ik NiFe » " JEFIZ SAW ZIEA L, A Y il oFEs [ ICrE
2 EDRK DFEH D T2, SAW DJBEE DINBRESEIINA FEER A2 JIE L, EEAICHNT L 72, SAW D
BEEREZ T LT- & 2 A IEADOIIBRIEIZIBU T SAW OGRS IERIRIC /R DI EE R L0
TIhxiEd 5,

RERA X

HETOBMAKZR LIRS, BFE—L2EKEE2 WY 7 MF 7 -
Y1 . LiNDOs FEAE KA 112 Ti(3 nm) / Au(30 nm) 7~ 5> 72 5 — 50> SAW 2 p |
J + MU 72 AR EERE (IDT) Z/ES4 L. IDT i 300 um 4 @ NiFe(20 011 = -
nm) / Pt(40 nm) —JE A R L7, Pt & (54865 SAW SBERUARah R L s 1
ICE D AEVHMEART S L. TNANIFICIEASI, XEYFTY @ g s pom

A7 7= VIZIZE DA EIIERELS, 20 L XD SAW FER
. X7 M Ay NT—=0 T F T4 HNTHE LT, 728, SAW

w

DR E I 1.33GHZ I L, %2@) PR
E Sl

%ﬁﬁ% é ! o ."u‘: ﬁ'

X 2()F5 L ON0)IE. SRS & SAW (EHEH 13 X OMEI 7 17 6 =
160° T I [l S B 7= 716 TIED B ADHF NG| LA SHIE L7 HoH /mT
SAW HEEHIE T %, FINL 7= SAW & i, ln—5d 52> ¢ ()
WS SN DR CIREIRENKE < 725 2 LEMBL, £, EOR? -
it & BT R DD SAW BEIRIE T, BESEIINA Ik L CIE éiﬂfmi :
SIFRIC 722 D A5 NS DAL=, ZHUE, SAW I L 0 JERRIIIC A B -

WFERSND L AR LTS, ZHETIO, RS R BIOHA HoH /mT
BITHE[A] %A A IRREMERIEC 35U T SAW 7551 00 % B L A IR 1Y 2 SAW ISR E DR AT
IR DWELH DN, AEOERD L HICZ B/ S7 NiFe e P BEGFIINALE ()0, (b) 160°
KE RIS R LN BITIE L AP0, BETIE, ZOREICS

W Do

[1] M. Matsuo et al., Phys. Rev. B, 87, 180402 (2013).

[2] D. Kobayashi et al. Phys. Rev. Lett. 119, 077202 (2017).

[3] R. Sasaki et al., Phys. Rev. B 95, 020407(R) (2017).
[4] M. Xu et al., Sci. Adv. 6, eabb1724 (2020).
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Orthogonal-Core-type Variable Inductor with Permanent Magnets
S. Aizu, K. Nakamura, *T. Ohinata, and *K. Arimatsu
(Tohoku University, *Tohoku Electric Power Co., Inc.)

[FLHIC

AIEA L E 7 20X, BIORarT o EiAAED
W ORI FNC BT D 2 & C, MEhEE A fE
OETETREER L L USHTE 2, LIZEFDIX
By har i aT o2 BEOaTNGRD, B
UWE AR A5 A v 20 X R Uiz D, AW
BA &7 2l a7 OE m CRERE 2N EATICH O
7o, JBRBERE DA T,

AR, ERORIEA v Z 7 & OEFEHI R
DRI A A AT 5 2 L T, ﬂﬁﬁ%m%
%é*ﬁ@k%é®ﬂyﬁﬁ@ﬁﬁ%7 295

, WIEERE LA bsE5 Z T, By
*ﬁ%ﬁﬁ#o LG AL A PTRE 70 8T LA ZE o1
B HIIZDONT, VI T H ARy NT— 7 fif#r

(RNA) ZHWTHE LIeOTHRE T 5,
KABBZETHSEXHOEANESIVFV4
D ¥

Fig. 1 {2, BEICHW BB A EA V2T
B DGt T, Ay b3 TN BT AR A B
EL, BEa 7 HIcRmEER AR ET D,

Fig. 2 1T, AKARGA ZHHA Lo EARRL O T2 A
VHEY B ERT, By ha TN AE U D E ] E
AR DRG0t L CEINC KA A Z AT D Z &
T, HEERNSErORETH, HDH-EDOKEI
DN E 2 RESITDRENTE D, iz, [E(JIL
FIHERO KR E S L& 2fl#H+ 52 LT, BaE

NEWERWSEDLENTE D,

AFaTIE, EM@~C)IRT X510, 3 FEOR
LB 2OV TC, RNA Z AU CHE0EE ) il A 2
HWE L, 2B, BAaMEHNI 7 = F 14 MELATH D,

Fig. 3 |2, SR ELE SR 5 Mh7E ) il ik
DOREREREZRT, £72, BOOENEROFZEA
VH Y FORE LRI PSR T, B, BRI
FCEAICHE L Tk LT\, 20K ERD &,
WTILOREIZENT S, SIEER? 0A DRT—
EORESIOEWBENZRETETNDL T LD
b, E£77, HHEERZ EAICEBILIEDHZ LT,

T O N E S A TE TWD LT
s,

ZE IR

o7 = =]
1) LR, A, KAW, B, BARBRESW SRR S,
\Vol. 6, No.1, pp.53-57 (2022)
Front view Side view Cut-
Primary dc : 296 turns
13 winding 0.460 Q
70 Secondary ac : 320 turns
winding 0.500 Q
Rated volage 2200V
Frequency : 50 Hz
7o Rated capacity : 167 kVA
100 \ Core Material : 35A300
i Laminated-core
307 40 30 30 ¢ 40 30
100 100 [mm]

Fig. 1 Specifications of an orthogonal-core-type variable
inductor consisting of cut core and laminated core.

- ’/,/-\ - PM/\ I/_,
. ~PM 4 ) <
(@) (b) (©
Fig. 2 Three variable inductor models with different magnet
arrangements.
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Fig. 3 Comparison of calculated reactive power characteristics
of the variable inductors with different magnet arrangements.

— 153 —



08aB -2 A6 ARSI (2022)
fEEMEREEHE S A & 7 Z OIFR

JIHBZR, «KIUFGRE, miEe, ERET, RS
BEMNKZ:, sBkDODFE 77 AT )

Development of Coupled Inductor for Current-Doubler rectification circuit
Nanami Kawada, *Hideki Oyama, Toshitaka Minamisawa, Makoto Sonehara, Toshiro Sato
(Shinshu Univ, *Ajinomoto Fine-Techno Co.)

LIZL®IC

I, B O/NMUERS LOEEIMEICT 2ZRIZETETRELS Lo TWDH. ZHUTEY, HAH
BORE WA &7 ZEOZEHETO/NULE LOEIREBREfF I TND. EELOT7V—T1E, Th
% T, MHz iy TOfEHIZE L2 BSR4 AW T, Beyond MHz A A v F 7B A > 4 7 % OB
FaRATEN AlEl, MHz i A A v F 27 LLC R =2 o 3 — 2 OREE - KW I HMEIc G R 784
BRI OFESA X 7 ZIZONWT, ZFEOBHEM B ZHAE b CRIEEZITo T THE T 5.
2L.ERBRAE 14.4mm

HEHRJE P % 15 MHz o LLC 36EH DC-DC =2 /38— % . |
WS B R R DR A v &0 4 B RIEL H]
7z. Fig 1l \ERLTfEAA v 47 2 OMEER R, AV
XU EOERT A FNETY R HERE AW — kA
L UM R A R RIS S 2 LT, M A RO () Top view
FEE oz BEMHAENCIE Fe 7/ fl R ERTE By R/ — AR & e /Hakipiwfmw
URIE AR Yy MEPEL, Fe-Si & M ERTE A/ — R % o 24::: ’
BiiEa Ry ho— 1k, BIO Ar PEWHER AR
TARFUEE ARy F— MRIREHA L. XZ UMK o1smm
DALRY Y MEOHERE 100CLL Lo Trrigft 24 oo | [
THAURYy by MELTEET A VJH DI
EIERL, @B Fe BT/ MR THRY — MbE

5.1mm
Y
|

Secondary Primary
conductor conductor

BAMBICHET D 2 & TEIKT A o JE I OREHEE FE DR @ ® Direction of Electric Current (Differential mode)

LT A~DIRIER ORI A X > 7=, Fig. 1 TR LA (b) Cross-section view
VBT S A RIS SRR AT (HFSS Ver.19.2, Fig.1 Structure of Coupled Inductor
ANSYS #5) CHRHEMAT 24T 5 & & HITRE - Bl L7z, . e
3.EBRER 200} P

Fig.2 ([ZfEGAA &7 2 OFIENEMERA X 07 X v AD
FEMTRE S & SRR 2”3, 7Zrds, FERIfED No.1, No.2 1%

Cumulative Inductance [nH]

“MHDA L H Y B DT =5 Tl 2. 30 MHz 3L & TI3AE A
HriE & SR E—Bed 248, A koo s JE i eI o . ﬁlig?tlﬂation‘:
BWTITHENBN . SRER B 150~200MHz ThH ° No2 4
D, FRMEO G BHPNEREZ R L TND Z &b, T R E— T

R U 72 B ER B ORI OE WD B L T\ 2 Al REMED Frequency f [MHz]
5. fERE k OFINEITH 0.99 TH Y, fFERERMR]
AR EA w27 2 & LTHoalefaE a2k Lz, BUE,
10MHz #f A F 7 LLC 3R/ ERE L = v N —F ~O@H 2D TN 5.

B Lk

[1] S.Kimura, et al, IEEE Shin-etsu Section Student Branch(SSB) Online Poster Session,Dec.2021, [2] HJid S &, 4
2 R R EEKE, 2-101, 2020 4 3 .

Fig.2 Cumulative Inductance vs. frequency

— 154 —



08aB -3 5546 1] AR IR (2022)

Beyond 10MHz X 4 v 5 v 7" DC-DC 2 v N— %
TV —FNT =4 VX7 ZDFHFE

= HECE, AR, TSR, raEEk=E, SR, EREER
(fEMIR)

Development of Planer Power Inductor for Beyond 10MHz Switching DC-DC Converter
Ryohei Miyata, Soichi Kimura, Nanami Kawada, Toshitaka Minamisawa,

Makoto Sonehara, Toshiro Sato
(Shinshu University)
1. [FCHIC

USB PD HI DC-DC 22 v »¥—% (24V A7), 5~20V 7)) ~oEH% HIC, TL—F T -4 v X7 X
ZIMEL, 10MHz %A A v F ¥ 2 7H GaN-FET Buck 2 ¥ N— X ICEHH L7z, 4 v X7 ZIC3$hR A 22
VRS Y FEOMELE PCBR— 2D 7L —F af L EHAGEDE NG 2 4 A TS 2B L 7=,

2. 7L—F 10— U F U 3 DFE

Figl KRIEL 27 L—F T —4 v &7 2 D4R L WilkhE 2R3, 4 v
X7 2DERT A VITHEARE 35um OWMNETY v P ERER G2 26 um
& Fe-Si-B-C-Cr 27 EN7 7 AREEEH K/ TR oBllEa v FYy b N

(Fe-AMO) 1, 72 & NTHEARIE 1 23 HIFE T & 5 3.5 um % Fe-Si-B-Nb-Cu % 7+ (a)Bird’s eye view

J A Sl AR/ H F S BilE 2 v E Yy b (Fe-Nano) 2% —— :
G BRI L C Fig. 1 IR T & 5 AEARSREE 2 M L, v 06mm oty
O0immy

— ¢ B AR O D ST G S — e T L L CRB R ™) g =,

Fe-Si- B-Nb-Cu £ 7/ fifti R/ Va—vavyFyy v —h — mm% i
% EEIE L7-. ‘0 6mmI Spherical powder composite J
3. FL—F IR —A U E Y S DEEEE 2 U IN—2 DFhE (b)Cross-:Z:mlc]‘:ion view

Fig.2 IT F R IC Fe-Nano =2 v Fig.1 Structure of Planer Power Inductor
HOo L RMALCRIELEA v & R S B
VADAVEI XY AL Q O E “";60 ol |
BEEZ RS 2MHZ Ic BT 5 4 v 5 3200 ° g )
7 & A% 245nH, QX 41 TH Y, § g % . No.1(Fe-Nano) @
KX D50 2B 10ETF BHHR E100 I“‘g‘_cf?;z * | E o No2(Fe-AMO) 4 -
TR 454, 24 VIR | ) o
it 45mQ TH o 7z, FWEAH I I Frequency f[MHz] Lead Current J; oap [A]

Fe-AMO IV HEY v b %A L 7245 Fig.2 Inductance & Q-factor vs. frequencxé\’ Fig.3 Power Conversion Efficiency.

I2MHz ICB 54 v X7 2 A3 229nH, QfEIZ 48 L 7o 72 . 45A T CCRERESERERAL T, a4
NEFIEPTIZ 36mQ TH o 72, Fig3 ICRIEA v X2 2 % FHE L7224V A1 —5V T 12MHz 24 v F v 7
ZHH Buck 2 v oN— 2 OB NEWNE O B EIRFHEZ R T, No.l 134 v X 7 % O ERERREES IC Fe-Nano =
VARV Y F,No2 ZFe-AMO 2 VR Yy FAFRALAGAELZRL T, mAEII LS S b AFER 1.7A
DL EIT83%ERD. TN VRARMEITIEA VX7 X2V ZADENTX Y, Fe-Nano 2 VK v Mgl%
HHLAPETEENEGL RoTn D,

[1] Kanako Sugimura et al., IEEE Trans. Magn., 53, #2801406, 2017.
[2] ARFEI—, fth, 25 45 [l H AR FS S s 228, 02pC-3, 2021,
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A Study on Simple Waveform Control Method
in Magnetic-Properties Measurement System for Ring Core Using myRIO
M. Kawaguchi, Y. Hane, K. Nakamura
(Tohoku University)
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— RN E KBRS OIFAT « BREHZB WV TIE, SO B OBRFED T —Z BN ON D, @R R
FYEOREIZBNTIE, 74— RNy ZHINS X0 BORIERE SR 23 2 L3R 6D, Zhix L

THATHIZETIE, Tx OWHIEHFENM RSN TE N, TOL IR RESEOEARLETHY, FE

HEIILTLLES TR, TZTABTIE, 2L 0E%EH
BB THW SN TV D NI AR myRIO 2 fé o i 7 il 612
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7 ay OBKEERIEICEAT 2 &k, KRVZXTFT L0
ZUVEDRRFEZ T > =D THET 5,

RETIHISFHEAECRTLA

Fig. 1 ICAFE CHRET DMRSHES AT L 2R_T, RUAT
LATIE, P—F A VEE vs 2 HlEE, HOEE v & RIER
&L, myRIO (2## S 7z FPGA & 7 ¢ — K3 Z il DIz
AW, HOKIBEZ U T V2 A L CTHHT LR SR AR T
WEIT>TND,

AFTIX, BEVAT LAEHRAWT, WHEME7 A FEHK
(35A300) DV 7 a7 DREEITH Z LT, TDOZHED
MRREZAT > 72, Fig. 212, JEIEH50 Hz, A RBEHRAERE 1.8T (T
BT BRNREEIT ve, V—F a3 A JVEE vs, FIREEG | DK IR
BT, ZOXIIE, WEAEEITS LT, AR
Wiz W b —F aAf VELEE EZFICHIBEFRETH D,
WNT, oY —F aA VEEREORBESIC XK
FAWHIIZICOWT, Fig. 3 1R XL 912, HIER & JEHIHE
REDB IR KB R EEICRBIT 2 EALEREHE LT, KLY,
FERER I X SRR B E ICRB W TERRNE LML TW
DO LT, HIEIFRFZIZ TR CORRKEREEIZEWNTE
HEE L%REICE TMA LN TWND Z ERbND,

AtRIE, X0 @R ECH O B b R O KRR E IS
BEFELZBEA L, ARMECOWTHIEZITY TETH 5,
7o B, RMFFEO—HIX, JSPS BHFE IP22K14232 35 LUV T
—T BT IR DR RS TIT o 72,
B E TR

1) rRiEsNEL, fho: EFE A, Vol 199, No. 7, pp. 1019-1025
(1999).
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Sensitivity enhancement of transformer coupled permeameter for characterizing a single atomized particle
Shingo Tamaru
(AIST, Research Center for Emerging Computing Technologies)

XLC®HIZ

AN LI, R A I W
NUZ VR TIEA &7 2 a7 OBERBEFEBICAEOERISHEM L, SEERRZRD T D
T RRIE AL B O = B d5 1T 2 1B S O fF B L OV ORI IMBE OB & 72 > T D,
EERATHO—2I2, 7 h~A Az 7 L AR U EMBOLN S 5[1], 2 O EHIEL 100 kHz FRE £ T
ISR FEEZ R T, XU VEEOEFERAEOZDICE, IR 0EERIEALETHD, TNETH
R 1L 2 7 RASTBIRICB O TORATRE TH - 7243, AR E, BARMIC T R T OBRE N HIE T&
AU, 0 R R P OB AR D FERE 3 B & 71 ﬁb\m@%ﬁfﬁ UM B ORI BN D BRSNS,
T 125 BB R A SR E THIET 5 b T v A A HE R & 4 & (Transformer coupled permeameter,
TC-Perm) ZBAFE L., ZHZEHANT/ A Xl — MCE N D R EBMER 7 BAR OB R E 2 L7
[2]. AWFZETIE, EMBLOA T ~~ A X OHE—hKFRIE D 7= 1T TC-Perm D B &1T - 72,
KEUROHBE

X 11%, BIAED TC-Perm #EARIC &

=IO —2 L LT, TOEEERFELAEE->TWND, BED
. o T=

. HE50 um @ FeB 7 b~ A RRL - OBEREFRERTH 5D, 1 MHz F2
fifi%hﬁ%ﬁ E@@Eﬂfmé# ZHUFCIHUEEDKRTFICE W MENKEEL e TLES T
%o HUEDIERELOBWEE B HUIEL 100 kHz LLF 72728, ZHVCIE FIREEREN £ 7283 X%, TC-Perm
(B W TUIE AR ZE AL O R A& RS S 72 8 B (CPW) S W v, F DA v B — & A XFER
WKW —, MEEBIIANA V=X 2 B50Q DIRHEET T > 7 (LNA)IZE LN D T2, FEFICRKE 213K
BNEL TS, THUEET 5720, K 21T7R-T K912, CPW & LNA ORIE#RE 1:10 DFE 7 A
AL, 100 kHz (251) 5 BRI Sy L ZDIE X 2 RE Lz, TORELZM 3R, b7 X
AIZED Sy DI 2 FFITHM L7y, BERET RSB L ehoTo, 20O b T 2 A FASK 10 kHz 2L CH)
EL, Elebo b mn A U E—X U ABOEESEZID L 5 _ux;:Jréﬁ’LTb\ét k> A % TC-Perm |25
Wbd 22 &Ik, EREEN ERHFTEX 5, KT, TC-Perm IZH T2 b7 v ZADOKFHEES
ZTOVERE, /2 T ABALD TC-Perm (Z L D H—T h~A Xy D] ”ﬁ’%%%%&%?éo
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Development of Cylindrical Linear Actuator for Vertical Transfer
(Fundamental Consideration on Effect on Thrust Characteristics with Shape)

H. Nosaka, K. Ogawa, D. Uchino, T. Kato, K. Ikeda, A. Endo, T. Narita, H. Kato
(Tokai Univ., "Tokyo Univ. of Tech., “*Hokkaido Univ. of Sci., "FIT)
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B BV EORBEED BN T AR & &2 E il 5 B
WL R—=F R EORBEAT A AR END, 20X 57T
A A FBESEDIIFBEST A YR EEZHANTr—7 0 & Bl
XD IRV RETHEEZFIH L CHET 2 E) 5N
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TNA ADOHEE LA HEE) 2 LB LT 5720 Bl T o /) Elevator
INHEANT %, Z ORI 71 O F) O EEININROIE TR0, By
FIRARZ LD —T VO DORN & 72 %, %2 TEHEHHIL Fig. 1
R T XD REERT—RER—T NV (VT 7 var7r—h) %
E SN AET AAERN) =7 HEE—% 2 W7 7 Fa
T HERETLH R/ELZ) =THFEET—FDNHEHNTHDZ L
ORNFINEL, T 7 Fam—ENEr—T Wk L TR 23— IZFIN
TXDHRTHD, KRG, AREREIC X 2B 21TV,

br— T N DTAR T ATEH S D VRIS 52 5 BT S A
THFAEAT 12 N

BRABINICLD)V =770 F2I—32DHENEN

TERR U 7= B BRERMENTET V% Fig. 2 IZR9, AEI-&725 1K
ANZiZ, 6 oA v arT, REVRHREIN, BIKTHDr—
TUNREEF LD, aA VT 3HRMIRICERSNATEBY ., Ex
5 UYL W, VU, W VR ER D, KA LB 182 [A],
BREIL7.85 A, BEEIL 7 Hz & L7z, 7 —7 i3 2808 Cable
WA E U ERIEI0mMmM EFE o= T7 ¥ v v XX 1lmm e L,
PLEDRNT S % & &R PSSR 24TV FAET HEE T O
HEINZOW TR E T o T, ST OFE R 7 — 7 VO ER 2N S &
HIEIiCkoT, WHTOERLMNT S0, HihzHETHRL  Bobbin
HeHE DIz B DTN 2R3 S STz,

B R :
1) R, ko UA_—ZfliEE g, FHl & 6l4E, Vol. 21, No. 7, I)/L\

pp. 686-689, 1982. Y

2) A=, BB, EH, AfFRY =7 HET— X OREBEI~DIS
FrTREME ORE, ERFEFmCEE D, Wol. 122, No. 12, pp.
1149-1156, 1991

Actuator

Fig. 1 Schematic diagram of an elevator that
omits the counterweight and moves on a

single cable.

Fig. 2 Analysis model of proposed
cylindrical linear induction motor for
vertical transfer.
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Development of linear motor of electromagnetic valve drive system
(Fundamental consideration on actuator shape)
J. Kuroda, K. Kimura, Y. Majima, M. Tanaka, D. Uchino, K. Ogawa, T. Kato,
K. Ikeda, A. Endo*, T. Narita, H. Kato
(Tokai Univ., *Tokyo Univ. of Tech., *2Hokkaido Univ. of Sci., **FIT)
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THEHEOBEH A H LED N TS, 4%, BE)
O NTEEEAINET 203, PIREER & 5] &t Yoke
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DUNNVT B S L TERRF S TWS 1A, L
L7208 BIEERR PSS UCEIEXY 4 X 7 & BIEI Permanent
ESEDFRIVELERL TR, 22 TYHF magnet
e N—T7TIE, BEAEZSHICEN DD
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V7 % B4 5 EREEEI N LT VA5 A (EVDS) & H Fig. 1 Analysis model of linear actuator for EVDS.
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7 ey & Fig. 2 1273, RX L D EEHRN 2 A Fig. 2 Vector plot of magnetic flux density
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1) U, Ao, &, B, DES)CIRBOGIE] o R T AR SCHE, Wol. 10, (2007), 177-180.

2) LR, IR, VR, HASHS I B R AR SR S R 2 AR U SR, Vol 19, (2013), 451-452
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A basic study on linear actuators for high-speed reciprocating motion with dual halbach arrays
(Fundamental consideration on effect of magnet arrangement on thrust characteristics)
M. Tanaka, K. Kimura, J. Kuroda, Y. Majima, D. Uchino, K. Ogawa, T. Kato,
K. Ikeda, A. Endo, T. Narita, H. Kato
(Tokai Univ., *1Tokyo Univ. of Tech., *Hokkaido Univ. of Sci., *°FIT)
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e LT, [EEFORAAEINCT 27 LN
WXy NEEFN VN2 =7 7 7 Fax—H (a) Schematic of the actuator  (b) Shape of the array at 2:1
EIREZE LT T 5, AT, KARA Fig. 1 Analysis model of linear actuators with dual Halbach arrays
DR E AL ST BRI HE BRI 5 2 2 2

IOV TR E21T > 72,

BHRABIERA W KABAERS EHEHICEET HRE

Fig. 1@Z Xy NESIE WY =7 7 7 F 2 =— % OIEX %2 777,
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R, T L o TE S NN Omm 2B D DRERBEIEDRY b7 a b
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7,

L 2D ;N

T. Jimbu and Y. Okada: Development of Lorentz force type self-bearing motor using
Halbach magnet, H A F23im L4 (C ) 70 % 698 5 (2004-10).

Fig. 3 Vector plot of magnetic

flux density
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Cooling performance of a miniaturized magnetically driven micropump
R. Tanaka, T. Honda
(Kyushu Inst. Tech.)
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Fig.1 Structure of micropump
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e BREN R X7~ & PAV IZRIT A H#E ) L S 0BG

B KRR, AH 52
(LK)

Relationship between thrust and wing structure for magnetically driven flapping Pico Air Vehicle

K. Uehara, T. Honda
(Kyushu Inst. Tech.)
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KA L R A R U T2 SR ORGSR RS E DB 38
UK A ATBLE 2377 EVEREIC G- 2 5308 BE 9 5 EERAIREY)

FRLERR, WIS, RsmEd, JIAMECRER, /IR, B R TE,
AR A MERREA*, RSO Bl IEAR, e
R R, B ER R, 2 O TR, S @ TERT)

Development of electromagnetic levitation system for thin steel plate with
electromagnets and permanent magnets
(Experimental consideration of the effect of permanent magnet arrangement on levitation performance)
S. Kayama, Y. Ichikawa, T. Nagayoshi, S. Kawamura, K. Ogawa, D. Uchino,
K. Ikeda*!, T. Kato*?, A. Endo*3, T. Narita, H. Kato
(Tokai Univ., **Hokkaido Univ. of Sci., *2Tokyo Univ. of Tech., **FIT)
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W REIE X L7230 MR O S X B X 20 THIR Ok v 600 mm
EL72D, B—T I ko THAMIE SB, 20k X 8K e
RED O > EDOERH BN & W o T, RifidnE DAL HE ;
L5, & ZTHWNEITN—TTIL, BRHEERR OB E E
LA A O SRR R LRSI OB 2 1T, © L
F TIZLE LT3 LIS Rl 72K AR A ORLE O &, Bix & E
7Y XA (GA) % HW TR 728K O 72 3o 7 % B o
THRE AR L, PR EEm LT 5 D L AR LT @ 5 E
B0, SBIC, LKA CAY I R A R B LT i
R 2 27 BTN T, KRS T s A o R 2 28
b ST BROIKABEA DIERLE D GA IRERZ1T o722, L
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Fig.1 Electromagnetic levitation system

WA T, KT BB &3k 8 L 7RI Y 25 Ai2->  Permanent magnet Steelplate S
WT, GAIZ K2R T b TR ARA ORGERLIEC X 5

ZEEBRAPITV, RS HEORIERIT- T, Fig.2 GAP between permanent magnets
B ELEE and steel plate

Fig.1 |27 FEEE OIS IX 27~ 9, % ER5R 13 E & 800 mm, 15 600 mm O H Mg - i (SS400)
AT D, W ELESROT y DIk L COKEFMER A=y MCE DWW hEMA ., SiRoOMExd 5
230> CHEBAZ 2 HTORE L TV 5D, AEHMALEROHIENES SR AR bH#RT v P TO
A 5 mm (2725 XD ICHEAZLT 9, Fig2 [ZKARA &SR OIEEE (GAP) OBIIEX % /~K3, GAP % 40
mm 725 75 mm £ TEM ST, GA IZ X DEHR TH LN AKARA DEEILEIZ L D7 EFERZIT > 725
. A RIOEREFOFFICINTIX, GAP 3EINT 2 & 8tk 0% E 5 10 D 2N AR HE(R 22 033 2 ) 2
~ LT,

BEXH

1) AHZEM, RHEIER, MR, “EBRA & KARAIZ L DEHRDO N 7Y v RESE BV AT 5 (1
BOMEAER %258 U omic BRI T 2 RBEORED ", BAR AEM %455, vol. 24, no. 3, pp.149-
154, 2016.

2) AR, LAY RXANAFIEENY RA~, HASR, =EESON, BCHIER, IEERSE, KA
£ L EWAE DFR LT IR ORGSR FEEE ORISR GBEM T LT U X A% W ok AR O F i &
(AR JJEANETE 23 5- 2 2 8B B 5 BB 22) 7, H AR P im SURFE 5, vol. 6, no. 1 pp.93-99, 2022.
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VB Hh X 72 R ORER TR EE S AT A DB
(B DHUBRFAL E 377 FEREIC -2 5 BB B4 5 AL aT)

JUFPERER, i) IMES, Bl sELERR, /IR, NERIE,
M SR B OMERREA*2, ST AN®S, Rl EAR, NS SR
R R S, *HARRE R RS, 2 A TR, i TR
Electromagnetic levitation and transportation system for bent flexible steel plate
(Fundamental consideration on effect of griping position for steel plate on levitation performance)
S. Kawamura, Y. Ichikawa, T. Nagayoshi, S. Kayama, K. Ogawa, D. Uchino, K. Ikeda*!, T. Kato*?,
A. Endo*3, T. Narita, H. Kato
(Tokai Univ., **Hokkaido Univ. of Sci., *2Tokyo Univ. of Tech., **FIT)
IEE®IC
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THRRIEL, m— T L pEMiE TTEN TS, L, r—F &
DRI X0 ELMIMN R CREWE O HERE L oo TWnd, £
ZC. WA DWW 2RI U T AR O FE BRI SRR LR 2N RS
INTWD Y, YHFFE T N —7 T, T E TITKIEI7 ML E DR O filH
VAT AEBIMBERE L AT AR LI MRE LY AT AOE
PEREIZOWTHRFT L TE 722, Lo L, K ANLE RO HE S 2T 2
EBHERE LY AT AP Lo RE LY AT A OF EEREIC S 3 =
WT Ty VERICERE LI B A & SR DR LE 2 28 L 72BR 7% I Fig. 1 Photograph of conveyance

EREMEOTEIC ST RBRFATMTZ TV, £ 2 TRRE T, system of the steel plate

GURR O HUE (7 NS FVERRIC 5 2 2 BT S CEBRIR A 21T > 7=, ’—Fﬁﬁtﬂ

RERTE E% S X T 4 E‘g : —
FEERRIEE O GE % Fig.1 12759, % EXiIg03E & 800 mm, fi§ 600 mm,

JEE 0.24mm DR JBHiERD o il (FE SS400) L9 5. % EH
BA =y MT 2 FEOEHA LEHRE TCOEMEZNEST D720 ]
AT L 2 % R Tt K 9 RS L O S -1 @ Bl
TN, T/ 7 L BBUERAIC R L7z 5 T O - ERG = S — :
= &AW TN & IERE A S BT B 7m0 . SR OZENL A 5 HOIE Fig. 2 Layout of electromagnetics for
TR IEEM R LI L VRS 2, BhL. Z2OF 1 X ASOME levitation control and horizontal
ThAHRE, BRAIANVERE T 4 — F v 7 L. SO positioning control
BAARED 5 mm OBEEEA RO X O IR 21T 5, £/, EHk

AT E S5 70 FPOBREE IS ILER R 7 — DRI (1) R 2B ORI 5. S 5,
R T B LT 5 R T I S SIS TR A — DR IR AHF e, DAL % U AR A 0 £
B SRR oF ETE oML oTWnD, =61, FEHIEHERA =y AR MAER D
WM = b OB Fig.2 (<R, M OBREE D L AT MERAT= = > b OO a % 400
mm, 500 mm, 600 mm (ZZ8fk & ¥ CHEBREIT- 72,

L Z D&

1) BRI, [ZE—, PG 2 HV o wl 22 e i A (= & 2 AU (Z > DO ERERIFIRFTR: B5EBR), #am C
W, vol.78-792, pp2771-2780, 2012

2) MEAEG, L RXAANAFI B BN NI, NIFEE, pHIES, MNEEER, = P Hmnbo
Bt D X 2 ¥ iR % B SRR DR EHm G 2 R (% EEREICBE T 2 RO, BA AEM F£4AEE, vol.
29-1, pp. 111-117, 2021.
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U— A L R IR RRESAR DR T A R = A 2 AT LADOBAFE
(FBReA ORIIERN IR 5 EBRIKET)

KRAMREEZ, IRGE, INEESESE . NEFRIE. /N ITFIEE, o F =55
IR EI*2, 3B SCAN*S, Bl IE&K
CRiERZE, * ALRER AR, 2 HUL TRRS:, =l THERF)
Development of electromagnetic guideway for seamless ultra-thin steel plate
(Experimental consideration of damping effect from electromagnet)
T. Okubo, R. Kano, H. Kato, D. Uchino, K. Ogawa, K. lkeda*!, T. Kato*?, A. Endo*?, T. Narita
(Tokai Univ., **HUS., *2TUT., *3FIT)

[FL®HIZ

PR A RE S D T 4 ik, SR E v — T2 X DB RS M T D 700
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FERE AL ZE NI R O FIRMEREIZBE T D G X Ol 72 A A O C anrol
BLENEICBT D Mat 217722, UL, EBEA ORIEMEREICBE T 535
BRAIRBNII TN TV, Z 2 TARSITEM OO ET ERE LT L
ToBIZHRBC AMVEL S A & Tz & & OFEZN RISV TRET 21T - 72,
FEMEALBEE a135
T AT & T2 IERE T A R = A ORI ZhR 2 3l 5 720,
Fig. 1 (Z/R 7 EgesliAR OHETT 7 a1 o0 & 4t U 7= 2508 & VD TR & 1T
STz, £ & 6894 mm, 1§ 150 mm, /£ X 0.3 mm O AT > L AH AL
b PR HE U 7B fee gl A & 28 700 mm, i 154 mm O 7 — U v 0 T
72 FT2. Fig. LITRT X127 — U225 FIZ 500 mm, SR OS50
(2 50 mm B L 72 @A ICANELI SR, IR 0° O UK ER A 25k E LTz, 7ok, ZORILEMA L
RiE L WIGEICRHN KX VA TH D,

NELANDEFFICE T 5 HIRMERED KR

Fig. 1 IZR @I CHlE A ER A 2% & Lo, HlEAER A b ) -
WCE 2D EEERIT05A &L, JEMEILO | 45 | 90° |
135° | 180° & L7z, EBRIC X v 15 &= sikim st )5 o ZE AL
R AL Fig. 2 1S d, [ AICIXRISE O & 7 E il 2 58 & L
THTH T2~ VT RT 4 XA F I 7 ADEREERTERRLT
W5, [ & ETH AR O 00 IZHIEHER A 2B E
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Fig. 1 Schematic diagram of
electromagnetic guideway for

seamless thin steel plate.
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FRF 4 XA F IV ADRERL i L CRBEOHEATH S = Fig. 2 Experimental results of changing the
PR TE T, position of the electromagnet.
& Bk
1) MR, MR, A, HA AEM F23EE, Vol. 11, No. 4, (2003), 235-241.
2) WAEH, KB, A, W, NI R, NEE, B ARSI OSCREE S, Vol 5, No. 1, (2021), 37-43.
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FLEREAR DB R Y A g BT A
(= LR o8k OB 2 ENZ BT 2 LS %2)

ElRFRE, NHEKB., MBI DTSR, B RIE, WHE =S INERRE*2, SRRSO,
R IEAR, IS 5%
R, *HARRER R, AU TRR, *2ER)
A study on bending magnetic suspension for flexible steel plate
(Fundamental consideration on dynamic behavior of steel plate during levitation)
R. Miyazaki, Y. Uchida, K, Funada, K. Ogawa, D. Uchino, K, Ikeda, T, Kato, A, Endo T. Narita, H. Kato
(Tokai Univ., **Hokkaido Univ. of Sci., *2Tokyo Univ. of Tech., *3FIT)
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WA OWs| ) &R U Tc FERA SR 217 5 7o | 1
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I —F T BEICHEIE B X B JE i 0 2B
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RENC OV, FE LS RS TUVR, 2 2 TAH Slider
B d RIS T % P T BB RRATT % I C TS RS

5 %47 o 2B OBSHRENC S\ TR 21T 5 72,

Fig. 1 Schematic illustration of experimental apparatus

BBy S 2 L=y e
Fig. 11 VS RS L35 8 O BENS I 2, AR C ol
AR S i A CHBARATIC & > MRS - o

0.4

Valb—va rEiTol, #ENGIIET IR (F
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7=, AR BIEEX. 5 0 FToE A=y MC X Eoa e —

]

cement [m

o THIR 2 eRTF LS5 2 LN TED, VI ab— o

Va TR EROEERKABETE LT e S
T LEEE L, AR LY I 2 b—1 g TR, SR | | —
SROYINEZFBELY 1 mm 77 2HmcE ' e

A A AR AL DS D & & DOENL 2B L7z, Fig. 2 Time history of displacement in levitated steel plate
Fig. 2 ISR F LS S 2 L—y a v OREE gD
ZENE LR (Fig. 3 ITARATIC & » TIE S LS8R (t
=1s) %7,

B R
1) W, AABKESEE, Vol 35, No. 2, (2011), ot
pp. 123-127.

2)  HLARML, HAKEHCTSFRSCEE, Vol 81, No. 823,
(2015), 14-00471.
AN, BRSPS SCRE S, Wol. 3, No. 1,
(2019), pp. 101-106.

Fig. 3 Motion of levitated steel plate (t=1s)
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(BRI R5E)
Prototype Test of Asymmetric Pole Structure IPM Motor Using Bonded Magnet
Y.Tsukada, Y.Yoshida,N.Handa,K.Tajima
(Akita Univ.)
HREE - Bf

TN EOZFEBMEAPECED 5 BKARA (PM) £
— 21X 50%LL LA EDHICESTND Y, PME—X D%
L BUER RN RN EHRTHLINTNDL XAV A
BEREEA D HNONTWND, LN LN L, A4 Y LR
WADFEEE Db A7 vy s (Dy) [ EEATHETH
V. w3 A b, EPRAREZE, BRAEOR BRI SR BEAE & 1
I EV o TERENER SN TE e, EELIEL, A RiEA
Z W= B A S O IPM £ — % Ot T8 -
V. FEATHFZEIC BV TR A ST PRI E IPM £
— 2L, MU EREAHERE LT- £ F Dy 7 U — 7ol A~ (a)Asymmetric IPM (b)Conventional IPM
PPEHBE LS WTRE b B = & AIRHTIC X 0 R S L7 2, Fig.1 Appearance of the rotors.

AW Tl Fig.l(@lZ "4 Dy 7V —Th oY~ U A
PRE WA A U T2 IR R AR 1 2 A D Rl &
AAE L. FEHME & fRIT CFf DAV 7o 5B ReME 2 PLEETAm L 72,
IR, R B (D) IS~ 3 RAHE D A DBERE A 2 L
72HER IPM B— & Ll U, Fe PRigibg 1 o 20 ] 2 ki
FEL7-OTHET D,

R
Fig.2 (2. AWBFZE T U 72 366 MR IPM £ — |
D UAFRMTET VAT, EEFIZMET VTR D% A
ER L., EE—RERHoX v v 71% 0.5 mm, BEEIX
30 mm T 5. Fig.2 1/4 calculation model of asymmetric IPM

Fig.3 ICHHEEVRIRIEAS 4 A, [EIHA3E 1500 rpm (236517 5
I

EHALIAF p X R L2 FMEOERIE 2 7T, FRMEI B

TR MRS S IPM £ — % D bV 7 B KAE X IEE IPM 0.8

TH LHMT HE OIN M ELTOEORSNS, £ Eof

Too RV DR E 2 D BIRAAAAIL, 16K IPM £—% 505

78 p=20 MR CRAIC /R 5 DIkt Ly I Bt PM £ )

T—HIT A0 TRKE 720 | 200 EHEMA LTV D Z & 0.2 T ~a—Conventional IPM meas.
WOID, ZORRND, ERICHOT b IR % L, [, [AvmmencPMmes
IPM =X DM THD,. ~T %y NI Z2) T 2 -40-30-20-10 0 10 20 30 40 50 60 70 80 90
A LD DR L T BT E TR L. ML ) A Corrent phase angle fdee.)
ARETH D Z EDHALMNIT o7, Fig.3 Comparison of measured torque
SEYH characteristic

1) FRFEEA AEFEBEFFITIE https://www.meti.go.jp/statistics/tyo/seidou/result/ichiran/08_seidou.html
2) WOUUEEORE, & HAESL, BRI R AT AR 2 Rl & HIV T2 IPM B — 2 O FERFREETRARE (2 B3 2 P58 ), Journal
of the Magnetics Society of Japan, No.44, pp.45-51 (2020)
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I 5, A
(ALK )
Efficiency Improvement of Outer-Rotor-type High-Speed PM motor with Segmented-shaped Rotor
S. Sakurai, K. Nakamura
(Tohoku University)
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WKLY LEMERETHDIZEEEELE D, L
L, BIEBNERNHFHEZ FEl>722 b, JRIA
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THET 5,
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Fig. 112, #&1E L 7= SegmentPM & — ¥ Ot % /R~
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K7z,

Fig.2 12, FitOB L V@OMBEOENE L, %
I DHEE LI BRIERE OB 2 R, FE72, [FlER
T-DK =Y OEETHY LIEWMIBONRE RT,
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T UL ADG CFRP ICE X i 2 12356 DR ORE
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Motor diameter 40 mm
Stack length 20 mm
Rotational speed 30000 rpm
Rated torque 60 mN'm
Material of magnet Sintered Nd-Fe-B
Material of iron core 10INEX900
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Fig. 2 Estimated mechanical loss and its breakdown.
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Fig. 3 Estimated efficiency.
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G 7 O ERER
X A0, SRR, AR, NIRRE—, SRR, AT
RAEKRT:, *(#R) 7 A3 A )
Prototype Tests of Ultra High Speed Magnetic Gear
E. Asahina, K. Mitsuya, K. Nakamura, *Y. Tachiya, *Y. Suzuki, *K. Kuritani
(Tohoku University, *Prospine Co., Ltd.)
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IO THET S,

RETAHIHIYXVY— F SRM OFMEEEHE

Fig. 1 12, 3 E LI2ERAFTRB R X Y Ot & R
T, KERFXFYOXFYIHIT 6.667 THV, At
NRIEEE -, B R— v —2Th 5, £z,
Aﬁ%@aﬁ@%ﬁi&mmmmf%é

Fig. 2 12, #E L7 EEBER X v O 2 RT,
=L —ARNE R — A7 8%, IR Y
W2 X DB DOIEE 728, 3T CFRP (k%
WKL A F v 7)) TRUEL T,

Fig. 3(a)lZ, AHHEEREOERMEZ =T, ZD
E;D,ﬁgwiﬁﬁﬁba%7u&01wé_&
Wb, 2B, KA MV OERAEZ 85 mN:
m ChHoT,

Fig. 3(b)\C, HEERZRFELZ RS, ZDEEDA
JD R 7 1E83mN'm ThbH, ZDORERD &,

A TIE R R TR 95% DA ER L TWDHZ L
Db, —F, BEAIHR 2 IZHENMETF LT
<A, HemEERE O 80,000 rpm 2BV T 80%LL E

DNREFRLTE LT BN,

ERM TORRIETERNZH LN T 5720, A
TELTEBER T Y OMAMBRAZNET 5 & &b,
FAEW T — & & AT TR A2 RIE L,

Fig. 4()I AL OEREZ =T, 7z, [FX
(YT AT) v 2 83 mN- m, [ElHA%L 80,000 rpm R DFH

KHNRTHD, ZORERD L, £2BKOK 77%0
HZJHETHY, ZOREBAKRLEETHLZ LN

b,
AARZE D —F LA AL R F: AIE RS a7 5
Ak ZEEINE,

Fig. 1 S-i;aﬁcations of an ultra high speed magnetic gear.

(c) Magnetic gearA

(a) nner rotr
Fig. 2 Appearance of the prototype magnetic gear.

(b) Pole-pieces
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= o 9% | o
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(a) Input vs. output speed (b) Efficiency vs. speed
Fig.3 Characteristics of the prototype magnetic gear.
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(a) No-load loss (b) Loss breakdown at 80 krpm.
Fig. 4 No-load loss and loss breakdown of the prototype
magnetic gear.

2EIR
1) K. Nakamura, M. Fukuoka, O. Ichinokura, Journal of
Applied Physics, 115, 17A314 (2014).
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T aAf VA L7 SR & — & T A i aE

IRt A0, HRMET, SEIRIRE, *HEBK
CRAERE:, *(R) 7 24 —)
Basic Examination of SR Motor with Aluminum Coils
E. Asahina, K. Nakamura, *K. Yanagisawa, *Y. Furuya
(Tohoku University, *Aster Co., Ltd.)

X LI

AL F NS XA (SR) E—Z1%, Bk
A NVDIHRTHERR I N D728, i HS Hl CELUE,

REFIEN BAR, Zfli7e EoREEHT 5, Lol
NS, KAMA (PM) £—X L HATHIEEED I
L, BETHLEVWHIBENRSDH, £ TER
DITgaA VT, BERT VI aA VIZHEE
L7z, AFETIE, Fig.1 ® SR E—4% D& Egi4 L
L, 7/ aAf Oz o>\ T 3 RIcARERE
(3D-FEM) ZHWTHRFZITo 7O THET 5,

FILETOaOAIWZEERA LT SR E—45 OEBSE

Fig. 2 I1T, RO A VOEBRE L, KiaT
EHLET AV aAf VoOBBEE RT, T/I0X
& HRTELEDPWD, RRO X ITEROWIE
BT —EDEE, TAY ME 1=V HIEX
HIENRTEDL, 2KV Ty RAR—REZ MR
ETHEO L, BHROSEELED, MY EZHKRT
LT EMWTED,

Fig. 3 (Z#il= AL (HFER 44%) &, T/ aA
LD EFE# % 50, 60, 70, 80, 90% & Z5{k &H7-EE
DBMEIREEX MV Fitkzord, ZoRERS
L, HEEREOM EIZHEY, R BRERL TS D
ENTRREND,

WWNT, Fig. 4 (Z8lExt v FetkEa g, 2o
MER25E, HERT0%E TII= A L& T,
T aA NOFHEBRRKZNDICK LT, HERN
0% %25 L, BICBWTHLEMEZRT Z &
Bonsd, 9F0, TAIaAf LOFERIZE N TE
LR SN DEEROE TS B OB AL, &
MEREZMEIFDLETUETHIENTE D,

Pk, 7AiafvazmA Lz SR £ —X Ok
WZOWTHRHZITo 7o, S%ITE— X RC80H
BHZOWT B RF 21TV, &b E Lkl |
R EK D, 7ok, ARWFFEO—EHITRILKTF AIE
RPN T =B/ NI 4=V g e
BEXH

1) K. Nakamura, Y. Kumasaka, and O. Ichinokura, Journal
of Physics: Conference Series, 903, 012040 (2017).

Gap length: 0.2 mm

Stator pole width: 3.2mm

[ Stator yoke width: 1.6 mm

E £ Winding diameter: 1.05 mm
) 1S

~ < Number of windings/pole: 11 turns
N

“ A~ . Cu:44.3%

Winding space factor: Al “50-90%

n \oltage: 144V

Fig. 1 Specifications of a 12/8 SR motor .

——

‘/ [: = _ ;:
-~ [”7” P
==

(a) (9)]
Fig. 2 Comparison of winding arrangements; (a) conventional
copper coil, (b) proposed aluminum coil.
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Current density (A/mm?)

Fig. 3 Comparison of torque characteristics of copper coil and
aluminum coil with different winding space factors.

70

6 || Cu (44%) Al (50%)
Al (60%) Al (70%)
S50  L— Al(80%)  ——Al (90%)

%]

Bao t

3 |
o
o
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10 f

0

0 0.02 004 006 008 0.1 0.12
Average torque (N*m)

Fig. 4 Comparison of copper loss characteristics of copper
coil and aluminum coil with different winding space factors.
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/INRLEV HA ViR A — VR X Y — R SR £ —H DO#RER

O ESE, HPATRE
(ALK
Proposal of Magnetic-Geared SR Motor for In-wheel Drive type Compact EV
Koki Ito, Kenji Nakamura
(Tohoku University)

[ZLHIC

HAVI N RIATE—ZRLWRFTY— KE—X
XMV BEREN LD, BXEBHE (EV) ©
RA = NVNIZIRD T2 A R A — IV —H DG AN
HfFEnTna B, LarL, Edlos—2i3—Kic
REMATRLTHD Z LD, 990 BRI OB A
Bz <, BEkE—ZICERSINAHIEE - K hv
7@ AR NV OWNEINREETH D,

FZTARTIE, BRXYERAASYTF NI T X
YA (SR) E—# %KL L72H LR TP — R
F—ZIZOWVWTHRAZIT 2 12O THET D,
RETHHEXVY— F SR E—2D5E

Fig. 1 |2, #ETHHWKXXVY— K SR £—%
(MG-SRM) D##It% <7, MG-SRM (3% A 28 77
BRX Y ORNMNC SR E— & DSAA - &
AL, WXL Mxtom#EEEs1 (HSR) |, 82
RO R —/L E— 2 (PP), 74 fixf DX [A]#5 - (LSR)
THERR S D, SR E—XERIL 440 16 Am v RMEF
BDOAT—H L 20 WO HSR TR & h, BEA XY
L SRE—ZHT1 D0 HSR ZHA L T 5,

Fig. 2 |Z, WEHICRREI LA AL P RTA T
PM E— &% Ot E R~ T, WEHO PM E—X %, ¥
ALY NRIATE—F L LT RRmEAT
DT H—u—REETH D, iz, nEAn v b
ZERHL, 16 fi 18 A v b (16pl8s), IFTNT 32
i 30 2w >k (32p30s) DR E L7, 728,
MG-SRM & PM &—# TEE, HAE, WaftiH&E
ZRE— L, B EREIE 48 V, B ENM LR 30 Aums
DOEMCTHMO R Z1T- 72,

Fig. 312, AMREHREIC L 2R EREZRT,
BB R ML 7 FEEDOKI L Y, MG-SRM I SR £
— X LHRX Y EHAEDEZZ L TPM E—4 &
RZED MV BELNTWEZ ERNbNnD, IRWT,
B FL 7 RO S, PM B — 2 KT
100 N'm LA B MV 7 Z3ZRKFIRETH D —F, 539
SETHIEE 22 I C b el EE S 300 rpm AR Tdd D

ZERDND, Ukt LT, MG-SRM (HKH#HM T
100 N-m % 5% 7 6E, 2> 500 rpm £ TEREH CTX 5 =
EWDND, LIeh-> T, #2587 5 MG-SRM 13 E)
BE—HIZHERINDIEH - K7 & - K B
IV DESEINFEBLTEHZ ENHbNERoT,
BE R

1) K.T. Chauetal., [EEE Trans. Magn., 43, 6 (2007).
2) S. Chung et al., IEEE Trans. Ind. Electron., 63, 1 (2016).

Dimensions
Diameter lmm [ 222
Stack length mm | 51
Magnetic gear part

IHSR pole pair 8

No. of PPs 82
ILSR pole pair 74
Gear ratio 9.25
[Each air gap length  jmm 1.0 X 2

SR motor part

No. of phase 4

No. of poles 20

o. of slots 16
|Air gap length mm 0.35

No. of turns per slot _|tums 30
|Winding diameter mm 1.6
\Winding space factor |% 63.8
[Phase resi ohm 0.042

Material
Permanent magnet | N40SH
Electrical steel sheets | 10INEX900

Fig. 1 Specifications of a proposed magnetic-geared switched
reluctance motor (MG-SRM).

lopl8s

_ - 32p30s

Diameter nm 222
Stack length 11 51
0. of phase 3
0. of poles 16 | 32
0. of slots 18 | 30
Air gap length nm 1.0
0. of turns perslot |mms | 25 | 20
‘Winding diameter nm 2.0
‘Winding space factor o 60
Phase resistance lohm | 0.039 | 0.14
Permanent magnet N40SH
Electrical steel sheets 35H300

Fig. 2 Specifications of outer-rotor direct-drive permanent
magnet motors.

150 150
140 g2 140 -o-
130 [|-o-16p1ss 1 O = 16p18s
120 H —O—MG-SRM(3D) 120 —O— MG-SRM(3D)
110 110
2100 [ =O—32p3ts 2100 —O— 32p30s
Z g0 Ol z g
E 270
= 60 Z 60
& 50 = 50
w0 10
30 30
20 ~ 2
o5 ~—
10 ) 10
e 0 O
001 2 3 4 5 8 9 10 0100 200 300 400 500 600

506 7 2
Cusrent density (A/mu?) Rotational speed (rpu1)

Fig. 3 Comparison of current density vs. torque and rotational
speed vs. torque characteristics.
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BT B SR & — X D& T /3T » AWEBITE T D Et

KIHTE, HiE
(HAERF)
Improvement of Current Unbalance of Transverse-Flux-type SR Motor
A. Nagai, K. Nakamura
(Tohoku University)

LIS ;
_ Core material 237110
%L:%% % ti’ X/]) v 7 ]\ U 77 H A (SR) ® Diameter 96.0 mm
"—'&0) }\11/7 F"ﬂj:%ﬁﬁ"]& LT,*E%@@EE@O) SR Axial length 90.0 mm
:‘E‘F‘é? (TFSRM) %*%%Lff_ 1)0 L biﬁzﬁ Egjf Gap length 0.3 mm
T, BRI OIERPREZ SNl HERT N o wdth 10-0mm
Winding diameter 1.3 mm

7 ADREPHL N E 2o T,
Z ZTCARRTIE, BT /3T v 2 ORI 2,

Number of turns/phase 75 turns

TESRM OARE A 3705 2 128 F L7828 0 MEIc o Fig. 1 Specifications of a prototype 3-phase TFSRM.
W, 3WILARESRTE (3D-FEM) % MWV TR & %
oD THET 5. 1 Z ) e
60 1 — W Phase
2% TFSRM 2 & 3 BH/NAS R tE e
Fig. 1()iZ, JEATHF5E CEE L7 3 #H TFSRM % 7R §$
+, FBICRT L 512, TFSRM O&AEOEET, B »
AL bITh Y haT THRES L, BEEFS v b .
27 OWBNC kB A ZAARD 3 A ARID BTV : T e s
Do THDZEWITAIC 3 BfiAENRD I LT, 344 Fig. 2 Current waveforms of the 3-phase TFSRM.

LA TFSRM O A iz ha A X VIRTHD =

LD, —fRH7e SR B— X LT, B ERER Core material 232110
EETHZENTED, MAT, SOMEHZ I piameter 96.0 mm
Ve A B A B TE B2, BIEREREE b & —— 600 mm
I, P RBERE TS, ek .
Lﬁ) L/f'i Z)§ %éjif’ Eb\ﬂ:lﬁ%j‘éjﬂé:@ﬁﬁﬁs Winding diameter 1.3 mm

WMAT D7, 1LEA L 3BAICXI LT, 2B H DR
RN D 2 L0, S hICHMKMfOREL %
JC, BHOBIRIZT N T U ANREL D, Fig. 2

Number of turns/phase 75 turns

Fig. 3 Specifications of a 2-phase TFSRM.

&:, 3 *E TFSRM @%*E@%ﬁiﬁﬁg%%jﬂo %Y}IEO)T % — U Phase 0 — U Phase
VARG U M T DT NG RCERET D120, J R AL
= 30 4 30

RENCER T 72 E DRI & 72 B, g, il

% = TR TIE, Fig. 3 0 2 41 TFSRM {25\ T S S
SEiTo =, FIRMNGDLMND L1, 2 T 1 ! mem— 0 ‘
Br A & 2 By B ORI TR TR 72 D, " Rotor poston (deg) T o postion ey

Fig. 4 {2, 3D-FEM TRME L7 SBHii L 29, 2 (a) Light load (b) Heavy load
DXZE R 5 &, BEMRKES BANELEROT N Fig.4 Current waveforms of the 2-phase TFSRM.
FUANRHEENTWAZ ENTIRENS,

B TR

fcﬁjo Kﬁ%@i%miﬁjtﬁi AlE FBER A5 1) T. Komoriya, Y. Ito, K. Nakamura, J. Magn. Soc
0y A ZEINT, Jpn. Special Issues, 3, 58 (2019).
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?m2ﬁ~w@7§y&xUﬂ~#w%~&mﬁﬁéﬁﬁﬁ%

T OB, R T GRAERT)
Basic Examination of Cross-pole-type Flux-Reversal Motor
Y. Yu, K. Nakamura (Tohoku University)

LIXU®IC Fig. 4(a)lZ, BEATMENRIROF A2 ~3, [FX(b)
77y 7 AYN=H (FR) E—F VL, “EZHE INETh D, FH@)ERD &, REBIIRATRE

WD —FECTh 5, AAWEADEE RN ALE S 2 60%iT< HIE L CWA Z bbb, 2L,
Lz, “EEMKARGA (DSPM) £—# AL iE R B K 10%[H L7,

HIEFAMEL TN 5 2%, DSPM E— X 3EE T3 —72 SBITFREORE & EIEFEREIT O TETH D,

KA NI B SN D720, BRBHARIR D2

Ta=R—F LR35, —ifFR%—&m Fig. 1(a) ZZXW

R S HORE LRSS D R Dol o Avderen | Souke A £ €

e, ERFULRADIACIAAR=T 8% 2 5) v Liao, F. Liang, and T. A. Lipo, IEEE Trans. Ind.

XY, FR B— 23— BRIk ARA (PM) E Applicat., 31, 1069 (1995).

— X LRSOHINIIRE SN D, £, [BlHETICRH

LAEFEBLRWEZD, AT —2 2/ hE L, EBFEGL ] < —D |:T 2 Rated Speed 18200 rpm
KBNS, LN —FT, EEIN-A . ‘.,l, Q(\\ Rag(-ispc:d 290212N-m
El| N | P iameter mm

&:%%%Eﬁ;ﬁﬁ> ﬁ%{ﬁ]&—g‘ CRELy ’ @E{%%{ﬁjﬁ@ : " J‘i} /éQ}' ‘ Stack length of stator 42 mm
BAENFERMINS, ¥ E' H' 7 Stack length of stator 35 mm
F I TARE T, BEEFmERE TR, EFT - s éap length 0.5 mm
AR DIEAIRA LEE, BT LWEED FR E—4 . Number of turns/pole 20
. B i Winding diameter 1.0

(ZOWT, AMRERTE (FEM) Z W TRES L7Zo : ' NMX.$52

Material of magnet

S (1.45T@20°C)
Ti&%'@" Do — Material of iron core 20JNEH1200
2. 7 B AR—VE PR —Z OFeiE Fig. 2 Specifications of the cross-pole-type FR motor.

Fig. 1(b)iZ, AR TIRET 527 v AR — LB FR £
— %A, EETEOBRE FFRICT 2L T, . s

(o]
L
(=1

TR T REAR S L0 B O O ERD &AL,
DFAZP HRDPBFFEN D,
Fig. 2|2, ==X DRk aR"T, KE—Z(L31H6

e

~

[
(=2
(=]

Torque (mN * m)
@
f=1

2wy b BRI CH Y, EHEEEIE 18,200 rpm, . Y

E*ﬁ' ]\/1/7 1% 290 mMN-m "C&)éo % -m-Cross-pole FRM
Fig. 313, B ExE bV 7 FRED Il & R T, ’ 01 2 3 4 5 6 7 8 9

COMERSD L, kO FR T—4 LIFIER%O K . Current density (A/mm’)

Fig. 3 Comparison of torque characteristics.

NITEMENELNTWAZ ENTHENS,

160 | Igg
A 140 =+ + + + =+ 4
// S \ \\ E IzO ‘? :(’S) f
V, £100 E g0 =
£ - = 75 .-
80 g -
E 70 s "
g 60 % 2 ol T
£ s 65 - -
2 2 60
= 20 “» Cross-pole 55 | o /’
0 50 -
0 30 100 150 200 250 300 0 50 100 150 200 250 300
Torque (mN * m) Torque (mN * m)
(a) Eddy current loss in magnets (b) Efficiency

Fig. 4 Calculated characteristics of the conventional and

(a) Conventional-type (b) Cross-pole-type proposed FR motor.

Fig. 1 Conventional and proposed FR motors.
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Kronmiller X & 7 > & #E -HHT )L F—HIPIZ & 2 R0 R (1)-
SIESE NN 9N
(SRS K)

Kronmiiller formula and Landau theory -expression for coercivity using free energy landscape (1) -
C. Mitsumata, and M. Kotsugi
(Tokyo Univ. of Science)

1 FL®IC

VR M TCIIRFABOBMBE UTHHI AL F —25d U, TR VF—MU/NREZRET 5, T HILF —HUN
WIS ORBETET 25, ZHUTBREL TET 2P ABOBYNT & > TROMEB R L2 5, BlEM
BoGE, ROBEARFEER L 82D T, WbKiEREDHRIZT Y X UHGREFHAT S5 Z L BARETH 5.,

TR DIRpME 2 RS IR 20 fg iR & U TR 2Y BT S N5, IRBEFTBERE 12 D W TR B 2 3% <RI T
WA H, HRFHRWIZIEAT O Kronmiller X232 ORiEE R RHE L TW5B, He = aH—NgMs. Z Z T, He, Hy, Ng, Mg
FENTNRES . BRAMES . KESRES LORIELE TS5, o ZJESERETO<a<1DHEHL L>TW5S,
2 DEMAMEITIEa~03RETH, H LIZKERIREZV DB, a DFHTIZ micro-magnetics D FiETrb T
S, RENBEHEOMT L HE CI S RDIMMPBRELEZS5ND, ZI T, 7 X U HEE%Z AW T Kronmiller
ROBHZIT WV, RESEREIZOVWTEZ S,

2 BRELIUEER

REMEREL D T 3L ¥ — 32 REAT — A ¥ b m OB E LT F(m) = U(m) — keTS(M) THEN 2, Uks,T,S I3
ZNTNNH T AL F —, Boltzman EH, E., TV hOY—TH2, EHRE—A Y MIROEKBLHEILE V &
UM ELTm=VM/4n TH 5, Kronmiller RIFFITREZEFHRVOT, ARTIR T=02 L C#Eimz#ED 3,
HH T 3L X — OMUNRIEIE, OF/om=0 25 T2 mTREIND, T I THIHEY Happ DHEEEZRT 5720
(2 Zeeman T AL F — —MHgyp Z HHT AV F—ITIA 5, TS %E m>0— m< 0 DRALKERE U, SRR
X Hap <0 & E R D, Ko THERIS % FBIINU 7= DREAL IR D S F13, m > 0 DREIIT T 4 )L F —FU/ VIR AMEAE
LW L Z2E®RT 5, Z0zRTRT &, dU(M) — MHayp)/0m > 0 &7 5, FRNZIMBRES IS U TEREYT 5 &,
AUM)/dM > Happ £7225 DT, HHT ANV F—HE ORI ORB/IMEL D ©/NE {725 Hap BREHILTH D, FAD
FMDRES He 252 5. BERNRNTZ A LVF—DF e LT,

Us(m) = KV (1— g) + @mz (1)
KWV KoV 7Ng
uz(m)_crAmgnﬁ—z(Uz”%—T)nhKuv @)

2HEZD, Uy lF—FRALREE L 725 SW R Uy I3 - EM/NREEZ FFO T 3L F—HE T, BEABRE m cs8v
TIRXNX [N R THD, ZZToldARELE (M/m) 2587, ZODEELBITHKEAE K ko Tx
INF—REGIPHEINTWELNET S, ZNS52HWTIREHZ2HE LRI TR 5,

2KV 4xNgms

He = = Hy — HgM

cl M Vi k dWVls (3)
64otmd [ K,V Ng\e 1604 (He NgMs\2 4 (1 3

He = - (55— =0%) = <= (S He- S NaMs (@)
27KV \o2m2 Vv 27H \or 2 Vo7 \o 4

s % Kronmiller ROIZEBILET L, Hy Clda=1 Ho Clla<l1lThirI i RdTIencEs D,

References

1) C. Mitsumataand M. Kotsugi: J. Magn. Soc. Jpn., under review.

— 174 —



08aC -2 5546 1] AR IR (2022)

R OREHRFE Yy boY— -HHZXIVF I L 25K (2)-
ZHETE. /MFEA
(HEHRLK)

Temperature dependence of coercivity and entropy -expression for coercivity using free energy landscape (2) -
C. Mitsumata, and M. Kotsugi
(Tokyo Univ. of Science)

1 @L®IC

7 v XYM E AW HE T 3OV X — IR DN &, REMEMRI ORI 2 KBS 5 HIKIZOWTHE 21T o7z, %
DGR, BACSIRIZ B BERESORE S FEHI AV F - OMMNEKAET DI ERHS P ko7, HHI RV
F M IZ BRI EI NS DT, REIOREZIIZEEBVDRRZNDE I LB aD o7z, INSDOFEREFRIAL T,
CRAEE S DR EEARAFNE 2 DWW TGS 217 - 72,

2 BRELUEER

VXM TCIERTEROMBE UTHHZI A VX —BRE I, TOMUNE 5 2 2P ERAROREL L
TEHIND, BHEMEOGE, FEERIIEMLIZ L > TREFMERZ 226, BENES RORTIRENSRETE
%, ROLEFMIFHHTZ AN T —OWH TIHIiI N5, TAVF—2BLTHAR T2 Z L IdAMESG25HT 52
LATHAR S5, ROEHI 3 LE— 1k F(m) = U(m) —keTS(M) THZ 505, Z2TU,T,S EZATNHEHT R

—, JE, T uE¥—-—Ths, £z, kg ik Boltzmann €% %Kd, T ZTlk. U P EH/NhERTH B &E X T,

u(m) =

KoV oo KoV 7Ng
mg o2m VvV
35, Ky, Vo, Ng, m(mg) IZZNZFNEKREAET VT —, ROMKHE, AR, KBS, 2EAT—A Y (8
M) 25R%, 22T, BEAMIZZY b E—%3HT 5720, UTOREEZT 5, BHEMEOBKREGMEH?IER IR
<. BfbiZ 1sing BIIORRIZIEAD 2IREBOATH B LEZ S, $HL, ROTY -t

) e + KyV D

s(m) = o(1- g) @

S
DESIEIHETE S, ZDREIFLKIEHEED Gauss A IS LEZDEDTH D, ZIT ¢ ldHHIEHTH 5,
MR EFAWTHRES He 25tH T 5, He IFHBHT AV F - OMERI» SFHEIND DT, |0F/0m DKl
R 5,

oF(m
He = |20 ®
m=me
7-72 L.
 [otme (2K 22N ¢
me = \/GKUV ((,—Zrng A kBTWS) @

Thbd, FEEEHELTy &N
~ J@-yT) ©)

Ly, -T2 QEBIL TR ARE ER L LB IR T T 3KEENRINE D,
BEKRFEHEIINBI AL -0y baE—0EBIITEE L. Hl21E P(M) ~ e O (Poisson 434i) 121
b e 2 % BT B8 C & AR DIRERZE L R W R A2 EBABETH 5,
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N7 =714 b Ba(FerxScy)12010 THEET 5
T T T = a sy E R OBSAE OSABE T

I APEsL !, SLlfd— !, SBT3, ARILEERER 3, A, WNIREE !
(ASCRRATHOREER R R !, AR DWFFE s s 2, — R EIE A& B AP FerEns °)
Magnetic structure analysis of magnetic phase with antiferro component appearing in Ba(Fe.Sc.)12019
S. Tanaka', K. Maruyama', R. Kiyanagi’, A. Nakao®, K. Moriyama®, Y. Ishikawa®, S. Utsumi'
(Suwa Univ. of Sci!, J-PARC Center, JAEAZ, CROSS?)

[FL&IZ

FrizohnEzTle, PHEFEITB X OB(ERIEIZ LY MBS H 7 =7 4 b Ba(Fei.Sc)2010 23 Sc I x
BEIOIREE T ORI LMK EZ R x-T BKHMNAFER Lz, itk b e, x20.06 THRAE—A 2 MR
A JEFS LTz~ U D VREEDR LT D~ IV OREEA gy (X x DI E & HITREZ <720, x20.19 Th=180°
WCELT VT 7 = a iy E R OBIEHEAREBLT 5, RO BRI, FYEFREIPTHIE T — % Oz LY
Ba(FeSc) 12010 DT ' F 7 = B lsy Z FFORAMH ORE i B L O ELZRET S22 & Th o,
ERAE

HEHZIZ T 7 v 7 AT X 0 HR L7z Sc #EFE x=0.193 O Ba(Fei..Sc,)12010 Bt i 2 iV 72, J-PARC DA}«
EmAAFERRIER (MLF) @ BLIS I[ZF%[E S 417- TOF-Laue Hifk &t PE 01975+ SENTU 2 FiVWC, 6 K TH
PEFEHTHIE 21T o 7o, flhdnds KOS EMEITIZY 7 b 7 =7 JANA2020 & VT L7,
ERER

112 6 K IZHIT 5 x=0.193 # ft OREIER 7 O FZHME (Fors) & FHRME (Foa) OB ZRT, W& TR —
L, R NFIEfEsKFT 9%, K+ 15%’(3?)0710 FERRSEMAT OFE R, x=0.193 i TiX Sc i
Octahedral % [ (4f) %< EHT 2 Z LRI, K212, T ORERS O iL7c x=0.193 fffh DR
EE T, DI x=0 D 7 = VESHEE LT, x=0 ffmD 7 = VSRS TIE ¢ BiFmicmu
TWERE— A 2 M, x=0.193 F5f CIXITE ab WIS TZD 203, DTN c Wik 2 FFHOAE U F v
NMESEECTH D Z LN o T2, Fe2-Fe5 DERT— AV bR T HEICERTSH L, x=0fimTlX0oTh
S7=MY, x=0.193 #EFETIX 115°L 22572, Sc D 4 ~DFRWA 7 L7 7 L AKX Y, Fe2-Fes DO
PR HAE A MR L ST, AV S vy MEEEERRE L EEZ2BND,

300 3= ,,t{*~§——,—=jﬁ O T
1 , # -
b
) 4 ) T’ -
“;g 5 ‘;},::—:i: T j_i’j’:::?‘\ “ ;::"’;
100 o%) ?‘ #
) ) *‘ ‘ A
sm by g.
/ Fe3 *
0 T T T T T /Fe“ \ 7*,},7777 \ S
3 50 100 150 200 250 300 /Fes —— V13 — ==
[Fobel {*
1 Sc IRE x=0.193 DOiflhIs & Ok U 1E K (a) x=0 (b) x=0.193
|Fobs| & |Feal] D L, 2 SciffE(a)x=0, (b)x=0.193 DAL,

BIx  PMEFEPTERRE, J-PARC © MLF O —W—7u 2/ 5 A (FREKS 201880073, 2019A0211,
2019B0098, 2020A0034) @ K T{Thiri,
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La-Co LEHA M St 7 = T+ OBULELC K % Co EHAH A k5341 Ol

AAREE, FEH], BMEEE PR
CRARR )
Control of Co distribution by heat treatment in La-Co co-substituted M-type Sr ferrite
S. Arimoto, T. Waki, Y. Tabata, H. Nakamura
(Kyoto University)

MEBM

MBI Sr 7 =5 A |k SrFenOy0 1% Fe¥* (3d°,S=5/2) BEMEAH S 7 = VMR TH V| KK - (LR
i BRI EBE R COBEN S KA DO E LTHWSLNTWS, ZOWEIL Fe¥O—§% Co* TE
il , BAWMEDTZD SIFO—% La> CEMRT D Z L TRAMENRAM ETDZ B MmbEN T3S Y(La-Co 3
EHEAMA St 7 =74 b)), Fill, Co DEEIEERY A NMIMEARRNLO 4f; 2a & 12k ICH M) THY . F
724, %A b D Co DA —HI R FEDOMHERICEHT 592 Z ENHALNI 2> TWVWBE ), F—REEFHHEIZL S &,
41, 2a, 12k ~0 Co O EA T F/LF —ZETAMRIBERRE TR L TRV 3, BVLHEIZ LD Co DAk D
TALDRHIFFTE D, ColTBRLDHHITLHETHY ., Co & 4 ITHEPTSELZ LN TENIE. L AP
EHATE %, ABFETIE, BVLHEIC XD Co Dz bzl UK I TEDZEIIZ WV Tl L7z,

KBRS &

Sro.7Lag3Fe117C003010 D 2 ft il ik & FEFHSUSIEIC £ 0 ARk L7z, a-Fex03(99.99%). SrC03(99.9%).
La:03(99.99%). C0304(99.9%)% . {bFEimfak & 722 Lo EL, M T1hiRA., b v MIREL
BERRIRFE 1300 °C, BERRFPHAK T OFEHESYE 1 atm T 12 h (R L7-, BIEOBPHESBERE 240 K L, Kk
HILZIE 200 °C/h TR L72(SC), £7-. MWEFEDE 1 atm ZPHK T T 1000 °C THESL L, K& IC L 5 AL
Z1T->72(WQ), XRD, WDX IZ XV MHFEEZITV, BALRIEIZIX, BEGHELmEE 2 72, wab R e
(RS BCm 5 18] & B 7 )26k LSS 2 EIIN L C SQUID #4537 (Quantum Design £ MPMS) % F\  CHgAL i
B HE L72(T=5-300 K, H=0-7T),

EEREER
[IX]] 12 SC &k WQ BB OB R EE ST OB b Eh#R 2~ 9, SC & WQ DOFLAKIXFI U Th D25, Rk
MR OZEENT—B Lo o7z, SPDIEICE D BFMRAZ WA >/ & 2 A, WQ Tl HaV?=22kOe, SC
TIE HASC=26k0e 72Tz, ZORFHEDEWL, BVLELOEWITEE L, Co DEHY A Nz B L
TW5, SC TIEEVIKIRDO M AER L, HRELEERY A FRLHASINTWDL EZEZX DB, L
T2l o> T, EZEBEBLY A SO CoMN—HhERFMEZM ESHETNWDHIEEZRLTVD, ZOZLFINET
OWFFERER VL L<—H LTV, LVKRE

COBULIAS 4, ~0 Co A LA R % ] |- 350 1 Srpglag sFer1 7Cop30gs - ngguﬂnnnnnnnlmnuuuﬂuuu
— o a
SEBKETEDH LICHFLETHE VWA D, 300 nuz‘;oz‘r T
= HDEDD
SEIM g >° 22o% WQHSC = SC
@ og® H A
Pl %0 A = WQ
1) K.ida, Y. Minachi, K.Masuzawa, et al. J. S E%"
™ H
Magn. Soc. Japan, 23, 1093-1096 (1999) g B0 8 T=300K
i) o
2) H. Nakamura, J. Jpn. Soc. Powder Powder S 100 a } ] L.
) . p s W 7 g H3C : Anisotropic magnetic field of SC
Metallurgy, 67 (2020) 78-83 = oly . _ T
3) KK f 45 ] B ARERUES R H,'™ : Anisotropic magnetic field of WQ
X\F M {55
o4 ; ; ;
WEEE4E (2021) 01aD - 7 0 10000 20000 30000 40000 50000

Herr (Oe)
[[X]] SC & WQ DRk h#
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EIRFREE FZIEIC XD Co B W M7 = F 1 MHLFESE D ERL
e AL R M. BE S EHER PR Mz
(B RE)
Single crystal growth of Co substituted W-type ferrite by high oxygen pressure floating zone method
S. Nakai, T. Waki, Y. Tabata, H. Nakamura
(Kyoto Univ.)

IZ LI

W7 = F 4~ (4Fe*Fe’ 16027, A=Sr, Ba, ...) 135 FHFMm7 =74 FO—FTH Y, WD KARA
B LTHIRE SN TV AN, RAGHFTARLZELE WO MERHH[1], W T = F 14 D Fe?' %23 XTK
K CTEER Me* (Mg, Co*, Ni**, Zn*"...) TEH: L 7= AMe*HFe’ 160y (LU Me 227 E(L W) 13LE
WA IEOND EBZDBILTWD2]28, T A2 EOEAL L 722 [3], irfix 13, Me %7€
b WIZEBWTH7eE FeX A L, (bFEMmMERE X2 DN ERBEMELAWVWERTHDL Z &,
T, BAET D FeXOBDEERNIEITKTT D 2 L 2 WE LT\ 5[4], ABFZE T, bR ERMERD Co
EHLW 7 =5 A4~ (SrCosFeis027) DHAEMARKZ HIYE LT, BERRITE T TO FZ IEIC L 5 B
B Al & AT,

FEBR 5

FZ B X DA I, SER L — Y —BE R B R E (7
URAZ AT N) ZH, poa=10 MPa THEEL L7-, FUEHE
LR DR & FEfE SE 72 b 02 v, 3B
TENTAR X BREHT (XRD) 1 & 0 ATV RERRA AT I AR

PSS (SEM) (AR O 3 L ¥ —3 80 X #leldr (EDX) &
W B X #RET (WDX) 12X W iTo7z, |
FEBRA R Fig. 1 SrCo,W crystals obtained

FZ B X DA B RO R, Fig. | ORRZRFEMAE O, * by FZ method in high oxygen
TREBRIC LD, c mBR LNz, —H T, fmo—iaEmERl pressure

L XRD (Z X HMFEIEDFER, WHRFHTHL DD, Al
MELTAERNL 72T F MBIZ7 =254 8 XHT7 =274
MR STz, E- EDX LK bmFE~ v S (Fig. 2) T
1%, Co A BV &b D ANHMHR 3 INFEPHIZ MR T & 72,
WDX (T X DA OFER. W AR ORI E I A L T
L5, AL R LV b Fe 3% <, Co VD 722U MEHBEI S /LS
ﬂff_ (SI‘C02_5F616+5027\ 8 ~ 0.4)O Co lﬁjﬁ W @7 = ?/( ]\ 73)3/5\
B DIRE CILEBEEREICB VT Fe ORAEL ER
I TE RN LNy o Tz,

Fig. 2 Element mapping of Co. The
bright area is Co spinel ferrite, and

the rest area is W-type ferrite
2% LIk

[17Y. Goto et al., J. Jpn. Soc. Powder Powder Metallurgy 17 (1971) 193-197
[2] R. C. Pullar, Prog. Mater. Sci. 57 (2012) 1191-1334

[3] M. I. Merch et al., TUCrJ 6 (2019) 492-499

[4] S. Nakai et al., J. Jpn. Soc. Powder Powder Metallurgy 69 (2022) (accept)

— 178 —



08aC - 6 2546 O] AARLKERTENEFEZEAE (2022)

Sm(Fe-Co)-B J#EED Al AU L AR 1H) E

AR AR ST T RIRBA. P RE. CE R, IR B B Bs
CRALZBE R T)
Improvement of coercivity for Sm(Fe-Co),,-B thin films by Al layer diffusion
Y. Mori, M. Kambayshi, S. Hatanaka, S. Nakatsuka, K. Hirayama, M. Doi and T. Shima
(Tohoku Gakuin Univ.)
IZL I

ThMn,, W15 %2 4 5 RFep b G WIEm W B b 2~ 3 2 & 2 Ol m Mgk AlA & LTl
SN TWD, FTH Sm(FesCooo)i ML RIRIZ I W TN T fafnféAl woM, = 1.77 T, . J57 MRS
Y5 uoHa = 12 T, F = U —{iJE Tc = 586 °C Z /" T 2 DR HE SN TWD Y, Fx i Sm(FeosCooo)in
WA~ B IS 2 Z &ITH V. SmFep BRI F23 B 2 B9 257 F/L7 7 ZRFUHIC L0 BHIRIC
WS NT-REEZ R L, SRS woHe = 12 TGN Z L2 ®E LY, -, BlRan-
PLFFEIZ LT Fe, Co XU B THERK S IV D Z & 1 DifitE 2~ 3 2 & 3E 2 BAv, RS AH DU
PEOTRFEIZ LV E R ok om LS ND, 20 1 DOFEEL LT Si 2RAEH S
Sm(Fe-Co)»-B iz /ER L, & OB & HOmAERR 2 3~ b7 m e X &~ A 7
NIRRT 4y 7y ab—yarafVTEHEi Lz, TORFR, BV ~YLB L7 Si 1Tk U
(CEEP Lo LIREAIE LILT 225 131 T I B35 2 ERfERShz Y, LrLans, v
v TTEBYLEL LT St l3BEMERS O B35 25 %R EDH Z LB SN, TN OREREILIZL
ey ab—arnb Si BEBICKFILH S UL, RESIZ 19T ETREIEMT 22 &0
TR STz, ZO X DI, RFHE~DIERME LT OILHUTRE 1M EIZATH D | KL FE~TFELR
LR S5 2 & TRERMRBAD IR SN D, AW TIIILHOTE L LT AL 2L, AlJERL
LI EVLEL 21T 5 Z LI K W REE M A B L7=,

ERTG

AUBHERL B @ 22 e A /Sy 2 4L E & FIV TR L 72, 4.0 x 10" Pa LLF OB ZERPASK U2 FB 0
T.700°C THEMZ U —=2 7 L7z MgO(100)H ik it ol D Hebf il B 2 400 °C IZRRE L, A AE 1.30
mTorr D Ar FZPHE 2TV T HIE %2 20 nm, B8 & LT Sm(Fe-Co)15-B % 100 nm A fEE L 7=,
fot N CHAMURE 450 °C IZFB W T HEHEHR & LT ALE % 14= 0 ~ 100 nm AL L 7244 T, = 350 ~ 500
°C OEFLIRIRE T ,= 0 ~ 300 min OELE AT\, & ICEREPIEE E LTV E% 10 nm B L
7o VERLL 72500 il S 13 X BRIET(XRD)C X 0 | BEKAFME 3B s B+ T 3H(SQUID)
Ze DT L 72,

EBRAER

Al J& %55 L 720 Sm(FeosC002)12-B HMFIZ 33\ T Tl 5 MCHIE L7 b kv 1.23 T
ERWRBE NS DT, VTl BT BT ALK 18 nm BRE L 7230k 2 450 °C TEMLEET 5 =
ARV RBEINT LSS T IS L, AlEER OBULBE R 2 2L SED 2 EICK V&R KR 1LI8T D
BRI 3G ST, B TIRL ALEE R OBV S RIZ X D E & R ME O ZRIC DWW TRE
M D,

X DN

1) Y. Hirayama, Y. K. Takahashi, S. Hirosawa, K. Hono, Scr. Mater., 138 (2017) 62-65.

2) H. Sepehri-Amin, Y. Tamazawa, M. Kambayashi, G. Saito, Y. K. Takahashi, D. Ogawa, T. Ohkubo,
S. Hirosawa, M. Doi, T. Shima, K. Hono, Scr. Mater., 194 (2020) 337-342.

3) A. Boyachkin, H. Sepehiri-Amin, M. Kambayashi, Y. Mori, T. Ohkubo, Y. K. Takahashi, T. Shima,
K. Hono, Acta. Mater., 227 (2022) 117716.
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Sm(FesoC020)12 T E° 4 5 3 ¥ LA -7 5 oD /R Y

SEREAT L FERER R L SR A AR 123
(HAbKRZ e L. NIMS?, bk CSIS?)
Fabrication of epitaxially grown Sm(FesoC020)12 particulate films
K. Nabeta!, R. Haga?, N. Kikuchi?, Y. K. Takahashi'?, and S. Okamoto*?®
(*IMRAM, Tohoku Univ., 2NIMS, *CSIS, Tohoku Univ.)

[ C&HIS

ThMn, A% IS 2 & > SmFer, B A 13 BUE R s PERE D NdoFewB kA 288 2 2 S fiiiib, & =
U—IRENOHEKARA E LTHRSA T2 Y, 10T 2BA 2R MG A Lo itk
TDZ% < OHFEIC b BID b FRESNTEC DO 1V ERREDIEICHE £ > T\ D, Fox IXEHAEAY 72 A7 kL
Tk A B LT Sm(FesoCozo)ir T B 4 3 3 v L 2 R U CHsoh st R U | PR /)38 81
IZOWTHET L7z, ZAVETO SmRep R E X ¥ v LT V FHIBAZH STV 58 D]
THUE R TO o -Fe Aritie EXHE SN TEY | V T HIBSMEELI 3 0 2 foki - ERIC IR
WTH D, AW TIHEW THIIROFIM & PREERE e b ONTHRL TR ORI DU TE A~ TR
EWET D,

EBRAE

HEEERII~ T R b ARy 2 Y TR L DITo 72, Sm(FegCox)1 T B X % o v )Lk R ld
MgO(100) Euhi 4 VN, HEBaiRE 1% 530 °C L L. Sm & FesoCom DIFIIEA /S v # 12 L W iT -7, T
[ 18RS (AFM) 12 L 2 R mBlg2, HimAE I (TEM) 12 X A kAR 22 . X #R BT (XRD)
2 K DREEMAT, =R VX — B Sy ek (EDS) (2 K AT, IRENGUEVRIRS 115 (VSM) | B &
AR—/VEh G (AHE) 12 L D EAFHEORIE Z1T > 12,

SEERIER

Fig.1(@)IZ W FHIJE D EiZpkE S ¥72 Sm(FesoCoz0)12 & B X
F 3 v VR O Wi TEM B 47~ FHURE O BifaT
2RV VRENEBR SN TEY V THRCTHETH 72 o “« 2
‘Fe FrHOIHNCKEI LIz Z 80D, —FH. W R Rm v | W

\'%

Sm(FesCoz0)12

ICBWTTEAT 7 AROEBEOREAHR SN, i e T -

W 2y X OBEORBET VT i OB gL X—hiFOREe .
CEBLOLMEL, XY EERORBEIEERA L, < L D0 L e eesyional TEV
DINOMEHE RRET L7 AE R, Fig 1IR3 L 912 V Zfvwb 2 particulate thin films grown on W

b CIRAIEE T ORI R A MR TE D 2 EAifmot,  ectayerswit @) Wand (b) v
Sm(FesoCoz20)12 HEFENEIE 2 /0 &5 = L2 X kit &

NEIUCHHS LIRS R bR LTz, L L, REIFIRKTO073 TICHE-TEY, W T
HIRE D G PEDIEF N B W DR F NI RN A0 ThoTe oo EHER LT, 2ThEadET 5720,
W & L C MgO(100) F:4k I HARIEE 600°CT V & BikkE S, £ Eic W FHUEE O
Sm(FesoCo20)12 T B X % o ¥ )Lk 2 i R S8 72, FO5EF. Sm(FesoCoz0) 12 HEFEIFE 2N 2 nm
2BV THIEE 60 nm OINIIKL i E 2 R T& 7o, L LZOHATHHREINL0.72 T IZH E
> TWD, SEFE 72BN IE OMENTIC L 0 BRI EXA R+ Ch AR EZRET DL TETH D,

BIRE  ABFZE LT B RIS EA BT ZE L, (JPMXP0112101004) O X2 CTfrbivE L=,

& 3k
1) Y. Hirayama et al., Scr. Mater., 138, 62-65 (2017).
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Fe-Co-V-N D =10 TOAEK & —iilmi s 55 M

oG, aitras@ed), mRBEeE)
(BKH KB T)
Phase diagrams and uniaxial magnetocrystalline anisotropy of Fe-Co-V-N films
T. Hasegawa, C. Shirai, T. Nishikawa

(Akita Univ.)
[XLCHIZ
TR ANGEAT ORGSR FEIR IR DB RE M LD 72D 12IE, @R RS T ER (K & mWafmii (M) z 3k
T Z T B OB DB NEATH D, FEH O OMEE TIL TV E TIZ, FeCo 2% LT VN Z[REIRIRINT 5 Z &
T, FeCo B 12 L CIE S EAZEAL, 100)m’ A —F—D@E K, W S5 5 Z E2REL T[], A
WFZETIE. Fe-Co-V-N Difflpl bt 4 28 2 T EE T Ok i & BEAURFIE 2 3E/IC A~ T2,
KERAZE
DA A ECETEREE ST S M=V e S SUIVE/4 14.0

A EERZEE107 Pa) 2, BHRIAKOm) 120 £ (@) N
T & % : MgO (100) substrate/ Rh (t = 20 nm)/ %‘100 focH 18 2100
{(Fe14,C0y)05Vo.1} 1005xNx (t = 20 nm)/ SiO; (t = 5 nm), Rh & S s0® : 119
Fe-Co-V-N IR IEHUIIR /4545 % 300°C, 200°C CRkiE L=, § o1
VLRI, SEOME T KB Z R L7 10 at %ICEE  § ‘ o3
LR NIRRT, 25y ¥ 2 ThS Ar & ol 2 40 A ¢ ot
BHTCHIE LTz, ARBRTONONE N(Ar+Ny) 11 20 \
0~50% CZ&AL S E 72, Fe-Co-V DAL HTIZIZ EPMA, N 0.0 o Iy —g—ﬁ
;f'EE}Z@’\*ﬁ‘ 1L XPS & iz, ¥ Ea KOt c OFEH Co content, y

Z1%4% % In-plane XRD, out-of-plane XRD % 7z, K, D
:%ﬁﬁj 1T VSM % v 7=, 14.0 E (b) K, (106 J-m?)
FERGER 120 .0
Figure 1 |%. Fe-Co-V-N HiE D =R 1E TD(a) c/a & (b) K, D ; 10.0\1 fecEi4R -:g-;::g-:»
FAKAFYE T 5, Figl@ICBW T, RATRESNDEIL < g0l o
I3 c/a=1.0 ® bee, HFATRINDFIRIL cla= 1.4 D fec, 5 6.0 t g:;:g:i
FRLSOE (JERRE) TRENDEETIZ10<c/a<14 8§ 40 \\\. o 03708
O bet i3 EH LTS, N 2GR0 FeCo D 2 ' 1 A oY onE
REOMR TR RKK L £ DMILEca=125Thote, E °°

BRI cla = 1.25 % & HREMIT Figl@) TRl oRan 00 ——— — 00—
BRARL(X, Y) = (4.0, 0.5)HEICAFAE L, Figl(b)x#5 L% Co content, y

DREI T K I KE%E & > TWD, IMZATFe U wTF72(x, Figure 1. (a) ¢/aratio and (b) K, of the MgO (100)

y) = (3.0, 0.HHIIZHBNT S KT KEE & > TWbHA,  substrate/ Rh (t = 20 nm)/ {(Fe;yCoy)oo
pﬁﬂﬁ@ﬁiklﬁ lXca=11Thbsd, THROENETMEN  VoitiweNx (t = 20 nm)/ SiO; (t = 5 nm)

7‘_ FeCo 2B A HAEA 2@ LI LY c/a = 1.25 Tl continuous films at room temperature.

72< cla = 11FHETH KWATREMER RIE S 4L, 2 DR

(T, 2 2R L TR0 — JREEH R ORI L EMERIC —Bd D, £/ KRR A T 106 J/m® 4 — 2 —

EHEFITEMEAE L o TEY | AMBHIA Ko & & M, & el 2 7ol e LTERTH L B2 D,

BE X

[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248. [2] T. Hasegawa et al., Thin Solid Films 739 (2021) 138990.

Z OHFFEIL NEDO R T v L v 2050, BHfFE 5L B (JP20H02832), ASRC, HIbL K24 BASEHIFZEHT & O

FL[EIF5E(202112-RDKGE-0018) D X2 % %2 1) 7=,
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Fe-Co /I bet fifiE & — i T D V-N BN & A7
B b (i A), RIS
(K HRFET)
bct structure and uniaxial magnetic anisotropy of V-N added Fe-Co films.
C. Murakami, T. Hasegawa
(Akita Univ.)
[FLHIZ
BEEAMEESNTWDIZE A EO@mMERER A IIA D CEEZ G2, IEHM (bet) @ FeCo X2z & 72

VN, F 7~ FeCo HEEIC

FENEZEML TR ENT bet #EEIZRBWT, dilikt (c/a) 28 1.25 £ D & & OBRSMEIIRTZH & 251

TV \focl,\
REBRAE
AEHERLZ FHEZEZ TR~ 7 3 ba ARy

2T Ws(@ﬂ HZ8[E~107 Pa) 2 >, STO (100)

HR _%WJJH?‘?UME 200°C T Fe-Co-V-N(t=20nm) .
WIZERTH v v 78 Si0, (t=5nm) &k L 7=,

V #EIE FeCo 12k LT 10 at.%3 L1020 at% & L.

ZOLETNIFNEZZE(LSEZ, ZZTIHA &N

DOWREHT AER 03Pa s L, N AJLE% 0 -0.045

Pa CTZ&L X7z, Fe-Co-V DI HTIZIX EPMA,

R SFFMERTAIIC 13 VSM, A5 S A S AEHT 121 In-plane

XRD 35 & O* Out-of-plane XRD % Vv 7=,

RERHER

Fig.1(a)ix. FeColZ*xfL TV # 10at% () Bk

N 20at% (EEAL) ¥R L7238 c/la D N &K

FETH D, V=20at% ik, NIRINEICx L Ccla
PNEGAICEE L, V=10 at% TlEfF o o7z

cla =12 B3fFHHTW5, Figl(b)i%, Ky & c/a DA

B TH D, K DEKIEIZV =20 at%llBWTHEL

NTW5, IR LTWRWA, B4 4

% & N=0.015Pa CEELZHE. V=10at% L v b

V =20 at.% D 7 DS EAE S 20 %isi 3+ 573, ME AL

B 72 > T e, IRV T Figl.(b) &2 25 & Ky DK

fElx, V=10%T% 20 % TH [FAEEIZ c/a=1.1 T

BoinTnWs, ZOMEMITERmEEARE TS L

W, LLEORER X 0 | FeCo ~DEHITIHE V OFSIN

BT, 10at% kvt 20at%DIiE ) BNFETHDH L

Nhonbd,

BE CBR

[1] T. Hasegawa et al., Sci. Rep. 9 (2019) 5248.

Z O#FFEIE NEDO KT+ L > v 2050, FHFE: Ak
B (JP20H02832) D X124 % 1) 1=,

ZF Z CARBIZEClL, FeCo ~D V III&EICER L.

14

#EE*‘%LEE&L % i@ﬁ{t%ﬂﬂl\fpo

ZxF L CE#HATE V(10 at.%) & = AR TE N 2 REFAINT 5 & bet #1E & 72 0 108 J/m?S

F—F —OEWERBERE T (KD BRI Enbho TnAH[L], UL, EHfALHEV &R AT

7‘; i)

13

12

c/a

0 10 at. %V
e 20 at. %V

0 001 002 003 004 0.05
N pressure (Pa)

[EEN
T

K, (106 3/m?)
o
Ul

o
1T

o
o1
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J
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\

]

[EEN

11

1.2

c/a
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1.4

Figure 1. (a) N pressure-dependence of c/a, and (b) K,
as a function of c/a of the STO (100) sub./
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Massive transformation in FeNi nanopowders
with nanotwin-assisted nitridation

Jian Wang?, Yusuke Hirayama?, Zheng Liu*, Kazuyuki Suzuki, Wataru Yamaguchi!, Kwangjae
Park!, Kenta Takagi?, Hiroaki Kura?, Eiji Watanabe? and Kimihiro Ozaki*
LAIST. 2DENSO CORP.

L1o-ordered FeNi alloy (tetrataenite), a promising candidate for rare-earth-free and low-cost permanent magnet
applications, is attracting increasing attention from academic and industrial communities. Highly ordered single-phase
L10-FeNi is difficult to synthesis efficiently because of its low chemical order-disorder transition temperature (200~
320 °C). A non-equilibrium synthetic route utilizing a nitrogen topotactic reaction has been considered a valid approach,
[1] although the phase transformation mechanism is currently unknown. Recently, we investigated the basis of this
reaction, namely the formation mechanism of the tetragonal FeNiN precursor phase during the nitridation of FeNi
nanopowders.[2]

The FeNi nanopowders (NPs) were firstly prepared by a low oxygen induction thermal plasma system. Then the as
ITP processed FeNi NPs were first reduced in an electric furnace at 400 °C under a hydrogen gas flow at 1 L/min for 2
h. Then, the processed NPs were nitrided at 350 °C under a large amount of ammonia gas flowing at a rate of 2 L/min
for 16 h. To prevent oxidation, most of the experiments and evaluations in this work were carried out under a low
oxygen atmosphere (glovebox) without exposure to the atmosphere, except when briefly removing the samples for
characterisation by SEM and TEM.

Detailed microstructure indicates intensive nanotwins in the nitrided FeNi NPs which results in a distorted lattice and
Fe segregates at the TBs, which may provide preferential nucleation sites for the FeNiN product phase in the FezNizN
parent matrix. Furthermore, detailed microstructure analysis revealed that the growth of the FeNiN product phase
followed a massive transformation with high-index irrational orientation relationships and ledgewise growth motion
characteristics detected at the FeNiN/Fe:NizN migrating interface. Based on the results, we delineated a potential
formation route of the FeNiN precursor phase in the FeNi NPs during nitridation, which could contribute to the basic
understanding of this mechanism and promote further optimisation of the synthesis of bulk ordered FeNi alloys for
various magnetic applications. This work was partially supported by the project “Development of Magnetic Material
Technology for High-Efficiency Motors” commissioned by Japan’ s New Energy and Industrial Technology
Development Organization (NEDO).
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1) Goto, S. et al. Synthesis of single-phase L1o-FeNi magnet powder by nitrogen insertion and topotactic extraction.
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Fig. 1. ABF-STEM images of nltrlded FeNi NPs with terraces/ledges demonstratmg the ledgewise growth motion of the
FeNiN/FezNi2N interface (a & b). (c) schematizes the representative high-index orientation relationship present in (b).[2]

5 2 1100] Fe,Ni,N
o 2 [010]
> % [001]

~

— 183 —


https://doi.org/10.1038/s41598-022-07479-8

08pC - 1 46 [0 H AR AR AR (2022)
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Study on magnetic properties of mixed and oriented soft magnetic particles composites
Kazushi Wakabayashi, Keita Murata, Takamichi Miyazaki, Hiroshi Masumoto, Yasushi Endo
(Tohoku Univ.)

XL®IZ
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PTI I a o ROTENT 7 A FeBhi &, &F S ERAM Lo, 2T 2 7 1 U ROWMBMRL -2 85
LTS E R Sl a RNy y M2 L, T OBSEHEIC OV TRRET L.
EBRFHIE

AR UIZEBHT, KBHGETTIETARR LY 72 7 0 RO 7 /07 7 A Fe-B ki + PRIk, : 140 emw/g)
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[1] Y.Shimada et al., J. Appl. Phys. 101, 09M505(2007).
[2] K.Murata et al., T. Magn. Soc. Jpn. (Special Issues)., 5, 1-5 (2021)
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Development of pressed magnetic core reactor
for converter/inverter system for shinkansen electric equipment
Takanori Kanaya, Toshiro Sato, Makoto Sonehara (Shinshu University)
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AR AR LE S B 100V AJJ—200V B FJEa 2 R—% /60 Hz * 1.5kW /1A /8= F 2 2T LD
WHZ B, 8687 ELT7 7 ABEHRIEMAE AW ERED, 72 b ONCEGR T/ AN K %2 H
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iz #EH TN D, Table.]l BEL O Table 2 |IFE T L R—F A L R—=H L AT AOBFMEEEZ R LIZHDOTH
D, 1MHz AA v F v T HEa L —=2HY 77 b ILU700 kHz-PWM A > 3—4 A LC 7 4 V2 H
V77 MVORIEL 2 N\—% A U R—H AT A~DFEEEZHEORE R 25T 5,
E LD

Fig.l 1382 T N7 7 AGEEKIE R & F T TR0 O Lid e & S8 O B HEHE o —fl 2R LTz
HLOTHY | BRI 36 TSMHz £ TIRE - ETH o7, $RT / FREEEEH K E AV L

DO EFIEIZ DWW T RITRES THRE T 5,
SR SRAL UL ES ) Table.1 Specifications of GaN-FET boost converter

aAVN—=2 )T FIVOBKREE DT D—15I . 1 DC100 v
Fig2 (CHEI L A— S AT L—F U T 7 MO o voTage

FOIE AT D — ] % g, T N X D R L B Output voltage * current DC200V - 75A

LAWY v FVERPEE Lk K — 7 ROk Switching frequency 1 MHz

ST, JERRELORRIRGREE (0.93T) ISR L DC choke reactor 109 uH

FI10%DBLZ 100mTRETHD , 2 "—FDIE
FEEMERF CHBUL OBERASFI O BRI L A E72 0,

Table.2 Specifications of GaN-FET PWM inverter

Input voltage DC200 V
SR T R T T L7 7 A LBRT /Ko e
2 FEO O GHI R E O EERRLL D Y 7 2 Output voltage ACIOV @ BA
JLORNE T A AT o T fE RO L 2y N A Carrier frequency 700 kHz
AU N—H AT N LR A RET 5, Reactor for LC filter 27 uH

[1] AR, i, EF~7 %7 4 v 7 A&, MAGI19-068, 2019 48 .
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powder with Dso of 3.5 um and 10 pm. boost convertor.
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Broadband iron loss measurements in a Sendust dust core using 2-coil and capacitance cancellation methods
N. Onot, Y. Uehara?, Y. Endo®4, S. Yoshida?, H. Oikawa 5, N. Kikuchi !, S. Okamoto® ©
(XIMRAM, Tohoku Univ., 2Magnetic Device Laboratory, *Graduate School of Eng. Tohoku Univ.,
4CSIS, Tohoku Univ., STOKIN, SNIMS)
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Fig.1 Broad band iron loss measurements of a

MWBEMHZ IZET@Em®HbNLD, AMERRLD, AEAVWE L ZA
NEK = 7 TR 1 MHz A B EHESBE I L TR b . SHEER
PEAEL TS L TPREND, 4%, AT v— PNy FEERHIZ 4
a7 HENCEN L. SHRENET 280 5 TETH 5,
AWFFEII IR AR N — = L7 b v =2 28I SR BN ATFERR 56 F 3 JPJ009777 DSHED T TITb i,
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1) C.Beatice et al., J. Magn. Magn. Mater. 429, 129 (2017)

2) F. Dong Tan et al., IEEE Trans. Power Electro. 10, 124 (1995)

3) M. Muetal., IEEE Trans. Power Electro. 29, 4374 (2014)

4) B E s ERUFREIRE - RIS TS SR SA-22-012/RM-22-012(2022)

Sendust dust core by means of two-coil (solid
marks) and capacitive cancellation methods (open
marks). Black and red marks are the 5 mm and 1

mm-thick cores, respectively.
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Study on Structure and Magnetic Properties of Pure Fe Ribbons with Annealing Treatment
X. Ma!, R. Umetsu!, T. Miyazaki', S. Mikami?, T. Hiraki? Y. Endo' ('Tohoku Univ., “TOHO ZINC Co., Ltd.)
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Effects of oxygen gas flow on magnetic property of CoZrO films formed by reactive facing target sputtering
T. Kaneko, H. Nitta, Y. Takamura, S. Nakagawa
(Tokyo Institute of Technology)
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Development of Fe:B powders as noise suppression materials for 5G
communications

H. Sepehri-Amin'!, P. Tozman', Xin Tang!, S. Tamaru?, T. Igarashi®, S. Okamoto*, T. Ohkubo' and K. Hono!

! Research Center for Magnetic and Spintronic Materials, National Institute for Materials Science, Tsukuba
305-0047, Japan

2 Research Center for Emerging Computing Technologies (RCECT), National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, Japan

3 TOKIN Corporation, 7-1, Koriyama 6-chome, Taihaku-ku, Sendai, Miyagi 982-8510, Japan

4 Institute of Multidisciplinary Research for Advanced Materials (IMRAM), Tohoku University, 2-1-1
Katahira, Aoba-Ku, Sendai 980-8577, Japan

The role of high frequency electronic devices in the world is increasing due to the emergence of information
societies and the prospects toward further implementation of artificial intelligence and use of big data. However,
evolution of high frequency electronic devices accompanies with a rise of electromagnetic (EM) noises which should be
suppressed. One way to overcome this problem is the development of noise suppression materials which can absorb the
EM noises above 20 GHz range. Although various ferromagnetic materials have been used as noise suppression
materials for different frequency regions [1-4], there is no practical materials to suppress the noises at the frequency
range of above 20 GHz required for 5G communications. In this work, we developed Fe,B ferromagnetic powders that
can suppress EM noise at the frequency range of 10-35 GHz.

Fe,B alloy ingot was prepared by

induction melting. Spherical shaped powders
were prepared by the jet-milling process. The

size of the particles varies depending on

—e—Hp =0 mT R
—o— oM = 200 mT i
—8— j1;Hg = 400 mT.

igHp = 600 mT,

grinding gasses such as N> and He with

1 10 20 30 40

different inlet pressure during jet-milling. -

Based on XRD analysis, the main phase in the —e—peHo =0 mT
—e— gHg = 200 mT
H 115 —u— pigHg = 400 T,
as-cast and after jet-milling process was found et o

to have the CuAl, type crystal structure.

Figure 1 (a) shows secondary electron
(SE)-SEM image of the jet-milled powders.
The average particle size of the power is ~3
pm. Figure 1(b) shows bright-field (BF)-TEM

1 10 20 30 40
Frequency (GHz)

Figure 1: (a) SE- SEM showing morphology of the developed
' ' ) ) ) jet-milled Fe,B powders. (b) BF-TEM image obtained from inside of a
image obtained from a single jet-milled Fe;B  single Fe,B particle showing single crystalline nature of the particle. (c)

particle indicating that the powders are single ~ Real (y') and imaginary () part of the magnetic susceptibility under 0,
200, 400, and 600 mT bias magnetic field.

{ ee—

crystalline. Based on XRD on magnetically
aligned  particles and M-H  curve
measurements, we have found the developed Fe,B powders show basal anisotropy. The single crystalline powders were
magnetically aligned and fixed in an epoxy resin. The magnetic susceptibility of the aligned powders was measured
using transformer coupled permeameter (TC-Perm) [5]. Figure 1(c) shows real (') and imaginary (") part of the
magnetic susceptibility as a function of frequency under bias magnetic field (¢oHs) of 0-600 mT. The developed Fe,B
powder give a broad ferromagnetic resonance peak covering the frequency range of 12-35 GHz under uoHg= 0 T. Upon
increasing poHg, FMR peak shifts to a larger frequency range. We will discuss how selection of appropriate particle size
and their single crystallinity are important factors to realize FMR peaks above 20 GHz desired for EM noise
suppression for 5G communications.

Acknowledgement: This work was in-part supported by MIC/SCOPE grant number 195003002.
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723-726. [3] X. Liu et al. J. All. Comp. 765 (2018) 943-650. [4] M. Green, et al. Mater. Chem. Front. 2 (2018) 1119.
[5] S. Tamaru et al. J. Magn. Magn. Mater. 501 (2020) 166434.
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v’ Phase Formation in Fe-N Thin Films Prepared on Single-Crystal Substrates
by Reactive DC and RF Sputtering
Yura Maeda?, Kosuke Imamural, Mitsuru Ohtake!, Shinji Isogami?,
Masaaki Futamoto?, Tetsuroh Kawai?, Fumiyoshi Kirino®, Nobuyuki Inaba*
(*Yokohama Nat. Univ., 2NIMS, *Tokyo Univ. Arts, “Yamagata Univ.)
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D2 DDAy B Y TIET, WBGHENRFE U2 5 X 20 40 40 &40 o
INTBENE N ZFHEE L= LT, MgO 35 LT SrTiO;s(001) Diffraction angle, 20 (deg.)
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(IRERIE IS & BREFE DO BRI OV T %)amm“zs. and (c, d) RF sputtering.
1) S.Tan, X. Zhang, X. Wu, F. Fang, and J. Jiang: Thin Solid Films, 519, 2116 (2011).
2) J. Hahn, M. Friedrich, R. Pintaske, M. Schaller, N. Kahl, D. D. T. Zahn, and F. Richter: Diamond Relat. Mater., 5,

1103 (1996).
3) A. Schitze, K. Bewilogua, H. Lithje, S. Kouptsidis, and S. Jager: Surf. Coat. Technol., 74-75, 717 (1995).
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Epitaxial Growth of y’-FesN Thin Films on MgO Substrates of (110) and (111) Orientations
Kosuke Imamura?, Yura Maeda?, Mitsuru Ohtake?, Shinji Isogami?
Masaaki Futamoto?, Tetsuroh Kawai?, Fumiyoshi Kirino® and Nobuyuki Inaba*
(*Yokohama Nat. Univ., 2NIMS, *Tokyo Univ. Arts, “Yamagata Univ.)

[ZLHIC yFeNIE, Fe dfec BT OIRLALEIZ N 2MRA LA 7 & DHRERAMAR T, AICKE A B iz
DT END, IEFETAE Y =7 ZSHOBUR TR SIVOMEITH S Y. Falr, FxldFeN 4, Nyt L
HARIRE % - Lf:ﬂi%ﬁf(ﬁx/\" B ) 7D & T MgO(00L)Fabi HITIERR U CREE A3 BRI R, y AR =& o

YURET D252 F L 07= 9. — 5T, HlEE O TBEIE M EE SR LT EHl21T 5 B2, ﬂ‘/ﬁi _tlﬁ“ aYiii]
EHDOEREFRDWINT & 78 D128, M ZZER CHAEMEA T 2 Z L bEE L 70D, £ TAIPETIE, Fe-N %
MgO(110)35 J O1LL) SIS T A BROFAAREEDS yFHO = B4 -3 )LkR LRSI G- 2 D528 2Dy ‘T?ﬁfr AN~

EEBAE BEEEZRF~Z X a2y 2 ) U EEREZ VT, Ar & No DIREH A (BFF 0.67 Pa, No43EH: 5%)
TCFRe X —%7y haeARy X352 L2k, 40 nm JED Fe-N iz MgO(110)38 L O Fb BTk Lz, Zd & &,
FHGRE A RT~600 °C ORI AL &7, #a&Hill2IZ RHEED, XRD, XPS, AFM %, RE&HAMEHEZIE VSM % H]
Y
ERER MgO(110)+ L U(111) FM EIZHAL L 72 Fe-N <> RHEED
/ MgO(110) /MgO(111) /3% — % Fig. 1(a) 8 L (O)ZZNZE IR WTHoFEHR 112200 °C
LUF TR L%t L TR Y o ROEHT 2 — D538 b, Zitih
& 7o TND Z LD, IR TIX Fe D WNEN O EIzksiT 55
AL THY, TEXF T LRDEE TV, MgO(110)£&
#_F12 300~400 °C, MgO(111) 345 FiZ 300~500 °C Tk L 725 RHEED
B — AT g 2()38 L ONb) DA™ y-FeN FB B DEHfr /2 —
LENER—HLTBY, YHOTES F v UaEld = ORI
TEZ D Z 20015, MgO(L10)FEAR i & Fobnslal U R Bafg o
y-FeaN(110)[001] || MgO(110)[001], MgO(111) Fehk b TIZ ML A& L~ T
y-FeaN(111)[110]a, y-FeN(111)[110]s || MgO@LL)[110] DS AEEHR L 725 Ty
%. % LC, MgO(L10)FEH7_F-C14 500 °C LA EC, MgO(111) 5k Tl 600 °C
LI BT LT[R % — 13 Fig. 2(0)38 X ONA)Z~d a-Fe FH2H D
N = E—ELTEY, SETIIN OBBEHI K> T o iR X F v
MR LTZEEZ NS, ETz, EREFAZE>T, N BBEOR SR
MEIR S TN, FEfmFREORSAHREERR H BT L —0E 3 N O
EERUSN C B 2 KIE L TVD 2 EAE 2 b, (UO)IZHA~ TR D
3N DR LAZ WD EAVRIESILD. M HIL, XRD (2 & Do
TEORITICINZ, RIEIFIER L OBEEEIC OO T LT 2.
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500
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Fig. 1 RHEED patterns observed for Fe-N Fig. 2 Schematic diagrams of RHEED patterns S|mulated for epltaX|aI films with
films formed on (@ Mg O§HR2F and bg orientation relationships of (a) 7y-Fes N 110 0019 |£
1

MgO(110)[001 b)
% (111?) substrates at (&1lb (a-2,p-2 -Fe4N(111)[110 A, -Fe4N 11% 110 Fg [(111 ’\fc - 211(1 011]c,
200, (a-3,0-3) 300, (a-4,b-4) 400 (a-5,b-5) 500, a—Fe(leZ{Ollﬂ O 110)[00 g a-Fe(110)[111] gO(111) 1101 (N
(a-6,0-6) 600 °C. and o-Fe(110)[001] | gO(111)[1 O] (K ).
M. Tsunoda, Y. Komasaki, S. Kokado, S. Isogami, C. C. Chen, and M. Takahashi: Appl. Phys. Exgress 2, 083001 (2009).
A. Narahara, K. Ito, T. Suemasu, Y. K. Takahashi, A. Ranajikanth, and K. Hono: Appl. Phys. Lett., 94, 202502 (2009)
S. Isogami, M. Tsunoda, M. Oogane, A. Sakuma, and M. Takahashi: J. Magn. Soc. Jpn., 38, 162 2014).

K. Ito, S. Hi ashikozono, F. Takata, T. Gushi, K. Toko, and T. Suemasu: J. Cryst. Growth, 455, 66 (2016).
SRPHE, RIS, KVide, LI, —AHE, IR, FlFCE, Frd S tobe published in T. Magn. Soc. Jpn, 6 (2022).
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Guidelines for realization of FeAlSi films with soft magnetic properties
by control of composition and atomic ordering
S. Akamatsu, T. Nakano, M. Tsunoda, Y. Ando, and M. Oogane
(Graduate School of Engineering, Tohoku University)
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VAVEESRIERST (TMR) £ —0 7 ) —J@~DISHBPYF X 5[2]. UL, HEKIL FeAlSi J#ED A v
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fi[3, 41%HNT, KO AIBERFEO Y I 2 b—varg o[ Bk Fim3 N N

B 7oz, Figll¥, Ki~0 23556 7BER TO K OFEER 9 10 11 12 13 14 15 16

BRELIal—va U ERERLTVS. SL7DZNY Al (at.%)
AhEHTHRELE. o3 al— g LR EBReE R L F U Fig.1: Experimental (plotted points) and
WERLTEY, K~0 OMETHRAEMETT 51250 simulation (solid lines) results of K;
T ALY FHRIZY T M A E BT, TDI & dependence on Al concentration.
O, MEHHARL & R B EE 2 I L, FeAlSi Wil OMAKED 5 5, ME—H D K 24T % D0s-FesAl DIEFILL
%%Eﬂ%ﬁ“é Z & T, ENHBERAEZ AT D FeAlSi BEAZBGOND Z 2R L. HHDOREKRTIT
0 235 b VT RBOBEAXOLS: Kerr ZIRBEDFER & BT, WBLURFED RIS RIS D REMI 72058
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Uniaxial anisotropy of ferromagnetic nanogranular films consisting of binary CoFe alloys and fluorides
M. Naoe, M. Sonehara*, Y. Endo**, N. Kobayashi, and K.I. Arai
(DENJIKEN-Res. Inst. Electromagnetic Mater., *Shinshu Univ., ¥*Tohoku Univ.)
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HFIZREARFIIN U Ze < & 3V EN— R G HEE2FECTEX 2 D, 20X I RERICBW T, BbiEmn—F4T
FEmBER B GEERDMEV T IE CoFe A& 2 MWTFH /) 7T = a2 7 —Bo@E B2 AT 5, ZOHfr
TR T, Lo SE R THE I D B IFMEDHMIZ CoFe MEIKTFELENH 5 2 L RNbho Tz, jatT
7T =27 —RKORFGFHEKIZONT, EHO—MIIR20b &2 b5,

EERAE Fig 1 AR EZ RS Z o F MEICBW T, BB CoFe A4 L L, A4k CoFeioor
IZBW TR x &2 0~94 (at. %) & L7z, 7 v bMFERRIZIX CaF, & L < 13 MgF, ORI BERE R %2 v -,
FohilZRRIE D H T AT 2 KE LN BJEHE 033 m/s TREES 72, Z OFENARIE FICEE S, o
FIHRIC 7T X< 33 C BTz ERC M pE M b 2 Fof 23 i

FBZ LT A — O EEREE( ) V T =2 T — JSubs\trate -

HIE) 2 TR L7203 DI HERT 9™ %, 1x10° Pa LUFOHEZE Argas | &MWMM@MWW)IEW“M"
BIFEDOH ., Ar FRIEH AE1X 1.07Pa & L7z, FEF D CoFe & = :>

7 b L OWEIE, WX —5y N OBANE S THIE L ':{>

i 272, #EHX, B ERE., SRR EZBREIE,
HHHE, XRD 72 I L EE L7,
HREEER x=35~80 O#PHTHAN MR ENED

o x=0 BEU 15 TIHHWNFELME, =94 TIITERIL L | RF Power | | RF Power |
7o 77, Fig.2 1d, AR M % 0deg. L EF L, 2 27/ Cathode 1: CoFe alloy Cathode 2: Fluoride
SAEEDmL T A EO/BE L LI-EHEORLE S o ) (Water-cooled) (Water-cooled)

Fig. 1 Schematic view of a tandem sputtering
equipment.
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FEREL A CRE SN ARG ORI mTH D, —J5, Fe
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1) Naoe, et al.: [EEE Magn. Lett., 5 (2014). in Co,Fe4qo.x (at. %)

2) Naoe, etal.: J. Magn. Magn. Mater., 391 (2015). Fig. 2 Anisotropic angle from substrate rotation
3) EJL fh: ESFRIER B, MAG-13-133 (2013). direction and anisotropy constant as a function of
4) Shih: Phys. Rev., 46 (1934). chemical composition x in Co.Feigo...
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Soft Magnetization of NiFeMo Thin Films using Non-magnetic Cu Intermediate Layer
Yoshiaki Hirayama, Yoshito Ashizawa, and Katsuji Nakagawa
(Nihon Univ.)
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A R A W L o R IR ISR A EUINT 5 2 SIS K DBRERELE N L, A = v AN
THHEEFM L7z GMI & U T EREEALCRE LIS A ER STV DL Fox i, fafii b K& <, #
AUTC G R 2 A9 5 NiFeMo HIRIZ I\ T, ZfaEiE 28I H L7 & 672 DM E(RICE R L, —i%
(2, SEREEMERNICIE R S D BERE IS B O BRI HECIRIEIZ L - TE{E L, BEENEWE Z A TIIEEED
A RN 7R ClEEE S % Bloch BEEE L 700, < 70D L REREDT O KSR & < 72 0 RBERE | I
BN DREARIC X DE B 1L X — 039720 A B IR E N TlRlER 95 Néel BiEE L 722, = 2 C, FERMEE
% RREVE T CHEA TR IRV TIE, TREMEE RIS A 12 L 0, Néel BERERI SRR S5 2 & C, #REERURFED
M EAHE SN TWDHE, 22 TAWFZETIE, NiFeMo IO REEEREE OFIENIC X 2L 2 Hig L, B
REPEDIEREME Cu IREARFAMEIZ DV TR L7z,

REBRAE
NiFeMo / Cu / NiFeMo #fli% RF v 7R hr o A3y Z1 2 NiFeMo (100 )
v 7R VT SiO FEHRICHUEE L 7=, NiFeMo #R D /ERLC LIk
1% NizgFeisMos (at.%) DEBL—7y NeHniz, £7-, FE ]_\/\
P E Cu DIEE dey X 1 nm, 1.5 nm, 3 nm & L, NiFeMo # 001~
PEDFIE L 50 nm —& & L7z, ERL L 7= e s i R Bk
BHREE )G VSM 2 W TR O [ 1A T 72 07 17 O B O RGS g 0.008
A RIE LT, ﬁo 0.006 NiFeMo (50) / Cu (dcy) / NiFeMo (50 nm )
T
REER 0.004
NiFeMo / Cu / NiFeMo HEIEORREET) He %2 dey (2% L T 0.002
Figure L IZ/RT. WTND dey IZBWTHEL AlIm O H 27~ L
7=. —J5, k& L TR L7z NiFeMo BJE 100 nm @ He = 1.7 0
KA/m Z S8R TR L7-. HJE 100 nm Z 8 T 50 nm 12X 0 2 4
812 2 & T, Ho 2% 3HHEIL L 7. L7=73- T, NiFeMo & Cu @ de, [nm]

3EHIEICL Y, HWETY oy REEEDREZ AV T, BEE

) - Figure 1. Hc of NiFeMo / Cu / NiFeMo
AT &L o THBEMEL L2 Z L VRIR S LS.

trilayer films as a function of dcy.
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A DR 3T T

S5 XH

1) H. Kikuchi, S. Yabukami, M. Yamaguchi, K. I. Arai, and T. Suzuki: J. Magu. Soc. Jpn., 26, 562, (2002).
2) H. Clow : Nature, 194, 1035, (1962).
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Control of Magnetic Properties due to Co substitutions for Zinc Iron Ferrite Film
N. Adachi, K. NaniwaY. Nakata, K. Shinkai (Nagoya Institute of Technology)

1. ¥

Tz id, BOREBGMEIR L L CaI BT ZnFeO4 (2B LT, HHES B/ i (MOD)E CTHB 4 %_thzw
WEREL Z L T7 = VML L, KOBAL 2D R RFR L TE 72D, RFZETIE, 290 ME#BIC
% ZnFeyCoxO4 (2B L THREAL OB ) & 4~ 5 RO W TR T 5,

2. EBRGE

ML, MOD A HWT, YV AHF AR blcArya—F 0 o 7 UIERL L 7=, @ik F#1X. 100°C
THzEE L, 300°C CIRBMLEE AT o 72, MBERFEEE TIOTREZMHY K LIk, BVLERES b S w7z, J@%ﬁi
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WZxt LT, Co EHEDSE OMEIIRFE T, 20 3 MMOIFIET D ARetE b 5, Fo. 4 kD> 8 HRY
A MZ Co A AU PFET HHRICE S5 TH Ms XL DMEEZFFO72D, Ms & He OHIRH 5 WD ELH
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80

x=0.75

60 [~ —@— 500 deg 1h
—A— 700 deg 1h

40 |~ —— 800 deg 15min
—e— 800 deg 30min

20 L~ —#— 800 deg 4h

M (emu/g)

-20
-40

-60

-80 T T T T T

50 100 150 200
-40 20 0 20 40 TemperatureT(K)
H (kGe) Fig. 2 Arrott plot of Zn(FesxCoy)Os (x=1.0
Fig.1 Magnetic hysteresis curves Zn(Fe;<Cox)O4 18- ott plot of Zn(Fe2+C0)04 (x=1.0)

(x=0.75) annealed various conditions. annealed at 500°C_IH
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Fe2* Ti*EH#i SN Tim 7 = 74 ~OER

0 5S N iE] aE
(B =R

%lé

Synthesis of Fe?*, Ti** substituted hexaferrites
S. Nakahara, K. Kakizaki, K. Kamishima

(Saitama Univ.)

BaFe,010 (M ) @ Fed+# A K& 3 flidA A2 CTiEHLI 54
ZE1% 1950 FRENEDH D D, B2 DM DA A 2 & TR
3 ML HICERT LI ELAETH S, BasTisMe?*,Fe203;

(18H ) (ZBIL T, BIEMD~D FeDiR AT B EN TS
DD, Me* = Fez*® 18H BUIER STV 2, RIFFETIIANS
Em7 =74 FD Fe¥a Fet* e TIWTEHL, Fe*f A 2G50 7 7
A4 MERZT a2 2B 5L L HIC, REREFIORWN M BTo
Fef&#iks L OV Fe?* 25 18H BRI A B & LT,

EERAE

Fe> LIS D JFUEHEy (BaCOs, a-Fey0s, TiO,) % BB D Fe?* & 7
LW a2 g, IRE Lz, REH®R. 1mmP oy La=71Kr—/
Z 2R AR —1 2L (1100 rpm, 600 sec.) TEMEL | Bofie S 7,
700°C TS 21T > 7=, AR E 725 K 912 FesOs ZIRA.
ZNENE3ImMm®, A 10 mm® O kv A ZUIRIZ 0.5 tlem? THIE
I U7, g, BB A S I ARV CINIE 1.0 Pa LR TEZEEA
ATV, ZOAYERE %2 1000~1200°C T 5 h, MNEA L 7=, B O A%
IR X BREPHECTRE L, BRAHEITRE R (VSM)
EZAWTHIE LT,

HERLER

Fig. 1 (Z 1200°C TABERL 217 - 7= BaFe3*15.5 (FeZ Ti**)O10 D X H[H]
P 2 o~d, EH#E x=1.0,20, 2228\ T MBOBEHENESNT,

Fig. 2 T 1200°C THERL L 7= 3B O =R IRIC BT 2Rt 279, &
BB 2 DIZ LTER > T, BN D EBE~E b LTz, 20X
fbi Fed s Tiv N B X 7= 2 & C, @A AER Ny rIces £
ST THDEEZOLND, Lo T Fe¥*A Fe?*, T CE#HINT
LEZ2 5D,

Fig. 312 1000~1200°C Tﬁ%ﬁk L7= BasTi4*3(FeZ+Ti4+)2+XFe3+12.2X031 (X =
-1.0)D X MREHTE 273, 18H Blix Y A2 BaTiOs E % 3 ANz /-4
ETHY, o 18H BATME LTEONT, BIERMELTIE Y
H7 =7 A MAE BaTiOs AHAMAERK L7243, 1200°C OFERK CILIZIFH
OB RGO N, DT Lnn, Fe? 3 EVR L7 18H M 2 {EHRLC
ETEERD,

L ZD ;N

1) A.H. Mones, E. Banks; J. Phys. Chem. Solids, 4, 217 (1958).
2) Q. Lietal.,; Acta Mater., 231, 117854 (2022).
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~A 7T VA MECERIZ I T D BAE M D 52 B

REEE 20 ZgHhimiA 20 LIES 28, EEtels 8 AR 24
(RAER T, 2HAERZIeHE, 3 HRAERZEEME, * HAEK CSIS)
The effect of thermal activation on microwave assisted magnetization switching
S. Mizutani®-?, N. Kikuchi?, M. Hatayama? 3, T. Shimatsu®, S. Okamoto?*
(*Eng. Dept. Tohoku Univ., 2IMRAM Tohoku Univ., *FRIS Tohoku Univ., “CSIS Tohoku Univ.)
FLHIS
~A 7 a7 v A MEfbCEE (Microwave assisted magnetization switching : MAS) 123\ Cik, GHz #d~
A 7w RS KD AL DT FEEE) 2 b U TS A IR S T 5. £ ORI~ A 7 v i JE I
BIHB L TIRB L, BEFUSEEIZ IRV TT A RMIRDPERT 5. MAS (281 5 ERRY 72 = R )L X — [k
B SE, BRSO~ A 7w s ORI - IRIEIC K o THMEICE LT 5 1A, AIFETIE,  ColPt ZJEhE
T Ky b7 LA &AW TH X 72 52T MAS OB OFEFIREH 2 HIE T 5 Z & T MAS «@?M%@@%ﬁ‘fi“ o
WTCRAA T
KRG A
AEHT, BMRERO @ Si R B~ A 7 w RBESGHUIN O &R R 2 FR L 9, 2o LickiaE %
L CHRER—VNRMEN OEME N O ColPt Ky b7 LA ZAFRIL7-. Fy MERIZd=70, 200nm & L
7. MAS FEBRITERAT L0 i M E 7 I B, mNT R~ A 7 a RS ZEINL, BER—L2)
RICEVBIRREE A LT, ~ A 7 2 RS I8 touse = 20

NS, J& A toeriod = 2x10% - 2x101 s D/ VAP & L CHIN L 7=.
REHEE

Fig.1 ([CIEAZE d =70 nm @ Co/Pt K b7 LA OIREEI D~ Eh4f ﬁ}fﬁ{f' ts (s) =
A 7 7 W R BARATE & ARG terr = 100 - 10 S 12DV o T o
TRT . A 7 a ERAGIRIEIE pohe =38 mT Th 5. FEhik Eoz 'Qj
FORRFRE tere (ZTWERFE P~ A 7 w5 2 FIIN U 7= RefE & : i
L, terr = 10%(tpuise/tperiod) LEHRLZ. WITNDtgllBWNTH . | . ]0
e B D BTN o CHRRBE N 2SI L, BIREZR T & A 1 4h % 5 10 15 20
STz, AR R DRI T O 21T 1T terr 1 fr (GHz)

LCREREITA SN, R UERETHEARD & teg D
HEAMZ RO ERRE ) AR L, B SR B m B s~ & of coercivity of Co/Pt nanodot array with
kN U7z, Fig.2 IC 87 MRS Hi 3o K OMLIRJE B 5k 2nl)y| CHL diameter d = 70 nm for tu = 10— 10's.

KAl U7z BRES Hae, ~ A 7 & BERESS JEI I 20 fe L2 L CRE
HLUTFEY o x VX — RS & AEIEy 2 /Rd. ~Af 7 1
WG IRNE X He/H = 1.8x102 TH DH. T R/ X —[EhE S S
AE/Eo & REFIIFI terr 13 1 56F 11635, £ D72, Fig.l
HO ter 2 —E & L CHIE L7 AERIT AE/E) D% SR & FE5r
BINZRDTND Z LY L, ter OEINTAE D PR DA
W& SR R O @B AGIIBME D I Lo TR TE %
ZEBHND. R
HIERE ARBFFED —EBIL ASRC DX IEA2 21T TiThhiz. 0 02 04 06 08 1

Fig. 1 Microwave field frequency fi+ dependence

AE/E,

2D N znfrf/lylHk

Fig. 2 The calculated effective energy barrier
1) H. Suto et al., Phys. Rev. B. 91, 094401 (2015).

2)  N. Kikuchi et al., Phys. Rev. B 105, 054430 (2022).
3) N. Kikuchi etal., J. Appl. Phys. 126, 083908 (2019).

height AE/E, as functions of microwave field
frequency 2xf/|y|Hx and dc field Hqc/Hk for
microwave field amplitude Hy¢/Hy = 1.8x1072.
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BEMERRE D~ A 7 ailf 7 v A MR ZE B~ 0 5 2

SULARBA L VERRRS R T B ILIESE T2 R 28, AR 1
(M HAERZ TohE, 2 ALK 2B, 3 AL Ra@AE, 4 3R CSIS)
Effect of film thickness on microwave assisted switching behavior
N. Kikuchi?, K. Sato!, M. Hatayama?, T. Shimatsu®, S. Okamoto®#
(*IMRAM Tohoku Univ., 2FRIS Tohoku Univ., *RIEC Tohoku Univ., “CSIS Tohoku Univ.)

[FLHIC

~A 7 a7 v A MEbdE (Microwave Assisted Switching:MAS) I3 &4 LG ek &2 ZBLT 2 85T & L
THRHINTWDS, TTICRIA T ELTOMRLED LN TNWD—FT, FiZ/ T =o2 7K TOIEER
TOMWE T 72 < PBAEE DB BIZHOWTHRIER 2 A H 20, Fix DL —F TIE 2 E T, EE 15nm
@ CoCrPt-Si0, 7' 7 = = 7 — B2 BT MAS HEER AT\, £ D~ A 7 1 I REIGHIRNGE S0 8 R B R A7 P 1 T B
BXEEBTHZLICIVBHTEAZLZ2HELTWVA[L], AL, BEDEZ 5B %2 VT MAS %
BRAATO, BED EORBEFIRDLZ LT L,

ERAEEER
J v R—=T7®OSi 7 xn— EIZHE Lum O~ A 7 v EGEINA Au #RE 2 /ERLL | JE X 100nm @ SiOx ik /&
IR L=, = I THiE - fR#E L & 112 CoCrPt-30vol.%SiOx(t) 7' 7 = = 7 —RGMER A SR U 7=, t 13K
JET108E0N15nm THDH, Aufpls EORBMEREZ, ERY V7
T774—BIOAr A A=y F 72D ES 3pm, 15 0.6 um @ i :
FETARICAN T U7z, 2 0%, T B & RS PERRAT 00 72 30 00 524 Hall A
e (AHE) JIEH OBEBIGHICIN T U, Bl dlif o) & 1320w
\CIRE RS A FIIN L TITV, ~ A 7 2 i1, Au BRI I GHz
WOERWEERZRT Z LICX 0 EEMNICREAE ST,

Fig. 11~ A 7 mE AN LZRAWES &~ A 7 o iR o bsepaneiider””
poh=48mT . JAI % f=25GHz (2B W THIE L 7= AHE #hitz =3,
B 1% ()10 nm, (b)15nm TH v | B OG5 7 mn ——+ O ghfR72
FERRLTHDH, ~A 7 a5 2 N L 7eWEE OREEIX
t=10nm OB TET LTV 223, SIS E I EBICITR & I7E2hi e
SEGELEOREBNETHD, WTHOREHIBWTHHE R~ A
I ORICE DT VA MIRENBAZTWDA, ZOFEEEICBW T, 1opssseset? ]
t=10 nm OB DO FHT N LY KRERT A RN E LN 02T I2h 5w e is 1S
T %, Fig. 2 12 2 5 OB OIREES) D~ A 7 v BB A W A ot (1)
R LUTm, ~A 7 0SS IRIEIE whe=d8mT T—ETH D, WTh Fig. 1 AHE curves of CoCrPt-SiO2 media

- s bt o , v measured without and with microwave
DFEHC S AR B B T~ A 7 S O S A VIZIERIE  field of fir =25 GHz and pohi=48 mT.

=
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A
f4=25 GHz ¢ .,‘
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«n

.
~e.
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< o
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o
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«n

H
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WERBEDMET L7=os, £ TN LA ZERIZR N0, 06 :
WP ARLDBEC b fir = 20 GHz AL I T 2 SRR O 1 e ctsm
TAMBERNT /2 B8 =10 nm ORBIOF R LV EEEETT VA R cal e e e

= aa, ‘A'
RN L TS, ZNHDOEEHL, ~A 7 v T o x T st
JLE—EREDFERE RS TSNS O THRITE 5L, 2], o2t t=10mm
BE R 00 ‘ ‘ ‘

o 10 20 30

[1] N. Kikuchi et al., Phys. Rev. B 105, 054430 (2022). e (GHz)
[2] H. Suto et al., Phys. Rev. B. 91, 094401 (2015). Fig. 2 Coercivity of CoCrPt-Si0Oz media as
B N o o a function of microwave field frequency.
BEE ARFIED—HBIE ASRC DSR2 % 1T TiTbhiz. (ohr=48 mT.)
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T EH A ?&%%wt74?H&TVXkMMﬁ% g OHEE

N bt !, PPBESs 2, Fose !
(CFUNRZFRFBE S AT DEWFERT,  PTUNRFEZ R« 747 « A 2 Z A b UBERT)
Estimation of microwave-assisted magnetization switching field by energy approximation
K. Kawakami!, X. Ya?, and T. Tanaka'

("ISEE Kyushu University, 2IMI Kyushu University)

[FLHI
IR, WAGFLEROZIICE W OB B ELHE EBT 28T NO—D2E LT~ A 7 riET v X MERR
FEMAMR)MEH STV 5 D, EEESR ORI M 3R SN BOEATOGA, ~A4 7 ailfo 7 v A K
WRITEERICER L S TEY 23, BLEZESFMICKE S o/ y Hk OBRDBHINES NS Z L E M TH D
ZERMBINTWS., —H T, ERBEAOEINGMABIEESEIZIEAITONE, ~4 7 a7 v A Mgl
HR(MAS) D FENTHI 72 HEE IR EETH 0, BRI R hgw D &L O L KERSR T ERL STy
o~ A 7 u~< I 2T 4 v 7 vIal—rarEAWVANENDD. AT CIIE TR ORI R A3 At
KON IETAT I BB D hgy & LRI HEE L T-.
EREEFE

ARG BT bR L ORROIEET Vv E Fig. 1 17, LA
ZlhiE z §ih7 1A CIEEE R hpcld z Bk L COOABETHIMS L, R
W ARG hpc VTN 7 A B S0 THIMES NS SARET 5. 728, &
WU BTV H, THE SN TV D, oIk 286§ 2 k25 E s
O EAZTRL, 0,03 LD x i BNEnNEnmK - kb
X0 WK T DEALOME X A %R T . Fox DFATIIRE D DARET VITE
J5 x Fif, z HEOBERERASY (hy, h,)1E Egs. (D TEEIIZE S, JL//
hpc = hgwP & &, 72T A Nillift Eq. @IcBB L% 875, VHx

hac 3

. 0 . w
hy = hpcsin® — Hey sing + hac,h, = hpccost — Hey cos¢ Egs. (1) Fig. 1. Schematic of the equivalent field

2 2

h+h: =1Eq. (2)

*  Simulation

<
st

L L 1 i
5 10 15 20
Frequency, f(GHz)

9V ENEND DB D he, D~ A 27 2 I8 JH AT

=
L LCREIICERY o7z, 728, @8 & Ve, 1xFER) %’o_g _ Approximation
a5 % B 8 L 7 = L % — YA 55 {1 (OE/0912=0) 7> B HE 307 .m@%
EEND. BB EZe/yH ZBELI-E—~rxTx = ' l—15
X — L B L — D% R 2 0.6 ——&g
R EF & %05
RERFRE~ A/ a~ T X T 4 v I al—Y =

DOEPFEEE ~ A I a~v TR T 4 v 7 Iab—Y Fig. 2 Comparison between approximation
2 U DFEREDEITRK TR 2%ETH 5. and micromagnetic simulations.
L 2 BN

1) Jian-Gang Zhu, et al., IEEE Trans. Magn., Vol. 44, pp.125-131 (2008).
2) G. Bertotti, et al., Phys. Rev. Lett., Vol. 86-4, pp. 724-727 (2001).
3) S. Okamoto, et al., J. Appl. Phys., Vol. 107, 123914 (2010).
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3 RILENT T A MEKGLER TR UZ BT D RidkE DIRE & g o A~

— 7 O
AT TR, PRI
(LAEpe Ry Rpe Teiisest X - B L5
Study of thicknesses of recording layers and spacing between them for 3D heat-assisted magnetic recording
K. Maeda, and F. Akagi
(Graduate School of Electrical Engineering and Electronics, Kogakuin Univ.)
T BHIZ
IR, MR T 4 A7 B TIE, 778y MOEREEEILOTZOIZ, BT v A MEKGELEk (heat assisted
magnetic recording: HAMR ) 5 O HFZE « BIRE 23 A CTUvD . F72, HAMR & By R332 — K (bit-patterned
media : BPM ) % 7~ & #>H 7= heated-dot magnetic recording : HDMR)23 5-10 Tb/in? DFiEEE A ER TE D & L
TREINTWD. LL, Ry b A XOBHEBERRZEBRET 5 &Rk 7 iEnnEc s, A4
ZETIE, RREREAE IO L 3 ot T U R RERGRREE (3D HAMR) RO F 217> TV 5[1]. A
HTIE, BB ORE, RUGLEEROAR— 07 LRRikE & ORI OV TReskE I @) < FRIC
EHHLTHRE 21T 7.

HEFEROHEET V
3D HAMR Dité#iafe 1%, Landau-Lifshitz-Gilbert (LLG) SRR ARV TR D72, BRET L, Ky MES

nm OMFEOBNE K> A%, By MEBE 16nm THRAIMIZIEA TS EE L7z, EJE Ry b OBEIE 4nm,
TREFy hOBEREIE3mm & Lz, EEoXxa Y —iREZ 550K, TREOF =2 —EEL 650K & L. ik
1%, DCA L—X%BET TREIC 1,0 DREFREITV, 0% BJEIZ 0,1 OFEREITo72. EkOHiiie Yy b=
Z7—Ll—b (BER) Giék+ 7 v/ xT7—FKy Mt/ ek b7 v 7O Ky M) X100% % Huiz.

HEMAR
11X, A= 73m 2BV, FExE EFIEE 250K Trifk L=%, EEOREE1T > 72RO BER
ThbH. ZhErv, EEDBERIZEFIEE 170 225 175K T0%E o 722%, TEIZ 150K 2B 2 5 LiRE
EREEBICHMARLE. K21, THROBRELEDOAZREL T EHEOREBEI TR THD. 2LV,
155

TREO BER IZETOFEMTO%E -T2 D, TEBERIIX 2V —EELVINECHLAREL D Es
ZF5Z Enbhrotz. ETEEOA E OBRICOWTIIREY BHET 5.

50 50

= S

'S 30 —®— [BBER... ‘S 30 —8— [ JEBER[%)]

$ |-/%BER... g | BER [%]

= 20 20

& &

e 10 2 10

Holeoooeoo=—0A—2t | 4, L o o o ot ot—Pp
140 150 160 170 180 190 200 140 150 160 170 180 190

ERIBEAT [K] FHIBEAT [K]

1. FJEE0ek% D BER O b HE R AFVE 2. FIBOEE S X &5k LD BER O b 55 kA7
HEE : AR CTHW-7"0 277 2T R B8 B A LS Sh TR £1.

L 2 BN
1) F. Akagi, Y. Sakamoto , and N. Matsushima, 2021 IEEE International Magnetic Conference, (2021) pp. 1-5.
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U-Net image segmentation for statistical analysis of granular FePt
recording media and automated dataset generation

N. Kulesh, A. Bolyachkin, 1. Suzuki, Y. K. Takahashi, and H. Sepehri-Amin
National Institute for Materials Science, Tsukuba 305-0047, Japan

Progress in the development of next-generation heat assisted magnetic recording (HAMR) media strongly depends on
the optimization of existing processing technology for further decrease of grain sizes while maintaining a large
coercivity in FePt granular media. Thus, current target areal density of 4 Tb/in? requires L1o-FePt granular media with
an average grain size of 4-5 nm with standard deviation (SD) below 15 % 2. These requirements imply the precise and
fast analysis of microstructural data; e. g. transmission electron microscopy (TEM) images. In this work, we propose an
automated method combining segmentation using convolutional neural network with the U-Net architecture and
computer vision algorithms for fast acquisition of all relevant statistical information from TEM images. We demonstrate
that the workflow capable of processing an arbitrary number of images in a highly uniform way can be useful for
generating a high-quality dataset for further analysis by machine learning algorithms. As proof of concept, we
considered a series of FePt-C granular films for which a dataset was generated, combined with sputtering conditions
and magnetic properties, and analyzed by machine learning.

Samples of FePt-C granular films were deposited in several stages onto MgO(001) substrates by magnetron sputtering
at elevated temperatures. The U-Net model was built using Keras and TensorFlow Python libraries and was trained
using 1200 images and corresponding manually segmented masks obtained by cutting 10 TEM images acquired on the
area of 300 x 300 nm?. The U-Net model was further used for automatic segmentation of 70 large TEM images (sample
image with recognized grains marked with colors is shown in Fig. 1 a). The obtained binarized images were used for
measuring area of each grain, estimating diameter, distance to the center of the nearest grain, and roundness parameter.
As a result, average values of each parameter together with SDs were extracted. In Fig. 1 b, a comparison of the two
histograms of grain diameters obtained from manually and automatically segmented images are shown. Using the
automatically generated dataset, simple regressor models for predicting coercivity and microstructural parameters were
built and used for finding an optimal set of sputtering conditions leading to the desired combination of coercivity and
grain size. The proposed approach can be useful for fast and unbiased microstructure analysis of FePt granular media.
At the end of the talk, we will discuss how machine learning assisted microstructure analysis can be beneficial for
optimization of the processing parameters toward realization of desired microstructure in the L1o-FePt granular media
for HDDs with an areal density of 4 Th/in?.

References

1) D. Weller et al. IEEE Trans. Magn. 50 (2014) 3100108

2) K. Hono et al. MRS Bull. 43 (2018) 93-99

B S s 3%“” b = U
J ®y ) I

Number of grains

Diameter (nm)

Figure 1 (a) TEM image with recognized grains highlighted with colors. The inset shows Euclidian distance map used for estimating
distances between centers of neighboring grains. (b) Distributions of estimated grain’s diameters extracted from TEM images
segmented manually and by the U-Net model.
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HATHAMRATIC & % L1078 FePt A o>
MRS AL~ DR TSRS DR
CEE) KB BT ST, R Ji Y, 2 A XA s NI 2, KRR
(1. ALK, 2. AP &SRB T¥)
Evaluation of light atomic element dissolved in magnetic grains
with unit cell analysis for L1o-typed FePt based films

“Daiki Isurugi', Gento Tanaka', Takashi Saito', Kim Kong Tham? Tomoyuki Ogawa', and Shin Saito'
(1. Tohoku Univ., 2. TANAKA KIKINZOKU KOGYO K. K.)

[TCHIZ BT v 2 MK REEADOTEE TIX, HIRTHVL —llifEAEERE T R L X —2HF795 Ll
1 FePt FHN G 172 B CTH U . C ° BN Z K541 (Grain boundary material: GBM) & L CHW=2/ 7 ==
THEREOFZEHAREIED LTV D, FTex 1TV T =2 T EEORMA L (M) 75 GBM Ot ML, CX°
BN ZORSEOEW GBM Z W/ I =22 FEBETII MO TREFELWZ E2ERHLE Y, Z OFIRIZK
JEEIRF I FePt & GBM & O3 BEDS AN+ 53 72 RRE THT I BEE 2N & 5720, GBM AT 58tk B, C. N8
WEMERE BRI IF L T LE S TS 2 ENRB X HiL, BEEEOFMARDbND, LR b 7
FIA=INIEED T T =2 B TH- T, LbBMERKSERNICHFEAET 2\ TR IC OV CERTMT 5
LIRS TR, INETIEEALE RINTI R -T2, ARIFRA X7 T =2 FH#EF D Ll FePt
FHO BRI ARFE DS, ¥ 7-HICEIVAE U728 T R B BUR B E & 72 DR 2 15 7= O THAE 9 5,

DA HEEFMEFER  Fig 113, LI HOBNIAE T T 5 -0 DT ERD 75 7 Th b, ¢ &t
a ZREENC & 5 & dihbt o/la OFERTAA B30 OREHE R, BALIERE (a%c) XA T 0 odhft Gofidl
PHCITIFIFTERR: 20 L LTINS, 2D T 7 Bickkx 7o A5 TIERLE N 5 FePt ZEE D L1,
FOKFEH (a, ) 71y b9 iUE, BAREGICBET 2 F#RP S 65, —fFlE LT Fig. 1 IZIEERIE
JEZ 250 - 630°C £ TEAL SH T ANy Z K L 7= FePt &4 5T 0 FePt fHOM T8 A 7o v h L1z, ik
BED A% 1T FePt-30 vol.%BN (5 nm)/ MgO (5 nm)/ a-CosoWa40 (80 nm)/ Sub. Td 5, #kH 0 FePt &SIl ¢ #ih
B LT 2728, In-plane X AREIFTIZ X 5 (200)HE 72 & ONZ Out-of-plane X ARIEIHTIZ &L 5 (002) i A B D [AIPT#E
DT Ty THNOETER (a,¢) ZHH LT, 7oy MZEDEEEEIED (a,c) D7 vy MIFERIEE %
FFTERT2IZELATICYZ ML (@ I, e B), ca DMET LT ZERbnd, ZIIRZEE
L7zHAIE DR E & bxths LT\ D, —F 26 OFEFO ALK ARFEIL, AUBERE O AR TR 53 55.55 A3
T—EEEZTRLTND, ZHUE FePt &R CIIHEA- AR OREEZ L OmE CHRARAERITIZE A UK
fEL72NWZ &£ &R LTV 5, Fig. 2 121, FERIRFE 550°CH H & Ar H AIZ Ny H A ZHI L TRl L 72 FePt &
SHENER O L1y O T EE (a,0) LTz, EFREELE 000 50%E THEHMEES &, (a,c) D7m >y |
275 7R TR 7 B L (e BN, cla 23 1IN TWL ZERNbnd, —15 2 OBE OB AR
1% 55.55 205 56.890 AP E TR L CWD, ifxEE LEHAEORD LEXADED L Ny B ADIRINEKNE
T, INMEFEEOENMIC & H2RWEFRD FePt fEmANICER LT LEW, Fe & Pt RIS O %
F TV DA 2 D, i TlE, FePt A4EIZIN % FePt-GBM 7' 7 = = 72O T, Ny, Ha, NHj
DT A e AT H AGSINFEIERS H AR LR A b7 =— L& i L 72RO s RO T H N T 5,
BEITE 1) S.Saito et al., J. Appl. Phys., 59, 045501 (2020).
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Fig. 1 Variation of the lattice constants a and ¢ of the L1o

phase in FePt alloy films deposited at different temperatures.

Fig.2 Variation of the lattice constants a and c of the
L1o phase in FePt alloy films sputtered with N> gas.
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SO AR B EE & AN L2 DR L7z
BLAIEL & X 4172 L1o-FePt f0hL - HEVERA~ D RET
TERBER Y, &)RE 2, BAH 2
(" BARRFRZFBE B T2 IERE, 2 B AR B T4
Fabrication of regularly arranged L1o-FePt fine particulate with

08aD — 7

combination of rapid thermal annealing and microfabrication
Yuta Shimizu!, Hiroki Yoshikawa?, Arata Tsukamoto?
(‘Graduate School of Science and Technology, Nihon Univ.,
2College of Science and Technology, Nihon Univ.)

[FLOHIC MEMKES L AT D FePt T/ BMEROWRL 7k, F7o2 OBRAIEE - RiRR ORI Z ET 7 —
> RAGII IR AR 6 FE R SRR AR, B RERE R T A AMERLC B 2 BB TR FIN CTh 5. Fox 13 Bk Si k&
W EIZAESE U7 Pt/ Fe s#tfse @ EEIZxh U CRIRER] 0O Gud - PR IR ZVLER (RTA : Rapid Thermal Annealing) %17V 43
i, BEEE, L1, BAIA &b E — TROBULI TG L T 2 Mhl FERFIEZRE L TV D V. HIZARTA IZEF#R Y
Y 7'Z 7 4 (EBL) IZ X 2N LA O L FE b BE -G LT 5 2. @i Ek B ~0 RTA TIThifR, #
LEFME B DK & 22 Bohi FREDSIEAL S D, Las L, RTA SO T2 O 2 AR FiETIE, £R H RO 8
fb& & BTl - BET B ADOZEMEZBSRETE 2 B2 DD, AT CTIIMAIIN I X 0 IS @~
A VOERFEZE RE L, WA ARSI X 2 BLERIE I AR 738, BL - IRIZ DWW TREH 5.

REAZE V7 bA7IEICT Si FER EICHREEIFIE 3.750m @ Pt/ Fe L J@E X A VA RTA RIFIHIAEE &
UCER L7, AREE T Figl ISR 3N T4 A v—dK L % 50 ~200 nm , A# P % L+ 100 nm @ 150 ~
300 nm & 7% & 5 ITHiE 24T\, Fe 2 1.64 nm, Pt 2 2.11 nm, DC 7% b 28w & ) o 7 TR LIER L
7o, ZOFREHIR U CTEEERZEE < 1.0X10° Pa OFRPMHEK FC, FIREERN 120 Clsec., FIFEIRE 590 C D&
WAIRE, FREHEEE <140 Clsec. DRGERIRIZ T RTA % Effi L7-.
Z OFEHT KR L CERRE FHRBMEE (SEM) IZ LB LIRS
TR IR, Rz Sl 5.

EBRERE DX A DD —ODWRL TR FTRE 7R BRI & A LB
A RXDOFM, Flhi 7V A X2 liT 57012 SEM 2 H L7z,
Fig2 \ZRT XL D12 L < 110nm TiX 1 Z A LH 720 OISR 5K
IR 1 TH D2, L = 110 nm AT H SEECKL T DO TR % TR
L7z, ZX 0 DBERRILT 2 7 A LA XOEERSIE 100 ~ 110

O

N Wy L--.
(DDesign Pattern
©@Before RTA
@After RTA
Figurel Design tile pattern
and Stepped microstructure

A Before RTA diameter(®) i 120

nm BB CHS T AR LT R, S A YA XOMIIZH 1 AT RS m | 10F
54 Wbt ) DTG RR TSR T 5 = - 2R L, I & Ax“i%l N
S BRTOR S RH I D5 W TE S, 67 23 4 | ol 60 &
Yo RF S 1 Fig2 1SR T L 9IS L < 100 nm TIEH A L4 & | 140 B
S ROBN L & b WA TR T IR ORISR S L, Bk T 5 2 m 120 £
DT & 7= G I PR T B S0 60 nm TR 5. —0 1 pmmmma o
RTA % AV TRk 79 4 KR 5 B RGO fFEC & 0k 50 100 150 200

BOZANT A ZIEHEERECTVWDELDEEZXLNRD. —T7,
EBL O F#EGELIC L0 RTA RIMIEIEIE GG LD B4 10 ~ 20
nm FRENERALT DM AMHR S Db OO, RTA OEENRIC X
D HEEEREOK) 60% (CHEEE L7, TAUTK Y, RTA 20T 54
TR TFIEIC IV TR RS A ] 2 e FF L7 T A L0 b
WUN2 RS 2 TR T & D ATREME bR L7z,
B AFEO—IE, HHRA L — UBFEHEERAE O BRI LV
1To7-.
ZE X
1) Y. Itoh, T. Aoyagi, A. Tsukamoto, K. Nakagawa, A. Itoh and T.
Katayama : Jpn. J. Appl. Phys., 43, 12, 8040(2004).

2) T. Naeki, K. Miyoshi, H. Yoshikawa, A. Tsukamoto : “T. Magn.

Soc. Jpn. ( Special Issues )” ,3,1-6 (2019).
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fid e 1 rT ALY — L B W20 B A b L—3 Ceph OF —Z 7 7 & AMEBRE D F AR HT

JIH&E, HPRE—AD
(AR
Evaluation study of data access performance of distributed storage Ceph, using a brain neuronal structure visualization tool
Yuki Kawada, Yoichiro Tanaka
(Tohoku Univ.)
IFLHIZ AP L=V T AT ADOEKITHEY T—F 7 7 2 AMEREDO M LAFRE & 2> T D, AERTIX, KEROEEEA b
L—U T NA AMHDD)E LA T v —DENT T v v aT 3 A(SSD)YEMAB DRI RFRA b L—T v AT AORE MR,
ERNRIIZ T 21T 0. AEBRTHWIE#MA P L—T v 27 A Ceph[111d, F#7ZR7 7 & 2GR, EIIRRME, SEH
MERHOA 727 A ML=V THY, A ML —VHHELE L COEARMEESNS.
FEERAZE A L — Ceph % Compute Node-1 DT 4 L7 hUIiZ=v v |k Compute Compute
U, == 5 —4 (K 472GB) % Fsfi L 7. Compute Node-2 |-ttt {L Roderl R s 106
HAHALY =BV THIE RO = D—ET — % % Ceph 7 T A Z —Bath
A, THBERENE L. ANV —UF 3 XL LT NL-HDD % Storage
Node-1,2 124 10 &, SATA SSD % Node-1,2 IZ24% 4 72, Node-3 {2 1 RAWV7Z.
EBRERE OF—%, AT —HORET A AL A EI T2, T—X2D
B 7 /XA A(HDD F 721% SSD)C L A HEREZEII R E WA, A X T — X OFLE T /N
AR DEBIR SN hotz. @F —X % HDD ICEIE L, WEHA X T —X
(DB) /¥ % —J /L, Write-ahead @ 7" (WAL) {2 SSD % W 7= 354 DOl 21T -
2. DB/WAL & 2 45— 8% X5 5 b SSD LB L2 a 07, PHBE(EHEH e
AN 3.5%KHE LT=. &5 B in—JF 07 SSDICHLE L7=3& &, SSD % M7z Fig.1 System Configuration
STGEE, WREOENMZEAER NN -T2, @FT =X L7V ORI E DB ETo72. VTV BOEE 10D 210K
W LA, PH@ERRITT — 4 % HDD ICELE L7z & &40 3.4%, SSDICHELE L7z & &K 2.0%E< hot. L7 U HITILE
HOMREA N L —UFT S, AR LOREERICER END 72D, HEEAHLOL e A Y v MIfFbhiehoi.
FEH MIEFMOME, T X ORETNAA, VU IBICEDET =T 7 B AMROERZfHE L. 7 —% % HDD &
SSD (ZHLfE L 7= DRSS F v — 7 OPEREEICH /N E <, HDDIZF — & 2 IiE L= a8, T—4 Dy —4r 2 x L7
& WBBELEIZ LY SSD & OMREZAEAME/NT 2 Z ENTEL., A X T — 2B L DB/WAL OFLET A R LEHREKEOT —#
T 7 AMERRAS~OEBOTEMRG, T—FREOTZOOV TV A ET IR AERED b L— KA T OMBENSHOBERETH S .

10 10

10 & & 03
9 X A O 9 - A X 9 r X = L
28 x OA ‘2 8 OXK ﬁ 8 r X= O A
= < <
2 7 - D 7+ X O A
E7 X N § g
56 X & g6 - & gor x= S
H 2 g
s « a E 5 - ax E 5t - O A
Ty x a ; 4 - ax ; 4t > O A
2 2 2
£33 x ™ £ 3 X £ 3 x O A
E}
z 2 x ' Zz 2 - XL Z 2+ X - o A
1 X AO 1 A O X o A
0 L L L 0 L L 0 L L L
6 7 8 9 10 7 8 9 10 6 7 8 9 10
Measurement time[sec] Measurement time[sec] Measurement time[sec]
OAI_HDD ODataHDD_Ireplica
X Data/MetaHDD_DB/WALSSD A DataHDD_2replica
OAILHDD ADataHDD_MetaSSD X All_SSD ADataHDD_MetaSSD XAILSSD_lreplica
=DataHDD_Meta/DB/WALSSD =All_SSD_2repilica

Fig.2 (From the left) (DDifference by data & metadata placement @Difference when DB/WAL SSD is used
(®Difference by number of replications
HE AWUFEO—E6IE, JSPS BHFEE - JAEHFSE(B)IP20H02194, FHUALK@MFHLR 7' 7 ¥ = 7 b RO2A33, HALK Al Yotta DBk A%} 72HDTY. =a—
0 T4 e THRAETE 2 MIT SRR+ e mi R e — v R TR 2 e 4 7 & 7T RS HITIE L £ 5.
SEXM  [1] S.A.Weil, S.A.Brandt, E.LMiller, D.D.Long, and C.Maltzahn, “Ceph: A scalable, High-performance distributed file system,” Proceedings of the 7th

symposium on Operating systems design and implementation, Nov.2006
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AES HEREL. TR —EL BRI
(RBRR)
Frequency spectrum analysis of magnetic linear dichroism in suspension of magnetic nanoparticles
M. Suwa, H. Emura, S. Tsukahara
(Osaka Univ.)

XL&HIZ

Bt~/ R (MNP) DEZFIRESSIGE Z2 M L7 ERR - SHIEAT OFERICHEV TPIZ4H L 72 MNP O
T 77 X VB —va ENRD LN TWS, Usov BITEEFEN D RZHiBE T IZB1) 5+ MNP
DT, BRE— A b ERGMN—IK L 72> THEET 5 Viscous E— K& Néel [EIHAZ K 0 bR L
TBER T — A MO BN TES 54 5 "Magnetic &— R0 55 2 L &2/R Lz Y, BRI L ih
BROTARN S H HIREET— FOHBINTE 528, MNP HIAOREEZBHIT L 2L TL NS LI RD &
DHIRFCX 5, £ 2 TARMIETIX, i T MNP S BIRICHE S A BRER Atk (MLD) o RS
fih o a5 56E 2 B L7, MLD A A =7 MV EIER L, ZORR 5 BlisE— FOH 52 A7,

MLD il & SEE&

Voigt Fl & (Bid5 L YeDHETT 1) TOIME N AJRE/RZEM AT Y v "o A WA R— T EIR &P L,
JE %5 0.3 Hz ~ 40 kHz, #R0E max. 45 mT O & & 1) 72 A8 ik 2 56 A2 S w7, BE35 1Tk L C 45° D i % FF
OEAMEIE (K 405nm) Z 2 A VNORENARICAS L7z, 747 A b7 ) XA THL & s & AT
F O ERRICAT SR, D O AEZ ZSHRG CHE, AvreXa—TBltey s A4 0707
TEFZBE L TMLD % ifib o7, RO 2k (10) MNP (B 14 nm, 22 nm, 30 nm) B X
a9V k7 =74 b (CF) MNP (HEfR 21 nm) O3k % JIE Lz,

HRLER
AEIE U724~ T O MNP 43k > MLD [ 3:4%
LRt O 2 {55 CTHRE) L 7=, Z OIENE Ay &R Z 1.0 sormocngnengeg,
Oy AT T TREICHIE L, FEE A L osl B
B Ag” 1 TR BT R LT ek L7z, Figd ' R e
061 —0— —e— 22 NMm

(TR D F 72 % 10-MNP O MLD JE#4k A~ b 2o
%R, HAR 14nm & 22 nm @ 10-MNP (45 72 0.4¢ /::,
R A~ N L& R L2723, 30 nm @ 10-MNP © 0.2+ ‘—‘——/-

X AN 10 kHz A CRDEE L ~7-, £7=, 27 S 00F

PEEFL DK E 72 CF- MNP T 30 nm @ I10-MNP &
[AERD 27 R VBRI & 4072, MNP (&R L)
LTRFEZIALXF—NRKEL 2D, E-T, 20O
AR MVGIRZEAGIZEREE— ROEWZ LD b
PEBLEIG. Maneto € I Vi s
\ZB T 2B OB E I OENE, vy 7 A (out-of-p)rqase) compponents in the 2f-oFs)ciIIati0n of MLIZ?. Tr?é
T THEIND 202 B OO S A~y amplitude of the field was 10 mT.

N AFZIR DOZEAL T T & 72,

(normalized)

A

o
N

10 10° 10° 10* 10°
f/ Hz

L ZD N

1) N.A. Usov, B.Y. Liubimov, J. Appl. Phys., 112, 023901 (2012).
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Bt T ) RiA- DT A — Z I BARIFE 2 B 8 L I oA E

TR, RKEAAIN Y, EAEEE |, PR, IR |, A ZRE] 2, REH!
QNS R SRV NE R = [ SN )
Evaluation of distribution of interdepending parameters in magnetic nanoparticles
H. Goto!, Y. Akita', R. Takahashi', H. Hirano®, M. Futagawa', Y. Takemura?, S. Ota'

('Shizuoka University, >Yokohama National University, > Fujita Health University)
I C I
Wt T/ B D /3A FEFRIS IV T, BEPET 2 R aR G0 il 72 1635 A Itk DR E N mE T /) R D gk
SKFFEZFE LI 20BN H 5, FATHRICEHE W T, IREFUEHRE /15T 2 IV CEHAI L 72 R b iR > &
GV NUBEBERNTT 4 v T 4 7T D 2 L TRIBESANHEE ST 5 12, ARWFZE TR H# )
B, R LR LA AR E LTIV Vo nNVERTOT 4 v T 4 U T EFTH 2RI LD, T A—HZ M
HARAFME 2 B JE LT 3 HEE ISR LTz,
EEB - 50
FEERIZ ORI IR ORI - T 5 Resovist® (B 7 4/ Rl 77 —~), synomag®-D (Micromod
Partikeltechnologie GmbH) Z H\ 7z, MIKHIZ /L L 7ok 2 fiffrigkt & L THE LT,
Fig. 11X Resovist®lZEH FN DT A —F e~y B 7 Liemofil %~ L TW5, Fig. 2(a)id Fig. 1 (2B
LTROHEZEITY Z & TRIRDO A & L b DT, Fig. 2(b)iX Fig. 1 (2B L TXQ)iz L v fafukifbo sy
FizatH Li-bDThD,

p(di)=ZP(Msk|di) ) p(Msi)=2P(dk|Msi) )
k k

M X fafnmg b, d X 7RIfR, p IIMEER L TEY | KITBHRICE ENLI KR T2 RTIBATTH 5,
Fig. 1 IZBW\ T, R DB W BIFIREAL I8 LT, R ORI & 25 BB AR o B8 T, St
BN EL polzbEZ BN D, Fig 2()0RiF 3-4 nm (ITIZBWTIE, a2 7h+E LTOIRS LV, 6 nm
UETOE—7 3R ERE LTORIBNEZRL TWVDHEEZLND, Resovist® D EGN IR D3 HilE,
FEATHFZE SRR S — L T D LD, B CIIARAT AP B DFRITHRE R DWW TR IR < 5,

Ei3a
AWFFEDO—FRIL, JST ACTX JPMJAX21A5 &KUY, FHIFE 20H02163, 20H05652 DBk 2 52 1) Tk L 7=,
& k.
1) T. Yoshida N. B. Othman, and K. Enpuku, J. Appl. Phys., 114, 173908 (2013).
2) S. Ota, S. B. Trisnanto, S. Takeuchi, J. Wu, Y. Cheng, and Y Takemura, J. Magn. Magn. Mater., 538, 168313 (2021).
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BLIRBENE T/ KA DAL DIEEARAF IS BE 3 2 ST 52

R OSE. tE —&, WL Bl HH 8
(JUNKF)
Basic research on the number dependence of magnetization of chainlike magnetic nanoparticles
Zhang Haochen, Kazuki Ikeda, Teruyoshi Sasayama, Takashi Yoshida
(Kyushu University)

FLHIS

it 2 R (MNP &2 Fl W T2 BSR4 A — U v I RAR IR 72 D&
FOSHRNER SN TWAD, MNP 2T v 7 a T LR O a7 RNEERE AT
LT aTRNH LN, v AFaTHRO MNP ORSREFHEILEEINITARMHA T
D, URIOMZETIL, IR~/ F 2 TRMET 7 ki F-(CMNP) & £ & 254l 7o 8k &
za:» H oY TV a TR T 2 RiA-(SMNP) D AS A LR D TEBE AT 24T

78k E A D CMNP DIE 9 78 SMNP X 0 BHLIGENRE W & 2350
710 ARFFE T, SR~ VT WaMET ki (CMNP)D AT i b R Dt = 7
DAERBEAFEZ T AT D TUL R IZHE T 5, Fig.1. Schematic structure of
ﬁdﬁ-jﬁ% chainlike MNPs.

Fig.1 12 CMNP OF T VK& RT, a7z bswizb %
DAL ~T=, a7 ERG, 8, 10,12, 14 nm THAZAUIK L,
Mo 7 OE%kz 2 H SRR T 30 lFE TRIF SR~ LT o 7B 081
T KA DA H R LR 2 AT IZ L - TR 72, -l

1

—@— M_real(6nm) |7

) o . = » 06 —&— M_real(14nm) | |
LLG HEERUZ LD | i % H O MNP OBMLO AL ST AT b rw,OFt =
HAEAToT, 1272 L, Rk H,y, = Hye sinwtiX z 5 m & Lic, s g4l
Flo. AR Hegeld, (DAUTTRT LD ISR H oy . S2T7VERE
SGE ) . BB EAERIR (5 =) . BVMES R H g, OFN T 0.2
KITZLENTED, 0
3Ty 0 5 10 15N 20 25 30 35
Hegs = Hex+ (uz nn; + Y — <Trji—mj)+ﬂth (M , .
ji ji Fig.2. Relationship between the real part of

Z T, nJiEﬁz{tﬁ%iﬂi@qﬂ_{Mjiﬁ/\& MLEFELTEY ., 2zl Fmiz the fundamental component of the
ﬁéﬂ'(b\é L LT, (I)EE@EJE%EIE@XY@%WE{’Eﬁﬁ@ﬂ’c25) magnetization and the number of MNPs.
V. myljEHO MNP OBERE—AL MY M EFKT, 72, Figl 05
(ZRT L DIZ, CMNP IZBWTERY &7 MNP (3L TW 5 b0

LUtz ARHTTIE, poHo = 10mT, JEHEEHEE 100 kHz, fafpe %)

{EM, = 400 kKA/m, BHPEEHK = 101J/m* & L7, sl i
BHTHER z e

Fig.2 & AW RO MO =9, Btk 7 % 10 HEL = o2)
EBFCHRAEDNIFIET —BIZR > TWD Z ERN gD, 2, 10 1#

LU EREME =7 2880 T h it = 7 RO BERED E < 2R D70 RO
FHEERDNHE VM (2 LARanewiEeExbnsd, £, = Ot
TR d BRE LT DT EREBSTI R D0 A E R K & N

<720 | BALDRREL o Tans, Fig.3 R X912 d=12 nm M HAL Fig.3. Relationship between the imaginary part
FENNFEN. d= 14 nm TIIEAEDRKREZ L TR TV, 2T, = of the fundamental component of the
TRBKEL RS &, —o>—>ORMEa T OHINERIC R By meneizaton and the number of MNPs.
PEMET T 2720 Th 2, LLEDORERNG | AIFFEDOAZRBIERER O TIE, Btk =7 ¥4 X3 10 ~12
m B2 C 10 BB LREHE = 7 AU B = & CURKLAVA R < 72 0 [EIE—EORHE I BB = £ 2o te,
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JEIG NI BT D WeET *ﬁ%@ﬁiﬁ’fm%‘fﬁﬂ?ﬁﬁ

AR IR, VEKRIEAT 2, ZJNHER Y, ki Zew] 3, R4 5!
(VER A R, 2 AR E R R, 3 B [E SR )
Evaluation of magnetic relaxation of magnetic nanoparticles in tumors
K. Honda!, K. Shimizu?, M. Futagawa!, Y. Takemura?, and S. Ota'
('Shizuoka University, “ZHamamatsu University School of Medicine *Yokohama National University)

ZL®IZ

BEMET R 2 AN Ta A A= — I 73 FIRREHECRITER 23D e Wi 72 72 03 AR Bl & L CTHiifr
SNTEY ., EAMBGIZHT AN EAATON TV S, FRIZ, EAMEICRW TR, R OB RREMRED
AHHIZ LR AR TH D, BEZ~ T 206800 i S 725N TORTIZE L TARRBALIIE 2170, B
FRFNFEE ORI 21T > 72HER A SN TV D D ABFFETIE, =~ 7 R ICBHE S IR OIS L
TR T ) KEFAZOWTORME S A T 7 AT 5 Z L2 A& L. 7 Al & A 7o i fnde ik
H7E 2% 32 L7z,

AL - BwR
AR TIE, y- FezO3 J~ 7 $Hi-(Resovist®, FUIIFILM Toyama Chemical Co., Ltd.) ZHE#EL & L CTHW =, IE
BB DEHACIE,. 82 10.8 mm, £ 13.3 mm DOJEESC, 140 mg-Fe/mL OfEMET 2 ki 1% 10 uL H 28

ﬁbkoK@ﬁﬂkbfi\%ﬁ@ﬁ&#&%%&%ﬂQM&s@ﬁﬁﬁﬂ&\Iﬁ%?ﬁ%ﬂi@ﬁﬁbt
BEARREEEAE FHE L. FFICHEEE 0.89, 8.9 mPar s DRIKFEHZ DWW T, K2 TZ U &Y AT K RED
FHE AT o7z, EASSmm, &S 9.5 mm O MAHRRAZHIKL TR 2NEF N IZIT VY 2.64 mg-Fe/ml 12722 X 5
WZAHEE LT, FUINT 2 7OV ARESHIZB T 5 /3T A — 21X, BHEE % 0.79 kA/m, 25 B30 R % 22.5 ps

E L7,

Fig. 1 \Z/7V ARG A2 FIN L 7B, HRIR(89 uPa: s), EikiEE(890 pPar s, 8.9 mPa s), [E{ARDE 471
MO LR OBEKFEFRFMEZ R LTz, 22T, RIRBEHZ DWW T, NV ARG ZEIINT 2 2 & T 2 B
BACZ T A ITENE S L. BT 2 BB R 02 kA& 7 T 7 RN Sk B REME T ki OREKABE TR &
BZHND Y, AL TIE, BGOS S BB FFRIS R — UEFIRER L 0 BV 72, 1 B A & ki, 4
BOBERBIGEMNT DR TET—A 2 ORERNEN TS, IR DEREICR DI, 7T 07 AR
NEL 72570 2BEBEOSS BN ORFRINIES 25 Z & 2R Lz, xF L CHEEREITIL, 77 U vk
FINCARYS 2 2 B¥fE A OB BN D RHEER S N/e o 72,

7V ARt B FVIN L 72 B D | 7?2 A S IVTIRTE DN D B 15 B AL T etk T /b1 O BE AR TRt
IXEAES T AR LTRIBICH D 2 & MRS Lo, sl CIL, IR, @oREEE . R o 7 L O R RE
FeMEDFER L O, NI kﬁéﬁ%@m FEFIRFE D JRIK DB LN DWW TR R~ 5,

BE
ﬁﬁww~%i B2 20H05652, 20H02163 35 &

| ATMEIEAT A E MR O A2 F 15—
I — Liqui .
’C;‘%ﬁﬂj L7z, ; 1.2 F — High-viscosity |}
o, F (890 pPa + s) |
& Hk & 0.9 E — High-viscosity }
1) S. Dutz, M. Kettering, I. Hilger, R. Miiller, and § 06F _ (FE:;(i:Pa "s) E
M. Zeisberger, Nanotechnology., 22, 265102 (2011). % 03F i
2) S.Ota and Y. Takemura, J. Phys. Chem. C, 123, - e .
28859-28866 (2019). 107 10 10° 104 10° 102

Time([s]

Fig. 1 Magnetic relaxation properties in the liquid

high-viscosity, and fixed samples.
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Development of gold-coated magnetic nanoparticles for magnetic
hyperthermia and micro-CT imaging applications

Loi Tonthat!, Tomoyuki Ogawa?, Narufumi Kitamura?, Yoshio Kobayashi®, Kohsuke Gonda?, Shin Yabukami?
!Graduate School of Engineering, Tohoku University, Miyagi 980-8579, Japan
2Graduate School of Medicine, Tohoku University, Miyagi 980-8575, Japan
3Graduate School of Science and Engineering, Ibaraki University, Ibaraki 316-8511, Japan

Gold-coated magnetic core-shell nanoparticles have attracted much interest due to their potential applications in cancer
therapy through the combination of target drug delivery, diagnostic imaging, and magnetic hyperthermia which would
greatly increase the treatment efficacy. In previous studies, we developed a simple magnetic hyperthermia system?, as
well as synthesized water-soluble iron oxide magnetic nanoparticles? and gold nanoparticles® with a size of sub-10
nanometer. In this study, the development of gold-coated FesOs (FesOs@Au) nanoparticles as therapeutic and
diagnostic (theranostic) agents for magnetic hyperthermia and micro-CT imaging applications is presented.

The synthesis of FesOs@Au involved the sequential formation of the FesO4 core and Au shell. First, the Fe3O,
nanoparticles were synthesized via thermal decomposition method that reduced iron (IlI) oleate using
1,2-hexadecanediol in the mixture of oleylamine and oleic acid as capping agents. Gold was then deposited onto the
surface of FesO. nanoparticles by reducing gold acetate using 1,2-hexadecanediol in the mixture of oleylamine and
oleic acid at 190°C (the mole ratio of Au precursor to FesO0, was approximately 7:1). The synthesized nanoparticles
were characterized by TEM, XRD, EDS, DLS, and magnetization measurements. Figure 1 shows the TEM images and
photographs of FesO4 and Fes04@Au nanoparticles and their magnetization curves at 300K. The FesO4 nanoparticles
after coating with Au appeared much darker than the Fe3O4 nanoparticles due to the generation of contrast depending on
the atonic number of atoms composing the nanoparticles. The average sizes of Fe;O4 and FesOs@Au are 5.2 nm and 6.1
nm, respectively, and the average thickness of the Au coating is 0.45 nm. The magnetization of Fe:O.@Au
nanoparticles (9.7 emu/g-Fes0,) at 300K was much smaller than that of FesO4 nanoparticles (52.4 emu/g-FesO4). This
decrease is considered to be due to a decrease in magnetic moment coupling as a result of the increased interparticle
spacing of the magnetic core by gold shell and organic capping agents. We are evaluating the synthesized Fes0.@Au
nanoparticles as a heating agent for magnetic hyperthermia and a contrast agent for micro-CT imaging.
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Fig. 1 (a) TEM images and photographs of the diluted hexane solutions of Fes04 and Fes0.@Au nanoparticles, and
(b) magnetization curves for dried FesO4 and FezO4@Au nanoparticles at 300K.
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Fig. 1 AC hysteresis loops of the liquid sample of Synomag®-D.
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Development of Feedback Type Peak to Peak Voltage Detector MI Gradiometer for multichannel
measurement
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Method for Rapid Detection of Bacteria Using Magnetic Nanoparticle
Aggregates

Y. Pu!, H. Zhao?, T. Murayama®, L. Tonthat?, K. Okita®, Y. Watanabe®, S. Yabukami'->3
'School of Engineering, Tohoku University, Sendai 980-8579, Japan
Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan
3Graduate School of Biomedical Engineering, Tohoku University, Sendai 980-8579, Japan

A novel method for rapid detection of bacteria was developed using magnetic nanoparticles with antibodies embedded
in them. Fig. 1 shows the basic structure of the detection system. The constructed system consists of drive coil, pick-
up coil with yoke inside, magnet, signal generator (AWG1005), preamplifier (SR560) and lock-in amplifier (L15640,
sensitivity was 1 V and time constant was 300 ms). To detect bacteria, each sample contains magnetic nanoparticles
(0.2 pl, 500 nm¢, Nanomag-D). And the OD (Optical Density) value of five Fusobacterium nucleatum samples varies
from 0.0001 to 1 with ten times increase for each sample. One sample only magnetic nanoparticles without
Fusobacterium nucleatum was added, which is six samples in total. It is necessary to put the sample on the yoke to
get sample magnetized and aggregated, as such the stray field of the aggregate can be picked up easier by pick-up
coil. As for drive and pick-up coils, an LVDT (Linear Variable Differential Transformer) structure was used to detect
small signal generated from the aggregate as two output signals of pick-up coil cancel so the output voltage is
theoretically zero before detection. According to the equation relationship between magnetization / magnetic field
and voltage, it would be possible to calculate magnetic susceptibility when both two voltages detected. Considering
the influence of microtube itself and solution of sample inside, the voltage of the sample was also measured and
calculated to get higher accuracy. For each detection, signal generator generates five signals with a same voltage of
200 mV and different frequencies of 110, 310, 1010, 3010 and 10010 Hz. Fig. 2 shows the concentration dependence
of magnetic susceptibility of Fusobacterium nucleatum. In all frequencies tested, it shows that when the concentration
of the sample (OD value) increases, the magnetic susceptibility decreases. The reason for this phenomenon is that
when the OD increases, the distances between magnetic particles also increase because there is a larger number of
Fusobacterium nucleatum in the aggregate, thus magnetic field generated by aggregate gets weaker and causes this
phenomenon. Furthermore, we found that as the frequency of input signal increases, the magnetic susceptibility
decreases. It is considered that as the frequency increases, the change rate of the magnetic flux passing through the
pick-up coil increases, which makes the voltage generated by drive coil increase, causing magnetic field of drive coil
increase. As magnetic field of drive coil is considered as denominator during the calculation of magnetic susceptibility,
thus magnetic susceptibility decreases.

Acknowledgement: This research was supported by AMED under Grant Number 22ym0126802j0001, and the
Comprehensive Growth Program for Accelerator Sciences and the Joint Development Research 2022-ACCL-1 at
High Energy Accelerator Research Organization (KEK). This work was supported by JSPS KAKENHI Grant Number
21K 04090.
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Fig. 1 Schematic view of the detection system. Fig. 2 Concentration dependence of Fusobacterium nucleatum.
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A simple antigen-antibody reaction using ultrasmall FeCo nanoparticles

L. Tonthat!, T. Murayama?, N. Kobayashi®, S. Yabukami2, W. Ikeda-Ohtsubo*, K.I. Arai®
!Graduate School of Engineering, Tohoku University, Miyagi 980-8579, Japan
2Graduate School of Biomedical Engineering, Tohoku University, Miyagi 980-8579, Japan
$Research Institute for Electromagnetic Materials, Denjiken, Tomiya 981-3341, Japan
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Antibody-conjugated magnetic nanoparticles (MNPs) have attracted considerable attention in bioseparation and clinical
diagnostics assays. By utilizing the antigen concentration-dependent magnetic response of MNPs-antibody-antigen
aggregates under a switching magnetic field, we developed a user-friendly and rapid detection system of oral bacteria in
the liquid phase for point of care testing?. To improve the detection sensitivity for smaller antigens, we also
synthesized ultrasmall iron oxide MNPs with an average particle size of 4 nm and proposed a novel method for
adsorbing antibodies directly on their surface without coating any proteins 2. Although the smaller MNPs have a greater
surface-to-volume ratio to interact with bacteria or viruses, their saturation magnetization decreases with decreasing
their size. Therefore, in this study, to enhance their magnetic moment without increasing their size, we examine FeCo
nanoparticles with a high magnetic moment for bacteria or virus detection.

FeCo nanoparticles used in the experiment were collected by dissolving the fabricated FeCo-BaF films in water since
Ba-F in the matrix was deliquescent. Here, the FeCo-BaF thin films composed of crystal phase of BaF, matrix and
FeCo alloy MNPs (Fe:Co:Ba:F=14:11:21:54 at.%) were fabricated using a RF sputtering tool¥. Our experiment showed
that the FeCo nanoparticles well dispersed in water could not be collected by the magnet. As such, we used
ultracentrifugal separation (110,000 rpm, 90 min) to collect them as well as the antibody (abcam ab53891)-conjugated
FeCo MNPs and the antigen (Candida albicans)-antibody FeCo MNPs. Figure 1(a) shows the magnetization curve of
FeCo-BaF film and the TEM image of FeCo MNPs. Considering that the magnetization of the film is caused by the
FeCo alloy MNPs in the film, the magnetization of ~5 nm FeCo nanoparticles at 1.4 T could be estimated at
approximately 13 kG. Figure 1(b) shows the number of Candida albicans counted from the micrographs of the
aggregates of FeCo MNPs and Candida albicans. By adding sonication treatment of the film before bounding them to
antibodies, the number of bacteria bound to FeCo MNPs increased significantly. The success of antigen-antibody
reaction of ultra-small magnetic nanoparticles improves detection sensitivity as well as offers potential detection for
smaller biomolecules.

Acknowledgements: This research was supported by AMED under Grant Number 22ym0126802j0001, by High Energy
Accelerator Research Organization (KEK) under the Comprehensive Growth Program for Accelerator Sciences and the
Joint Development Research 2022-ACCL-1, and Japan Society for the Promotion of Science through Grants-in-Aid for
Scientific Research (KAKENHI) under Grant 20K20210 and 21K04090.
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after sonication treatment and the micrograph of the aggregates of FeCo nanoparticles and the Candida albicans.
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pT-field mapping by using magnetoresistive sensor array for magnetic particle imaging
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(*Yokohama National University, 2TDK Corporation)
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Drive and receive coils for head-size magnetic particle imaging
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Magnetic Orientation of Diamagnetic Particles

T. Kimura
Department of Applied Science and Engineering, Fukui University of Technology,
3-6-1 Gakuen, Fukui 910-8505, Japan

Diamagnetism originates from the motion of electrons induced by a magnetic field and all materials have this magnetic
property. Diamagnetism is much weaker than ferromagnetism and is usually difficult to detect and utilize. The
diamagnetic energy of a particle in a magnetic field is proportional to the volume V and diamagnetic susceptibility y of
the particle, and the square B? of the applied magnetic field. This energy is comparable to the thermal energy kT at
room temperature if the particle is about 1 um in size and B is about 10 T. Under these circumstances, the orientation
of the particle can be maintained by the magnetic field against the randomizing force of thermal agitation.  Although
the diamagnetic orientation of particles has been known for a long time, it did not attract scientists and engineers until
high magnetic field such as 10 T became common. At 10 T, the magnetic energy is 100 times larger than at 1 T,
increasing the chance of finding orientation of a variety of materials2.

Diamagnetism is described by the magnetic susceptibility tensor, a second rank tensor similar to the dielectric and
optical tensors.  Symmetry in diamagnetism is equal to or higher than crystal symmetry (Neumann's Principle). This
is in contrast to ferromagnetism.  The diamagnetic symmetry of crystals is characterized by (a) isotropic, (b) uniaxial,
and (c) biaxial ones. Cubic crystals belong to (a), trigonal, tetragonal, and hexagonal crystals to (b), and orthorhombic,
monoclinic, and triclinic crystals to (c). These features are common to physical tensors of the second rank. The
magnetic field only allows biaxial orientation at most.

Diamagnetic anisotropy of a particle is described by the magnetic susceptibility tensor, y1, x2, and ys (y3< y2< y1<0),
and the corresponding magnetic axes. The y is called the easy axis following the notation for ferromagnetic materials.
In a biaxial crystal, the three magnetic y1-, y»-, and yz-axes correspond to the three crystallographic a-, b-, and c-axes.
In a static magnetic field, yi-axis aligns parallel to the magnetic field, and in a rotating magnetic field, ys-axis aligns
parallel to the field rotating axis. Furthermore, three-dimensional crystal alignment is possible if a time-dependent
magnetic field is applied (Fig. 1)>%

Magnetic orientation is a useful tool in materials science'?. Micro- to nano-scale fibers, crystals, and particles can
be easily oriented in matrices to form composite materials with high anisotropy. Flexible heat diffusion plastic sheets,
in which carbon fibers are oriented perpendicular to the sheet surface, are commercialized.

Magnetic orientation is also useful for various spectroscopic studies. Biaxial microcrystals can be aligned
three-dimensionally to create pseudo single crystal which we call “Magnetically Oriented Microcrystal Array”
(MOMA). In MOMA, three-dimensionally oriented microcrystals are embedded in a solid matrix. ~Since the X-ray
diffraction from MOMA is equivalent to that from actual single crystal, the single crystal analysis is possible from
powder samples. We have determined the crystal structures of inorganic and organic compounds, and proteins from
powder samples using the MOMA technique®. MOMA is also used for single-crystal solid-state NMR® and ESR.

For MOMA, it is difficult to recover the sample crystals after measurement because the microcrystals are embedded in
the matrix resin. This is a disadvantage of this method. To avoid this, a method called "Magnetically Oriented
Microcrystal Suspension” (MOMS) was developed®. In this method, X-ray and NMR measurements of a suspension
of magnetically oriented microcrystals are performed in-situ, which facilitates sample recovery.
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Field-induced rotational oscillation of diamagnetic and paramagnetic
materials caused by a permanet magnet

Chiaki Uyeda
Graduate School of Science, Institute of Earth & Space Science, Graduate School of Science, Osaka
University, Machikaneyama 1-1, Toyonaka, Osaka 560-0043 J

A number of magnetic effects have been reported on weak magnetic materials, which required strong field intensities above
the level of several Tesla. To realize such application at a low field intensity, it is important to adopt reliable values of y
and Ay assigned to individual materials in designning the experiment of magnetic effects.? In order to obtain Ay from a
small sample, rotational oscillation of magnetically stable axis with respect to static field B was observed;? here sample
was released in an maicrogravity are. From the period of oscillation t , Ay of a small particle is detected, and intrinsic Ay
assigned to individual material was obtanable without measuring mass mof sample. Value of t is deduced from a field

anisotropy energy YAymB? as

=2n(l/ mAy) 2 B, )]

moment of inertia of the crystal is defined as /. A compact magnetic circuit consisting of small Nd magnetic plates was
effective to produce the magnetic field area in a limited area. It is seen in eq.(1) that t is independent to m, and it is possible
to deduce Ay form t, I/m and | B| no matter how small the crystal may be. Using this system, Ay above 5x10 "1° emu/g is
measurable from a submillimeter size sample, and Ay is obtained for most existing materials.®

Using this system, Ay was detected for the first time in amorphous silica, which has been considered to posses negligibly
small anisotropy. This Ay appears in a limited region of the silica surface formed by rapid cooling of a melt precursor, and
is expected to provide a quantitative data in elucidating the origin of interstellar dust alignment. By improving spatial
resolution of the system, extent of structural deformation with respect to bulk material can be estimated for particles in the

nano-region, because Ay directly correlates with the configuration of chemical bonds.>®

AXpara mapping

. 3

2

5 s

5

5 2 |

‘; - —

§ 1 : 1 I
Fig.1 Sequential image of field induced oscillation observed in a 2]% PO
sheet silicate crystal.? Time interval between the images is
0.033 s. Homoneneous field of B = 0.056T is applied in a 0 0 ] 5 3 4 5
horizontal direction of the image. The crysal has a planer shape
with its plane parallel to c-plane, Rotational-oscillation of c- Distance from surface  x (mm)

plane with respect to direction of field is seen in the figure.. Fig.2 Depth profile of Ay observed

at the surface of synthetic silica®.
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Recent progressin three dimensional magnetic alignment techniques

S. Horii, W. B. Ali, S. Adachi, and F. Kimura
Kyoto University of Advanced Science, Kyoto 615-8577, Japan

In materials science, technologies of crystal growth are indispensable from the viewpoint of the improvement
of functionalities of their functional materials. A typical method of the single crystal growth is based on the epitaxial
growth technique such as melt-solidification using seed crystal and thin film growth on single-crystalline templates. Our
group focuses on biaxial grain-orientation using by amodulated rotating magnetic field (MRF)™, In principle, this
techniqueis extensively applied for various polycrystalline functional materials with tri-axial magnetic anisotropies.
Moreover, the magnetic alignment method using MRF is a room-temperature process, and it does not require seed
crystals and single-crystalline templates. Appropriate substances for the magnetic alignment are expected to be further
expanded by the use of 10-tesla-class magnets. However, in order to raise the magnetic alignment process using MRF to
the practical stage of a material-production process, it should be improved as a continuous production process.

Recently, our group developed an equipment that can generate alinear drive type of MRF [ for tri-axial magnetic
alignment applicable to a continuous production process. This equipment can generate a kind of MRF by reciprocating
an arrayed magnet unit assembled using permanent magnets.

Figure 1(a) shows a fundamental concept for designing the arrayed magnetsin the linear drive type MRF
generation system. It isimportant to create a magnet array with two different portions of bending magnetic field from
downward to upward directions and uniform magnetic field which points upward or downward in a space between top
and bottom array by designing the top and bottom parts of the array using permanent magnets. In details, it is expected,
by the reciprocating motion of the magnet array, that static magnetic field is generated for the regions @ - @ and ®

- (@, and rotating magnetic field is generated for theregion @ - &. Therefore, it leads to the generation of MRF.
Figure 1(b) shows an example of the arrayed Nd-Fe-B magnets, which is obtained from simulation by FEM. In practice,
the two different regions of magnetic flux can be seen in the space between upper and bottom arrays. At the current
stage, MRF with a static magnetic field component of 0.9 T and a rotating magnetic field component of 0.5-0.9 T and
350 rpm has been successfully generated. Moreover, biaxial alignments of orthorhombic DyBa,CusOy (y~7)
superconductor powders cured in epoxy resin and dried from a slurry have been achieved. It isindicated that the
magneto-scientific processis a candidate of practical production methods of superconducting bulks and tapes.

In this presentation, in addition to the above topics, simulation research on the design of the magnet arrays
using a concept of magnetic circuit will be reported. This work was partly supported by Adaptable and Seamless
Technology Transfer Program through Target-driven R&D (A-STEP), Japan Science and Technology Agency (JST) and
JSPS KAKENHI Grant Number JP17H03235.
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Figure 1. (&) A conceptual magnet array for the linear drive type MRF generanon system. (b)Distribution of magnetic
flux in amagnet array. This simulation result was obtained by the FEMM software.
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Control of the orientation of inorganic particles in a magnetic field by
addition of metal elements

Satoshi Tanaka
Nagaoka University of Technology

In the orientation method using a high magnetic field, particles are oriented using a slight magnetic anisotropy to
prepare a particle-oriented powder compact. The crystal-oriented ceramics was obtained by sintering the
particle-oriented powder compact, and it was expected that the property would be improved by the crystal orientation.
In the case of a diamagnetic material, the crystal direction with a large diamagnetic susceptibility is perpendicular to the
magnetic field. A rotating magnetic field is used to direct that crystal axis in one direction. We reported the c-axis
orientation of tungsten bronze oxide crystals and hydroxyapatite by applying a rotating magnetic field?. However, since
the rotating magnetic field is a batch process and is not very suitable for continuous production, it would be a great
advantage if the orientation direction of the substance could be changed. Horii et al. have reported that the anisotropy of
magnetic susceptibility is changed by adding various rare earth ions to superconducting materials 2. In the presentation,
we will introduce the effect of adding metallic elements on the magnetic field orientation of hydroxyapatite and
mordenite zeolite crystals. Hydroxyapatite (Hap) considered Europium (Eu) as an additive. For mordenite zeolite
particles, we investigated the effects of transition metals in addition to rare earth metals. See reference (3) for more
detail information on mordenite zeolite particles with ion-exchanged.

Hydroxyapatite particles doped with europium were synthesized by solid reaction. After grinding and mixing raw
powders in a ball milling, the dried powder was heated at 1050 °C for 4 hours. The reacted powders were ground by a
ball milling in 2 propanol as a solvent and dried. A slurry was prepared using distilled water as a solvent and ammonium
polyacrylic acid as a dispersant. The pH of the distilled water was adjusted to 10. This slurry was poured into a mold
with a diameter of 25 mm, and a vertical magnetic field was applied to the slurry in a superconducting magnet
(TOSHIBA TM-10VH10) to dry the slurry. The magnetic flux densities were 3T and 10T. The slurry of HAp alone was
naturally dried in a rotating magnetic field. The powder compacts were sintered at 1150 ° C for 2 hours. The orientation
of the samples was evaluated by powder X-ray diffraction, and the degree of orientation was calculated by the
Lotgering method. The microstructure was observed with a scanning electron microscope.

The crystal structure of HAp that Eu®* is replaced with Ca?* sites has been reported, and that Ca sites are particularly
frequently replaced ¥, and this tendency was confirmed from Rietveld analysis. Figure 1 shows the XRD figures of
HAp:Eu® prepared in a 3T magnetic field, a single HAp powder compact, and a powder compact fabricated without
using a magnetic field. Due to the solid solution of Eu, the c-axis was oriented in the direction of the magnetic field in a
vertical magnetic field. On the other hand, the simple HAp was oriented on the c-axis by the rotational magnetic field
orientation similar to previous study. It was found that the easily magnetized axis changed due to the solid solution of
Eu?*, and that the magnetic field required for orientation decreased to a magnetic flux density of 3T. It is suggested that
anisotropic solution of Eu contribute to oriented direction
and response to the magnetic field.
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Preparation of Crystalline Oriented Poly(L-lactide) Films by Casting

in a Magnetic Field Using Ionic Liquids, and those of the Useful

H. Ikake', S. Shimizu' and S. Hara?
! College of Science and Technology, Nihon University, Tokyo 101-8308, Japan
? Faculty of Engineering, Kanagawa University, Yokohama 221-8686, Japan

Poly(L-lactic acid) (PLLA) is harmless to the human body and exhibits unique properties such as piezoelectric effect by
appropriately controlling the crystal structure of PLLA. We have found that field-induced blend films composed of PLLA
and amorphous poly(lactic acid) can be fabricated by an isothermal process under a 10 T magnetic field without forming
B-crystals? and increasing the degree of crystallinity while maintaining the orientation?. The key to this method lies in
the melt viscosity of PLLA. Although PLLA films showing high orientation can be obtained by appropriately adjusting
the viscosity, there were significant barriers to crystal growth while maintaining orientation.

On the other hand, we are developing novel ionic liquids (ILs) to improve the dispersion of inorganic nanoparticles in
polymer matrices. PLLA was dissolved in chloroform and 1-butyl-3- methylimidazolium dibutylphosphate (IL) was
added and the films were cast deposited under a 10 T magnetic field. Isothermal crystallization treatment at 90°C for 2
hours was then performed to improve the crystallinity of the PLLA film while maintaining some orientation of the PLLA
film. POM observation of the oriented PLLA film (Fig. 1) showed no spherulite®.

In our recent work with ILs, dispersion and release have been successfully achieved?. After dispersion of a complex of
tetrabutylphosphonium cation and iron(III) chloride anion in a polymer matrix, iron(IIl) chloride could be deposited in
the matrix by light irradiation. The phase transition induces magnetic properties only in the light-irradiated areas. In
particular, when combined with a molecularly oriented matrix, the magnetic domains of iron(III) chloride were aligned
and the magnetic susceptibility was three times higher than that of disordered iron(Ill) chloride. We believe that the
combination of ILs with external stimuli to polymer matrices, such as crystal growth, dispersion, and phase separation
while maintaining orientation, will lead to a great leap forward in the functionalization of polymeric materials.
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Fig 2. AFM images of each state of films: (a) After UV
Fig.1 Polarization microscope image of PLLA films.  ijrradiation, (b) After UV irradiation and oriented
(a): PLLAILOT, (b): PLLAILOT2, (c): PLLAILIOT  polymer chains. MFM images: (c) After UV
and (d): PLLAIL10T2. Black arrow is the direction of irradiation, (d) After UV irradiation and oriented
the magnetic field. polymer chains.
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