AR S 2 2 SRR
4515

ONLINE ISSN: 2432-0471
Electronic Journal URL: https://www .jstage.jst.go.jp/browse/msjtmsj/-char/ja/

CONTENTS

Magnetic Recording
AE Y VI RIRE T DA% AV T Z B RGE R O MGt
............................................................ 2= 45 - Simon Greaves * FHABE—E)

Hard and Soft Magnetic Materials
TR B, IR Fe-Nb-B-P 1)/ #S S5 DR FE
~~~~~~~~~~~~~~~~~~~~~~~~ A T - RARIINES) - SERILIE - BT - BOVERA - HTH Y

Thin Films, Fine Particles, Multilayers, Superlattices
Fe-Co-N {#IRAND Al RIS K B WL TTHEDIR ooveeeeee KRBk - = BRIl &
BB IR O TIER U7 BRYIG/Pt T DAY Y E—w ZEIFICRIE T B ORI
..................................................................... EREEL « SHEOXET - (UE

Spin Electronics
HT) - RT Z TSR O TNy 7T — R X VT
........................................................................ SOpEeS] o BRI LS B R
FRE Y v 1Y Y AF—=FEM AL < 1 ZousidERRIC B0 2 # it b o
INEBREE AN IS oveeeeiiiieeei e HERETS « 2R « DHRERY « KL

Measurement Technique, High-Frequency Devices
DC J{IE IRE7R LI a7 L A&t >
.................................... TP« NASEARE « SFRERT « /NG « rh—FE
TV TFw TR T 1 I KB m AR B R 'Y a— )
------------ TGS « AT - NEFEUEE - v &y b oo - ERIE - B L (5
POIVAL—Y7% Tz A BGE RS RN B0 2 8 LW AIITE O
..................................................................... SRR o M E—ER - G ILnE
SRHMRENIC K B WG NR L O- 9 It > Y ORFERET - BEOKHE - A7 E—B8 - ALRE

Power Magnetics
e I TR & N2 R BRI U7 RESURIBE B T )L e BT -
TENT 7 AEeiE M U T AR ARG Y DR
........................... IKTHSEL « ik« BAARHERL « KGIROT « ST TE— - HRE
LLG /7RIS X 2 W HEAE N T & N7 SRS O WG UREPE T-IIRS i IS B9 2 et
.......................................... SRS A« kMR - IR - {1 - SEAR
7 F T v )bF oy TR SR B— X ORI UGE & PERER LIRS B MRS
....................................................................................... KR - ok

14

18

23

27

32

37
41

46

52

57

62



A >ty Mg PM E— 2 O fEiER

.................................... Wm%@kgg . ‘:I:'*j'{@: . #/% . ?"ﬁﬁ%@ﬁf . ‘5‘[3 {@_dggz 67

72— — 2 RS PM B — Z O @ENERCICBIT BRRET e M R, AR 72

JEFHIKCREGA VR R AZEDNA TV w A V7 ZOMGT

.......................................... ,%%1@1( . %:‘*;J‘*Dj( . {E%%?ﬁ . 7J(§f f@ . FL:IEJ % 77
| [ HEREET ENVT 7 AT Y A%H T 2EESRH DC-DC a7 8— 2 O

....................................................................................... j(%igfﬂgg . EF'*SH@: 81
BE5F v — R E— X OEIRAAHA DB BV 7 IS RUZ TR oo PHREERE - PR 86
FERG V2 38 ] U 7= 3 8) TR SR &— 2B % ket

......................................................... 7‘&#}5% . EF'*SH@: . {E%iﬂﬂ . W%ﬁ;%ﬂ 91
BT & RN 2 B U TeRESTE B AT NS 350 2 S IRIC B 9 % FBRINARG

.......................................... PHERETE « NS « HER S - IR IERY « IiEYis2 96

Biomagnetism / Medical Applications
H T VRIEEEERANOISHZ Bis L7 7 I U HileZ2 & 7 > 1 —#HeD 7z H D
REGT 7 F 2 TR DERZE oo okt o LR - A 22 103
F TR 21 A )V 72 RO TSR B R S N A 7 8= — S 77 3 A S E D T RE
.......................................... K RIS - BERE . VEEFEND - Il & e UAEL 111

Board of Directors of The Magnetics Society of Japan

President: K. Nakagawa

Vice Presidents: S. Sugimoto, S. Matsunuma
Directors, General Affairs: K. Niiduma, H. Saito
Directors, Treasurer: K. Ishiyama, H. Takahashi
Directors, Planning: S. Nakagawa, T. Kondo
Directors, Editorial: T. Ono, T. Kato

Directors, Public Relations: S. Greaves, S. Sakurada

Directors, International Affairs: M. Nakano, H. Yanagihara
Auditors: R. Nakatani, Y. Takano



T. Magn. Soc. Jpn. (Special Issues)., 4, 1-4 (2020)

<Paper>
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Investigation of selective dual-layer recording
only using spin torque oscillator

HiEET « Simon Greaves + HH 5 —ER
WAL KRFESOGEETZEHT, AT ERER T 2-1-1 (T980-8577)

W. Saito 7, S. Greaves, and Y. Tanaka
Research Institute of Electrical Communication, Tohoku Univ., Katahira 2-1-1, Aoba-ku, Sendai 980-8577, Japan

In this paper, we investigate the effect of anti-ferromagnetic exchange coupling (AFC) on the magnetization
switching of two discretized recording layers using only a spin torque oscillator (STO). Switching probabilities were
calculated as functions of STO frequency, and exchange coupling constant of AFC to evaluate the effect of AFC on the
magnetization switching. The results show that optimizing AFC value increases the switching probability.

Key words: microwave assisted magnetic recording, dual-layer recording, spin torque oscillator, anti-ferromagnetic

coupling.
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TEEREKERC BT 5 B U Lo~ ORFEDfERRE LT, =%
NF—=T VA MEKGUERDMIZES IV TND. ZD—DD~A 7 1
W7 A MG MAMR) T, A /USRI E AL~
v N (A R—V) \ZRDERRSNINZ, A MLy 58iRE
+ (STO) \Zk2E/EmR (HF B2 Z5eediRIcHIIg 2.
HF WEROFEEL (fsro) % rlsE OB IR Fr) &—
SR, FUHEEHADRE L)Y HF BRI D=L —Z2 W L,
WA VBRI LB RS AR5 Z L ASAREL 705, 20D Fy (X
SR B OFIRES & REMERE - OFHRFIC L > TR ES Y
E, 50D Fr HEOEROMS. LT-EtE 4% 2 5. MAMR J7
XTI, STO 2LV AFERED Fr 128 LV, b LT LV YE
ko> HE WREEII 5 2 & C, O HEONEE DD
WL RS Z 3 cEH2 Y,

BHEUHBEME L= & &, STO 7250 HF BAURRE L, sibk
JEMIOFME AR AR D SR ERE O R E T TR L ORI AL
IZ b b— A7 OBRICH D, HF BRI STO M HEEND
I L7 CRMITIR T4 5. Z 07 0%tskE gk T mae
FRO AN EDEE L Lo LA FiE BRI &, Gl
DB A ER DS GedB OB L7 1R % BN TS [
X9 L35, SEERCSBREEIARE A (AFC) 28 AT5Z &
T OFMESFHEAERZF T HIET 2 N TE B EMESIh TV 5
5)

AU, 2 A ML DX AT~y REFNT, STO O
Pt WU na BAE L L QWA iU, EXAB~y KD
WERBREIAR & foro ORI N L— RAT7ERICH D, >
D~y RIEHRNTO STO DOZEERFEIRDEE LY, &) Rl
WET 5728 T 5. STO DI W BVEHRE, B—DriiE
WBIL TR ShTns 9 -9 L AR, Zgostidsiilic
AFC ZEAL, STO OA% W TR linSE5 Z L 2 HIEL
5.

RRARRICIE, T EER) 13 EoRE RLL RL2) &4F
OH—ORAZ, THERIA) 13- EoidwE RL1, 721 RL2
DF) EFFOR—DIAE, TNTIUETbD LT 5.

2. ETIL

AWFITCI, £ CORMEE~A 7 u~ T RT (v 7ET /M
<3< Landau-Lifshitz-Gilbert 52T T-72. STO MK URHRE
RoEF V% fig. 1 (RT. STO 121E, —EDEEClulizt s
H—D~7 A ANZLD, —RRTRME LiiiivERkg (FGL) %
FELTWA. FGL O~HAE 30 nm x 30 nm X 10 nm T, £
Tl bix Mg = 1591 emu/cm® THD. I alb—r 3 VOB
15 0.25ns 412 STO 12X 5 HF B4 2.0ns FIINL, 20

20 nm

Fig. 1. Schematic illustration of the model.
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Fig. 2. Field from STO vs. distance from bottom
of STO.
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Table. 1. Parameters of the model.

RL1 RL2
Mg (emu/cm?) 750 750
Damping constant a 0.02 0.02
Hard | 6.1
K, (M 3 8.1
u (Merg/cm*) Soft | L0
H, (kOe) 7.165 |11.33
T (K) 300 300
Exchange coupling constant —0.474,
(AFC) J;., (erg/cm?) —0.948,-1.432

#% 1 ns BaE9 2MNE CHEE L7z, sk Eme STO @
THOMMEIE 1 nm Th D, sEEARDREMRIFIXER 20 nm
OMFERTH Y, t8kE RL1 OJEE1E 5 nm, RL2 OE & 3
nm & L, iesdEiodEEE IL OFE XX 2 nm & Lz, Wiid
FREIT LA L, B S EN IR S Ch 5. FROAS
LZR2RD | g ORAOYIIREEIL Fin& T 5. RLL 1213k
RN AR T T AR ARSI A (ECC IHA) AR L7z
B EEE S 22512060, ECC #EHAD Fp 2MEL 7225 Z &
ZFRIAL, WED Fp DA RE<T 5 &, STO 2261z RL1
OISR AT D Z ENANTH . ECC RO &
STO (T ML L, $REEEE & iR EE ORI, 5 erg/cm?
DOIFEEZEAN LT, V2 2 b—1 3 T, iddfE% 1 nm
JEDEIZHRIL, [F CHEHEIOZ S E & E%% 10 erg/cm? &L
7o WRENEOFE 73T A—4 % table. 1 IR

HF RZ5U3, FGL OH—0~ 27 v A 28— E DR Claliz
FTHZEILL > THERENS. ~7 B A U OEERIHNICSH Y,
[EfiA# Y STO HLEih 24 Ly =, STO HuLdil Eizdsy T HF
BEROEERMTE 1 & 7205, STO Hulfli Lo HF BHROKE
&%, STO DJEEN S OFEEEDEL S LT fig. 2 (- RL O
JUZBNT, HF BEROEERGNIE 7 & 722, M8 T oOfEkL,
BEME AR LTS,

AESTIE, WaiskEilc AFC Z8Ad % 2 & TX Vg
W iinz BHET. BHELORDOMER S OEG N E LR E
FHR LT, ZAUS, BHEAWIMAEED B AR U T [mE, ok
1T CEl > 7T 5. AFC OIHEHER~DE A B 5725,
AFC ZE A L7238 balE L

3. FtE&ER

3.1 AFC EAEL

HEHAR L O EIA (AFC EAMEL) ORERHERD fsro
A E B LT A fig. 3 1R SOisiERI3aA  TIEE 100
[FIOFEHEICTIH 5. T RL1, F58UE RL2 OB E R~
RL1 BX O RL2 13, TN ENOPHRERIERT D foro OFE
WA BN L2 Elbns. il LT, ZEilkic
fsto =9 GHz @ HF BEFRAFINN L5 0% FiekE oo
FeT% fig. 4 @ I, foro = 22 GHz DA% b) (TRT. 20
FERD, FFEEO Fr 125 LV, b LI MED HE
RAEHNIT 5 Z & TR LR S 2 Rl OB ATRE T 5 2
EWRENT. £, TJEEYAD RL2 2B DRY RO %

0.9 [Ty  Individual
A + Both
¥ /

L a

302"

15 2095750795740 45
STO frequency (GHz)
Fig. 8. Switching probability of each recording layer
vs. STO frequency, fsro.
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Fig. 4. Magnetization switching with only HF field.

n
=8 5
|' (c)

Fig. 5. Magnetization switching of RL2 without
AFC. (a) Initial state. (b) 0.627 ns after applying
field. (c) Final state.

(a)

fig. 5 1T~ 7 Fig. 5 (b) 020, B LBOROBEER TR D = &3
DD, TIUL, BEEBENC X DR LRl LECR e,
RIS R 17) 1) < B LBV D72 < 720, BB R BH_RE TR
NR—ERENMEL 725720 Th D EB 2 LD, BREEIRIZR
T, fsto = 8 GHz, 5L 9 GHz T RL1 OUEHER (Pryy) &,
fsto = 24 GHz, 33X 25 GHz T RL2 ORURMER (Prry) 75,
FIEN LIZBEL QWD — 5 AL, Bkl (ks
WER) 78 Py = 0.93, Pry, = 0.83 Tho7=.1 LW/IhEL s
TR ARCEE R 8 < SRS A ER OB THH LB X D
ns?.
3.2 AFC EAEY

TJEIARIZ AFC BEALT-EED, fopo BEUYAFC OASHL
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Fig. 6. AFC effect for switching probability.
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Fig. 7. Change in switching probability due to initial

magnetization state.

FEAEH L WCxT D XiEiERE fig 6 [T, JL =
—0.474 erg/cm? @ AFC A8 A LTS GRITIEH 100) Tl
e RIHEERINZ 1L FH Prpy = 098, P, = 0.89 L7201,
AFC ZEATDHHIOFMF L HARE EL TN Z &gt
Ji. % —0.948 erg/cm?, —1.432 erg/cm? LA {bE¥5H L, Hh
BT EA~E ST b LT, BRBSERIT Ji, = —0.948 erg/cm?
T Prii=Priz=1 £720, Ji= —1.432 erg/cm? &L TH
KT Ligdotz. L0y AFC 23895 Z & C, Bibidwii
WRETHDLAENTIATRREE CUT, TS L0, Saiskodk
RETH D HWISCHTRREE (BUT, BOHATIRES 128 kLS < 72
%.Fig. 6 | TR G2 SUSEEROZ WL 2 ORMRD I S AU R
ThbHEEZBND. £z, AFC ROz RLL (28
2% B RROMEENHER LT Db RSN, fero =
20 GHz T, AFC AL Pgpy =0 THHZDIZHFL, Jiy, =
—1.432 erg/cm? TiX Pgpy = 0.18 L7225 TD. ZOFEK
BRI, [ = —1.432 erg/cm? 2BV T fero = 16 GHz
T Ppiy =07 &, mbEVEZ LS. 2O fgro Tl W
AFC 25M8) < 1C RL2 OBAbD m2EE 295 2 & T, RL1
DB O b bt 50T, S E8E T 50T LB RS
5. RL1 OB EE & flfssEE ORI 3B E G MBI < 72,

INDEX

Lo
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Fig. 8. Switching probability vs. STO frequency,
fsto , for various anti-ferromagnetic exchange

coupling constant, Jj;.
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Fig. 9. Switching probability vs. anti-

ferromagnetic exchange coupling constant, Jj;.

RL1 &R F—2NT A b &, RLL 2R L3 < 72D
DOTEEEZBND. Hilikd LT, RL2 (32858 & L, RL1 Offf
g%z STO Huldi o> STO I T 6 nm [ZR¥E L, X
HEEERD foro MATVEARZIFL LI, F5549T, foro 7% 12 GHz 725
15 GHz O#PHT iR 0.9 LiEE72Y, foro = 16 GHz
TR 0.6 20 UBR ACH-T-.
TIRoOREREMICERO AFC ZEAT 5 &, fiE oL
ZHWNIFCHATIZ L& D & 2 A8 GRER DR 12 5. 207
D, BHEANEL NSOV TRIRRED B BN T7RAE~DR LI
ML < 72 2O TRV SRS SN, £ 2 CROHATIEET
DOBRFUNEDLHER A KD, SHATIRREOSA R & & bI fig 7
Wt GRATIEEL 50, JiL = —1.432 erg/cm?) . ZZ T, RL1,
RL2 O &6 HDORAER S, Bl L2 AN TODIREN D T2
M < fERAE R LTS, DF 0, RL1 ORISR Z 7 H+ DS
RL2 OBHLOYIRIRREIEL P&, RL2 OKHRERZ FH T DB
RL1 ORUEOYIMRIEIL FIA1X CTh 5. HIHIRREN SOV TIRRED
o Th, MRUE I ZRWTRUEEERS 1 ITm< 2 LavbhoTz
fig. 8 12, RL1 DL FEj& OEAITEIT 5 Priy @ fero HAT
P Ji =0 255 Ji = —1.432 erg/cm? [ZOWORT GMT
B 50) . ZORED D, FUNERIZEAT S AFC 29#< 725
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EE, AREBEEAN I D SAEHERIME N5 2 L 23 o T,

KIT, Ji, DIENEHERIC 2 D% 1512902, foro &
27 GHz |ZHE LT, SibdEOiieERo iy, EEZHEL,
FiRE fig. 9 \ORT GYTIRER 100) . i, OEEAICKEL L,
AT D AFC %< LT &, WATIRIEIZBIT D PRy, 28 1
W ZEvbnnd. Ziud, misdkE O bE HV NI
TATIZL LD &5 AFC ORI L 2 b0 EH 2 65, Fiz,
fig. 9 \TR LT Jyy, O#PATIE, SFOHTIRREICIIT D Pry, 13K
T 098 TTLIMME R Liah otz Jin Oz #IcAIckEL LT
W, RSB O LA SO TIRBIZ L L 9 L5725 AFC off
FASEIZ58< 72 D728, BOHATIREBIZESIT D Preo 1 HEF LT
< EEBZBND. 728, fig. 6 (TRT LI, Ji = —0.948 erg/
cm? TFAPIRRETD Prp, 13 1 IZBEEEL TWATD, 20 I
DOFPATD Prrp, OIE TR DRV EE X5,

INETHRA R Jy, OIEEZEE L2 DR RCET20, iy @
X IL OME LREEE 25 2 L CEFARETH 5. 1T, IL
ZMUE 043 nm OLT =T AT HE, = —2.2 erg/cm?

(BIZ 0.95 nm Tl Ji, =~ —0.7 erg/cm?) ¥, [BE 0.5 nm
DAV TILETHE, i = —2.6 erg/ecm? 'O L5 LR
TEDLHEWESN TS, A VP LOEMAEMEL, IL 1 nm,
Jiw= —0.7 erg/cm? & L, #47EHL 50 ChUfiRpeRastH L,
FORERE fig. 10 1T, ZORERTIL, fsro = 7 GHz, BLV?
fsto =8 GHz T Pgiy =1, Pri, =0 &72Y, fero = 20 GHz
T Pria=1, Prui =028, fsro =23 GHz T Pra=1,
Priq = 0.24 L7207 F77, RL1 OEMERNERCHOWTIE,
fsto =17 GHz T Pgiy = 0.64 E7po7-. Ziud, IL BE 2
nm, J;, = —0.948 erg/cm?> @ fopo =17 GHz T Py =
036 LHEARTfHIVMETH L. IL BEZ/NESL T 5 205
RL1 1% STO T2 72, [FREED [y, Th-oTHIDLH 7%
ENEFEND EEZ LD, ZOETIE, o X S IiisE
DFEKRFIEEHERNEE5E 1 THY, 700 Pry=1 DL X
P, =0 THDH720, RL2 & NinSW7-#% RL1 #iSE 5
&) FET IERERE OISR TRE L 70 5.

5 &R

STO D&% Tz @ BARIC 35 1 2 38 IR BEAL S #ir mT
REPEA MR L7z,

B RLERIEIZ 3T 2 R %, AFC OEADFTEZNZ
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Fig. 10. Switching probability vs. fspo for a 1 nm
IL with J;, = —0.7 erg/cm?.

DEFEESE B W TR AMBMESRN M L35 2 E 085
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BRI 1= B:{BiEX Fe-Nb-B-P R7/ HEREEDRH

Development of High Bs type Fe-Nb-B-P Nanocrystalline Alloy with Low

Core Loss for Power Supply
o ZhT, BRJIEEE, ReRSE, BRE 7, RIFEIG, Roohe
TDK #rxlaxth, THERRHTRPIGI S T 570-2 (T286-8588)

I.Nakahata', A.Hasegawa, H. Kumaoka, S.Mori, K.Horino and H.Matsumoto
TDK Corporation, 670-2 Matsugashita, Minamihadori, Narita, Chiba 286-8588, Japan

In this study, novel Fe based nanocrystalline Fes2NbeBoP3 alloy was developed. The microstructure and
magnetic properties were investigated. Precursor FesasNbeBoPs amorphous alloy ribbon was prepared by using
planar-flow melt-spinning method. Fine grain structure with higher density dispersion of bee-Fe crystal was observed
after heat treatment for crystallization with Fes2NbeBoPs alloy. FessNbeBoPs alloy with nanocrystalline structure
exhibited high magnetic flux density ( Bs) of 1.64T at room temperature and low core loss( Pev ) of 650kW/m3 at
100kHz and 200mT compared with conventional nonequilibrium type Fe based soft magnetic materials. The newly
developed Fes2NbeBoPs alloy with excellent magnetic softness is suitable for improving the performance of

high-density power supplies using magnetic components.

Key words: soft magnetic material, nanocrystalline, alloy, planar-flow melt-spinning

1. EZL®HIZ

IR, PR OO E ) B TR/ VI, mtER bz &
B2, BT W SN D EIRIZIW T b a1 b
7L, ZHOERICAVONAE THERICBWTH/IVE, B
B3R BN TN,

REHZ A Ve EORMERMT, BIRAFEIC HD LM RE <,
KEEHE~ORE, VY, IR HENTEY, £
WS FTREZSHRBEMEA B bR ST .

IR & LTI, 7 294 MBS L —fBagic i
BNTEY, FHZMnZn R7 =74 MBS, &BkEW)
HOENTRY, BT HaT E LTUASHWSTE. L
U735 MnZn 7 = 74 MBI T2 Z & D> BRIFREHEE
FEM 0.5T FRiE LK<, /NI & REFHbA~DORNSE NS5 2 &
BEEETH S Z &R0, BRI 5 & 5725 @B EE LA
TNAZEND D, IHHETIEHREM AT & L Oy MR
AT HRRIE IO ALK LT 5.

ZOHTY, SRR Ch D Fe-St G412H~T
ENEL, 15T FEOR\HFAEE (B) &bdibtRio
IR BRI EID FeSirB 27 /LT 7 ABEME A
HNTEY, BHIERbETHA.

L7 L Fe-Si-B 327 E/L7 7 A58 35 LR Fe-Si A4t~
TEEIEETIED D0, IBR5EE b B LI RO
BIL TS, BEEDRZAY) DD T L < BEZFRAGE .

—5, IR BRI A4 & LTl Fe-Si-B-Nb-Cu 2542
DDA, BIFHGHEEEN 12T 2 LK<, REFIIKIST 572
DITITRE 72BN A RDSLEL L 720 /Y EA~DOXENEEEC S
A0

AGRSCCrEmN ORI L AR A TN T D07 6 aR
LU, BAFRIERE D i S5 Fe-Nb-B-X R/ iR
EMESSITE B L, BRCE BRIRERE 2R~ 2 b
T% FerNb-BP &7/ ffaRa Nl LT bITHE 2D,

Fe-Si-B &7 /LT 7 AGAIRIELL L@\ BRI &
TABHESRAE I 2 D FesaNbeBoPs 7/ fliit &2 % Lizd
T, FOBEEAECAONWTHET%.

2. REH&E

il Fe(99.99%), B (99.5%), FesP(99.9%), Nb(99.9%)
D% FesaNbeBoPs DAL E 725 L S ICHTEDEMEL,
& JE AR IC T Fe-Nb-B-P f:-A& 2 1ERL L /=

BoNTEREEE W, T Ar ZRBHEH CTH e — W
SRIEIZ LV IE 50mm, JEAK 18 um DT E/NT 7 AG4E
AR L2, B L7 B0 7 7 AHEIC Ar FIRA
HC 873K, 1 REEIFVLIE A fits L)/ fdik L7z,

REOBEL, TAF AT AEICI O HE L.

il i AL TR 1R 22 8 7 2V & B (Differential Scanning
Calorimetry, DSC)% iV C, 7N T 7 AMlE%E Ar A
IR T 0.6TK/s D F-RIEE TEIRMN S 1173K £ THIR
L, REORBANET 5 LIV~

BULPR I O R O SEE AL CuKafta i
X MRETIC X 0 R Sz, XORETHE 1 A d s L
T2l Zolx, BHBMROEmVE—/VRTIERS,
EemIcmHA I NS o — VIR L O 2 Bl & L
To .o F IO A i i B FE 1 BH 14 8% (Transmission
Electron Microscope, TEM) % W CHEIZZ L 7=.

BB i L 7= FEH IS O T, F ORGSR E A 31 L 7.
A DA 1 2R 38 TR B BUBHRL RS 77 3 (Vibrating
Sample Magnetometer, VSM) % A \» Tl & L,
1500kA/m DHINNEES hCTRIE 21T > 7=.

M 18mm, A 10mm OV > ZTRICHT Bk = b o
T 5 AEAER CERE N L, 2% BH 77 7 A ¥ CAIGE
EHI SY8218) & iV T a7 v A (Pen) &l L=, £7-1k
FBRERWITA =% 2T F 5 4 F(KEYSIGHT
TECHNOLOGIES,E4990A) 12X v HIE L7=.
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D%, Fe-Si-B RT7 ENLT 7 AE4EB LOTHERD
Fe-Si-B-Nb-Cu £ 7/ i &&IZ DWW T HRIBRIZ Y v 7T
RO a7 ZER UIEEFT > 7. RIEOREIC L 5 Rtk
NEHTEX 5 L9, g\ T Fe-Si-B R7ELT 7 X
B ETEHIE 20 4 m, Fe-Si-B-Nb-Cu %7/ #Eib & & 3E#1E
21lum OLOFEALZ. Fe-Si-B R7 E/L7 7 A54IE,
Ar FPAKH T 673K, 1 KEH], ¥ 7= Fe-Si-B-Nb-Cu %7/ f
BREAIT Ar FIAK T T 823K, 1 DSk T4 & BLER
BT o7,

3. RERABRLER

3.1 FegNbeBoP; & & D#5E 1L ES) & MimiAE

Ho—/VRIREATEIC X 0 /ERLE 7 50mm 1§70 FessNbeBoPs
HaeMHONEE Figl 1Z, J/ MR EEERARER E B X
FREHT 2 — % Fig2 (o

Fig2 |1ZA65 & 912, BRI FesyNbeBoPs A4t Tl
TENT 7 ARBEHF 7o~ —F — U E R LTS, Figd iz
[ TEM Bleids L OB -l % — %7~ TEM #1
BBV C ORI ST, 18 50mm LIRATHY, Fi-
TN T 7 AEEREHADOIA E U TRFD FesNbsBoPs A4t
MEOITCND Z E DGR ST

FessNbeBoPs A 4&:0fE i il & s ¢ 5 72012, DSCIck Y
At LRI D RESUSEIIE LR % Figd (ORT.
Figd 12Tt %, F /7 fEmARHE e LTR<mbing
Fers5S1135BaNbsCur &4 DREIGH S OR LT

Figd \ TR UTE Ty, Teal 3852 7L 7 7 ARED DAESAR~DH
BB D JEEAE— 2 (Primary peak) , Fe-B A LAHIONTHIZ A

) 3 —7 (Secondary peak) TH Y, —WIZ T & T D
(AT BRZNEE T/ bt OBMUBRR L 05 5 22 #
PHAIEWZ ENMBNTWS. 3 9 FewNbsBoPs A4 & O
Fers5S1135BoNbsCu1 54D ATk 345 % 31 L% 210K, 175K TH
o7 F77, Figd | TR LT FesNbeBoPs 540 Primary peak (3
Fer35S8i135BoNbsCui B4 ZtE_T 0 — RTH Y, FlEsbaVAy Vi
JEFBEH T o< D EHEITT D22 Z2EHRLTRBY, ik
FegNbsBoPs B-4Dftikie7a & D/ fbdtiik OB X 5
FHINAES THD Z L ARNELTNA.

Fig.5 1T 873K TEVIWH L 7= Fes2NbeBoPs 44 M U 823K THMIL
P72 FeeNbsBoPs A543 H D X #EHT/ S — 2R,
Fig5 (TR L= X Bafki 5 873K ZWLE%0D FesoNbsBoPs
B4, beeFe OB~ ORMBRL, MOBEFNIHTHIL T
RNZ eGSR 11 &L, = T—ORE W
T(110) B—7 LV RO7-R5E AT 10nm Th -7z, Fig 12
ENIER% D FessNbeBoPs 540> TEM #1554 79
Fig.6 (7~ L7z TEM 4725, EWES40 FegoNbeBoPs A4 Il
PRRERRISERIE I L QN D, Wb D) bt A
BETHD Z ENHERS -, TEM B HROTFEE D, B
10nm TH -7~

Fe-Si-B-Nb-Cu &7/ fdA4ClE, Cull X AEE Nb 12
L DRIEEOWFNT K0 7/ ik a Z2E L TS DI L
T, FeNb-B-P ATl ok ARORRORAT Z 1t

— 26D R E RADIEZEFED Fe-Nb-B RICK L, BT 4 Tks
LT Fe BLUNb, FIENDOILHRITH L TREZRADRAET
HIVE—EoRd P ANRINENIZZ LT, BRI AT LT
7 AARAEDZZEMASIEIZIH - L7z & RIS, Nb B L ONP DR
B DESANIREEMD S HITH L= 2 &b, Fe ORAE &
BIZPAE U712 Z & TFe'Nb-B & 1 & Fe b - ORipkEA Ml <,

LE LT/ itk E R LI b o L B2 6N 5.2

50mm

=

Fig. 1 Precursor FessNbsBoPs ribbon fabricated by melt
spinning method.

Intensity [arb.]

30 40 50 60 70
20 [degree]

Fig. 2 XRD profile of precursor Fes2NbeBoP3 ribbon
fabricated by melt spinning method.

Fig. 3 TEM image and selected area electron diffraction
pattern of precursor Fesa2NbeBoP3 ribbon.

Feg,NbB,P;y

DSC(arb. unit)

700 800 900 1000 1100

Temperature(K)
Fig. 4 DSC curves of FexNbeBoP3 alloy and
Fer35S1135BaNbsCui alloy.
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Fig. 5 XRD patterns of annealed Fes2NbsBoPs and
Fer35Si135BaNb3Cus alloy.

Fig. 6 TEM image and selected area electron diffraction
pattern of annealed Fes2NbsBoPs.

3.2 FeaNbeBoPs & DHETFIE

BMIERC X0 L L72 FesaNbeBoPs &4 DRI HEIC D
WCHEZTo. D ®, Fe KTELT 7 2G4
(Fer9BosSin s L O/ ftith-f A4 (Fers sSi135BoNbsCu) | 2D\
TH R SRR 21T 7=, £72, HHW=540C
BILTH, ZNETNOEEITIW TS RS Z R LT
ENUERR - COREIORHE AR U AA T o 72,

Fig.7 {2 VSM THIE L7-fé bz 779~ Fig7 IORESND X
12, FewNbsBoPs&4xi3 1.64T Ofafifi(bz r~ L, Fe &7 E/L
7 7 A FerwBosSins A28 Daflg bREL ETh o, —k
H7e) / fEiA 4 FerssSiissBoNbsCur &L LT, BB XE
B0UFREER E 7ol " g 2 L OSHER SN

Fig.8 | CIEER £=100kHz ORF DA BH 755 A 4 v
THIE L4 Fe #EGEITH1T 5 27 7 A (Pen) D KREHUE
(B & A7ME %2 R 3. FesaNbeBoPs £ 42123517 % =100kHz,
B,=02T Ol Pev ik 650kW/m3 TH Y, FerssSiizsBoNbsCun
VIt U TRV MEE =923, R OfIfiH LA 95 Fe £
TERNT 7 AG4a0 Pev T2 1900kW/mB Ik LTI, BB X
% 66% HIEKVIT2 <, FexNbsBoPs A4l d— k)72 Fe 7€ /1
7 7 AEBA A TR TN IR Ch 5 = & 03w
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FegaNbeBoPs 54D LfH38 12000 1, Fe 7€/ 7 7 A54D
MR 3200 2 KIEIC EE->TEHY, ZHLRRNPDL D
FewNbeBoPs &4 ZHiRD Fe 7E/L 7 7 ARAITHAT, b T
BT R 2 ™ L AR STz

FeaNbeBoPs A4 & HHldl = B 0T Table 1 (2
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Fig. 7 Hysteresis curves measured by VSM with annealed
FesoNbeBoPs, Fers5Si135BoNbsCui and Fe79Bo 5Si11.5 alloys.
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Fig. 8 Dependence of core loss (Pev) on maximum flux
density ( Bx) with annealed Fe based alloys at f=100kHz.
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Fig.9 Frequency dependence of relative permeability
with annealed Fes2NbeBoP3, Fers 5Si135BoNbsCui and
Fe79Bo5Si11.5 alloys.
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Table 1 Magnetic properties of annealed Fes2NbsBoPs, Fer355113.5BoNbsCu1 and Fer9Bo.5Si11.5 alloys.

Core loss(kW/m?) Relative permeability Density
Alloy B(T) 3
[100kHz-200mT] [500kHz-50mT]  1kHz 100kHz 500kHz g/cm
FesaNbsBoPa 1.64 650 710 12000 8400 2800 7.72
Fers 55113 5BgNbsCuy 1.25 310 340 47000 17000 3900 7.30
FeroSissBi1s 1.57 1900 1300 3200 2700 1800 7.18
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Fe-Co-N BEAD Al RN L 2B[ETEDIEKR

Enhancement of magnetic anisotropy for Fe-Co-N films by Al addition

REAGT, AT, ROIIE
FHAF B Lo BB R, B i I -2BNT 1-1 (T 010-8502)

Y. Takemasa ', C. Shirai, and T. Hasegawa
Department of Materials Science, Akita Univ., 1-1 Tegata Gakuen-machi, Akita City 010-8502, Japan

The effects of Al addition into Fe-Co-N films were investigated. A tetragonally distorted bct Fe-Co structure was
formed by adding N, which was further stabilized by Al addition. Fe-Co-N and Fe-Co-Al-N films showed an axial ratio
(c/a) of 1.12 and 1.18, respectively. The Fe-Co-Al-N film showed a maximum Ky -value of 1.24 X 107 erg/cm3 at c¢/a =
1.08, which was 14% larger than that of the Fe-Co-N film. This tendency, that the Ay-values of Fe-Co-Al-N are larger

than those of Fe-Co-N, appeared in all ranges of ¢/a-values.

Key words: hard magnetic material, thin film, Fe-Co, tetragonal distortion, magnetic anisotropy

1. FU®IC

Fe-Co 64213, EESIEASTTRROEIRIHL ML) &,
BHUENAF 2 ) iSRG T 5HECH 203 A02 i (bee)
THH7D, LI (K) 2 bk uikighitkl e L
Mo, ZDL 9 7%H, Fe-ColTACIFHNAE (bee %At 1
& LISGADI oa=1.25) ZEAT 5 2 L TR M & Kby
BT 22 Ay Bl [5R0. 2 LRSI o S, E
72, Fe-Co DTG (bet) Z2H T 28021, AHHNRTE X
D OBIANREEZ & 5720773, K DRV K215 2 LR
TGN 2, ZNETIC, FERCOIEREDEA IR 74
TR THONTED 99, EIOTRTH S V LERAIDLE
TH2 N ORNGIDERITH 5 2 & D& DESEDHIE TS
MITHESTNB 0.9 Lasl, V & N OREENE, 1E55ED
EITIEFINZEDS, Fe-Co &4 & HRT M & KoMK NS 51
DD, & TRIETE, B M E KEEbE b OffAG
DEFEROBLED S, Fe-Co ~DINUEEE LT AL ICHEH L%,
Fe-Co-Al D—JuIRAEX 9% H2 &, Fe-Co I THITIFHD K
DIL S BRATT B Z e 3o s, 2D KD 5k 5L
DEEX IS, AWFETIE, Fe-Co I LT N OAZEGMIL 723k
kBle, N & Al ZFERESIN L 7302 L, Hild 5 2L, Al
DGR Z T,

2. RBAE

FVEMERLC IZ S L i~ 7 R b e v A0Sy §) v 7%EE

(BIPEEZEEE~107 Pa) &V 72, FERICIE MgO001) ik 2
W, FHUEE LTRh % 20 nm, JOTREMEEE LT Fe-CoN
B B\ >1d Fe-Co-AlIN Z 55 5 nm CMEICHUIR L 72, SIS DI
JNENEEEE, Rh Tl& 300 °C, Fe-Co-N & Fe-Co-Al'N Tl 200 °C
EL% mBINSOWER, MHANAEE MSREAEZ NI %
7= DI L 7AETH B, RTZD I, Si0 ¥ v v 7Tg (I
J5 5 nm) ZERCEIEL 7. N FIEE, Ay IHATHS
Ar & No DIRSHETHIEHIL 72, Ar & No DEFHTESI% 0.3 Pa Tl
EL, RIFTHO N2 D/ No/(Ar+N2) 120-18% (0-0.054
Pa) TZYLX 7. Fe-Co B XU\ Fe-Co-Al DFHRRIHTICIEEE 1
~47u7F 744y (EPMA), NHEKOIHTI<IE EPMA & X

N T NEEEA O L7, fESASEmTIc i X SUarEiE
(In-plane XRD, Out-of-plane XRD, CuKa), 5L IZ
IREEEIG R (VSM) & 7z,

3 KBRWERLEER

31 ERBE

Fig. 1 ()%, Al 2% L TWw2ew»atkl MgO sub./Rh (20
nm)/(Feo5C00.5)100:Nx (5 nm, x = 0-8.8 at.%)/SiOz (5 nm),
M X, Al # &ML %R MgO sub/Rh (20
nm)/((Feo.5C00.5)0.96A10.1)100-xNx (5 nm, x= 0—6.9 at.%)/SiO2
(5 nm)? In-plane XRD /$¥ —>TH %, Fig. 1 (a), (b) &
b2, N FIHE x 238003 2122o0C, bee-Fe-Co(200) D
Y — 2703 66°fiE > & T0°HHE £ T, 13T EAIC 2L L T
WD ZEDTPA, TIUIKTER a DAL TWS,

Fig. 2 @13, Al Z¥IML Tkl MgO sub./Rh (20
nm)/(Feo5C00.5)100:Nx (5 nm, x = 0-8.8 at.%)/SiOz (5 nm)
@ Out-of-plane XRD /3% —>TH %, x=0 at.%)*5 x="7.5 at.%
F Tl bee-Fe-Co(002)D & — 7 2SI Mz 7 kLT
32035, Ll x= 88 at%E TNIFIMEZHINSE %
&, 4A8ABED Rh(002D Y —7 DAMEEZIND X Ik s,
U, Fe-Co DIGTERL ¢/, Rh DI FER ¢ &£ 3T %7201,
bee-Fe-Co(002) E—7 £ Rh(002) E—7 L2 FNEICH T2 b
DEEZ SN, TNEERRDRERIE Fe-Co VN T I Th
D, EERE R B TH RS T 5 60,

Fig. 2 (M), Al 2L 723kE MgO sub./Rh (20
nm)/((Feo.5C00.5)0.96A10.1)100-xNx (5 nm, x= 0—6.9 at.%)/SiO2
(5 nm)? Out-of-plane XRD /8% —>TH 5. x=0 at.%h
5 x=6.8 at.% % Tl¥, bec-Fe-Co(002)D ¥ — 7 H3#ifii i
BAElce 7 P LTWB 2 E202D, x=6.9 at.% T,
Al ZEIML T Wikel & FERIC, Fe-Co DI TFEED
Rh o FEHR EBIEFBA2KC KL LI LT,
bee-Fe-Co(002) ' — 7 & Rh(002) ¥ — 7 & 23 E IS H T
WarbDEEZoNE, x BHEMNT 5Ico0T,
bee-Fe-Co(002) ¥ — 7 R L D6 € 7> T2 %23, Fig. 2
QL& OET -2 RL K25,
bee-Fe-Co(002) ¥ — 7 MR I N5,
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Fig. 3 (a) 1, In-plane XRD & Out-of-plane XRD /%%
— 5B L7, Fe-Co-N & Fe-Co-Al-N DIETEE a
e NIFME I LT ay bLAEbDTHS, &8
I 7 —/N—|Z XRD £ — 7 O} iz & > Tv> 5, Fe-Co-N,
Fe-Co-Al'N & 12, x 03T 21224 C aDEHHA L,
c DIESEIM L T3, Fe-Co-N Tlx x = 8.8 at.%,
Fe-Co-Al'N Tlf x = 6.9 at.%DHAIC, Mg T Rh
DT ERE 12T LT3, Fig. 3()IF, Fe-Co-N &
Fe-Co-Al-N Dfififilt c/a% NHMME x I LT 7oy b L&
bDTH2, T I TEHL Tl o/a DEEARIE T3 bee
ER—=ZALLTEDY, #lZ21Xda=1.0Tld bee, da=1.41
Tld fec £72%. Fe-Co-N & Fe-Co-Al'N & 12, x DHIN
WHIEL T ealdm EL T FRCHEHTRESE LT,
Fe-Co-N Tlf x=7.5 at.% DA ¢/a=1.10, Fe-Co-Al-N
TlF x=6.8 at.% DA c/a= 1. 14 TE D IS REHEA
INBEZEBDLD S, £z, Fe-Co-N Tld x = 8.8 at.%,
Fe-Co-N Tl x = 6.9 at.% D& Iiibl: ca= 141 L7
D, fEEEEE fec NEERBL TSI E2b0 5, Dk
DFERD 5, Fe-Co-Al ~D N I IE/7ETEDEAIZH)
RWThz 2L, Al L NOFAKHFINEN OADTM
DA EHRTIENBEOEAICN L TX D ZRNTH S
ZEDbhrot,

3. 2 A

Fig. 4 @13, Al 270 L Tw2ewiatkl MgO sub/Rh (20
nm)/(Feo5Co05)100:Nx (5 nm, x = 0-8.8 at.%)/SiO2 (5 nm), (b)
i Al 2 % ML & 3 OB MgO sub/Rh (20
nm)/(FeosCoo5)09Alo)100:Nx (5 nm, x= 0-6.9 at.%)/SiOz (5

s = = Q)
s 8 S s< 8
38 % 88 s 3
(a)E;g § § (b)a;i,, § 2
b S0 s Sh
W S
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“ pf ! ! 24 x =6.9 at.%
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Fig. 1 In-plane XRD patterns of (@ MgO sub/Rh (20

nm)/(Feo5Co05)100-Nx (5 nm, x = 0-8.8 at.%)/SiOz (5 nm) and
(b) MgO sub./Rh (20 nm)/(Feo5Co05)09Alo)100-:Nx (5 nm, x =
0-6.9 at.%)/Si02 (5 nm) films'9.
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No%E x KRLT7ay FLEHDTHS, kB IT— "=k
VSM HlED /7 4 X% & > T3, FeCoN Tl 1715
emwcm3 2°5 1375 emwem? I2J&D, Fe-Co-AI'N Tl 1671
emu/cm3 75 1321 emuwem3 IS4 LT 5, Fig. 5 )i, Fig. 4
DUt o B (H) 2Rk, 2oz x Il
vy b L7zbDTHS. FeCoN Tl x= 5.8 at. %D i Mt
D 6.74 kOe Z L > TWAHDITH LT, FeCoAl'N Tld x = 45

at %D MED 250 k0e % £ 5T\ 5, 45D Hy Dl
P~ N
s § g &
—_ = 0O o
@8s ¢ (b 238 &
=T s
i g A S
5 3 "
2 2 :
| N\ 3 x=6.9 at.%
N\ = 6.8 at.%
=(8.8 at.% \AL L e
K § i|x=66at%
= = YN\ =6.4at.
3 =7.5 at.% g \/\/A\\: § xnodas
E - [VI\ =6. .9
S = LA § i[x=6.0at.%
z H 5.8 at.% ‘é V:\:\ § i|x=53at%
8 s N\
£ g V-\\ § i|[x=45at%
o Vi f35at% o \/\ §i|x=39at%
) S A
5 E i \ 3 x=3.3at.%
x %0 at.% N\ §i|x=18at%
BG. i\ x=0at%
i i 1 B.G.
45 50 55 60 65 45 50 55 60 65
26 (degree) 26 (degree)
(c)
3 3 3
8 8 8
2 2 2
@ Do ® @
E ‘4'“ § §
s £ S
g, ° o)) [e))
S| x=66at%| S|x=6.8at%| S| x=69at%

455055606570 455055606570 455055606570
20 (degree) 26 (degree) 20 (degree)

Fig. 2 Out-of-plane XRD patterns of (a) MgO sub./Rh
(20 nm)/(Feo.5C00.5)100-xNx (5 nm, x = 0-8.8 at.%)/Si02 (5
nm and (b) MgO sub./Rh (20
nm)/((Feo.5C00.5)0.9Al0.1)100-:Nx (5 nm, x = 0-6.9 at.%)/Si02
(5 nm) films9. (c) Enlarged XRD patterns at the range of
45-70 degrees.
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IMEICERT 2 &, Al 2300 L 223 0RI a3 KR/ NS 2fili & 72
S TED, TIFEERRITEORNERA L2 ERL w5 &
EZD,

ZDIORIFHERETEEH L, 13D He & Mo 55500
RSB R, & S IR T B 7 2 il
5 LT, iR TR (K) 2RI U SOEaRE
EERIEEE A 1, BEAARE 0 L, TR ZAWT
BHHL 7.

K=2n M2 — M Hd2. 1)
Fig. 6 @3 K% NIE x i LTc7ay FL72bo, bt K,
ZUifith ca lIoLT7my F LD TH S, Fe-CoN ldo,
Fe-Co-AI'N (ZeT/RL T3, Fig. 6 (@% A% &, Fe-CoN &
Fe-Co-AI'N & b2, K& x=3-5 at% THERZRL T\ 5%, 7z,
Fe-Co-AlI'N D /573, Fe-CoN X D HiRU T KNS5 T
52 EDb%. Fig. 6 0% A% L, FeCoN & Fe-CoAlN &
I, Kuld ca=1.06~1.08 fHETHRZRL TV 5, FIZIE
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Fig. 3 N composition (x) dependences of (a) lattice
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BRERSFEEZRAVTHER L= BLYIG/Pt HFFD
REVE—ARy Y BEICRIFTROEDOEHR

Annealing effect on spin Seebeck voltage of Bi:-YIG/Pt device
made by metal organic decomposition method

EEEXT - EOE T - LD E
REERFIA L AT DL TR, fEEimsmiami 1 (T960-1296)

Y. Takahashif, T. Takase, and K. Yamaguchi
Faculty of Symbiotic Systems Science, Fukushima Univ., 7 Kanayagawa, Fukushima-city; Fukushima 960-1296, Japan

The relationship between the spin Seebeck voltage and the annealing temperature for Bi'YIG/Pt device samples made by using
the metal organic decomposition method was systematically investigated. It was found that the spin Seebeck voltage was maximized
when the annealing temperature was 600°C. The annealing temperature dependence of the spin Seebeck voltage is considered to
result from the electrical conductivity associated with the crystallinity and the surface structure of Pt thin film.

Keywords: spin Seebeck voltage, annealing temperature, Bi:YIG/Pt device, metal organic decomposition method, Pt thin film
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Fig. 10 Surface structure of samples annealed at (a)
400, (b) 500, (c) 600, and (d) 700°C by SEM.
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Strong absorption effect for propagating backward spin-waves by double magnonic
crystal

AR T, BRI B R
BRI LR E T2, Rl BIKH AR A 79-5 (T240-8501)

M. Iwaba’, S. Fujiwara, and K. Sekiguchi*
School of Engineering Science, Yokohama National University,79-5 Tokiwadai, Yokohama, 240-8501, Japan
“Faculty of Engineering, Yokohama National University,79-5 Tokiwadai, Yokohama, 240-8501, Japan

In this paper, propagating backward spin-waves were modulated by a double-meander magnonic crystal which generate a localized

Oersted field and affects spin-wave propagation characteristics. Compared with the conventional single-meander magnonic crystal, a

pair of meanders can generate a wider frequency rejection band. By sweeping a bias magnetic field, the spin wave resonance frequency

and group velocity were changed. When the spin wave resonance was matched to the rejection band of a double magnonic crystal, the

amplitude of backward spin-waves were attenuated up to 95%. The strong absorption effect could be a basic principle of spin-wave

switching in a future magnonic circuit.

Key words: magnonics, spin wave
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Fig. 1 (a) Spin-wave waveguide and dynamic magnonic crystal
used in experiment. (b) Magnetic field modulated by the double

magnonic crystal.
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magnonic crystal. (f) Fourier spectrum of under spin-wave packet.
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Influence of an edge magnetization on an internal magnetic domain in one-

dimensional ferromagnetic nanowires with the interfacial Dzyaloshinskii-
Moriya interaction
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An interfacial Dzyaloshinskii-Moriya interaction (DMI) is caused in a ferromagnetic metal on heavy metal.
In the perpendicularly magnetized nanowire on heavy metal, several magnetic states are formed via the interfacial
DMI. Attempts to create and use magnetic domain structures in devices are attracting attention. By the wire edge,
the magnetic moments are canted by the interfacial DMI. The canted magnetic moments may affect magnetic moments
inside the wire. We simulate the magnetic moments and the stability of a magnetic domain in a perpendicularly
magnetized one-dimensional wire with the interfacial DMI by using the micro-magnetic simulation. We find that the
domain is stabilized via the canted magnetization by the wire edge and the domain length linearly decreases with

decreasing wire length.

Key words: interfacial DMI, boundary condition, magnetic domain, LLG equation
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Fig. 1 TIllustration of the magnetic moments in the
nanowire with a domain under the interfacial DMI on
the heavy metal. Each thick arrow indicates the
direction of the magnetic moment. The green
gradation regions represent the interface at which
the interfacial DMI occurs.
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Table 1 A magnetic energy and the number of times
of 1000 samples for each domain structure.

Number  Domain structure Energy  Number
of DWs _ mE ™ 100 (X1072)  of times
0 Te—— .93 34
1 T O 2.74 166
2 T e e 2.58 315
3 ENT T e am 2.56 336
4 s o e = 275 149
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Fig. 2 Simulation results of each magnetic moment
in the one-dimensional wire with Zx = 100 nm. In (a)
the z-component of each m 1is indicated. The
illustrations of m by the domain wall and the edge of
the left hand side are drawn in () and (¢,
respectively. In (b) and (c¢) the direction of the
magnetic moment in each cell is shown with a small
arrow.
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DC RIEFIgE G LHEg a7 LABRE VY
Coreless Current Sensor Enabling DC and High Frequency Measurement

B OERE T - NS KER - SFRENET - NERE P
RRI AR AL, SO R T i 2-9-32 (T 180-8750)

N. Noguchi', K. Ogawa, M.Terao, S.Kobako, and K. Takenaka
Yokogawa Electric Corporation, 2-9-32, Nakacho, Musashino-shi, Tokyo, 180-8750, Japan

We have been developing a current sensor that has multiple magnetic sensors and a Rogowski sensor. It enables DC
and high frequency measurement without a magnetic core. Conventional current sensors with magnetic cores have a
critical problem in that they are hard to install into narrow gaps due to the size of the sensors. Our current sensor has
magnetic sensors that measure DC to low frequency currents and low frequency to a few megahertz currents with a
Rogowski sensor. By coupling these signals, a wide-band current can be measured in the range of 1000 A. The coreless
structure makes the size of the sensor head smaller than the conventional current sensor with magnetic core,
enabling the sensor to set into narrow gaps. This paper reports the principle of an algorithm for estimating DC and
low frequency currents with four magnetic sensors and measurement of AC with DC offset and square wave that
cannot be measured by Rogowski sensor.

Key words: current sensor, coreless, current estimation algorithm, Hall effect sensor, Rogowski sensor, current
transformer, DC and AC measurable, large current measurable
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Fig. 2 Flow diagram of current estimation algorithm.
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Coplanar line type thin film magnetic field sensor with flip chip bonding
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A very sensitive thin-film sensor was developed by using a straight coplanar line-type sensor with flip chip bonding.
SrTiO film (about 3-pm thick), amorphous CossNbi2Zrs film and Cu/Cr film (2 pm/0.2 nm) were fabricated. We discuss
the high-frequency characteristics and sensitivity of the sensor element through comparison of cases with and
without flip chip bonding. Good sensitivity with a phase change of over 290 degrees/Oe was obtained with flip chip
bonding.

Key words: magnetic sensor, thin film, coplanar line, flip chip bonding
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Fig. 1 Schematic view of sensor.

32 Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020



Table 1 Film thickness and sensor number
Thickness (um) Number of samples
Before After

CoNbZr SrTio bonding  bonding
1.0 3.0 10 10
2.0 3.0 10 10
5.0 3.0 10 9
6.3 3.8 10 9
8.0 4.8 10 10

10.0 8.0 10 2

Table 2 Sputtering conditions

CoNbZr  SrTiO Cu/Cr
Power (W) 200 200 200
Ar pressure (mTorr) 5 20 20
Thickness (um) 1-10 3 2/0.2

Ty U 7R S ORIE & AARZE 31T D B OARIE R,
CoNbZr DI %4 2 8L DRAFMEFIZ OV T
HNE LT THRET 5.
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(a) photograph of sensor element set on printed
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Fig. 2 Photograph of sensor and printed circuit.
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Fig. 3 Schematic diagram of experimental setup.
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Fig. 4 Output of sensor element
(CoNbZr film thickness was 1 pm).
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Fig. 5 Output of sensor after flip chip bonding
(CoNbZr film thickness was 1 pm).
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Fig. 6 Phase change of sensor output
(CoNbZr film thickness was 1 pm).
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Proposal of new synchronization method in high frequency near magnetic
field measurement using pulsed laser

SERRFT, HE—BR, AILfE
FALCH R BB IEHIIAT, BT 3-1-1 (T 980-8577)

D. Tatsuoka', S. Hashi, and K. Ishiyama
Research Institute of Electrical Communication, Tohokuto Univ., Katahira 3-1-1, Aoba-ku, Sendai 980-8577, Japan

In recent years, EMC problems have been worried such as device malfunctions by leakage electromagnetic waves.
To overcome this problem, we need the ability to accurately measure the high-frequency magnetic field. Generally, a
loop coil is used to measure a high-frequency magnetic field, but the magnetic field distribution is disturbed because
it’s made of metal. Therefore, we use magneto-optic crystal and pulsed laser to detect magnetic field, which is low
invasiveness against the magnetic field. In addition, by using the stroboscopic method, we can measure AC magnetic
field with phase information. However, to use the stroboscopic method, it is necessary to synchronize the pulsed laser
oscillation and the magnetic field to be measured. In previous studies, a reference synchronization signal was used to
synchronize the magnetic field to be measured and laser oscillation. In this study, we made a laser trigger signal from
the output signal from the VCO (Voltage Controlled Oscillator). While magnetic fields to be measured are GHz band,
using frequency divider allows to make it as the laser trigger frequency with the specified fraction of the integer. In
addition, using the proposed technique, we confirmed that the leakage magnetic field inside the VCO circuit could be

measured.

Key words: magnetic optical effect, garnet, synchronization, magnetic field measurement
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Fig.1 Schematic of magnetic field measuring system.
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Fig. 2 Detection method for high sensitivity.
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Table 1 Acquisition accuracy of phase information by

frequency.

Frequency of mag Period of mag Accuracy of phase
-netic field (GHz) -netic field (ps) information o (%)
1 1000 93
2 500 86
3 333 79
5 200 65
7 143 51
10 100 30

14.28 70 0

Y position

X position

Fig.3 Measured magnetic field distribution near micro strip
line.
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Fig. 4 Y direction magnetic field strength at x = 0.5.
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Evaluating characteristics of strain sensor using inverse-magnetostrictive
effect caused by forced vibration

HEKET - eI - A ILAE
FALKEASGBEIIERT, AT 3K T 2-1-1 (T980-8577)

D. Sora ', S. Hashi, K. Ishiyama
Research Institute of Electrical Communication, Tohoku Univ., Katahira 2-1-1, Aoba-ku, Sendai 980-8577, Japan

Our laboratory has been researching the application of strain sensors using the inverse-magnetostrictive effect
to vibration sensors for the health diagnosis of aging infrastructure. The sensor is formed by FeSiB and Mo thin film
on Si substrate, and has a three-layer structure. In previous research, vibration characteristics were evaluated by free-
vibrating a sensor using a cantilever with one side of the sensor substrate fixed. As a result, a mechanical resonance
point due to the cantilever structure appeared in the evaluated characteristics. On the other hand, by applying a
stress directly to the strain sensor from the outside and causing the strain sensor to vibrate, it is considered that a
higher frequency vibration can be detected than before. Therefore, in this study, we tried to evaluate the characteristics
of the sensor as a strain sensor by bonding the sensor substrate to the piezoelectric element and forcedly vibrating it.
As a result, we were able to confirm the sensor output at frequencies below 2 kHz by forcibly vibrating the sensor.
From the above, it was shown that the reverse magnetostrictive strain sensor can be used as a vibration sensor even

at a frequency of several kHz due to the forced vibration by the piezoelectric element.

Key words: inverse-magnetostrictive effect, strain sensor, vibration sensor, forced vibration, magnetic thin film
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Magnetic Circuit Model for High-Efficiency Core
Magnetized in High-Frequency Range
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This paper presents a magnetic circuit model applicable for high-efficiency cores such as cores made from
nanocrystalline soft magnetic material and ferrite. The conventional magnetic circuit model that considers the iron
loss components needs data obtained from measuring DC hysteresis loops; however, this measurement is not easy in
the case of high-efficiency cores. To tackle this issue, we propose a magnetic circuit model without the need for DC
hysteresis loop data. With this method, a DC hysteresis loop is modeled by subtracting eddy current loss and
anomalous eddy current loss from a hysteresis loop at an arbitrary frequency. The proposed method was

experimentally verified, and the results show that the calculated and measured iron loss values match.

Keywords: Iron loss, magnetic circuit, nanocrystalline soft magnetic material.

1. [ZLBHIZ

FEENEICZ DTN O BILTN D DC-DC =2 /3—# (3,
B - AR Y AT ADOISHPIR S TS, EDFHL
DI=HITIE, DCDC T2 =D E BB KERAL « B b
WETHZ V. DC-DC 23— DE-HERFTHLH/ T —F
I3 AUZDUNTHE, EDIEAERA AR OZ 13 o Tl 0, Bk
b3 (SiI0) REH Y UL (GaN) EVolzUA R¥y v
(EAYPEERDBISE IR LTS, ZD—HT, VT FARE
JAAETRR & W o TR RO IR ER TH D, TOHMOD
1oL LT, WERBINEIC L > T8 A8 L 0EIE 415
FEEEN IR CX TV Z QT HiA. WES OBRRS - i
T, BREEES X 2 L—X OEIMRARE L TND Z Enb,
TBREIE S X o L— T3l ATREZ 28 DO SAIHRIRE &7 /L O BARS
NEEND.

PO A BT M D TR S U TERIERIE A BT D,

BRI, ERRIEI RS 28 & EHROBIR & [FRk i
T ERBHRER O S FHETH D 2. THETIES DI, WEE
P LT EEA SRS 5 2 L2 By E LT, #E%
b A7 U R, (RN, BEERETRICOML, S
RIS B LAY DRI ET VAR LTZ. LT, 3%)5
MPEA A 3R, BLOT BT 7 A54E8% k5L LTEOmE
PEZARRE L T & 7299,

BROBSKEEET /ME, AT YU A RSO IERIE
MG 27200, WEis, SRR 2 T 12 I
JEECCHIE Lz e 27 U 2 A —T OFEREA FHVTWNS. L
L, T RERHEHACT = T A N EIT T & DSl
ENAERRERODEE, & 27 U RIS W=, I
FAORER CTRERIZEB T 5 Eff/r e A7V VAL —T %
BT 2 Z SRS Tlidle, BEVELT.

FITARRTIE, ZOX I BRIRERIZH T 5 e AT Y A L—
T OFERATE BT T U CTRRFT L, 3% 1A A

46

IR, 35 O/ SR A )G 2 ORFMEA R L 72
OTEET S, 70, UM, s, BREimEias el
X BIFLIRVVEREI BT D e AT Y R —T R E e AT
VAT LIERRT .
2. BEROBEKERETIL

2.1 [RE

PHEAE E ATV R, IENHE, BRI D06k
ORI T VOMEETIT 5. SR W, AT U RAE
Wh, {REETCHE We, BLHTHREERHR Wa 2 W TRiTER SND 9.

)

WA L% B, BEEEE f L2 &, —JAliHZ0 D
BB W3OS RAD L D ITREND.

Wi/f = Wh/f‘l'AeBI%lf‘l'AaBr%Sfo's

Wi =Wy + W, + W,

(@)

ZIT Ao AT EIUREIH, SEIRERIRI OIS D688
ThD. FEAT, BRI CIRMEREL S Th 5 Z LAME
FEEN, REGHROZPEEET~&E LB N0, AllidzD
FOEE LT, SRONOBIEIED HRTH D LIE LT

Q)RAA I X O (TSR H & R B ORREET 5
&, TEDMELND 39,

[ dB dB|®®  /dB
gup(erB)-l'yla-l-yZ T (EZ 0)
H= 0.5 &)
dB dB dB
lgdw(erB) +V1E—}’z E| (E < 0)

Z 2T, gu(Bm B), gaw(Bm BIXZNZENIEDKACIEE (dB
/dt>0) , AOEALIEE (dB/dr<0) (T AEHte A7 U
VAN—=T DR THD. y, plETNZImERE, R
WEFEORBTH 5. Fig 1 (@), OIZ, @R TEF ML
Lizb AT U v A—"7 & Z UK T D e M#R (if-
FHRE) ORI EZZNEIURT. FIR@IZIBW T, BEHERAS

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020



gdw(Bm’ B)

&up(Bin B)
/s
Welf
Wiy

(a) Hysteresis loop

Iron loss per cycle (J/kg)

v

Frequency (Hz)
(b) Wi/f - f characteristic

Fig. 1 Schematics of hysteresis loop and corresponding iron
loss characteristic considering loss components.

l
r ]_\
H=—
v®
T
e =NS 8 \
dt
Electric Magnetic
circuit circuit

Fig. 2 Schematic of conventional magnetic circuit model
considering iron loss components.

gu(Bm, B), — R gaw(Bm, BIWCENZNIHET 5. il
RS fIlCBT B 27 ) & 20— 1%, gup(Bm B), gaw(Bm,
BY T EN A HEITE AT U ¥ A/—T 3 y(dB/dr), 1 L
Y2ldB/dt]0S P S ATEN—T TH D EMIRT D Z LN T
& 5. yi(dB/dr), 3L OyaldB/di*5 12 & - THE D ATEESY D
HRTEIEN Welf, Wlf ITHRYST 5.

Fig. 2 12, Q)R L AMKAEKET L L ERIERE & 0
AR 2R T, 2 ISR T ER — MEOER R, TR
B 1, AW S O8LIERN, BREY r 02 A L
EERE, ZOMMMIIRWEE v ZHN L7z & ITER i 2
HNDBEERELZLOTH D, BREIFEICBWNT, it
BER Un REE 2TV 20— %, REESy DA
B 7R APERRICHEY T 5 A7 U v A L—T D
bord, Z UTCHEREIR Ua 2 B FE MBI Y T 5 & X

INDEX

> 1 (s)

o

~ > [ (S

5 0 I \7/ ©
-B, 2

(b) Triangular waveform

Fig. 3 Waveforms of magnetic flux density.

TUVAN—T O L E TN EEREL TS, 3R
RLTZE DI, H OFEIZIE dB/dt OFF I LA 565707
BDULETH L. MRAKIZRW T, BRBENEEMHS L
THEBID dB/dt DEETE B ZE D52 AE L, dB/dt HSIE
72 BIEREEEIR Un i guw(Bm B)E 5%, dB/dt BAT:HIE,
gaw(Bm, B) & 5-2.% . gup(Bm, B), gaw(Bm, B)IZIZFEHI L 72
ATV AL—=T DN 7T T T—TNERND. B
MBI L CHRBRIC LT, dB/dt N IE/2 HIXHEBE
TR Ua lZy2dB/dt|* & -2, B2 HIE-y/dB/dS 2 52 5.

2.2 ®¥yr, nOBEEAE
—JEEHT- 0 OB WY 1T, & AT U 2 A — T OB Y
THZEMDIARTRENS.
1 B(t=T)
Wi/f = = f HdB @
4 Jp(t=0)
ZZC q iR OB R, TIIEHcHS. 3)Xa@)
AT DL, TEADGLNS.

dB
de

B(t=T) dB 0.5
Wi/f = 5f {g(Bm, B)+v1, FTRRE }dB (5)

B(t=0)
GRITBNT, e 2T U VR L—T ORI g(Bm B)D
—JEAINC O EmDIT e ATV A WIS TS 2
LaBETLLE, AR ELEND.

dB

0.5
i } dB ©)

1 (B¢=D( dB

Wi/f =W, +—f { —+
/f=Wn/f e gtz
O x & SICET 5720121, dB/dt DWIEIZ L B4
S BVEETH D, Fig. 3 MR TEO—F &2 =T . i
WL 280 L CE LN D EAEA 2 dB/dr 12, DR
BEEWDOGAE IR, FEEOLEIIO)NTERENES

na.

dB

e wBycos(wt) @]
dB_{M%f (0<t<T/2) ¢
dt ~ |—4B,f (T/2<t<T) ®

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020 47



9aw(Bm B)

dan BB T

gup(Bm’B)
94p(Bm,B)

Fig. 4 Schematic of hysteresis loop considering loss
components.

=, QA ZEZENZENOG)UTRAT D E, 9O, (10315
bIA. 728, OXDEHIZEIT B [cos(of)|S DERE T IEE

T
Wi/f = Wh/f +2 “B,?nf 8723“Béff°-5 ©)
LB2f + 8:2 BLSf05 (10)

L7TasoC, FHI LT Wif-f BEISR LT, )8, £7212(10)
XEHNWTHEET DI ET, 71, 12 ZIRETHZENTXA.

3. BRHEHKLISEL-HAEBETILORE

ATEEONEROMSRIFEET /UL, it A7) S A—T 05k
HIAMEARAIRCHD. L, T/ Rk o L 5 72 e
AT U AP TN WM B OS 6, EMER E R E A
TV AN—TERETHZ LTNT LHES TR,
COXIREERE TIMES LD 2 & B8 IZE L
TRBIEET V2R T 5720, EHite AT U AL—
TOFENERE LT HHMKREET VA 2 ZITRET 5.

EUDIZ, A fIcBiT e 27U v A L—T ORI

EPSERE AT Y AN—T %5 HT 5 EEHAT 5.

Fig.4 \Z 2B A AT U v AN—T O Z7R~T. £
BT AT U AL—TOKE ¢(Bm BYET DL,
Eifte ATV v A —T DRI g(Bm B)IE, g'(Bm B))> Dl
f” FMZHY T Dyi(dBYd) &, BRI
FAZABE T Dyo|dBYd°S L H & TROBND.
Ltﬁofygmmmm&ﬁf%éhé.

gup(erB) = glllp(Bm:B)
0.5 dB’' .
dt —

dB’
V" Fr Y2
0.5 dB’'
(@ <)
Wiz, EEOEEE FICBT5e AT Y VA L—T7133)
KEAWTEHATE S, ADXEQRNAT D ERADHE S
na.

?E;E{}m

dB’
dt

(11)

Jaw(Bm, B) = g:jw(er B)
dB’
_V1E

dB’
de

+72

48

" BB
li Ul y dB’
Vde
\ s u’ 1105
v C_—D H= % «— ty, (iﬁ
+
e' — NSd_B \BT Ua dB 0.5
dt iy, ar
Electric Magnetic
circuit circuit

Fig. 5 Schematic of proposed magnetic circuit model without
need for DC hysteresis loop data.

dB’ 05

, dB’
gup(Bm' B) 4t W — 72

dt
dB dB|“5 (dB )

h— h— >
HETRRCIPT: ac =0

12)
dB’ 0.5

dB’
gdw(Bm'B) Y15 de +Y2

dt
dB|°5 (dB

—<0)

dt

dB
+¥1 PTG

Fig. 5 12(12)=Uc DWWk
BT ATV VAN~ g(Bm BYEINY I T v 7T
— 7N E LCHRBER UGIC S 2, EBER U, ULlZXY
f B HiENE, R WmEREEET 5. bbb,

BIR UL, U, U DFINEIEE ATV AV—T 2R L
Tb\é.

PLEDZ ED G, v, nBENTHY, I ofIcBiFbe A
TV AN—=TDEIENR HNL, B AT U A—T,
BIOEEOBEEEKICEB T A7) VA L—7 % HT

HTLNTES.

4, EERIC K BB
Fig. 5 (2R L7264 ml%%vw%ﬁ_rﬁzawmﬁ&
THFEELTZ. XL ,3%ﬁm@74fmm%ﬁ%

AT T A OEIG 0 AR & VMRE ISk \’fﬂ/a:ib
i@tz%vvxw~f%%ﬁb,%Mﬁ&#ﬁﬁé#ﬁ
RE L7, WIS, T fEbEREEEAS 2 )BT, AR IC BT
HEHEBLOE 2T U VA L—TEFE L, EHME L —E
T B MRAE LT

4.1 RBRFE

Table 1 ([CHRREIZH W=~ h a7 OF%oc%, Fig. 6 12%
DI - SHEZ R T, d 1ITHARE, Buo TR % 1000 A/m
E LT S ORKBEHRELE, MITERTHD. 3%HmMEs
A AN, T/ R O B 50 H v a7z on

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020

INDEX

A& E 7 L O] 2 7R d.



INDEX

Table 1 Specifications of magnetic core under test.

Material d (um) Bio (T) M (kg) [ (m) S (m?) q (kg/m®)
3% grain-oriented silicon steel 230 2.16 0.691 0.244 0.000399  7.098 X 103
Nanocrystalline soft magnetic material 18 1.22 0.574 0.244 0.000327  7.194X 103
Front view Side view
e .
20 mm ‘ cut ’ 5
3 N =
5
16 mm & %
N 3 2
16 mm 70 mm 25 mm 2
o
Fig. 6 Outline of cut-core used as specimen. 5

Full bridge ’) Current probe

circuit _C V]
or Lo § g TV Voltage probe

Bipolar power —0
supply NN, Digital osci]loscopT|

[

Specimen

Fig. 7 Configuration of iron loss evaluation system.
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Fig. 8 Wi/f-f curves of 3% grain-oriented silicon steel.
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Fig. 11 Measured and calculated waveforms in case of
nanocrystalline soft magnetic material (=1 kHz, Bn=0.8 T).

T, EIE - B, BLOERF U R L—TFOFHEEE
TXEREIE & BAFIC B L TWa.

AR D EGE I OWTIXLL T 0@ Y TH D, 1L U DI,
Fig. 11 ®ZMFCTH D f=1kHz, Bn=0.8 T (ZFT D Wif Dt
BifE, FEAMEE, R 1.02 ml/ke, 1.09 mikg TH5D.
WIZ, Fig. 12 DE&MFTH S f=2kHz, Ba=02T IZE 5 Wif
OFFEAE, FERMEILZE N2 0.96 mi/kg, 0.87 ml/kg T 5.
Z LT, Fig 13D%&MTHD f=5kHz, Bu=08TIZHT D
Wilf OF R, ERMEIZZENZEN 2.12 ml/kg, 2.15ml/kg T
HD. WTROEMFICBNTY, Wi OFREMIZFEHE &
Bliflc—%& L=,

50 Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020



Measured
e Caleulated

g 0 + + + +
<

Measured
/\----,..“Ca]culawd
i t t !
t

02
Time (ms)
(a) Voltage and current

B(T)

-0.1 T

-0.2 T Measured

e Caleulated

0.3
20 -10 0 10 20
H (A/m)
(b) Hysteresis loop

400

Measured
oo Calculated

200

v (V)

-200

-400
0.8

Measured

/\ weeeee Calculated
0 | : .
» / \

-0.8
0.2

04

i (A)

0 0.05 0.1
Time (ms)

(a) Voltage and current

0.15

B(T)
(=)

Measured
weveenens Caleulated

-100 -50 0 50 100
H (A/m)

(b) Hysteresis loop

Fig. 12 Measured and calculated waveforms in case of Fig. 13 Measured and calculated waveforms in case of

nanocrystalline soft magnetic material (=2 kHz, Bm=0.2 T).

Uboz L, BETIHEARIKET VERWTEE
WATHB T BT /R Ty haToe A7) AL
—T7BIOSEERBIICEHETE I 2L L.

6. £&H
AR, AFaCl, 7/ RS 7 = T A e L, @ET

A S A% RS N T L 7 REURIE 7 /T DU TR L 72

TERDBRRIEET VT, Bl AT U ¥ A —7 OFEIED
W THoT= UL, @R LOIEMEREf e AT U ¥ A L—
THERRET D Z LIIMT L HES TR, ZOBEA RS 5
728, (TEEOREEICBIT B v AT U L A —F b iEERE,
HIMETHEZ 22 LB W CHEIRE AT UV AL—T DR E 505
EEBRE LT, FRC L ARGEEORSE, @RISR 288 AR
BLFHRTE D Z L ZWLMNC LT, AFETL, T/ kit

Transaction of the Magnetics Society of Japan (Special Issues) Vol.4, No.1, 2020

nanocrystalline soft magnetic material (=5 kHz, Bm= 0.8 T).
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Characteristics of Interior Permanent Magnet Magnetic Gear made of Amorphous Alloy

KO HREL Ot . PR fil ) .
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O FL R KRPBE LAgeR, AT E3EREFHIE 6-6-11 (T980-8579)
D BT AL v BRI ORI AN LI RAG T T A 117 (T 987-1305)

Y. Mizuana @ 7, K. Nakamura ®, Y. Suzuki », Y. Oishi ), Y. Tachiya », and K. Kuritani
@ Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

b Prospine Co., Litd., 117 Shinsengarida, Matsuyamatsugihashi, Osaki, Miyagi, Japan

Magnetic gears can transmit torque without any mechanical contacts. Hence, vibration and acoustic noise caused thereby are

very low, and maintainability is high. Various types of magnetic gears have been proposed. Among them, a flux-modulated type

magnetic gear has higher torque density in comparison with conventional magnetic gears. In a previous paper, an interior

permanent magnet (IPM) flux-modulated type magnetic gear was proposed in order to reduce eddy current loss in the magnets.

However, reduction of iron loss is also important to further improve the efficiency. This paper discusses characteristics of the

IPM magnetic gear made of amorphous alloy by using finite element method (FEM). In addition, the prototyped gear is tested.

The results reveal that amorphous alloy contributes to improve both efficiency and torque.

Key words : Flux-modulated type magnetic gear, interior permanent magnet (IPM), amorphous alloy
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Fig. 1 Basic configuration of a flux-modulated type

magnetic gear.
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Fig. 2 Outside gap flux generated by the inside
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Fig. 3 Basic configuration of IPM magnetic gear.

Table 1 Specifications of the IPM magnetic gear.

Gear ratio 10.33
Outer diameter 150 mm
Axial length 25 mm
Inner air gap 2 mm
Outer air gap 1 mm
Inner pole-pairs 3
Outer pole-pairs 31
Number of pole-pieces 34
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Fig. 7 Experimental setup.
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BRI R IR T SRE

Prediction Accuracy Improvement of Magnetic Properties of
Heavy Rolled Silicon Steel Sheet by using LLG Equation

PR Fhd OF - opoRE 2, JINE WIS - M fE—- - FER EHLY
VHALREE K TR, AUA TSR AT 45 6-6-11 (T 980-8579)
V() Ty —, BEEATIART 1-1 (T 448-8661)
Y. Hane ® #, K. Nakamura *, T. Kawase ”, N. Hosokawa " and N. Kurimoto "
@ Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai 980-8579, Japan
YDENSO CORPORATION., Inc., 1-1 Showacho, Kariya, Aichi 448-8661, Japan

A prediction method for taking deterioration of silicon steel sheet due to machining process is essential to improve the
performance of electric machines. In a previous paper, it was demonstrated that simplified Landau-Lifshitz-Gilbert (LLG)
equation can predict magnetic properties of silicon steel sheet rolled with different thickness reductions. However, further
improvement of calculation accuracy of magnetic properties of heavy rolled silicon steel sheet is required. This paper presents the

improved method using the simplified LLG equation for predicting magnetic properties of heavy rolled silicon steel sheet. The

validity of the proposed method is proved by comparing with measured values.

Key words: Landau-Lifshitz-Gilbert (LLG) equation, magnetic properties prediction
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Table 1 Specifications of test samples.

Sample No. No. 0| No. 1 [No. 2|No. 3 |No. 4 |No. 5|No. 6
Rolled ratio (%) 0 3 6 9 12 [ 30 [ 50

30mm

<>
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rolled ratio
¥ Y

L)x 1\—>Z

Fig. 1 Dimensions of the test samples.
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Fig. 2 Estimated dc hysteresis loops of each sample.
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Fig. 3 Relationship between parameters of the LLG

equation and a shape of hysteresis loop.
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Table 2 Parameters of the LLG equation.
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Fig. 4 Relationship between rolled ratio x and 4,,,;(x).
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Fig. 5 Relationship between magnetic flux density B

and g(B) of each test sample and average values.
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Fig. 6 Enlarged view of prediction results of dc hysteresis
loops of each test samples by using the simplified LLG Equation.
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Table 3  Correction coefficient a, of each test sample.
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Fig. 7 Relationship between magnetic flux density B

and correction coefficient & (B).
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k,(B) =1-a, min(l,exp(S,(B-7,))) (15)
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Improvement of Calculation Accuracy and Performance Improvement
of Axial-Flux-type SR Motor

FHEE HEt - A R
HAL RS KRB TMZER, BT EHER AT 5 6-6-11 (T 980-8579)

H. Aizawa, K. Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai 980-8579, Japan

An axial-flux-type switched reluctance motor (AFSRM) has flat shape, mechanical robustness, and heat-resistant, which are

suitable for in-wheel direct-drive-type electric vehicle (EV). In a previous paper, an in-wheel AFSRM for a compact EV was

designed and prototyped. The usefulness of the prototype AFSRM was proved, while it was pointed out that the measured torque

was smaller than the calculated one. This paper investigates the causes of error and presents countermeasures for performance

improvement by using three-dimensional finite element method (3D-FEM).

Key words: Axial-flux-type switched reluctance motor (AFSRM), In-wheel motor, Electric vehicle (EV)
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Fig. 1 Compact EV with in-wheel AFSRMs.
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Fig. 2 Structure of a prototype AFSRM.

Table 1 Specifications of a prototype AFSRM.

Exciting voltage: 72V
Gap length: 0.3 mm
Winding turns / pole: 99 turns
Winding space factor:  62%
Weight: 14.4kg
Weight including case:  32.3 kg
Core material: 35A300

N
Holder for rotor cores

Fig. 3 Configuration of the prototype AFSRM including

holders and housing.
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Fig. 4 Lamination of rotor core.

Laminated

Fig. 5 Lamination of stator core.
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Fig. 6 Comparison of torque characteristics considering

(improved 1) or ignoring (previous) the core lamination.
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Fig. 7 Comparison of torque characteristics considering

(improved II) or ignoring (improved I) the eddy current in
holders and housing.
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Fig. 8 Eddy current loss of each part.

A/mm?
4.0E+06
3.5E+06
3.0E+06
2.5E+06
2.0E+06
1.5E+06
1.0E+06
5.0E+05
0.0E+00

Fig. 9 Eddy current distribution of the motor housing.
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Fig. 10 Flux density distribution around U-phase stator pole.
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Fig. 11 Eddy current distribution of the outer-ring.
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Prototype Test of High-Speed Inset PM Motor
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In recent years, performance improvement of cooling fan motors is strongly required since loss density and related heat
generation in power electronics circuit is significantly increased due to high-power density of semiconductor power devices. In a

previous paper, an interior permanent magnet (IPM) motor, which has a double-layer rotor, was presented. It was proved that the

proposed IPM motor has higher efficiency than a conventional fan motor. To further improve the efficiency, this paper proposes an

inset permanent magnet (InPM) motor with polar anisotropic bonded magnets. The usefulness of the proposed InPM motor are proved
by finite element method (FEM) and experiment. In addition, stray loss and mechanical loss of the prototype InPM motor are

investigated to clarify the breakdown of the losses.

Key words: Inset permanent magnet (InPM) motor, Cooling fan motor, Polar anisotropic bonded magnet
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(b) Inset PM
Fig.1 Comparison of the rotor structure.

Motor diameter 54 mm
\ Rotor speed 12600 rpm
—| Magnet pole pairs 2
' Material of magnet Bonded Nd-Fe-B
Material of iron core 35A300

Flg 2 Specifications of an inset PM motor.

Fig. 3 Inset PM rotor for the prototype.
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Efficiency Improvement of Outer-Rotor-type High-Speed PM Motor

HOE 5T, R

FAE R

FhE LR, AT EEREETH S 6°6-11 (T 980-8579)

S. Sakuraif, K.Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

Many servers for communication base stations are being installed in order to develop information

technology (IT). The servers require not only high-performance processer but also their cooling system.

Among the cooling systems, a cooling fan is the most suitable due to good balance between performance and

cost. This paper investigates efficiency improvement of an outer-rotor-type high-speed permanent magnet

(PM) motor for the cooling-fan. From the viewpoint of rotor structure, three kinds of the PM motors, which

are surface permanent magnet (SPM), interior permanent magnet (IPM), and inset permanent magnet

(InPM), are designed and compared in terms of torque, eddy current loss, and efficiency by using
three-dimensional finite element method (3D-FEM). The results reveal that the IPM motor with divided

magnets in the circumference direction has the highest efficiency.

Key words: Cooling fan, surface permanent magnet (SPM), interior permanent magnet (IPM), inset

permanent magnet (InPM)

1. [ZL®HIZ
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M, TBEHMR P — N OBEE S HE ATV DL BRBIZIT,
=N CPU O 7 v v 7 Hnofi#i o CPU I L 51305
JLER 72 BTV TV DAY, ZHUCHEY, — RN TCI
LWEEDE T TR Y, mEZEE O Mg E3RE O E
LipoTWA. ELICHILTH, kiM% FU—27 1
fife LCmBmRAE, RBIE, 28l ot fRAAT
D8 S B EREE > AT & (BG) M ER STV A,
5G OEKXIZ LY, EHRIEEEIE 2010 40 1000 fi5LL B
ETHIENTHINTNS., LEER-T, 55—
RO CPU O@EEERIEAR D Hiv b & [FRIFFC, WA
HEOS S DR EALERT R THD.

Fix OWEAEEBO TR THHH T 7 0%, KREAEICLD
a2 MERSFRETH 0, WMHWERE S LS. E 7,
KOG HEB R TF & T DRI bR TE DT
W, P NOBEEEE L L CGET 5. A%, BWElT 7D
PEREM 7= il A& & BEDOMABMNAETHDH &
D, ZOBRENT— 2 1Zidm by 2k, EnE s AR
Ooih. KT, miEREERl, & sz iy,
T—H HIEORBNGESND Z Eh D, BAOIKR, ¥
BROLENRILLAARTHD. LN, 16k, &
H7 7 NICHOWLNDE—F T2 A NBRELTH-T-
728, FEIERE - ERILICET A REHEH F 0 A DY

FZTARMTIE, Y—EH 7 7 o E— 2 L LT
B2 7 v Z—a—2BOK ARG (PM) T—4 % &85t

Gl L, BABRICB LT, S FREE OB O A MR
HEITT-DOTHET 5.

2. BAEBEIZONT

Tablel &, TERMEDMAL L B BIFE 2T . TEREOE
F[EIEE 3L 9000 rpm, JEHE RV 2157 mNm, EFEIRE
DNHRIL 80% ThHBHDITH LT, BIFBEEIISBEY 7
DR JAJEDHER OB D, ERGEIEREL X 12600 rpm,
ER RV 27132200 mNm & L7z, ko T, #3409
bAFOm BT/ s, —F, BERLHEMIZ 5 FICHALZ L
IR T D E, B4 AKORBANREBEE 725720, 20 W
RMICIZHZEEZHEL Lz, ZhiZghRTEXS L
93% LA RIS 4 5.

FTo, 1RO IRBAEN 7 7 VHOE—Z1X, 2 A b
DN S, Wb B 4 — 7 )b— 7 O BB 73 5
ENDBT—ANEZN, S%iEE hvo b, B0 B
S BEIRAZ FOVEIENC X 5 EREEBRE AR S b
ZEEMELT, MireiTolz.

Table1l Comparison of specifications of a present cooling
fan motor and target values.

Present Target values
Motor diameter 54 mm 54 mm or less
Rated torque 57 mN m 200 mN ‘'m
Rated speed 9000 rpm 12600 rpm
Mechanical output 54 W 264 W
Efficiency 80 % 93 %
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Fig. 1 Schematic diagram of an SPM motor and the

magnetization direction of the magnet.
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AT HET 52 & C, IMBIROTME A S i,
ATRERBOBAHFCE 5. 2k, MAaMoskLo
T8I 0.5 mm & L7z. Exkod 3 FifEHD PM € —# 220
T, 3D-FEM % A\ TRt D L it 217 o 72, 7238,
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Table 2 Specifications of the SPM motor.

54 mm

Stator : 11.9 mm
Rotor : 19.5 mm
12600 rpm

28 turns/pole

Dimensions
Stack length

Rotor speed
Number of turns/pole

Magnet pole pairs 2
Gap length 0.5 mm
Magnet length 2.0 mm

Material of iron core 35A300

(a) IPM motor

(b) InPM motor
Fig. 2 Schematic diagram of the IPM and InPM

motors.
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Fig. 3 Comparison of calculated characteristics of the SPM, IPM, and InPM motors.
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(b) Divided
Fig. 4 Schematic diagram of the IPM motor with and
without magnet division.
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Fig. 5 Comparison of characteristics of IPM motor.
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Examination of Hybrid Inductor with Large Inductance in Wide Band

Bk o« FERFIR D - RS o - KB 9T - ARREZE D
DFM R T, RBFIRE A 4-17-1 (T 380-8553)
D HART I RS, BRI XOKIR 5-6-4 (T 141-8605)

K. Torishima #, K. Shimura @ , M. Sato ®, T. Mizuno ®', and T. Matsuoka P
a) Faculty of Engineering, Shinshu Univ., 4-17-1 Wakasato, Nagano-city, Nagano 380-8653, Japan
b) Nippon Chemi-Con, Corp., 5-6-4 Osaki, Shinagawa-ward, Tokyo 141-8605, Japan

Many circuits, such as power supply circuits, generate ripples and noise derived from switching.
Therefore, power inductors and filter inductors are essential to these circuits. The authors have
developed "Hybrid inductor" that maintain high inductance over a wider frequency band than
conventional inductors. The hybrid inductor not only has excellent frequency characteristics, but also
has excellent DC bias characteristics. As a result, the inductance of the hybrid inductor increased by
19.6% near DC and 52.0% at 30 MHz, compared to the conventional inductor. In addition, at /pc =60 A,

the inductance increased by 32.6%.

Key words: Hybrid inductor, Composite core, Frequency characteristic, DC superposition characteristics
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Characteristics of DC-DC Converter using High-Frequency Amorphous
Transformer with Interleaved-Winding for HVDC Transmission System

REE Fass, A
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S. Otsu T, K. Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai 980-8579, Japan

In large-scale offshore wind-power generation, high voltage dc (HVDC) transmission system using dc-dc converters has
attracted the attention in order to reduce the size and weight and to improve the system efficiency. In a previous paper, it was
demonstrated that the copper loss of high-frequency transformer can be remarkably reduced by employing interleaved-winding
since proximity effect is suppressed. This paper described prototype tests of a small-scale dc-dc converter using the
high-frequency amorphous transformer with interleaved-winding. The efficiency of the dc-ac converter, transformer, diode

rectifier, and the whole system are measured and compared to prove the superiority of the interleaved-winding against a

conventional non-interleaved-winding.

Key words: HVDC transmission system, DC-DC converter, high frequency amorphous transformer, interleaved-winding
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Fig. 4 Appearance of the transformer with non-

interleaved winding.

Fig. 5 Appearance of the transformer with interleaved-

winding.
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Table 1 Equivalent circuit parameters of the HEEMIFE—FH L TNDLZ ENbnd. £, WA
transformers. BB AP, BTN E BRI, S aE
Interleaved | Nominterleaved 3B ER S TNS 2 & R TES. 2LT, HEEE
Primary winding resistance 73.5 mQ 218 mQ o NN _
Primary leakage inductance 2.0 uH 138 uH EBIBIPIR L —HLTREY, 1 ERLZAE T w22
Secondary winding resistance 73.5 mQ. 286 mQ WTh, —m7e T THEMEIRE CEERR AR TE 5 2
Secondary leakage inductance 2.0 uH 138 uH LINTRENS.
Excitation resistance 239 Q 170 Q
Excitation inductance 117 mH 104 mH
Capacitance between windings 65 nF 0.8 nF 400 ; 40
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Table 2 Parameters of the circuit shown in Fig. 6 and the S E
experimental and simulation conditions. - 200 | 40 ©
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Grid side voltage V, 290 V winding (duty = 0.6).
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for the dc-dc converter.
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Fig. 11 Efficiency comparison of the inverter.
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Fig. 14 Efficiency comparison of the dc-dc converter.
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Influence of Current Phase Angle on Stall Torque of Magnetic-geared Motor

HREEEET - A —
ALK KPP LAt eft, e mis RO EFH 5 6-6-11 (T 980-8579)

K. Ito', K. Nakamura
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

This paper deals with an influence of current phase angle on a stall torque of magnetic-geared motor. First, a
relationship between the current phase angle and the stall torque of the magnetic-geared motor is indicated in
experiment. Next, the experimental results are deeply investigated by comparing an SPM-type magnetic-geared
motor with an IPM-type one by using three-dimensional finite element method (3D-FEM). As a result, in the case of
the IPM-type, it is clear that the modulated magnetic flux of the inner rotor magnet includes the armature flux.

Furthermore, the influence of the modulated magnet flux from the outer rotor magnets is also investigated.

Key words: magnetic-geared motor, stall torque, current phase angle
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Fig.1 Basic configuration of a magnetic-geared motor.
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Fig. 2 Position relationship of each angle.
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Diameter 140 mm
|Axial length 36 mm
[Number of turns/pole 59 turns/pole
'Winding diameter 0.7 mm 1.2 mm
'Winding space factor {37.0% 46.1%
Inner rotor 4
magnet pole pairs
Outer rotor 23
magnet pole pairs
Pole pieces 27
number of poles
Gear ratio 5.75
Gap length 1.0 mm X 3
Material of magnet Sintered Nd-Fe-B
Material of iron core  35H300 10JNEX900

Fig. 3 Configuration of two magnetic-geared motors and
specifications (left : SPM-type, right: IPM-type) .
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Fig. 9 Calculated flux
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High-Speed SR Motor Made of Soft Magnetic Composite
for Electric Power Tools

KL - PARME T - MR - B

FALRZ KRB TERZER, Bl T EROR AT Y 6-6-11 (T980—8579)

A. Nagai ', K. Nakamura , S. Sato , and A. Makino
Tohoku University, Graduate School of Engineering, 6-6-11 Aoba Aramaki Aoba-ku, Sendai, Miyagi 980-8579, Japan

A switched reluctance (SR) motor has a simple and robust structure, is low in cost, and operates without the need
for maintenance. The motor is expected to be put to use in various fields, especially for high-speed applications such
as electric power tools. This paper focuses on a new kind of soft magnetic composite (SMC) that is superior in terms of
high-frequency characteristics than conventional non-oriented Si steel. The basic characteristics of a 12/8-pole SR
motor made of the new SMC were calculated by using the finite element method (FEM) and compared with a previous
prototyped 12/8-pole SR motor made of non-oriented Si steel. The usefulness of the proposed SR motor is proved in the

high-speed region.

Key words: switched reluctance (SR) motor, soft magnetic composite (SMC), electric power tools
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Experimental study on steel plate shape in magnetic levitation system
using both electromagnet and permanent magnet

R < /NS - HER BOR - AR IESLT « N 5
WK, wAR)IEEET IR E 4-1-1 (T259-1292)

Y. Ito, Y. Oda, A. Shiina , T. Narita® , H. Kato
Tokai Univ., 4-1-1 Kitakaname, Hiratsuka-shi, Kanagawa 259-1292, Japan

In the process of manufacturing thin steel plates, the deterioration in the surface quality of steel plates is a serious
problem caused by contact between the plates and rollers. To solve this problem, our research group considered non-
contact suspension by using electromagnetic levitation. When the thickness of a steel plate is too thin, levitation control
becomes difficult because the deflection of the steel plate leads to complex vibration. Therefore, we previously proposed
adding permanent magnets to suppress the deflection. The patterns in which the magnets were arranged were too
large in number to find the optimum arrangement experimentally, so we applied a genetic algorithm to search for the
optimum arrangement. In the previous study, optimization was carried out to suppress the average and maximum
deflection of steel plates equally, and we confirmed that the levitation performance was improved by applying an
optimized arrangement of permanent magnets. In this paper, we optimized the arrangement by changing the weight
factor of the average and maximum deflection with the genetic algorithm and performed a levitation experiment by
using this optimized arrangement. From the results, we found that this change had a positive effect on levitation
performance.

Key words: electromagnetic levitation control, thin steel plate, permanent magnet, genetic algorithm
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Fig. 6 Results of optimized average deflection, maximum deflection, and evaluation value for each weighting factor.
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Fig. 11 Modeling of levitation control for one electromagnet
unit with permanent magnets.
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Proposal of Magnetic Actuator for Brush Cytology and Anchoring Function
Applicable to Capsule-type Medical Device
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T. Okoba, Y. Yamasaki, and T. Honda*
Kyushu Institute of Technology, Faculty of Engineering, 1-1 Sensuicho,Tobata-ku, Kitakyushu-shi, Fukuoka 804-8550, Japan

In this article, a novel magnetic actuator is proposed for brush cytology done using capsule endoscopy. Its basic
structure is a lead screw mechanism consisting of a bolt with a permanent magnet and a lead screw nut. The nut is
equipped with a cytology brush and an anchoring mechanism that can stop the capsule in a specific place. When
rotating magnetic fields are applied, the turning motion of the bolt due to magnetic torque is converted to the linear
motion of the nut, which causes both the brush to project outward and the anchors to extend. If the rotational direction
of the magnetic fields is switched periodically, the brush can exhibit a reciprocating motion and scrape the mucus off.
To increase the amount of samples collected, an additional small magnet was attached to the brush tip. As a result,
this improved brush with induced rotational vibration could drastically enhance the performance of cytology.

Key words: brush cytology, capsule endoscope, extension anchor, lead screw, rotating magnetic field
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Fig. 1 Conceptual figure of operation steps.
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Fig. 6 Rotation of capsule.
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Fig. 14 Photograph of porcine small intestine in
water tank after expansion of anchors.
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Performance of magnetic circuit type field generator with square coils for
application to magnetic hyperthermia
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K. Sugi, S. Fujieda, S. Seino, T. Nakagawa', T. A. Yamamoto
Graduate School of Engineering, Osaka University, 2-/ Yamadaoka, Suita, Osaka 565-0871

Magnetic Hyperthermia Treatment (MHT) is a method in which AC magnetic field is applied from outside the body to the
magnetic material inserted around the cancer tissue to generate heat, and the cancer cells are locally heated and killed. Since the
calorific value of the magnetic substance is proportional to the frequency of AC magnetic fields and AC magnetic field strength, it is
necessary to generate a uniform AC magnetic field over a wide range. An AC magnetic field generator using a circular excitation coil
is effective as a method to generate a uniform AC magnetic field in a relatively large space between the magnetic poles. However,
leakage magnetic fields are also generated outside the space between the magnetic poles. In this paper, a square excitation coil was
used instead of a circular excitation coil to suppress leakage magnetic fields.

Key words: hyperthermia, magnetic field, magnetic circuit, 3D simulation, square coil
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Fig.1 Description of magnetic hyperthermia therapy.
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