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Fig. 1 FGL Thickness Dependence of AC-Field
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Microwave assisted magnetization switching of layered magnetic nanodot
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Fig.2 Snapshots of 2D magnetization images of
the dot just before the switching.
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I CU—HOBRREN G AIXE K TR LTWS, Fig 372 Lo AT
PMERLLT=T o7 Th Y| Z DR OIIT AL S T SKEsREX &
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Electromagnetic analysis of surface plasmon propagation along an edge of a metallic thin film
and application to a plasmonic waveguide for thermally assisted magnetic recording
Yoshihiko Hayashi, Kyosuke Tamura, Yoshito Ashizawa, Shinichiro Ohnuki, and Katsuji Nakagawa
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Fig. 1
with a plasmonic waveguide.
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Fig. 2 Simulation model of a
plasmonic waveguide to analyze

confinement effect at the tip of metal
as a function of tip angle ¢ .
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Fig. 3 Intensity depending on angle

¢ at the tip of the metal.
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Dielectric Interlayer Thickness Dependence of Ultrashort Laser-induced
Ultrafast Thermalization and Thermal Diffusion Process in GdFeCo Double-layered Films
Tetsuya Sato, Hiroki Yoshikawa, Arata Tsukamoto*, Akiyoshi ltoh*
(Graduate School of Science and Technology, Nihon Univ., *College of Science and Technology, Nihon Univ.)
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2NV AT K D ARELRE R INEN A FEMRAOIZ R 9 2 70 D O BHABGR FHE S 2 EERICH B 35700, 28
TN T8 DJsE S OV D% D i 2@ B & 1 5 BEBORARICOW T, FFERH R E OB 2175 72,
EREE - BR

HEREHI~ 7 3 b v 2%y ZIEICTERL L 7= SiN (60 nm) / A J&: Gd,;Fess sC0g;1 (10 nm) / SiN (x nm) / B
J&: Gdy,Fees ,C0gg (10 nm) / SiN (5 nm) / glass sub. % H\ 7=, H.0E R 800 nm, ~</L 1 90 fs (HE2E) L
—P—Z WL LR 7 7 a—TRIC LY, ISR S 65° X =5Nm, Hey = 54 mT (6 = 65°)
T P2 SRR How ZFIINL, BIALISE % SR TRIE L7, 72 T e Pump: 039 my/ en?]
B, FJEOIEREFINALD AT « FOFAT O S THIE L 72 Faraday
[ElE M AG 2 I L, FBOREICHECE 52, K7z x
JLX I Fy=0.39m)/ cm?, Heq =54 mT CTHIE L7- x =5 nm ik
BN DI % Fig. 110K 7, At~id£;/:fﬂéﬂﬁﬁfﬁ>E>0>tfﬂ£&%
B, 461 6 13t 2T U L A N—TFZBT 2458 OE 6 THIL
LD TH D, BALDISE] j FICEFEE LIS T D 2100 102030 100 200 300 400 500 600 700 800
~ps PRI DOJRBLEFE &, A - SR P l:?&%t 100 ps IZP72 V% Fig. 1 The time Dé%l%?i%ﬂ [pci]f normalized
FEEE) A LE O BIEEORTE D, 2 > ORFRIERIC X4y T, x=3, 5, Faraday rotation A6 / & in each magnetic
10 nm D& BN 1T B I EIL, AEB2B )=-@ 1314, 1.4 1%, layer of GdFeCo double-layered film with 5

- -, hm-thick SiN interlayer.

L7 fERRETH -7, AJE TIIEEEENCHE Y 3 2 = IRE) & it |
TERVA, BALMEIREISE RIES/NS WD THD L EZ
bhb, —F, BETIIEREEF ~6.9 GHz, %) Gilbert 4> &'
7 ER oty ~0.075 T D F A M TE D, ik AEE) 2 /R~ TR C

E=al
T

2
T
\

r

Layer B

0F g ~ Gdy,Fegs ,C0g g

w0

L. Layer A R

ézf GdyFeg39C0g.1 . (AP ;;,2 1

1
[ I =]

——(AP+P)/2 ]
Il 1 1 fl- 1 1 1 1 1 1 1

Normalized Faraday Rotation A6, / @, [%]

2 T T T T T T T T T T
L Layer B: Gd,,Fegg 5C0gg (10 NM)

-Hext:SW :

O___—O

@%Eﬂﬁmﬁ{m};{nﬂﬂﬂ@t&) B E(D Hext =54 mT | % j—é f D x ‘ _ -———'"//___. ]
{K;[,_‘ ié."{,ﬁ\l E L/f\_ﬁ%é‘_’ Flg 2 _TTO uﬁ*’l’?ﬂ%?jﬁ%ﬁ* i{f&EﬂbBEﬁA o Pump Fluence I = ]
2F ——0.12 ml/em’ —A—0.21 ml/em” 4

Precession Frequency /[GHz|

—0—0.39 ml/em’ —8— (.65 ml/cm’

B CIT IR TR N E L 2 5720, fOEIZFEICBED
EESREEICHIS T D L E 2 bD, ERBlA»D, A—FTof % 2 4 ;';',g'u

D X AKAFMEIL 15 WIRE TH Y, WM RO x KIFEICH A~ s . SN Interlayer Thickness x [nm]

_ i - e e s Fig. 2 SiN interlayer thickness dependence
Vo ZHBIE, XIZEVET - TR CROBE~OREEI o precession frequency in Gdy,Fegs,C0gg
200, EHOEFIRE EREERE SEMATRER Z & 2”73, layer of GdFeCo double-layered films.
B
ARITED—FRIL, SCERRMHFEA FANT R FHEIE B Sk S 2 3 (S1311020) DBhRRIZ K 0 1T - 72,
B Lk
1) T. Sato, S. Toriumi, R. Shimizu, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn. 36, 82 (2012).

2) T. Sato, R. Shimizu, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn. 38, 115 (2014).
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NI SRS B R DR 2 e i S (K A

EIRE, VEpst, A, kg
(AARRFERFEGEI TEOERE,  * H AR H T 5E)
All — optical magnetization switching property depends on multi layered structure
Hiroki Yoshikawa, Tetsuya Sato, Arata Tsukamoto*, Akiyoshi Itoh*
(Graduate School of Science and Technology, Nihon Univ., *College of Science and Technology, Nihon Univ.)

[XLC®HIZ

Bt 7 = &5 NREOMERM NSV A2 7 = U BEHEERICRN T 2 2 & TR b KEEES: (All -
Optical magnetization Switching: AOS) M OBME I Z e IX TR ELS: (Thermo — Magnetically created Multi
domain area: TMM) Z#FiL 925 Z &3 CTX 5, AOS X TMM L IFRBEIN 2D | REKFEBO A XA T
27 ADERITEFEAA L, SIS 2 B PRGBS LB 2 R 284 Ve, H— UL
St BE L7230, BRETEIPH OBME 2N SR XA E T b - T b ARSI U KR L2 BEIX AR+ 5 35 P
B D, A0S DIEAAIIZEL LTT = UBMERIZHIL S 15 BRET = 1L 5 — 58 Wy (2R <IKAF L, 13IE
eI I D TE R D BHLITHEAE L2 ¥, FRRIC TMM fEIR & FREDEIRE I E L TIER L, A0S £V bi&
TARVF—EEEIR TR S5, AETIIREDE T 2L F — ORI - SEBREES K E < B 5 JEtiE i
BANVANERE T 52 LT, BERMBOE T - M REYSERMEDOEWEFIH LT A0S - TMM K55S
eI A 3 A T
EERAE

GdFeCo HEEEIZ HLL % & 800nm ~ /L AR 90fs(f-ff 4 09
IE)D L — P — I L 0 RIS CRE IR 2B L,
TE LR X 2 R C B & V) iSO RIS THIZE T 5,
#EHZ Magnetron Sputtering 7202 X W fEHL L 7= SiN (60
nm)/ Gd 5, Fe ¢35 Co 95 (7 nm) / SiN (m nm) /AlTi (I nm) /
glass sub. ({n, m, I} = {20, 5, 10}, {20, 0, 10}, {20, 5, 0})
EH LT,

wMagneto-optical image of created magnetic domains

(= (= (=
[=)} ~1 co
I I |

Irradiated light power Py [MW]
=)
93
L

04 -
EERHEE .
Fig.1 (T FRCE B — L 20t 2 & AR (R ) 12 FRAT '
LTERL S D BEK WA A (M k) & 45 RSt = L% 02 {20,510 {20,0,10} 120, 5,0}

— fE(RERINIZ 7§, TERBAIXI Fig. 1 HBEXOE & O Fio. 1 The laver denend ; 4 doma
U BT O SEE 0 — A ) ig. e layer dependence of created domain
(=720 A0S p:\ jZiQU\ TMM\\F/‘E . L 275 ﬁﬁ:j—}zjg sizes by AOS and TMM in the films of SiN (60
AOS - TMM ﬁé}\iJZEMIZ“j‘/\l’ Xﬂihkmgﬁiz"zﬂ? 6\? nm) / Gd 22 Fe 632 Co 9.8 (» nm) / SiN (m nm) /
BASHIST 508, FJEHEETO A0S « TMM BEXTZRK T AITi (/ nm) / glass sub. (n, m, I} = {20, 5, 10},
BV X—FEEIIRE B S, BT LX—0 120, 0, 10}, {20, 5, 0}). Inset: Magneto - optical
W - Bt ANk X < B D B A T B koA s image of created magnetic domains.
VAU R Z T 5 2 & T, AOS « TMM O i

RS E R EIC B e 2 B R IE 2 R L2, 2B 13 AOS « TMM A& 1- » #8 FIRE O BEEE KO
PR ERITRRFT 5 Z & 2T 5,

AWFGE D —FRIX SCERFF A8 FANT K RIS ) FEAE T AR S 2 F35(S1311020) DBk 2 5% 1T T T e b D TH D,
B SR

1) C.D. Stanciu, F. Hansteen, A. V. Kimel, A. Kirilyuk, A. Tsukamoto, A. Itoh, and Th. Rasing: Phys. Rev. Lett. 99,

047601 (2007).

2) T.A. Ostler, J. Barker, R. F. L. Evans, R. W. Chantrell, U. Atxitia, O. Chubykalo-Feseko, S. El. Moussaoui, L. Le
Guyader, E. Mengotti, L. J. Heyderman, F. Nolting, A. Tsukamoto, A. Itoh, D. Afanasiev, B.A. Ivanov,
A .M Kalashinikova, K. Vahaplar, A. Kirilyuk, Th. Rasing and A. V. Kimel: Nature Comm. 1666, 3:666 (2012).

3) H. Yoshikawa, S. Kogure, T. Sato, A. Tsukamoto, and A. Itoh: J. Magn. Soc. Jpn. 38, 139 (2014).
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BPM % W 7-20 7 o 2 MR GLERIZB W T

By hT—Lb— MIRIFT~y RO Y BpE D8

i

AT L, AR
(TEBERE)
Effect of Rise-Time of Head Field on Bit Error Rate for Heat Assisted Magnetic Recording with BPM
N. Tamura, and F. Akagi
(Kogakuin Univ.)

[ZLHIC

BIE, WRT « A7 % E (Hard Disk Drive:HDD) T, #HAMERS, BURS &, ~y FERBERE Vo
RV Lr~RndhDbH. I T, ZORMBEEMRIT H7-DICET v A MEgKGEE TR (Heat Assisted Magnetic
Recording:HAMR) 732 R S, BFEE N T\ 5 Y. 2L, BEAROMIN R Rk EI 4 SRek O BRI 72 1 12 5D T,
BIMHRHE FIFDZ L2k 0~y FERMES THRtdka /I T L0 R Th s, £z, aBE
REEREEK T DOy hoXF — A (Bit Patterned Media:BPM) 7 HAMR & #A A S U CTHIZE S
TW5 2, BPMBEARIE 1R FI2 1 By P2 L TWVD DTy R & B3R 2 HlH T & 20 & Bk T
WCEEZNMFLE Yy b T —%5|&ZILTCLEY. BIb, 74 RV L=tk y bxT—1— 23
L. EoT, RFETIE~Y REEROS EV A E Yy h=T — L — MIEKIE TR OV THRFTE
1To7=.

HEETILLHESYE

AR O FEERE L /X % — 13 Landau-Lifshitz-Gilbert 5220 (LLG FRERX) Z M\ TRkd 7z, fafnreb & B
PEE$R O IR FERFPEIE Brillouin function Z VTR 72, FoEkBF OBV AR 135 K _EHIRE 250 K (T, = 600 K)
DH T AGARZGE U=, ARAFZETHOWZBEAARDOH, T 2914 KAIm & L7z, ~v RERGEE L 880 KA/m T
DH LU BV ET A M5 2 LI K VEEE TS . BRI, RNy MEAN 128 nm, K> ME O
23 6.4nm @ BPM % 7z, ~» REER O E Y FE % 0.3~1.6 nsec [ZA (b S THRFTZ1To72. ~v NEHE
M1 JE X 10 m/sec & L7-.

FTERR 10

fig. Lo~y FBERON LD WM& AT A—F L Lzt y b § 4 e tinoe = G
F—L— bD~y FRREEE R RS, 22T, By bm—L cosmec —aanec
— RO, LTy MR8 EIck LTI — Ly B R T

MROBIG Y Lz, ME D~y RO R SHAR 2577 §
TIFEICY T TS TR, b ERDERAREL 2D itk & o
(BT FRERIREE ST 57250 Th 5. £12, ~v RO % oo o T o
SEEOVEERIAELS By T —L— MR 0WIZR B~y R Head field (kA/m)
SR DA< 725 Fig.1 Head field dependence of bit error
Eila3 ABFIE TH W=~y REESR L, B RPESERITE o &% — o)l rate with different rise-times of

KOO ELTHEN- DO THY, - IT#7-LET. head field intensity.

2 DN

1) JRRSCS - BEERSE - ARAIRHT - RAIR « KB HEZE - AR - ALl - EARTR —, iRk
1Tb/in®-2.5Th/in® Z FEk 3 5 7= O DET v A MR FLeki L X = L—3 = >, EICE Technical Report
MR2012-17 (2010-7)

2)  J.Ushiyama, F.akagi, A.Ando, and H.Miyamoto, “8Tbit/inch’-class Bit patterned Media for Thermally Assissted
Magnetic Recording”, IEEE Trans., on Magn., 49 7 3612-3615 (2013)
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SHNELER I X D L1 AIMEER A 40/ kL D T Rk

WM@Q%%J%Q%@ﬂE&%%%,;Vm&iﬂ SESCUTHR Y, T BMES, AR B, g &3
(t RRBRACERE T, 2 ROk FLAMRERE, O IR TRk )

Formation of L1,-FePt Nanoparticles Film by Rapid Thermal Annealing

Kenichiro Aikawa’, Yoshiki Fujihira®, Takuma Hachlsu Atsushi Suglyama Tetsuya Osaka® 2, Tmoo Shige®,
Akira Yamane®, and Aklra Sakawaki®

(* Graduate School of Advanced Science and Englneerlng, 2 Institute for Nanoscience and Nanotechnology,
Waseda Univ, * Showa Denko K.K.)

ITLBIT

fER 2w 2 RIS AT /e N— RF 4 227 T4 7 (HDD) Xl L~V Tl itk S 744 Ghit/in®
WERELTWD. L LR oiEdbttE0RREITE /2D HDD OEAELEZZEH L, 77 Yy MO
FE A T D 7 OISR M, IR O LB DR MLHE 7o TN D, Fx T TOBER LTS ) A—
MDA (FePt) /Wi fZ2 AWy hRZ—2 A5 40 7 OB Z BRI, K3 —F O kiE 7
0t ADOUEICI YA TS, L LS, FePt @ Ll HANLARERE 2 B & L-miRT =— Vi
DOBEFEC L DT KBS DAL AR & 7> TV D, 2 2 ClE, 23NEY (rapid thermal anneal: RTA)
FAFOIEEIC LD BEREIRBZ Y, AT, FEMMHAM B AR L U CRBE L, i B CHBRAYICISE L7
L1g-FePt 7/ i MDA 7 1 & 2SN TR LTf A WS 5.

EER - FHmGIE

SRATERA L LT 2 LR =1 (Fe(CO)), H&T T AT+ I — b (Pt(acac),), ZriAlE LT
FULAVEREFVANT I & HWT AL fi FePt (AL-FePt) ki v &Gk L, im0k RM% I R 4.6
+1.2nm ORI LTR % b Iz E L7z, FePt J ki 7438 bV VPR % Si FER I A
L7= AL-FePt F / Ri - 7 V& JRAMNR T 72 K B R0 INES AT RE 78 51 ERU ORIV EREE [ (RTA
AEE) W TEE 21T > 72 RTA 1%, A-IREEIC 156 °C/min & L < 1% 1560 °C/min % j&7E L, 800 °C
\CEEH Oh S LT IhiRFF L2, WENET v 7~ Di@E AL+ 5 Z & T{T>7-. RTA ALERT#% O FePt -
ORI ORI, B A AL E -SSR (FE-SEM), X a2k (XRD), @il E 7B
%aﬁam,@ﬁﬁ%mM%%wﬁ,ﬁ%%%%?%ﬁ(&wm)%%wt

{féf% a)
FHIRSEE 1560 °C/min T 800 °C (2RI EEH, Oh fREFOSEIC & s I

D RTA WLEE L 7= FePt F / KL 7MY > 7 /WS T, FE-SEM 3 (O

[%2]
BEMR L 0 RO I MBIL 45 nm TH Y, BT AL OBERE LR 8

= L1, FePt (1
é j/[/fot 753’3 f:. IEJ-H‘ :/7 LD RTA Lfiﬁﬁ?ﬁ@ XRD /\& — :/;2 (JCPDS(A[&S;)13SE()1)10) | (20f) (101) - (202) l()lao) (3i1()(113)

(002) | (220
Fig.l (2757, Fig.l()X v, RTA MLEf£D Al-FePt 7 / ki 7% I I I R T
. . . . 10 20 30 40 50 60 70 80 90

L1, BRAME~FREER L, F£72 XRD XZ — U O¥fEME L 0 EH L 26/ degree

y N y - N Fig.1 XRD pattern of dispersed FePt nanoparticle
e = | S - S
Tl T A A1 36 0m Thofo. ZOMENE b RTARMEZE o ” 0%\ otore RTA. (b) after RTA. RTA

ET DI IR, L1, HAFRESEEEE ORLF O BRI R S condition: the rate of rising temperature was 1560
°C/min. The heating lamp was turned off

I, WA E LT- Llg-FePt J / RiF-BEMN S 72 DO TERL  immediately after the temperature reached 800 °C.

DRI N, — T, YT %z Kerr ZhEHIE L7-/ER, B o X 2 RENRES B2 R LT

7%, FePt 7/ RIFHIZER T 5 Ll AN~ O EFEE LR OMm E3deE R L LTHRIT L.

— 134 —



3pA-2 538l A ARSI AR (2014)

By b — PRI IV D MnGa (001) B[ oo /E

Rk 3, A BX, RE KB NEE WS, S5m0 R
(G BRF)

Fabrication of MnGa (001) Films for Application to Bit Patterned Media
T. Negoro, M. Tanimoto, D. Oshima, T. Kato, S. Iwata
(Nagoya Univ. )
X C®IZ

JRFTANCA A v RE T2 2 & TR Y — S 2 ERT 2 FEIE, 12 A EREMIRICEEL G2, oy
FrTREDT R LERTIKRI A N TE Yy MY — VIR BPMZERITEX 2T TH L L EX DN TS, FixlE, Z
DA FVBHE Y Y bR — U BHRICET 2 E L TR E REEMEKE ST MEZH T 5 Lle-MnGa HHAIA SRR Lz
L1o-MnGa /3K F— XD Kr' A AU BBEHZ LY Ll HAKED D Al AFARE~Z(E LT, LT 5. ZomEEFA L
TINETIIMnGa ZFHLIZE Yy hF —VEOEREZRE L CE/72 0. Lo L, ZHE Tl MnGa 5% MgO(001) B 2
WEIZERLTEY, BHERIINE T 7 AFIZBENPZDLERH D, ARG TIE, BB E o Si AR EI2001)EL
L7z L1o-MnGa Z# ik ET 2 Z & 2R T RICHOWN TR D,

S ki

Llo-MnGa BLAIG&EOERIT, ~ 7R br 2Ny 2 U U ZEIZTTYY, BERERE Cr(2 nm) / MnGa(15 nm) / Cr(20 nm) /
MgO(20 nm) / CosoFesoBao(5 nm) / Ta(Snm) / Sisub. & L7z, 72721, MgO BOMBREEZERFICL W EBRTHRE L. MgO &
LD Cr Ny 7 7 BIZEIRTA y Z %, 600°CT 60 47, EZZH TR AT 7. £D% 100°CHHIE TR Lo
MnGa &% $IE L, MRt Lo AL 72 500°C T 30 43, HZER CTEUIA AT 7. b, v/ R kR ANy FELEH
ZEHBEITHETEINTEY, A2 RIBBT DL KL,

ERER

Fig. 1 1%, Si Ak BIC/ERLL 72 MnGa D X #REF 70 7 7 A L TH DH. Mg0 002 B— 27 8 A 5H, SiFfk EIZ00D)E M L
72 MgO BARELTWD Z ENGND. IHIZCrBIPMnGa D 002 B —27 BNE 53, MgO JE?D 2 Cr & MnGa 3(001)
Bl 2 TV TRE L TWD Z & 2R LTWA. LA L, HAHDEFEELZ R MnGa 001 OBRPRZEHHITR ST, KA
EixmLlenkEzxohs.

Fig.2(a)i%, MEXOEFREIC L > TR L7z MnGa EOBIERR MO B A7 U Y ANV—7Th 2. Kerr b— 7 13ERE /25
BIE L TWA72) FHioD CoFeB @25 DOIFHITES &9 MnGa DBHD/L—T7 % KB LT3, Fig2 XV {EH L 7= MnGa fi%
WIEEMALEIZ /> T D EE 2 B, SRR 2285 6 (001)EC L7 L1o-MnGa 28 Si ZAR_EICE LT\ D 2 & 23RS
ENTz. ZOFERE MgO FER EICHE L 72 MnGa #H D Kerr /L— 7 (X 2(b)) & L5 &, Si FMR EOIKIE Kerr [HI#E A O
DUNSVD, BREEIIIREZ V. AU ORERTE, BRPEOSHARE NI LA KL TS B X b, SHRAESEED
HARZ2BANSETHDL I L ERLTND.

BEXE

1) D. Oshima et al., IEEE TRANSACTION ON MAGNETICS, VOL. 49,NO 7, JULY 2013

Si sub. 0.1 01
% 3 (@) 3 (b)
f g 2
F ERC 2 o
E £ g
01 2 a1 | |
L . . ! . ! f ! ! -15 0 15 -15 0 15
20 30 40 50 60 70 80 90 100 110 120 H(kOe) H(kOe)
26 (deg)
Fig. 1 X-ray diffraction profile of MnGa films grown on Fig. 2 Polar Kerr loop of MnGa films grown on (a) Cr(2 nm)
Cr(2 nm) / MnGa(15 nm) / Cr(20 nm) / (Mg0O20 nm) / MnGa(15 nm) / Cr(20 nm) / (MgO20 nm) / CosoFesnBao(5 nm)

/ CowFewnBao(5 nm) / Ta(S nm) / Si substrate. / Ta(5 nm) / Si substrate and (b) Cr(2 nm) / MnGa(15 nm)
/ Cr(20 nm) / MgO substrate.
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> U S 72 MinGa RO fgd 5 e

REREE, BARBEKR, MEERIE, BRIFEHAE*, TR, e, SR, SHR
HBERXR, *=ZER, **EECR AT v 2 —, L pET)
Magnetic circular dichroism of ion irradiated MnGa film
D. Oshima, M. Tanimoto, T. Kato, Y. Fujiwara*, T. Nakamura**, Y. Kotani**, S. Tsunashima***, S. Iwata
(Nagoya Univ., *Mie Univ., **JASRI, ***NISRI)

L &HIC

FAxIXINETIZ, MnGa &4 FAVTA AV BEROE y F 3% — K (BPM) BERITE3Z L%
RLTEREY., ZoAEIE, LIHAKEO & &It s 20, K& ABEBKEGEZRTRN, KF—X0
AF U ERET5 L, Al ABANE L CHEMIELT 27280, BPM ~DIGHNRRETH S, Alnl, O IERIME
{LORERE 2 ZENC TR D 720, A AV BRE S 372 MnGa RO B — @AMt (MCD) ORIE %217 - 7= D T
T5.

EEBRA &

LSS MgO (001) &M HIC RF w27 % b v A% 228D Cr(2)/MnGa (15) / Cr (20) / MgO sub. O f5A# %
THIE L7=. OWNIIEE THEAMIZ mm TH 5. £ TORITEMIEE 100 °C
PUFCREBE L, Cr FHIE & MnGa J8 O IR 12 I1XZ0Z 4 600 °C T 60 min,
450 °C T30min DR A 7 =—L&{To7-. fERLEBIC L, (A4
NI 2 N, 30 keV O Kr' A A WS 24T o 72 SR 5 x 107 ~2 x 10"
ions/cm’ DFLPFH TZ AL 7= MCD JIIE 1L, Spring-8 @ £ — A T A > BL25SU
IZTHTo 72, XBAK R ERAAIN G 2R —& L, ZOMHEIE, BE
MBEEMNEOMEEZ 0L LT O=0~70DFPACTEL S, =, WES e o P 1S
OHNBERIZE19k0e & L7-. Ton dose (ions/cm®)

Fig. 1 Ion dose dependences of M
ERER

and K, of MnGa film.

Fig. 1 {Z MnGa FED faFugfb M, & OCEERBKIE G VE K, OA 4 v BRE EK
e mT. BB S THL L 010, M, KASHEL TSR | by et
B, A A VREHZ XY, MnGa IEOIERMEAL S AIRECH H Z L AR LT i >
%. ZXUE, MnGa &2 L1 BAIF2 S Al AHAFE~E B L7272 ThH
52 & XA R LTV D, Fig. 2 124 4 v RS S 7172 MnGa D
MCD A7 hvZ g, KDL, BER G B 2N L 7254 (6=07)
&, BEmEN wﬁ%WMLt A (0=70") 2R LTCW5. LRI H
WSR2 FIN L 72356120, I'%JOD%EUT/T*J”B/\ CLEIEOEY — 7 N
HILDH A, H%ﬁ?\?jﬂﬁ WS Z N L 723581213 R 54009, Llp-MnGa RO
%%%E’@kﬁﬁ@ﬁ%#%é k%mbfwé.LmMﬂmﬁ@k%&
MEBRE T OB RSO R FEICEGER S D EE 2 N5, Bt -
E%§<LT%,_®£ﬁr WCEABIZ R H59, MCD A2 kL DFRE D I 110" ions/em?
BBNEL B oTHY, Ll HHEE Al ABAFOFBRAGEELTNS | 4l
BRAIEX0. ZoZenn, A A UBEIZK D /ER L 7- BPM CIEBR LT :

. . 630 640 650 660 670 680
PO T L7z FRMAMIZIZE A ETFEL TRV EE Z B, MnGa &4 %

Photon energy (eV)
VWB T ET, #A— DHEIROD A EAMEIT & 2 ATREMA b 5 Fig 2 MCD

S

relative /. & K

Before irradiation
(As-prepared)

MCD (a. u.)

5x 10'2 jons/cm?

spectra of ion
S Er irradiated MnGa films for

the case of applying field
1) D. Oshimaet. al., [IEEE Trans. Magn., vol. 49, 3608 (2013) perpendicular and parallel

to the film plane.
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H 2Rl L Au T HiE % B\ 7= Sr-ferrite TERE O VERL N OV SRR
AE BB

EIP S
Magnetic properties of Sr-ferrite film by using Au self-assembly underlayer
Satoshi Shiraishi Xiaoxi Liu

Shinshu University

[FLHIC

2012 AT AR, RSN T UXVIEREIZ 2.8 By X8, K7D 2020 FFIT1X 40 B v H N
A MZRDEEDNTWD, VED-D LW RERDTEBAROBRENEHE L 2o TV D, IR OFTERBEA
LLTEY FXF =0 RAF 4 7BPMBEH SN TWD, ZHiE 12 1 DORBIX 25057 S HHIA I ELS)
SHRBEOMK AL T 2D TH D,

AHFIRETIL Au THIE E O B4 F vy LREDSHIFR ©& P, REBKGIRCHE L-AHTM7 74 b
SrFe;,01o(SIM)ZFI ] L BPM Z /B4 25 Z L 2 HEE L LTV 5, AT H CHRE Au FHE Eo SrM
DEEIZ DN THET 5,

EBRAE
HBHIFER Blc~ 72 ba 2y &2 Y v FHETHE 200 = 5
J5E U 7 RS D BEMOMMENR I 13, Au % 100°C~500°C, - —A-Saturation magnetization A
StM % 500°C & L7=, %7= Au % DC % (X RF fJf. StM 180] 5 ooyl e Yy
% DC IR CHIE L 7=, B LT ATV ORETAEE el -48
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Ultrafast manipulation of spin and orbital angular momenta by light pulses

Takuya Satoh
(Department of Physics, Kyushu University)

All-optical magnetization switching has been studied extensively in recent years. A typical form of non-thermal
magnetization control is the inverse Faraday effect (IFE). It involves rotation of the linear polarization of a probe pulse
induced by a circularly polarized pump pulse in a transparent medium. Spin precession accompanied by the IFE has
been reported by Kimel et al. in iron compounds ». Spin precession is also observed with a linearly polarized pump
pulse, in particular, a pulse polarized in a direction nonparallel to the crystal axes. This phenomenon is called the
inverse Cotton-Mouton effect 2.

The IFE has also been observed even in pure antiferromagnetic (AFM) NiO with no net magnetic moment in the ground
state . The resonance frequencies of AFM materials reach the terahertz range, which is several orders of magnitude
higher than that of FM materials. For that reason, AFM materials attract much attention in the context of ultrafast spin
control. However, the mechanism of the observed spin oscillation by circularly polarized pulses remains unclear
because of birefringence in the material. Here we discuss detailed mechanism using an NiO single domain which is
optically isotropic .

Moreover, we report on the observation of coherent spin oscillations in AFM CoO in a pump-probe experiment. The
orbital momentum of the Co® ion is not fully quenched by the crystalline field. We show that spin-orbit interaction as
well as exchange interaction plays an important role for low-lying magnetic excitation °.

This work has been performed in collaboration with R. lida, K. Otani, T. Shimura, K. Kuroda, T. Higuchi, H. Ueda, V. I.
Butrim, and B. A. Ivanov. Support by JST-PRESTO and KAKENHI (23104706) is acknowledged.
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Ultrafast spin manipulation of sub-lattice magnetic system with light

Arata Tsukamoto
College of Science and Technology, Nihon University, Chiba 274-8501, Japan

The speed limits for magnetization reversal are of vital importance for spintronic devices, not only for storage media.
For ultrafast manipulation of magnetization, optical laser pulses could serve as an alternative stimulus to trigger
magnetization reversal. An ultrashort laser pulse allows excitation of magnetic systems at time scales much shorter than
fundamental quantities such as spin precession or spin-lattice relaxation times. In particular, the laser excitation brings
the magnetic medium into a strong non-equilibrium state®, where a conventional description of magnetic phenomena in
terms of equilibrium thermodynamics and adiabatic approximations is no longer valid. Consequently ultrafast
laser-induced magnetization dynamics is a new and rather unexplored topic at the frontier of modern magnetism.

Here our recent experimental studies of metallic multi-sublattice magnets are summarized. In particular, we focus on
magnetization dynamics triggered by an ultrashort laser pulse in ferrimagnetic amorphous rare earth (RE)-transition
metal (TM) alloys. The inequivalency of the magnetic sublattices, on the one hand, and a fine balance of their angular
momenta on the other, lead to a very peculiar dynamic behavior. This becomes particularly obvious at short time scales,
such as the appearance of a ferromagnetic-like state? at time scales below a few picoseconds. The laser-induced
ultrafast demagnetization of ferromagnets, already demonstrated in 1996% to occur at a subpicosecond time scale, is still
a subject of hot debate. Whether the angular momentum is dissipated into the lattice via phonons and defects, or
whether it is carried away by hot electrons or the photons — are still questioned at the forefront of ultrafast magnetism.
The element-specific XMCD measurements were performed? to study transient regime of spin dynamics. In order to
trigger ultrafast spin dynamics in GdFeCo alloy, the reversal of the magnetizations of the two sublattices is initiated by
ultrafast heating of the sample using a 60 fs laser pulse in opposite orientations of the external magnetic field of 0.5 T.
However, whereas the net magnetization of Fe has collapsed within 300 fs, the demagnetization of Gd takes as long as
1.5 ps. Remarkably, in spite of the strong antiferromagnetic (AFM) exchange coupling between the Gd and Fe
sublattices, they apparently lose their net magnetizations independently, then surprisingly, within the time scale between
the zero crossings of the Fe and Gd moments (that is, between 300 fs and 1.5 ps), the net Fe and Gd moments are
aligned parallel along the z axis despite the AFM coupling of their spins in the ground state. This state is followed by an
inter-sublattice relaxation of the angular momentum, leading to a deterministic switching of the magnetization driven by
ultrafast laser-induced heating. We found deterministic magnetization reversal® in same GdFeCo driven by an ultrafast
heating of the medium resulting from the absorption of a sub-picosecond laser pulse without the presence of a magnetic
field. From the theoretical discussion®, the reversal happens because of the interplay of these different demagnetization
rates with the exchange interaction coupling the sublattices. These results demonstrate all-optical switching depends
only on the amount of energy absorbed by the magnetic system, independent of the wavelength or helicity of the laser
pulse. The role of the light helicity in this process is clarified as well. Because of different absorption coefficients for
right- and left-handed circularly polarized light in GdFeCo, the switching threshold is helicity dependent. This
explanation is consistent with all the experimental findings on all-optical light helicity-dependent magnetic switching®
so far, varying from single- to multiple-shot experiments.
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Laser induced THz spin dynamics in magnetic alloys

S. Mizukami®, S. lihama?, Q. L. Ma®, A. Sugihara®, K. Suzuki', X. M. Zhang, Y. Ando?, and T. Miyazaki'
(*WPI-AIMR, Tohoku Univ., 2 Dept. of Appl. Phys., Tohoku Univ.)

Films of ordered magnetic alloys having uniaxial magnetic anisotropy show a perpendicular magnetic anisotropy,
which are of quite importance for recent spintronics applications. On the other hand, a large perpendicular magnetic
anisotropy causes very fast spin angular momentum prerecession because the Larmor frequency f is proportional to the
magnetic anisotropy field H&". When magnetic films have both a large perpendicular magnetic anisotropy K™ and
small saturation magnetization M, those films can exhibit precession with frequency of f=100-1000 GHz owing to the
large H,&™=2K,*"/M. This frequency region overlaps THz wave band, so that it could be expected that new phenomena
are emerged from the mutual coupling between various THz excitations and spin dynamics. As a first step of exploring
such new field, it is necessary to investigate materials exhibiting THz spin dynamics and its way of manipulation. THz
spin precession can be accessed by ultrashort pulse laser, which is also interesting for terahertz wave applications from
the practical points of view, such as ultrashort pulse laser driven GaAs THz emitter. While, there are few researches on
THz spin dynamics in magnetic alloys, since there are not so much materials having enough large HE™.

We, so far, reported various Mn based magnetic alloy films with a large perpendicular magnetic anisotropy of 5-15
Merg/cm3, such as D0y Mn3Ga [1], L1y MnGa [2], C38 MnAlGe [3],
and D0y Mn;Ge [4,5]. Those also have small magnetization of

100-500 emu/cm’ as well as relatively small Gilbert damping constant.
Fig. 1 shows the typical all-optical pump-probe time-resolved Kerr
rotation measured in the MnGa epitaxial film using a pulse laser with
low laser fluence. After strong ultrafast demagnetization at zero delay

time, rapid precession is observed. Similar data were obtained in the
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other Mn-based alloys films and those frequency values of precession 06 _é

are summarized in Fig. 2 as a function of normal component of PR IR P R B
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applied magnetic field. Precession frequency f'linearly increases with L

increasing field, which was reasonably account as very fast Larmor
precession owing to the large H,&". The maximum f is 0.55 THz in
case of Mn;Ge epitaxial films. In order to obtain into the insight the
physical mechanism behind the laser-induced precession, we
investigated laser fluence and field dependence of dynamics and
analyzed them using some physical models including thermally
induced torque. The dynamics at low fluence region can be well
explained by the calculation of one dimensional micromagnetic
simulation based on the modified three temperature model taking into
account of gradient of electron and lattice temperature (Fig. 1) [6].
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Fig. 1 Laser-induced spin dynamics of
MnGa films. Solid curve is fitted to the
experimental data.
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Fig. 2 Laser-induced spin precession
frequency as a function of magnetic field
for the various Mn-based alloy films. Solid
lines are fitted to the data.
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Manipulation of ordered spins with light

—new photonic materials with magnetism —

H. Munekata
(Imaging Science and Engineering Laboratory, Tokyo Institute of Technology)

Owing to its high-speed, selective, non-linear, contactless, and quantum characteristics, light has the latent power of
producing new functionality and paradigm, when combined with novel materials. This presentation reviews the frontier
of research concerning a study of interaction between light and ordered spin (magnetization) with ultra-short light
pulses and magnetic materials. A personal perspective as to new applications in the field of information processing and
transmission is also discussed in view of photonics materials.

At the present stage, it is very important to establish reliable techniques for manipulating spins in magnetic materials
with photons, and demonstrate prototype devices for mutual conversion between photons and ordered-spins. To this end,
author, with his colleagues, studies experimentally the photo-excited precession of magnetization (PEPM) with various
III-V ferromagnetic semiconductors [1,2] and metals [3] (Fig. 1), a concept of new photonic device consisting of those
materials and existing optical components [4], and circularly polarized light emitters/detectors [5] (Fig.2). At the time of
presentation, I plan to review experimental results on PEPM with Co/Pd ultra-thin multi-layers in the regime of weak
excitation (< 1 pJ/em?) and a concept of all-optical signal modulation, added with experimental demonstration of
electrical helicity switching.
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TIME DELAY (ps) Fig.2: (a) a diagram of the spin LED with dual
spin-injection electrodes (SIE) and its far-field image
Fig. 1: Temporal profiles of PEPM data for three samples of EL emission, (b) EL spectra with current sent

with different Pd layer thicknesses. Pump fluence 11 uJ /
cm?, The Co layer thickness was fixed at #co = 0.78 nm.
Solid lines are fit to the experimental data.

through each SIE, (c) a diagram of experimental setup,
and (d) demonstration of electrical helicity switching at
1 kHz.
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Gilbert damping in magnetic multilayers with
perpendicular anisotropy

T. Katol, K. Adachiz, Y. Kusanagi3, S. Okamoto3, N. Kikuchi3, 0. Kitakami3, S. Iwata®
" Department of Electrical Engineering and Computer Science, Nagoya Univ., Nagoya 464-8603, Japan
? Department of Quantum Engineering, Nagoya Univ., Nagoya 464-8603, Japan
3 Institute of Multidisciplinary Research for Advanced Materials, Tohoku Univ., Sendai 980-8577, Japan
* Eco-Topia Science Institute, Nagoya Univ., Nagoya 464-8603, Japan

The magnetic materials with large perpendicular magnetic anisotropy (PMA) and low Gilbert damping constant are
quite attractive since they not only have sufficient thermal stability but enable efficient writing in microwave assisted
magnetic recording (MAMR) and spin transfer torque based magnetic random access memory (STT-RAM). Recently,
we have studied the relationship between Gilbert damping oo and PMA of Co-based multilayers, and reported that the o
is closely related with thickness ratio of the multilayers, while almost independent of their PMA" ?, suggesting the
possibility to obtain the multilayers with high PMA and low damping. In this talk, we summarize the Gilbert damping
and anisotropy field of the Co-based multilayers which were evaluated independently by time resolved magneto-optical
Kerr effect (TRMOKE) and coplanar waveguide ferromagnetic resonance (CPW-FMR), and discuss systematically the
variation of the PMA and Gilbert damping with their layered structures.

Co / Ni, Pd, Pt multilayers with various layered structure were prepared on thermally oxidized Si substrates by a DC
magnetron sputtering system. TRMOKE spectra were measured by pump-probe method using high-power fiber laser
with A = 1560 nm. During the measurements, an external field He up to 8 kOe was applied in the direction of 45 deg
from the film normal. For CPW-FMR measurements, rf current was fed into CPW by a vector network analyzer, and
the complex scattering parameter S; was recorded varying an rf frequency under an static field along film normal
direction to estimate the resonance frequency f.s and linewidth Af.

Figure 1 (a) shows fxm / fc, dependence of Hygr estimated from the TRMOKE and CPW-FMR measurements, where
tco 1s the thickness of Co and #yy is the thickness of Pt or Pd. Closed and open circles represent the data of the Co/Pt
multilayers estimated by TRMOKE and CPW-FMR,

respectively, and closed squares are the data of Co/Pd by g 8 @) Co/Pt
TRMOKE. From Fig. 1 (a), the Hy.g was confirmed to be =3 Co/Pd
roughly proportional to 1/fc, at a constant fyv. Although 3 4 o
there are slight deviations between Hy.g estimated from ; 0
TRMOKE and CPW-FMR, overall tendency was similar to ‘fl—; fog=1.5nm
each other. The TRMOKE and CPW-FMR also show the 3 4 0 CPW-FMR
similar results on #xy / fco dependence of o as shown in Fig. 3 ® TRMOKE
1 (b). The Gilbert damping o of the multilayers are & -8 I
proportional to fyy / tc, although the H.s is independent of =
tam / tco- The linear tendency of o on fy / ¢, is considered % 0.06 - /.CO/Pd
to be explained by the spin pumping model”. The slope of % 0.04 m_ ]
o was dependent on the noble metal as shown in Fig. 1 (b). ; '
The Co/Pt has larger slope than Co/Pd, which may reflect 35 0.02 O CPW-FMR
the difference of the spin diffusion length between Pt and § :TRMOKE
Pd. 0 ‘ ‘ : ! :
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Surface Plasmon Techniques for Ultra-High Density Magnetic Recording

Katsuji Nakagawa
College of Science and Technology, Nihon University, Chiba 274-8501, Japan

Magneto-Optical (MO) recording is one of the primitive techniques to apply spin manipulation using light to change the
temperature of magnetic films. MO recording itself is very simple to locally heat the magnetic film to change the
magnetization M, but the mechanism of MO recording is more sophisticated than expected. The distribution of M
caused by light absorption affects spin manipulation, such as Direct Over Write (DOW)", Magnetic Super Resolution
(MSR)”, MAMMOS?, and 3D-MAMMOS®, because each magnetic layer which has different characteristics on
temperature is layered over a substrate. Some functional layers take roles by changing its stray field and/or exchange
coupling between layers depending on temperature distribution in DOW, MSR, and MAMMOS.

Recently, we also use a heat technique on magnetic recording, so called Thermally Assisted Magnetic Recording
(TAMR)?. Since the TAMR technique is just assisting magnetic recording by heat, it is simpler than the MO recording
technique. The most improved key point in TAMR, compared with MO recording, is an extremely small spot size of
light. Almost 10 nm in diameter is the spot diameter of light is the tentative goal for TAMR, even though sub-micron in
diameter was the smallest spot size for MO recording. Sub-micron limit is caused by the diffraction limit for visible
light, but we need around 10 nm spot in diameter for TAMR. Beyond the diffraction limit, we have chosen the
near-field optical light which is generated by localized surface plasmon®. A light spot of 10 nm in diameter is available
by applying the near-field. It was confirmed not only by simulation but also by the experimental result'” that some
magnetic domains were written by the local heat which was generated by surface plasmon antennas as well as
femto-second laser.

How to deliver light power into a small plasmon antenna tip close to magnetic core is also an important key issue to
5,11)

)

create a heat spot on magnetic layer for TAMR. Some hybrid magnetic head systems with optics have been propoese
Planar Solid Immersion Mirror (PSIM)'" ' as well as plasmonic waveguide applying surface plasmon polaritons''
have a high potential to effectively deliver light power in a hybrid magnetic head.

As the possibility that magnetization can be controlled by the helicity of ultra-short laser pulse was reported'”, the idea
of all optical magnetic recording has been carried out. The method applying the helicity of light has a potential to
accelerate magnetic recording speed, but its recording density is limited by the spot size of the circularly polarized light.
Surface plasmon antenna for circularly polarized light was also studied'”. It was revealed by a simulation that a
circularly polarized light in a magnetic particle of 15 nm in diameter was able to be confined by a surface plasmon
technique.

Spin manipulation using light is a new idea as well as an old idea. If we learned from the historical MO recording
techniques, and applied them to current issues, we could improve the techniques beyond TAMR.
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Polarization Properties of a-SNOM
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(‘Nagaoka Univ. Tech., *Doshisha Univ., *Saitama Univ.)

The aperture less scanning near-field optical microscopy (a-SNOM) is a promising technique to control spins using
light in nano-scale, because a near-field light utilized in a-SNOM is enhanced several orders stronger than an incident
light and could have a diameter of < 10 nm. However, controlling of polarization of near-field light in a-SNOM is the
most important issue to be solved. In order to control the polarization of the light in the a-SNOM, we need to
understand polarization properties of a-SNOM first.

The a-SNOM developed in this study is based on a commercial scanning probe microscope (SPI3800N probe station
and SPA300 unit, Seiko Instrument Inc.)". A cantilever (SI-DF3P2, SII NanoTechnology Inc.) made of silicon having
an extremity's radius of 7 nm with a resonant frequency Q of ~ 80 kHz is used. A laser diode (TC20-4030-4.5/15,
Neoark corp.) with a wavelength of 408 nm is used as a light source. The laser beam is focused on the top of the probe
by using a plate-type lens with an incident angle of 45 degrees. A scattered light from the sample's surface in the
near-field close to the tip apex is measured by a photomultiplier tube placed after the beam splitter. Signals were
measured by the lock-in detection method for reference frequencies of 2 and 2Q. Polarization properties were measured
by using a set of polarizers. FDTD simulation was carried out to analyze distribution and polarization of lights around
probes.

Figure 1(a) shows intensities measured for a Cr film plotted as a function of the angle of the analyzer 6,, where the
azimuth angle of the incident light, 6, is 40 degrees. We found that the shape is like a four-leaves clover, while a
linearly polarized light gives a curve expressed by cos’6. We have decomposed the result by assuming that it is a
superposition of signals from the top of the probe and the background as shown in Fig.1(b), where the background
signals were calculated as an intensity of light reflected by a probe and a Cr film. Consequently, we obtained azimuth
angles of SNOM signals for each 6 as shown in Fig.2. A result of FDTD simulation is also plotted in Fig.2, which
agrees well with the measured data. We also find that the a-SNOM act as wave plate expressed by Jones matrix,
indicating that the polarization property of the a-SNOM is maintained.

This research was supported in part by the National Institute of Information and Communications Technology (NICT)
and KAKENHI, Grant-in-Aid for Scientific Research (B) (26286023).
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plotted as a function of 4, (b) a result of fitting. each 6.
Reference

1) M. Aoyagi, S. Niratisairak , T. Sioda , and T. Ishibashi, IEEE Trans. Magn. 48, (2012) 3670.
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(Nd;_Dy,),Fe1sB (x = 0.125, 0.5) 125 3 Dy £ & > O 4 FEHUE
FORRRHERHER, Hpes N, CEPETRH *, ;i 3, (e BT, BEHFR IR, REPIEME =, MBS =,
HEFEIE W, B ¢, &A ***, Thomas Hansen™ ™, /NEFELR
(BT 2B, - ik, b 3 5 BB, = SRR RFISERT, ***ILL)

Site preference of Dy ion in (Nd;_,Dy,),Fe ;4B (x = 0.125, 0.5)
K. Saito, N. Inami, T. Ueno*, Y. Takeichi, R. Sagayama, R. Kumai, M. Yano™, A. Kato™, T. Shoji**, A. Manabe*™*, Y. Kaneko**, T.
Hansen***, K. Ono
(KEK, *NIMS, **TOYOTA Motor Corp., **TOYOTA Central R&D Labs. Inc., ***ILL)

1 [FU&IC

i BHUR AR NdyFe 4B % SHiB TR 2356, R 2R T 2 7 ® 12 Dy IR RIS 2 v I35 SR OB S
Dz T 272ODMERT O ANRBETH S, 1T Dy BlIROE RO 2R/ SN2 FIELE L TR b Tws2, mid
JLFETH % Dy O IZERDOILHEEM L TE 27200 % 5 2 L8 E Ly, Tx i3, RIEIEHEOBHAZHINE LTHI
2NV 7 NER D FEIRERE D FERERTZE I L TR D . RFERTIZEML 72 Dy SRS & > THET 23 A4 MERIEICO W
T, BT ROBES RN AV EBR TR o R ERE T 2,

2 KERAE

BARIRD (Nd;_ Dy,)2Fe14B (x = 0.125, 0.5) 2T, 7 5~ 2 ILL ORBEERM R ETEIHTEF D20 & ¥ Photon Factory @ IP
[\l47 3 BL-8B 12 THEEF R TG X B KA EER 21T 5 72, x = 0.125 122w TiE 9B Ic X 2 hiE R o I %2 81T 5 72 0
ICEE o "B CE#RL 72,

3 BREIUVEE

Fig. 1 ixHPEFEPTIC L D6 0l x = 0.5 RO BIER R O Rietveld EITORERTH 5, BEE X SRR HE <5 5
NJE P EZ WM E LT L Twa, x = 0125 BTl Nd ko € — 7 b Bl S N - 0 B EZFBHM L L 25
x=0.15 752 &Tx =05k L FAED Rietveld BTG R 5 1172, Rietveld fHTIC X D547 Nd* & Dy* o4
FEEEOLEE Fig. 2 KA T, x =05 EHI B W T, N&* XD HBERO/NZ 0 Dy 320 f A A V34 o) B
JRF & DOTPEBEEDS D 4f 4 M CHFET 2 L0 FERPBR SN, THIEERNICD Yelon 5 OWE E—H LT3 D,
—H. x = 0.125 EHGEHC 8\ T Fig. 2 DR TR L 72 H— 200 6 O D 25 x = 0.5 EEGARL K D R E w» & v ) Ry
Bons, THIHMKEIREOGRICIE 4f 4 P23 K DESENIC Dy ICk > TEIAI NS 2 L 2RRL TV 5,

1.0
500 ; NdDyFe B
300K, 2.41 A 08
400 S=2.00 L
| 4g"large volume" site
300 & 06 —o-Nd 30% deviation
o é [ —- Dy
S 200 3 bogen o )
3 SEI 4f "small volume" site
5] , © [ - Nd
100 | —-Dy ;
0.2}
0 LIS LTI LR TR O RO R R R ) F 46% de\llatlo
-IOOW“NMWWWM [ . ) ) )
L L L L L L .0 0.1 0.2 0.3 0.4 0.5

1
20 40 60 80 100 120 140

Dy concentration
20 (deg.)

Fig. 1 Diffraction profile and Rietveld analysis of x = 0.5 Fig. 2 Dy concentration dependence of site occupancies
sample for two rare earth sites in (Nd;_,Dy,),Fe 4B. Broken lines
' show the uniformly distributed case.

4 B
AWFED—iE, SGHEFHAA DFRELHFHE T D 2 JLRIEREMA LS ESICMM D38 % 21 CTRT I i,
References

1) W. B. Yelon, B. Foley, C. Abache, and H. Oesterreicher: J. Appl. Phys., 60, 2982 (1986).
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Nd-Fe-B ZBEfERIA D kR 20 VR B2 < WX AT

NEFEOR, ZRTHE, SR BRE. REELM, FEeTh, S, InEEsR
(B =RV — AT o . BB e, 3 2 BEhE)
Magnetic domains analysis of Nd-Fe-B sintered magnet using topological defect model
Kanta Ono, Chiharu Mitsumata, Kaoru Iwano, Hiroshi Tsukahara, Masao Yano, Tetsuya Shoji,
Akira Manabe, Akira Kato
(KEK, NIMS, TOYOTA Motor Co.)

Nd-Fe-B R BEREREAT O RS LI TR rTRE 22t 2 2 BT 2 L CHERFETH Y . @SR IR OB
FEINIAK AN DIRRET) A T1 = X LADOFRAN AT K T D & bivbilid®E 2 T\ 5, BERSEA OLRRESI A T
=ALEFZ 2D BT, BEREBEZ O A RE X OFE AL OB & O BNIEZE S TH 508, kK
HRkZ DA RGERARSC, AR C ORERE OEREIZ DWW C BRI EREBIZE T 5 Z ST LUy,

OIvOIVUL 2 fERED X BRBEE 2 W o B BIEIC L 0 . Ak L7 Nd-Fe-B RBER A OBLEE
EITo72[1], X MREEAMEE 2 F O BB ORI & L TR, m WO ZE O RAE T BRI 2B A A — V%
BETE D0, BONTBILI MG DK = RNV X —BE O 20D Z & ENET 5
U5 [2], Nd-Fe-B SRBEARSRE Al OB XAEIE 1 T MR K BR OREE Z L T\ D, ZAVE TIT o T2 BEX O fRbT
TIE., BXIEEREBIOES & ORENOBEBEZ XL X —2RODH T ENTEL, AFRETIE, RAavin
KB DBERIZIED S BEXKFRHNT 2TV, BEREIEA ORBEX A RBAHT 23T A =2 ZHONCT 52 L2 N &
L7,

2 WL DFEBEMERICEN D EEEIT AR e PV RIETH D . .
LR, X A HocEmL o endpoint  branch point
DIARERNTT D= Ll kv K&k (FErvhrFr—) K=-1/2 K=1/2
k OFR2D MARa U HIVRNEE RN LT, BlEShiz hAR e
CANKIEE 2TEFFAEL, K 1LIRTEIIC k=12 D=
RARA > N (BXROKEGR) & k=12 DT T F KA b (B
KOS TREMAT D Z ERgholz, hFRr YL
KBGO CIIB X TEEHOMIIMRGFT D720, ZOET
WEARET D Z LIk 0| KRN OB OB L (=
YRRA IO - TIUFRA L RO 2 XKD D
ZEMTE D, F#HETIX Nd-Fe-B 3 L UNNd,Dy)-Fe-B e i A
DN DN T OFFHTHRE R OFEM 2 HSE 3 5, BErbRA /R O
MR T OBV R GERRRIZ FE S < BT I L 0 | BEKEREE D
ERGERRRC, i ARRIE COBLEE DERIEICEI T A ER G O
HZENEIRFEND,

AWFFEIE, )RHEE IR B STIC L 2 PELAILAEIL  Fig. 1 End point and branch point in
BERSE T RTRIERERET | ORIEAZU TITDIE D magnet. o O Do reb sintered
DTHD,

L Z &N

1) K. Ono et al., IEEE Trans. Mag., 47, 2672 (2011).

2) H. Ohtori et al., J. Appl. Phys. 115, 17A717 (2014).

3) P. M. Chaikin and T. C. Lubensky, Principles of Condensed Matter Physics, Cambridge Univ. Press (2000).
4) 0. Tchernyshyov et al.,Phys. Rev. Lett. 95, 197204 (2005).

5) M. Seul et al., Science 254, 1616 (1991).
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N1IVAXTRXT14v I Zalb—yavickd Nd-Fe-B #EaADibR
EBIE & SANS /INY —> DfRIT

BRI, AR R SGATR N REFIERE 2, REPPTHL AEEMRRER, HERIEIU 2. ECHI 2. IEER 2. NEFRDK
(B2 HF, P AR, 2 2 s B

Analysis of SANS patterns in magnetization reversal process on Nd-Fe-B magnet using micromagnetics
simulation
H. Tsukahara, K. Iwano, N. Inami, C. Mitsumata', M. Yano?, T. Ueno, K. Saito, T. Shoji?>, A. Manabe?, A.

Kato? and K. Ono
(KEK, 'NIMS, *TOYOTA Motor Corporation)

FU I

IKABEANT KD 54 % ERiE ) & K E b2 IR T 2 721213, BRI OMHP AR Th b, bt
HIUF P/ NAEGEL (SANS @ Small Angle Neutron Scattering) FEBRIC X D15 5915 /3L 7 NEB O X 15
WD 5 Nd-Fe-B B DIRREIBEEZTHO 229 2 2 L 2 HINE L THIZEZ1To T 5 .SANS 20 531 7 N
TOWEIX P FHARAEIE O EEHRDE S5 115 DY, SANS 88 — V6350 7 N OWIX S 2 HEE 5 2 & 1X
BTV, ZZTARATIE, vA47u~ 7274y 73 3ab—vavyzHoCGHEL 7 Nd-Fe-B N
HOWALI AT D 6 SANS 88 — v 2Rk, WaANTBOBILAIHE & SANS /8% — v DR % Fi~7-.

HEFE

Landau-Lifshitz-Gilbert /7220 % F\»C Nd-Fe-B Wi Db % M85 %2 2L S8 203 55 L 72 i
HDETIVIE Nd-Fe-B #ifbhi & BREZZERE LCTHER Y, VD TR L. ¥ 22—y a v T
AT NEBDIRAE Z B 2 72 & BB AL S 2 o TR i 2 5T L 72 bbb O R Tl KK
bEOSMENER % IEMEICRO TV S, SANS 88 — v 23T 22 DICIZKERRHNE L 4 2 DT KEK
DA=—a v 2—% %A L7%. Nd-Fe-B (22 TR 1.61 T, KA T 4 7 % A58 8.7 pJ/m
B X ORI TEER 4.3 MI/m3 Z W72, F 7o P HeLIE R IS D ERML AR ISR T 5 SANS /8% —
YU TR 2 HOBTEHRE L % (1]

v 83 |N|? ~ ~ - ~ e
m(q) = 7()%[( 2, + [ M| + [My|? cos® 6 + | M. |* sin® 0 — (M, M} + M, M.)sin 6 cos 9). (1)

22T N, M BHHBHESES L OBILo 7 —) TS TH Y,
VIZROEREET by =29 x 108A~Tm~! TH 5. F7/EEGIL
DFEBFIEED S q ~ (0,sin 0, cos0) L7 5.

BR

TIalb—vaViiR»SEE I NI SANS 8 — 2 % Fig. 1
(a) BE (b) 1239, ZOFHETIE 640° nm® DFZ 5 nm® D
EARA Y2 THEIL, AT v 8 L7 25 nm
D Nd-Fe-B iz 2 700 7RI L 72, IEWRIE TRV DS 7
VDA SANS 8% — VI3 A 2 R T hS, ¢ il
FNC e L 725 A& qy A5 (RET ) i 3.
Z O SRR R a3 B, TR IR TES
N7 SANS % — > EDHBRICOWTHRT 2 TFETH 5.
EiE

AWFFEE, (i) BRARMHREEERE (JST) 1< X 2 PE2A LA ELREL
Bt TR R ) OB EZ T T Thb e b
DTH»H. A—=N—avyEa—¥LIal—yavii, 5Tl
¥ — R (KEK) O KM S 2L — a Vilf%E (e
FH 13/14-08) Ik hirbir.

Fig 1: The Calculated SANS patterns

[1] D. Honecker, C. D. Dewhurst, K. Suzuki, S. Erokhin and
of Nd-Fe-B magnets in (a) randomly

A. Michels, PRB 88 094428 (2013).
( ) magnetized and (b) fully magnetized

state.

— 147 —



3aC -4 38l HAMK PRI (2014)

Nd-Fe-B @A~ O A THIHENNC Kk 5 012 LD 5E IR
MRS, GNEA (IBK, A ¥ 5 —A5 ) v 7 2)

Quantitative explanation of coercivity change in rare-earth added Nd-Fe-B magnets
H. Kato and M. Sagawa* (Yamagata Univ., *Intermetallics)

Nd-Fe-B 4112 Dy 2§ 2 2 L CRIGNDP LA T2 2 L3 ECAIGNT VS, ZOBROMRE L
T, FH NdFesB ONdH A FO—if%, XD RKELFMEKRESEEZHET 2 Dy DWE#AT 22 L TRD
WREAEBR ET 2720, LWHIFANLC RIS, L L (Nd-Dy)FeuB RICE T 2 BRSO
Dy {&#1C X 28I & [1] 12T, Nd-Fe-B $EfGgi411C Dy 2380 L 72 & & OLREE EFE D 15030
ICREWEWHMEND 5, 72, Nd XD HRELFEEKRETEZ D OA BB E L TIE, Dy % Tb Dfil
IZPréEd H 5D, A Dy & To DG ED AR TR AT 2 D0, LWvw) BRI OWTH Ttk
TELALLELHHARZINTORVORERTH 5. 2 2 TAUZETIE, R 2] DGR E T L E
Kronmiiller D3, [3] Z A G 5 2 & T, Nd-Fe-B A ~D A FHIFMIC X 2 REEIZ2I2 DOV TDERM
fEfR % 4T o TSI DWW L, Dy MDA O 576 TR % LR S8 2 Al IC O WGl 5.

— M A O LHA A v R O b DS RBERETEE R Ki(on) 1, AT 4 — 7V AKT o &AMET)
HIDTE, BLOYMEDOFE Y4 X <> ORICIBIT 2. FEE 250I1%, N Offiz kgL L
7= Ki(ion) DFHRMEZ 7R3, Dy™, Tb* @ Ki(ion) 1 Nd>* D 2 f5D K EZ X %2 $ 073, Pt CIIHICKZ iz
EBLTLDOD D, MRS O —BNERR L, WEZ RS E X OCREE T M 4SSl S E
TRDZ AN X —72TH DT, WARDOBACHETHE N 2 FHIROMBICNIGT 5. 2 OfEEIL Hflizk—
B2 b OO G EICIE, SABICR D, ZomiE K 1%, SR Mo & 2T Ha % v
T Ki=MsHa/2 £3ET %, LA L DysFeuB D X 9 7% 7 = U EHAATIE, FRICEEIZE W TIZ Fe £ Dy D€ —
X v b D3 non-collinear 2 fil5l % & ) 35 b 5D, BAMEWSOEBEBKEIC RS, —F, iR E
TlE Fe & Dy DE—X v b DSROPATHE G % MEFF L 72 £ £ collinear 22 RAE TS T IAICAEE T % &\ ) fii{R DS
OO EBbhrot, 7 I TERLIZENEGE K %

H
Ko = Jo ’ (M001 —M g0 )dH

EEF L, RoFesB Hifi b D =il COBKLHNAR & Z DM Z I L %035 Ker Dz WG D 572, Z DFGHE,
TEEATNRT LI IS, K DffIE R OFEFICHK S TIRIFRCMEICAR 2 2 E8bok. —F, 72
A TdH 2 R=Tb, Dy TiF My H3ES LTI LT3 70, GR1IEGERS Hax 1Z, TEE6FID L
I R=NA IZHRT 2/ ERELS RS, 2 2C, Kronmiller D23, He=aHa*-NegMs £EHIF 2 2 L %%
B3 3E, R=Tb,Dy IZEWT 7 = VIMHEAIC > T M BP LT3 2 Lk, HIHLZTTRL, BT
K2 R THE IICEWTD He EFICKRELSFLE LWL I L3005,

[1] D.W. Lim, H. Kato, M. Yamada, G. Kido, and Y. Nakagawa, Phys. Rev. B44 (1991) 10014.
[2] M. Yamada, H. Kato, H. Yamamoto, and Y. Nakagaw Phys. Rev. B38 (1988) 620.
[3] H. Kronmiiller, K.-D. Durst, and M. Sagawa, J. Magn. Magn. Mater. 74 (1988) 291.

single R3" ion R>Fe14B at room temp.
R Ki(ion) (M§;n3) (MI§;§13) %3 H :(”g{Cff/Ms HA((TG;(p)
Pr3* 2.8 37.6 6.60 1.56 8.46 7.5
Nd3** 1.0 11.1 5.35 1.60 6.69 73
Tb3* 2.1 27.7 6.51 0.7 18.6 ~22
Dy3* 2.0 26.1 5.08 0.71 14.3 ~15
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Nd-Fe-B A1 1 D HERMAR 23k b SOsAZ 38 AE R M T 52 2

Boosethr, MO R, PP OIER, fEK HRRIGREE)
Ik FEKER, i AT (A EAFIERT)

Effect of non-magnetic phases in Nd-Fe-B magnets on nucleation of reversed domains
Ryousuke Hori*, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)
Ryutaro Kato, Yoshiyuki Nakazawa (Honda R&D Co., Ltd.)

ER

Nd-Fe-B WA X RAMEN HHEEMBRE CILEA SN TV DA, ZORREIIIE NdoFe B O G PEREFU AT
EICE EE->TEY[1]. ZOWENBH TH D, AWTETITEIOM N ITHET 2 IR (LI, —HAMH L ITES)
(CHEH LA PICAAET D ZHARZ ORI O R A RIETHBICOWT~Y A I/ nv I 2T 4 7 AHGI S
CEHEBEY I 2 L—va VERWTRE L, ZORR. ZEAMOV A XOBD BERAEMREZ NS5 2 &0
LN o7z,
BT ET IV

SHEAMOREEEMA T 5720, Fig LRI AR E T V2B LTz, E7 /W13, NdFe. B fdh (A, A
A L) L ERIEBEMAR (SR, YA XT) NOMASITEY ., 32X32X32 O HERERIIFE SN TWD, fif
HrCidx, y z NSRS L CBIBER R 2 i L, BEIRICKR & 2B 250 L7z, & BIT, NdyFeyB k2 12136
KEFVEDET Lcx bl (ES 3nm) ZRE L, fdHRE TOBKRETIEOIR T 2L RiRE I F T 8%
ZIMKTE D & ITHLE LTz, E7o, fdh D RR ENIIFEREMAL AR 2 B L, A5 ARRLR D D OB RN A Z — b
DT kel L,
T R VB2

FEEY A XL Z 96nm IC[EE L, ZEAY A X T4 0~72 nm (EFES3:0~7%) O TV S & TR ST H. D%
fbzffi~7= (Fig. 2), MO K 1FHLEORERBBERETMEERDEEZRL TS, HIOREND £ H12, H D&k
. T OREICEY 3OOFRITHITHZLIETED, T 10 nm KV/hSnex (Blk, SR & L5 123,
H, VX T IHRAF LRV, T 23 10~40 nm O (DI, BRI & 150 Tik, T ofne & I H B4 5, &6
(2. T7340 nm 282 28I (BAk, ST L K5 T, B EREWSEEZRWT, H N—ELRD,
BT RN T, Figl O OHMRE THBEX A5 A U CREBRRIRIZIEDN Y . B3R & Hy & Ho 3 —F Uiz, —5,
H, 3—7E & 72 28I T, A LICRERKIIHEIMIEICE il H XY= 7 NI X > TRES N, T O
I & 2 Rt R OIS b b 3, Hy 3L LZRWEEEE T OFFTEIL, BERIRD A C 2 5/METE (MR
) LBMRLTALEEBEX TS, A XL 2EXTBEO H OIRDHEWE Figl3 IR LTW5, ik 1 Tix, L O
W2 XD HOEIT/NEW, H, (=H,) OEIT/NSWA, I TR, L OBDICEY H (=H,) BREEMT 25,
L=48 35 X 0" 98nm ([ZF1) B RFTEROKRE SITFEFHFELVOT, ZOETIREROKE SITEKD O TIERL, K
WROBADRSITERT 2D TH D,

P EOFRRIZI=ZEREY A XE/NSL T2 LI0EY H, 2WETEDWEMEEZTRIRT 20D TH D,
B R

[1] S. Sugimoto, J. Jpn. Soc. Powder and Powder Metallurgy 57, 395(2010).

Kyt mj‘us/mﬂ A 1125 Tt
v 3375 e 0 _ 32+ J
m 225 £ L
T ) s 3 1
: E
= 4 \ s 1 Z 2.8¢ B
z \\\‘ 5 |
o] - Y 8
S 1 26/ = 96 nn u b
— .:*‘ PRS- ‘ ] r >:<Kud:2-25 b
20 0 60 24 —_— .
7 om] 0 20 40 60
T/L[%]
Fig.1 Simulation model. Fig.2 Dependence of coercivity H, on size of
non-magnetic phase, 7 Fig.3 Effect of grain size L on coercivity H..

— 149 —



3aC -6 38 AR R AIREEBELE (2014)

JRTE R JE I B B A T N TS B R A
-Nd2F614B /\@ﬁﬁﬁ_

H TSk, AL, Pavel Novak*

CRAE R K ZPe T2AF2E8:,  *Institute of Physics of ASCR)
Crystal field prameters based on Wannier functions: Application to Nd,Fe;4B
Takuya Yoshioka, Hiroki Tsuchiura, Pavel Novak*

(Tohoku University, *Institute of Physics of ASCR)

HE

Nd-Fe-B BEREREAT DRI 2 fifBA 32 1 C, $240 NdyFe 4B ORERININEE 2 AR 72325500 B BH 5 8 Z
TEAVENG L. — 5T, RBEAOFMEIT S 1-0I121F, BFHREFEFERBED L ZARTHSTHY,
A7 ORFTI a2 b=y a Y ORIRICHED Z LD, LN o T, ABFETIIMEN - & imfstE
POHELNTEHERERKBIRD ANe~vA 7 0RFyIalb—ra VBT VEBEL, g AV TR
TFHEZEAT . ZOBRMBDTZOICIE, SA LT DbLOBRE—AL &I U®, NdV A +, FeV A bDJF
PTG )7 1, Nd-Fe f#]36 O Fe-Fe IO ZZHUHBAEH & W\ o 721G A2 56 — R R I D X 3l 9~ 5 2 2L
WD . R TIE, FEHTZICTE SN REEERBBEREZ AW #EFE V%2 VT Nd O iRk
B" & m ik £ CHAIRAICEM L2/ RICO W THIE L, FEBrE Dz ).

HEFE

Fir LR ARG DFERRER RS, FCHEEA A 0 M BLITHFERER L Thbans.
FEmEGEEOLDIXAMEBETOEBICH L2EBMOMTHY, TIULHE B R L HWD Z L2k 0 EREIC
FET D ENHRD. 22 TIEET, B JREE R = — F WIEN2k & H T NdyFe 4B D& IRAEZ AT L,
Af BATE O JRTE IR BB A 2 AWV TR NIV N =7 v Her T 5.

Her = ) B'CT
Lm

2T, CMIEKIET v Y VRS TH D, ZOFETIIRIEREBEEE WD 0RO FiETRE L oo
7o~ 7 40T 4 VERIRIFER BB SN D Z E R LTV D,

L

Nd:FeuB O £ 41 FEEC g ¥4 MBI SiE@BHE Br 0 BB A% 54 FRIORT. AT
%, NdoFeuB 0 K D #AHEHFEIC OV THEL, KRIOICH SN TOD 2R b OWEIC B DR
REIEOBBIZ SV T T 5. 12, IRRICBOTHEIT 5 2 £ ARSI M ATHERE >V i
W%

TABLE: Crystal field parameters

B,’ B, %4 B, B, 4 B,
Nd (f) 1224 K +159K 218K FI01 K 55K
Nd (g) 950 K F691 K -199 K +49K -93K

2% Xk

1) P.Novak, K. Knizek, and J. Kunes: Phys. Rev. B 87,205139 (2013).
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Nd,Fe4,B(100)/a-Fe Sz 1T 5 A DLRHAE S

IR, AR, KBFEsE, EIZEET, LHREER, MEEE
(LER, HAEK)
Negative exchange coupling in Nd,Fe4B(100)/a-Fe interface
D. Ogawa, K. Koike, Y. Mizuno, T. Miyazaki*, Y. Ando” and H. Kato
(Yamagata Univ., Tohoku Univ )

TLC&HIC

Nd,FeB/a-Fe 2}/ 2 RY v ML L, Nd-Fe-B Bifi D K= F VX —FE(BH)max & 1101 2 ARG A D
Ef e L CHIRE SN TV B D, ZOBEREHEIIRIZIEVEICE £ > TWD . E(BH)mex P72 921 hard/soft
FREHORZHIEETER JoDIETHD Z EBRARARTH DN, FH—FRBEEFH TlX NdyFe4B/o-Fe J 1 O & 5 AL
ICkoTiE, ADELEVED L WVWIRE "L H D Z &5, NdyFeBla-Fe S 0 A il & EH Jo & FERE
WCRHHiT 2 Z ERXMETH D, Fex (XLLAT, NdyFeuB(001) / 0-Fe(100)E 7 /LA & 5~ v+ 212 X v /Ei
L, ZORWHEANFMRAIEL YV IETHD Z L 2HmE VL. R TIE, ADKHEAR TS TV
Nd,Fe 4B (100) / a-Fe &7 /L FEREHZ SOV T, FMR BL N~ A 7 1 Kerr SVRHE 21T\, TOMEZE
TR E DHIZ L > THRIT L2 25, lEDIC I DA THDL Z L 2R LIEDOT, TORRERET .

EER A&

7 VR FE NdyFesB(100)/a-Fe  (BAf% NFB/Fe & FES) X, FZ IETHERK L7z /3L 7 B gL NdyFe B 206
K Z 2mm x 1 mm x 250 pm & L72(100)mERZ I 0 L, 20 i URV ARy Z 28 %2 O CBEJE 10 nm
® a-Fe %, FEMIRE 300°C, Ar #7 AJ£ 0.2 Pa, A RF30W ORIPESG TR &2 2 & TERIL7-.
— )5, RHFES % decouple St % 721Z, NdyFe B (100) K & a-Fe J&(10 nm)D 2, FEE 10 nm @ Mo
J& Z4E A L 7= HGUEBHINFB/Mo/Fe) bIERL L 72, & L 2 DO RN FEATHE S L TV A HAITIE, SMTRS
\Z& D o-Fe T— A2 hOKIRBREZBH T2 Z LT, TOMRBNAREICRS. L, 2by Bkl
Nd,Fe ,B(100)ZHK DJE #(250 um)IZ b~ T Fe B DEE (10 nm) D3 &N/ S W o, il OBALHIEIZ L - T
Fe & ORI IR Z T 2 IIXRER PRI ND. £ CTL—F—HORAENBLZE 20~40nm, E— LA
P A X 10 um D~ A 7 7 Kerr ZhRPELEE A VN, FEEE; T ORI 2 FFm L 7.

ERER

LIEET AR EFE NFB/Fe, 36 KOS HEUEE NFB/Mo/Fe Dt Kerr [RIHA 4 O — T
B Ch 5. BIE TIE £92.5k0e, % Tt £ 1 kOe THE(L O F% BN VB [NFB/MorFe]
ENTVD. INOLORKREMITT 5720, ZRFEAOMIC, FRGSEOmMME 2 /\J
BAEWEEZTD AN 2 BETVICEDWALRREDO Y I 2 b —va v & (Tolz. 0 ;
TR, Jom 0 DHAITIE, aFe A AE Y 7 U v TR He=13k0e L7210, zo
NFB/Mo/Fe DEBR L IFIE—ET 5L, —F Jo=—0.65erg/em’® DFAITIE, Hy= §
2.15k0e £ 72V, NFB/Fe DEMEL —HT 5 2 Lnbhoiz. HZ, ZhboRk  § __/

BHZ DWW T, FMR ISR O A AR 2 RIS IE Lz & 25, Juiniiss
Hy (3R AF L CTRBIRICZ(E L, Ji R ME TIiX NFB/Fe @ J5 5% NFB/Mo/Fe (2 b~ ob—L L |
TREVWZ ERDDoT. ZNHOFMBRICONTYH, EREFETAFHREICLD H,
b O S >, Jox DIEEFE L < Jo= =065 erg/cm2 £729 ’ ROZREE Fig.1 Local magnetization process for
(L7025 2 L ANRIRAYICR ST, the.NdZFeMB(lOO) / «-Fe(10nm) and
Egiﬁ Nd,Fe;4B(100)/Mo(10nm)/ « -Fe(10nm)

H (kOe)

interfaces measured by micro-Kerr

ABRGENE IST B AR 7 0 7 5 AOIEE LY TITONE . aaracus,
%W

1) Y. Toga, H. Moriya, H. Tsuchiura, A. Sakuma: J. Phys: Conf. Ser., 266, 012046 (2011)
2) D.Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki, and H. Kato, J. Magn. Soc. Jpn. 36, 5 (2012)
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NdFeysB D it i 5 52 75 VERE 2D i FEAR A7V D BEER AR AHF 58
e A B, AT, e ARIVIE
CEPTD

A theoretical study on the temperature dependence of magnetic crystalline anisotropy constantsin Nd;Fe 4B
R. Sasaki, D. Miura, and A. Sakuma
(Tohoku Univ.)

1 @EL®IC

IA Y DA TEIFIREAL AR E BN K AMATH 2D, @R TIHEHAPE LSBT T2 WO MERH 5. (I I13H
SRR AP R E BT 57280, MM GO ERATEITERE LIS (RIEERTOBBIIKRE<HbE EEZ SN
5. ARIFSEIE, RS GMEER Ky, Ky OIREREEOFEFIE L REREE BT ERNEZFARNL I 2 HNE T 5.

NdyFewB DA EAEENd A AL D A BFAETHEEEZONTVWES D, ZOEXIZEDE, M BEFIEHAED A
F b o OFEETES & SRS 2 I ANFHEIZ & 5 T, NdoFeyB OB 2 HHR U5 2 25 5. AR TS FAEDO
INVh=TUEAY, SEREGEEIHRTEI 22T Q) RAOEHZALVF —%2RkD, 2 ROEAMT XL ¥ —DBE ALK
RE T 5 Z & T Ky, Ky OIREREN 2 KD 7.

H(6)
F() = -kgTInT - 1
(@) kgT In rexp[ T (0]
Ea(d) = Ko + K1 Sin?0 + Ko sin® 0 + Kz sin* @ cosdg + K, sin® 0 + Ks sin® 9 cos4g + - 2

IDLE, HODAAVEIEEZRTHREGNATA—RE, A AV ERFLEA A VORMHEEHORI ZNTA -2 LT, 5
MRIEZHIHT 2 L5ICIN5DEERD. THITNTA—REZE(IED T L TRERFEICGEZ ZHELFNT-.

2 BRBELUEER

112 Ky, K DIRERFEEOEEZRT. MO KRG D T, HRPHEMRETH S, K B U TR ERBRE % i & <
BLTWBEWR5d., ZOMHWZEEEL T X —2 A AL A & X BAEFH O E Hy &, Theth AJ = 515[K/a3],AJ =
—48[K /ag], A2 = —0.06[K /&S], Hm = 364[K] 725 7z (ag: R — 7 H:4%).

21, ERONAITA—=ZDI L, KEMEAEMOEE Hy K00 182 12 LR TH D, M SKHMAERANEL 25 L
Ki BELULETTBZ D05, Bz 2iuE, SiRTO Ky AN 5 2 & R T & 72, NdyFeyB o (001) £ T3,
R NT A =2 A HRESET S 205 HERFHOME D BRI TWED, RECHWTRHHHEEAIHES 2 H%K
M OFEREREAEDETIZHEL TVWAHREMENEZ NS, HREGATA— XL M BTOHO DA AV OfE L BRIZED
TEDDOT, MEPRINEALALA b ZNTNIEIND. LA > THHE, B—FEEHIC X - THERZIEEE T A —
RDMENE-Z 5NN, FEREKEGEERORBEREEICOVWTHEICEARHEREITO I LA TES. HHTIIFELVHETRE
IZDOWTHHHT L2 FETH 5.

4 : : :

-1 ¢k
-2 : : : : : -2 : : : : :
0 50 100 150 200 250 300 0 50 100 150 200 250 300
TIK] TIK]
Fig. 1 The temperature dependence of magnetic crystalline Fig. 2 The temperature dependence of magnetic crystalline
anisotropy constants in Nd,Fe4B (the solid curves are theo- anisotropy constants cal culated using the same parameters as
retical results, the dashed are experimental). Fig.1 except H,=182.
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First-Order-Reversal-Curve | 7E(Z & 5 Nd-Fe-B hi A O R4 3

BN BRI B ORRARE L REREERER L BRI
(' = RV RSO . 2 - MTEHIFSC R
First-Order-Reversal-Curve Measurements of Nd-Fe-B Magnets
Nobuhito Inami', Tetsuro Ueno?, Hiroshi Tsukahara', Ai Hashimoto', Kanta Ono'
('High Energy Accelerator Research Organization (KEK), *National Institute for Materials Science (NIMS))

1. (FLC®IC

RALHRR OBIE L, BRI LCIRRE T T EREMEM B ORI 2 0 2 FEAR 72 — v D—D2Th 5, Rk
HBR DS D I XA B O IR ORISR O B2 A3, KI O BAERSCIRBE S 04 72 E OBGRFHEZ RS 2
EVFEEL VY, Nd-Fe-B @ L 9 el A BFCIX, TFAHBIROBRAEICINZ . FHMOMEERZR EE2mD =
LBREETH D, bivbid, Bia O MM CTOBKIIME/ER ZBH LM L, SREIEEZ RT3 729,
o7 N EEL(SANS), KB~ A 7 Ry S 2 b—3 a3 U R EOFEEARAWNTHI L2 417 - C
V%, First-Order-Reversal-Curve(FORC)IZ, #&aahit A XD o3A7 0 NHEE C ORGSR AAER . ASHAHE
AAERICET 2HREGDL 2 LN TED Y, BIEOHBAMEID FORC T Cli~A 7 vy I 2L — 3
Y EDHIIN AR TH D EDILOILUEE 2 TWD, AIFFETIE, FORC JIEIZ K %D Nd-Fe-B #eAr DFFMEFE
fiztT95 & L bic, v A 7Ry I 2L —3 3 VBLUSANS & DO EZIT-7-,

2.FORCHIEEVZaL—Ya Yy

FORC #li£1%. LakeShore # 7410 VSM (e RFIINEES 1T 3 T, MR Cix 2.4T) M L7, FORC #lliE&

UL & BUFS Hy CHERE L. W5 % IS Hy, & C T 72 He £ COBLIEE M(Hy) 2 RIET 5.

Z 3% FORC HifrD 1 v—7 & U Kk H, %28 % L C#EE® FORC Hifr 2 ET 25 Z £12 L0 M(H,,Hy)

_TMWHatl) g oz - e p g
OHa0Hs

bbb, EBREHDOET, ~A 7R Il —2ar?ZHW-FORCDOI I 2 b — 3 biTol-,

Vo b—va TR BRI A bR L OVR T BEAEF OF L FORC ¥ A 7 277 AOBEIZ DUV THRN

776

HHTIX FORCHIEDFEME . ~A 7 2R I 2 L—3 3 2, SANS EBFE T & O Ic W T3

e INHOFERBIOV I o b— a3 VREREZRANICHNTT 5 Z & T, BiAME OB SRR 2 35

WZFHRD ZENAREE 2 D | SR OWAFFRICENLS>Z E RSN D,

AHFFEO—FRIL, REHFHEAITIRBAERE(ST)IC L 5 PE LIRS BT TE B R s TERER A @

FTREZT TITbNEbDThDH, A—/3—arPa—F I alb— g d, mT R — NS 2o

¥ (KEK) OKRBIT R 2 L— 3 VIFEGEREE 5 13/14-08)IC L W {ThivTz,

DADMFHND, FORC XA T 27T I o (HyHo)l 3 p(Ha, He)=

L Z &N

1) T. Schrefl, T. Shoji, M. Winklhofer, H. Oezelt, M. Yano, and G. Zimanyi: J. Appl. Phys., 111, 07A728 (2012).
2)  N. Inami, Y. Takeichi, C. Mitsumata, K. Iwano, T. Ishikawa, S.-J. Lee, H. Yanagihara, E. Kita, and K. Ono, /[EEE
Trans. Magn., 50, 140304 (2014).
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Nd-Fe-B K+ kDF /B L 2R X 2 RV iz

MR Fdh, B 16, FomimBr, SRR, A I, bk &
(CRAER)
Magnetization reversal of Nd-Fe-B dots by nanosecond pulse fields
K. Kadonosawa, Y. Azuma, N. Kikuchi, R. Goto, S. Okamoto, O. Kitakami
(Tohoku Univ.)

[FLHIC

Nd-Fe-B i fild, ZDRERBERTFNAFT—FEERME L, T—F—HEHEZIILO L L THEARSHT
Ao n<Tnsg., LLann, B0 5 0IIEE ORISR E T IEEED IR L DO 10~20% 212
EEFESTNDEVIHIRERD Y, ZOUENEEN TS, Nd-Fe-B i ORI EABFRIE, s D&
HEEDREE NI TEBEATEITLTNALEBZLNTWS., LOLAERL, ZHVE TOMIE ClIER
DERT A FORFESCEDREDOKRT OB I3 STy, Z0BHE LTE, KEBEZOH O
PRUNRBEIRCTH 2 2 EITMATEORE S R, B O ZRIEICB W TR L2BK D
HPBEIND LN ZENET NG, I T, HaILT BEEKO SV AR A O TR O R E %
MHld 5z LT, KA MBI AEREED Z LA BRIT LI L. ZRETIS,  RELIA 1k0e
FREE & LLl )/ S 72 ColPt Z /&M R > b O R O RE O T ORHNIZIEREI L TV [1], R D E HIC
K& 72 Nd-Fe-B HERIZX I T D72 OIZ SV ARAROW B EEIT > CTE72[2]. AL TIE, Nd-Fe-B #f%
EEIZ Ry MRIDINLZL, ~A4 7 2 aA vEHON T VRS ZHIN LB OB S W T OMRAEZRAD.

ERFEBLIUHER
Nd-Fe-B 7%, MgO(100)EM FIZ3TEDC~ 7 % b A8y 2 ) U 7L > TRl L7, BEOERIE
MgO sub./Mo(30 nm)/Nd-Fe-B(50 nm)/Mo(10 nm) C& %. Nd-Fe-B J&d - B
IR L 1E 500°C Th 5. X MRIEHTOFER, Nd-Fe-B &I ¢ m MR
Bl L= Th D 2 BNy hotl-. ZOWEL, 74+ N V75
T4 —E AT NCE Dy TF T ERHOTEZAIMOME Ry k
W2 L7z, Fig. 1@ BB (AFM) & %, Fig.1 (b)Icies T
BEE (MFM) §% 2 Ziurd . MFEM B OB - I 144,
Ehid LIgWIREETIT 72, By MR 2~300 nm B2 ORBLXIZ 4y
DILTW DA, RO M & IFHBR 225G R ST, EEOR7
LHTHEEERL TNWDHDEEILND. o, &% OBEXITE
BERE CHFE L TR, MLIZL DX A —VORBIT/NEI NI EHUR
M X7z, I LA IR FREOBZE 2 LR R o722 i, Si
FREIER L7 Ry b7 LA TITo 72 B Hall R RIED S bk
LTS, HHIEE, SAVRABGRMAO~A 7 eaf VOEEL,
2V ARESZZ KD Nd-Fe-B K~ hOBLEENZOWTHHET S T
ETHD.

rrrrrr

BEE  AWFIEO T, SCERMEE ORFEHE TH 5 v RIS REVER
BHIFZEHL S 3 KOS R 2 B A e 84 B4 (No. 24360261) 12 &
DTN,

i%irﬁk 95.33 [des 38.30
Fig. 1 (a) AFM and (b) MFM
1) N. Kikuchi et al, J. Appl. Phys. 109, 07B904 (2011) images of Nd-Fe-B dot of 3 pm

2) MR, %370 HABKFSFMREES  3pD-13 (2011) in diameter
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HARIREE Y Nd-Fe-B FBIE A1 3 s

A - B OB - KATFE -« TARIEM - filSF SR - FRgEE T
(g, "HOREEKR, TILEK)
Influence of Substrate Temperature on the Structure of Nd-Fe-B Alloy Thin Film
Ataru Suzuki, Youhei Noguchi, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino~, and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts,” Yamagata Univ.)

[FLHIZ NdFeuB A4 L (BH)max 236D T i\ ik (a-1)
MBI CH Y, ZOHERII~ A 7 a0t —Z < MEMS
I EADISHIZET THFES LTV D, TIVET,
BT AW, ERERCEMERBIEREZ H VT
Nd,Fe;sB RN S, #EECBIKUFEDN IR D
TS 7, RS I TR | & 0 Uk s
ENDHTENEZOND. AWFFETIL, HAESH R
ko~ o2 X vy LRSS Fe THE B
IR EE 228 2 72 544 C Nd-Fe-B A TR L, HARiE
FE DB IEAE 1S 1 BT B A RS~

SEEBAE  REEEDF DOBBIEIN TR R S
#H-EHT (RHEED) #&fEff& OB&EEZE RF v 7%
fwa 28y 2 o 7B EZWT, BB ZTT- o) 0)
7=, BifE S E & LT MgO(001) & vy, o 112 20 (c-1) 004 (c-2) 004
nm JE0 Fe(001) FHUBATERL L7=. FHUE ic 2R © o0 o o0 ©
A5 600 °C O —EHMIRET, 20 nmEDO Nd-Fe-B  |[© 500 © 002 © 22 © T2 o 12
BEGR LIz, §#—7y b LTHE 3 A F0 Sy © gy © © ¢ o ©
NdyFegBg (at. %) Aax Y, Z—47 v b —HpH o ¢} ¢}
FEHfEA 150 mm, Ar 7 A+ % 0.67 Pa, RF &) % 40 W

L7 ook, SUESHE L 0.02 nmis Thh o7 . Fig. 1 [(a), (b)] RHEED patterns observed for Nd-Fe-B films

iy N~ - deposited on Fe(001) underlayers at (a) 400 and (b) 600 °C. (c)
HERFAlC 1S RHEED 35 JOYXRD 2 7z Schematic diagrams of RHEED patterns simulated for an

; N N(b) |~ N Ve tetragonal Nd-Fe-B(001) crystal. The incident electron beam is
%@ g(l)% %g)f?é %\(ﬁ)fl: ’I\Id%-lj/be- g%@%ﬁ{EEﬁ; parallel to [(a-1), (b-1)] Fe[110] (|| MgO[100]), [(a-2), (b-2)] Fe[100]
A B, 400 °C OHIE, ~m—lk < (l MgO[110]), (c-1) Nd-Fe-B[100], or (c-2) Nd-Fe-B[110].
A —UPBIESNTRY, TELT 7 AMEEEZFEO
ERTERL SV TWAD Z LR TE 5. AR E % MgO(002)
600 °C £ T LA IED L, FEAREHT/Z— 038l
BEINTWA., ZOZEnD, by
AXT X NVERER SN TNDZ BN 5D. (a-1) ¥
RHEED T & 0 #d 5 7Ef% % Nd-Fe-B(001)[100]
| Fe(001)[110] & 7€ L 7=. Fig. 2 {Z 400 33 X 0¥ 600 °C
TR LTEED NG X ONESN XRD /35— & Z i
ZhRT. 400 °C THRRR L7-fEicxt LCiE, 7EL
7 7 AEE AR o T D72, Nd-Fe-B ffhn 6D
XRD 2R T& Aedroi=. —J, 600 °C TR
L7ZBED A8 2 — 2B 0Tk, Mg0(002),
Fe(002) S5/ %, Nd-Fe-B(004) S 5 A3 AR I B SR &
NTWD. Fiz, HN/ X — 280 T, MgO(200),

O

Fe(002) MgO(004)

Nd-Fe-B(004)
(b-1)p 2

Nd-Fe-B(008)
4

MgO(200) MgO(400)

Fe(110)
A o || Fe@0)
(a2) | AN

Fe(110) s i %, Nd-Fe-B(400) S i 23388 H i, S Wl
RHEED (Z & Y P& L= i R A HeB T & 5.

2% XHR 1) T. Okumoto, K. Yamasawa, X. Liu, M. (b-2) jl‘lﬁkNd'Fe'B(“OO) f g
Mastumoto, and A. Morisako: IEEE Trans. Magn., 41, 3139 * e

Intensity (arb. unit)

IR U A (TN NN N MU N
(2005). 2) M. Nakano, H. Takeda, T. Yanai, M. ltakura, F.

‘Yamashita, and H. Fukunaga: J. Phys.: Conf. Ser., 200, 082021 2030 40 5_0 60 70 80 90 100 110
(2010). 3) D. Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Diffraction angle, 26 or 26y (deg.)

Ando, T. Mlyazakl, and H. KatO J. Magn. Soc. Jpn, 36, 5 Fig. 2 [(a-1), (b-1)] Out-of-plane and [(a-2), (b-2)] in-plane XRD
(2012). 4) T. Sato, H. Kato, T. Shima, T. K. Takahashi, and K. patterns of Nd-Fe-B films deposited on Fe(001) underlayers at (a)
Hono: J. Magn. Magn. Mater., 323, 163 (2011). 400 and (b) 600 °C.
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(001) BG4 fm MHIUE EICH T D
T X % v L Nd-Fe-B &-&E DI

B OB« K « RATHE « ARIERR - HEF ST - fRiEfEaE"
(PR, THEEEKR, TIEKR)
Preparation of Nd-Fe-B Alloy Epitaxial Thin Films on (001) Single-Crystal Metal Underlayers
Youhei Noguchi, Ataru Suzuki, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino”, and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

FC®HIC

Nd,Fe;B &1, BIFE, B BH)nx DEWEEMEMEITH Y, ZOEEITZ~ A 7 ntrh—~v A

J mE— 57 EAOIEAICIT TR ST . BBUERRHEZ R 5 720l 1%, B s i

FAMIZ X0 SN v VEEHWDE Z EDRETHD.

INET, =X FT v/l Nd-Fe-B I

DFGRERARA I, BEREER RO TN ™, =4 & o v LR T T B EHT L - T2k

THZEMBZLND., AR TIE, FRERRSEMHETT,
bece & L < 13 fee i iE & Ff-Off 4 D (001) ikl db g T =
2 Nd-Fe-B &Rk L, #EEMT 21T - 7-.

EBAE BIERKICIE, KHEHEE YT (RHEED) #
EfMfEOBEEZ RF v/ b Ay ) o 7iEE
W=, HRRE LT MgOo(001) % vy, Z0 klc~F 1
TR ARESHESLZLITLEY bee b L <L 1T feo i
12 FFO(001) B dh T HiE (Cr, Fe, Au, 72&) ZRK
L7-. THiE B2 EAREE 600 °C T 20 nm JE® Nd-Fe-B
ek L. =47 v b LT, EE 3 ST D
Ndy,FegBg (at. %) &4z VY, ¥ —747 v b — ARk
% 150 mm, Ar # A[£% 0.67Pa, RF&E 1% 40W & L7=.
Tk x, BIEGHEE T 0.02nmls Tho7-. REEFENICIE
RHEED # LT XRD # A 7-.

EEREE  Fig. 1(B L D)IC, #NZFHh, bee-Cr(001)F
& Utbee-Fe(001) THLEE IZTZ Ak L 72 Nd-Fe-B 2> RHEED
INH— Y. Cr FHUE IR L7 ot LT,
Vo ZROET N2 — U BBEINTEY, ZR5EER
RSN TWD Z LR nd. —J, Fe THE LIZERK
L7elioxt Uik, BRI ZR R 2o a4 S & — o D352
ENTEY, ERATEX XY /LRELTND I L2y
%, RHEED M7 HIRE L7z = & & % o )L AL EAGR
IFLL T DY TH L.

Nd-Fe-B(001)[100] || Fe(001)[L10]

(001)#&7-7% Fe FHUEIZ%F L C 45 FE[Alis L 7= B4R C,
LGS Nd-Fe-B MR SN TS Z L 30D, Fig. 2
WA KON XRD N % — &R d. 22T, mioN
H— 0%, BELZ R LAY MgO[100] (|| Fe[1101540) &
WATIC e B KO ICHEEIT> T D. Cr FHIJE FICH AL
L7 Micxt LCiE, 2455 Nd-Fe-B f5)s b D E D K &t
EHERTE 5. —7F, Fe THUE LT LI LT
%, MAh % — 2T Nd-Fe-B(004)S A3, N/ SH —
C Nd-Fe-B(400) I 3Bl 41T Y, RHEED fi#fTic &
DIRE LT B2 R TE 5. Y AL, foc(001)HikE
s EICTERR L 72 Nd-Fe-B DR FIC >\ T b s
D.

ZECHk 1) U. Hannemann, S. Fahler, V. Neu, B. Holzapfel, and
L. Schultz: Appl. Phys. Lett., 82, 3710 (2003). 2) A. R. Kwon, V. Neu,
L. Schultz, and S. Fahler: J. Appl. Phys., 101, 09K506 (2007). 3) T.
Sato, H. Kato, T. Shima, Y. K. Takahashi, and K. Hono: J. Magn.
Magn. Mater., 323, 163 (2011). 4) D. Ogawa, K. Koike, S. Mizukami,
M. Oogane, Y. Ando, T. Miyazaki, and H. Kato: J. Magn. Soc. Jpn.,
36,5 (2012).
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Fig. 1 RHEED patterns observed for Nd-Fe-B films
deposited on (a) Cr(100) and (b) Fe(100) underlayers at 600 °C.
(c) Schematic diagram of RHEED pattern simulated for an
Nd-Fe-B(001) single-crystal. The incident electron beam is
parallel to (a) Cr[110], (b) Fe[110], or (c) Nd-Fe-B[100].

Nd-Fe-B(004
b-1) ‘{

Intensity (arb. unit)
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26 (deg.)
. MgO(200)
E
i<l
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5
k=
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20y (deg.)
Fig. 2 [(a-1), (b-1)] Out-of-plane and [(a-2), (b-2)]

in-plane  XRD patterns measured for Nd-Fe-B films
deposited on Cr(001) and Fe(001) underlayers at 600 °C.
The scattering vector of in-plane XRD is parallel to
MgO[100]. The intensity is shown in a logarithmic scale.
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B T L7z NdyFe B DR 1 DI EEFR IR

e & &1 WA
(5 H SRR ERT)
Temperature coefficient of coercivity of Nd,Fe 4B film improved by covering metal layer
T. Sato and Y. Kaneko
(Toyota Central R&D Labs., Inc.)

[FL&HIZ

AT Yy RE(HV) « FBREEH(EV)T— X D Nd-Fe-B A1, MEWEZERT D201 A 71
7 ADy)RMERH S TWD, Lzl #id ek Th D Dy Off FHEOIKKA 58 < Bk S, v E Tk
TAERL RS E 7 LI K 0 R &) S 5 Dy (BB ARG ST D, ARIFFETIE, Nd-Fe-B R A
DINBWEZ W E ST D FELE L CTRIED OIRERFENICE B Lz, Nd-Fe-B RA IXIEE ERIZEEWRRE /123
W+ 27280, R DIREEZAL Z Jfil T AU BV D [ LS FIRE S B 2 Hiv b,

RIS DIREZALOER O 1 D%, I EFIC KD NdyFe,B A& 0B IGHEHAOWD Vb, TDR)y
PEBER DR TdH 5 NdoFesB Ol k& HILIEEZELIC K » TEWET % 2, D7, Nd,Fe,B O futs+
W T 5 Z & CRFMMAOREZELZIEITE D[RR H 5, ARWFFETIX, NdyFe 4B il fnts 1 DR
BEDIMHNC X 2 BT MR OIE LA O Z 4% L T, NdFe,B A MIZIERO R 5 4B IE THE LT
Bt DU OIRFELRE & it LTz,

EBRAE

AEHE, BEEZE Ry 2 EEFEEZEE 5X 10 ® Pa LLF)IC TR L, BERERIE MgO(100) HEf: i et/ Ta
10 nm/ Nd;,Feg;B; 100 nm/ #%78/@ X 100 nm & L 7=, Nd-Fe-B J& DRIEREZIE 650°C D FMUMENZ 1TV, W 7B =
XX SOCLL I AN L 721412 Nd-Fe-B J& FICEE L7z, 1EHL L 7= Nd-Fe-B J& O Hil LA OMIEER %2 FFo
Nd;Fe BAHD c I TH D12, ZDOWERE X ([TITIEDRIEERZEF> Mo, Ta, Cr, Cu. Al % A\ TEY
DA Z [ > Ty BERFFEDFEMIZIL, SQUID BEHGEH(F KFVINEEYS 50 kOe). VSM(# KFEIINEES 18 kOe)s
K ORES bV 7 G2 W Te, F 7o A ERRATIZ XRD(Cu Ko, Atk O f#HT 1L STEM/EDX 12 CTIT - 72,

EERER
B O EIR TOREININT N B HI8kOe T - 7=, EiE O CITEE X I L W EREN R 6,
Fig.1 12, #0788 X IZHW =& B OMIZERIT T 2 R OREREE =T, MIFERED/NS W Mo O%E
WZIE. REREIE—0.43 %/ CTh - 1278, BlEER OB

)

L2 —030%/ CEx T L L, ZoOWESEICX HEE cE -0.2 ' '
RIOLEAIT, WFBIE X OBIEROMINC £ Y Nd,Fe, B S
MR T OMEN L VRS RoToTod L HEEIND, £ -0.3F Cue i
SRWHIC LY RBAORERBPZL L2 HRE s K AI®
INET BT, 200CTORIMERROFL1T -7, Wi B T/ ®Cr
FREAOBRIVN S Mo THE 22 k0e Thh o728, S § 0.4+ Mo .
5372 Cu TIE30k0e &9 15 [50fEZ R L REED DR R
ERHA~OBREBOMENER OB Rom b B gl o o 0 L1
BET 5 = L ibioT, ¥ 0 10 20
LLED L 9512, NdoFey B il fibiic BUSIE = Ok 2\ 4R WELE-EEDHMIEEE (10°/K)
ERWIET D 2 & CRBE) OISR O LR S 472, Fig.1 Nd-Fe-B/X(= Mo, Ta, Cr, Cu, ADE O #58
2D IN Liz&0E X ORIZIERQ2TCIZEBIT DI

% 5 VB R A K D
1) S.Hirosawa et al., J. Appl. Phys., 59, 873(1986). RIS 2 GRS DRI D ZAE.
2) A.V.Andreev et al., Sov. Phys. Solid State, 2T, 987 (1985).
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Nd-Fe-B A7 D VER T X ORI

IS0, EMTE, BN
(fEMRE)
Fabrication and magnetic propertics of Nd-Fe-B thin films
Chuang Ma, Siyuan Wang, Xiaoxi Liu
(Shinshu University)

[FLHIC

Nd,Fe B b &¥% 40 & 95 Nd-Fe-B Be A 138k A Tpkisy & L, LIS & ICAET 24 SR THh 5 Nd
EER B AT 5 Z LI X o TEOMORA XV REEIDRKE | li&HIZH A U > b33 5, Nd-Fe-B
WA IR R L T, A E N m < FERITHWE I A FF o720, A 7V v NABHEOB R BB HE
HOE—XE2HD LT HE TN —H72 EIfEbn T 5, ABFFECrE, FTHIBIZ W/Ti Z @iz HW T
Nd-Fe-B {#ilE a4 ERL L, ZORKFHE, fmEEOF M A2 1T - 72,
ERAE

IR AT I3t 2 — 7y bRy Z U o THEE L DC v 73 hr o ANy 2 v JAEE A Tz,
ARy A REOBEZERIFEEJ)IE 2.0X 10 Torr AT & Uiz, ARy ZEED Ar HAJE% 1.2 mTorr~2.0 mTorr
TO0.2mlTorr T OZ{bLSH 5, W/Nd-Fe-B/W/Ti DA £ LU = (Si0,/S1) otk BIC/ERI L 7=, TH
JETE R D FEARELEE A 300 CIZF%E L. Ti & EJE 5 nm TIEAE W A TRE 20 nm TR L 7=, BalE g o Nd-Fe-B
Z MR E T,=100 C~400 CT 100 CT 2%k SRR 50 nm TR L7z, BREB LR & LT W & IE/E 20 nm
THERL LU 72, MIE R I B R BLEREE & 4 FHU N T 800 °C T 5 M ZE hBVILER 2 fili L. Z DO OE|EE S
1Z1.6X10° Torr AR & L7,

EZEEVLEL 2 Bt U 723k 2 R BN SRR 71 5 (VM) CTHIRM LA LU e A7 U v A —712 X D B
PEZRIE LTz, ZORFORKANBIGIE 24 kOe & L7, X BREIPTEEE (XRD) Z F 723080 # sl i 18 O fig AT
i1 o7,

ERiEE

Fig. 1 \ZHMINEAE 400 °C T, Nd-Fe-B JE% 25 nm & 50 nm & AU L 7= W/Nd-Fe-B/W/Ti PUJEfE @
M-H V— 7%t BEZBEISES L, BEN 25 nm ORBIOWMBA LR TIIE = 79N A b
723, 50 nm OB TITR bAeinoTo, Fig 2 IZBEEZ 50 nm & L, A3y ZIRE% 100 C, 200 ‘CTIE
BLUZEED M V—T 2R d, 2O DOFEBRD S IIBEBOBEN —E T, ANy XBEZEILIED &,
BE O EFIZE - CTHRE S M ORB IR CE & 72> 7223, mWN TR ORI N3 5, FEBEE O
FFIC K o THRESEEC A METE L=, 400 CHFUET 50 nm ZREME L= 3 mEM KR T2 A LTS Z L
MITIND,

600 600 . . . . 800 . . T T 600

1
0ol (a) N 400 (b) //,«M Zgz (a) " 4001 (b) o / )
2001 /'/ 7”‘” Cha ’ /}L// F 200 / / 137 / ﬁ .
0 ; E o 0 7 7
S = 200 y/ 1 % 200} é// 4 )
400} e | [ Vi |

IM(a.u.)
M (a.u)

-400F -600 ]?J‘T?% 400
. s . - 3 ] boml.... 600
60930 20 - - - - 80(-)30 -20 -10 0 10 20 30 =30 20 -
H (kOe)
Fig. 1 Hysteresis loop of Nd-Fe-B Film Fig. 2 Hysteresis loop of Nd-Fe-B Film prepared of
with thickness of (a) 25 nm, (b) 50 nm substrate temperature of (a) T.= 100 °C, (b) T.= 200 C

— 158 —



3pC-5 38l HAMK FR IR (2014)
Nd,Fe 4;B/M (M = Nd, Mo)/Fe D REKFFEIZ 5 2 5 H & 2h 3R

O/ RO, IR, kB ERE | EWEE , LRERER Y, R
(HERZE, PHIERS)
Effect of interlayer on magnetic properties of Nd,Fe 4B/M(M = Nd, Mo)/Fe thin films
“K. Koike', Y.Ohira', D. Ogawal, T. Miyazakiz, Y. Andoz, and H. Kato'
('Yamagata Univ., “Tohoku Univ.)

FCHIC
REBRRRTEINF—FEBH)mx &b H, HOVT AZNT ) —Win 2 BT Dmie L TR 2

Ry PRI LA ARG URRBRENTWS. L LIDF  a v RYy MEAPIERRIO R 4 A%
AR B Z TR RIT DT CTh o7z, TR Z ORI A S ATREZR FHE L FEER & LT NdoFeuB e & 829
% Fe D AL VELESHEA IS K o TR D\ NAKEEZ 72 2 & B3 RE ST 5P Pl —J5 NdyFe,B
HLJE O (BH)max % 8 2. %5 NdyFe 4B/Ta/Fe-Co FEEIEMFR S 41, &V He & (BH)max P IFIRFFEBLIZIE Ta J§ OEA
MUATHD EMESNTWAY, 22 TAIZETIE, Bfsd Mo(111) FHUE L~ E S5 ¢ i
Nd,Fe B J& & Fe J8 DOFIZH nm @ M(M =Nd, Mo)F g EZHfHA L, ZOBKFHEICE X 2B % RatT 5.

REBAHE

UHV [RIEER 2R & % VT ALO; (0001) M -~ Mo(20 nm)/Nd-Fe-B (trp = 40 nm)/M (t,,= 1 nm)/Fe (5
nm )/Mo(10 nm) D ERERL T, FRIEO M tE %2 Nd B LU Mo & L7zt 2 /ERL L 7. Mo & & Nd-Fe-B /&,
B NI N JBOD Ar W AL %4 %0.07Pa & 0.2Pa, 0.065Pa & L7=. Mo (111) F#ifE EIZ 600°C T Nd,Fe 4B
JEEE S %, REETHHALCHREE, FeBOIETHEEHR L, KEICHR#ER S LT Mo B A2 YR
L7z, BRI VSM, SQUID % W CHIE L7z, #kdniis & Blrhlikig 7 © QNI i & 1L XRD B8 LY
TEM Cilffi L7=. F£72, AFM B X 'SEM TR EFELZFHE L, k% EDS THodr L7z,

WwER

Fig.1 O H#R7> 5 Nd-Fe-B HUB D @0 ¢ BhEC AR AE 2 SOk = 800 F
LA e L Ca5Y, 20 Nd-FeB i~ Fe Ji A ML 3
7= Nd-Fe-B/Fe D fTERCTE I M,, £ 7241 H, DEIX § 600 @
Nd-Fe-BIEDEL Y IR TFLTCWDHZ &R h5. —J, MoB Xk £ 400 |
U Nd P18 2 A L723RBHZ D0 T 12 k0e TOREMAE RS &, §
Mo [ % 5 DI e~ T Nd FRIE 2 B oA BBEOM® LY § 200 (c) -
LRI CH Y, Hel iEPF'ﬁJE%ﬁOﬁH%k LHBMOMLE ) b Rx S (b)
<, I Mo BRI MBI OMICIZIERIE LT\ 5 2 L2350 0 T
. ZOXHIZ 1nm @%b@%ﬂ%f&;af%fc%@ﬁb%i, 4 0 4 3 12
Nd-Fe-B/M/Fe R DR FGFIEICEBEE 52 52 LA LN E 72 Magnetic field H (kOe)
7o A TIE Z ORI O W TR EBE L S DET B L7 Fig.l Demagnetization curves for (a)Nd-Fe-B,
HERLEDLETHETATETHS. (b)Nd-Fe-B/Fe, (¢) Nd-Fe-B/Mo/Fe, and (d)

Nd-Fe-B/Nd/Fe thin films.

ARFFED—ERIL IST PEZILAIILRE AR I 7 1 7T 2 OV SUZUKI M 0 348 2 5% 1) 7=

2% Uk

1) R.Skomski and J.M.D. Coey. Phys. Rev. B 48,1993, 15812.

2) Y.Toga, H. Moriya, H. Tsuchiura, A. Sakuma, J. Phys: Conf. Ser., 266, 2011, 012046.

3) D.Ogawa, K. Koike, S. Mizukami, M. Oogane, Y. Ando, T. Miyazaki and H. Kato, J. Mag. Soc. Jpn., 36,2012, 5.
4)  W.B. Cui, Y-K. Takahashi, and K. Hono, Adv. Mater. 2012 doi: 10.1002/adma.201202328.
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Nd-Fe-B # [ 3 X O Nd-Fe-B/Nd 78[5 0D R & kG P

BAEFER, PN, Fguhfhis, db k&
RAERY: Z e E R SRR
Magnetic viscosity measurements of Nd-Fe-B and Nd-Fe-B/Nd thin films
R. Goto, S. Okamoto, N. Kikuchi, and O. Kitakami
(IMRAM, Tohoku Univ.)

HE
Nd-Fe-B SRBERHEA 1L, Dy FOADREA LHFTREZWML, RN Z2RDH 2 LT, WEWEZ @D,
A7V F‘E@JE& EOBEMT— 5 =G EN TS, B RO UINERT & mOBREE 2 RIS

FEHS 5 72DI2iE, Nd-Fe-B +ﬁzﬁ®ﬁﬂfh)§$xé§b@@ﬁm RAIR T L. AIREE FICBIT 2R
BRI T 0 2SR, T ONERHERE RO D /8T A= PN 3L X —[EEE (Ey(H) THDH. TRLF—E
BET, BEBOBIRA-(HH)) & LThE 2 b, TONFEKnIT—FEERCIBVT 2, WEEE = 7 (weak
pinning) IZBWT, 1 LR ZENHMONTND. 2T, HlIBUE O EDREN L WEA ORI TH 5.
L7z’ oC, ERMFE D =% )L X —[RHE D BT & EBRAVICFHI © AU, B ic T 2\ m
ANESNLHOLEHHE LTV, KAFFETIE, Nd-Fe-B RMEDBARMERIEN SIS B (H) &Ko,
T, RS OREBURITIE & OEIZ XV E, OBEIRICET 258524772,

ERAE

¢ i 73 FAR i 17 [ IS EL A L 72 Nd-Fe-B #IRIE, BmEZE~ 7 ) b1 o ARy Z 44 E % F T Mg(001) BLfE
Aa A B /ER U 72, Nd-Fe-B 7L, 3 eRIBFA Sy & U 72 X 0 /ERL L, 3% EHMARIE Ndio sFess 4Bo 1 (at%)
L L, ABo#EEIZ, MgO sub./Mo(30)/ Nd(0.25)/Nd-Fe-B(50)/(Nd(tng))/Mo(10) (HfZ : nm) & L7=. tyg i Nd
JEDIEE T, tag=0 (Nd-Fe-B 7#%) F7-1% 1nm (Nd-Fe-B/Nd #i5) & L7-. WAL R 5 R — 1%
RIZE0ITV, BESGICBT 2 ME TR 2 22 I ST 57280, 4T THEB L%, FIE DR T 3600
RS ickviTorz.

SEERHER

Nd-Fe-B(/Nd)# L, & bizEmWAaRIMEEZ R L, BRIEDIL, thg=0mM B I D tyg=1nm TENEIL 05T B
FO10T THo7o. Nd-Fe-B B OREKHEMHERIER R OB % Fig. LIZ/R T, BEEKHMEIFROME X L0,
Hizsko7= Ve 24, R 7mT BEThH-7-. BRIV D MIM=0 &

030 .
DREING, H ORI Z BT, ZheBdED T OMITATH S I
Sharrock £ /L 2% W27 4 v T 4 Y 7R E BT H Z LT, E, 010
DREBHATECI 1 5 F R0 DA LT, ZOFRR, ty=0nm<T T
%, n =1.2i3'_28, tng=1nm TiX, n=1. 2+g§g Lot~ ZoOZ &L, Nd# -{:71(.) HH=050T
BOAMIZL Y BEEMIZEEM L RN E&RLTED, NdBEORRE, o oes
RGN DR LTHE T, e A R ILRER OB T 2 wRetE 2R 0 5 10
. Int
BT LLDTHD. Fig.1 An example of magnetic
viscosity measurements for a
5% R Nd-Fe-B film.

1) El-Hilo et al., J. Magn. Magn. Mater. 248 (2002) 360.
2) M. P. Sharrock, IEEE Trans. Magn. 26 (1990) 193.

AT DO —EIL, TR FE OEFLEHE TH 5 o BEIEHEER BT IS K OSCE R A B2 e 2 il
B4 (No. 24360261) 12Xk v iThii-.

— 160 —



3aD - 1 %538l H ARG (2014)
NCMR trilayer &1 % V7o B v 645 C O & B I8 4R

PRI WG BAR=ETR, Al-Mahdawi Muftah, /4B H]
CRAERZERZEBE T2 FER
High frequency oscillation with NCMR trilayer device at zero field
Y. Toda, Y. Shiokawa, K. Sakamoto, M. Al-Mahdawi and M. Sahashi
(Department of Electronic Engineering, Tohoku Universiity, Sendai, Japan)

XL ®HIZ

AV AR E AWK ZBIRICK T 5~ A 7 n R IRBEF DN IIFEER ST, ZOFRERIE MYk
YHBEEFEORENH Y T v T OEREE 72 EAFICHP IR S TW b, FaiO#HE Tk, ERALIC
1B B BES F 72 IS COR R RBIENLETH D Z LD, CPP-GMR O trilayer (Z31F 2 KBS TO &
R RBERRE SN TND D, Fex X, FepsCops-AlO, NOL HIZHMBENE A Z L F /) a4 7 N afaT
Nano-contacts Magnetoresistance (NCMR)% VY, MR 28 13 % & HFE D K& <2V HEH 5T, Vortex £— K
FEIRIZ BV TEAEDE 3.8MHz TRt /) 0.3 pW OFIRDG HALTZDIL, 58T 2 252 7 ML 2872 E
EZTWD Y, AHFFETIE. NCMR-Trilayer 225 il 5 %R -2 /ERL L, KRS & OVE v féd; © o> 10 GHz LL L
OEEFERIEZBNGT 2 Z LR TEOT, ZOREIZONTHRET 2,

RBRAE
HEFURF O A% 513 under-layer/Fe sCoy s(5Snm)/AlOx-NOL/Fe, sCo s(Snm)/capping-layer, 3141 X1 120X
240 nm* DFEH 7 —T, underlayer £ TI U 7 LB T —IBIkE oo TS, ~A 7 o I HIE LRI E
0.1~26.5GHz D A7 T L7 F 7 A ¥ & PO THEFTEG 12 mA, #4355 %-1000~1000 Oe D HiFH T 20 Oe
Z A CHIIN S8 CTHIE L=,

ERER

0 Oe CIXJEHAL 13.3 GHz, 1l 128.2 MHz, Fili4r 71 0.26 nW OF&4E, 220 Oe CT/AHEL 15.7 GHz, 1
i 10.2 MHz, #5477 0.10 nW O %4HE 2 8Ll L 7= (Fig.1), Fig.2 [2 Bl 7 1+220 Oe DAL 2 FIIN L 72 B
DEIMKATNEE T (Fig.2). 10.8 mA TJEHEHL 14.8 GHz g 27.4 MHz, 9 1.0 nW D55 71 DR AR A B
i, ZOFRRITEA R—AREGIINA, BEEET ) a2 7 M X B aHR O EELZ T T D
bOEEZHLND,

BEE AW D —EIIRIBEE SCOPE(000212629) DBk %25 1= 6 D TH 5,

8 0 [Oel Applied field: 220 [Oe]| 351
— 7. Power=0.26 [nW] Af=128.2 [MHz] f=13.3[GHz] 1.09 0p — Integrated Power
T 220 [Oe] J T —a— Linewidth 1300
g 6 Power=0.10 [nW] Af=10.2 [MHz] f=15.7[GHz] ’E‘ 0.8 / \
E 220 [Oe] = o % 1250 W
= 57 8 / ] =
g ,] £ 06 /D ! {200 &
E 3 4 i EbDD 150 8
7 Q 1 =
E s 0 [Oe] 5 04 A s/ % E
5 2 2 . \A\ j B 100 §
= = 21 A/ A A Aady
wn N A\ | A,DA“A,“ ,“A““A * qﬂﬂ% o0
0 A T T . 0.0 T T T T 0
12 13 14 15 16 17 6 8 10 12 14 16
Frequency [GHz] Current [mA]
Fig.1: Spectrum output with 0 Oe and 220 Oe Fig.2: Current dependence of integrated power
(square line) and linewidth(triangle line)
B E ik at 220 Oe

1) P. M. Braganca, K. Pi, R. Zakai, J. R. Childress, and B. A. Gurney, Appl. Phys. Lett., 103, 232407 (2013).
2) Y. Toda, Y. Shiokawa, M. Sahashi et al, [EEE INTERMAG Conference, Dresden, Germany May 6, 2014
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NCMR-STO EFIZBIT A RIER D 7 1) — ﬁkf P

SRR, B FE#IT, & HRE, Muftah Al-Mahdawi, 1448
ALK
Free layer thickness dependence of microwave features in NCMR-STO
K.Sakamoto,Y.shiokawa,Y.Toda,S.Kasuga,M.Al-Mahdawi,M.Sahashi
Tohoku University

FLHIC

AEUNT AT 7— MV ERWTEAED AATER) L GHz Hr O~ A 7 n B IREZF R ST LA B
NI F L= (STONIRIR OB RIEFE L LT HRWEEY 2 — L~ FE STV S
FIZZ DO~ A 7 aERIRITIL, uniform & — R & Vortex £— RO " ODOFRIEE— RBFEEL, KRNI iau%
P PN L C S B IR T R E IR s om ) & D B3 B B, — 5 T Gaslienko HI1Z2X 5 &
BRZIX & Vortex BEXITRENE Ry FOREE L BRI I > THIETX A L WHIRERH S [1], AFETIEZ, F
J RS IRPIINCMR)FE 1% W 2 STO 0 7 U —JgRIE # Z28 b S, RIE Z & OFIRRFeM: 2 554m L 72,
RBRAE

JERE R I SiOx £5#i/Ta/Ru2/FeCo t/Al1.3/IAO/A10.3/FeCo2.4/IrMn7/Cap(nm)[t=2.4,5,10,15]1& L7z, 7/ $281E
RLFVEIT Ton-Assisted-Oxidation(IAO)E Z IV, AR IZHE A TR CEULEL 21T > 72, VSMIZ THEHNA ST H
LHEEHER LTINS, FBTERIZER 80~300nm DY T —IZE MY V777 4 b4 4 IV 7ik%E
FAWTHINL U7z, BP0 FNCIZE SR 4 U % FAV MR RA TEIRIE (256 L TIRIEZEE MR 28 10~13%.
RA 78 0.4~0.6Q pm® & 72~ 7=, ERBHRAIMNC L D~A 7 ol BIRICIT ALY bJVT7L'74’47“T*§+?EU L7z,
SNEBIESHE E L HIANC KT L CAREICHIML, 7 U =RV L RKATE R D M E EomE & L,
EBRHEER

7 U — @ 2.4,10,150m (235 1T D RIRH J136 KL ORIRE P E O R % Fig.1(a)(b)ZrRTd,
7 U —J@IRIE 2.4nm TlE 6GHz 3T 0.03nW F2 5 T 8 % 2> 24K H 7772 uniform-mode-like 7254273, 10,15nm
CIEARSE B 7> HY ) 72 Vortex-mode-like 723882035 B ALK J1 D O TIE 0.4Ghz {435 T 297nW DFEHR)
HBoh, BEREIZETRIEE—RFOay ha— AR HREFEEZRET LR E RoT, #MHETIXENTILD
BEECORRE— N, 71, BIREEKR, BEOZbEiEinT 5,
FEE AT O — I THAEEA SCOPE(000212629)D Bk % 5% 17 TWE T,

] 10
1| Pillar radius T
1003 e 300nm P o
i ® 200nm
E‘ 1 ® 130nm L]
< 103 e 100nm ¥
g ] 80nm i<
3 1 z 1
i‘: 1 & Pillar radius
) ] ] ® 300nm
g £ ®  200nm
= 017 e 130nm
] ° 100nm
) ® 80nm
0.01 0.1 T T
0 5 10 15 20 0 5 10 15
Free layer thickness [nm] Free layer thickness [nm]

Fig.1 The (a) integrated power (left) and (b) frequency (right) dependence on free layer thickness

S E 3R

1) K.Yu.Guslienko,J .Nanosci.Nanotechnol. 8,2745-2760(2008)
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NCMR ~ 1 7 v R I K 5 B IE

ARG, FNGF. SOARSIR, 7 A/, Muftah Al-Mahdawi, $5ARHRER]*. $aARSEIR*, PGB ]
RAERFERFFE LE0T7ER *TDK(FK)
Wireless transmission by oscillation of NCMR-STO
S. Kasuga, Y. Shiokawa, K. Sakamoto, Y. Toda, M. Al-Mahdawi, T. Suzuki*,E. Suzuki*, M. Sahashi
Electronic Engineering Department, Tohoku Univ., *TDK Corp.

FLHIC

WA, BREHEFICEREBRZEIINMUEZBRICA LD~ A 7 o lERIEC. &R ERZ I L=
é%mﬁ%#&ﬁ%%bfkw\%yf%%%ﬁ%ﬁg%@mmﬁ%ﬁéﬂfwéo&aiJﬂbAm@mL
P HRIENE A Z V) ) a2 % 7 s %45 5 Nano-Contacts-Magnetoresistance (NCMR) % FH U 7= &) JE5 7 B4R
EOERZ B L TWDH[1], AFZETIEINCMR (2L 5~ A 7 a R & EBRAIE T o 7 5 % V7 55
RIEIC DWW THERET 5,
EBRAE
NCMR ~ A 7 v R RE O ERERIT, 2AER(L Si FEH(Si(100)/Si0, 200nm)/Ta 5/Cu 200/Ta 40/Ru 2/FeCo 15/Al
1.3/IAO 20sec/A 10.3/FeysCoq s 2.4/IrMn 7/Cu 10/Ru 10 (nm) T 5, EFRBFRAIINZ L D ~A 7 o R IR %2 A<
JRNITLTFIAYTTRIEL, BHERLET TN E2xy NU—I T F T4 TRIE LT, EHIT
BEEMIC K Vi SNTe~ A 7 a8 IR ERA T 7 FIEA L, AT N T AT TA #Tq‘x%ﬁﬁ
Z 3l U7z, RIS T T T W A IGHZ IZ b OB 9mm ¢ D AL /4 IR T T A ERL L7,
EERIER
Fig.1 (2, AEBRTHW=T v 7 T OEeEHiE 2 "4, 1GHz 15 THK 0.31GHz, i KAm2:2h=R-0.91dB(81%)
DOEHERE SN TN D, Fig2 lZ7 T T TERMEE LTEHEORIBEALY MLERT, BERYmERTTH D
41.9nW, #RIE 5.6MHz, Qi 188 DFIRM, MHUREL, HIJT 5.18nW LARERTD 12%ICIE FLTHH, 7
TFOBEDRLIVIETLTND, Xy NT—=7 T F 7 A FOREP IR AT hL LR T~A 7 2 l%iR
DO QEMENZ ENFEEL NI HDEEZLND,

Freq [GHz]
0o.o 05 10 15 20 25 30 35 40 1000
4 - — - ——sT0
\\V \’/// _\ N\ &7 —— STO with Antenna
\/ X ™ 800
— -101 1 <
foe) { | >
=2 { = 600
- | ©
& -20- /\{ H
g { o 400
8 | E
g -304 2
n § 200t
(72)
-40- 0 i
50 07 08 09 10 141 12 13 14 15
—S11 ——S21 S22 Frequency[GHz]
Fig.1 Transmission characteristics of Fig.2 Spectrum output through
} antenna antenna
AHFFE D —FRITHFEE SCOPE(00212629)D Bk % %1 TWET,
L BN

1) IEEE International Magnetics Conference, Dresden, Germany May 6, 2014
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Beating field J7 205 8 MEM (2 X %
27 L — SRS O GHz H7 T 36 R 5 A A

A AS, St B, ORVEEEE, M0 OREE, &E O, IRiEE GRAERD)
Estimation of GHz range magnetic near field distribution on a CPW using beating field type HF-MFM

Y. Endo, K. Arai, M. Onishi, K. Yanagi, Y. Shimada, M. Yamaguchi (Tohoku Univ.)

(FCHIZ HEHHRIBRANE D RFIC F v 7 ETIRT P2 VR ORI & bRV, F U2 VR CRA LB/
A ZXNT Fa JEEIRA L CERTSREN I T -1 H 5. ZORBEORKE LT, Fv7NTHAE L-ERK
J A RXOFRAER, AR, IRASCORENEE TH Y, M ESHREE2RN 5 BRAEY HEERR 2R 55
ZEMREER AT BHT- e OBRE N EE N TV 5.

T L, eV & LTS BEMEE M) BREHZEB L, %0 5720 (Beating field) 52l MPM o B % 247
STEREDV Y. ZRETI, BEREENDTNCERD 2 DOFEKEIE S % CPW ICFERICA AL, Z O/ LT
IZ Beating field Z %4 HC, MPM ZREH CRIBGEBERNGHUAFRETH 2 Z L 2 WIfRIC L. RIFFR T, #ELL
Beating field /A MFM &2 F T CPW _ETHAET D GHz Sl R /30 & 3l L 72 RIS W THRET 2.
REXAE Beating field HUmEM MIM TIE, 2 BOEBRARE AV TIREWIE 5% CPW ~, RSG50 &M
BLDOTMNTT D LIEEAEBOSIE S % MW SREHE RIZRE LI a A A~FnENATIL, CPW &= A L&D
[i]C Beating field Z3AESH7. Z O CPV EIZ MM BEEt & (& < &, BEEH I Beating field DABUIIGE L TIREIL, &
PR DA RS A b nIcfis | U CTEIE S OB 13k & 02003 et o Reforence Frequency, f.y[GH2]
FEMRAOSRE B SR — 8T 2 &, BEOEENEENRKE -7 (K 1.000027 1.0000277 1.0000284

D. 20k = ORIEEE L. S T T T T
AFHENT A MPM EEH, RS A 55 Ni-Fe (50 or 100 m g 0.8

)& DC~ 7% hur A8y ZTa— h Lz Si 8k (Ni—Fe =t — gD %0_6

Tiho. OPF AR ST | = MR THD. oL T

T, BHEHR, 77V PR, TREOF v v 7iE, #ERE 5, 50, 6, %m

8000 um THBH. CPW OHEAS L E—F v ZiF 189 QTHSH. F7z, MM 3 L

PREHE LICRRIE L7 ibidh = A ATERE 100 yim DEF —2 a A L ThD. 970 272 274 276 278 280 282 284
#EER  CPW (T 1.6 GHz OREEIESZ, EIBIRE=A I 1.600025 Glz Beating Frequency, f[kHz]

— . . - Fig. 1. Oscillation amplitude of MFM tip measured
DPBRETEZTNTNATIL, Ni-Fe — MREHEFEBEREN S 0.50 M at 0.4 um above the CPW surface on the center-line
OB SIZHEEZRD S CPW Olg AN ERE S8 C, LIERICE T 2 0IE of the- gap between the signal and ground lines as a

function of the reference frequency (or beating
HIREEEZFH L2, ZORREEX 2 17T, ZORERIEEIX CPW OIF  frequency) for the signal frequency of 1.0 GHz.
FHEOT R TOFFETHRTE, x =0~2.5 un THiA, x=—6.5~-2.8 um
BEOA5~7.5 um TN E 72 o7z, 2 ORBIRIEE OIS K O/INE
B, ZhEh CPW OfE ST R KUK v v 7R ONAZE & i LTV
5. ZORERIE, RIEEFEEJEFE M CBUll S e R L g, =
(2 CPW ECHEAT 5 8 BOE P S D FAT IRy & SR L 72 b D TH Y,
Beating field J2UmfE MPM & V5 & CPW |- CHA4 5 Gz Hrlr B
ROMOBRENRAHETHDL Z xR LTND.
BEE AWFEO—IIL, BHFEE (No. 26630119), B BRI AR & SR
I & B RIRAE K D= 0 OBFIEBATE T - 5 72 BERGIIE S 8L 7 round " gigna OO
DD ICTF v 7 LV DK A ZAEBAT OWFFEBR%E ) 36 K OB F AT IR BLEH Substrate
B CRiATEEA / N— g VAIILE OB [~A 7 7 2T L
BUFZEBFLE ) O X EEZ T CTiThhuT-. Fig. 2. Dependence of oscillation amplitude of MFM

- . e o . . _ tip on the center of the signal line in the CPW for the
SEIER O EEES WIEEN, FAR BEE, LOEE BRERSRT signal frequency of 1.6 GHz.

1w 7 ATFgeSSE R, MAG-13-162, 41 (2013). 2) Y. Endo, M. Fukushima, K. Arai,
Y. Shimada, and M. Yamaguchi, J. Appl. Phys. 115, 17D120 (2014) 1.

Oscillation Amplitude,A [nm]

~20 100 (10 20
Distance from $igmal Line, x [um]
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~A 7 ANy TR — 7N LD AR R
F ST, FE ET, AW, WETART, IIH VR, EE ZET, BE T
(B @R MEEE, “HRALABE R, THRORBAESE, TR )
Permeability measurement of magnetic thin film by microstrip probe

K. Kusunoki, S. Yabukami”, T. Ozawa’, H. Uetake", H. Yamada, Y. Miyazawa™", Y. Shimada™

*

(Sendai National Collage of Technology, Tohoku Gakuin University, “Toei Scientific Industrial co., Itd,

Fokk,

1 iFL®IC PEER 2 W= T 8o
ZNE—BHTZ 0 nm FRED ARy X7 S
Do ZITHA VY E—F U REEGEZBE LI~ A
g A NY TR e — T e EE TS S
& CIERIE | AR T 18 SR R A A 5 7

2 BREREHAIGIE  Fig LIZEHRIS 27 AR OY
R 9 D R A A A OR LK TTH D, S
—TF2RKOEIV Yy Nr—T et B AR
Uy T TR SN TWS, v~ 27 A R v
R Z MR TR E T 5 2 & ClBER & R
T5, vA4 7 ANy TR D & A ER
VIR T AN R R R A S D 2 TR D72,
IRl St i 7 18] OB DS m W A > B — 2 RTHEIS
T35, Te—7FREEr 7L EN L TCxy hU—
ITFIAW(T YLy T 7 v Y—Hl 8722ES)
B L. RO 2R Sl 710 ~%91000 Oed [EL itk
REMz TRMSEIRETKRy NU—2TF 74
TaeXxy )T L—a 35, TO%MBR & fRER
L CiBifaEe(S, ) 2 ME L, QXL A e—4
VAEREMT D, BRI~ RN TR D
ZETAVE—H U RZINRESID Z L BNE
L. (2), (3)=\%& M\ »TNewton — Raphsoni£iZ &

V. EREWERE LTS,

Zg = 50(1 - 521)/521 (1)
_ kepl kgt
2, =y -coth () @)
@+
=T 3)
TTf e o

72720, plI R, UEEUEHR &, widdlkhiE, X
BRI, FIZERER, u IR BRRTH D,

3 FHHAE R Fig. 2127 %€/ 7 7 ACoNbZri# [
(25 mm X 25 mm, /&3 nm) (235 1F % i3 i =R G
Fi A 3, CoNbZr HiEIL RF A /3y ZIEIZ L0 Ak
B L 72, WAL 5 i~ 120 Oe D EFERESR 2 FIN L

T, PRI AR A 3GHz £tz LT\ 5, BW

Tohoku University)

1% 100 Hz, “F¥EEEOE 16 Bl E L=, @OIThki
BB KV SROTZMEMTH O | FEffd KX ORI
LLG FR L B Z B E Ll 2 Th 5, 1K
JEPE CIEBE 2 N 2 SN AL L TV D B D
D, 3 GHz (i DS 25 6 T, KENRFF
AR TND Z ENTHREIND,

T AMFFEO—EIXISTEBYEE T 7 7 F LD
R TH D,

ZEZ L 1) T. Kimura, S. Yabukami, T. Ozawa,
Y. Miyazawa, H. Kenju, and Y. Shimada, Journal
of the Magnetics Society of Japan, 38, 87 (2014). 2)
Y. Shimada, J. Numazawa, Y. Yoneda and A.
Hosono, J. Magn. Soc. Jpn. 15, 327 (1991).

Network
analyzer

Power supply

Fig.1 Structure of measurement system.
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Fig.2 Measured permeability of CoZrNb film(3nm thick).
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Electromagnetic analysis of FMR performance on multilayered
Co-Zr-Nb film integrated on MSL

J. Ma, Y. Shimada, S. Muroga, Y. Endo, M. Yamaguchi
(Tohoku Univ.)

1. Introduction

A new method for noise suppression using magnetic film was proposed. With this magnetic film implemented with RF IC chip,
good noise suppression was demonstrated V. In order to understand the mechanism of this magnetic film, this paper discussed
the IC chip level noise suppressor model consisting of MSL (microstrip line) covered with a multilayered Co-Zr-Nb film on the
top by using a finite element method full wave electromagnetic simulation.

2. Approach J

Network analyzer

Fig. 1 shows a simulation model of a MSL covered with a magnetic
film on the top. The signal line was 160 um wide and 20 mm long. The
magnetic film was 10x10 mm in sizes and set 10 ym above the singal

| Spectrum analyzer

line of MSL. The film was composed of a stack of SiO, (50 nm) / RF amplifier
[Co-Zr-Nb (250 nm)/Air (5 nm)] x4 and the film’s easy axis (e.a.) was Co-Zn-Nb
set running parallel to the length direction of MSL (hereafter SO T i
MSL//e.a.). The full wave electromagnetic simulation model (HFSS, /': ,-! =7 /4,‘/ MSL
Ansys Co) had the same structure and dimension of MSL and magnetic . 7 A= 7" Dielectrics
film as experiment we have done before?. The model area is noted as 7 f% —————————— 1
the part in the dotted line in Fig. 1. — Ground

3. Results and discussion Y

. . X
Fig. 2 shows the calculated and measured results. They agreed in both Fig. 1 Experimental setup: magnetic film 10

magnetic near field probe output and conduction losses Poss/Pin um above the MSL with input power -5 dBm.
(Pioss/Pin =1 — (Is1112 + 15211%)) . At 1.1 GHz the shielding
effectiveness became the highest. Compering with blank (without film),
a 16 dBm near field intensity dip was observed. The peak of
conduction noise suppression Pj./Pi, was in 2 GHz which should
include magnetic and eddy current losses, indicating that FMR
frequency shifted to 2 GHz and led to the peak of P),/Pir. The
demagnetization factor N; was determined by the shape of magnetic
film where the effective film’s length [, depended on the film
relative permeability u. That was (1/Ng) < los o p. Therefore FMR
frequency  frq = y/(m)y/(Ms(Hy + NgMy) /1o 2 depends on the
frequency profile of permeability. In simulation we calculated the
effective film length l.;, and corresponding FMR frequencies as
shown in Fig. 3. The calculated FMR frequencies were around 2 GHz
and approximately independent of the frequency profile of the

0

Solid line: Meas.
Broken line: Cal. IPpRS

-60

Conduction losses, Boss/ Pn

10

Magnetic near field probe output [dBml]

_88‘ M A

1 1
Frequency [GHz]

Fig. 2 Simulation results competed with

permeability. experiment results’ magnetic near field probe
4. Conclusion output and conduction losses Poss/Prn

A full wave electromagnetic simulation that corresponded to the

experiment was built. Based on this simulation setup it’s possible to E 4 T T T
analyze the noise suppression mechanism of the Co-Zr-Nb magnetic &)
film. It's clear that the FMR happened in the frequency of 2 GHz and 3t 4
caused the peak of conduction losses Pjqss/Pin. 5
References é:) 2F 1
1)S. Muroga, Y.Shimada, Y. Endo, S.Tanaka, M. Yamaguchi, M.Murakami, g
K.Hori, N.Azuma, M. Nagata, S.Takahashi, EMC Compo 2013, pp. 47-50 g 1r -8~ FMR frequency |
(2013.)' . . 5 — Reference line: f, = f
2)Y. Shimata, J.Ma, T. Ito, K. Yanagi, Y. Endo, S. Muroga, M. Yamaguchi, § 0 . . . | . Ll
“Performance of crossed anisotropy multilayered CoZrNb films as IC chip = 0 1 2 3 4
level electromagnetic noise suppressor,” IEEE Trans. Magn., Vol.50, (Oct. Signal frequency [GHz]
2014 in press). Fig. 3 Calculated FMR frequency f.4 in each
3)C. Kittel:” B (A B2 A9, S HAR (2005). signal frequency
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N M2 AT 5 Co-AIN RO & /7 A Xkl%zh

ARBHERE RBEIL 2 BHE . MR EmEER L nERE!
VALK, BT
High noise suppression effects of magnetically isotropic Co-AIN films
H. Kijimal, S. Ohnuma'?, Y. Shimada', H. Masumoto', Y. Endo' and M. Yamaguchil
'"Tohoku univ. and >RIEM

[TLC&HIZ

WHARD T T~ TEIRE X OEERAEE H RFIC 7~ 7% Tk, @ BRI T 2T 28T 58
/) A AN E 72> TS, ZTHEDOHER A ZXMGIZBERN E Lic, v P ~OREEMEER O 12k
WTIE, BEREANOWT IO FANZHE L, mWEMEIHIR A AT L2 L 2R T 5, L LR
5. EBEOEREOBSAIMEEIZER LTz 2 A ZfIh R, BEOEN 7 17 O — R G M K 0 R 5 W)
DR END EWIMERH D, £ 2T, BETIEEW /A IV ROFEHR 2 B LT, 8725 BJ5Mh
AT HMMEOLBEA LR YD, HNEFEOMERRALNTNHD Y, Zh b OB, mNEFHIC
PG AR & 22 @ BB R L OV A KR R A2 R30I B lds 2 LB & 4 5 7o b T 2R EpE
PEICRREDN D D, Foxld, 2 E CITIEERNICRERZE %A L, 22O GHz £ TERWVIBKERE T 5K
ReMERE 2 B L. v, @SN IEOEEMLICER T2 L2 RELTE -2, 46, mNETEs
A3 % Co-AIN EIZ-DOWT GHz #2817 2 @\ /A AR A WL Lo O TG T 5,

EBRAE

Co-AIN E(FEJE 1-20 pm)id, RF v 7 % h > A8y ZiEEHWCTER L2, B o072 0 7 4 X ikzh 3
% AGEIRRE X OUIEERHR RO Z DI oW TENE G LTz, (5388 I (Pross | Pn) 13, BEVERE 2 2547 L
TR EHE 47T um O~A 7 v A M) v 7T A4 L (MSIZEBW T, HELITHIO S EHREL Sk L OB AR
Sor 2 HE LTz . IEREFRE X, M oA V(NEC =2 =7 U v 78 CP-18) D& & ¥ MSL 725 600
nm OGA OFERS 2B Lz, MSL O X FEIZR LT 90° O EIZ/MER(~900 Oe (72 kA/m)) %
FIIN L 7= 5 236 T 235805 O F i 17> 72,

EERER
B HEV 20 pm DOE T, faFfElL 12.5 kG (1.25 T), AFIRES 82 Oe (6.5 kA/m)Z A L. HIPICHER IS T
WEAETH, ZOREOBEBLLESUL 100 nQem TH - 72, K 112, JEE 20 pm @ Co-AlIN FEIZ-OW T, 0.01-5

GHz F CTOUHHAREORER R 2T, B E 0 1.0
MSL (2% LC 90° [E S 7= fE it . BT I 3R ly:;gﬂg:d Mot o |
b2 B S 0T O EBRRIEIT 1 & A AR RSN E 20 e 108 G
rinotn, ABRERZE L7 BAGRED, 100 MHz 2 ¢ A5 ¢ 3
FCOMRRRESIN L, MOBRSEERE  § 0 [ i 063
THILTREEND, —J7. ALD Poss/PaTIE, B )
% 100 MHz B EICB Ol A ER R E 525 € O Wit magmatio fim 0 Jhe
NAEORIMA RSz, 0.1-5 GHz DIEH 12 IEE § 80 Wit magnete i 96" : s 33
RECR BV T, -20 dBm @ / A AMHIZI R E S With magnetic fim in K 3\-\0
nic. 100 Eeieni S gy
10 100 1000
P Z- DTN Frequency, 7 IMHz
1) EIREMN fh, B AISHBR P, 28-2 (1994) 397. 1 Co-AlN JE(20 pm) DA=EE L (@)F L
2) H. Kijima et al., J. Magn. Soc. Jpn., 36 (2012) 287. VTG AR 2R O JE AR AT,

3) S. Yoshida et al., IEEE. Trans. Magn., 37-4 (2001) 2401.
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R TR -2 VR Yy N DA &0 2 ~DOELFN IR DRt

Yo wz !, R AR, EiR ZEE Y Ln EE
BRE 2, AAE B BOT BHEC, OKRE R, Mgk Eih? (CHRAERT, DOEETWR)
Study on the fabrication of inductors with magnetically soft flakes composite
Hiroyuki Sato', Yasushi Endo', Takamichi Miyazaki', Masahiro Yamaguchi',
Hiroshi Kamada®, Masahito Takahashi’, Masahiko Sakamoto?, Shigeru Maita” and Naoya Kato®
('Tohoku Univ., *Hikaridenshi Co., LTD)

[FCHIC s, PR RICNE SN TS LSI OEKEE KBRS A, BRLE D SE 5720, DC-DC =
UR=EZDUF TR RDSNTWE D ZD7=0121E, I AR L LA Z 7 ZFOBRITNAT, &nA &
IR ABEENLETH Y, BB OB O E RS ZENEETHD. Fxr DI NA—TTIE, B LR
TR OB FICEB L, ~A 7 aA 27 ZORME - 5HlZ4TW 2, @A v 57 8 0 REEE/RD 2 DITITHE R D
M X%t LRk T O— R RBLSINEE TH D 2 EBNbhodz. Liedd-> T, AR TIE, IR 721 %
7B (ZEhaA ) OFDIC—ERICELS S 5 FIEIC OV TRE L 7=,

REAE AWRICBID~A 7 uA X7 ZOFRFHEENT, ERER 1A LBV TA U F 2 #2205 uH BB LD
EREST 100 mQ LLT, SFEITE S 05 mm NS LUOME3.0mm LN E L, ETHRREEHWNCA VX7 X 0O#%qH%
1Tolz. AU F 7 ZOFIITEIRIBIRIL D 72012 Y » VR E IR %, F 72, MR TEMoh 712 X R 50 um,
JEE 3 pum @ Co R MBI T AN LTz, T OREMER AL T & AR ¥ R/ BIEDO 2 R Yy MERAICH L, =24
NV EMDIAT, B L S ETHRIZE L CTA > ¥ 7 X 2R E L7 BRIEICEE U C, Ve R okl 1 2 — kR ISR S/ 5 7291,
A LE Y BA~OEWREINC L > THEC2@RERRT 2 5E WS A 027 20 ER» oIS ez %5k O
JIEF)) 2B L TR L OEREFEDO DR LT, ks, ~A4 7 aA v X7 X OBKEHERHMICE L Tid( v v —
KU AT T T A P (4294A, Agilent Co.) & 7z

KREER WOB XSRS ST S AT L H -0 ITib s My 2y ZEE L2 & 25, REOEFIOBA T
59X10"N e m &72o7. — 05, ISHESIOEAITIE M7 BIX 184X 10°N +m ERE D, BARSNICHATIES NI
RKEL oo, ZOZ b, IEHESNZ AWIUIHRL O —F RSN AR CTH S5 Z & A L TW\WD. KIZ, B L
OIS SIBOH & B TRUE LB R OB+ 2 AW oA & 7 Z DTSR ZFEE L 72, 4 6 Wi SEM #2214 % Fig. 112
R BEITBLBN DA, RIGEBE ORISR X =4 LVEY @ '
WZIH->T1L2BRBEIIFATHND E DD, —FRENR R+ L ioTz.
—J7, ISAEFIOBEEITIE, A VTR > THRTEA TN T, #HiT
—RRELFI LTV D, T OFRERITEFEIZL 2 Tl & BBrh—E L
7o, E5IZ, BFIRDE N A H 7 X OBLFEICEEE 525
L EMERT DO, ZO2HHOBINC L VRIELIEA v X7 4
® 6 MHz (231F 2 BASFME % Table 1 1ICF & 7=, WHB X OUS AR
P e LIZBE, A&7 2 A1 10 %RREIS B D J5 757 <
oo, BEIULERER K L7720 Q lixb T LN
Too AVE T B ADERY, IRHESN L ORI VA Y T
—HREYI LT3R Th D, LEX Y, A &7 2 OFIERIZIS TIES
DHMATHD Z & & EIEL, RiHES 20 e SE 2 BXUSHER B O
DILERLMICLE. Fig.1 SEM images of inductor with
I WS s E LERREREEA AR, KAty 3 — ki Egﬁﬁﬁgﬁﬁﬁﬁﬁﬁm&we
TR IR 5. RFRO—EBIL, ST HEREET 7 7T A(~ >

F o TIRIE) TURHE B A AR 1 e/ N EIR OB % ) 12 & D iR

Table 1. Comparing of the results of trial inductors

T T T, L[nH] | Res [MQ] | Rpc [mQ] QfE
o
%#Xﬁﬁ 1) Mathuna et al., IEEE Trans. Power Electron. , 38, 585 (2005) ZhaqfL 140 251 83 198
)i HIERH « ERAERIEE~ TR T 4 7 AWIEE MAG-11-092 (2011 AR >10 786 il 215
B FEREE S~ T3 2 -11-
) I RATERIILE oA e (2011) 75 7VERA 564 927 99 221
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R R . -2 AR Yy M AR W
~A 7 aA T ZORME L BRI

ok si2 !, R AR, B EE Y, e EPE
BEE 12, EfE B SOon BUZC, KM R, R Eh? (ALK T, DEETIR)
Study on the electrical characteristics of micro inductors with magnetically soft flakes composite
Hiroyuki Sato', Yasushi Endo', Takamichi Miyazakil, Masahiro Yamaguchil,
Hiroshi Kamada®, Masahito Takahashi®, Masahiko Sakamoto”, Shigeru Maita” and Naoya Kato®
("Tohoku Univ., *Hikaridenshi Co., LTD)

[EZCHIZ s, NUEERSRRICNE STV 5 LST OIREEBREM L3 A, ERECE LI OB BRI K
LTW5. 220, ER-EHHOEELEEHDEE57-%, DC-DC 2o _"—FZDU o F v A enRkd5nTnsg D L
LS, A &7 ZIREEERE T LR THERKRE W=, I AR LA X7 X ORFENEE L D, 0
TDIITENA VF 7 B ABEENLETH Y, SRR OB EE AW RE08E 2 b b, ABFFETIE, miaf
Ja‘m‘tMS BT 5 Fe-B-Si-C b T2 AW To~A 70 027 ZEREL, ZOBRFHEZ M LR 2 WA T 5.
EREBAE AWRICBIB~A 7 aA 27 X ORFEENT, ERER 1A ICBWTA v 47 #2205 uH M EB LW
EFHEHT 100 mQ LT, ~I¥EIEE & 0.5 mm DINB L USME 3.0 mm LI & L7z, &5 - MEZATOICHT0 A v F 7 2D
FHUNITEFHRTURIB O 12 DI AR E, £io, BEPER M-I iIi’me 50 pm, JE & 3 pm O Fe-B-Si-C i FEoks
TEER LT, OB T I3ERIE D S RN TEAT 2 BIZISIR 05 72912, BRI IR REER R % 1500 2K i O Ml
DORFED =012, Ar HAME T CORBMI 1T 7=,

A U F 7 HOFFHATHREEE 2 Ao, 220 a2 A VOB LONRR O NS A & 7 & BT ORMER kL 7% % 28
LS THIT LT, 228, ITICBWTRER/T A —F Th 5, WMR MR T O iER SR L ORREIZ WL Y
=74 bIA=TEERANTEM L. A 277 Z OREICE L IR R & =R F RGO =2 0 Ry R 2R R
WEL, A NVERDIAR, JEIES) DN L0 REMEL % Rl BT, Bt STl Lz, RIELzA v 4
7 X OSHETRFHES 2R LTV D A ¥ 7 X OEREEL, BRI 2 L— & (Maxwell 3D ver. 15.0, Ansys £H8)
WCEBTHBIOS, = AT F T A P (4294A, Agilent Co )l & B FEH % & & IZE %L 10 MHz £ CTREAf L 7=.
KREREER 0o VB LOBMER ML T 284 LA v 47 ZICBIT 5% 4 :

SEHEDOIIER R A Fig. L IORT. 220 a4 VORE, ]MPOERIRT LI, T be —vy
AU E 75 RTAREARFETIRE - E L 20 AR O L b S S ]
ICHIR L7z, RO ORERIE, WP bR & B L. § by FeBsic ]
Fe-B-Si-C @ ki 752 oA W F 7 X DA, A X7 X v AT RFRKIC § L, Air-core col ]
WFEET—E L 2o, ZOHIL, 22 aA L E T 3.5-4 FRER<, 0.6 uH N . ‘
Lrpotn. E7, EFHEHIG 93 mQ &Y, IEHERKORIE & bk T eyt
RKLU7e. ThoOREFIE, Fe-B-Si-C i FEMhi +-N oA IR LR L OSERN O (a) Frequency dependence of inductance.
EIICE D EEZBND. BT, A1 MHz [T 2 Bt EEFFERIE D 2000
BAVH Y B O ADIER LRI LI, BEREBEE 15-19%THY, Hiic g |5 i
it L7z Co-Fe-B-Si DI VI ATEGRRERD LIz, ZOMRND, HifiE © Fepre
BT Fe-B-Si-C I PRI 7% U e~ £ 7 B A 507 2 TR A v 50 5 2 A g o /A ]
EBBNE D Lot IEED, FeBSiCRTHETFV KDy el § el
WaA U H 7 BSTEMER 1A ORGHES ZHE L WA Z EERL TN,  —— —= ‘
B cwigo s s LERAERMIEA S S, WAt U o — i s RN
FACHEHT 5. ABEO—#IE, ISTEBYEET 0 7T A~ v F 2 ZRE) THHHE A (b) Frequency dependence of resistance.
T AR A 7l VIR O BE ) 12 L 5 3Rk & 521 TIT i T, )
Fig. 1 Frequency dependence of
P DUN 1) Mathuna et al. , IEEE Trans. Power Electron. , 38, 585 (2005) inductance and resistance in the air
o \ coil and the coil coated with
2) VepRE A -, 2R 38 B B ARG A ENEREE AR (2014) B magnetically soft flakes.
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iR, L A A2 O T AL iha s A A — 2 2 7 FIEO B %

eI, IR . ARHEVESR Y. RIME—, JRHIESR, F2Eh, Bt ek
(1 IH4% J-PARC & v % —, “IREF 20 ToiE)
Development of AC magnetic field imaging technique using polarized pulsed neutrons
K. Hiroi, T. Shinohara, H. Hayashida, K. Oikawa, M. Harada, T. Kai and M. Arai
(J-PARC center, JAEA, *CROSS Tokai)

FL®HIC

BUEFR 2 (TR v 2 Ve 2 DT E B2 DO P AL FIE ORI 21T > TV D, ZOFETIE, F
PEF-DOE O EZEEE 0L WENEORIGIRE -« HMOZEM O MEABRS R TH D, TDD, 1tk
DERA A=V T FRIECBOWTHETH > 72 BE T O TR (E—F—X 87 0 25%) WEOBS OE
Bl Z AR E T AHM E LTHIfF S T3, 20 L5 R 2803 5 2 DI 3RMMc 2+ 58
WG a MmN CE DMEND D, AHEE TIIBIERE Y CTh 2 i SV AT &2 HWIcRA A — v 7k
% RGeS DFRMTICILR T 5 FiE & £ OMGEER O R 2 HmET 2,

EKEBAHE

i L A k7 W2 A A= 0 7 EBIE, J-PARC W'E - AR FERH I MLF) N BL10 {28\ T
1To7201], AFETIEHFEFA Y ORGT TO T —F 7 ERERA 2 RABE O (L E UCEIRIL., (FiE
D HFPEAPE RAKFNED O B — AR R O OIREZ KD D, 70 A O RIIRATRERIE I L 0 PE
S8, J-PARC DO UJEH] (25Hz) DFEESE O JEE O A2t O %A 1 IE iR RITIRRH]) &
Rt DAABDBIRNS —BIZIRE > T L E O 720, (RRE DR EAKFMEZ EMEICIERE T2 2 LA TE R0,
2T, WG O A A 25H, OFEENL —EOEETT L LTHET 2 FiEEEBR Lz, MEREE LTiX
MDYV ) A4 FafreHE L, £OaA Ik L TEERAL & EREES 2 HV CIEE &R 2 Fln
L. A VWIZAE L 2285t ORE 2 72,

ERER

FRAEFERR & L C.50. 5Hz D IEKIE IR &2 (A A2 28 2 72 73 & = A JWIZHIUN U | AU 3R EE D FFAT 247 - 72,
ZDLE, BGONARE R ORITRERIOBRZ & 5202 COMIET 572D, HINERZ 2V ZA 10
FAERZNCFEI ST, K1 (@) ICERICEVEONTRBESMBREZRT, A TG E D5
L S NI ARAREE DAL S LB S v 7z, T2 R H S T RATIRIRT 2 B L 2 0 e 7208 B 2 i L
7o BR D A WihE 5 DAAR Z KD . AAARIZES U CH PR RABEE DO RARMEME 2 R 7o, AUk D &AL ARIZ B
L CRESGTREE 2 WA S o 7o/ R 2K 1(b) 12T, A 02005 27 T—JEAMIS O ERERENHE I A TS
ZEDNHERTE L, o, BONTEEREOME LM LZER D TRINDELIFFEF-HLTEY, K
A TR O E BN FIRE CThH 5 2 & A MEsd L7z,

@ DoM77 7 7 H1@ B
_ Sy 1 OREEMRTCLY BRD S
> = -t d TV ARG, FERIEEIN
S 1 LkERs Lo TAE
o Phase [rad]

25 3k
[1] T. Shinohara, et al., Nucl. Instr. and Meth. A 651, 121 (2011).
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J-PARC KIEEFHEF/INA - [EABRELEE (K8l

KA—IR, SARIET, mHEE—* SWea, SRR BEZ* R, fWRa9Ls,
FARELTT, HRIL, AR, EEHEE, MR fmil*, S BEORER*, FHE—H*,
FOHFIER:, KR, ZILIER**

(CROSS #¥ff. *J-PARC & & —, **50KIF)

Current Status of Small and Wide Angle Neutron Scattering Instrument “TAIKAN” in J-PARC
K. Ohishi, J. Suzuki, S. Takata*, H. Iwase, T. Shinohara*, T. Oku*, K. Nakatani*, Y. Inamura*,
T. Ito, H. Kira, T. Morikawa, M. Sahara, T. Hosoya*, K. Suzuya*, K. Aizawa*,

M. Arai*, T. Otomo*, and M. Sugiyama**

(CROSS-Tokai, *J-PARC Center, **KUR)

[TL&HIC

KIRJE G INE i e% J-PARC 1%, #EINEZS, 3GeV 7 b KON50GeV 7 bk d 3o
DOINEZP DR SN TS, N R U EERER L= 2— U 2 EBrfiisR T, 50GeV > 71 bk
LAEREIND KHRFER=a2— ) J B =22 HWERFEE - BRI FFERPMTHOILTWND, £7-. WE -
EMBFERIER(MLF) TlZ.3GeV Vv 7 a harnbERINS T E—LA L I a2t E—aZ2 W=
WE - AMBIEIFERTOI TS, SEIORER TIL, MLF IZFRE S LTV D KIREHMET/INVE « TR AHGEL
HE TRBL ICHOWTRAT 5,

FiEF/IA - KABELREREE TKE)

RPN - RAEGELIEEREEE TRBL 1L, 7V AP (A T OB E ¢ 0.05 ~ 0.8 nm) DR TR 4
Wik 235 F L7208 50 ¢ SEIRGRI 5%107% nm™! < ¢ <100 nm™) 2 —JE O HIE TR % 2 L N T& 2 EBRIEE TH
%o 2011B #IL 0 HAFANLEE V. T CITAeE., BrEER, BEER, V7 b~ — AERED TR EDE~
RGOV TF e 7 v A — )V OIEREEOHEERE D T2 EE - EREEICBIIL T D, BIED
L2 A, BT ORANKSEE D50, TABL Tk 3 MEORE T —2a GEREHE—
A, (WA E— A A - B — L) ZRIAT L7720, Hia e EROEFEESERSHRE STV D, BIE, IR
AR B — 2 OMAR B — A 2 O EZRDSATRE T d 0 | Bl 213, BEPEIAR D FEBRTIE, 10 T B{mERA & 1,100 C
DRI &AL E DR TR FEER L OV 1 T B4 & mEE A G D TR ER 2 3T Tnb, &
FEOFMY v v hF v TR M OSERRE A 2 EFRESF RIS A A b— L3 53l T, 2014B
LV R - B —2OFMABEED | 3FHEOT X TOE— A% FWT-ERB AL 75,

R TIT. TRBL OB OSBRI DM Z T, ZhETIIThbNE=ERO G2 BN 5,

T T
10 sample: Glassy Carbon(t=1mm) o
F detector banks 1

F —&— small 1 e T ST iy, e
j o e ] 1 : FEAEGCEL Glassy Carbon OJIERE R, HE O H
g
e o backuarg 1 @AY T ERAND I LT EORE TR ¢ O

F —— APS USAXS(Dr. Iravsky)

001 d 4

0001 bl | PP B el

BN ATRE,

. . -1
intensity [em ]
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FPGA IC £ 2 MR EERIIER A v B — 4 v At v OBIERGE

!Eﬁﬁna {5 /\HH% EH!%/\IZI\ (EL##* WU—II—J”
&R ) TrY—)
Operation inspection of the high sensitive Magneto-impedance sensor by FPGA
Y. Okuda, P. Wu, S. Tajima, T. Watanabe ™, and T. Uchiyama,
(Nagoya Univ., *DENSO CORP.)

nnk

[FLHIZ

TR, Av— 7400027 TSR LV oy U EIIT L D BB R, B SV AT A
DERUEBRD N TND, KA v E—=F 2B rd Ml BUH) ZTELT 7 AUAL YICL DR A
E— XU ZARMI R E2FIH LK o Ch Y | BIfE CMOS THEMELE N M3 (MIIC) 235
BanTnd, Bx0 I NV—7TlIvar A7 (1012T) F—H—F THIEREZR MI U EZBRE L, &5
IZ TAD (Time A/D converter) & #laabE 5 2 &iC EOMREE AR ) A R LESFLHZ L EBREL TS D
BERFIESE CRE L T 2 B UE M Jzy*f@%@jlilﬂ% FCMOSIC, HEFIBLIUNF v R HZDT 4 AT U —
MEFIZEDEHR SN TWS, BB XX v 0¥ 2 & D RIEKITER L LG OETEORIENEE L <
iﬁo TLE 9728 ARWFZE Tld, E@EFE 22 ML >3 ASIC{RIZ[f]1F T FPGA (Field Programmable Gate Array)

TRV R 2R LB EREGR 21T o T2,

%ﬁﬁ:ﬁ (;) ; ZSWitCh control signal
PEF IV R AT B 1230 HpR B ST o Pulse to a wire
CMOS IC, #EHL, F v/ RvFE2H &, FPGAIZ L B0 % LR "V‘K"'\
TEET B ML FEBORSEL T, BIEOMR, & 5| \
BEDRGE 2T~ 72, ARk LI SR T EAT 7 2T A F Ay
NHEETDIZODINIVA TAVITENNTZaA VO 5;‘02 % , %0 0 90
BIERI A A » T OREESTH 5. @ 6 Time fns|
EEBRER =| A KSWltCh control signal
FigliZ7 4 227 U — F#EF L FPGA TN LT LV 4 % N ]/\\,\(\ £ Pulse to a wire
SN A R, 2RO L AT R Zle v
o, Fig2leT 4 A7 U — MEFICL DERE) & ; \ A.‘A.}k_‘-
FPGA BREI 0> MI & > 42 U SRR 2 FLn L7z & Sy 80 180
S OBENIHHEETT, FPOABBIOHAIL ST, o2 Time [ns]
TEREFVSVOBEERS ZENTE TG, £, Fig.1 (1) Waveform by CMOS (74AC04, LMC555).

4 A7V — FFEAIZ L DB B2 TH D D%t L\ (2) Waveform by FPGA.
FPGA BEEhRFI IR E A 155 Z L N TE T,

EX-)
FPGA |Z & v BRENEIBE A AR T2 2 & 12 & 0 S MI %
Y OERIL LB A OBERIEEZ T 572, € OREE, g
TESk & He A~ I B B 215 BT, E
S, TAD & AV CE VBB O A 1 v FREOR  E FFPGA
BRI OHE 21T > TOL TETH D, 3 - | = CMOS (74AC04,
LIMC555)
B4 -40 -20 ) 0 20 40
1) Shingo Tajima, et al., “High Resolution External Magnetic field [T}
Magneto-impedance Sensor with TAD for Low Noise Fig.2 Relations of the sensitivity of CMOS
Signal Processing,” Proc. IEEE INTERMAG, 2014. (74AC04, LMC555) drive circuit and the FPGA
drive circuit.
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FPGA Z AWK~ —VEEABRE Y X T LDFRLE

rABFIEE, B b 1R, /NBE, BRRE & e R, mhdase

GIEALEBERE, THAT Y 3 F A 2 AV A 2 SR IR IR IR, SR K2 DTSR

Position Sensing System of Wireless Magnetic Marker using FPGA board

K. Takahashi, S. Yabukami, T. Ozawa, O. Fujioka", S. Hashi™, H. Kanetaka™

(Tohoku Gakuin Univ., “Japan National Instruments, “RIEC Tohoku Univ., “"Grad. Sch. Dentistry Tohoku Univ.)

1. ZLOHIC @HAD a2 N—=2 D7 =2 % FPGAIZ XV A T A VUET 5 Z L THR~
— A OERMER Y AT L2 B LTz,
2. EBHE Fig LIZARV AT AOMHRIKTH 5, K AT M3 = A /L (#EE 1.0 mm, 200
mm X 200 mm, 50 Z —), Bii=a A7 LA (REE 0.2 mm EEE 23 mm, 125 ¥ —2, 40 F v
VHIV), REEY R~ — 71, FPGA ##5# L7= AD = 3—% (NI 5734 120 MS/s, 4 F v > %
x10 1), DA =2 /3—%(N15402)8 L7 v 7 (AD8021) ) bRk & 5, BE# Vicxt LTA
VAT BZAD 2= Z DY 7Y T ER R ER) 100 fEEEed 5 & & b, FPGA IC L
D 40 F ¥ R DIEFRE D DIRIER L UM% FPGA L CandmBEL T2 Z & T,
VAT AEROMEEE & s Lz, 72, FPGA T—#EE %2175 2 & T CPU Of
fif BARIL S 41720 DA 23— 2 B i = A /L~K) 60 kHz OZSHRER 2 F6 £ S Bt Y R
v OBEHEENC X 2B EMAEZRE a4 LT LA T L2, ~— B OFLMIER L U050
I~ =B BRAET DFH LD Z A R — I TE 5 2 & Z2E LT Gauss-Newton
FEICL Y R b L7z D, ~—DIZEBAIL IC # 7 (R TR S8 DR 7~ V)& 1T LT
L7,
3. FEBAER Fig 21 d~— & ZJ5H (BaA LT LA EICEEG ) BLOX TR (KR
HaA T LA AT ) ~ZNZE 100 mm v 7 2 A—ZIC LV BE ST L xD,
~ =D ER LIZ b DO TH D, WEEELITFE LA Z 55T 10 Hz & L7z, 100 mm OF
ENIX LT ZHMBLOX L bIC~—IEIZFEMICEHI S TV D 2 LB
V. FPGA Z W@l filil A ZomE ) EL<AThbhTW\WD Z EvRaSh,
BEE DR 7 ~bz& TRHNZIEE £ Liom TR WIS RICE# 2 LET, A%
D —FBITSCRE TR 24 F RN EA R B BB &I L DR TH 5,
ZZ3CHERk 1) S. Yabukami, T. Chiba, K. Takahashi, H. Kanetaka, S. Nogami, S. Hashi, K.
Yamauchi, and T. Ozawa, J. Magn. Soc. Jpn., vol. 38, No. 2-1, pp. 29-32 (2014).
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SRS ) FIZH1 B AE B

AR, ARMIA, AIHE
(B RE)
The AE effect under Tensile Stress
T. Takiya, N. Kutsuzawa and O. Ishii
(Yamagata Univ.)

[XLC®HIZ

V711 ST HE 5 U 7 B RETERANE U R o ORISR I, £, REME U R S Ol AR & -
TEAT 5 2 L BMESNTOD ", [ ITRHEY R DY v 758, EOFFIRICHHIT D725, AE DR
DELEF EEZT LELLNDN . IENL f OBRIIAIITh D, Eio, BEY B ACBIRIEN, 0, 2
IUT=56 . kY R ORIV, H, 730 L, AEZShRESHE T LR SN D Y, AfaCid, Birt) Ry
o ZEUMMULTEHE O f2RE L, SIS TORMEY R D AE BV R E G LTz,
EBRAE

Fig.1 |2 3R E R ERZRT, By 7 7 v 73 LAIC 5 mmX20 mm X 24 um OFEIROREME D R 2K
B U7z, BEMEY Rd, WEH I B E 657 2729 100 Oe DRES & FIIN L S22 HE X+ 410 ‘CT 10
A RIEVLER & i LT-, ~LATRVY 3 A N IO CETESA T AR, Hy 2Bl Y R B R HANCEI LT,
BEVEY BT 0.156 g (0, =122 kPa) TN 833 g (o =681 kP)DTEY % 15 1) T, f- Hy Motk i E L7z,
EEER Magnetic ribbon Helmholtz coil Pick up coil

§ B [ 61 turns ]
Fig.2 (ZREME D AR D f-Hy Rtz ™9, H, 13, f Diameter 30 mm

WENE TR D Hy T Vs 0, = 122kPa DA H, h DC power supply
=720e TH Y. 0,=681 kPa DEEA H, =62 0e T e
L 1

bote, LIE-T, o & 669 kPa NS WA Nemwork analyzer
DB ITHRER D28, AHa,lx 1.0 Oe TH 5, IRIT.
(D) V% HWT AHa OFE#E %2 KD 5, Weight = l

AH :3/1sz (1) - [ 2o

‘oM, Fig.1 Resonant frequency measurement setup
2T M, 1EBEEY R OB 1.34T), A 1R

PEY R D ERIREE ER(30X 10 TH 5 2, (D3 120 vorn
F O AH,= 1.0 Oc & 72 % 7= DI % 72 0, 1% 1.18 MPa s o e
. HOOHEE m \THRET AL 145g L7

%, Fig2 T, AH,=1.00e &3 57 DITE7e m 1% 110

817g TH DT, PHFR{H & FEBRIHTIX 6.33 g D7
WAL D, Ziid, BRIt H, OXH)
NEREHZET S,

105 } /\
o = 681 KPa

Resonant frequency : f[kHz]

100 - - A
PLEORER XU Bt R Z o, AN LIZ85EG 0 2 4 6 8 10
H, 138 L, AEZWRICE D fOEBENHERKT D DC bias magnetic field : 4, [Oe]
ZLEEHES/MC L, ZOBRBIT. SRBESE
P EA~DISHP SN S, Fig.2 DC bias magnetic, H,., vs resonant frequency, f,
2PN

1) O.Ishii et al : J. Magn. Soc. Jpn., 37, 250-254 (2013)
2)  “Technically Superior Data”from Allied Signal Co., Ltd.
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GREIZ LD A U ONABRIE E Yy 7 A4 A Y ~Dli A
AR, HERFK, HPEDE, RILAT

(JUINKRZFRFRE v AT DEREHEAT)
Successive logic-in-memory operation in spin wave based devices with domain wall data coding scheme

H38lml  HAMR TS

K. Imamura, Y. Urazuka, T. Tanaka, K. Matsuyama
(Graduate School of Information Science and Electrical Engineering, Kyushu University)

[EZLHIC
A Y R OAFITERZFIH LB L AEREEIC LD A R TEAGGEERE T S AR BES TV
% 1) ITHE, BEBEBRIEIC X 0 A B OALFE ‘/7 l\75§$té ZENERINTEY 2), BEEOA LG
PRI T 2 ATMEIZKHER SH 72 A B U EFHIC @@%®7Aﬁﬁ?éhfwén.$ﬁ%?ﬁ,zﬁ
B IR A R D A B U RIRE LD STT xﬁ%%i()‘% HRPTER OHIEIC LD, ZOT /3, AFIZBIT5
T BE D RIN AR E 2 FIFH L 7=5 @Aﬁﬁwi%@z%747m77174/7/ 2 L—3 g T LT,
é % \—, Dﬁﬁfij\jj@%%*ﬁxihﬁzﬁ) @{Eﬁ @jﬁ'ﬁ (a) GE1
@ﬁ%%@W%Vilv—yayKiD&ﬂbh
HEAE

T E LR 2 A E L6

1250 nm

Inductive detection area

HEREH R T A 2 DFHAEET L Pt Ayt

v

5120 nm

% Fig. 1 (a) I&, T35 ASEHOFMK % Fig. 1 (b) 17T pst] [ps2]

TR TR O BEBERL & Hi A ds L ONA ¥ U IC K B am i 100

B{E% LLG HRRAOKIEE T X 0 AT L7 Fig. 1 () = ©) Sl e

FA L5z, 2 KOERE (GE1, GE2) 12 L0 A O W
AT, TRICELE L fF RN R £ 0 ke fi o Lo
Ui EMEAIT o 72, A D nrad fifHY 7 b &5 &L (o] [pha

ZF R VREEER DA (1) EEONT LY, BREANOKE 4

(L2 AT 7. BB ORBERRALELS, 162300 Of [/
KEFHRFIEFH(E =2 7 A FPIHITE VIT-o TV 5.
A EARRIERIC 35 STT AL Fig. 2 (0) 1T~ & e wage gencrator and
VIREARBRME D BHCHIT 2 VT PS1 A1 D3 — /L RERERY detgctor. (b) Schematic ﬁgurepof donglaitig wall pinning
Z PSO ~HEE UERFEASMECIID B0 ~DE X 21T sites (PSO, PS1, PS2) located at the left side of the
7. perpendicularly magnetized nanowire

AREER

Fig. 2 (a) | ze/&@aﬁ@mﬁﬁiﬁﬁ T @ = T s S
Aﬁ{“ﬂ”f@ﬁhﬁﬁbfw HONS T TIEE £ v ?

RELH I “OMTRIE LT 5. _@?‘ﬁ, AR B 2, 0.0 st

Ftké’{}lhj’b%) A MRRETIC L D STTRHE, BLor = ‘% I
U A D EICEE ST BRI U B BT = s Doty rosey

i 44‘01’3
b) et P>

PS1

REHWCTHEDT 4 = 7L ¥ =7 %{To7-. Fig.2 55 117 ‘
(b) (ZREBENIE OREREER 27~ d™. 1 kDR — LREBERE )Y
PS1 725 PSO ~HlfHPE L CHEZRES I TND 2 & DR S

iz, 7 —Z EBEWR 2B OWRELANMME “01” BB

g 2 PSO
h\mhhfﬁ%&ﬁ 'z 0.5
(=%

*)J,ﬂ;q @Ajj “11” @Hjjj'ﬂarfﬁ Pinning.
Lpo TG, ZOMIANME “01” B0 ) IFFHBLH ) B 0.0! T N
“PAZKHST S, DLEORER XD, BEEERIRIC K D EREEAT) Time [ns]

DEFZHZ L, AV BT X DA R ENE L
HAEENEO FTREMED R STz,
2R
1) A.Khitun, et al., J. Appl. Phys., 111, 054307 (2012)
2) R.Hertel, et al., Phys. Rev. Lett., 93, 257202 (2004)
3) Y. Urazuka, et al, J. Appl. Phys. 115, 17D505 (2014)

— 175 —

Fig. 2. (a) Inductive detected output voltage of
interferrometric spin wave packets. (b) Time
transient of the two DW pairs driven by spin
polarized currents.
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[Co/PA]RMEAMBRIZ 31T 2 FEIRBRENRE X D f&?&ﬁ%ﬂ LIz & D8

BLEDGM L BARRREL L E o AR ARELN T I
('NHK, *(—WDNHK =2 =7 V) v 7V AT A, PR T3ERE)
Detection of Current Driven Magnetic Domains in [Co/Pd] Nanowire by Magneto-Resistive Change
M. Okuda'”, Y. Miyamoto'~, E. Miyashita', N. Saito', N. Hayashi' and S. Nakagawa’
('NHK, >NHK Engineering System, inc., *Tokyo Institute of Technology)

[ZCHIC

UEAE REPERIRRIC 31T D REBE O TR ITBRENC B3~ 278 DICIEAMEE D, L—A F T v 7 XE Y DfRES
NDEIBRHLWHEEO AT Y R ENBEINTND, T OBMEMIFRZ W HNEEEE L, Z S OBME
M#RA HDD OF —% 7 v 7 DX 92 H Z L3 TEAUX SN T 7 & A K DB EEb <Gk T A A %
FHS L LIS P, & 2 TH A IE[Co/Pd] T ELHALREMERIRR o OBEIX % XV ZAFEHRIZ & 0 BREh < &
HZ LTk o TResk - BAEZ BT LML ED TV D, 4l TMR &2 W REMXBIZEEE Th
% nano-MDS (Magnetic Domain Scope for wide area with nano order resolution) ¥% i\ T, TMR &V E T %%
W DX OWALTT M2 U TN H A DR T 5 Z L3 TE IO THET 5,

EEBRAE

AT E—L ARy ZIEBXOE Y V777 0 —I2 &0 REEARERL Si Fb EIZ[Co/Pd] B2 /8
& HERE U, Bt ARR 0 BN M L Y 40 nm FEE & H L?LJ%LODEVH%VFQ L7, ‘f*lﬂn‘%fhaa T 150 nm. HEAR
320 um & U7z, RS U 7= BEPERARR ORI6 711338 £ % 630 Oe T - 7=, fFR O RN IE Cu G2 R L.
B AFHINCE 5L 212 Liz, EDH%, W%Ltﬁﬁ_owfmmmms;i@%ﬁ@@ih%@ﬁ%%ﬁ
I EEBIT, VULABEREAMNT 2 Z LI L VXK ZBRE) SH, MfR E 30 nm (4> T v 7 SH72 TMR
T L D IRROBIHE F T OB 2B LT,

RERER

Fig. 1 1Z/ERL U 72 BEMEHIRR 0D (a) 7R B AL IR BE C D nano-MDS 4 & (b)/ /L 2 B HEEIIN D nano-MDS . T 5.,
PE U7 I AT LT, M EFUS~—F (E& 1 um) BERLTH S, BHER GR) 2N EmE
DALIT R OREX, BEEIR () DN TR& OBL TR OBXEZFR L THY | +15 mT ~ -9 mT OBREE % Ff
OREX BT S LT, Z OMIBRIZ SV A1 50 ns, FEHLE L 6.3 (a) 1um
x 107 Alem?® D7V ZE R &2 A D S 22N [ 2> > TR BRI 9mT .15m ®_ -
HZEICEY . OITTRT L TR OBEROBX % £ LD TH m m
BIHDHZENTE T, BKITEROME &I RISK 200 : -
nm BE) U7z, AR B AN 7> CER AN L & xiciam (D)

I
i
I
B AL BT 7o CEIV /. 2 a ——
X 512 2 ORMEMIR 12 nano-MDS O TMR & > %4> k5 v Lk * A T—
JEF NNV AEREZEHINLIZE A, BV E T 2 58X
DREAL T R DBV » THRERIRBUE 2L L, F oribikiE
EHEETE B Enbhrotz, BHECIIEL MOV T A% A
LRHEZOWT HHET 5,

L Z &N

Fig.1 (a) Remanent nano-MDS image and
(b) nano-MDS image after application of

pulse current, for [Co/Pd] nanowire.

1) H. Tanigawa et al. : Appl. Phys. Express, 2, 053002 (2009).

2) S.S.P. Parkin, M. Hayashi and L. Thomas : Science, 320, 190 (2008).

3) Y. Miyamoto, M. Okuda and E. Miyashita : J. Inst. Image Inform. TV. Engnr, 68, 1, ]34 (2014).
4) T. Chikamatsu, A. Ogawa and T. Mizuno : Magnetics Japan, 6, 6,357 (2011).
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fERIEREINC L D REEEERE S S =2 L — 3 v

R Al W B s e
BAUBIA RS, [ TR R
Computer simulation of a Domain Wall Motion by a Slope Eletctric Field
Soh Murayama, Keisuke Yamada, and Yoshinobu Nakatani
Graduate School of Informatics and Engineering, The University of Electro-Communications

[TLC&HIC

BITE, BEBEBRENT T S 2%, AE/MEZM S BKGSEEE L L THEE STV D[], BEEEERENR T /S o
ATUE, WEBEEKEY O HIEN MR 2 N4 2 FiE, A U R LICEBRAEAT 2 FENR VTN
Do ZIUHODOFIEIL, BEEEKEN O - OB NS TORBBTREL 2o TV D, T, BB &K
THH 272 FEE LT, BRI X 2 BEEERE) 5N RE STV B2, 3], ABFZETIE, BEMEMAR I EE
EREMZT-REORBEERRENZ DWW, v~/ /e~ X7 4y 7 vyIalb—vaylOVfRAL,

EEBRER

BEPERBAR OV A X1E, 200 nm X 60 nm X 3.9 nm & L7z, MEHEEIEL Co/Ni @M% AV, fafiigéfk 660
emu/cm’, EIFVEELL 4.1 Merglem®, AT ¢ 7 3 AR 1.0X10°, HALEE 0.02 & L7-[4], BREFIL,
B ERPERT 505 L L[5], BRERDERIT. K1 oX oz, BHEMRIC LR EEREHIEIC
B &5 ETEAL, BEHLEEL AK, (erg/lem’nm) L EFE LT, 11X, AK,=1000 erg/cm’/nm O
WA, fib(x =0 nm) TRREFEORADFEEZ 0%E L, AHx =200 nm) TR 5 %aE R L TWD, e
OMMNLE X, MFRFL (x=100nm) & L7z,

VIab—vg ORER EBEREI (AK, =500 erg/lcm’/nm) 12 & - T, BEBEAF M A (x> 100
nm) ~BET LI L AMR L, Ok, BEERENRZIT 1100 cm/s Th o7z, K213, & AKITBIT D
BERS BN 2", AK, 2 500 erg/em’/nm £ TIIBAE DB BN E N HRICE K Lz, TRALIRIE, BEEOB
B3 N 2P D Walker breakdown & [AIERDELR N AL H vz, X212, BAMNBEBEREIN (Hew) 12X D
WEBER B 2 7~ ™, TNE N OB EIEE 2 lhik4 5 & AK, =500 erg/em’/nm OFEANE R IL, Ho =2 Oe
DRI Y T DT ENDhoT,

Ku (erg/cm?) Modulation (%) Hexe (O€)
4.1x106 0 0 0.5 1 1.5 2 2.5 3 3.5 4
1600 —————
1400 | 1§ EF ——
1200 | p L ME e
6 ) -
3.9x10 > @ 1000 | 7 Y
~ W~ 1 B
g 800 | !
o
- 600 | !
a 1
400 g .
Z 0 : x(nm) 200 F : _
4 0 i | i .
| ““""13-9""‘ 0 200 400 600 800 1000
X Domain Wall AKu(erg/cm3/nm)
200 nm . . ) )
Fig. 1 Schematic of the slope electric field at A K, = 1000 Fig. 2 Domain-wall velocity as a function of the
erg/cm’/nm magnetic field and the slope electric field

23 3k
[1] S.S.P.Parkin, et. al., Science 320, 190 (2008). [2] A. . schellekens, et. al., Nat. Commun. 3, 848 (2011).
[3] D. Chiba, et. al., Nat. Commun. 3, 888 (2012). [4] T.Koyama, et. al., Appl. Phys. Exp. 1, 101303 (2008).
[5] M. Weisheit, et. al., Science 315, 349 (2007)
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Magnetization manipulation method for nanodots with magnetic multilayer by magnetic force microscopy
K. Iwaki, H. Hikaru, and R. Nakatani
(Department of Materials Science and Engineering, Graduate School of Engineering, Osaka University)

A, BEMEET' VT —4— k< # (MQCA: magnetic quantum
cellular automaton) % (X U & HUNMENER 2 JHW T2 7314 21, IR
AR Z A D AT AL ZAOF N e LTHERZHED TN D
MQCA %D FEMERIMFE TIL, BREMEARORALIE R A2 IZHIE T 5
ZERRAIRER D, FxlXTNETIZ, BRIIBEMBI(MFM:
magnetic force microscope)Z A fH L, & fiﬁi@ﬁﬁd bAREE A 5 2 F
EEREBLCTEL[]. LHLARRSL, ZNE TOTIETIE, HRE
I Z R TTHIC L 8 S 700 NEEME IR D 2 2 A AR RE O il Ik 52 &
LCRY, M2 EEL AT 20 NMENE R > b~ IREHIEFE
I LRTZHENT SIUT VR, F 2 C, ABFJE T, R D BisSE 2 H W,
Wt Z I B 72 DREVE R > b OB REVEE ORIk E 2 HIE4 5 T
BEMNIT D EERNET .

WK BB, HYiNA T 7 YA = 28D
MFM(SPA-300HV)~ LabVIEW FPGA/Real Time OS % i\ C Ffﬁ%’v‘é L=
MEOHIEIEEZEM L2 D2 W, £70, BEKAOHREHZIE, T
WD SI-MF40 2 v 7z, BEIRBERIE O & LT, @%ﬁ)/y
T4, AF =LAy Z ) T, VT NETEEWY,
Si Hohfz |17 Ni-20at. %Fe(20 nm)/SiOx(40 nm)/Ni-20at. %Fe(20 nm)/Au(3
nm)2> 5 72 HHE0E Ny N B ERLL 7=(Fig. 1). ZoREHZx L, 5D
xyr*ﬁ BT, PEEF - Btk HIEERE d. 2 HIH 925 2 & TRABIR

REHI B 2 S0 L 7. etk R > b OB RIREE @*ﬂﬁﬁﬂﬁiﬁ HONZ, Wbk
mﬁﬁ@t®®ﬁ%M%&bf MBI % y dC iR > THIINL 72

[Fig. 1(b)]. w%b/%®wm% EDmBIICIT, m&r/k@mm
ORI A D720, mI—EE— KMFM % iz

Figure 2 (a), (b)IZ, BEMEIRRERIEIFTZ OB BISSLE % 7~ 3. Fig.
2() THELNTWEHAKZ 2 b7 A 23, Fig.2(b) TIHHALT
Wb, ZOZEnD, EEBEMEEOB (LD E &, FEIERE ORIL
DREZE VAT E 72D, ENCIREES 2T HHELE> TWnbh LB X
Hbivsd. E7o, Fig 2 (c) (THHALIREERIH OBRICESG S 47z, MFM O
NARRAUIE 5 D RS + FEMEE i I REBER 7% & 7 7. Fig. 2 (c) 2°H
EESORMERE R LT t% b, N8 OB DR o & 13 LT
WRNWZ ENRDND.

PLEDRER LY, MFM ZHW 5 Z & C, BMEZIEIED G 72 D2HME By b ORRENERE OR b 215
ARFET, IWODFERERABIGEIN TV D, BIEZEEN S5

‘é’f HTZEDBHBMNE TSI,
BT DEICRB N TRNT ZEDTE RNy — b,
1) H.Nomura and R. Nakatani, Appl. Phys. Express, 4, 013004 (2011).
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777 2T ) VR DRABZEAN L DY —0 T 7 =K Lk

>

KH ELE
(BB R E)
Jahn-Teller distortion and magnetism of carbon void defect on graphene-nano-ribbon
Norio Ota
Pure and applied sciences, University of Tsukuba

FLHIC

7572007774 FTHESHTODRIEMRENED LU F 7 LA 4 BHIZIBT 2 Al R o K]
IMRFBOKR T 2N —RTITR VN EEZ BN TS, TS TMZ AW RBEEOBIEN IS X
TR -TER2Y, L, BEREBHESCTNCE bR IZEALVEBEORFIZL Y & HICFE7R A
= ALFANRMETH D, ZZTREEFHEHEICE D THZB WS TMERE ODREEITo 70,
[REDABAX vV 287772 VRV EMNRIZ, WU T o8y r— U TORENBBERE B2
572, GGANEIT6 3 1G dHEREERE HV-,
Yahn-Teller £ & LEA E VBB

X1 O OZEAREEIL. £V O 3BORENE=MAIE (—i0248A) THDH, 6HOLMNETEHD
DR AAERIC X D= f VX — R 28T 5729, Yahn-Teller £ &5 &2 =24, X2 BFHEER T, %
LDOEDY DORBIZ 2N =M (EH259A, HiN2.14A) Lo TRETH, ZEALIRELLTS
ZBN 62005 0212025 4AENFRETH L3, REMRAL UVIKEBIZS z=2/2 Tholo, AV VEEL
% & B ORFEIZ Up-Spin Wik bEICETT 5, v/ ~ETLE M EIPDIRALEBRTH S,
YA NEREALVER

ABAY v 7 2777 2 TiE, X7 MUZHIGL 28 (T 7 7, X—%) ODNLEDRENRH D,
TIT FAEZELTOREAL VEEIZX S o Tz, FEN—FEOLEAIIX4 THDH, ZO _DDZ%E
HEDEMB I OA YV EEREZ < X5 EAWIZ6 0 R 2RISR & 7o Tz,
EB L D Hlk
M. Ziatdinov 512 X 2 5ED S TM#I£2?) Tld, ABRZ v 27 7577 A NOERERZ T LI Tz iz
ZEFLTHUVMZ 6 0 ERLEN R D 2O XA AH SN TnD, SBRIOHETO S OOREA Y VEIEIC
KIS D EHER SN D, =720, KT LoFEM (Yahn-teller 27) °A B U BENMITEZBE ST
20, SHOERICHIFF LTIV,
BE IR
1) J. Cervenka et al, Nature Physics, 5, 840 (2009) 2) T. Kondo et al, Phys. Rev. B, 86, 035436(2012)
3) M. Ziatdinov et al, Phys. Rev. B, 89, 155045(2014)

(E3) FLITHIZEATO (E4) R—24{ 2R TO

. [E:IEJEB!#??L (B2) ¥—2F5—RBER oo 2P EE
JII‘Ii“
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T/ SEiESE eI 5 ERO/ERL L
= FePt ST ki T Ak

ASHEZY, BGAH?
(P BARRFZRKFZREEE T T0R | 2 AR KRFEE T3
Fabrication of surface nano metallic structure and high density isolated FePt particles
M. Imazato!, A. Tsukamoto?
(*Graduate School of Nihon University, 2College of Science and Technology, Nihon University)
[FLCHIC

AWFZEIL BPM (Bit Patterned media) S5 W THEE L 25, @EEIZHELSY U I BAERRL TR TEZ 15 5
ZEERENET D, BxTES TR Y v — OB CABLEERCBLISR 2R LB RmE T V2695
HAR (Nano dent Array :NDA) OERLY, Flg L= 7 U ki -RIC Au 2 788 U 7o 2 1ERL9 % = L G,
Au & SiO; DEHT RAF—HEIZ LY Au B~ & FePt ISZHCKL - TE R B 7S O FTRENE 2 3 L T4 2,
ARHETUE, B OBIfR & 72 2 Ri£8 10 nm LA T OINZELS] L 7= Au ki IRk Ok AE BB & L, it NDA E
(R U 72 & BT MEARL At T2 7 AT WIERR U 72 Foii & BV a8 B FePt AT Aok 1-HE A EIE L 7.
EER

BRI 72 B COFREEE A 77— V&R ET 5 NDA MR & LC 12nm
BRELTLHIEEZHME L, 20188400 g/mol OWMBEM N 7 m vy ar
U ~—0H CHBIER I ES 2 W TERLL 7. NDA O SEM % 4
Fig. 1 {29, [MER IS CTH B S B ERIZES| L, EHMEEeT
5 nm, MEBECA OMIMEIE 11.2~14.0nm T 5 FHiZ R L7z,

DC magnetron sputter 112 C Au(2.5 nm)/Fe(1.0 nm)/NDA DIJIEIZ %l L 7=,
SEM BIZRIC L 0 R\ICHERe LIZ&BIENTER ST 2 & 28 L, o
5° OEARAEITHA At K7 A =y F 7 %7572, Fig. 2 123 SEM
B AR, SERIRA 9.5 nm, THMEEZ XL T\ 5 &8 2 b D kO
Au BRI FEEDES DO REIFEIL 12.7~15.0nm Th 5. BEHEEEITHT- > TH—72
Au T KA REDTERICIZE S 2o 7208, SN TG s =y F o 7
) 2 M U 7= & b 20088 10 nm LU ORI F-REDN AL S A7z,

~

Fi. SEM planer view image of
NDA (b) guide to eye.

(a) ~AQ o,

* > ' e W ; ’, o
200nm -+, * . -
—

* -
- =

Fig. 2 SEM planer view imge of

FePt ANSZA0KE - 0D i 8 EEAL M OV b 2 145 L, (ARl -/ @@ tis L, etched Au/Fe/NDA thin film (b)
(B): EAER (L T4 Si Ho 112 2 AU RIS H1S C FePt AINEHM0RE 7 2 TRk L kb, guideloeye :

Bt AT o7, ET(A)DGEITDE, MHAIED FesoPtso & 722 K 9 1T Pt (1.05
nm)/Fe(0.83 nm)/sub DJIAIZ B L, 2uk AR ZVLEE (Rapid Thermal
Annealing :RTA)Y (2 XV I BEEE (Tw=406 C), HIEHEE (Tr=107 C
Is) & LT FePt fNEA8kE 12 VEHRL L 7=, Fig. 3(a) 123 SEM &% ~7. Fif
F 7 & JEpE TS LICVERL U 72 AISEAOR T RE DRI (Da=7.63nm), ki 13K
FEHEDS 3.82 T particle/in? & 70 2 BRI A BISE L7, IRICHEB G L 72 % (B)ICD = s £
WTRIZAET PUFe/sub OIFICHIEL RTAIZ LD Tu=672 C, Te=112 Cfs E‘egF;t SiSf)IEa';"e dp'g:';fn.“év)v j)’:agfcsh:;
& LT FePt N7k 12 VESL L 7=, Fig. 3(b) (ZKm SEM 4% /<3, B\iR{b Au/Fe/NDA thin film, (b) on SiO./Si
. Si Fob B ERL U 7230k F- 8 D Da= 14.1 nm, ki35 1L 0.76 T sub.

particle/in? T 2. UL EX 0 ERmT /@i L2 CEWR L FH Si Fakk

ECEE SN o T e R T RN AE U 2 L AR LT,

EX=.2)

Fem VIR 11.2 ~14.0 nm @ NDA % H T Au ki 723 NZELS L 72 RiE8 10 nm B O TR 2 15 %
ZE AR EE LBEAEITY, ) AuRIESK 9.5nm OEF T / SEEE AT LTz, TER Lz Eila v
FePt NZH8ch - 2R3 2 Z & CTEIRL A Si FEA B TITBIER S 72y o T2 8 B 7o Gk, +-REDFE &
R L7,

BFEE AIEO BIEER R b L— DRI HEERRE, SCHRAE FAST SRR B0 JE EAR SR ¥ (S1311020) O IIRKIC L VAT o7
HDTHD.
BEHE 1) AltohJ, ATsukamoto. Magn. Soc. Jpn. 33, 6-2, pp507-512 (2009).
2) IR KB A RS R V) A AR L SRR T R O MR AR SR TS (2010).
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BRIGMERE 71 TV A R FIZ BT DS ILE
RERZ, &HEE, B RGOk
(REEARYE, * B SPring-8)

Magnetic Resonance of Ferromagnetic-Metal Chiral Meta-Morecules
T. Kodama, S. Tomita, K. Sawaga\. Hosoito, and H. Yanagi
(GSMS-NAIST,*RIKEN SPring-8 Center)

1 LIS

Trlxznzoc, EEEDZMHELTaNIL b (Co) DIBEME-Co 1 7V XRpF—%1E
L, AL E2FARCTERL LI, MENMETALY VILE ESR)HIEOHEE, Co 1 L
AR FIZHUTCHMT 2EGOME2ZEZTH, HBHEEGL Y 7 b U AR VERZLILENE
Sz, TOHBEORFE L LT, Co#ED Kittel €E— FNOm@MELENEX SN, L2AL
WS, V7R A 7T T0AEY CoBRBENSORKBESLER > TV, MK
AHIEHELUro, TITAMETEHEHRTEZEABRL., REBEOM VKB OFERE2 K A7z,

2 WRBIUBR

WEUZEETETIR, 3V arviElREicL Y2 b SUS
ZRMRIIAR—=2 7T 5, RIZ/N—< 1A (FeysNirgs,
Py)diffiz ~ 73 ho v A8y 2 ) v EETEKIEST 5, L
T N-AF)L-2-¥1 V) RT3 & EIHIER» S B b,
ZorE, PyHENFELT IR DOEFKNIZEESHND,
U7z Py A VARG FREERING, ZNHDARS
TON, 14zl ) a v ERIZBE L, BRsEx ETcrY
ATCREE Uz, ZOFRHIN U, Fig. 1(a)i2 /=7 & 5 1 I
55 (Hex) DAE (6n) #ZE AT, AESE ESRIIE %175 72,

Py 714 VAR5 T0 ESRARY b L% Fig. 1(b) 1257,
O =0 D&, 11I5MTIZKERIEBY—IDHEZ 5, ZD
V=213 0y 90 (a0 IZDoN T, MEIXME NI 55, 4t
GG EIFE ALY T R LRV, — /T, 04 A5 12785 &,
128 mTX 150 mTIZHi 7= LIEA BN D, TN 6 DILIFIE oy
MNP IZEDLIZONT, EEHIZY 7 LTV, ZDY 7
FUZRWHIEE 7 N9 2 RIGORIFITILC, Py RO =T
MG T o Kittel €— FOREMILIBETH L EERA 6N D, i
Tld. Py DRIEN A T IVEEE CORSIL/IZOVWTEH|E
THTETH D,

References

1) T. Kodama, S. Tomita, N. Hosoito, H. Yanagi, submitted.

(a)
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Fig. 1 (a)Schematic illustration of sample
configuration in angle-resolved ESR mea-
surements. (b)Angular dependence of ESR
spectra of Py CMMs.

2) REMZ, BHEAE, MAGEL, MIAKE % 37 [0 H AR 7 2 PATH A 24, p368,6aD-1(2013)
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Co/Pt F / K b~ Drfaksghi: Hng |

FounAmBl, HIEM, KA R, dbk B, BEals
(RAER)
FMR measurement on Co/Pt multilayer nanodots
N. Kikuchi, M. Furuta, S. Okamoto, O. Kitakami, and T. Shimatsu
(Tohoku Univ.)

[FLHIC

A NI FTL—ER0 A 7 a7 VA Mg LR &, B b GBS L IR T 5T A A
BDEBEZEDOTND. ZNLOT /A AT, KIEEOIERZEE COFEBOMERLETH DD, BED
SEEEMEILE (FMR) HIEICB W IR E ST OM/MEEBOFBEORIEIZ L EE o T, £, T/ i
@ FMR JIIEIZIE, by EERIH L THARIETIIRICE 2 BIE b it Ting. L Lan
b, ZNUDLOFETIESREOWL L OMIMIENMETE L TR ENS720, SREOELE(LT S X
IIRRERBEG DL L TIE, MNTNIEFICHEHEL 725, £ 2T, ABFRICBW L, ~A 7 a il oz ik
W FIC 3T 2 Wb o268 o B Hall Zh3IC X A8 AR A 7=, B Hall Zh 5 CIEs g S OB iE I
RETH D, SlENE, BEEICE(L L7 CoPt ZENIET / Ry MZOWTHIE LI REHMET 5.

KRBAEELUER

Co/Pt ZJEElL, DC~7 R hua Ay X Y728 b, Sio,
sub./Ta(2)/Pt(25)/[Co(1.3)/Pt(0.5)]4/Pt(10) &\ 5 HERR CREE L 7=, 45
NN OECTE nm AL CTOREECTH 5. HEEOIRETOHE R
PERET Hierr ™ 13-1 kOe Td> o 7. = DL @K 4 4% d = 400 ~ 3000
nm® Ky MRISIT L, 2% Hall 2085 0B L O~ A
7w A EIN 0 Cu #RE& % & o TR L 7=, Fig. 112K
ﬂ@%%ﬁw?ﬁﬁ@*m%fTcmﬁ%@kéismmﬁﬁw
ZDOHETIZColPt ZEME Ky M3 ELE L TdhDH. FMR OHIE Fig. 1 Optical microscope image of
de [ IEmICTRELND, ~ A 7 v KAl 2 IR | _EIUJDLka 8 AHE measurement device with a Cu
TiTo7o. ZORE T, BALIZNEEH 5 E 72 6 2 0Dk EE coplanar  waveguide for rf field
BEATO 720, TRICHVBILORER I DBD T 5. OB application.

DAL E Hall hR o8& LTHR L7z, ek, AT

BONDETHUETH Db, KHEBRE R 10kH EH |\ saeom |
U, R LzHal 2 RO B bz m vy 7 A4 7 7 TR LT

Fig.2 |2, JEAWEL fr=7 GHz, R H;=800e O~ A 7 B ikt \MMMMN\NV/ﬂWTQIW
5 T CHIE L 72 B4% 400 ~ 3000 nm @ Co/Pt K k d 5% Hall %) “”Wv\NWW“M”;ﬁj

BOTACE: AVape & de 35 Hee DEEE L TRT. WTFhoBs

o b, I S RO RIS O £ 57 4 v TBBER | e e

f:. EERDBDIHE, T oy T ORLEIIRER OB IS L WW
TIERBSGRNC > 7 b L7z, £z, EA 400 nm OBEITIE, Bl 400 nm

(arb. unit)

AHE

AV

0.0 2.5 5.0
COBEL BB OT 4 v IRBI ST T, BERORRD H,. (koe)
EE(EZFH?ODI*/V#‘“—%Z)S%jJH L/f: Z & GC*‘TF‘G'?“E) . F|g 2 AHE Vo|tage Change AVAHE Of

WEE AIRO L, CRE )~ 0 - FAL R - AT A single Co/Pt multilayer dots with
AT 5472 A 5 L ORI, IST (W /<o = gl diameters d = 400 — 3000 nm as a

712 75 B(SA 7)) 72 BTT SRC 2B OFEBID FTDiLE. function of dc field Hye. (frr = 7 GHz, Iy
= 80 Og)
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W/Fe/W (001)T &% ¥ % /L 3 f@lEd
SN =N OF: IER T A - WR s

IAARBNE !, AT |, Agme |, A B g, = R
(" HAEK, 2 5B LAk )
Large negative magnetic anisotropy in epitaxial trilayer of W/Fe/W (001)
Y. Matsumoto', S. Okamoto', N. Kikuchi', O. Kitakami', and Y. Miura®
(‘Tohoku Univ, *Kyoto Institute of Technology)

X C®IT
BO—ERGVEERBTAWE L LClE, ZiE TIZ Colr B4[1]X° Fe/Co ZBIE[2]78 £ 3
HNTEY, TOfHIEZ-0.8x107 erg/cc (Colr), -1x107 erg/cc (Fe/CoNIET 5. T 5 ILTMEE fidk
BARDEITHELCA LY MLy BIREO 7 U —J@7e E~OIS AR ST D ARIFZE Tk
et BEE LT, W/Fe/W(00)IZHE W TR ERADEEMKEFENBIHI SN IO THET 5.
ERFGIE
Sy FRRE B X % 2 —(MBE)WC L > T, MgO sub./W (10)/Fe (tr)/W (3)3 BIEZ/ERLL7=. OPNIZ
FEOBIEEEA. nm) TH D, HARIT MgO (001) & L, BEEZERET3x107Pal FTHD. £
800°CTHAMAE 7 T v v 7, RREICHR-T2EF W FHIZRE, ZO%=RE T THAIKIC
Fe, W ORIEZNERIT - 7-. HEFEAGICIE RHEED 3 X O XRD, BEAEHEDFHEICIT VSM 35
K OEFE AR — VR (AHE)HIE 21T > 7-.
EBAER
Fig.1 {2 W/Fe/W3 J&liio> RHEED 4 % 7/~ 7.
fRHT OFER, L FOHAEAR T E X F ¥
VEEE LTS Z & ARk,
MgO (001)[100] || W (001)[110] || Fe (001)[110]
| W (001)[110]
728, FHUIE W (10 nm)?> RHEED # Tl () (b)
(2X2) DRI FHHEALAMERR T X, H Tz XRP Fig. 1 RHEED patterns of MgO/W (a) and
ERWTIEAAS E=7 DRABIZZ U Y MgO/W/Fe (b). E-beam is parallel to MgO[110].
BT 3R T X, iRk tEIC BN 1

THENSE LN TNDE LD LRI TE S,

BPELLCca &l LIZE 25, fre~ | g 0 >

nm ZHEFIC L TREMNPELTEY, f.<1 I R

nm TIE cla~0.96 T 7. Fig2 I IR 5

R[S K, D Fe B (tre) MAFMEZE RT X I 010K

tre DM IZHEL, K WK E RADE & 1), 230 = 300K(RT)
tre = 0.5 nm {ZFUVT-2x107 erg/cc (300K), 4 . . . .
-3.5x107 erglec (I0K)TH Y, FEELDHD 0 2 4 6 8 10
AT, ZhETITWEIRLTWEHFT Thickness t,, (nm)

= Sr ) NZ=) . N7

Hij(fz/%‘ @ﬁ:ﬁ%ﬂ%ﬁ &75‘)1’? 5 h:;' = Fig. 2 Fe layer thickness (fr) dependence of

FEEE — B RO R O THRET 2. perpendicular magnetic anisotropy K, for W/Fe/W
trilayer

BE R

1) N. Kikuchi et al, J. Phys,: Condens. Matter 11 L485 (1999).
2) S. Okamoto et al, J. Magn. Soc. Jpn. 33, 451 (2009).
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i pfL N C BOIRBEEPERIRE & 2 A9 % CoCrPt 777 =27
FHE [EL A% S RE SRR O RE SRR & R b S A

lEss, SEHEAR, EERC, s, A B, bk &
(ALK F)
Magnetic properties and magnetization reversal for CoCrPt granular perpendicular media consisting of
anti-ferromagnetic coupling grains
Y. Nakayama, A. Hotta, N. Kikuchi, S. Okamoto, T. Shimatsu, and O. Kitakami
(Tohoku University)

[ZFLHIZ MAMR (Microwave Assisted Magnetic Recording) (%, FFERDEBEMT NN— T 4 A7 ODHFL
R EFATH D, 7T =2 T BEMKGLEREA TR OB AEEN R THAEER) b
SRR iz n| S 2 9. 2070, b oMb A ROREMERIICRE & S5 2 & TR A/EH %
IR S H 7 A 2 MAMR FREkIC VT, JREEMESRISIC K 0 AT 2 HIEARE STV D . RORBEER
A B0 AN RE LRI EMEE O OIS E RS 5N P, ko TIIEA
HAPNKR T T 2EOBEHENOINHICESL o7z, ARWFIE T, FABIN CREBENESEET 5
CoCrPt-TiO, 7' 7 = = T EEMIRZERL L, £ DWW & MAMR ~n)J 7[RI O B8 2 36 5m L 7.

RERAEK CoCrPt-TiO, 7' T = 2 FHKIE DC ~ 7% b v 28y ZIEIZ X 0 BERE # — 4 FHWTIER L
7=, WX 25 A U F T 4 A2 % 10mm B hy b L7EHEKR EIZ, Ru THIEZ HWT=EIRTER L.
CoCrPt-TiO, EINFRIZF% T 7= Ru BDOEAIZ LY, ETF D CoCrPt D KRB 72 AL RS AR S 2 FRHE L 7=,

HERHLUEE Figl 1E, CoCrPt(15 nm)HJZBLM, 72 5 TNS, F2> 6 CoCrPt(3 nm)/Ru(0.7 nm)/CoCrPt(12 nm)
D FCBRBEVERE A IR (AFC BK) ORMbii#R L, AM 7'r v
k YOfERZR LTZ. AFC BHADFERERALIT 360 emu/cm® &

800 ~. 800
&

£
B AR DI RIRAL DK 60% T Y, AFC BED T EA K ?% 6::”_“”—7‘“ g:‘;
SRREERE O L72BR 0 R ORMERIC G L T 5. AFC B = 3 T
ROAM 71 b ORKREAM™ (190 emu/cm?®) 72 5 N[ S ol H (kOe), koo

PR L7 ESRE R AR (59 4.0 kOe) &, RT oL //.mf\w/“
FITEHA L CHBEARDK 60%IZIKF L TWe., 2o Z LI, -
KF O BEE A beD & 327 7 =2 TEARE CALSET  —Tle_o O ak=40
(2, R RINIZ AFCBEENFEHR TETCWDH Z EEREB LT (A)isu::o’Cersnm) (B) I%%(gf;t(arzmrgmu(oj nm)
%. Fig2 121X, A2ridomibERsEn &7 CoCrPt(3 ] o

. e Fig.1 Magnetization curves for (A)
nm)/Ru(0.7 nm)/CoCrPt(3 nm)AFC SR DALt 2 7R L7z single layer medium and (B) AFC
PR BHACIRAE D B R % BN & B 1= BR OB U R ITFE R 12 medium.
¥ =7 oTEY, BALOERS Y, RaoT Ok

BICHAI L TEF T2 L 2R LTS, §
IS
B £ Chk =

1) T. Yang T, H. Suto, T. Nagasawa, K. Kudo, K. Mizushima and
R. Sato, J. Appl. Phys., 114,213901 (2013).

H (kOe)
+—t—t—t——
5 10

2) H. Suto, T. Nagasawa, K. Kudo, K. Mizushima and R. Sato, CoCrPt(3nm)
Nanotechnology, 25, 245501 (2014). ;ggg)r';t?gn r)\m)
3) Erol Girt and H. J. Richter, IEEE Trans Magn., 39, 2306 -800
(2003). Fig.2 Magnetization curve for
4) P.E.Kelly, K. O’Grady, P. I. Mayo, R. W. Chantrell, IEEE CoCrPt(3nm)/Ru(0.7nm)/CoCrPt(3n

Trans. Magn., 25, 3881 (1989), m) AFC medium.
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L1,-FePt it db B ELRGA VIR D Pt R EMRAT & BLRIEE O Pt ALK AT
SRHEBR*, NEpffthess BEE TF, G EE, MR BR*, Jb b (&

(LR, o+ E LK)
Pt surface segregation and ordering of L1,-FePt perpendicularly magnetized polycrystalline films
A. Hotta*, T. Ono***, T. Shimatsu*, N. Kikuchi*, S. Okamoto*, and O. Kitakami*
(*Tohoku University, **Fuji Electric Co., Ltd.)

[XLC&IZ L1-FePt (T 7x107 erglem’ 2D K & 7p— R R T PE K, 24 L 2, LlgFePt /9 == 5
BRI R AR KGR DA DEH T 5. Fhix 1L, BIESRIRTO Ay ZERZHNWD Z &
T, FRIEEFE 300°C TH K=3.5 x107 erg/em® A5 L1-FePt ZHSRIENTER TE 5 2 L 285 LTV
%3 Lo, MgO BEHUCTEAL L7Z Bk <L, BE% 2nm £ IR TF &85 & MAIE R LUK, MM
TLTHY Y, ZHUIZHERBECHREEETH o7, Ll-FePt O TEE 7 [~ BRI 2282 B9 2
HrofER, Pt ORERITRGEDBIE S NT-DT, KR TIL, Ll-FePt Z45aED Pt O R i wAT & HLH1

FED Pt MLEARAFEIC DWW Cagam L 7=
FERHE RENT, BEEEMREE AT A~ R hay ARy XEEE A TR L7, FePt O IE

RBS (X0 ooHr LT, ZhbmBEEBMCEZ, 2.5 4T 0 727‘4’ A 7L
RSO FHIE 2 TERR L, 20 Flco 23 v LkE S8~ K,
MHEZFIH LTS MV ZEIC X kT (BoREVINBESR 7T) .

BRRUEE Figl 1, CsERMIGEME)-STEM THZL-
L1y-FePt 25 ELE D HAADF B CTh 5. BEOHRFEITI T Pt
232 JEERG TR S TR Y, HiERE T RERICBIZR I Tz,
ZDOZ LI, NiPt FEOEBEARBRE CHE SN TWD Pt OFKHA
AT >97% FePt MEOHERETIC B AL TR Y, MEHEE SIS
AL Z R T EHRNO DIl > TWNDH I EERIBLTND.
Fig.2 |21%, P& 2nm 35 X TOY 10nm @ FePt 245 IEIC 1T 5 K,
O PR EZ R LT, W OBETYH K, 1% 50at.% Pt 12
BOWTHERKMEEZRL, 46at%Pt #lakZ R, KEE 2 nm © K, X
10 nm X Y HKW. %ﬁﬁﬁ@%#%m%ﬁﬁﬁ%éUTwé
e, WEE 2 nm O POAEIEREHERC R W IR T L, K, 2
wk&&éﬁ&ﬂ@mw_/7k#é&%x%ﬂéﬂ,%@;
IRFERITB LN TWARY, 2D Lk, TEISHER Y B

, (001)Acm L 7= MgO 57#*
T~/D;}J%’&Jﬂb\tﬁmtﬁu

HAADF-STEM Image

Cross

HAADF-STEM
sectional image of Llo-FePt
polycrystalline film.

Fig.1

T Pt RARWATAA T, BIE 2 nm TOHAE O FITHEOD
DNTNEHDEEZLND. —J7, 46at%Pt AL TIX, BE2 , 10mm
nm O K AZHEHE NS OO, BEIE 10nm (2725 & K, BME T L EJ |

 RETERRATORS R, BIEOBMNIC L bRV BEEN oY § 2o

=
7/ RAELTNAE7HTHY, EPEEIKICBIT AU 7y %
ROWHIE, OIS B B EATRE O DL BRI ¥ | =
H L7, o
BEHR 1) R. F. C. Farrow, et al., JAP, 79, 5967 (1996), 2) S. 1= 400°C
0 I I I L 1

Okamoto, et al.,PRB, 66, 024413 (2002), 3) T. Shimatsu, et al., J4P, 109, a4 46 Pfiomeif » ;5/2) 5 %6
07B726 (2011), 4) A. Hotta, et al., JAP, 115, 17B712 (2014), 5) Y. Fig2 K. of ILlyFePt
Gauthier, et al., PRB, 31, 6216(1985), 6) G. Treglia and B. Legrand, PRB, polycrystalline film as a

35, 4338(1987), 7) K. Barmak, et al, JAP, 95, 7501 (2004).
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Atomic Layer Stacking Structure and Uniaxial Magnetocrystalline Anisotropy of CoPt Alloy Sputtered Films

with Close-packed Plane Orientation (I)
S. Saito, N. Nozawa, S. Hinata, and M. Takahashi (Tohoku Univ.)

1. [ZC®IC

RARD =RV F =7 2 A PEEKGLEEA T, |IRTORmOWBMEELMITED KD 51,
il SRR T E (K Z i A T2 B OB P LETH 5.

% —
Fex 1L, RI7d (hep) Co-Pt RAa & I IHRIERICEH T2 Z & 23,
BT DR 7 1 2 2 05 S B A FIE T U BHZ DWW T oo s LA
SlERRT D70 FIE TH D &5 2, RE4AO T B E O Fk}
PRBZ T T D, Co-Pt B D it & BEMEICBI T 2 A FE DIk
SUEE WD, ANy ZIEIC R W AER SN LT, Bz e siAE
OFEE /KK (SFs) %5, EMrik fBXIC Rl S M W2 EREE DS AL
SN, FEENLITHIET D K 0% 10° ~ 3X 107 erg/em’ FEE D %
IERRE SN TERY, REMES K, DRFARIMEICE > T
20N, —RIZ Co BB e D KT A Y - BUEH AR L > Th -
LENDZENRMONTEY, NEMOKTEEL (c/a) < SFs,
R ORSIEMMEIC I RESEELZZTLEEZE2bND T
W, ANy ZEBEIZHONWTES NS A E
— T &%, PTAB B AER S O SFs OEAEEWE A T L
— 2 X BRIEIHTEEEIC L 0 E BT S MATE AN L TR Y, Zh
ZFix OIFEMBB B A S Ay Z M (host; Ru, Rh, Ir, Ni, Pd,
Pt, Cu, Au Additional; Cr, Mo, W, Ta, Ti) (2 OW Tl L= 5%, &
& DO NYIME T H9 25 hep & DT S (fee) & DEERTH D Z
EERRMLTWS., ZOXI RBIEND S 9 FEILHELE 10 FoHk L
DE4 T o 2 TREENE Co-Pt A& F 0O SFs O A S (T IXBLE A FF
oD, T TAGEETIE, x Do AL TER L cm
B[] CoPt A< B 0D Ji 7 AR S A 4 3T L 7oA SR A2 R 3%

2. RREER

Fig. 1 88X Fig. 2 (ZHEx OIRIRE T 12 TERIL 7= hep
Coi00xPt, TEE D SFs DI AFEA U Pre & & T EELLL cla & Pt EFE x
WZxt LCORT. MREEIC XSSO FHME T35 b Lz, Fig. 1
WZ& D& Tow>300°C Tl, Pr (35l Co FEED 0.7%FEE 5> & CosoPtso
LD 100%Z AT x 12kt L CHFRICEIM L T\ 5. Fig. 212k % &,
cla VX Typ | @%¢x<wm% ERAERE T L OFEERE 1.633 LV
INE L, x=50 at% I TIEIE 1.633 £ 72> T 5. §7bH Co-Pt
é@%ﬁ@m@&c@iﬁ%%%%t%fﬁ&%ﬁ@ﬁ%ﬁﬁ%ﬁ
LTWAHMERTHY, ZOR1HEEMHEEIT T,w>300C T, #L
CFHME IS LT, Mtk & SFs EAE AW & BRESIT S
NTNWBZ EnbhroT-.
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107 erg/em’ % il .

Valence electron number Pt
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0.25 i 0
o 0-20 w (C): 105
= 300, 400 _
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S 0.15 T
= S
g
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q') 7 =
5 RT, 200 25 o
o
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Fig. 1 Integral intensity ratio of [jyq

to ;1o in in-plane XRD corrected by
Lorentz and polarization factors for
CoygoxPtc sputtered films. The second
vertical axis corresponds to fcc-like
stacking faults probability .

Co Pt

hcp SFs increase fcc

1.66

0 20 40 60 80 100
Pt content, x (at. %)

Fig. 2 Lattice constant ratio, c/a for
CojgoxPty  sputtered  films.  The
theoretical value of c¢/a (1.633) for solid
sphere model is also shown by a broken
line.
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A AL ] CoPt A4 ANy X IO R F gt L O
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OFFiEfh, BPRER, BEEKE, SEE, e, REmET, ERR
(GRALACZE,  HhBHRL 4 I B )

Atomic Layer Stacking Structure and Uniaxial Magnetocrystalline Anisotropy of CoPt Alloy Sputtered Films
with Close-packed Plane Orientation (II)
S. Saito, N. Nozawa, S. Hinata, M. Takahashi, K. Shibuya’, K. Hoshino and S. Awaya™ (Tohoku Univ., MST)

1. [FE&HIZ

AR SRR T M (K A TR O —o DfREE LT, BAIMHOIRENFLEH SN TN D.
P mEALE Co-Pt B4 A Sy ZHBIC BN TIE, FHIREE TR SR WAy FEREA OfE & LT
Co75Ptys FLARITEE T m-DOyo BUHEE, CosoPtso RLAKITES T L1, BUARIE O fA1E DN S 1 RIHTHR O BLIA 2 ARHL & L T
WMESNTWVD., LLARS I bDRBRMEICED ERBOBAEITIREI TS 06 BETHY, K4
A N DA FE THRIE LTSI I T O T, 38 O3 ERLH Co-Pt Al T, M & AT
(R RMEA ST NI &, 7205 fee JLFHE & hep JRFHE & OIRRLEMENFERL TWD Z &
ZHERE L TRY, €O X5 @R TORAMBFLES 2 O0EEKARZND. ABETIE, @kTE
PRRABLIN S D Co-Pt B4 A%y Z HBCE M S 2R FRIERHIEIC OV T, 7 r—7 & AT oEER
75t e - WAL O i A HGELBR R S B BRI (HAADF i) 1 Z CRELEGRHL L 72D THE 5.

2. ERER

Fig. 1IZFARIEEE 400°C THERL L 72 Coy0o.Pty D out-of-plane X #REIHT 7 71 7 7 A /L 7% PR FE x 2R
i Co VEREIZ 35U T 44.5° (T I8 S 4172 hep (00.2) [BEIFTHRIE x OB L, il Pt T 39.8°fF 3T 1B
ED fec (111) FHFR~EWEOLNITEAMICT 7 LTS, TRERBRE TS &, 10 <x (at%) <50 O
JECIT MR O 2 FomMBICHY T2 77 v 7 Ik T

MPBRENTNDZ EBDNE. ZOBEFRICERT S T sl [ . J Lf::_gz-)ﬂx
L, FETRIED CoggPtyy WL TR K ER > TWNDH I &, W - % LZ}O
x220at% TET B —F=2 7 2RI LTS ZENFESHL 5 _%%M AN
%. Fig. 2 |2 Top=300°C CHEHL L 7= CogoPty HEE 00 W7 if 7 11 f:; P p— 1
HAADF % R T. AREGURITBATE FRICHER 5 IR TRICY  § [ i
S5, FERAOMEERICER TS, 1XF hep FTHE < % — J\/L
LTWBZEnbnsd. £ear I X NMIERTHE, W —JJ\A
SR WA L TR SR IR LT Y, [T N | I o\
4

WTITRBRRICT S R T A RBRONTVRN. ZAbDZ E s 20 25 35 40 S

P ORTITE, RPWEEATIE P E ConiT v ALY Out_ozfiff:je') XRD for Conp. Pt
A LD TRY, BREGMEPY v T, Pt TENRA sputtered films with (00.2),., and/or (111)g
g SN R B R A TIREE N TERR S VTN D 2 L3 hy  sheet texture sputtered under Ty, = 400°C.
27z, 20D CoPt 4 A /3y K I 2 b 4L % JE T JE HLAL
EEEL, RIS ETFORERNICHEET D &
(ZZEAEME), Co-Pt R 1-Xxt & AIHE/RIR D Z < BT 52 &
(JERBLA) E WO ESIREIZ L VRSN b D L HEL
LTWs.

T, MEBRKOEAES, WONCHREFES
WIS K OELIZONT, SRBRATIEOHAR Fig. 2 HAADF image for a CogPty, sputtered
DRIUZDWNT LMD BHIT 5. film fabricated under Ty, = 300°C.
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I RE gl L 72 Ni/ Co A A&+ DREUEFE

HEHBASL, BRI B, madaLsk
CRAE R AT
Magnetic property of Ni/ Co multilayers prepared by atomic layer control
A. Shioda, J. Shimada, T. Seki, and K. Takanashi
(IMR, Tohoku Univ.)

IZCWHIT  MRGLEIEASCHAGEA T Y 72 EOBBELIZIX, T/ A XA CTOBALOBL EMEZRIAT D
eIz, BV R R T (K) 2/ T 5N LT L 705, FePt <° FePd 72 &0 Llo MHAIA&ITE K
MEIORFER THLN, Pt EFOEEBENEZENLITOREMTHLZ ENHEER>TVD, ZHET, Co
Fe #&[1]. Fe-Ni %[2]i :J'ou\fﬁﬁlH%L@ﬁ/ﬁk £ D W R T IEOH R R s TE 7z, —F T, Ni-
Co R TClL, ZREMICIH T 2 MEMKETEOFKILL WG SN THDHHOD[3]-[5], HAEEZ RS &
LRHTD IR, £ TR T, BRECH TR E S ERVEESR L LT NI-Co 6@l & BT 2,
NiBELO Co@EZFR 7L~ THIFEIL, Ni/Co N LI TIZRBWTEEE & XU NE & OFE R 2 R
T
ERFE HTRoesx— (MBE) & HWT, V7 74 7&K a @ £iC V(110) % 10nm, Au(111)
Z 10 nm K L7212, NiJE & Co a2 ZHICHEE ST AL F2FR L7z, AUFETIE, B3KL%Z 0.20
nm 2 —JAFEICHY TS EHE Lz, X BREIHTIC L 0 SR 217V ) SR R m e 2 5El
L7z, WM DR 213 0 — 2 oo L OMREh AR B R F &2 Vv e,
%ﬁﬁ% 112, (@I[Ni(0.6 nm) / Co(0.2 nm)]1o0 & & (b)[Ni(0.2nm) / Co(0.2nm)]s0 FED AL HIFR 2 ZH Z
TR d, Wy IR F B 2 FIN U 7= b i o A En m < . BEMIEEE 72> T b, Ko OfEIX
FNEN 8.4X108 (erg/cc) BLU6.8x108 (erg/cc) TH Y., NiFEEORITHW K335 &n
ahrole, LnLens, —RFELVTCRAEME S EREBHIBW T, |BEM RGN E NS T
LlE. BEPFHICHE LTRY | BrEEEREORN/TIANTND Z L ERmR L TW\D, BETIE,
HRERBEFTIEDORE SITHOVWTb#ERT DI TETH D,

— T T T R L

g 1000 (a) S 1000 (b)

ERG 3 7501

5 500} Outof plane g 500 Out of plane

o 250 - 250

@] o

§ 250 & 250 -

g 500 . g -500 =

& 7750 & 750 .

<= -1000 < 000 ]
‘15 <10 5 0 5 10 15 ‘15 710 5 0 5 10 15

Magnetic field (kOe) Magnetic field (kOe)

Fig.1. Magnetization curves of (a) [Ni(0.6nm) / Co(0.2nm)]10 and (b) [Ni(0.2nm) / Co(0.2nm)]2o.
BEE AWFZRIL. BHFE JRIFZE(S) (No. 25220910018 K 2 K% % 5% 1) TiTbiiz,

BEHR (1] T. Burkert et al. PRL 93, 027203 (2004) [2] T. Kojima et al. JJAP 51, 062601 (2012).
[3] G. H. O. Daalderop et al. PRL 68, 682—685 (1992) [4] S. Girod et al APL 94, 262504 (2009)

[5] S. Fukami et al. APEX 6, 073010 (2013)
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N HGE 7 L — T 1E SR ORI LI B B B & ke
(AT TS Y, IR A XS LT 23E . M BIEAT
L2V CHIF 7 RIE TR LS5 Z L A RBE LV REL
% EREOEBR AR L T3 2, UL, HEmHob
VAR B LR SICRIETBICHE LT a3 T
BTN, Z 2T ARG TIE R 2 HEBERICHT 5
7 ERESRIZ DWW TR 5 72912, 0.30mm Sk % 1 F
L LB #1720 T,

F LEER

Fig.1 |ZEE OMMEX, Fig.2 \IZHfHy AT L&~ d, #E
%G IE R & 800mm., 1E 600mm, JE X 0.30mm O£ JFE i
o XHRE T D, iR A 5 BATOERANIT LV IEREA SR
T DD HR O N % 5 OB R IERE AL
RO 5, S5, EBEA A VERERNT S, 2
Z TR D B AR T D B A 1T T SRR L e W B A 1 i 22
ML B2 U BN LD 0 ENMER Lz & & O3FA
Dokl L ERT D, AWRETH S 0.30mm SRIZFIT 5
HRTZDOAHAIT 6.9 Thd, Fio. V5 il e i e
M. ATAT 47— NHEBEGZ2EA L, e B s
W 7-BEOTF MR OPNE ZAT - 1=, T _EHERITIR DO
30 Vb DT BN E L, 50 Bl EFEBROH B
FEDRI Lo BEE HRIC L R LT,

F&H

Fig.3 |ZEMA ALK T 5% bR 0GR LR~ F5R
FERED AR DAAEBATAEIZBT 5% EiZiWnT
bATAT 47— FRIlZEAT2 2 L1k mniE
EYEREAE R LT,

B TR

1) fPEPAMih, A ABSE SR OCE CfF, 62-95  (1996),
127-133.

2) A, %5 15 7] MAGDA 2v7 7V Az iR SCEE, (2006),
417-418.
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KB, JUARZME, RHIERR>, MNAESER., KA, FMEra Rkt
R, *REH A ELRER)
Bending levitation control for flexible steel plate
(Fundamental consideration on levitation probability)
H.Yonezawa, H.Marumori, T.Narita*, H.Kato, S.Hasegawa, Y.Oshinoya
(Tokai Univ., * Tokyo Univ. Sci. Suwa)

Steel plate ( 800mm X 600mm X 0.30mm )

Front view

Gap sensor

Side view(A-A'" section)

Fig. 1 Schematic illustration of
experimental apparatus
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Fig. 2 Electromagnetic levitation control system
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Bending levitation control for flexible steel plate
(Experimental study on levitation stability under disturbance)
H.Marumori, H.Yonezawa, T.Narita*, H.Kato, S.Hasegawa, Y.Oshinoya
(Tokai Univ., * Tokyo Univ. Sci. Suwa)
FC &)': I s DIA DsP
—— P AMP3

MWL 7 — T E IR ORI LB 2 R 2 ik
BEANZAT > TV D Y, R M5 &3 2 5B,
a7 RE TR LS 22 mBELI BELL
FEREBOEBZHER L TVWD Y, L, FEhoik
FRRICAELZ A LIeBEhEm s T, €T Z TR
A T AMELA TR OB R EPEREI SV TR 21T

277,

Hl{EEER

Fig.1 (2> 27 A Fig.2 |ZHEEOHERSX & 1~: 9,
% EX503E X 800mm, 1 600mm, /£ X 0.18mm O F
FIEHigned > ZHiR &35, Btk A 5 EPTOERAIT X
0 FEHERL SRR 2 7201 SR DL A 5 E O EEEC
AN E IR VBRI 5, ot LB %
T4 VNI L0 EEICE T D, SBIC, BA
2 A JVEEE A I E FH OAMTHREL & 0 Bt 3%, % B
VB B ES 2w L SR A VR ST RO AR
WERAEZHE Lz, ADAMLIZ, &2 ToEMAaL=y k

(No.1~No.5) (Zxf LTkl L7z XU ——EDZ
VHEN) AKX (A XEROEERZ 0.007A) A
L7,

FEH

Fig.3 ICAMELAIREDERA AL 0° (157 ICBIT 5 7%
FRERART, BRAOMAE 15° TIIRALE L
FIRREE R OEN R CE, BRAAE 0° LV LEN
T bR E AT A Z L EMR LT,

B TR

1) R, /K, PHER, B AR SUE C R,
62-95 (1996), 127-133.

2)  RR, BRI, MRS, 4G, A, 5 15 [l MAGDA
a7y L AdEHam L, (2006), 417-418.

3) Ak, AH, BRI, MEFEA, 37 [BIH AR
TR EEMEILE, (2013), 71.
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Steel plate (800mm X 600mm X 0.18mm )

Gap sensor

Front view Side view(A-A'" section)

Fig. 2 Schematic illustration of
experimental apparatus

0.4

o
o
=

0.2

|

MM h
2 4 6 10 20 30 40 50

Time [s] Frequency [Hz]

(a) Tilt angle of electromagnets § = 0°

2 -0.2

Displacement [mm]
o
o %
®
Amplitude spectrum [mm]
o o o
o o o
2 8

-0.4

o
o

0.4

o
o
=

0.2

=4
9
>

2 -0.2

Displacement [mm]
o
o %
Amplitude spectrum [mm]
o o
o o
=S~}

Iy bl N
2 4 6 8 0 10 20 30 40 50
Time [s] Frequency [Hz]

(b) Tilt angle of electromagnets § = 15°

Fig. 3 Standard deviation of displacements
and amplitude spectrums

04

o



3aF -3 38 AR R AIREEBELE (2014)

KIS [ & DRSS MR % S 5z 5 258
(FDM % FH\NT= 7= o D EFAh)
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R, *REH A ERER)
Effect of a magnetic field from the horizontal direction on a magnetically levitated steel plate
(Evaluation of deflection using the FDM)
T.Kurihara, T.Narita*, H.Kato, S.Hasegawa, Y.Oshinoya
(Tokai Univ., *Tokyo Univ. Sci. Suwa)

ld: L: &) ': Levitation controller
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Fig. 1 Electromagnetic levitation control system
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Fig.2 | ZFEMA E W AL E & AR J OMEITHRER 2777, and steady current

FEAMAE 3 1% 1 2y BARWMEE & 513 EACE M SRS A FHNT 2 2 S X 0 RO IR FHIC S E S T
WA Z EERT, BITRERE Y EREZ LT T IZEy, FHBES DT AN R bntk, £z, &it
% 0.025A N 2 7= BRCRHifE (FmbA®E) NEMIZIK T T2 2L bMRETE, ZoZthb, v Ialb—
a LV AKEFRNS OB E RS 5 2 & CHEHIROFE EZEMEN R LT 2 EREERTE T,

L 2B

1) JIHE, &I, A, @, B2 EERIBEEO X AT Iy 7 AR YT A, (1990), 59-62.
2) U, TS, B AR5 SCE(C fW), Vol. 56, N0.531(1990), 2911-2918

3) R, BAMMTFSaRT 7 A « XD hu =7 ZAGEESHEERSUE, (1996), 1277-1278
4)  RRHMH, 2522 8] MAGDA =7 7 L > AR U4, (2013), 71-72.
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KT A D> & DRggds 2 N
R SRR DR B IR E T BE T B FEEER R

RRHIES, KREALEH, KBBE, MBS RE
G HRTELRL R, *HiER)

3aF -4

Fundamental consideration on electromagnetic levitation system for flexible steel plate
using magnetic field from horizontal direction
T. Narita, Y. Ootsuka, M. Ooshima, Y. Oshinoya
(Tokyo Univ. Sci. Suwa, *Tokai Univ.)

BT TERBIES AL TVD 2, RIETRICBIT 280 =T OFMIZE 5 A v FORERE
A EOHEBAE LT TWD, ZORMBEORRITIEE LT, EIC L D8R OIFEMERE 2 5T\ D
YA, B BTSRRI Tl KBTS ERGA ARk L ALEROEIE AT 5 2 & T R EhEasm b
T5ZEEMRLTND Y, ARIME CTIELZ OKFIT OB O I % AT B Z21T 5 B REE 2R
A5, LML ZAVE CORE TIIMBIIERA 27 OO THI S 7v, SRESTICIZIEZENL LV &
LTHEZ T TR, a7 0Pl b RE A L7ZBHISHBII D 2 W5 | 2O CREM RT3 TH
NTWRW, £ 2 CEMAT L LERA R E SEM LIZEIT, AKETG R D DS K > TR mb %
WS TR SOV TEBAIT 21TV, 5 D T RISV TRET 21T - 7,

KEA M S T Z A 1-BR D B F R

15 50mm, = & 400mm, #JE 0.3mm O (SS400)H3 7% L, AFEHENTEMAD ER 72T Fa T
K5 s5mm OALE THIE SAVTWD &5, a7 HLo bHIRK O F TOSRBE TR OLEA 2 % 2mm 55
ROy POEm S THhDH 8mm F TEL S EBIC, Mfkic
AT HENEF I OWB] S F 2OV T, FEM 2 L 5 BRI &2
To7z, 7 = 8mm & LIEREDMFNTE T V% Fig.l IR, 7RI5ER
LIRS EF B L IL0.1A D5 2.0A £ TOIAZI A TEL ST,

FENTRE R DR LN EFER I, LERETFmO%S 7 F, OREM%
% Fig.2 \Z" ¥, SRIE T O HF] L CREI ) F, 23 RI 8
N4 A E ST 2B ZOFF L OHRERIL0.23N TH Y |
RE I EN ST I L VRO EES R TX W51

Ferrite E-type core

(36mm>60mm=16mm) |

Displacement = '\

Steel plate Gap (Smm) \ N
(50mm=400mm=0.3mm) }« LK

Coil
(1005 turn)

IMFEETE D Z ENITRICE DT,

e — -
KT 1175 B e % N 2 7= BRI BAR IS 3625 T B BI IE DN T |- = e
BRI 2 O CRA AAT o 72, ZORE, SEFIICESE g0 |7 T
B L CHIRERE T MBI NERETE AEHMpED o o ;
R 00 25 C I i FEBERR RS BRERIR LY AT AOEBO AR Soo et
MaR Ui, SBIRO NI R T AEL, B EE o S
WA TRETH B, vo i

L Z &N

Fig.1 Analysis model (z = 8mm)

1.0 L3
Steady current I,

Fig.2 Analysis result

1) I, HAHR: S5 SCEE C i, 62-95, (1996), 127-133.
2) F. Kubota et.al., Proceedings of IECON 2013 - 39th Annual Conference of the IEEE, (2013), 3439-3444.
3) RLHfl, %22 [ MAGDA =t 7 7 Lo A s SCAE, (2013), 71-72.
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RA A A )NE—F Z TR/ N ERH S — ~ OflH
(BeZ=RE TR O SAE AU B3~ B /E))

HEPRER, A HBE, R, RAJIEM, #EA ek
(CRER)

Active control of an ultra-compact vehicle seat with a voice coil motor
(Examination on reduction of cervix burden when fall from the bump)
M. Masahiro, M. Ishida, H. Kato, S. Hasegawa, Y. Oshinoya
(Tokai Univ.)

[ETL&MHIC

WA, BRIt S MO BN L FENE E > TV DiE/NVULE
KBEE (Fig.l) OV LHZLET L2, YL NV—FTET 7 F
2T —H|IHRA RAaf)E—H (VCM) ZER LT 27T 47— RV A
Nrvay (ASS) HRLTWD Y, T E TICEER TRICK W TR
R 2 IR Eh 2 =2 1 7 BE . ASS IZ K 2 B OBRRIZ =T 2 BB ORI ST
SNTHELTWS 2, UL, ASS 2= — Mz L v RE DA
D EORRERIT 2 20NN TORFEIT > TRV, & Z TR T
IR EERE R OB 7 CiRIER R IEE 2 T TBR . BB O Z XX D

o . - B o o B B Fig. 1 Ultra-compact electric
EBOFNEEN D BRI 24TV, S O AARBEN RIZ OV TRET 21T o 72, vehicle

HE R T LE L UVEEHE

Fig.2 (2 ASS Ol A7 L%~ d, HIEIZ N 2 B O#E k2T
MR MEE Y v 7 T vy IO DEFE IV Ea—FNTT 4V [
ZNRERTHZETHRIEHLTWD, S HIZVEM It 2 B & it L, I_yTl

vov vyl [iooi
DSP(S-BOX) | 'i ¥

Z j’L ’5 @%ﬁ{ﬁ”% %)ﬂ A T%U?ﬁﬂ%}f % ar B — & f§+% L/\ VCM %EB DIA converter Accelerometer

B L CHIE N 2 564 5, BT 2 E T & R B 2 A v .
Tz FBRIIBHESE R OBFEZAE Lz m S 50mm O = A4 NS SETE 5 [
T otz BATPICRAN TR IIMLEZ T 2 HEEBE L, RAIC R o
BERETT D54 I IR LN D & Ui, AFZECIREER % '
REFL L5 & T BB HIEEI 2 T 5 IS ILZE 05 0 R i B L 0 3 % Fig. 2 ASS control system
Fiotz, FHAIL 72 AFEAL L 0 “SRFEHEHIR (RMS) & B LTz,
ERER 100 R
Fig.3 (23— 2L D e RIRMEAE T 6f 9~ 2 SHER 75 FEAL 2 A il 80 hd
(57 76mm O L&) LWL TRLE, &7 0y Mafgs gl o °
ORI B ARSI OV TERT B Tedic, v — h ol @ P
WMOEESECERETLMRETH D, o — MRAEMAMER
T2 L CHEBMAMER LTS D L SRR TE 5, ke e 2
U ChmbERERE (Z002% 49mm 0 & &) CIIFFBALITAT 50%I 1K 0 o T T
- - o . 45 50 55 60 65 70 75 80
L7 LLRIC K Y v M Z RS 5 2 & THE O AR Seat displacement [mm]
EHERT O L TET, Fig. 3 Relation between seat

displacement and RMS
BZ 3R P

1) B[ES, Brf, SRS, 68, HAEEESFERKSHEHSHROUE, WI.7, No.02-1, (2002), 175-176.
2) &M, ZEK, W, Wi, ER), R, 5537 B B AMKESFINEEMESE, (2013), 72.
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AT 7 b= b O L FE I E

IIAEE (g SR BRgERT) . BB, B R CHER)
An electromagnet shift unit control using energy evaluation control
Y. Yamamoto (ISUZU Advanced Engineering Center Ltd.) , S. Hasegawa, Y. Oshinoya™ (" Tokai Univ.)

EFLHIZ

FREO BB HEE L L CEERAEICHOND AT L0 HREMERICENRD AMT(Automated
Manual Transmission) & FEZAL 5 HENZHEEE N —RICEH STV 5, AMT 13~ == 7 VA HEKIC
PTF?%A%ﬁﬁ57§V?&UV7FVA@@¢%77?JI*§TE%%uﬁ5E@Eﬁm
Thb, EHEHITAMT IZBWTY 7 FLABMEZABLT 27200 7 ha=y &R LE Y,
V7 b=y MIEMAA CHERE T EETH D0, ENHE TN I A MRV E
WO RN H Y | FHEMEE A MO EERINAPEHEICE L TS, L LR LM LZERA D
AV E I B ARKREL T 7 Fax—2 L LTISEMNS D LW RIERDH D D, —F, EH HITH
i o = 3 L ARRE & ST 2 1T 5 J5 14 (EEC : Energy Evaluation Control) &% L 7=, A& Cld EEC
OWBE A RARL Lz, RO T T 7 Fax—Z I LEEC ZEH L, Z0OHMMEEZ#HRIET 5,

HEHBELEL I L— g VR EIescz[trrookne]asgennestor . EIectromagnetZDEtent
Fig.l IZHE R CTH LY 7 b=y FOMlER~T, 7 \ \g MZQ SV”ChrO”'Zer %
fa=y MIZT 7 N7 7 F a2x=—% HICKE L S VB W B ys
A2 HMERAPNVETICHELTBY, ZNOOEMAZRE e = L
BB D L TETA L, FTT Y b OBELT) Y, g =3 e L o
v 7 MMETRHHIBOXT A LB FRO=2— b I ST 2 |y Shaft
lgg@ 3 {ﬁﬁﬁz{ﬁ%ﬁ%&)j—é‘z\gﬁgbéo Controller B B Bm— —fEJ[—
7 b=y hIxt LPDC & EEC Z i [ L 7= il 5 % Counter Shaft— L
Fig.2 12753, PDC TIZXT A L0 (A (2)) ~D IR Fig. 1 Structure of t'he electromagnet
TR R ARE < HIEOIRIC bR 28205 0 shift unit
\Zxf L EEC TidA— "= 22— MIHDH DO D, HlOIUR ’g 0 Target : Gear in position
FHREP STz, —FF==2— b TALE (R (b)) ~OHI#E T Y EeC
LA == a—MIFEELLNHEDD, EECIEPDC £V °
b HEA~OBE, BRI R T, 2 | 2
% -10 M ______
FE&H 0 Time (sec) 04
B> 7 b= bORENIIEPDC LV & EEC D3 K (a) Target is Gear in position
i L72flEH b Z Lo,
g’ f : PDC
55 3k g |
1) W, LieHE, HEBE, LEEZ, AR, B#hiiiiaim z Target : Neutral position
£ Vol. 36,No. 6, (2005), pp. 175-180 =0
2) ILUAHE, BAIE, FREFRHERE, 5 25 BB BE D & 1 F 3
0 Time (sec) 0.4

7 %, (2013), pp.348-349
3) Y. Yamamoto, K. Terashima, S. Hasegawa and Y. Oshinoya, ICEE CD No. (b) Target is Neutral position

P-EM-38, (2012
(2012) Fig. 2 Control result of EEC and PDC
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BEEIEM L — T o VY =7 5 E % iR

VEffE—Rl, RAIEHL, ARSI, A Rk
(AR )
Study on moving coil-type linear generator for thermoacoustic electric generator
I. Sato, S. Hasegawa, H. Kimura, Y. Oshinoya
(Tokai University)

FLHIZ

TR ST BVEEH S AT A8 U TEAVE B BRI H D, ZHITAETEKE L U =7 R EH TR S
NTEY, AFEHEITEAG A BB Y —ICEB L, V=T HERICTEENY — 2B NNERT D, &)
DUEIT IR EN S BRI BT 2004 4E1C S. Backhaus H12 X o TIER ST, O DEREIZL—E LV a A Ll
VT REME AW CRELTBY ., A RHJI8W 2R L72Y, 72, 2013 4 D. M. Sun & DOEEFETRE
%iﬁﬁ ) 345W Z R LTZ2, L DMEEIILA—E I~ 2y MUY =T EKEAOCTEELTE

. BB ORI R RENIE O, AJEFRENVE W) REEAET S, AGEREMEEET D BTl
ﬁ%“aiigﬁﬂ7f 2 ThD, AIE)TEEOEINTHE R RSO T 2R &, Hon 8 E R
WAHIREND, D%, BAEEREROBBICHIKZ 2T 2, AR TIIEWIHRE R CHRELITO &
W2, AEFOBRWLA—E T af VY ST IRERAER LT, ERERO MO %, BB % &
Wik Uiz, BmfbiCBR L C. BERMENT Y 7 MIZHRISOL B IMAG-Designer %1 f L 7=,

HEE TN OEAME e _— oo
Fig. 1 \CRHRE7 L% 59, IRk = 7 (SUS304)IC i = A 1(0.2X 0.3 > A2
mm OEAFR) A 2 EHELY (H1F Hav, A VDK AREA (NISZ) D A Lol itk Inner Yoke

AEEE T 2 FH TRELIT O, AIEI1% 60 Hz THM 12 mm iRIET %,

Flo, b— t/ﬁ:4wﬁﬁ%&mbfw5%\KE%K@E@&%ﬁK
Xraxr rpEn, EOITHRO MNP —ETH L4, I —2(S10C)D
A7 Y R ﬁ%%@?@éﬁ%ﬁ&&wo&%%%%H@W%%ﬁ

D 95 WITERE LTz,

HEETILOREIE Fig. 1 Model of numerical simulation
BRI DO Rt 3 2 3RE A ECEERBED for moving coil-type linear generator
—OTH D, Kb LT, 4ME% 136 mm & [EHE 1300 I S 350
L. Fig. 1 DREROBA, =7 Fx v 7B L RaA 1D T
EHFDUE RIS D, Z O, IS —7 DEFFIOH  F100 [-orioomrger et a00
D [mmi] % 25 b 3t C H )~ BB % f 7z, s |e L e 2
Fig. 22 A E) F-OBAE &4 72 0 D)) PIM [Wikg] & % 900 AF """" '''' ¢ 250
71 P IWIOWMI S — 7 A %79, = 2T M [kgliE T
BHIERETHDH, DA 68 mmOEE, PIM 3 RH L, & 700 —_ 200
DI, AR 5L 5 )15 319 W T, WY 2 S 7
B #130.291 kg T HDH NGl Fig. 2 Electric Power-to-mass ratio, and Electric Power vs
BE T Yoke Inner diameter

1) S. Backhaus, E. Tward and M. Petach: Applied Physics. Lett. , 85, pp. 1085-1087(2004).
2) D.M. Sun, K. Wang, X.J. Zhang, Y.N. Guo, Y. Xu, L.M. Qiu: Applied Energy. 106, pp. 377-382(2013).
3) I Fazal, M. N. Karsiti, S. A. Zulkifli, T. Ibrahim, K.S. R. Rao: IEEE. pp. 1-5 (2010).
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A VIR A —NVBIRR X T — R — % O LR

kPR, BKAR—BE, PTRTERE, — AR
(RAER)
Basic Characteristics of In-Wheel Magnetic-Geared Motor
Kenji Nakamura, Kazuki Akimoto, Toshiaki Takemae, Osamu Ichinokura
(Tohoku University)

1. ZLC®HIZ o
A, B - @i T -2 L LT, TRV ¥y oy (Input)

FRIKARER (PM) B— 2 REH S TWD, SlrEd

HIE, Ty Xy v 7R PM -4 OK I L% PM rotor

HE L LT, B—4 LAT T BMA A DRI HRF T — |

RE—=ZIZHOWTHE L, AfEoE—2 Ll T, 2 Motor< =TT NN . |

T oo
RELLED ML BNESND Z E LM LD, Gear R — E)I:l:;gg
Z L CAR T, BRAXT — RE—ZICoNW T, BEK PM stator
SRS DA L R A — LT &~ ] THENE % B af L7 Fig. 1  Basic configuration of an axial-gap

magnetic-geared motor.

DTHET D,

2. BSFX7—FE—32DFILYEN ’Efglietig-ge;izc;ﬁgisfns of the axial-gap
Fig. 112, THF VY NAFy v THERFT T — RE—HD Diameter 100 mm

AR 2R, 4L, 312 Any MEFED Axial length 20 mm

7 PM rotor (4 i) THER S, EETHDLO  pproror 120

MBI IS A A W, BAAEHT Nd-Fe-B Bk Number of turns/pole 67 turns/pole

FHThbD, ¥7#IE, PMrotor (4 %) , PM stator (19 PM rotor 4

magnet pole pairs

fxt) , R—nr v —z2ua—% (PP rotor: 28 i) THERK X PM stator

. 19
1, F e A OM IR, BAFEHE NdFeB o asnet pole pairs
Befsi Ch 5, FXKIZRT L 912, PM rotor 23E—# number of poles 3
HEXRTHTHESND 2 LT, BAMEESNS, oearatio 78
" R e . : ap length 0.5mm X 3
iR T, BEE ERIC 3 RRERE AT 5 Material of magnet Sintered Nd-Fe-B
L [EEREFICFEIS LT PM rotor 2AEEE L, ZHMNET Material of PP Soft magnetic composite

Material of yoke and stator Non-oriented Si steel

BT 1,/5.75 12 S 41 C, PP rotor 7> HH# H 7 235
b, Table1iZ, 7HF ¥ X v v IR T — R

3.5

s OHTER R, RIS 21, W &0 L 0 | e
TODBEZBMOTRIBENP DWE LIz B A2 2 5 ~ -7
BT IE D 5 Amm2IHZ 0.93 Nm ML EThH 5, o A A S AN AN A A

Fig. 212, 3UCOLARERE BDFEM) 2mvcse 500 [[\ [\ [\ [\ [\ [
L7z, 5 Almm2 BT F 2y /L Xy » FRIEKEF 7 — g 00 / \\ / \\ / \\ / \\ / \\ Il \\
B—y O AR, CORERS L, BRANIE e [ G /0 YV VIV
KVAETCDHAT) MVT OFEMEIL 0.444 N'm, PP rotor -1.5 A ‘ ‘
MOBENDIS ML 112546 Nm Thb, 1EEFT T e M

Y o ST B ELIL, OB NV B EEAZ ERN Fig. 2 Calculated torque waveforms of the
THREND, A%, FHWORME L KRB E(T ) FiET  Paleap magneticgeared motor at 5 Almm?

HDe ) \ SEH
ek, AWRIEO X, FHOFRBCEABIIE ) e, RS, B, BRES
(26630103) DOARAfFEFTIT- T2, [AIHAREAFFE2 R, RM-13-140 (2013)
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hE R, OKHE 52

(LK)

Development of micro impedance pump driven by external magnetic field
T. Nakashima, T. Honda
(Kyushu Inst. of Tech.)

ZL&®IC

A E—F AR T LT HIEE 2 EIAICEE TS 2 L TENOREEZRLZY |

TEZHE LY

THIEDTIXLRTDZETHD, 7T L ARG T/INUBIZE L TR D . &AM & E M2 14y
TE D, AR TIE, MBS CEE ATRER~ A 7 oA L E— X AR T2 L, EEETE2EE T 5

Z L TR M DOREIR Z R LT O THET 5,
FFEREBERE

A= AR TIX E T 2 — 7 Ol i E T
a— T EEGREILERIND RET 2 —7 0P bTh
T 2 JEIIC BT 5 & oI L D E oAk
DAEL, MANEL S, Fig LIER LA v E—F 0 %
R T DHFFHERE T, RERTHWZHE T = — 713,
JEX 0.05mm DMBHET Y 23— LT )V EAE 2DAT
A FH T A TEHLAATHE 2m, £ 30m DF = —7
WML L7260 Th D, AMTIETER EICTF2—T7 %
KRR TE D728, u-TAS L D— Kb bS5, Wik
DOWEF 2 —7121E 7L I =7 5% UM% 2m, R
0. 2mm) ZfEH L 7=,

WEF 2a— 7 2FHT DT 7 F ax—2 id, KABS
BT LYY AR L, B THum, S
10mm @ PI 7 4 )L Z%, 250 NdFeB WA (¢ 3X 3mm) THE
AT, F DM ZE T VI =0 NEIZEE LT, BRI
X% Fig. 2 lZ/R T, A OBMLIZAFEL B TH Y | $hiE S
SRR 2T 5 &, R M2 IZX>TT 75
o T — X PEEEREI 21T 2, 2 2 °C, EHFMICEG A
T AR AT % &, Fig. 2(a) DX 5 IZRERAME Y F
FEEGEEBCEATD 2 EnTE 5, MICAKHIC
B ANA T AR ZFNNT 5 &L Fig. 2(b) DX 5 (il
PO EEATDHIENTED, Hi A 7 AICL 0 Eil
MEZEZLEED 2 LT, WHFR~OERPTOND,
ERER

Fig. 3 IZEEhfAZ K & LTz & & Ot &0 E w5kt
Zort, ERENRZFREL X 300e. ER/ANA T AREFIT
16.60e & L., BHEIKICEITDIETZE 0 FEOFERTH 5,
Z T, EQEWANAA T AEHIN LT & & O EE -~
DN EEF ], WO ERA T ~DUI & ER LT,
SIFPEIZ LW E IS 220, BN ADFFIZ k-
TR ~DEREERT H 2 ENTET,
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Fig.1 Structure of micro impedance pump

Wave form
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Fig.2 Actuation principle of pumping actuator
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BT 0 v A OYREN Z R L 72
iy A7 D ABKEREN~ A 7 1 AR 7O RER
WHRHA, AHES
(LK)
Basic properties of magnetic drive micropumps for liquid-cooling system using oscillating elastic films
N. Mizoguchi, T. Honda
(Kyushu Inst. of Tech.)

ITC&HIC
EFE BT, /) — b PCEIZNEBT 2/MURG Y AT L~OIEA%Z B L. BENICR Y a8+ 2 T
T DA E A 7 R T OB EED TWD, RHE T, MR 4mm OR > 7 2 EEEESEE U725

B ORBERE 2 FHE L 72O THE T 5,
19

FFEREHERE S 10 n
Fig 1 \Z~ A7k 7 O AR, T3, JES 50 p m DRVAINT 4 Izs Js ‘ 4

LA (FS4mm, 1f 2.5mm) %, &S NS AEBES L7 2 #l 00 FIAER NdFeB fi#

o ( ¢ 3mm X lmm) @Fﬁ@:jﬁ%hy‘i%@*@é@éo % PP ;@Fq’,%] (pkj?% 3mm. 4§+ Axis of rotation PI film(t 0.05mm)

£ 4mm) OEEFNITHEAL, R 7245, A8+ L EEFDREEIC

X7 ZIRMME (PME 0.25mm) &2, e S EEA 7277 Z IR RE oD Tl di &

8 E AT 72, [ E D347 O FIZ AT B D [al Rl 245 AL EO

NdFeB magnet(®3x1) Unit:mm
TR ANZ e~ S b e/ NI F TE D, Fig. 1 Schematic view
Fig2 \CBMERIA R, B ETH MR HRRARENT 5L, BA 2B L —
&Ko TRlEREh 2 H OIS EIRVIEE 975, TS, BPERD RE$224T
FARZIUL, R LU THAET 5, B ISV L /AR A LB S L CBRB T TC@’ [jl>

DT | RGBS FTRE TH D,

ERAELERER

TEBDRARICII AR (60% A 7T A4 2) ZHERAL, YL /A KaA Wz X 288 CRARTTE & kAt
HE S OB R EZE Uiz, Ry 7R, ROV 7 & CESER L= HEa e >\ G 21T - 72,
Fig.3 & Fig.4 |2 500e(4kA/m)FIINRFIZ 35 1) 2 MEA NI i & e K ) o AR E 2 £ Zurn 7, i
g, B/ e 250Hz (1T CRAMEZ R Uiz, BARO WO K KRAEIX 27ml/min, J& ) O f KEIE 0.37kPa T
ST, RUT OB AEEL L TV L - [EE I L7z, O, EIXEfT bEnicie -7
DIz Uy e E 36 UIIE s L CHIINd 2 M2 B Sz,

ZOREREZIT. A% CPU KB Y v 7y b EEVHEE \ZARAR o 7 H M IRA T2 NIRI & A T WO
FEATVD, BM VAT LORGHEMHMERRIZ OV TOMFEEIT ) TETH D,

Fig. 2 Principle of actuation

140 T T T T T T T 5
=O=Single pump =O=Single pump
120 || ===3pumps in series k ===3pumps in series
===5pumps in series 4 || ==—5pumps in series
—100
£
E ©
£ o} £
© L
E 60 g 2[
o o
T 40l
e, —
20k e SN
0 / 1 1 1 1 1 1 i 0 g Srevn ST 1 1 1 >
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
) Excitation frequency[Hz] o . Excitation frequency[Hz] o
Fig. 3 Relation between flow rate and excitation Fig. 4 Relation between pressure and excitation
frequency for serially connected micropumps. frequency for serially connected micropumps.
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R T & R 7 oD AR MR oD B

fEhE R, AR, — BB
(HAERF)
Experimental Comparison of Magnetic Gear with Conventional Mechanical Gear
M. Fukuoka, K. Nakamura, O. Ichinokura
(Tohoku University)

[FLHIZ

B TIIIEER T ML Y BB TE D720, X T & TES), BEEN/NEL, RFEHICEN S
BREDEHEEAATD, FOPTHREETURKETIE, MOMKETICHT My BEREL Y, £
EAHIE SN D, AT, AT 2 12 W CRlE LIZR X 7 & od - $5lBh(F S B 7B ostic > »
T, X7 LRz 7o THIET 5,

BEX7 EBEX X7 ORMELE

Fig. 112, BIEORMEMKX T O ILE ~T, NAOEA RS T-OMBMERILX, ThLEN3 & 31 THY, %
ORNCELE SN2 AR — L B — 20K 34 THDH, BRXT OXT L, WA OREIEEF OO Tk
F£5Z LD, 10333 TH D, KABA DM EIL Nd-Fe-B Bifiia TH Y, RN—/L ™ — 2P L OE#EF 0
Ny 7 d—7 OMEIX, TREEREG & 87 mvE
TA TR TH D,

Fig. 2 IZEBIEE OB A~ T, —RE—F ZH
T, WRXT £ 71T X 7 2L E O Clhlis X
, HAOMNZIXe ATV AT Lb—F% 28 LC,
YEoAM MY EFIINT S, T DA - HiE %
WET B0, FTOAIM, HITBIOmHFIZ hvs
A—H i LT,

Fig. 3(@)l2, R T 7 3 L UMEMX 7 2 7 &
L CEES G800 EB IR ERT, 20Dk
EOAM MLVZIZ12Nm TH Y, BRXT ORK bV
7 D 88 %YL T 5, —J, RO, MAFT7TEL
O 7 28X 7 & L CEMES B8 0%
BLOHAEZ R, ZOLEORM PV 7T 1L0NM T :
HY, FROTABHST D, ZHLDOMERS L, ‘ ~ Output
R BV TIRER X 7 DA 7 L 0 b &g
RBrRLTWAI ERbns, 2, #Hx7T

Pole-pieces
(Stator)

Inner pole-pairs 3
Outer pole-pairs 31
Number of pole-pieces 34

Gear ratio 1:10.333
Gear diameter 170 mm
Inside diameter 118 mm

Stack length of the rotors |10 mm
Axial length of pole-pieces |10 mm
Inside air gap 1.5 mm
Outside air gap 0.5 mm
Core material 35A300
Pole-piece material Powder core

Outer rotor Magnet material Nd-Fe-B
(Low speed) Remanence 125T
Coercivity 975 KA/m

Fig. 1. Specifications of magnetic gear.

Magnetic gear Hysteresis brake

Servomotor

Fig. 2. General view of the experimental system.

A OB TO s —n VBN ER R T BT | T,
W, HECIZELH L TRNT S0 L, BAXT 53 | e
OH|EI, FICHOLOHES L OKARGORERE £ Setee 2"
RTHY, HED2RFTUHT B0 THE,  F
72 ds, ABFZE D —H01%, BHER 8l G e B) -~ M"’ 5
(24360102) 35 & OUERIRFZE B4 (24+4456) DE “unlwm‘lﬂu %L w o w
JEL s . igh-speed rotor speed (r/min.) ow-speed rotor speed (r/min.
Fefcor. (a) Step-down. (b) Step-up .
BN Fig. 3. Comparison of loss and efficiency.

1) K. Atallah and D. Howe, IEEE Trans. Magn., 37, 2844 (2001).
2) M. Fukuoka, K. Nakamura and O. Ichinokura, IEEJ Trans. FM, 134, 416 (2014).
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KA AT A )T—H % HW T8/ N EE > — kOl
CLAEENC X 5800 i % HilENZ B4 2 R B 22)

A, BEEPRER, RS, BRI, R L
(CRER)

Active control of an ultra-compact vehicle seat with a voice coil motor
(Fundamental consideration on switching control using heart rate variability)
M. Ishida, M. Mashino, H. Kato, S. Hasegawa, Y. Oshinoya
(Tokai Univ.)

FLHIZ

BAFFE 7V — 7 TIRBREREC S L OEITIC R D ETETHHEOHEK
NTPRESNHE/IEREBE (Figl) OFEV LHLEDT-DIZ, RA A
A NFT—E BT 7T 47— A3 (LT ASS &
%) ZRELTCVD Y, T E CIGHEEE OLHEEEZ 7 4 — Ry 75
ZEIZE VoL Y B X A21T 5 R-R Interval Switching il fE# (LT
RRI-SW il ff) A 4222 L, MEEOHIEIZ L0 0 LM OBGE A FHET LT
%9, Ll ShSDERE DR LIRS 5 Eiling O E R~
DRI SN TE TR, £ 2 C ARG CIHERRE OF 0 DHUERE I BT 2 IRB B ICE R L,
JE e F R s D B2 % 3Hz & 10Hz DIRE 28]V 2 5 RRI-SW il O HPEIZ W TIRET 21T o 72,

REBA%

AREBRCTILH® O ASS H/y & R SH 5 2 & T 104> 08
R DA EATIREIR % 1T o 1=, & 17 fRER BRI 1T A
550 DHFFAG S Y LC 8~20Hz %o %Kk, 02 £ of| \
~3Hz ZHDEDRKICE D EED LS WERDH D . 04
T2 CAME TR HF 0 DM & LT 3HZ IHRH 1 :
10Hz JMEHL i 35 & O RRI-SW 1 #L[E 0D 3 Bl % 5% i Time [s] Time [s]
L7z, 728, v— NENORLFER O —F % Fig.2 I
R, ETo, B ORI IC XD SRR RE
DOFIE L S5 LFHF IZ X 0 i 247 -7,

ERER .

Fig.3 [C#BR#E 1 4 0 LFIHF % 10Hz AR 8 12 k9% 45 N4 s o o
e LTRT, LRHF IXMENMEWVEE Y T v 7 2REEART, RXICE ]
VT LF/HF 13 10Hz AN s (2 56k L C 3Hz MN3R #1322 % K35 RRI-SW
FAE L X 42% K0 L TR0 . —#BRE ) D OFER Tl d 5728 RRI-SW
HIEN I TR bIEIRE N Y 7 v 7 ZRBEIC /R D AlEEZ R 2 & 27

Fig. 1 Ultra-compact electric vehicle

02y

Displacement [mm]
o
Displacement [mm]

(a) 3Hz (b)10Hz
Fig. 2 Time histories of seat displacement

100

LF/HF values[%]
[=2]
o
[
[

T&ET, ° 10Hz 3Hz RRI-SW control
B2 30k Fig. 3 LF/HF values

1) BB, BrIE, HPEPAR, A, B ARBEE TSR ORI 2 R CEE, Vol.7, No.02-1, (2002), 175-176

2) AH, g, BRI, MR, BARH T2 25 B TERNIBEED XA I 7 A R Y T LGEERm
£, No.13-4, (2013), 312-313.

3) A, AR, BEP RS R&D L B = —, Wl.30, No.3, (1995).
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BmU TN T U= Rar N "—FIZL5ERBEVAT LHRER

HRIBEEZ . S —sa* AREDEIT*, AL
(RIR K=, * LN T 3K, **TDK)
Signal Transmitter Using High-Ripple Forward Converter in Wire Communication System
A. Katsuki, K. Masutomo*, K. Morita*, S. Maeyama**
(Nagasaki University, *Kyushu Institute of Technology, **TDK Corporation)

EFL&HIZ
ﬁf?@fn VAT ATILREEREBRBRE LTHME Y, #EROV AT M, 1 BOEBFEN T COGKE
IR 08 ), EEEDBEF LT 5 & 2 AT L4 Y T 5O CREMECHER D 5, £ 2 THEE LI
/J\’§£24’ v F U T EREFORERAZEAL, WHEHRICLDTEEBRV AT LR LT @Fﬁ%‘-ﬁ%ﬁﬁp
P12, KFETHE, 747 — Far A "—E2%REHE L THWZGEORE2 BT 5,

EERELTOEN D L Ci Test Load
FBRIEH % Fig. 1 107, Fv /80 Cic I i T
SNT, ZEMIHERREKE < LTHA ek O S L U
WEY I NEAS L, RERL I EA R s Ol T edes) | [JRelRe
IESLTRAY FRakE <5, MOBIE T
U 7V ORIERHE % Fig. 2 1R, F v/ Y Fig. 1. Experimental circuit for transmitter.

HUAC B/NESL LT & RIENEV
EREL 2D EHICZE DI ERLIEITIEL
2%, BIZCE/MSLKTDE, RBIEOZE/L
Dh7e 720, WIXELO THEEEZET
5o RMEMN AR Rae DB L ZIT DN,
AT NEVEHRIC A A T I i&@f%%
L2V, EWAN Re 13X A7 LAEEFIC
HIREEEET D™, U NVDOKRZ I ikh
C R B 2 pu, AJTEE Vin 1X 141V,
AA T T JEBEE s 1£ 200 kHz & L7z,

EZEFES 0
)EHKB%\S L<C j: x@:;p:é: LT Cl %@U 0.1 1 10 B 100 1000 10000 100000

BERAOBEEOB A D Y 7V EIEIRIE Capacitive reactance X, [€]

EEROHELZ I VBE IR L2 EAEZ L

WEETHD, T4 VHVBEOHE LT,

ZEFRBE (10 kHz OXIFR ST ) % Fig. 3(a)ll, .

FSK(~— 7 J& 4L 240 kHz, A~X— R JE ¥ ()

200 kHz)(Z & % FM I (Rac D - 8 F) &

Fig.3(b)iZ, PLLIC (Z X 21E5/7 % Fig. 3(c) . ;
AT @ VitV Vs

2D N (©)

1) J. Pest, United States Patent, 3649769, March 1972.
2) A.Katsuki, et al., Proc. of INTELEC’99, No. 13-1,

(3
W

l l l

0= 1, =04A
, R, =300 Q
-, ,—02A

1, =04A
R, =200 Q

—=1,=02A

55
(=1

[

[
\

S

Output ripple voltage Ae, [V, ]
w

Fig. 2. Relations between the amplitude of output ripple

voltage Ae, and the reactance X. of capacitor Ci.

Fig. 3. Example of observed FSK waveforms; (a)
Modulating signal, (b) FM wave, and (c) Demodulated
June 1999. signal. (Vertical: 5 V/div., Horizontal: 10 ps/div.)
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R, ORRIMH, KBS, AiatEE]T, AR, — BB

CRAER:, "HALE )

Size and Weight Reduction of Lap-Winding type Three-Phase Variable Inductor
K. Nakamura, K. Honma, T. Ohinata*, K. Arimatsu*, T. Shirasaki*, O. Ichinokura

(Tohoku University, *Tohoku Electric Power Co., Inc.)

1.IFCHIZ
AIEA T ZE, HIEER D OB X 0 A2
BARDFINI2A v BT B AL EICHIE X 5780, &
JIHa T o EHBEDE TRFICHINCERT D5 & T, w
S ER OB L EEE E L OSHTE S, LlicE
%6i,%ﬁﬁﬁm_ﬁmbtsm#¢%ﬁmﬂ%4yﬁﬁ
& V2o, ERHEERRE R EERICER TR, »

DOLENEMD 3 MH—KAIEA X7 ZEREL, BRIR
HEAEE S REREAREZ2 AT 2N LY,

AFRTTIE, BB 3 H—AKEA o F 7 & O/ R
ZHRE LT, BOLELEHEIZOW TR ZIT 27O TH
HT 5,

inductor.

Fig. 1 Lap-winding type three-phase variable

Table 1. Specifications of five lap-winding type
three-phase variable inductors.

2. E#&%ﬂ 3 *E—ﬁii.[%*f >9’9 9 a)’]‘ﬂﬁ%{t Leg width|Core diameter|Total weight|
Fig. 1 1T, ¥IHIRRGHOERBR 30— IKAIZE A v 7 5 %o (mm) | (mm) (ke)
T, Fig. | ORAIEA XY X5 3HMEL LT, BLORRE, H 52 iz EZ
R (60 mm) , NAADERIR = — 7 OfE (15 mm 3 K OV 25 mm) 4(') — 24:6
Z—TEDFRMEDOT, Table 1 (Zd & 5 IZMME & 0B AE 2 8 175 268 s
L, /MBS BT BRO BRI EIC O W THR 21T o 72, 35 264 22
Bp, EEEHEOREICE, BELMRETY I XL R
Fv MU= N (RNA) & H\ie, 3 122 1 Legwidth:35mm
Fig. 2 [CHZE &Y 72 OMERhET), Fig. 3 ICEEMHEIRD 3w
ERMAELFLE T, Fig 2 #RD L, MEANS<Rs1E  §3,
VURRALT B 72, HALEES 72 ) O TIN5 iz o N
EHDBG, N, Fig3 BRDE, WHAVNS R, | 0| 2 Leg width:
W ORAEE N m < 720, BAENE(LLTNDZ &N 0

0

binsd, ZIT, REICBITHERELARILSUAT TH DL

10 20 30
Primary dc current (A)

BN Z LD, AREOFIE TILNE 40 mm OFF L0 Fig. 2 Reactive power per weight characteristics.

b BRWVRHEZ AT 22 0%, EARREHIR LT

4

]

10 20 30

Primary dc current (A)

£ 16%DIERAL & 59 6%DBELERE D NIHLAS B T 5, 5
7235, AWFTEL IST WFJER R F 3 A-STEP O3 1R % % Ty Leswidh:3Smm
(ESRoY "g 0
SR L A A
1) SR, A, KB, AR, R — O f, BARERERE, H Vs beg
32,415 (2008) ‘ 0
2) K. Nakamura, K. Honma, T. Ohinata, K. Arimatsu, T. Shirasaki,
O. Ichinokura, J. Magn. Soc. Jpn., 38 (2014) (in press) winding current.

—202 —

Fig. 3 Normalized distortion factor of the main



3pF -5 538l A ARSI (2014)

A H—R—=P—NET7 =T A b Z 7 X Wiz
CMOS A A v F &4 DC-DC = > /N — X

z«xﬁﬂ%nﬂé SRR — BT Y, RIS Y, R ARIEER b, VERRES Y, BRI % AR %, PiBME R 2
TEKTE 2, WA S, TEEP L S R R S, MRS Y, e R EEH%W Y BROE Y
MEMKZE, *HBER TERASH, SHORTERTE, HOTRE)

CMOS switch DC-DC buck converter using ferrite core inductor embedded in organic interposer
K. Hagita', Y. Yazaki', Y. Kondo', M. Sonehara®, T. Sato', T. Fujii?, K. Kobayashi?, S. Nakazawa®,

H. Shimizu?, T. Watanabe®, Y. Seino®, N. Matsushita®, H. Yanagihara®, T. Someya®, H. Fuketa®, T. Sakurai*
(*Shinshu Univ., 2SHINKO Electric Industries Co. Ltd., *Tokyo Inst. of Tech., “Univ. of Tokyo)

1 FECHIC <y sr—YLLDCRU—FY
v RO L LT, EHLITAMA 7 —R
=P DT = L F 7 ZNE DL PRET, A
VB =R =P =~ DOERER L OBRF 2D TV
o KRRTIH, 7=2TA4 MM H 7 25N LT
AR A B — T CMOS Ao vF%  Fig. 1Zn-Fe ferrite core planar spiral inductor embedded in organic
interposer.
'ItLVCT%EJZ Lfcﬁérﬁ” DC-DC @zt R—Z Ok P rMotherboard

| & BIRAE ORISR 2 Wi 45,

2 Zn-Fe7x34 M UFEOE Fig 113 A
WA v X —R—YP—DO /) KT v T BIZNE LT
InFe 72T A N2 X —VANALTNA KT H
DO Z R~ TH DO TH Y 10um JE Zn-Fe 7 = 7 A
MIEN RT v FREORE D TZ DR Y A —
S FEAETHE L TAY Y AT L—iETER L“C\ 180nm-CMOS swith Organlc/lmrp:si:n::m embodded
%D NA X7 ZDB0MHZ IZBIT B A v & w capacitor Zn-Fe ferrite core inductor
7 5, VAL 46NH, Q BIE 12,6, A > ¥ 7 42  qreanic interposer.

Top 10 pm thick Zn-Fe ferrite core 25 um thlck Copper splral coil

Bottom 10 pm thick Zn-Fe ferrite core 3 p.m Polylmlde underlayer

Output Capacitor /

M
0510, 1uF 0.1uF) |nputcapncl!or
i=:=‘& - 510 1uF 0.1uF)

t . ¥ "‘
/" . Drlver Decap
PICIETAN (0510, 1,F, 0.14F)

2.5mm

Fig. 2 180nm-CMOQOS switch and buck DC-DC converter integrated in

N 10% K T3 5 EMESERIL 2A TH 5, 1.00 [V 27,0705
090 |
3 CMOS R4 v FERE DC-DC a v/\—42 O FE & 51l 0.80 |

Using Zn-Fe ferrite core inductor

A FZ ZREEBIRDAA v F 2 VIR 2V AT) =1V - 1A 070 I 1= 50MHz
Hi7 O BEIR 1T A4 T 180n0m-CMOS @ P-MOS & N-MOS FET £ °% | '
5 M W, Wy Z3RE L7=, A 180nm-CMOS A A v F & Eﬁo- Wsidg alr oore icuctor
A X —R—P =27V v 7T v 7FEE LT % Fig. 21277 o030 |
3, CMOS F v ZIXEIFH 1A D MOS ¥ Sv % 2WNigt+ 5 020 7

728 2.5mm A XEAHT 5, /AP A K P-MOS FET DA Wkt Ez' T 1]
D % 05 —EIZ L TEADLBDED N EIEAANEE RE L " 000 020 040 060 080 1.00
& Fig. 31257 T, Zn-Fe 72 T4 MV E I B EAN, AL v F lLoao [A]

e o t ., Fig. 3 Conversion efficiency vs. output current in
> A E S0MHz CTEME S B 75513 1A 1T 70%55 D %)% % 180nm-CMOS switch buck DC-DC converter.

IRTOIZKI L, 2 X —VZE0ANA, TIA U E T ZERAN, AL v
F o7 JEBEE OOMHz TEME S 7258 OFEIT 10%REEV, A1 ¥ — R —VF—NEE ARt & %
EBLU YT BRSNS I 2 L — g URERICR L. EROERESRIL 3~4%FRERVFER L oo 72,

SEZCER 1) Y. Yazaki et al., IEEE Trans. Magn., 50 (11), (2014)., to be published., 2) K. Hagita et al., The 11th
International Conference on Ferrites (ICF11), 17pP-51 (2013).
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Thick film magnets deposited on Si substrates for MEMS applications
Manabu Oryoshi, Akihiro Yamashita, Takeshi Yanai, Masaki Nakano, Hirotoshi Fukunaga (Nagasaki University)
Nobuko Matsumoto, Yasuhisa Fujii(KRI corp.)

1L DI

H38lA  HAK D FINGREMELE (2014)

{£:0.5 T FRE OREFig2() B0 F A o VML EB LIz L 2

I ER O NI ] & 2 kA B O /NUERRD B b
H, MEMS(Micro-electromechanical system)~® )i & #7,  Si &
W E~EN TR E2 RS Nd-Fe-B RRA D R AT &
NTND, ZNET, Ay X U 7EE W, Si K & Nd-Fe-B
JEDORNZ ANy 7 7 @EFIAT2HFICL Y, £ um~20 pm [E DO
D FEI7VE Nd-Fe-B RBLA D I HE ShT& 7200, Fhx g,
FeXTaD&RER ETHDHLOD, 210 pm/h O FRIEGEE %
£ 3 % PLD(Pulsed Laser Deposition)i£ & V>, 10~1200 pm D IR
RS DG C % )7 Nd-Fe-B SR/EMREA & Al L, BRSO 7
A ZTSALTE 0, HigHkxlx, LFo PLD #EE2HWT S
HA A2 Ta Ny 7 7 &M L7z Nd-Fe-B SRR D Bl %
LG, L LAans, BULERCR TS [HR & A
TORFIBE - el - ST EROMIEE ] SO, MAaloy 1>
VUMMTERET &, MEAORHRN A U B 2 L AR S =@,

A& T, Nd-Fe-B R/EBRA OMKICER L, LRkomED
e, FEMEICRENES b OO, SiFEE EIZ 100 pm EFREE
FCOREM LA R LR ERET D,

2. FEBGIE

NdxFe ;B(X=2.0, 2.6, 3.0) &4 ¥ — 7~ h & Bl X &2 5
Nd-YAG 7SV AL—F 2T B2 Eick Y, ¥—7 v hak
T2 TS, A A 55 & R - U S B ISR L7z 5 mm
A O100) GG Si BAUCHERE S E 7, L—F T —124 W T
EL, #—Fy F SR OB 10mm & Uiz, B2, AR
% OFEHIIRBEZRFE 2 7R L7272 %, PA(Pulse annealing)i: %
TERRFIER 3.0 sec CEVLEE A L, WSS Z RS2,
WD RIEIX VSM, Bk A SEM-EDX % HWHIlE L7,
3. ZEBRER

ARERTIE, TaNy 7 7EZH ST, Nd-Fe-B RIEMEW A % Si
AR EICEBERET 5 FEE2R AT, ZOE, SidiRk & OB IR
BREEBEL, xR NdEAEREZAT LR ZHERL, 2¥us
#OFELOEORET- 2 i L7z, fE%% Fig 1L IORT, £ToO
B O, A OFEETIZ 2L, SiERBHFOWETH S
T L EERR LTe, EERCA OIEIE D 60 um DL EOFEHTIXIE S
DENRRLNDHOD, TNALTOREFLEIZIBWTIE, Nd &
FiEE 15 at%l BIZ3 52 &2k, TOMEEEMHTE 52
EHRHLMNE ST, ZOBRRNO—>L LT, Nd GHEDOHNN
WY, SiEER & IR A OB IRARE O NN S o e T &
NEZLNDHDOO, S%FEMRRFBMLETH D, fHFOI72R
Brod-c, BUE . 113 pm, REET - 1160 k A/m B2, 7REER

A, Fig. 20T L 9 ICHBEICEINIC&, ¥4 v 7 %O
BEDLIL b/ NESWZ 2R L. Ta Ny 7 7 e Vi nE
BN, XA TEOHB O TICERTH A 2 & BRI N,

T VOV — T

20 OQ 7
oot %3 *© 1
S 18 O@gb ©) O a o -
E o % ‘
= O 00 o ©
> 16 ©) 7
E @%0 O ® 1
k= ® o °
Z o —
12 ‘Q .. [ J O : No destruction []
Y @ : Destruction
10 = 7272 TE—
0 50 100 150
Thickness[um]

Fig.1 Relationship between Nd contents and thickness of Nd-Fe-B
films deposited on Si substrates.

Magnetizaton [T]

(a) (b)
Fig. 2 M-H loop of a sample for dicing and four samples after dicing.

23 30k

(1) Y. Zhang et.al., Acta Materialia, 60, 3783(2012).

Q/MIEL, EXFRXY T RT 47 A% EER,
MAG-12-170(2012).

(3) M. Nakano et al., [EEE Trans. Magn., 43, 2672(2007).

(4) MHER S, BRFR~ I AT 1 7 AFEE, 2-131(2013).
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