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As the areal density of hard disk drives (HDDs) has been expected to go beyond 2 Tbit/inch® for the next 10 years",
very narrow read heads with reliable performance would be strongly desired. With regards to this issue, lateral spin
valves (LSVs) have been proposed to be one of candidates for very narrow read head applications. Since the two
ferromagnetic layers in LSVs are laterally separated, very narrow shield-to-shield spacing is expected to be realized in
this structure. However, as for all-metallic LSVs with ohmic contacts, the output voltage is much smaller than that of
vertical magnetoresistive devices such as current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) and
magnetic tunnel junctions (MTJ). Based on one dimensional spin diffusion model®, one of the recipes to effectively
ehance the output voltage of LSVs is to utilize highly spin polarized ferromagnets. In this meeting we will present our
recent effort on the development of all-metallic LSVs utilizing Co,Fe(GagsGeys) (CFGG) Heusler alloy exhibiting high
spin polarization.

The starting multilayer stack of MgO (001) sub./Cr (Inm)/Ag (10nm)/CFGG (20nm)/Cu (20nm)/ MgO (2nm) was
prepared by ultra-high vacuum magnetron sputtering system. After the deposition of CFGG film, the whole stack was
annealed at 500°C to promote the B2 ordered structure of the CFGG film. The multilayer stack was then
microfabricated into LSV devices with sub-micron scale dimension of CFGG ferromagnetic wires and Cu metallic
channels. The scanning transmission electron microscopy observation on a representative LSV device confirmed the
clean interface of CFGG/Cu contacts. At room temperature, a very large non-local spin signal (4Rs) of 17.3 mQ was
observed for a LSV device with center-to-center CFGG wires distance of 350 nm (Fig. 1). The fitting based on one
dimensional model (Fig. 2) suggests that both high spin polarizations of CFGG film (Pg) and CFGG/Cu interfaces (P;)
contribute to the large non-local spin signals observed in this system.
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Figure 1. The non-local resistance change (V/]) of a  Figure 1. The non-local spin signals (4Rs) as a function of
a LSV device exhibiting spin signal of 17.3 mQ at CFGG-wires distances measured at room temperature. The red
room temperature. line corresponds to the best fit based on one dimensional spin
diffusion model.
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FRiMGE— R L— U 72— R¥ v v 7 (MP-TS gap) % e [H ie kB AR I3 L CEIT 5 #i% (Tilted-STO)Z L 0 |
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Tablel Calculation specs

Wtite head dimensions and material specs
Width x Height x Thickness
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Trans. Magn., vol. 44, no. 1, pp.125- 131
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T. Katayama, Y. Kanai, K. Yoshida, S. J.
Greaves, and H. Muraoka: INTERMAG
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Fig.2 Head field and STO oscillation responses to switching of coil
current. (a) Full model. (b) Half model. Note: Responses between

- 8 nsec to 0 nsec are not shown.
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Study on the magnetization fluctuation noise in TMR read heads with various stripe heights
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Fig. 1. Noise spectrum in the TMR head with a size of
36 x 15 nm? as a function of positive magnetic field
with j =+1.32X 10" [(a)] and +6.76 X 10" A/m? [(b)] .
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Suppression of jittar noise by controlling position distribution of magnetic grains
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Influence of in-plane recording field on transition noise of hard disks with various layer thickness ratio
A. Komuro, N. Tomiyama, K. Ebata and R. Sugita
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ZoRT. MEMABRIZ T, B S W IR LR, BIRS Gk K - TRMERS R L 72y Th 5. Fig. 1 XV, &
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Fig.1 MFM images near transition area.
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Bit Error Rate Performance for Head Skew Angle in Shingled Magnetic Recording
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LTW5, MFOFIROERITIE v MER, —MAIdGisk~y R
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Bb, Fig. 212, A% 2 —AICk4 5 BER FrtkZ "3, {HL,
BAESNY NI M7y 7 OHRzERL, VAT LM EEZMZTWH
7, F7Z, PRIML FAZEH LTS, MLV, ADMED
AF 2 —MIZx LT BER OHLIFT/NTH 528, IEDHHITH L
TIEA L= FIZE D RIEIZ BER NHLT 2 2 L3bhd,

B AU —IE, EHRA N L — DR HEE A (SRC) & A
e B4 (35 TP FE(B):25820161, JEA%HT7E(C):26420358)
Bk b LT b THDH Z E MR LETEZ T,

BE IR

1) R.Wood et al., IEEE Trans. Magn., 45, 917 (2009).
2) M. Yamashita et al., IEICE Trans. Electron., E96-C, 1504 (2013).
3) VY. Kanaietal., IEEE Trans. Magn., 47, 715 (2010).
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Fig. 1 Magnetization patterns for
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ATbits/inch> D~ A 7 a7 o A " ESEGEY I 21— gV

FARFR, WD, @It WILAF
(UK ZE, iR TRERE)
Microwave-assisted magnetic recording simulation aiming 4 Tbits/inch’
S. Kashiwagi, T. Tanaka, Y. Kanai* and K. Matsuyama
(Kyushu University, *Niigata Institute of Technology)

[ZC&Ic

WA HDD EHO 720 OFHEATE LT~ A 7 a7 v A MEKGLEHMAMR) I ST 5. 5 Ku
M V205 55080 1E MAMR & f8 C B A A (ECOBEA YD AN IR TH D Z L b
WD, RHFZE IR AR IC L 0 3 ORI 5725 ECC A ZA87E L, 4 Thits/inch® kD - K DA
TRk O FEBUZ M T MAMR & FEisk V& O L7 {5 Batsk - ARSI VL TRET L.
HEAE

RLEMERET L & LC, Fig 1 ISRT X 972 3 J@ORMESE 23 2 VR 4.6 nm DR 2/ A TR OReME
B3 2 Wt ELE STV A b OEREE Lz, MIEEIX 120m Th 5. b3 EhE R IX LLG FREEHwv
TTo7=. fifk~> R Fig. 1 1R T FL—V 7 v—)L RE49 5 itk B~ >~ R & s EST
HEOMAEDOEEEE L, AREREFHEIC LR
iRk, 4 7 BERERREAIE L LTAE Y FL (uﬁmw

Down-track

Side Shield
A L—2 VR MEL, 10X20X20 nm® A R ORER
FEAETE(FGL)AS LR« b L— U > 72— b RRICHE E &
NTWHHED L Lie., SR ORBRFEIIEZ EMEE 12mm
1% 60 (@350 K)RFFCE AR &L LT,
HEH#ER

ARET VBNV TIL 15~25GHz T~ A 7 ajli7 v A
FONENBNTEY, H— T v 7kl BIT 54
575D SNRIL20dBREETHDH. Fig2ll h T vy
F(TP) 20 nm DHH OFLERE Y hRF — 7. X
PO E Y hXZ— U RFRER STV D Z E b
%.Fig.3I2SNR D b7 v 7 ¥y FKFEEEZ RS, 7235,
AT —Z 1% Fig. 2 (27873 200 kbpi DfF 50 SNR TH 5.
TP 3T 21> THRE 7 v 7 B3IMET 57280 Lt
SNR METT 52 &nbnd. LLERLARET VIS Down track direction
BWTIE, TP=20nm (ZF\\ T, 19dB @ SNR &£ L
TRY, K NT7 v 7EE 1.27 Mtpi NEBR[EETH D &

20 layer

3" layer

Trailing Shield

Fig. 1 Simulation models.

Cross-track direction

Fig. 2 Recorded bit patterns.

3 R — . 30 - T - ; :
HEM S5, E72, 1600 kbpi OFLEKIE %5113 200 kbpi /=15 GHz
DIFHFHIID 35 %RREHRLNTEY, RET/LICBNT | ——=25GHz
1% 4 Thits/inch® #1124 O e gRERE A HIFF TX 5. gzow T -
B TR =

“ 10k .
1) (Jz.o((i).SZ)hu et al., [EEE Trans. Magn., 44, pp. 125-131 1.27 Mtpi
2) R H. Victora, IEEE Trans. Magn., 41, 537(2005). o
3) S.Greaves et al., IEEE Trans. Magn., 45, 3823-3829 0 10 20 30
(2009) Track pitch, 7P (nm)
4) éogg)u et al., IEEE Trans. Magn., 42, pp. 2670-2672 Fig. 3 SNR as a function of track pitch.

—212 —



4pA -1

H38lA  HAK D FINGREMELE (2014)

Fe & CoPt &4 DO a2 978 L - 1B S R $t o
T2 FRRE & IRk R

KR « KPP « ZAIERS - fl%F SR - FiZgfE
(P, "HOREEKR, TIIEK)
Spatial Resolution and Switching Field of Magnetic Force Microscope Tip
Coated with Magnetic Bi-Layer Film Consisting of Fe and CoPt-Alloy
Ryo Nagatsu, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino”, and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

IXUBIT BERSITEMEE (MEM) 138122308 B IR A1
BARE R L, BACRIEZBIZT 2BMBEThH 5. W
iw K RESREERIL A A ARG B OB 1S, RIS IS &
DRSS LIERE B T2, EOfRREIIN A, BV s
A (Hgy) ZEFOVESINMBENI /2D, ZHET, Ll BitEE%
F§O FePt X° CoPt, FePd 4 #7E L 7= Hy, BEEFO /R
BTG I Fhxld, HERAMEWEVLEEE TEv K,
HEFOWZE LI BENEH TEX 5 CoPt A& ICERH L,
DR B2 8 U CUERL U728 Hy BREHE BT LT % o
AFRTETIL, MFM 1550 BB ATRE/e R MeFe & &
Ha 258145 S5 L1-CoPt G4 & ML Aot 7o il sl
% IE/I;M PRSI ZERL L, B REE T Hey D EIATREMEZ 1R

EBGE BEYEIE, BeEEY IR bR ARy ZY o
7AEE A W, =2 L LT, RO SEE R 4 nm D
Si A2 FEH L7z, 300 °C THIEA L 7= ~— 28t BT, Fe(x
nm)/CoPt(20—x nm)/Ru(5 nm), & L <I%, CoPt(20—x nm)/Fe(x
nm)/Ru(5 nm)EZ Ak L7=. Ru J&ITmaE — @R o B il =
&fbfiﬁy\ L7z x&2 07520 & L, SRMEERE-RZZE(LS
.

EBFER  Fig. 112 Fe(20 nm)/Ru g Es % W CEIE %
1T - BERKEREAR D MFM 18 & Z D515 S 8
7 — 227 MV, 1500kFCI (B RE :17.1nm) £ T
L, NT—AXT MUZBWTE— BB LD, —H,
1600 kFCl (B> hE :159nm) TlErtdEicsisd2 e —
I BBAVTHZRW. LTEA - T, ZfifReld 17.1/2 = 85 nm &
15.9/2=7.9nm & O 8240.3nm T 5 LK Tx 5. Ak
725l Z Fe(x nm)/CoPt(20—x nm)/Ru ERRFEREH 6 L TIT-
TR A Fig. 22 F & 5. Fe BOHINIEE, MFM 5
MR = <720, SRREN N L LTV D Z E035005.
WIZ, HeydHMliD 7212, MFM EREFERE S A & W H TN
WS A E1n L, HDD 44 (163 Gbfin®)  MFM 8122417~ 7-.
TR BEE % 50 Oe MMAC LF-S8, FUINME RO F—fE T
BIEZZATV, 23 BT A RSUR UTZBROORES & Hey & LT2.
Fig. 3 |2 Fe(20 nm)/Ru Mg E+ DR ERE 2 7=, FIIIRER
H3450 Oe ETIFAIHMRAEEL RIL 2> b7 A P TEZE I TV
% (Fig.3(a), (b)). 5000e ¥ CLASHEDH L, a2 T AR
FHEriadd b5 (Fig. 3(c)). L7223 T, Heyld 475425 Oe
L7 5. [k Hyy il 2 Fe(x nm)/CoPt(20—x nm)/Ru [l
BREHIRT L T T 7o & Fig. 2(b)I2~d. Fe JEOHEINICLE
VN, SEREIIA B 578, CoPt EEOIRAIC XY, Hgy 1K
EE5 2 ENnnD. MAEE, CoPt(20-x nm)/Fe(x nm)/Ru
BRSSOV T b ST 5.

BEHR

1) Y. Rheem et al.: IEEE Trans. Magn, 41, 3793 (2005).
2) L. Gao et al.: IEEE Trans. Magn, 40, 2194 (2004).

3) S. Ishihara et al.: J. Mang. Soc. Jpn, 37, 55 (2013).
4) S. Ishihara et al.: J. Mang. Soc. Jpn, 37, 255 (2013).
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Fig. 1 (a) MFM images of a perpendicular medium
recorded at (a-1) 500, (a-2) 1000, (a-3) 1500, and
(a-4) 1600 KFCI observed by using an MFM tip
coated with Fe(20 nm)/Ru(5 nm) film. (b-1)—(b-4)
Power spectra analyzed for the magnetic bit images
of (a-1)—(a-4), respectively.

1 1600
<-Resolution (a) |
sl -o-H, (b) 11400
.1 1200
= 10 E @
S f H1000 &
2 9 ' 3
2 | 800 T
x gl
600
7 1 1y 1 FA00

0 5 10 15 20
Fe layer thickness, x (nm)
Fig. 2 (a) Resolutions and (b) Hy, values of MFM
tips coated with Fe(x nm)/CoPt(20-x nm)/Ru(5 nm)
films.

T ' A% IS

..n,' ..h,"--‘“
Fig. 3 MFM images of a same area of HDD
perpendicular medium observed by using an MFM
tip coated with Fe(20 nm)/Ru(5 nm) film (a) before
and [(b), (c)] after applying magnetic fields of (b) 450
and (c) 500 Oe.
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ColPt ZJE 5% 9k L 7ol BRI EERE O I i R

AR « KIS« ARIERE - M SC R - FgdEfs ™
(P, THEELR, TIIEX)
Switching Field of Magnetic Force Microscope Tip Coated with Co/Pt Multilayer Film
Ryo Suzuki, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba”™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

4pA -2

[FLE®HIC K AEMEE (MFM) 1%, BYEREELES 2 WD Z 212 & 0 3B S OIRIBELIS 2R % H
L, BALREEZBET2HMETHS. & K eEERCKkAMA 22T 2156, IRNBSGIC X 2R
{EEEZ B <729, mafRaRIcNZ TR WKEEEE S (Hy) ZROWEPANE L7, ZHUE T, CoPt X
FePt, FePd A& A #eE L7~ Ho TR OIERNR L LN TN E Y. L LA s, 2o ok 2 A
bSE2EDITITEIEABERLEL D, BESEEARER L L CEIGT 22 N TENIE, & Hy E
SrOEIBER N TIRE L 720, WEMORE EHMGRI-ND ZENEZLNS. flf, Fxld ColPt %8
MBS 2 L L, BIE L L OYABE R0 RRE & Hey IC RIS TEE AT CX7= Y. ColPt ZEIEDORE
REGMITREREEIC LV ZE(T 2 2NN TWD D KIF5ETIE, HRENTHEE L7~ ColPt Z @D #E
BEBL A DY Hey ICRIT T REBIZ O W TR 21T 72,

FRAEZ BEHEZERF~Z R bur 2y 2 Y o 73EEZ W, diIROGHEE 4 nm O Si ZEEHTEIR
CTHEY TR 21T > 1=, WEPERR B PR et O AL IZ[Co(0.5 nm)/Pt(1.5 nm)]1o/Si #EEF, & L <1, [Co(0.5 nm)/Pt(1.5
nm)]1o/X(20 nm)/Si FEEF & L7c. THEfE X 1%, (L11)Em AL hep-Ru, fee-Pt, Pd, = Ofthfida A IZ bee-Cr 72
ExRFITDHZEICEVEM Z 2L ST B ERL L 72, D iFEER KO Hyy DREINIC I, EZ22HER MFM
RV, BREHEIRBIZIZIE SEM & W o, #EBIE OIS X OWRRHEREMIZIE, MFM ZREHERIREIZ
[FIELZ Si FEMR EICTERk U 7= B 2 A L, AFM, XRD,
VSM HIE Z1T > 7=

KERHFER  Fig. 1 12 Si ¥E#+E X [Co(0.5 nm)/Pt(1.5

nm)]1o/Si #EEFD SEM 14 % 777, Si fREHIIEN B —12 8%
BENTWDHZ NSNS, £z, AFM ([ZX Vi L
FIEOFRmHES (R) 1202mm THhotz. Ll &
O, Si IREHCZ @ISR SN TV D Z LW 05 . Fig.
212 Si FMR B L= 2 @D m st XRD /N5 — > %
T, COBLXUOPLENLDRKFNFNEFNBLEENT
BY, WITFNORBE S EEFRERR &> TWD Z LRy
5. WIZ MFM BRSO MEREFE M 24T > 7. [Co(0.5
nm)/Pt(1.5 nm)]qo MEHE B R EF D 43 iFHEIX 8.8 £ 0.3 nm T H
o7 Y. BRI ST & WM OBERAZEIN L,
FREE A 50 Oe AT v 7 THIRN S W72, BEFEIINALEE L
7o PREH C R E AR O R —EFT MFM GBI 4170,
Bar b7 A FNPREE L ZALVERBIR & OE AT O
HREE Hg & L TR 7. Fig. 3 12[Co(0.5 nm)/Pt(1.5
nm)lyo BEHE P BRSO RS B &2 R 9. HUMBEAR Y 1050
735 1100 Oe ~#§4 2% L = T 2 NREERRD i
4. L7235 T, Hey 13 1075425 0e ThH 5D Z E B0 5.
MHIXTHE X ZH0W5D Z 22k v, ZEREoiL
T o RICHOWTHERT S,

2E R 1) L. Gao et al.: IEEE Trans. Magn., 40, 2194
(2004). 2) S. Ishihara et al.: J. Magn. Soc. Jpn., 37, 55 (2013).
3) M. Futamoto et al.: IEEE Trans. Magn., 49, 2748 (2013). 4)
R. Suzuki et al.: Dig. Annual Conf. Magn. Jpn.; Magnetic
Society of Japan, 3pF-13 (2013). 5) S. Shiomi et al.: J. Magn.
Soc. Jpn., 23, 1357 (1999).

— 214 —

s
o
(a) Base Si tip (b) [Co(0.5 nm)/Pt(1.5 nm)]10/Si tip

i

100 nm
and (b) an
5 M)y

Fig. 1 SEM images observed for (a) a Si ti
MFM tip coated with [Co(0.5 nm)/Pt
multilayer film.

Pt(111)

Co(111) and/or (0002)

Intensity (arb. unit)

50 60

N

0 30

40
26(deg.)

. - attern of a [Co(0.5 nm)/Pt(1.5 nm)]y
multilayer film deposited on flat Si substrate.

Fig. 2 XRD

(b) 1100 Ce

Fig. 3 MFM images of a same area of HDD

perpendicular medium observed by using a tip
coated with [Co(0.5 nm)/Pt(1.5 nm)ﬂlo multilayer film
after applying magnetic fields of (a) 1050 and et/)) 1100
Oe. The contrast is reversed for (b).
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SGLERS v B DRV ALl B 5= 2 L7 mirid ) - W)

BEIRERERET DB TE & 7V AHgs 2 N T PR B IR A 77 7R A
O IR, ER B, 8O, KRR Rk uE
(FKHRE)

Fabrication of high-coercivity FePt-based MFM tips for magnetic imaging of strong AC magnetic field of for AC
magnetic imaging of magnetic writing head and direct measurement of tip-coercivity by pulse magnetic field
F. Zheng, G Egawa, S. Yoshimura, Y. Zheng, Y. Kinoshita, H. Saito
(Akita University)

(XIS Frox ZLIAT, BRI COMS % ATEEIC T 2 R EMR SITEMSE (A-MFM) ZB3% L7z D2,
WK FLER~ v REOZRBEEFHINCIE, ZRMBEEOEIMZ X 0 BHMEREENZE (L L2 ~N— REAERS 2 WV,
B E OB RER I L B D IEREMG AT A2 I LV AT D, EREMGEERRE UZFRE
ZH (FM) 2RI 5. Lo Land, BIERRENED 5TV LIRS % 4T 2 REREEHR~ v RO
RO 21T 5 120I121E, ZHE THW TV FePt /~— REMEZES ORI /11T 10 KOe FRETH D DT, /N
— REMERS O BB ML RN MERAIR CTH 5. —FF, BIRBEAIESORREICB WL, BT 5
PR OBEEFIERTI N 2., SRR ~ D Rk ORGPERRST B B ORI L EE L 22 5. AL T
I, FePt O &Rz BRIE LT, 1) FePt &0 MgO IINC X257 7 == 7 —Hi&Elk, 2) FePt
it dlhL O R N R S il O 72 D O AR FREEE - RFRFFEVAEL, 3) BBMLIRED 72 OERRE S O VHF 7
T AW, RS L. £, EHOEE S EZ MFM E5 _ o _
DN AR D 5RO B IEERRL, (FILE Fept S TR e jon of FePbasediims
SRR DOIRRE T % FTAE L 7.

Tk AFO FePt REROWB (B2 40 nm) , BLOLH smpe MO Ameling - VHE - Ivpmeceany
SEMBELU-IESZ, ~ 7 ra a2y 2 ) o ERZHANWT,

=i
K

A 0 5Clsec, 10 min 0 14.4kOe
AT XEER (LIRS & S EER BT, #%EIE SRR R, £ B 12vol% 5C/sec,10min 0 149k0e
NEER TER L7, MgO IR IX 0~35 vol.%, VHF 7'Z C uom Somelomn 0 Bawee
A~ HRATETNL 5~15 W OFRMET CALSETRIEL. M E 35:;:0/2 O:1°C/§: 1202:: 5w 193k0e
At 7= OEVLER L, 750 CE TOHIEHEEZ 0.1 C/H DL F 35v0l% 01°C/sec, 120mn 10W  2L0kOe
L < X5 OC/*}‘, 750 OC@{%%H#FH%% 10 ﬁj\zé) L < 1% 120 57\’ r G 35vol.% 0.1°C/sec, 120min 15 W 22.3kOe
L7c. EIREOBSFF RN ISR SRR R (VSM) & R aranes. ]
RE&TTFWHFET (SQUID) & v 7=, BEEF O FREEFTRHmIZ 1, 2 e ulse magnetic filed 4
30 kOe D7V ARG AT & % 2 A V& FHRIATE KT SN . | | .
FASRAERR 7 m — 7S (SPM) Z R, H ' ' Si'tip ]
#&R Table.l (2, MgO M&E, PMERME, VHF 77 X< S AU S TU
), 22 bW 7 FePtURERORE S 2T, &K 22. g";: : . - FePt:ﬁpj:
3 kOe (Table.1(E)) DR 475, MgO iRME 35 vol%, FiL 3 ]
BRI OB\ FIRHEE L BV BRI, VHF 75 X~ BB N7 E

WS 15 W OFETHLNE. REEAR EOFRIL, FePt f T b ©
E%*ﬁ@@?ﬁﬁg}me{K * Hﬁﬁlﬁﬁﬂr’rﬂﬂ: * % Llo }%%EIHEL: L5 %) Fig. 1 Pluse magneticfield and phase changeof
DEEZBND. Figl 12, BEHTHIN L 72V 2865, KUY different kinds of tips dependence on time.
)V ARG EN NS O BREHRE) O FH ORI A L 2~ d. etk

W AN SV ARG & FIIN L TR AL 2 RIE Uiz, AL Sample In-plane Coercivity of
DBEENE (FH) HHIE (BIH) 08D ORI R coercivity of FePt- tips
B (R OBESRLR S DY 21272 BRI IoxiinT 5. A 14.4kOe 16.8kOe
Table.2 |2, FEREORULBIEIC L AR L, EE D/ L AR c 15.4kOe 18.2kOe
5% T IEEIC & B IRRE N . TR L A OIS D 19.0kOe 19.4kOe
G 22.3kOe 20.3 kOe

(ZITBRVFEBE S R B 4L, fRIE7173 20 kOe L EOEEEFOIERLIC
R L 7e 3 5.

$EXB 1) H. Saitoetal., J. Appl. Phys,, 107, 09D309 (2010). 2) S. Yasui et al., Annual Conference of
ICAUMS2012, 4pPS-118 3) S. Yoshimuraet a., J. Appl. Phys., 109, 07B751 (2011).
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A 1 BEMSEE & Tl 72 (Big ¢Bag4)FeO; ~ /L F 7z A » 7
WD R - BGORFA A= 7

Ao DI R, KT ORI SR 8, OFE U
(FKEKF)
Simultaneous imaging of electric and magnetic field on (Big¢Bag4)FeO; multiferroic films by
alternating force microscopy
J. Lu, G. Egawa, Y. Kinoshita, S. Yoshimura and ©H. Saito
(Akita Univ.)

[FLSHIZ Fxix, I CEERNTHIESLEMSEZ, BREIHFICE O TEWZER 6 Tt %
EOTHRHECTEZZ2MEEZHET S, KBFEXNBEME (A-EFM) 7 5 NIREMEK I BHEE (A-MFM) % BR%E
LC&7 DY A-EFM 1F, bR SN 7= EEMREHC, RO IR WSk & Br 2 IR O F B 2 Fn L
CIHHIRORFREXR ) ZHAE SHE, AMFM 1L, bR Sz Y 7 MtEgetic, FEIRORFRE % i L <
IO RFE R RAESE, ZNOIEHIRLF NN FHLT 2 REHEBI O B AT S 2F AL T, #
LB DRAT HFES R O NCFS %, FERBERRZR ey 7 4 T 5. AT, F#ES L
FE O REREG b2 B E LT, EEHIEEMED Y 7 MEEMETRSH A AV, B2 B JER O R ES L AL
BEmZEIIN L C, $Ed & s % 8453 5 (BigsBags) FeO, A E « MME~ /L F 7 = 1 A v 7 4 8152
L7ekERERBINT 5.

KEBRAZ FHUC AT A, WHOEER Y o — 7Bk (HARE -/
JSPM-5400)IZ, 2 i DIE 5384, FEWREEHRZ (PLL FI#K) KOV 2
By AT T RMAMUCTHER L. BREHTIE, BIELEEME
AT D CoZiNb VY 7 NMEERE: (SifREHTBLMERE A 30 nm &%) % H
VY, SRRSO B 5 S s K OGS A FIIN L C, BAEL7Z(111)
Bl (BigsBags) FeOs il (FmEA(L Si Ak Fod Ta/Pt FHIEIZ 100 nm
B OFEHE T E S M O B E S L O 2 8lE2 L. (Fig.l).
RIS TGRS & Ta/Pt FHUERIC R MAEE 2 FHIN L CTRAE I,
ERER HSUCID, WBENEOEEE 2 R L Ta/Pt FHUERIC
EMEEZHM L T LZ., OB, 3 um AOMEEIC 12 VAL
#%IZ, TOHRO 1 um A OEEIC-12 V EIIIL72. Fig.2 (a),(b),(e),(HiZ
FRAES DR & AARB B L OSRHET 287 1 7 7 4 L%, (c),(d),(),(h)
\Z RS DOBRIEGR LB L OSRHET 287 1 7 7 A Vv ERT. GBRE
(213 0.2V, 300 Hz DA EIE 3 £ 1V200 Oe, 78 Hz D Atk & HIN L 7=.
RS CIXRF R A E S ARICBIZ S, B T, ®E
B O ESBIMEE &0, AR 2R T T 180° Bir o> TH Y,
FEEBLHO LN L TWD. FESGBRIZHENTY, BakENS s
i & [A) UGPSRV RS XA 1 3B S, BEIKHBE SR C HRBLRGSS DAt
EDMEMEE & 0, AARITEE R A C T 180° Br > TRY, MEMGO
FENKELTWA, YLD Z0omiEE - MMM o, EX0m
P LEIRT—AL b MEDOBTEBEWE VATICE ROV EMERAR &
HZENDD. AHINTFIED, MAE - ERVEEES OREMEIRO  Fig 2 Electric and magnetic field
ST I B E B2 B 5. images of (Big ¢Bag 4)FeO3
SEXHt multiferroic film.

1) H. Saito, et al., J. Appl. Phys., 109, 07E330 (2011), 2) J. Lu et al., J. Appl. Phys., 112, 124110 (2012)
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REGRVBEMEE BT 5 Y 7 Mgt O MREREAM &
NpLpa —. N YN P
1k SR B AREAAR 0D 15y 0 PR RE [EL TRl S B 22
] Z2{85 47, F. Zheng, H.Qi, K.SrinivasaRao, iLJIITtA, A T=HI, HA, 7EHEE

(BRI R5)
Alternating magnetic force microscopy: Performance evaluation of soft magnetic tips and high-resolution
DC magnetic field imaging of magnetic recording media
S. Okayasu, F. Zheng, H. Qi, K. Srinivasa Rao, G. Egawa, Y. Kinoshita, S. Yoshimura, and H. Saito
(Akita University)

[FLEOHIS TF, MEKFREIEIRDESE LI, MFM O @ fREEL YR < RO BTV D, Fox 1Rk
F VTR OGS FHA DN FTRE 72 22 B e 5 SR B (Alternating magnetic force microscope : A-MFM) % BA%E L, IR
DRSS ORISR 2R LT 5 D2 AMFM & W 72 BRSSO FHITIE, IR S 7Y 7 M
PEEREHZ PRET O IR B & F 72 2 JA W B D AZikss s % FIAN U CEREFABHIIZ R A4 S B2 IR O A2 e X
FIDFHE T DIRFHRE O BER AR 2RI 5. 2 E T4 ILEffEAL Fe-Co 82 v T2y
fRBE 6 nm EREE A 157 9. X 57 B E O LD T-DIIL Y 7 NREMEEEST OMEREIA LN EE L 72 D, AR T
1, IR L7- Y 7 MRS O AT RIS A E 2RI U7 BRI RE R Y2 VLT, B IcER L
flize DY 7 MEGPERRE 2T L, KD Fe-Co fRE#H XL 0 B MEREZ R LTz Y 7 MEEMERRET A v CHR AR
RALERILR D &y REEBL R 2 A A T R e Wi T 2.

Ak Hxov 7 FEVEES ZTRO Si EEHT, FegpCousBis, 7
FessC024B2o, FeoC0z, C0goZrsNbys, NigoFeyy F4 % ZALEALA /Sy & aof
VUYET 30 nm MR U CHERL U 72, BREFOMERERHIL TR EER Y @ 5 | FerCow |
o — 7 BEME(L-Trace T, BYM7/Hr/28)ic, SMSIRE L CEKE 2 Y NigoFez
FEMAZT, BHESHCRHRBES 2 AN % 2 L CAEL 2 EeHRBO 57 b, |
IR AR Y N AD 2 WRHBE OWBIE | Qon) & A7 NF LTS ER L .
SAP—THET D 2L TH o7, RS ORIEIE30-12000e, & 529 44 l
WL 89 Hz & L7=. FRBIKOREXEIZT, CoCrPt-SIO, mEHA A @ &f
SRR PV, BESFRURHEIEEEER 23 m E LCH v BV 2 Y T R E— O AT 1
I 1000
| 200 1000 10

RCIT- 72, Ak OIRIEIL 50-300 Oe, &L 89Hz TH 5. %% =
FER Fig. 112, (ERL L2 DY 7 MEMEESHT R 2 REHEBI 0 )8 /
WBIETIA T S 2 WAH R | 2om) O RS RNE Ho® K17
PEZRT. 2 IRIAHAIIE, ASTRES T IBHE L T LT D IREMRIE & A2k
s E OMEERIZEVAEL D, 1Q2an) X He OB, £ 2
T LTINS, 1RICHBIL TS 5. He I ENZE LT 5
BasE, BRETORFREZ BN L, T D& & DE SMENES DR K Loy
@Eﬂiﬂm‘ié CXED , F650C025Bls #7!%%1'@: NigoFezo #7}%@1'4: n %/J\é A | : L 2 VKHV
ALY CRIRINTIE L, FerCogo PREF & [RIFREE O @\ i HERE 2”9 2 (D)
EDBENTIREMEREA AT HZ NS, i, K 7 SREMEE
SFOEFNREIE M OV R R 1, 4% TR T8 oD B 1 35 e OV
WAk & LW E STV D, Fig2(1)IZ, Z 0 FegCousBys 28 % H
VT A-MFM B3 U 72 R B KGGLER A (FOekE E © 500 kfci) DRtk
By MOZEFANT FVIBEED HE KA 2R, flik ey RO AN et
MBI SR DFLERE Y MDD T A T a7 7 A LV DZEM AR el
MG IR L L Haskd 7=, i, (DD Fig.1 O 20 :
FeeoC0:B1s TRETD | 2eon ) MG R /R L7z, KICH S K 91T, fidke

Amplitude of AC magnetic field,H,** (Oe)

Fig.1 Dependence of AC magnetic
field amplitude on the intensity of
second harmonics of tip’s frequency
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> MR He® DALV, Sl LML, #%ICffn L C—Eff L
5. T CTHIRINCET D HEMEIE, 1) DIRIFEMENZEALT % HE E
FOREL DD, ZOBREFIVIaL—va UiERE—EK L. DL
EXEY, 1Qon) &AW BEEHEREFENEIL, B ORBICAEHATHS.
HE T, OfREM EEXS Y, MEREEZ S SICHEL L
FesoC05B1s TS & W - LR A DBIEFERIC OV T H KT 5.

BZ B 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011).

field amplitude on the intensity of
spatial spectrum intensity of recording
bits ( 1) and the second harmonics
intensity of tip’s frequency modulated
oscillation (IT) for FegyC0,5B1s5 tip.

2) riE 1, 55 35 [0l B ALK A AT A 2

£ 27pD-2. 3) S. Okayasu et al., 2" ICAUMS, 2pPS-109 (2012). 4) H. Qi et al., % 38 [a] 0 ARLR 2 1faiiE

2 WBHCPIE.

— 217 —



4pA -6 38 HABRFER AR ZE (2014)

AR ) AR A N T RO LRSS A RN ) U 72
ERELER Fe FREMERS X OF Ag-Co MR REMEREST 0D %
EA . FIE AR S, I TR KT R R UE
(FKFR)
Development of high-susceptibility Fe-based paramagnetic and Ag-Co superparamagnetic tips
for magnetic imaging of strong DC magnetic field by alternating magnetic force microscopy
S. Yoshimura, S. Bansho, F. Zheng, G. Egawa, Y. Kinoshita, and H. Saito
(Akita Univ.)
(FLEODIT Fexix, ABIFREITEE ORI FHZ ATREIC T 2 @22 M ARRE 72 X BRI BEMEE (A-MFM)
EEFE L7 DY RFETIE, ~— REEERBI OB FRG AN L CiE, Y 7 MRS A TGS & FN
U, PREHEGAL 2 IR SOiE S B THRBFUBHNIC BRI 2 A S, ZOREWMKR I BFHR T 2 5REHR
O FEWBETHRL 2RI 5. L LB D, KABA RO TRV & 5843 23 OFHm Iz B0
TIE, 1) V7 MEMEREDHBIREICHIERE L TLE D, 2) V7 MEMERSOBALS TR & OE
s CRIFN L C L EWERBZERBLR N E Ly, REOMBENEAETH. ZuxtL, MKE—A Y bR
V7 MEMEMEE L b E L, BB L 2RV, SWEMEREAT D, REDFBEA T L EMMER LT
AB RV B 2 AW T BREE DS, BIEGEBILICEE TH D LEZX LD, FTo, BALPRISIZHH] L2k
AL Er TH D I HEREHT, BB & G b5 2 & T, WBHE RS O it
WCHWLZEHTED. AUFFETIE, WM IO EMEER I W) TRAEER A B R S 5 72D O EHE
W IAER T 0 A OREHEIT, ERROH@ICHE L sl R 2B T2 L 2B L Lz,
FHiE SREEBMER X OBE MR (IKE 100 nm), 2 L CZI 5 2 RUR U772 # Btk R L OV i et eet
o, ¥ X b ANy Z Y o TERIWT, BT TR IS = STk BT, % IE SRR RIS, %
NWENEIRCIER L. WREEEB RN 2 — 5 > b RIZIERME Y — R ERED M 72864 — 5 Y M &
VY, TR IEE S — 7y N IR — 7y R E W 2 TRIRFEA Ry Z Y TR, ERE
AU U7z, Bl O RRINE I, PUBHREVRL G (VSM) 12XV, BREMEIREF OIKEEIX, KARGA DR
K[ABMEE (MFM) JEICR T 2 BEEHREBIOMARZ(LZRET HZ LIk, EhnEhfToT-.
FER  Table.1 1T, 1ESLL 7= HBEMEMIRE L OWRF BUEHIR O RIE TORMEER, BIOEN D O MEIEE R L
TR O R RN RHRE), 22N Z41urd . Ni-Cr, Fe-Cr, Fe-Mn 358 E CTHBME, Fe-Mo-B 1%
HE THEM, Ag-Co 137 7 == 7 —EOBERNME, OHETHL. 22T, WTFNOFBIEERIC
WThH, BIRTOBEENRERIZZRD (F= ) —IRENEIRIZ/RS)  Tabledl  Susceptibility of films and
SRR STV, RSO WRAEEEHC BT 1L, Rehtor  SCnSiivity of s with the films.
ROBSET—A > FORRICH, F R TEROPIEGEIC | im0 | 0 | 20 | 10
Ry, BN KT 2 Z R L2, £72, Mo, B Z¥hNL TH Pd 7.6%10°
pnEA LT 5 2 & TRALRDN ISR Lz, ZOHKRIE, D72rnIFEk NiwCrr | 47x10° |45°
PETLROPWMTH 2 ) —IRELZIM T TE/ZILICLD. EHIT, 1% | FexCra | 60x10°
WD XD NHERGA: & il U728 RIS B, FERICm [ FeMne | 125107 [21.27 | 94" | 8.8°
WRAERAG DT, 2 LT, MIEORLE L Estomg x| Dotorfe] 147007 (270 (74 180
BOMBATR L, B, WTROBEHIRE TS, ik~ e |
DRI BT Uhr 572, Figl 12, 0 Ag-Co MR T susceptipilty, 7 (107 H/m)
WD (ERLREICRE B REMER D2 2R, 22T, ik ' o/
BOREDHIRIE, Ag~ MU v 7 2HD Co Kif-H A XD
MEICHGTHHDEBEXL TS, KP ORI, Bk
PEELAE & R & TRBEE DR OER TH Y, Z O
X, M OBMBROFIRT LI, EXTURADOA
NDATo 7. BIEHEAHERKIEL 2 &Ik, BFEE
PERFHZ TR CTE D Co A BN L, 1FRSM 4 fEib | _ : : :
T 52 LI X D EFEEMEREOBEREZIFFIIRE T D 0 > Coz:centraﬁonl(svol%) 20 25
TEBRTEDLZ LS. Fig.1 Dependence of susceptibility of Ag-Co granular
£ 3CHR 1) H. Saito et al, J. Appl. Phys., 109, 07E330 (2011).  films on fabrication conditions.
2) (i, fth. 25535 ] B ARSI FINGREIEELE, 27pD-2. 3) KT, fth 5 37 [8] B ABER A FINGREIEEAE, 3pF-10.
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SRR T T — 712 X DI RERA B O 10 N R R D I E

A B, AR, IHE SR
(BRKF)

Measurement of minute remnant magnetization by Needle Type Magnetic Probe
Tamotsu Minamitani, Dai Wakaura, Sotoshi Yamada
(Kanazawa University)

FLHIZ

HIEER L~V LD F OBy N BB R (10510 T) 2 fl 5 72l ERH S CRIET 5 2 L 13, HIROHER. EEROZED
AR ICRE BT 2 Z ENHIFRE S TVD. UL, T E TN RERALORIEIZ TG S —V R, Bl
EDOREE L DELTH ) KBWERE S AT b L o> TWV-. £ 2T, R —/V R LTS o (72
kziMMmmtyﬁ?%%VW‘2&E&“@%mm EEHITETE D Z L2 L2 V. 3T 3 otk D
HIETHY, ZOEDIIINEE/NSLTDHILENMNETH 7=, £ZTC, GMR BV &2 7=sHkER 7 v —7%
Hw, Q¢5$3@2@@A;T3ﬁﬁﬁ YERET D Z L BT O THET 5.

AERE
SEFEFEIROME 7 CIIBRE Y MAVNRTE—ThbH 2 aﬁu
LT, Fig 1l DREL AT L&2BR LT, & HIRBoMfE /sy
BiE L, oo hma Ao LEESm (e i) &9 5. _034*%
Tl YZEFEL, uitﬂ%lil%:éﬁé%z_kﬁofb\é fw Nl ETSR BN s by
T, HUREHH 5y T%Dﬁmm 3, FRHORE LRI R ORGsEs U1,
PEER S5 Z & TRy & LTTRIBEND. ﬂﬂ?/‘y‘@l_{m AR Below TuT

Wi(d/a=0.37 d=13,a=35mm)

E72%. 7o, RBRHEAR adGREHR//UEES) & NN DORHREE DR E S
Fig2 OFRAH Y, /INUKIZ K0 BRI OB 0 R E <785,

R L ER Fig. 2 Ratio of B in the center of

HIEFE @=20,d=3mm)lL,~ 7 %X A NOBRI % =R RH8lEIC hole to remanence Br.
R 1.0 % CIREEO TR L7z, SRR T 7 —7 2 - GREO
TRNNORHEE ZE LIFE R % Fig. 3 \ORT. ZOREEEa Y7 AT
YATTHERT 5 Z LR, 10° T LV OREREEEE, 1550 D
ﬂ:ﬁﬁiﬁ?ﬁﬂﬁf‘% D LR CE T,

LILEDS, BONSZ2EHR GMR T 0 —7 2 V5% Z & T, /ha7mdk
EHH A RTHIRORA S 2 RETRT, 2 KOG = & T3 4k ——

T OREDRIREL 72 5. Time t(s)
Fig.3 Measured signal by GMR probe.
BEIER

1) T.Minamitani, D.Wakaura, S.Yamada , Digest of 2014 JIEE Annual Conference, 2-127 , 2014.
2) Nanotesla sensor, Aichi Micro Intelligent Co .: http: //www.aichi-mi.com/magnetometer/type-dh_en .htm.

0.05

71 b, SRR E IR 12 LT REERT D MAARNORIEEDR .
. ig. 1 Detection system of remanent
& & x Bl 263 DR T AsHEE TE 5. magnetization.
B 1 X & BSREE ORSE oo

FRIRBES T 1 — 7 DETARO~EIE 04X 04 mm, RS 30mm THY, § oz
MPE > (I1X2mm) &0 HEfEREE/NSLS T&5. Zhucky, we gmv_jﬁﬁmw“%m>
DA REZNETOREE @=35 , d=13mm) L ORIEC VYL THE 200 e~

:

0.00
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M ERAE Rt 8 & TR L 7o RSV E R AR S A B R #

INEEE— « KATH « ZAIEWE - FREE(E 3 - fBFSCR™
(e, TIER, THEEEK)
Magnetic Force Microscope Tip Prepared by Coating with Magnetic Film and Oxidation Protection Layer
Keiichi Kato, Mitsuru Ohtake, Masaaki Futamoto, Nobuyuki Inaba”, and Fumiyoshi Kirino™
(Chuo Univ., “Yamagata Univ., ~ Tokyo Univ. Arts)

[FLOHIC MR IBEMSE (MFM) (3BK LA 72
E OBAVARIEMAT IR VBN TS, MFMEE
$HE, —XAUIC, Site & DOIERMETEEHRENERR A
T5Z LI L 0 ERI S, BIERE IR T 2645
RESZ RS TR L, BLIRRE 2 BIER T 5. T D72,
PREHTAIRITIN 2. C, BEtEIESF o e PO i O i
(BRI 72 8 NI FRBEIC R & I B % RT3, L
L7205, B IEOERLIMREERE I KT T B S
WS L 721356 E 7. RFFE T, R ki
HELER TS LIk Y, BemMEIZEIL D MFM
B OER 2R AT,

EEAE MROEICIX, BEZER Ny X ) v TEEE R
FAW . IR O Sesm88 4 nmO SIESHT 20 nm/E DR
MREBELO 2 mEOREBEWET HZ LIZLD
MFMEESF 2 ERL U 7=, MR R & L CRe%, fRi#
@i LCC, B, SiZREEHWE. £/, ko
72, R L OMFMEESE S ERLL 72, EIRIER
Tl 2 1 U CREVERREF ORAL 21T\, PRAT B B 40 fi
RIS M R % 0T W) BEREE D 45 fRREZ AT
TiE, BEZEPERKAIMFMEZ iz, £7-, gk Lo
RERFFE DTN 1, g R R REIC SISt B2
DA R X o O e

EERER  Fig. 11CSiER EITER LI-CIR#EREA Y B
L O L oFefEDfafifigit. (M) OERLRERRRIE H $%
KAEME A T, (B L ORETIE, 1 AR TMAA
WA L, BE OB RKIZHRHE U TRt 45
RIS, —F, R#EBEH Y OROMIL, X
E—EEZR> TWDZ ENSND. RIS, SRR
ffiZ4T 5 7212, 500~1800 kFCI Tatdk S AL 7- i E TR
BEARDOMFMBIZR 21T - 7=. Fig. 2@ LiRBRET O (%
JEHE L OMFMEEEF 2 W CHIZR 24T > TR R 2~ d
F 72, Fig.2(0)IiZ, feEkey MRO/RNT—XXT7 h L
&9, 1700 kFCl (¥ F&:149nm) FTiE, By
MEB L ORU =27 M UIZEIT 5 B —7 2R
5 Z LRk D (Fig. 2(a-4), (b-4)). LL72A35, 1800
kFCI (B> FE:14.1nm) TSI/ b &2#kB14
HZ LT TERY (Fig. 2@-5), (0-5). L7=2->T, 4
fRBEIL 14.9/2=75 nm & 14.1/2=7.1 nmD [ 7.3+0.2 nm
LFHMIICE 5. Fig. 3 \ZCREEA Y B LU L OMFM
BREF O RRE DR LEEREGE B KA T2 R, PR
JBEE L DA, WEBEHMEE OB LIZLE, SIREENME
TLTWAZ s, —J, CIR#EREEZ WS 2 L
T, BN E b L, TERE AR A ik L C
b, OEFRENIZIE BRI TND Z ENGND.
YHIL, RiEREOFEN S IERE DR LIHEIZ KT
BIZOWNWTHHRET 5.

__ 1700 with protective layer

(&]

< 1500

IS

2

s 1300 without protective layer
1100

Period of oxidation test (day)

Fig. 1 Saturation magnetization values of Fe films
without and with C protective layer deposited on flat Si
substrates.

(b-1)y
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v

b-d) |
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ﬁ | H I E
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|
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Fig. 2 (a) MFM images of a perpendicular recording
medium observed by using an MFM tip coated with Fe
film without C protective layer. (b) Power spectra
analyzed for the magnetic bit images in ().

100 nm

—~ 26

E, 22 without protective layer

S 18
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©

&3 10

x
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Fig. 3 Resolutions of MFM tips coated with Fe films
without and with C protective layer.
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Co 7 =74 hZEWTZHKNBMEEN 7' 0 —7 DR & < ORFE

R FALE A e AN
(fEMAR)

Preparation and properties of magnetic force microscope probes using Co-Ferrite
Syusaku Fukaya Naotaka Takahashi Xiaoxi Liu
(Shinshu University)

[FL&HIC

Nd-Fe-B O & 512387 72 AT O R i OBEXAEE OBR 21T 5 BR. BHO MM 78 —7 ORI D3/ S
< FHUBUELOIRMBIR O BIZ L0 7 a— T OBb O B3 LT L EWIEMRBEN TRV, TD7
DEVMERE S A MM 7 e — 7 ORERMLENZ 2 5,

ABFFETIE, Si D AR 7' — 7 LICHEMERIR 2 i 2 2 LT &0 @O REES) 2 85O MEM 7 e — 7 R
FAME LTV, ABIEICET DRMEME S LTC 72T 4 FEBIRLT, Co 7= T4 MIRMTHY |
FALIC L D BN DR NEEZ NI TTa—TDEMPELRDEEZLND,

RERAE

BRI TR IEx T 2 — 5y ARy # U o 735 (FTS) 2 5, A FIS Z# W =Dix 77 A<=t L %
HMRADHEA—=UNDC~ T F ha v RAR Y Z Y o 7HEE LD ZRE TOMENL D F L 3—
FATHBE L7354 FIS DIE 5 S L 0 2EHMIC2 5 Z L RHR SN TV E NS TH S, Y

F X UN—NORIFEESJL5.0X10" Palh T & L, Ar FRAZE AL TA/Ny X HAF% 4.0X 10" Pa, H
WONBVEEE A 150 T 5 400 CETCELSHRIEZIT -T2, 2, 6 OFEHIR L TREH TOZEULER
ZITolz, IRICERICBWTH AEZEZ 0.5 Panyb 0.1 Pa £ CEL S VR L7, 3RBHEENRNS /15 (VSM)
W TRESEREZ . XBREYT (XRD) ZH W TR mEE L 3 L. S OITEE 2R &k 2 fesd % MEM 7' e — 7
DOIERAIT 9,

EEREER

Fig. 1 124 FEAMNEBNE B IC 31T 5 BVLERAT & BVLELE ORI OV ORT, 2IRIZB W TEMLEE A 1T 9
Z ST K o TEREE) OB HER STz, RORBEIIE, FERINEL 350°C, AR A F 7 =—/L 400°C5 FREfH1T
9 Z & TTEEF ANV THI 6.8 kOe, HNFHNIZIT 6.1 kOe DIRBESINHER ST, [RISMHICB W T
MEM 7' & — 7 EIZ A2 4TV, Nd,Fe B WBEDOBIZR 21T 572, Fig. 2 NGO MM BB THSH, Ll [H
Ta—7 07 v MG HIBERFRD ST,

Z ORIEDIRIR D 7= DIZHBIRIZB D TEVVMRBE I 255 T2 DI AL LS TANRy X BT o1z,
Fig. 3\ AT ALK T 28BS % ~T, ZORDBRT X I ITHRBESIL 0. 1 Pa DRFICE S K& < TE AT
4.9 kOe, WMNAFMIZHK 3.5 kOe L7220 HAED EF L EHIZWPBRAONTZ, ZOXHITEIRIZEBWT
LB Z AT o TG BV 2155 Z L ITaEh LT,

KB OfE S, BRTIER L7 2 — 7 COBIEHEREDOT — X IZONWTIFRRRIHRET 5,

7000

5000
—u— perpendicular(PA) N .
6000 *—in-palane(PA) / \i\
— 4 perpendicular(No-PA) Y \ 4500 L
—v— In-palne(No-PA) N - In-pl
5000 | N n-plane
8 4000 |
4000 |
N’ ,;\ . N
< 3000 | S asoot \ \./.
= © -— .
2000 T = 3000} \
1000f ¥, - 2500 |
150 200 250 300 350 400 2000 L

L L L L
0.1 0.2 0.3 0.4 0.5

Substrate temperature Gas Pressure (Pa)

Fig.1 Coercivity of each substrate heating Fig.2 MFM image Fig.3 Coercivity of each gas pressure

temperature

BEM
1) X.1liu, S.Isomura, A.Morisako, IEEE Trans. MAG, 48(11), 3673-3676, (2012)
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REFRE K ITBAMER 2 O T et =R Ag-Co B REEEREHC K 5
FePt sk Afs A JRIR DR L il A A —2 7
LR, S ML TDoeR, RTF=ERL SR L g U
(FKHEKF)

Near-contact magnetic field imaging on FePt hard magnet films by alternating magnetic force
microscopy with a high-susceptibility superparamagnetic Ag-Co tip
S. Nakayama, W. Iwai, G. Egawa, Y. Kinoshita, S. Yoshimura and H. Saito
(Akita University)

L U®IT Fex i, dBREITES CORSFHZ " HE ?‘55&%@ jﬁﬁﬁﬁtf“ (A-MFM) ZBHZE L, mEE
BEFEARIEA I LT Y 7 MREVERESH 2 T, TR O S 22 A FREEBLEIC T LT s D2 - = T,
JihiiE LT A EREHCIRE O IR E I Bk & e 7n B R vk %Eﬂﬁubf i‘m’fﬂuﬂ:%ﬂﬂ;ﬁéﬁ IR X TR EURE
RN IR DR FER 1 A SE, ZOREBMKIIDFHLET DHREHEB O F AR L 2RA LT, &
B S OBETES ZFHI L TWD. L LR D, KABAZEORD CHRWETE 2 AT 5o # 22
REIZIX, V7 MRS D, 1) BRI ~DOBEWRFE, 2) REMLI TR S OB FRESG I L 0 fafn L,
JER BTN E U2, FOMENRS Y, REKEE LT, EEMMLARSG TG Liafidd, bfiz
WG CHIE TE DPT- 70BN MBI 5. AR TIE, A PRI L-BWHILEEATEH7 7=
5 —HE D Ag-Co B REMEESH 94 VT, ﬂ(ﬁ\@ﬁﬁ%ﬂ%)@l:@ﬁ AT FERERET D,
FE ERO AMFM I\ TC, BEEHOEBE MRS 2 HW S 6 121E, oM kX, 3o 0|
VRS L DRSO E AL & I TSI, Ak 5 A O F1l ﬁ%iﬁ THHIL CTRAET D Z b, R
Fﬁ@ﬁizfm’wa IR LD, (aFZ/az)z(M;’°+M?° cos(comt))(a H:" /02" +6°H* cos(ent)/2°) (1)
= CHRBHC ZE M) — R RS A FUNT 2 54, (0°HE/az®) <1 LW RO an A IFZLL T L7225,

(6FZ /02) (ont) = M (O*H:® az®) cos(ant) (2) L7=23-> T, (3T & 0 FHE S5 AW EIERD on 155 %
REHRENR P 2 B EERZIC v 7 4 VT 5 2 & C, RS 7 I AT 72 B O ARl % 319
HZENTED., HBIELT FePtBAAERE (S 300 nm) D#i%Rl%, Wik EEBR 7 10— 7 BEMSE(L-Trace I,
H SEMT Iz 2802, SR EHC A WIS 2 FUINT 5 72 8O O B A 2 5 UEHANZ AN LT A-MFM 25 & R &2 HE R L,
REABPTITo 72, BE#HE, BEE=R 45X107 H/m @ Ag-Co %H% (100 nm) %EEH%LK%%MHE?“%%H%\?_
R Fig 112, I E 7 m) e e L?ZFePt -
@EEH%@%EE{%@, B (RiE) Bb), B S

St (6AR) #(0), Z2TNEhord. MIBmESR &%
IZEBWTHE B VTR DRSS A X3, J_%OD
MFMHIE CHIE SN TR OBRORE Z LIF
FILThoD T &, F IR M% ’m\ﬁ%m: - &
B3 KO OE S O RS 23, F1ThLZ Fig.1 (a) Topographic image, (b) Amplitude image, and (c)
s, KRA-MFMTHE D 2/1/7'1_1%75‘ FePt@fﬁErHﬁ phase image of FePt thick film.
DIEREIRAE 2 SOk U 7= B IR 70 H2 18 7 [0 O W% © 800
HHEEZD. Fig2o(@B LIz, Figlob) E
BSmRER S L COBBmIER BT T4 7
07y A NETNEIRT. BEBSOMEN e E
L7 I AR L UG O KR (f2FE Z21% 0
180° Z{k) MHABRICHBIEZEINTEY, »OBEMm 150 N
WBOZA4 707 7 A NVTIE, MR —EfEZR 210 ¢
LTW57 T h—ARENICRN T A XNHH I I ] .
INSUVMHITI S A BT, 202 B, A BLETE 501 T =T e i

o
o

Phase (deg.
wu
)

FromEALDS, HUIN U 72 22 ks s (FePt/R 5 i HE () e

FE ORIy & b - CTHRRZEAL L, Bafbihiiic Fig.2 Line profiles of (d) Amplitude image and (e) phase
ERF U SRR L AR, image of FePt thick film.

BEHER 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). 2) i 1, 45 35 [0 H ARG P AT EAE,

27pD-2. 3) EHAS M, 55 38 [A] H AR NGRS R TIE
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Y 7 MR 2 N T AZ R AR T BRIRER IS K D
BEREEER v R DAL A A —2 7

HERe T, wn s, o)Ibek, RTF=AI, & 8 Bk 1
(FRH K
AC magnetic field imaging of magnetic writing heads by alternating magnetic force microscopy
using a soft magnetic tip
Hirohito ljuin, F. Takiguchi, G. Egawa, Y. Kinoshita, S. Yoshimura and H. Saito
(Akita University)
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Proposal of evaluation method of soft magnetic MFM tip’s performance by AC magnetic field response
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The progress of Energy Magnetics to improve Motor Energy efficiency
Y. Honkura
(Magnedesign Corporation)

The energy supply problem becomes very serious day by day due to background that the world economy is
getting huge by shifting from the developed nations economy of 700 million people to the global economy with 7
billion people. The manufacture of automobiles, home appliances and information devices is exploding twice
after 20 years. In order to solve energy supply problem, new research into electric vehicles, energy efficient
appliances, renewable energy, and the smart grid has been progressing rapidly. In automotive field, a lot of
applications of motors expand by replacing from the engine, the hydraulic machines and small devices operation
of which three categories on motors applications are shown in Fig.1.

MSJ held the first Energy Magnetics Symposium in 2013 at Sapporo to discuss on the challenges of
magnetics technology to solve the energy supply problem and established the study group working on the
Energy Magnetics (EMSG) in the beginning of this year. The EMSG held the first meeting and plans to organize
the second EM symposium focusing on how to improve the efficiency of PM motor by the means of high
rotation motor design

Energy Magnetics on PM motor consists of the reactor to increase the electric voltage, the motor to transfer
the electric energy to kinetics energy through the magnetic energy and magnetic transmission to use magnetic
gear and bearing. These systems in Fig.2 request high performance magnets and magnetic materials. The most
important target must be how to improve the energy efficiency of EV motor system from the loss of 30% at
present to the loss of 5% in future.

Nowadays The EV traction motors have been developed to make various designs using the suitable magnets
shown in Fig. 3. The kinds of IPM motor designs have been proposed to have one layer, two layer and 4 layers of
magnet as well as SPM motor design, spoke type motor and axial motor design. These developments have been
challenged by some kinds of magnets which are Nd sintered magnet, Nd anisotropic bonded magnet and ferrite
magnet.

The rotation speed of the EV motors increased from 6000rpm to 12000rpm to achieve the improvement in
the efficiency and the motor weight. However the more increase of the speed must meet the heating up
problems for Power control unit caused by silicon on— resistance, the heating up of Nd sintered magnet caused
by eddy current and transmission caused by frictional heat. Power control unit will be solved by the
development of SiC IGBT instead of Si and the frictional heat of transmission will be solved by the development
of magnetic gear.

The heat up of Nd sintered magnet under IPM motor operation is caused by vibrating magnetic field with the
frequency of 200Hz by rotation speed of 200Hz, of 1200Hz ,2400Hz , 3600Hz , 4800Hz by slot harmonics and of
5400Hz, 10800Hz by carrier harmonics shown in Fig.4. The magnet is damaged to fall into demagnetizing. Next
generation type IPM motor must be operated under more high speed of 30Krpm controlled by more high carrier
frequency of 20KHz. The heating up problem of Nd sintered magnet must become serious to be impossible to
use.

EMSG makes first challenge to solve this magnet problem by the development of Nd anisotropic bonded
magnet free from heating up problem caused by eddy current, by the development on the measuring equipment
to examine the magnetic fatigue coecivity against the vibrating magnetic field and by establishment of the
database on the magnetic fatigue coecivity of various magnets and by the research on how to make nucleation
of reverse magnetic domain and its expansion using micro magnetics analysis technique. And Final target must
be to develop the computer simulation technique to make design on high speed motor.

EMSG holds the second Energy Magnetics Symposium in the annual congress of MSJ and will invite 14
experts to introduce the basic research progress on the magnetic fatigue coecivity caused by vibrating
magnetic field and the development on the bonded magnet and the status of EV motor development.

In this symposium, [ hope that the magnetics researchers will have interest in the challenges of Energy
Magnetics to solve the energy supply problem and join to EMSG project.

Reference
1) Magnetics Society of Japan, 2" Iwasaki Conference Materials, 2013/5/13-14
2) Fujisaki et. , 2015 IEE International Magnetics Conference, FQ-12, 2014/5/4-8
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Advanced Magnetic Material Requirement for Higher Efficient Electrical
Motor Design

Keisuke Fujisaki
(Toyota Technological Institute)

In order to realize the energy saving society, higher efficient electrical apparatus is required. Magnetic material is
used in it to obtain higher magnetic flux density .

3 kinds of electromagnetic theory are used in the electromagnetic apparatus 2. The one is Faraday's law as shown in
the next equation. A transformer.is considered to be its application.

rotE = —a—B

ot
The next is Maxwell stress as shown in the next equation. An electrical motor or generator is considered to be its

application.

%(Bf -B-F) BB, B.B.
[Tm]:i ByBx %(B;_B:_Bj) Bsz
Hy
F=  {Ir,]-nds B.B, B.B, LB -p-p)
ThinSTeelPlate , here L 2 .

The last is magnetic energy as shown in the next equation. A reactor in an electrical circuit is considered to be its
application.

Ez_[éoa’ﬁ

High magnetic flux density is usually obtained by the magnetization as shown in Fig. 1. The magnetization is derived
by external magnetic field, and it is derived from a current which flows in magnetic coil within the electrical apparatus.
The current is derived from a voltage in electrical circuit. The variable voltage and variable frequency are used in the
electrical motor or smart grid, which are expected to be a future technology, and are realized by power electronics
technology.

Usually, magnetic properties of magnetic material are measured by linear amplifier excitation with no harmonics
components as shown in Fig.1. It is decided by JIS or IEC **. However, an electrical circuit based on power electronics
is applied to the electrical apparatus to realize the variable voltage and variable frequency. So the different magnetic
properties from linear amplifier excitation are required for the 3 kinds of electromagnetic apparatus.

The electrical motor is usually excited by PWM inverter to obtain the variable velocity drive system. So the magnetic
properties of magnetic material are shown in Fig.3. A lot of minor loos, which are derived from the carrier frequency of

PWM inverter excitation, are observed in the major loop of the fundamental frequency. Iron loss becomes about 30 —
50% large .

1.2
netic body _. -
Current :| y E 08 -
Voltage :V . £ o4
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Electrical vehicle Electric circuit . -150 -50 50 150
Smart grid Power electronics Electrical apparatus Magnetic field[A/m]

Fig. 1 Magnetic material application for electrical apparatus. Fig.2 Magnetic hysteresis curve excited by linear amplifier.
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The reactor is often used in the chopper circuit, where electrical energy from power source storages in some period of
chopping carrier frequency. So the magnetic properties required for the reactor are only a small minor loop within the
major loop.

Future transformer is expected to be operated in high frequency, which is possible to be realized by power electronics
technology, in order to become small to be a one-100th or so ®. So the required magnetic properties for the high
frequency transformer are shown in Fig. 5. High frequency as well as high magnetic flux density is required.

Permanent magnet is also required for the dynamics magnetic properties in being applied to PM motor ”. Because of
space harmonics components and time harmonics ones, which are derived from the slot shape of stator core and the
PMW inverter excitation, harmonics components of magnetic fields are supplied to the permanent magnet. They
increase the loss of the electrical motor.
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Fig. 3. Required magnetic hysteresis curve excited by PWM Fig. 5. Required magnetic hysteresis curve applied to high
inverter (35H310, PWM inverter excitation (m = 0.8), Iron Loss: 1.65 frequency transformer. (Amorphous, 2605HB1, Thickness: 23um,
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Fig. 4 Required magnetic hysteresis curve applied to reactor Fig. 6 Dynamic magnetic hysteresis curve of permanent
in chopper circuit. magnet used in IPM motor
Reference

1) K. Fujisaki, “Electrical Energy and Magnetics,” The 37th Annual Conference on MAGNETICS in Japan, Symposium “Challenge of Magnetics
to Improve Energy Efficiency”, 6pB-2, 2013.

2) K. Fujisaki, “Magnetic property of magnetic body necessary for power electrnics development,” MAG-13-149, The papers of Technical
Meeting of Magnetics, IEE Japan, 2013. (in Japanese)

3) Japanese Industrial Standards : “JIS C 25507, (1996).

4) International Electrotechnical Commission : “IEC 60404”, Second edition, (1992).

5) K. Fujisaki, R. Yamada, T. Kusakabe, “Difference in Iron Loss and Magnetic Characteristics for Magnetic Excitation by PWM Inverter and
Linear Amplifier,” IEEJ Transactions on Industry Applications 133(1), 69-76, 2013. (in Japanese)

6) R. Ortiz, M. Leibl, J. W. Kolar, O. Apeldoorn, “Medium frequency transformers for solid-state-transformer applications — Design and
experimental verification,” IEEE 10™ Int. Conf. Power Electronics Drive System (PEDS), C2L-A, 2013.

7)  A. Watarai, K. Fujisaki, S. Odawara, K. Fujitani, “Dynamic Magnetic Property of Permanent Magnet for Higy Efficiency PM Motor”. IEEE
International Magnetics Conference INTERMAG2014Dresden), FQ-12, p.2343-2345, 2014.5.

— 228 —



4aB -3 H38lA  HAK D FINGREMELE (2014)

Measurement of magnetic flux density on permanent magnet surfaces
for IPM motor

T. Hosoi', R. Okamoto' , H. Matsui' , D. Miyata' , Y. Haseo', N. Tanaka® , M. Inaba® , Y. Kamiya’
" NIPPON SOKEN,INC. , Nishio 445-0012 , Japan
> DENSO CORP. , Kariya 448-8661 , Japan

1. Introduction

The purpose of this study is to establish a technique on measuring magnetic flux density when an Interior Permanent
Magnet (IPM) motor operates and to clarify higher-harmonic wave component causing a factor of generating an eddy
current loss of permanent magnet.

The eddy current is generated inside of a permanent magnet by variable magnetic flux when the motor operates. This
heating loss caused by the eddy current may become factors of degradation of conversion efficiency and thermal
demagnetization.

2. Measuring technique

Fig.1 shows the structure of the measuring technique. It is constructed such that a signal amplification circuit is installed
on the rotor, extracting amplified signals from a magnetic flux density sensor to the fixed side by a slip ring. The sensor
is mounted on a magnet surface. The sensor measures AC component of magnetic flux density generating eddy current
loss. Further, the magnet surface temperature is measured simultaneously using a thin film temperature sensor.

Fig.2 shows the construction of the mounted magnetic flux density sensor. For the search coil layer, patterning is
conducted on the upper and lower surfaces of a flexible sheet of polyimide and the layer is electrically connected with a
through hole. Both surfaces are covered with insulating layers, and the total thickness of the sensor is 74 um.

measured regions ..
wiring
amplifier 23X4. 7
circuit board end plate three regions /isearch coil layer:18pum
resolver — — e
a \ 1 | \ rotor

—— S T 8 = ‘ core L01 ==
—) ) ) I I ’. N a4 |

L X /4 L g~

\ wiring
oscilloscope \ﬁf_J
slip ring
with sensor \% insulating layer:12.5um
. (polyimide)
Fig. 1. Measurement setup 17.8
(total thickness of sensor:74 pm)

Fig. 2.Magnetic flux density sensor

3. Measurement result

Table.1 shows measuring conditions. The measurement of magnetic flux density of the magnet surface is conducted
under PWM control by a general purpose inverter intended for the IPM motor with 4 pole pairs and 48 slots.

Fig 3 shows a time waveform for the measured magnetic flux density, and Fig 4 shows the frequency analysis results.
Each component of the fundamental harmonics, slot harmonics and carrier harmonics of the magnetic flux density has
been quantified. Assuming that the eddy current loss for the permanent magnet is proportional to the square of the
magnetic flux density and the square of the frequency, it is estimated that the eddy current loss by the carrier second
harmonic components (10800 Hz) accounts for an overwhelming 67% of the total.
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Al

torque [N+ m] 40 ‘E:j qé; 0. 00 frtf—
carrier frequency [kHz] 5.4 §F2_0-02
i i 5-0. 04
fnverter input VOltafe V1] 650 22 0 0.002 0.004 0.006  0.008 0.01
magnet temperature [C] 39 time [s]

Fig. 3. Waveform of AC magnetic flux density
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4. Summary

We have established the technique for measuring magnetic flux density on magnet surfaces by using a magnetic flux
density sensor when the motor operating. This technique enables us clarify higher-harmonic wave components of
magnetic flux density as a factor in the generation of eddy current loss in permanent magnets.
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Behavior of a permanent magnet used for a high efficiency motor
under a high frequency magnetic field

C.Mishima!, T. Ariizumi? Y. Kaneko?® Y. Honkura®
(1 Aichi Steel. Corp. 2 TOEI INDUSTRY CO.LTD, 3 TOYOTA CENTRAL R&D LABS.,INC,
4 Magnedesign Corp.)

The development of high efficiency motors is accelerating as energy problems become more
serious. Many magnetic materials are used in high efficiency motors, and the demands on the
properties of the magnetic materials are changing greatly by the use of power electronics’.

For example, in soft magnetic materials such as electrical steel, increases in iron losses of 20% to
60% caused by the inverter excitation have been reported”.

On the other hand, hard magnet such as permanent magnets, as the electric resistivity of rare
earth sintered magnets is very low in comparison with ferrite sintered magnets, the eddy current loss
on the surface of the magnet can not neglect. As a result, the measurement and numerical analysis
of losses under AC magnetic fields based on NdFeB sintered magnets has been studied”: ¥ .

With recent high speed motors, larger magnetic fields are applied to the magnet and the
frequencies of those fields are higher, and as a result the problem of magnet losses will become
more important.

However, up to now the studies of these problems were restricted to estimates of magnet losses,
while studies of their magnetic phenomena or the behavior of the magnets have not been carried out.
In order to study the magnetic behavior of magnets under high frequency fields, we have started up
the Energy Magnetics Special Meeting, and intend to study the issues in depth.

Among these issues, a method for magnetic measurement under the high frequency magnetic field
will be a problem.
For understanding the magnetic behavior of magnets, the DC BH tracer has been the main tool to
date. Therefore, we plan to develop an experimental device and to measure magnetic behavior using
this device under a high frequency magnetic field. Fig.1 is a conception of the device being planned
now. It is planned to produce a
frequency of 10kHz and magnetic -
field of 3300e by using a pulse el &l
electric current in a multilayered
winding solenoid coil. In this
presentation, we report the outline,
performance, and problems of the i
high frequency magnetic field
emitting device, and actual Fig.1 The concept of high frequency magnetic field device.
measurement results to clarify the
types of issues facing this development.
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FEM Analysis of Hysteresis Using a Thermodynamic Model

Fumiaki Ikeda
(Photon Co., Ltd.)

Thanks to great advances in computation technologies and computer performance, today FEM analysis can handle
models that fairly closely approximate actual magnetic fields. However, modeling of magnetic materials is almost
always carried out by considering only isotropic nonlinear characteristics; no general method has been established that
addresses anisotropic nonlinearity and hysteresis. Highly accurate analysis of magnetic fields requires faithful
reproduction of magnetic materials’ magnetization characteristics. Since needs for highly accurate analysis of magnetic
fields are expected to increase in the future, faithful modeling of such characteristics is an urgent matter.

The magnetic characteristics of magnetic steel sheets can be measured highly accurate with the aid of today’s
technologies. Given this fact, we examined anisotropic nonlinear magnetic characteristics in detail. Our results suggest
that the magnetic characteristics of magnetic steel sheets can be formulated from a thermodynamic perspective. On the
basis of this suggestion, we successfully reproduced the magnetic characteristics using the free energy of magnetic
materials. However, free energy, which is a state quantity determined from physical quantities (e.g., magnetic flux
density and temperature), seems difficult to use to address history-dependent characteristics such as hysteresis.

By contrast, the spontaneous magnetization of ferromagnetic materials can be formulated thermodynamically on the
premise that a magnetic material has multiple possible local minimum values of free energy.

Since spontaneous magnetization is thought to contribute substantially to the occurrence of hysteresis, it seems
history-dependent characteristics can be formulated on the assumption that when in thermal equilibrium, magnetic
materials are not in a state having the minimum value of free energy but rather in a state having one of the local
minimum values. However, formulation of hysteresis of actual magnetic materials requires the existence of free energy
having a considerably complex form; such a complex free energy form is inappropriate for numerical modeling.
Therefore, we take the following two-step approach to hysteresis analysis.

First, free energy is smoothed by removing local stabilization points; after smoothing, the equilibrium state of magnetic
materials can be determined from the minimum value of free energy.

Next, an irreversible process as seen in frictional phenomena is introduced in order to take the influence of local
minimization into consideration; consequently, magnetization characteristics can be treated as a history-dependent
process. The effect compared to friction can be formulated by introducing a quantity called the hysteretic magnetic field,
which corresponds to frictional force.

The free energy in question is a function of magnetic flux density and temperature. Accordingly, variable transformation
from magnetic flux density to magnetic field intensity allows us to introduce a thermodynamic potential similar to the
Gibbs free energy. In a state with a fixed magnetic field at a fixed temperature, the magnetic materials’ thermodynamic
potential takes its minimum value.

This approach enables us to formulate finite elements for numerical analysis by applying the variational method to the
thermodynamic potential.

Compared to conventional FEM, which is based on the weighted residual method, this FEM, which is based on the
variational method, offers substantial advantages in that it allows us to address spontaneous magnetization and
hysteresis in a simpler manner.
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1. Introduction

Bonded Magnet is one of the most important and useful permanent magnets industrially. It enables to achieve complex
shapes and is superior in strength to other kinds of magnets. Above all, NdFeB anisotropic bonded magnet is used for
motors of automobiles and magnetic hard disk drives and sensors utilized in a wide variety of products”. It will be
expected for motors of hybrid vehicles (HV) and electric vehicles (EV) to realize smaller size and higher rotational
speed. However, we have to pay attention to ‘magnetic fatigue’ of the magnet itself. Motors will be applied high
frequency field with a maximum frequency of 10 kHz and average amplitude of 40 kA/m (0.5 kOe) at high temperature
in near future. It will also be applied a static field of approximately 240 kA/m (3 kOe). As a result, high frequency field
and thermal stress might demagnetize NdFeB anisotropic bonded magnetization. It is called ‘magnetic fatigue’.

In this study, magnet behavior in high frequency field and high temperature was simulated using micromagnetics
simulator. A simple grain model and basic magnetic characteristics were assumed, and behaviour of magnetic fatigue

was simulated.

2. Micromagnetics simulator
It is important to make sure magnet behaviour in high frequency field in order to calculate a dynamic magnetic

reversal process. The simulator is based on Landau-Lifshitz-Gilbert equation as follows;

M (MxH )+i(MxﬂJ. (1)
dt M dt
M is the magnetization and H, is the effective field which is the sum of external fields, static field, anisotropy field
and exchange field. A stochastic thermal field was, however, not considered since grains could be regarded as thermally
stable because of large volumes and high anisotropy. v is the gyromagnetic ratio, and a is the damping factor.
Magnetic characteristics at room temperature are shown in Table 1. Intergrain exchange energy was assumed as 0,
because non-magnetic grain boundary isolates grains perfectly. The saturation magnetization (M) was assumed to
decrease according to the Brillouin function, and the anisotropy constant (K,) was kxM; (k: coefficient depends on
temperature) to fit an experimental data.
Fig. 1 shows a grain model. Each grain is a hexagonal prism with a grain size of 200 nm, and it is not divided into
small cells since the grain diameter is smaller than the critical diameter in between single domain and multidomain, and

then grains were assumed to reverse according to the Stoner-Wohlfath model.

3. Results and discussions

In studying magnetization behaviour in the high frequency, damping factor o is one of the indispensable parameters.
When the frequency is high, precession of the magnetization depends on o and effects on magnetization reversal.
Therefore, we looked through the damping constant o dependence of magnetization behavior,

M-H loops with different temperatures are shown in Fig. 2 (a). While the temperature increases the magnetization
decreases, but the shapes of the M-H loops were not changed. M-H loops with different damping factor o at 400 K are
shown in Fig. 2 (b). M-H loops are almost equivalent between both damping factors. Fig. 3 shows the cycle of the
frequency dependence of magnetization behaviour applying a high frequency field. Damping factor o was changed from
0.01 to 1. X-axis is the cycle of the frequency, namely elapsed time. An external field (H,,;) was -0.33 X H, where H
is an anisotropy field. The frequency was 10 kHz with the amplitude of 40 kA/m and the standard deviation of C-axis
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orientation distribution ( 0 c..xis ) was 5 degree. The temperature was 400 K. From this graph, though the high frequency
field keeps oscillating the magnet, magnetization seems to be stable at first sight, but magnetization oscillates slightly as
shown in Fig. 3 (b) and (c). The cycle of oscillation is equal to that of the high frequency field. It was also found that

magnetization decreased with decreasing o. Therefore, If a is small, the external field causes to demagnetize the

magnet.

Table I Magnetic characteristics at 293 K
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1. Introduction

The need for lighter motors in increasing automobile fuel efficiency is high and NdFeB anisotropic bonded magnets
with high magnetic performance and freedom of design are effective in realizing motor size and weight reductions. The
magnetic powder used in NdFeB anisotropic bonded magnets is manufactured by the d-HDDR process utilizing the
high temperature reaction between NdFeB and hydrogen". This bonded magnet has five times higher magnetic force
than standard ferrite one and its near-net-shape characteristic enable easy application to motors. The anisotropic bonded
magnet has been used for downsized / lightweight seat motors. The coercive force was improved by grain boundary
diffusion treatment of Nd-Cu-Al alloy into NdFeB magnetic powders after d-HDDR treatment ? instead of Dy addition.
This alloy forms Nd-rich grain boundaries and isolates the crystal grains after diffusion process. As a result, it intercepts
the magnetic interaction between the crystal grains and leads to increase of the coercive force up to 20kOe. Currently,
this anisotropic magnetic powder was molded to bonded magnet with high performance by compression molding and

injection molding magnet with mixture of several resins.

2. Compression molding magnet

The magnetic properties of NdFeB bonded magnet was easily decreased due to oxidation under using atmosphere. We
successfully developed a magnet powder coating technology leading to improved reliability of the bonded MAGFINE
magnets towards an automotive specification level of flux loss below 5% after 1000h exposure at 150deg.C. This
coating layer was created on the magnetic powder surface with thickness of approximately 200nm (Fig.1). This powder
has good stability under the oxidation atmosphere compared to conventional MAGFINE powders without coating.

During the compression molding, the NdFeB magnetic powders were pressed under high pressure of 9ton/cm” and
induced the damage of powder cracking. This leads to degradation in magnetic performance, in particular the
squareness ratio. A compound made of d-HDDR magnet powder coated with resin, fine SmFeN powder and lubricant
can produce molded blocks with a high density of 6.0 g/cm® at a low molding pressure of 1 ton/cm”. In addition, by
enabling molding at a low pressure, the loss of squareness of the magnet powder was reduced to 0.5%. From the above,
through kneading and the addition of fine powder and lubricant, the surface treatment of d-HDDR magnet powder
achieved high density magnets at a low molding pressure and a compound capable of controlling the reduction in loss of
squareness(Fig.2).

3. Injection molding magnet

Two type resins of Polyamide 12 (PA12) and Poly Phenyl Sulphide (PPS) are used for anisotropic injection-molding
magnet of MAGFINE. The PA12 type injection-molding magnet has good remanence Br up to 8.7 kG, however, low
reliability under high temperature over 120deg.C. On the other hand, the PPS-type magnet has low Br up to 7.4 kG,
however, high reliability under high temperature and some solvents. This difference is caused from physical
characteristics of binder resin such as resin polarity, melting viscosity, and so on. The authors selected the polar-type
polymer with higher melting point compared with polyamide 12 and similar viscosity as polyamide 12 in order to
develop the injection-molding magnet with both high performance and high reliability at high temperature. The
alignment ratio of magnetic powder in magnet was increased under the increase of resin polarity. During magnetic
powder alignment, the melted resin was expanded to magnetic powder homogeneously due to high affinity with
magnetic powder surface. It decreased the powder surface friction with magnetic powders and leaded to high alignment
ratio. From this, we successfully developed injection-molding magnet with Br=8.3kG by using selected polymer binder
(Fig. 3).
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More than 25 years have passed since Fe-Cu-Nb-Si-B nanocrystalline alloys which are typical alloys of FINEMET®
had been discovered”. Fe-Cu-Nb-Si-B nanocrystalline alloys are formed to cores and the cores are used in current
transformer for ground fault interrupters, common mode chokes (CMC) in EMI filter and high frequency transformers.
This is because high permeability from low frequency up to 100 kHz, a high operating magnetic flux density B,, owing
to relatively higher saturation magnetic flux density B; ~ 1.2 T than that of competitors and low core losses for example
core loss at 0.2 T at 100 kHz, Py/1g0x = 48 W/kg.l) For CMC core, there are requirements of downsizing of core as well
as improvement of frequency dependence of impedance. Since amount of heat limits the B, and less core loss makes
less heat especially in the high frequency transformers, further reduction of core loss enables to use in higher By,
resulting in downsizing of core.

In electrical distribution transformers (50Hz / 60 Hz), also energy efficiency has to be improved considering increase
of recent energy cost and requirement of CO, emission reduction. Fe-based amorphous alloy based transformers show
much higher energy efficiency than that based on conventional grain-oriented silicon steel. However, because of low B
~ 1.6 T, this is about 80% of grain-oriented silicon steel, physical size of Fe-based amorphous alloy based cores tends to
be larger than that based on grain-oriented silicon steel when the same output of transformers was designed.>” The
reason is as follow; By, in transformer cores is determined by core loss, noise, frequency and voltage fluctuation in
transformers etc. Practically B,, is about 80 — 85% of B,, thus B,, of grain-oriented silicon steel and Fe-based amorphous
alloys based cores is limited around 1.6 - 1.7T and 1.3 - 1.45 T, respectively.

In this presentation, we would like to introduce our research and development to increase B, of cores for both high
and low frequency applications and new products based Fe-Cu-Nb-Si-B nanocrystalline.

Combination of thinner ribbon thickness (18 pm — 13 pm) and magnetic field annealing for Fe-Cu-Nb-Si-B
nanocrystalline alloy improved frequency dependence of impedance and decrease core loss, and succeeded in
developing new CMC cores (FT-3K50T) and high frequency transformer cores (FT-3TL) ** .

For low frequency applications, we aimed to create an alloy with nanocrystalline phase with high Fe content. The
concept of material design was to realize high B; with high Fe content, bcc-Fe phase and excellent soft magnetic
properties by randomness of nanocrystalline structure. By adding 1.5 at.% of Cu in basic Fe-B amorphous alloy system,
precipitation of primary crystals at as-melt-spun state was confirmed. A nanocrystalline phase of average grain size of
about 20 nm was obtained after annealing this ribbon at 390°C for 3.6 ks.®

The mixing heat of Fe and Cu is positive, and hence it suggests that in the quenching process, over saturation of Cu
occurs in the supercooled glassy state and that results in the aggregation of Cu clusters. The Cu clusters help to
nucleation of primary crystals and crystallization arose from primary crystals, and increase content of B in amorphous
matrix lead to nanocrystalline structure resulting excellent soft magnetic properties without adding Nb. After the
discovery of this material, further improvement of soft magnetic properties was made for Fey, Cu; 4SisBi;
nanocrystalline alloy of which single strip ribbon exhibits core loss at 1.5 T at 50 Hz, P55 of 0.29 W/kg, that is about
one half of grain-oriented silicon steels, with B, of 1.8 T, that is about 10% higher than that of Fe-based amorphous

alloys.”

However, due to primary crystals in as-melt-spun state, the ribbon is brittle and difficult to handle. To solve
this issue, the perspiration of primary crystals at as-melt-spun state has to be avoided what is similar to conventional
Fe-Cu-Nb-Si B alloys and/or Fe-M-B (M = transition metals) alloys. """ These alloys exhibit amorphous phase in

1.7)

as-melt-spun state and become nanocrystalline phase by annealing. Conventional Fe-based nanocrystalline alloys

contain at least 2 at.% of a heavy non-magnetic element such as Nb, since decrease of them results in deterioration of
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soft magnetic properties when applying normal annealing , for example heating rate of 5 °C/min. Therefore their B; is
1.2~1.7T."” Tt is necessary to reduce the amount of Nb to increase B, maintaining nanocrystalline structure. On the
other hand, it is known that higher heating rate in annealing process brings about finer nanocrystalline structure.” With
combining concepts of less Nb to achieve higher B, and high heating rate annealing to achieve excellent soft magnetic
properties, Fey, Nb;Cu;SiyB), alloy ribbon was developed. Single sheet of this alloy annealed with heating rate of more
than 3°C/s up to 450°C exhibits B, of 1.78 T and P;s/50 of 0.20 W/kg.g) the cores made by this material has a high
potential to become a next generation high B, magnetic core not only for transformers but also for reactors and motors.
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In recent years, there has been a strong demand for improving the fuel economy of automobiles in an effort to protect
the global environment. To improve the fuel economy, hydraulic drive parts in automobiles have began to be replaced
with electrical drive devices, such as electric power steering (EPS) and electric brake systems. Moreover, a hybrid
electric vehicle (HEV) has been developed, and the market is being expanded. In an HEV, some high-frequency
electrical devices such as traction motors, generators, air conditioner motors and reactors are used. Therefore, the
amount of both motor and actuator use increases, and they are playing an important role in automobiles. Non-oriented
electrical steel sheets are used as the core material for such electrical devices, and they are contributing to the
improvement in the efficiency of the apparatus.

In this paper, recent developments of non-oriented electrical steel sheet for automobile electrical devices, such as HEV
traction motors, EPS motors and high-frequency reactors, are reviewed and discussed.

In HEV traction motors, high torque, high efficiency and small size are demanded. In order to satisfy such demands, the
internal permanent magnet (IPM) type motor is mainly used in Japan. Non-oriented electrical steel sheets for HEV
traction motors should have high magnetic flux density for high torque, low iron loss for high efficiency and high
strength for reliability. JFE Steel has developed electrical steel sheets for energy efficient motors®, and it is suitable for
HEV traction motors. The developed material achieved low iron loss and high magnetic flux density by high
purification and texture control. Moreover, JFE Steel has developed thin-gauge electrical steel sheets for high frequency
motors. This material shows lower iron loss than that of conventional productsin high-frequency range (Fig.1).

Some of the HEV's are equipped with a converter/inverter for power conversion. The properties of low iron loss in the
high frequency range for compactness, together with low noise for quietness are required in the core material for this
application. JFE Steel developed a6.5% Si steel sheet, which shows low iron loss and low noise in the 400Hz to 10kHz
so it isthe optimum material for high frequency reactors (Table 1).
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Table 1 Magnetic properties of 6.5% Si steel sheet
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Fig.1 Magnetic properties of thin-gauge electrical
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Research and Development of Next Generation Motors
and Its Future Issues
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This paper introduces research and development of next generation motors for electric vehicles (EVs) and hybrid
electric vehicles (HEVs) in Hokkaido University, including a traction motor for HEV and an in-wheel axial-gap motor
for electric city commuters. Some design points of the motors and its future issues are described, associated with
characteristics of magnetic materials.

Fig. 1 shows proposed structure of a traction motor for hybrid electric vehicles without rare earth materials. Using
ferrite magnets, axial gap structure and segment rotor structure are adopted to obtain high performance comparable to
the traction motor with rare earth magnets for HEVs. The stator core having 24 tooth is made of SMC core and a
3-phase 10-pole concentrated winding is wound around the stator core. In order to generate reluctance torque, the rotor
is structured by building the ferrite PMs and the SMC cores into the rotor support component. In spite of the
rare-earth-free motor using the ferrite PM that the energy product is about 1/10 of the rare earth PM, the maximum
torque reaches 75.3% of the high-performance PMSM using the rare earth PM in the same volume. The ratio of the
reluctance torque is very big of 49.2%, when the maximum torque is generated. The prototype can fulfill an equal
output power of 50 kW at the same volume as the high-performance radial gap type PMSM of the second-generation
Toyota Prius.

Fig.2 shows proposed structure of a ferrite PM in-wheel motors with axial-gap structure for electric city commuters.
The motor is characterized by the sophisticated structure incorporating a reduction gearbox into the inner side of the
stator to generate large output torque. In the other side of the stator, a resolver as a position sensor is installed for closed
control of the motor. The ferrite PM is used instead of rare earth PM and the coreless structure is adopted to minimize
demagnetization of the permanent magnets and to eliminate the rotor iron loss. Three prototypes are constructed and
evaluated. Some experimental results will be shown in the presentation.
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Fig.1 Traction motor for HEVs without rare earth materials. Fig.2 In-wheel axial-gap motor for city commuters.
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Permanent magnet motors were improved remarkably, after Nd-Fe-B magnets were invented in the first half of the

1980’s, and high power semi-conductor has made progress. Since then permanent magnet motors for EV/HEV traction

drive have been developed rapidly with high performance of output. The reason is because it is attempting the

optimization of the system-wide driving force which included the final gear ratio of running drive of cars such as engine

and reduction gear in addition to motor design technique as electrical appliance. Figure 1 shows the cut model

photograph of the trans-axle which introduced into Toyota Prius from the 1st generation to the 3rd generation, and the

concept of the motor downsizing. The motor size is 38 % smaller in the 2nd generation and moreover 74 % smaller in

the 3rd generation than that in the 1st generation.

We have make progress in downsizing with the

three concepts as follows. The first is Nd-Fe-B

magnets with high performance, the second is
higher system voltage, the third is higher rotation
speed. In the motor specification of the 3rd
generation Prius, the system voltage is 650V and
the maximum rotation speed is 13500rpm.

The issues for realizing the three concepts are
as follows;

(1) Insulation technology for higher system
voltage: That keeps distance among coils or
between coil and stator.

(2) Design to downsize high speed reduction
gears, to strengthen rotor against centrifugal
force at the highest speed and to reduce
losses of motors for higher rotation speed:
The improved design of machine elements
is shown in Fig.1. And the improved design
of motor is shown in Fig.2.

(3) Cooling technology: Traction motor is
cooled by ATF (Automatic Transmission
Fluid) because the motor and reduction
gears are in the same trans-axle case. The
cooling system using ATF is shown in Fig.3.
It is composed of differential gear
which is slinging ATF, catch tank,
oil pump which deliver ATF to the
heating site and water jacket

Water jacket

Cooling of
HEV units
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Fig. 1 Concept and Characteristics of Trans-axle Unit for 1st-3rd Prius
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Fig. 2 Arrangement of Rotor Magnets for 2nd and 3rd Prius
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Fig. 3 Cooling system using ATF
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In electrical machines, the use of rare-earth magnets enables smaller motors to perform with higher power and
efficiency. Over the past 30 years, electrical machines equipped with rare earth magnets have been used in a wide
variety of industries such as automotives, home appliances, electronics, and power plants. With increasing demand for
green energy products, rare earth magnets have become virtually indispensable in the industrial market. However, the
limited supply of rare earth elements such as neodymium and dysprosium has made the development of alternative
technologies for high efficiency motors a top priority. This research aims at increasing motor efficiency without relying
on rare earth metals by using a novel motor design to decrease losses within the motor.

Non-rare earth magnets, such as ferrite or ceramic permanent magnets are typically 50% to 70% weaker than rare earth
magnets. Increasing the output of a motor using these weaker magnets is extremely difficult with conventional
radial-flux permanent-magnet (RFPM) motor. In this research, the axial-flux permanent-magnet (AFPM) motor with
double-rotor and single-stator is proposed to obtain larger output torque. Fig.1 shows the structure of a RFPM motor
and Fig. 2 shows the structure of an AFPM motor with double-rotor and single-stator. Furthermore, amorphous
magnetic materials (AMMSs) have features of extremely low iron losses, and high magnetic permeability, which can
improve motor performance when combined with low energy magnets [1] and [2]. However, commercial amorphous
metal is typically processed as 0.025mm thick tape. Amorphous tape is very hard and brittle, which makes stamping or
pressing difficult.

This paper presents the development of amorphous cores for electrical motor’s application. A new method to process
low iron loss amorphous cores is introduced. The concepts of designing AFPM motors are introduced. The design,
manufacturing and test results of 11kW industrial motor are presented. This motor delivered 93% efficiency at full load,
which places the motor in the IE4 level in the efficiency standard IEC60034-30, as published by the International
Electrotechnical Commission (IEC).
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Fig.1 Radial-flux permanent-magnet motor. Fig.2 Axial-flux permanent-magnet motor.
Some of these developments are granted by the New Energy and Industrial Technology Development

Organization(NEDO) through the “Funding program for development of realization technology for replacement and
reduction of rare-earth metal".
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Development of High Density and Low Loss Powder Magnetic Core
for Reactor in Hybrid Vehicles

Takeshi Hattori', Masaki Sugiyama®,Hidefumi Kishimoto®, Takanobu Saito’
"TOYOTA CENTRAL R&D LABS.,INC. , “TOYOTA MOTOR CORPORATION,
'DAIDO STEEL CO.,LTD.

Automobile usage has expanded throughout the world in recent years and has become one of the foundations of
human society and economic activity. However, one of the repercussions of this trend is environmental issues
such as global warming due to CO, emissions and air pollution. Consequently, there is a growing need for the
development of hybrid and other low-emission vehicles. As part of these efforts, Toyota is working to popularize
hybrid vehicles (HVs) by developing lower cost technology to help provide reasonably priced vehicles for the
customer.

The subject of this presentation is the reactor, which is a part used in the boost converter inside the power control
unit (PCU) in HVs. The purpose of the reactor is to increase the output of the HV system while lowering costs by
reducing the required battery capacity of the vehicle. A reactor must be capable of stably achieving the inductance
required for boosting the voltage of the system. At the same time, a reactor must also prevent overheating and
achieve low core loss and low vibration to reduce noise inside the vehicle. For these reasons, the optimum core
material is thin (t=0.1 mm) electrical steel sheets with low magnetostriction. These sheets have low core loss and
generate extremely low amounts of magnetostriction. However, since these sheets are expensive, a lower cost core
material needed to be developed.

A new type of powder was developed for the reactor and a high density powder compaction technique was
adoptedl). We focused on a high density powder compaction using net shaping, which is a technology capable of
reducing manufacturing process and increasing material yields.

(1)The particle shape of the Fe-Si magnetic powder was controlled to a spheroidal powder.

(2)The surface of the powder was coated with a newly developed SiO; insulator.

(3)The high density compaction technique increased the strength of the powder magnetic core.

As a result, the magnetic flux density was increased by approximately 35% and core loss was reduced by
approximately 40% (Fig.1). The reactor core with equivalent electromagnetic characteristics to electrical steel
sheets, for which is difficult to achieve with conventional powder magnetic cores, was developed and a great cost
reduction was achieved. This is the first powder reactor core in the world to be installed in a vehicle (Fig.2, the
third generation Prius that was launched in 2009).

Reference
1) T. Hattori, M. Sugiyama, H. Kishimoto, and T. Saito: “Development of High-Density and Low-Loss Powder
Magnetic Core for Reactor in Vehicles” (in Japanese). Annual Congress (Autumn) of the Japan Society of
Powder and Powder Metallurgy, 80 (2013).
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Measurement technology of new permanent magnets and motors

for development of high efficiecy motors.

T. Kondo, S. Araki, Y. Sanga, Y. Asano, A. Yamagiwa
(Technology Research Association of Magnetic Materials for High-Efficiency Motors (MagHEM))

Recently, the demand for high-efficiency motors has been increased for saving the energy. However, the high energy
product magnets without heavy rare-earth elements, of which ores are eccentrically located in some areas, are necessary
to apply for high-efficiency motors of Hybrid Electric Vehicles (HEVs). Therefore, Technology Research Association of
Magnetic Materials for High-Efficiency Motors (MagHEM) was founded in 2012 and consists of nine companies, an
incorporated administrative agency, and an organization ". The objective of MagHEM is the development of innovative
magnetic materials by 2017 and 2022 and high-efficiency motors of HEV using these materials. In this paper, we
introduce the activities for developing high-efficiency motors in MagHEM.

First, we show the development of motor material evaluation techniques for the development of high-efficiency motors
using new magnetic materials developed by MagHEM. It is necessary to evaluate the demagnetization characteristics of
magnets in a high-temperature environment because HEV/EV motors are used in this environment. However, the
demagnetization state is not uniform in the magnet owing to the nonuniformity of the magnetic properties and the
strength of the magnetic field applied by the armature coils. Furthermore, the flux density is only measured on the
surface of the magnet to evaluate the demagnetization state, and the state inside the magnet is estimated by using FEA.
Therefore, we develop a method to evaluate the three-dimensional demagnetization state including the inside the
magnet by cutting the magnet into the cubes, as shown in Fig.1, and measuring the B-H characteristics of each magnet
cube.

Further, it is important to establish a high-precision motor-loss measurement technology, especially the iron loss, for
accurate evaluation of the motor efficiency. The mechanical loss generated in the bearings makes it difficult to precisely
evaluate the iron loss in a conventional measurement system. Therefore, we are developing a high-precision motor-loss
measurement system that dramatically reduces the mechanical loss in the system, as shown in Fig.2.

Reference
1) Technology Research Association of Magnetic Materials for High-Efficiency Motors,
http://www.maghem.jp/english/about.html

... [} -
enet  7mm Smm 2mm
for HEV
motor
Rt
Fig. 1 Magnet cut into cubes. Fig. 2 High-precision motor-loss evaluation system.
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Switching of the Magnetic Vortex Core in a Pac-man Disk using a Single Current Pulse

Keisuke Yamada, Tomonori Sato, and Yoshinobu Nakatani,
Graduate School of Informatics and Engineering, The University of Electro-Communications,
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Figure 1 (a) Simulation model of the PM disk. (b) Diagram of the core switching as a function of the current
pulse duration and amplitude in the PM disk.

SEXR

[1] T. Shinjo, et al., Science 289, 930 (2000). [2] B. Van Waeyenberge, et al., Nature 444, 461 (2006).
[3] K.Yamada, et al., Nature Mat. 6,270 (2007). [4] M. H. Park, et al., Appl. Phys. Lett. 83, 329 (2003).
[5] T. Sato, et al., Appl. Phys. Express. 7, 033003 (2014).
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Reconstruction of magnetic domain structure using Reverse Monte Carlo method with extended Fourier image
M. Tokii, E.Kita, C,Mitsumata’, K.Ono , H.Yanagihara, M.Matsumoto
Univ. of Tsukuba, “National Institute for Materials Science,
“"High Energy Accelerator Research Organization
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Effect of interlayer interaction on domain structure of CoPt stacked thin films with perpendicular anisotropy
H. Kawamura, K. Hayakawa, and R. Sugita
(Ibaraki Univ.)
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1) Y. Wang, J. Ariake, T. Wang, S. Watanabe, N. Honda, F. S. Li, K. Ouchi: J. Appl. Phys., 107, 7732 (2010).
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3) L.LeiY.Lu,Z Liu, Y.Lv,Y. Zhang, S. Liu, C. Hao, and W. Lv: J. Magn. Magn. Mater., 325, 117 (2013).
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Magnetic hysteresis scaling in a field-induced phase for rare-earth metal Dy
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(Iwate University)
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Spin/Orbital/Element specific hysteresis curve of rare earth - transition metal film by magnetic Compton
scattering measurement
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Magnetization process of antivortex in X-shaped ferromagnetic cross wire
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Local magnetic properties of austenite stainless steel applied tensile stress
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ZRLTWAD., 8wl s, BREBIZRICK >, fdtkim b
(ZBIBRIT AN KT L TRl TN 3649 B i i 0 28k L 7=
BV a—F =) DB S, B DI INEE L T
W5 ENHERRCE =, Fig.3 1X, Fig2 0V a—4%—2# |k

(AS) LRMHELE (BA) ToOu-MOKE HIEIC X 5 RATHY
WERAHETH D, A SN B AL RE MBS, R %E
RLT2ZEnD, Va—F—AEN o e TR E Lk
BThdZENngnDb. Ja—F—2BIcBWTL, 4745
TSI K > TH B2 - - BT R R E NS b 5.

ko X oz, $gEmeHcs T, BXEI% L 1 -MOKE i
ExEHNDZ LT BIRIENICE > TEHLEZY 2 —F— R
D SR TR R FFE DS B VT
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Fig.1 Magnetic hysteresis loop of SUS304 at 300K.

Fig.2 Magnetic domain scope observation image at
difference magnetic field +900 Oe.
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|
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Fig.3 Magnetic hysteresis loops at A and B in Fig.2.

S & Xk

1) J. Sort, et. al, appl.phys.letters, 89, 032509,
2006

2) K. Suzuki, et. al, Przeglad Elektrotechniczny, R.
89, NR 2b, 28-31, 2013
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D022 AU i 1E 2 & 5 MnsGerxGax D FH 2 e & e ki

e Afi, [ RZZRR, FEHEEE
RAEZEFER T, * ALK F 20T

Phase stability and Magnetic properties of Mns;GeixGax with the DOy type structure
T. Sasaki, H. Okada and R. Y. Umetsu
(Tohoku Gakuin Univ. , Tohoku Univ.)

IZL&IC

BUAE, Ay DREOCHRITKAT LA WHTBLBEEA B OB S 2 B & LI2AFZER R DB T T\ b, 220vTh
175 5 DO it 2 & 5 MngGa 137 T TH 2 & £V E CTH DI LB H 63 ki iBE BTN K& WV
ZEmh, AV =2 ZAMEHE LTOIRHPEIGFS TS YD, E72, MnsGe 128\ T 4 IE 7l DO
EaEEDHENMBNTND D, Fxld MnamGe (x = 0.0 ~ 1L.O)DARZEENE & BEAEFEDO R 217V >, 1@ Mn
W% LT DO M Z BT 5 2 & SR L3 3 D 2 n 3R R 21572, £ 2 TAMZE TIX, MnsGa
& MnsGe DB DAL IEE T&H 5 MnsGer,Gax (x = 0~ 1.0) (2B W T DAL ENE & BEEE DR 217 - 7=,
RERAE

RENL T — 7 RIEIC K 0 ERL S LTz, EOBE, LY AR B L DI S AR a T oTe, T— 78
g% OB BVEALT 272012 800°C T 1 M OBSLEL ATV, £ D% DOx B E A 155 72812 400°C T 1
OB AAT o 72, 56723 BHI3 L, MR X BREPTIC L 0 FEIEE %217 - 72, BE{tiX Physical Property
Measurement System(PPMS) D aEHIR BN /) FH(VSM) &2 W CRIE 21T o 72,
RERERLER

Fig. 1 {2 DOz, #1E % & 5 MnsGerxGax (x = 0.0 ~ 1.0) ORyR XHpE /% — % ”kd, x=0.0~0.2 Tl
iy & LT MnsGe, DIEHTE— 27 BBLAIE N TR Y |

SEATHFFE S —E L72 9, L2xL. x=0.0 TiX MnsGe, ®
R T % x FIZS. x= 0.1, 0.2 TIE MnsGes 075 AT N M
Th D CHNMEM SN, FAERE D AT 5 - o e o0
Bllpol, ZhiE. MsGelZ Ga ZEH#H L2 LT
Kk R LI Thd EEZBND, 1, Xk
I OfE R B 1E, x =0.3~0.7 THAANE LA TEY . s
ORISR UOMR B A E L T 2 et B | a8, o Bex g
B feofe, BT EHE MuGe 706 MG~ g 2 USSR Do
BT LT, c BT maHio, afiimic OB IR 2 ° : i : i: ~—
725k R L TR Y lEIC Ga NEMRSNTND D § N | NN =03
LR SN, £, HHBEKICI T 2 BMLRIE D o | NN x=04
GERTIEL BULIEN 228 1T b LR B AR L o i oo b x=os
TW5, FMETIE. BER XHET & DSC HIlE & oE z LA L =gj
- > 1]k A oy B RE A = g =t > :
LJJAIJZ_ DOzyz@T%Ja@i’FHnEiﬁﬁLioH61‘5?&@%& . '&'JL)\ . e e oo
OBERFFPEIZ DWW THE T 2, o o L X=09
BEH et el b e T
o 20 [deg]

1) B. Balke, G. H. Fecher, J. Winterlik, and C. Felser,

Appl. Phys. Lett. 90, 152504 (2007) Fig.1 Powder X-ray diffraction patterns of

MnsGerxGax (x = 0.0 ~ 1.0) annealed at 400°C
2) T.Ohoyama, J. Phys. Soc. Jpn. 16 (1961) 1995
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KA AT —E4 PdoMN N, D~ LT 3 A NERE & R E

] P2, AEHEER s R
CRAEZBER T, * LR at,)

Martensitic transformation and magnetic properties of Heusler alloy Pd,Mny.Ing«
H. Okada, R.Y. Umetsu*, T. Kanomata
(Tohoku Gakuin Univ., *IMR Tohoku Univ.)

LI

Ni 27851 AT —5H4 NipMnZ (Z = In, Sn, Sb)i L2, Ui % & D@tk Th 5. Z 1% Mn CTE#T S
ZEIZEoTwAT UYL NERHHEBLL, MGFEY~ LT YA NERE - 7o A Z WM RGLER R
LRI HHEREMEZ R BLT H D. AR EEEIL, Pd B A R T —EB4 PdMN, SNy, ICB W T B ER S LT
%A, —J5T, PdMnIn i3k A A T —H4 Tl OBBMEATH 5. Fxix, PdMnin 2MEIRFRES T C A
AR 2 L, BGTHERMER~EE T 5 2 & Z2aiEE Lz, 2 ORI, Pd;Mnin O R ILR
WPEIZRE LTIRIETH D Z LA RR LTV D, AR TIE, REMEZ RTARA X T —H8~iE Mn %
BALTLEEDOYNLNT A NERBROMBIRZE ORRFHEL, TREEMERA X7 —G80ER LT 52 &
ZHME LT, PdMnying, ZERE L, REEREME, WBEKAERME, (BRI EOF 21T - 7.
ERAE

PdyMnpxng. MG G sl BHI 7 — 7 A L 0 ER S v7e, B3 0B 2452 72912, 1000°C T 1 fH],
500C T 5 HEOBMIL AT 572, IR TOMK X BEHFTERICEL Y . HonR B OMEIEEZITo72. #
{EIRE I TRRHR BNV D, SERURPTHNE 1 4 S B E W T T,
EREREER

Fig. 1 {2 Pd,Mnyydng,  (x =0~ 0.6) D =RiE T
KX BREHT N — %73, x=04 £ Tl L2, Bk Pd,Mny,,In,.,
EOHFET, 7 EEITIRE Mn OEAIZ L - TH R.T.
TR T D Z N booTl-. x=05 TlE~/LT v
A MERBIC L > TREMAHEE~E 2L Tk
D, x=06 TLLAEL 2D Z LR LNERS
7o BAEREDOFE RN S, A—ATF A ML~V
T YA MEE HITTREMEIRBITEIN S o T,
FREEIEAR A AT —Ha & FEkIC, BEXESUI~LT
YA MERBIZE S TRESKRT L2 b
7o, BIERA AT —R4AE T, v T oA A
BEIL x = 05 (HETHND. LA L, PdMng,lng, T | . . |
i3, x=01TTTIZ, wAT oA MIPIERTT |
HELTRY, 1@ Mn oI X > Tx=05 TF
ERENERZBEX L ZEBHALNE ST, ZO
FERIND, PdMnyyIng, TIERHHORESIREE < L
T YA FERROHBUTEE L TV 5 ATREMED R
SN5.

BE 3R

1) R. Kainuma et al.: Nature 439 (2006) 957.
2) Y. Chiedaetal.: J. Alloys Compd 553 (2013) 335.
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Fig. 1 Powder X-ray diffraction patterns of
Pd,Mny.4In;., at room temperature.
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ZIRTCIE K& - D A 2T T 530

FEHFNR, MEEZE, PAMEE, A ER, ALRER, WA, SRR, MR —
(BER, *HK)
Mdssbauer Spectroscopy of Two Dimensional Kondo Lattice
K. Ida, T. Okano, T. Nakamura, A. Wakatsuki, S. Kitao*, M. Seto*, M. Matoba, and Y. Kamihara
(Keio Univ., *Kyoto Univ)

1. [FCHIS

Ce b AMITRE SN DITFFE T RICE W UHMRBEE 1 & JRfEET O 2BEOMWE O R R 5E T NHFET 5.
ZID OE A TITIEMME R EIRIE 2 & 72 b TSR &, AUBRT &2 Z 8L S 5 RKKY AN BE
L, ZORERIAEMOBNENRE S LD, Ce LB DITHER TR IV TUIT IR S OO 2~ T WE
ML L, RENMEZ R TWEIT D0, Fox 134078 ZIRTTIT R -5 ORBEVER CeRuPO[1]46 L OV REME (A&
CeFePO D [EVA A Ce(RupxFe)PORIIZHE H Lz, ZOWEREICH W T Ce TR E— A MNEFH | FelIFf
MNEEZ BN TE T, AL TIE Fe i OBRHHIMEE OWIE 217\, Fe JR T DEF - EAIKEZ I 5 7
WLz &2 lmET 5.

2. EBRAE
RIEEIT BT D L5 2 B PRI 43 T 7= [EFE ROz £ 0 AEE L7 L IREVLER I b EFmb TCe 1 Fe 1 P
(LL#% Ce - 2Fe-2P) =Ce : Ru: P (LA Ce - 2RU-2P) = 1: 2: 2 lCIRA L7- 1%, A0 IC B85 A L CEVAF 1T

S 72 2 IREMILER 11/5:%1%5?3@% 75 L O L7 Ceoz%ﬂ%b\f b Eimt TCe-2Fe-2P: Ce-2Ru- 2P :
CeO=1-x:x:LIZIRA LTz, Dk, <Ly MRICHEM U, AIEEITHIE _HEE AL T 21T 72, 3
EHE %, °'Co HRIR %ﬁuﬂ% L7-Fe AZNRTTHRHEE 2~
2 FAIREBMERBNC L VT 72, O, Bl T CoORE XM HE
IOy FTA A AN v FEHAWT4.2-300 K OfEEE CITo72. £7-,x 8t 1
0.80, 0.87, 0.95 DFRKHI I L ClIMIRE~ 7 X v NUZ T4 4 AL v b N V e
FRIVT, A 14T £ TORE FTOMES 2 K35 X 10100 K OEE T '
TITo7z. OB, WHAMEROIERERE & LT Ky[Fe(CN)g] & HIV 7=

3. ERFER - EXR

RIGME - RGP DRGSR B S HETh D Ce(Ru1 Fe)PO (x=0.87)
D2KIZBIT DA AN T HAGER R % Fig. 112, BLUOHHEL L
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TA V<=7 MIS), NEBESE(MF,), EEFJ?/W”(QS), IR (LW) & "
Table 1 (Z7~¢. B Rkl FCIIRA R BT, REAH CeFePO O 0.9
%%iﬁf%%@f%ahﬁ]w%%WMLtW’°a7/%%LE 4 2 o 2 4
KT 5HART NVOSE AR LT, Z OB, BFEEORZL LR IS . Velocity _(mm/s?
RIEE—ETh ot —F, BBORIICHE, QS MEMEI AT LT, o e e Mossbaner
ZAUE, BT OMLEICIST 5 ES AR L TR Y, FeP JE O M magnetic fields at 2 K.

BBERERERUE SO0 D by, t

N - R _ able efined parameters of 5Fe Mossbauer spectroscopy
oz <, ek o MFi, @1ﬁ73’571‘ﬁ|35ﬁ2%(|\/| Fex) Ik measurements under magnetic fields for Ce(Ruo.s7Feo.13)PO at 2 K.
NTO2TRECHEMEZ R L. 2Ll L EHRD

Sy MFe(T) | IS(mms™) | MF;, (T) | QS (mms™) | LW (mms™)
T 0,012 sy Fe LI 0D F1 FEREL A - 0 0.450(3) | 0.00(0) | 0.285(3) 0.276(5)

£ 2 0.449@3) | 2.15(1) | 0.031(5) 0.345(7)
[1] E. M. Bruning, et al., Phys. Rev. Lett. 101, 117206 (2008). 3 0.447(4) | 817(1) | 0.033(6) 0.346(6)
[2] S. Kitagawa, et al., Phys. Lev. Let. 109, 033704 (2012). 5 0.447(4) | 516(1) | 0.036(7) 0.326(6)
[3] R. L. Méssbauer, Z. Physik, 151, 124 (1958). 7 0.450(4) | 7.16(1) | 0.030(7) 0.338(6)
[4] T. Nakamura, et al., J. Phys. Soc. Jpn.81, 064712 (2012). 14 0.448(3) | 14.18(1) | 0.033(5) 0.302(5)
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Mn;Oy DR A b A EARAARDBERIFFENIS KO, T O
Giant atomic displacement and the magnetism of Mn3QO4 postspinel
OFH3 A !, Ian Fisher?

HPSTAR!, Stanford University>? ©Shigeto Hirai', Ian Fisher?

Manganates display strong coupling between lattice, spin and orbital degrees of freedom which
can lead to magnetic frustration and Jahn-Teller distortion. Mn30O4 spinel [1] transforms into a
CaMn»Oq4-type post-spinel phase at high pressure which can be quenched back to ambient
conditions [2]. Figure 1 shows the magnetic structure of Mn3O4 postspinel, which was obtained
from low temperature neutron diffraction data (collected at SNS, ORNL). Mn3O4 postspinel
exhibits an atomic displacement of approximately 0.25 A at a magnetic phase transition at 210 K
[2]. This giant atomic displacement is due to the coupled effect of built-in strain in the
metastable structure with the orbital realignment of the Mn** ion [2]. We also studied the
pressure dependence of the transition temperature (210 K) using neutron diffraction technique,
and found that it increases linearly at a rate of 5 K/GPa above 3 GPa, suggesting that postspinel

structure of Mn304 is only metastable at modest pressures.

200K
T T>Ty

doa
I
o vt I | L VAR; -
' il !
lﬁ‘y o W S R 13
f W‘\- b e N g i s

| MWW%‘M‘{L‘NJ}\_\,M‘.‘leﬁ\-\,‘\g-‘lﬁwﬁ,‘,\"\'fvlllp'w"AJ:\":\‘\‘-J.‘A;‘«,\\,L‘b.,‘m\ e 'w‘”,\"‘p‘a",‘-‘ i

60 K

Intensiy (a.u.)

L e

1 2 3 4 5
d-spacing (A)

Figure 1. Neutron powder diffraction profile and the magnetic structure of Mn3O4 postspinel

[1] G. Aminoff, Z. Kristallogr. 64, 475 (1927).

[2] S. Hirai, A.M. dos Santos, M.C. Shapiro, J.J. Molaison, N. Pradhan, M. Guthrie, C.A. Tulk,
L.R. Fisher, and W.L. Mao, Phys. Rev. B 87, 014417 (2013).
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GdAL, D H A X #pgE T B 1 5 4k %fﬁ%

gL | PR GHERIEA
(MEMR, 2@k, PHEER)
Resonance effect in white x-ray magnetic diffraction of GdAl,
H. Adachi', H. Kawata®, M. Ito’
('Shinshu Univ., ’KEK, *Gunma Univ.)

Fox ik, fitHA AL ORAEUIRR T E2RET D720, WmEME(LAY RAL (R=F7 138) B SHUEHC
xf L CHE X A2 AW Eﬁ%%%ﬁofgto_migiﬁﬁ%%%ﬁ‘Iibfﬁbnétw\

77y ZTOERNC L > T, WE (EHHWR) &RHOEENS XBOZR VX —RN—BIZEE D, HESNT
[BIHTHREE D> & A & TR R - 238 < iR I X FE SR B EL B G gdwfwéﬁ b Enkic LTk
Z[ET X BRO 0L — D35 0E D St 58 ORI ﬁ&_uﬁﬁé%é #&_Aﬁt@imé AR AL
DB ONWTEE L TUT by, AR, Lthﬁy%%l%m WZBWT, B X #ro T x L
F— Gd DWILHEFZ /72 0 TN E Z AIALE T 5 GdAL D 444 FFHIZHOWT, Z OB O IR % FEERH) I
%Lt%%ﬁowfﬁ%ﬁéo

EET, A UIARIRFIE 24T > 72 PF @ BL-3C IZBWCRBEO Y v b7 v 72 HW T rbhiz, 7272 L.
WELA % 90 FEICEE T A 0 IC, TOEFEEEOAIEFHIHICHTIZ>TO0-20ETHRN, 1 DO %
020 THRL—ALTIT 2 &1E, XBOZF VX =% AX % LTITL Z &2 200, A EEE
AT - VX —fEIIT. Gd O L iR RE0) 5505 eV OFPHICHYS T 5,

HoNZEERMBIZLLITO®mY TH D,

. =xL¥— mGMDhﬁﬁ%ki%m%VF;méfé BGELAD 90 ED & = AT, LiEh R4 IR
T AR PP NTEY TIE < FERBORBELER 7 ITICE SV TR Y U BIRRF 2RO DL Z LIXTE R
W,

2. Gd D Ly¥mlZB W, [BIHTHREE ORALRERIZ M 5 (bR (BRIFERTFRI) OB 72l RGBS iz,
FDANT FIVIIRIE, BRIV ERE 2 E LT BB EAELDO A = AL THREIRT 52 LN T
x5,

F 72, GdAL IZ RKKY B0 BIRIH 72 SREEVEIR & 72 SN D EE DV, AR E, £D LD

TR HiZ2E T LTl ﬁ%#+“_%ﬁf%&w%ﬁ@ﬁi%&oﬁﬁ%nfwéo:@5Komfi ]|

HIEAZIT 72 15K & 110K DAY MVIZAROIREZALICES T 2R Y | % O RKKY B ORI & 5 Hf

L b ITHE LIHEBITR SN TWARVY, ST Y B RET 5,
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T E ) A ROFX /KB D Van Vieck &R

FOFRECRS, fefRie
(FEK)

Van Vleck paramagnetism of lanthanoid oxyhydroxides
N. Wada, H. Samata
(Kobe Univ.)

XLBIZ

FUBR A RAF L e @ VanVieck FEMEIZ, < 25 aHll - f#ffr 2372 ST E 7z, #lC BV T,
IRIRICB W TIRE IS L2 VB ERD B S h, ZOrazshTns M2, Linl, Zhbo®EDE
< Tk, BV DRAC L DR TOBMLRO LR MHERENTWDS, Z00, F-riiixg s LT, B
DZT 2 ) A4 RO n¥ OREEOLRBOARBMIEEE L2, Ln* Z2E0EMMLAM DO —DIAF
KEE{EH LnOOH 23% Y (F 4 1% LnOOH ® BE 72 dh DA RTFIE A ML L, & O - T 217> T&E 7=,
A AL, EUOOH & SmOOH DfEHRICHOWTHET 5,

BRI

fEEhlL, NaOH & KOH DIREMZEIEEE L1277 T v 7 ZAEIZ X VA LT, JREHZIEX Eu,05(99.9%) &
721 Smy03(99.9%) % 7o, & B3kl OfS AEIE L. BR X #EHT o7 — 4 % 7= Rietveld 1512 &
DfERT L7=, £7-. TG/IDTA (X 0 BEIME % SQUID BRFHZ X 0 ML DRI AFNE & ML RO IEFERATT
P2 R L7z, BUEROIBERFEIC O VTR, =V —OEANCHEE L LT Van Vieck O & féETE % N
R CREAT L 72,

e RS

B LTERERONFEREE Fig. 1 I3, fdmiE. &K TO05 mm BREOHIR & 72572, Rietveld fif#tT o
MR, WO EALE T2 LnOOH Th-o7- (Fig. 2). BV OfE R Tlk, 43 L /KBIEWH»KyF
RS % 2 SIS X B ECE LT DO EER KO BB S v, INEE OFELOR R X BRIEIHT O F
EADE T, BN BN A X IKBEWOHFETH D L HWr L7z (Fig. 3).

EUuOOH DR LRDIREEAFIETIL, RIRIZIB VT Van Vieck & BEM A OIREE IHEAE L 22 W LR )8
HEnTZ, 72, Eu? ORAICE VAL 2IRE TORMERO LB S 4. Van Vieck O HREMEIHE A &
BT 52 L TRNINAIRETH -7, HRTIX. ZOMOFmRER & & b ICRALROMTRE R 2 ®ET 5,
23 3CHk
1) N. L. Huang, J. H. Van Vleck, J. Appl. Phys. 40 (1969) 1144,

2) Y. Takikawa, S. Ebisu, S. Nagata, J. Phys. Chem. Solids 71 (2010) 1592.

EuOOH - experiment ol — TG
— calculation —DTA
—— exp.-cal. 2}
= 4 |
S gt prmidons Ay - =
2 g6 EUOOH =
s = g
SmOOH < S
= ol s
E ‘ ; 2 F
' y
ot A o “* [ smooH
0.5 mm S S S S 6 A . A . . . .
10 20 30 40 50 60 70 80 0 200 400 600 800
20 (degrees) Temperature (°C)
Fig.1 Photographs of Fig.2 Powder XRD profiles and results of Fig.3 TG/DTA profiles of as-grown
as-grown crystals. refinement by the Rietveld method. crystals.
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St ZAFE X7 =5 4 N OVERL L etk

ST R AR EIEBOE, R
(B EXR, *FH)
Synthesis of a Sr-based X-type hexaferrite and its magnetic properties
K. Kamishima, T. Mashiko, K. Kakizaki, M. Sakai, K. Watanabe*
(Saitama Univ., *RIKEN)

1. ¥5

St RDOARTE X7 =T A4 b (SruMeFeasOue ; Me=2 BB AR A A4 ) 1T MA (SrFe,049) & W B
(StMesFe ¢027) D HIE & W 5 iM% & 2720, HAHOERIIRETH L, ZD7d, SrRD X7
T A MOV TOIERREIZIER I 720 D2 AR TR, 2R E THED 2V Ni 251 St RS X
M7 274 OERE | ZOBMKFEEZHONCTHZ LB LT,

2. EBRFE

HZEJFUEH T SrC05, NiO, 3 X Wa-Fe,0; Z VY, X7 = 5 A b (StyNiyFeyOu) DAL F EFmFAKIZ /2D &L D
WCHE L, 2O OMmRERAR—/L IV T 24 KRS LToth, %R Lo, 2 OIRE W & o & i
BEAR—V I LZE VT 1100 rpm. T 10 0B L2 S 5N HERZ 1 tem® DIES) THRIE LT, Z D%, 850°C
T 5 R, REF CIBER Lz, 2 OB 2 HLEk T L 1 tem® OJIES THIE LTz, £ O 1200~1250°C T
5 WERT, R CRERR L7z, aBMORE A 130 R X BRIEPTEIC L 0 b U7z, BEbAfE X OMREE I 3IES)

SHRHERE 2 SR L7,
B RE ) +(VSM)T{ IE L7 B X-type A M-type O W-type

sintered at 1250°C=
3. EBIOES Jored ,,xL\' T L
[ 1 1% 1200~1250°C THERK L 7= StuNisFexsOus D X AMREIHT A 5
R, 1200~1220°C THER L 7230BHE MO B T 0 L X 5,
TURNEAERL L7y o7z, 1230°C LA ECRER L 723l s XRL 2
FHDMAERL LTz, FFIZ 1240°C CRERL L 72 30BFCIX X BRIEHT X =S
DIZITHAMO X7 = T4 MR LT, - e
[ 2 13 1240°C THERK L 7= SroNizFeasOus DRV 0 5L HE (K 171 s hAMR 24 0 0 oak
BT, COEBRGERS D ¥ 2 U — R 468°C TH D, — . 20 0 40 50 60
MM 7 =54 b (StFe;;019) & W7 = F A4 b (SruMeyFergOue) 29 (deg) CuKa
D% 2 U —IREEE 460°C L 497°C Th 25 P9, X7 =51 k B4l AR EECRERR L 70RO
B ORI OHES L 570, AERCHBEFa ) — X AR
RBEZ, Y THdLBEZILND, 25 I T [T 468°C
UEXY AFETREDZRN-7=Ni & T Sr 2N X A B 5L B
7= 74 b SuNiFexOu OERICH) LT, 2
= 15 —
£
CZ DN g 10~ N
ED St,Ni,Fe 0,4
1) N. Langhof et al., J. Solid State Chem. 182 (2009) 2409. s 3 sintered at 1240°C ]
2) T.M. Perekalina et al., Sov. Phys. JETP (English Transl.) 31 0 H=1 kOe | | N
(1970) 440. 0 100 200 300 400 500
3)  KHEE, B LSO, Br4e®E (1973) 193. Temperature (°C)
4) L. A. Bashkirov et al., Inorg. Mater. 39 (2003) 525. 2 1240°C THERL L= Bl

B At
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3T AL BT NARIZEITA Hanle NEHAG 5 OFEAT
AR 2, R TR T, R L, e R
(RTRBIGE®, 2 R KRE )
Analysis of Hanle-effect signals observed in three-terminal spin-accumulation devices
Y. Takamura?, T. Akushichi?, Y. Shuto?, and S. Sugahara®
(*tlmaging Sci. and Eng. Lab., Tokyo Inst. of Tech., 2Dept. of Physical Electronics, Tokyo Inst. of Tech.)

IXCBIZ

Si F ¥ RV ~D A VE AR S| F 4 FVN TORE L F A FIZAOBE L, A MOSFET 20 Si AL
TNA ARG FB T D720 CEHEL/RD, ZNET, TNHOBGUIAE L NV T NT DA, 4 i 1-3ERFTT /N
AR, 3 Wi AE L FERE(BT-SA) T 73 A2 81T 8% Hanle Zh R ORI E 2L THENT ATV TET2. FFIZ 3T-SA 7N
ARZEDFHINL, TAAAT BB ADOR G SO IASAWVBINTOARHMIEETHS. L, 3T-SA T /31 R |IZE
WTEHIENAE B IZIZAE U EATRDO R RVEERERZ O Si EO LRI N T v 7 EN T2 AR 1215 Hanle 2 Rk
HIEFLEBEINDLIZERR, FENTICHWSLINTWDE—D Lorentz B 1T TIZIEBRVME B OB 20 Ak
SINTRY, HONTEENEIC SI FyRNVICEBLIZAEAZELLL O, BEICKHHFTTOIMLENHD.

AT, 3T-SA T A ATELHISILD Hanle ZhFICEDIE B A2 AL LB R DAL 7 OV RAIRE % N T
ENT AT 72, SIi T ¥ RVICERLIZAE 28D Hanle Zh R D1F B T IE Lorentz B L 137263, oo 7" A 12k
D5 W (Lorentz ) 3B CEAHZEABIGLMNICLTZ. EBIZ, Bi'E D CoFe/MgO/Si #5652 AL AR AJRELTE
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F ¥ RV TOAE L EFEICLD Hanle [ 5 (I LN T 7 112k D Hanle . 92 |T 1é?nKA
E 5RO ERADOE(ER)EHNDZETHE I 74y TE. 2T, ‘ Fitting curve
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AWFFE TR L= 3T-SAIZ BT 5 Hanle SR DI Bf#HTIEIL, FY /LI
BRLICAE V ENTy T AL TED Hanle ZIROE 520 ECES720), & &7 _-7 e TS
ALY OB DFHIS ATHEL725. I | ]
f%s)'t Sﬁfgahara IEE Proc.: Circuits Devices Syst. 152, 355 (2005) . w0 'V;agr;e“g)ﬁe;d(o‘e)‘ ‘.5?00
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Spin accumulation using CoFe/MgO and AlO,/Si contacts with high quality tunnel barriers
prepared by radical-oxygen annealing

T. Akushichi', Y. Takamura®, Y. Shuto', and S. Sugahara1
(IImaging Sci. and Eng. Lab., Tokyo Inst. of Tech., “Dept. of Physical Electronics, Tokyo Inst. of Tech.)
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Fig. 2 Hanle-effect signals at 10K for spin injection and

1) S. Sugahara, IEE Proc. Circuits, Devices & Sys. 152,
355 (2005). 2) S. Yamamoto, et al., Electronics Lett. 47,
1027 (2011). 3) T. Uemura, et al., Appl. Phys. Lett. 101,
132411 (2012). 4) T. Inokuchi, et al., J. Appl. Phys. 111,
07C316 (2012). 5) Y. Takamura, et al., J. Appl. Phys. 115,
17C307 (2014).

extraction measurements using CoFe/MgO/Si  and
CoFe/AlO,/Si spin injectors, and their fitting curves

(a)AlO, tunnel barrier without radical-oxygen annealing
(b)AlO, tunnel barrier with radical-oxygen annealing,

(c)MgO tunnel barrier without radical-oxygen annealing
(d)MgO tunnel barrier with radical-oxygen annealing.
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Preparation and characterization of a B2-ordered Co,FeSijsAlys/MgO/Si spin injector
Y. Kawame', T. Akushichi', Y. Shuto', Y. Takamura?, and S. Sugahara1

(‘Imaging Sci. and Eng. Lab, Tokyo Inst. of Tech., “Dept. of Physical Electronics, Tokyo Inst. of Tech.)
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(1)S. Sugahara, IEE Proc. Circuits Devices Syst. 152, 355 (2005). 1.0mA
(2)T.M.Nakatani et al., J. Appl. Phys. 102, 033916 (2007). (3)Y. Kawame -0.2+ 10K
et al., the 12th Joint MMM-Intermag Conference, paper EI-06 (2013). !
(4)Y. Takamura, et al, J. Appl. Phys. 105, 07B109 (2009). (5)Y.  —10000 0 10000
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Takamura, et al., J. Appl. Phys. 115, 17C307 (2014). Fig. 3 Hanle-effect signal and its fitting curve
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Fabrication of a CoFe/TiO,/Si tunnel contact and its application for spin injector
K.Takahashi', T. Akushichi', Y. Shuto', Y. Takamura®, and S. Sugahara1
(‘Imaging Sci. and Eng. Lab., Tokyo Inst. of Tech. , *Dept. of Physical Electronics, Tokyo Inst. of Tech.)
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HNERT =— VETIIRE I T XV ARDPENE DD B TREBIE DB RN BTz — T,
500°C TTPHNRFET =— L E1THE Sit (Si0) IFBLIS Wb DD, Si DY T AW AROH KBRS,
R E DAL T2 3 b To. IRICT P HNIEHET =— LD R4 Al/CoFe/TiOy/n"-Si(P;4x 10 cm™)/Al Hi& D
BAT—REAERIL, J-V BRSO3 LT SR TN D B E AT o T2 B TII R YR B RED ST,
400°C TIVHNINIEFZET =— N EITHITET, Fth DO RTY R I REFAD L2 o — 22 E DRI LT-E %
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1)  S. Sugahara, IEE Proc. Circuits, Devices & Sys. 152, 355 (2005).
2) J. Robertson, J. Vac. Sci. Technol. B 18, 1785 (2000).

3) J. Gang. Zhu, and C. Park, Mater. Today, 9, 36(2006).

4) Y. Takamura, et al., J. Appl. Phys. 115, 17C307 (2014).
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Fig. 1 (a) XPS Ti2p spectra and (b) Si2p spectra for an as-oxidized Fig. 2 Hanle-effect signals at 10K for (a) spin injection and (b) spin
TiO,/Si sample at room temperature and TiO,/Si samples with radical  extraction measurements. Their various fitting curves are also shown.
oxygen annealing at 200°C,300°C,400°C, and 500°C
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Gate control of spin-valve signal and Hanle signal in GaAs observed by a four-terminal nonlocal geometry
T. Miyakawa, T. Akiho, Y. Ebina, M. Yamamoto, and T. Uemura,
(Hokkaido Univ.)
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Fig. 2. Spin-valve signals and Hanle signals at /lpias = 20
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Influence of nuclear magnetic resonance on transient oblique Hanle signals in GaAs
Y. Ebina, T. Akiho, M. Yamamoto, and T. Uemura,
(Hokkaido Univ.)
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DRI 2 W 523 L72[1]. ARFZED HE9IE, DNPIC & 0 AR SR A B ARMBIZ k35 NMR 058
oblique Hanle {3 512 RIET B AW LM 52 L Th 5.

I Vi
KR E - ANt e 0 13°
Pofafxtt GaAs (001)ZE4K 12 undoped-GaAs /N v 7 7 & ﬁ % 7 5
(250 nm), n"-GaAs (700 nm, Si =3x10'® cm ), n"-GaAs (30 nm, A v
Si = 5x10"® cm®), Fe (10 nm)% MBE Bl L W K E L=, % T o %ﬁ
D, ArAF YT, EB U VT T T ¢ —5x VTR X

BAE LT /A AT L7z (Fig. 1). i oblique Hanle Fig. 1 : Schematic diagram of device structure.
DRWE 42 K CHRIREICBNCH -7 SRS 5
(Bob) ! By, = Bopu (u 1&(sinl3°, 0, cos13°)DHNLRZ Rk L)DS — W/ RF (175 kHz)
FECHUM UL 7=, #IRE L U TS 2T 5729, By -~ w/o RF
=+40mT, /=-10 pA D & & T 150 1% L 7212 ICFE)R
FTEEE(VNL) D Boy IAFMEZHIE L72. By, (3440 mT 72540
mT ~ 0.38 mT/s D & TSI L, RF BE%IE Fig. 112k 5
y 5 AN BN L 72,
RMREER

Fig. 212, RER&G3720 55 & 175kHz O RF fkd; 2 BT
L7=B 2 20 oblique Hanle JIE#5 5% 753, RF Rl / "1Ga) 755 §
MRV, RS IR kT 5 — 09 A FE— J R
g BBl nTe. —F, RF #Gob & TlE, mthA Fe— _40 ' 220 . 0 ' 20 - 40
JORESIITHA L, Ao — 7 1 35ERIEE L. 20 Magnetic field : B, [mT]
A %EH.% METHID, }F%Fﬁ{a\%(VNL/DbSi@/J\ &R DR Fig. 2 : B,, dependence of Vi /I with and w/o
U DAR(Fig. 2 Dkt RFN) O RF JABEIRAAEERHMI L7 & & pp magnetic field, where Vy is the nonlocal
A, 71Ga Zx4 % Eﬁ%lﬁlﬁﬁttﬂ 5 ﬁ*ﬁ LoD ibqéiﬁﬁ%&\’—*E Voltage, and / is the injection current.
MBI DL ZATHRIMEEPERTT LI Enbhrole. £z
FERIC LT, ZE BTN ENE DD, YGa (Fig. 2 DGR PAs (Fig. 2 O ERAKE)O NMR (R L72IE
RFHESOZ L b Bl STz, ZhbDZ &b, REBGFIINCHE S i@ oblique Hanle 155 D2 {kiX, NMR
2 R DS DWMEDNIRIN T D Z Lo To. TERDERIRAE T oblique Hanle {5 5I17E TiX NMR (2
L DEEEMITHIGHS O & Z AT THEL 20 L, @WEE I L IR LUAD & ZATH A
54L, NMR ORHNES THD Z EMNRINT. 2O EiE, A OINBRES O ZECIZ T 2 MR
Rz i T 2 2 &Iz, AFEOFEO—D>THD.
B

ABFFEIT ISPS BHFFE 25286039 DBk % %2 1 TiTbiLr-.
L BN
1) T. Akiho et al., PRB 87, 235205 (2013)

) v )
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T=4.2K
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WRa 7274 b CosFeN HIED B HFHHKIETIZNE

LR AMRC, B SEAs, TS AT, REH B, B B
(4 KB T)
Anisotropic magnetoresistance effect of anti-perovskite Co;FeN thin films
H. Ando, H. Sakakibara, S. Kawai, K. Ueda, H.Asano
(Nagoya Univ.)

FLHIC

Wi 72 A S EAEBNEIR CosFeN X, mWAD A B 43R VA FFOspittpr bl Tt v . Lo
T AN A NEICIREYEIRE L7200 T B 7 2 h A b OB TEAER I WD, BEME CEH
RISHANHETE S, BUE, HFBRTE X X —(MBE)EIZ LY SITIO; &+ A~ v F 1 -4.1%) kI
450°C THERL S U723 D038 B 28, ARBFZECIE. SUSTEA Sy ZEE VT, RS E R AR 7 (RIE K
F CosFeN iR A ERL L | /N7 A X AL %G9 5 7o DI BRSPS V>0 T L 7=,
ERAE

FOGHE~ 7% ha o A8y ZIEIZ R Y CosFe #—747" > k% HT CosFeN B (Lag 15810 50)(Alg s9Tag 41)
O3(00 1) JEAR(LSAT FEAR) (1 X A~ v F:-2.8 %) IZ, #AJEIL 2.5 Pa, BEE 50-100nm T, A/Xy ¥ H A Ar+
8-10%N,. FEARIEEE L 250-350°C DO#PH TIER L7,
ERER

Fig. 1 (255 50 nm, ZEFEIEE 10 % TYERL L 72 CosFeN FIR oD [ B A% -2 & F-MlhE o R FE (R 7 &7
Fo FEMGRFE 275°C LL 1T CosFeN(00/) & — 7 3l S 7=, 300°C BA FOKIRCTH, BERAE IS TS 7 E 4L
Ty 27— 7 OMAENE S A CosFeN G5 TN D Z &Ny o 7o, SRR 300°C T/EHR
L7238 T, CosFeN (200) ' — 727 DN GA F ¥ NZFN T 4 BRI E— 7 38H T & . LSAT Ml kic
cube-on-cube ICZE X F L ¥ LERE L TWA Z NG hhoT-, £-. ZOEEIT M, = 1350 emu/cc DB & 7N
SRPRIET) H, =25 Oe OBERMETH Y | R,=0.56 nm & F 7O FEEMICHE L 7o/ S 72 ln%S 5, Fig. 2
1% CosFeN M D B MBS R ZHE L2b DT, AD AMR k5517, AD AMR ZhRIZ N N—7
AL NDOUELMEITH LA, DOS OFVRME V2T 5L, ZOMEEII~A ) VT — AL VBT MEE
ZEITHSTWD EEZ B, CosFeN ON—7 A X UPEZIREE LT 5, i Tl CosFeN ORFAEREM & L
TT Y R—2 7K EHOWTAE g2 RS, AMR 2058 & OEIZ O T hiEim T 5.

L ZD.T;N

1) Y. Takahashi et. al., J. Magn. Magn. Mater, 323, 2941, (2011).
2) T. Sanai et. al., J. Crystal Growth, 357, 53, (2012).

3) S.Kokado et. al., J. Phys. Soc. Jpn, 81, 024705, (2012). 0.0 —4
0.376 2.0 @ BN
................. theoretical yalue 0.37530m <02y
~0375} ] g 7 \
1.8 A~ L /
E -0.4 J/
0374 A/‘\ B D .
g " 116 £ & 06}
7] S ~
£0373 . S /%
S . {14 = 038
S 0372 T &
= - " " -1.0 ‘ ] : ‘
3071l 112 80 120 60 0 60 120 180
0 (deg.
0.370 ‘ ‘ ‘ ‘ 1.0 Fig. 2. Resist h f(C gF) N fil functi
280 300 320 340 1g. 4. hesistance changes O osle 11ms as a runction

f the magnetic-field direction 6 measured with
btrate temperature ( ° © . o

) ) Su ) i (O ) respect to the sensing-current direction. The

Fig. 1. Lattice constant (triangles line) and FWHM (squares line) current 7 flowed along CosFeN[100]. The applied

plotted against substrate temperature of CosFeN thin films. magnetic field was 4 kOe.
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v’ -Fe N e B db I D B 7 PERE SRR R ~ BRI EE R AT~

FEB Fofst ', A E ER S EM Bt
("B, 2 ERIE )
Anisotropic magnetoresistance effect in pseudo single crystal y’-Fe,N films ~degree of order dependence~
K. Kabara', M. Tsunoda', and S. Kokado®
(‘Tohoku Univ., 2Shizuoka Univ.)
1. [FL&IC
Tea X ZNFETIT, y-FeN EIETHO R FVERAIET (AMR) ZWENERI S D Z &2 R L. Bk
THI2]S 7 FeN @/ya;ﬁzx EUEREDHHLTH S = L AR LIZ[3], £7- Fe,N HEHAE A EIE CEN 2
Fe,N[10017 I L7284, SOK LA FOIRE T AMR LD K & S AZKICHE K L, AMR B#RIZ cos 40587008
%E#é%@%&%t%mﬂﬂm FORPFUZOWTITH LN E 7o TV, FeyN DR 72 A B MR TR
BiX, NS0T AAA MEEOKRONLEIZFET D NJRF & D LEICAEET 5 Fe J&+ & O FHuERM )
JFRRTHDHR2]Z LD, ARUFFETIE N FALE ORI 2 28 b S 7o LA iy -Fe N MR A /ESL L . AMR
ZhAR & HRIEE & OBIFRIC DOV TR,
2. EBRAE
BOGE A 2% B % FV MgO(100) B b Fabi 12 50 nm JE D Fe N #HEEfE b2 — & 4 3 v LR &
Bio, IR O FeuN 4 | ARIFELIEE PN T 50~300°C OH#H TIRLE 2728 2 T 15 5BV U 7=, |,
FefblhifE & LT 2 nm JEOD Ta % Fe,N HIRICHERS S W72, UBFOREEREHTIEZ XRD (2 X D 17V FeyN(100)
& Fe,NQOO)D[EIHTHRIREE LA & N R FArE OBLANE (S) Zked7o, SEMLERIR 3G LT S=0.82~0.93
OB BT, FREEZ 02 mm E X7 mm DA b7 A ZIRITHINT L, B 4 ¥#F7% T Fe,N[100]77 ] D
ERIEHT (R) & 5~300K OIEEFPH CTHIE L=, 30k0e @Emﬁuﬁ%ﬂ%ﬁw ZEIINL. EMINEER A &
WATROBOAE (0) OB E LTR (AMR i) ZHIE L7, 0=0 (90°) (2B T HEBUER, (R) #H
WTC, AMR [t% (R,—-R) /R EEFLT-,
3. EERER
BN IT A 50RE AMR H#i#R72> 53R $ 72 cos 20 (cos 40) FT D7 — U TfREK Cyy (Chp) OWNEIRERTIEE
Y, 2T 2CM AMR ELIZHE Y%, 50K LA R TO AMR DK E S ORI/ K & cos 40155 @EH
BB, S DML TFITES TIHRAZIZIHEER L T Z E 3o 70, FH HIZ X DD AMR OBEFH[S)IC L
TR AMRICMIETRHIRE LT, A VHLEMAEIERIZ L 2 2 RN G E U DHEKD cos 20/1k D
AMR ZhH[3,6112M 2 T, dHE & dLE D= R LF —2% 1 . , . , .
(A) &7 =)V ISR 5 M#LE OB EEITR T
72 cos 2057, 72 B N IEFEEIZE D d.NOHLE S ZIZ
Jts U7z cos 40f% 50 2%, AMR HIFRICEET 5 Z ENRENT
W5 NALEDOAHANME 22 & NS HIERE O _EF- 13 Fe,N @
A S DRGSR R ST 2R, KIRIZH T2
AMR Zh B ORI 722 S DI TICE > TR L 7= %
DEEZHND,

P 2 BN
1) M. Tsunoda et al., Appl. Phys. Express 2 (2009) 083001.

Fourier coefficient (%)

2) S.Kokado et al., Phys. Rev. B 73 (2006) 172410. S=0.82
—&——T—S=085 ]
3) S.Kokado et al., J. Phys. Soc. Jpn. 81 (2012) 024705. =097
4) M. Tsunoda et al., Appl. Phys. Express 3 (2010) 113003. ———0—S5=0.93
5) S. Kokado et al., Phys. Status Solidi C 11 (2014) 1026. ) | . | .
0 100 200 30

6) S.Kokado et al., Adv. Mater. Res. 750-752 (2013) 978.
Temperature (K)

— 266 —



4aD -9 38 AR R AR ELE (2014)

INTT AL IVIRA AT — BB D BT VERSHE T R O & BT

BEEERR AR L B L 2L SEILE L IR IR e el AT ER R
C%H%%\Q%ﬁkﬁi)
Quantitative analysis of anisotropic magnetoresistance effect in half-metallic Heusler compounds films
Y. Sakuraba', S. Kokado?, Y. Hirayamal, T. Furubayashil, H. Sukegawal, S. Li", Y. K. Takahashi',
and K. Hono'
(‘NIMS, *Shizuoka Univ.)

FLHIC

1990 AR L 0 BEERAICIRNE STz Co FE T VIR A AT — B8 RZMEL D/ ~N—7 X Z AR, @A B Rk
Ra L U7z BRI R A B ER R 2 Sl L 0 EBRIICFRES L, R TOE WA B R
Fa2FH LKA HDD ffS~y R E~OIAP SN TS, L LR oIsH EoffEe: LT,
FIRIZHBIT DA RIBEO L7 5 YGEITN R ?N42%@L@$kﬁﬁﬁ%ﬁﬁ@ﬁ@m®ﬂm&5%
R REMJEILELFEIN TN D, (o T, T30 RAEHEBLOT-DIZIE, KA AT —EBOMEHEAR « 24
RVERIRFE - S5 A R WMéﬁth%ﬂ%@xa/ﬁW4%ﬁﬁb W7 2 it b & X D MBS B
b, LML, BIRTORE U REBROFNICIE, ERESIEIIE -2 w2 fn Tz 0E 45
TS ZERRE S To D, MBHER T N A AERGME O Rl b &2 R 09IAT 9 Z L IFIERICHEETH D,
WA, 52 X0 BEERIC I T 2 BRSSP R (AMR) 2 B FE 0B Y ] 9 #iic 7 Blime 7 L
BRI, N—T AZNMEO AMR BHFEOFFIILT AL D Z EARENE Y, ZHUCESE Yang HiX
Co,Fe, Mn,Si HEFEHZ I 1T 5 AMR 22 BHANCFHI L, MWV A B UARIBERAE 5D x=0.6 1238\ T
ITEHPSOFHEERY AMR BNAICAR YD . AMR ZIEEROBIEN N—T A X VMBPHER ORI L b Z & &R L
DR TIE NS O R A FIZHE S 5729D10, Co,MnZ, Co,FeZ(Z = Al, Si, Ga, Ge) D & O ifsiztk}
IZH1F D AMR Zh R % RAEHIICE BRI L, S4fak, HAIEE, W ONZ CPP-GMR #7281 2 A EHizh
DRE X ERAWINTHITT 5 Z LI2 LD, AMR B ROF5 K Ot & A & Rt ORI B9 2 a7 %
"/HZEEHEME LT,

0.3f .

=BnE o
HBEEZE R Ry X HEE T K> T Co,MnZ, CoFeZ (50 0.2} 2 CoFeCa.0, g
nm)% MgO Wikt Kb I SR U, BVLERIEFE 4 300 — -gg$§§ T
650CE T L & E72, AMR 2 RITFEF A 2 EHE L, S5 gomw@mﬁms AL
st (5kOe)Z WENRIHI N J7 HI ClRITE S5 Z & 12 i@%ﬁt/ 2 oo ‘ %
oo A 27— ORETH Ny & ERISHT 5 72010, 1P i, ', 3WKH© l
%ﬁ_xofmmAm%ﬁmmkAMme%_owfﬁﬁ 2 o1t oiz
L7, i E
ER#ER 02 ? 10K
{E#L L 7= CojFeZ,Co,MnZ ZIEREL D AMR Al T4 0.3} Negative

NIZHRLTF By R LIEHER N—T A Z Ty v 7% ik
T %5 AMR O IEADOZELH PRI MRS S /- (Fig.l), E721E
Sk CPP-GMR D EBRAEF L DOEZIZ LV | mUWAD AMR
BEE SIS E L2, FARREEIZ U T, A&7 MR O Fig. 1 Total valence electron number Nv
ARA VB B & BRI SR < i, ABFZRIC L0 | dependence of AMR ratio in Co:MnZ and
i 72 AMR 20 OBEC L 0 B 2 o RRIc T 5, CoFes”

BDELND 2 EBNHERS N, P

2 ik 1) S. Kokado et al., J. Phys. Soc. Jpn. 81, 024705 (2012).  2) F. Yang et al., Phys. Rev. B, 86, 020409R

(2012) 3) Y. Sakuraba et al., Appl. Phys. Lett. 104, 172407 (2014).
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Coy(Fe, Mn)(Si, Al)7= A A T — &4 ORI R
Magnetoresistances Effects in Co,(Fe, Mn)(Si, Al) Heusler Alloys

KRF Obh, EH 5EFH. W 9B
(RAER4aHF)
H. Yako, T. Kubota, and K. Takanashi
(Institute for Materials Research, Tohoku Univ.)

L ®HIC
HFOFFOEMEAE D2 O OHMBELISH L THEELAR T2 A he =7 25BIIaE B EE
RETED T, 20 EMREILE EBT L -DICE WA Y U DR 2T HMEOBRBERED ST W5,
FRIZ, N—=T RZNVFA AT —BEBITENVAE U SBEEFLTND I ENBIEREZED TWD, fil, #
JESZ J 0 B MERKIEGUI R (AMR)ICHE T 2R L 2 D50 N—T A Z AL HBRE R T2 &
WG SN Y, AR TIE, 5 TTREA X T —E4 CoyFe, Mn)(Si, ANIZOW T, AMR 2R OAEH, *
BHER SR 72 & NTRIERERAAPEIZ OV TIREZITV, =T A Z L OBHRIZOW TR 5o
EERAE
MgO (100) A% 650°C TV 7 v v > 7 LTtk FEMUNEE TN 223 B CosFegsMngs(SipAly) (CFMSA) % 50
nm ARIE U7z, FESUINZGEEE X, 300°C, 400°C, 500°C, 600°C & L7z, x=0,1 D 4 ThA AT —H &2 T
EEEeY —7 Y MEHW 5 ILHA AT — 580 RERFZIE Coy(Fe, Mn)Si (CFMS) 35 & Ut Co,(Fe,Mn)AIl (CFM
A) =7 ENEDRIFFANN Y XY RIE LT, A 2T —E&8ME%ZIL, BEIED=0lcx v v 78
ELTAUZ 2nm i U7z, BBFORPUEIXE IR 4 S5 71512 L D 100 pA OFEN 2 5 UEHZ i L CRIE Lz,
AMR Zh 5313, 2 kOe DI 2 WAL 45 Sy il 5 i HUIN % 2 & Chédk

B fUFD S A, AUBHE M Y 718 CEEE S5 2 & TRl L7, f Lot f CrviA
E A 1L X #RIEIHT (XRD) &, £7-. Wbz sUBHREV L /)5 1.000 e
(VSM) 12 & 0 2 = B L7, voo | &
ERiER
RS L 7= 230k, XRD HIEDFERETE X F 2 v LHE LTS 0% 1
T L ERER LTz, E7o. FEBUNEGEEE 500°C TERL L 7= CFMA, ~ 0997
CFMSA. CFMS IZoV TR b L2, ARSI RN 5 ks 7 5 " |
B % #eRB Lz, VSM ITE DRSS, L2 M08 3 ikt oy 8 1000 Bl
WAL S V2 R DTl - 72, Fig. 112 CFMA, CFMSA, CFMS < 099 |
HIEORIRICI T 5 AMR HifRa 7R, BBOAEI, BB 2 e |
(W) D EATT D562 00 EX LT, 2 TOREHIBWTAD %0”7
AMR ZWENBI S 7z, £7=. AMR O CFMSA M. & | ¢
BUT 0L IR LD Z LR ote, BT, AMRIEOR .
BB LB PR EE YR A7 72 & ONC T A 00 [ KRG U N
PEF ORSIHEE L OBERICOWThEmT 2 TETH D, 09T aal
% 0.998
ARFFEO—EIE, AASMHERS BT A% (S) (No. s A A ——
25220910) N, fE#MA N L—UHEERRE (SRC) 12Xk 2 % 0 45 90 135 180 225 270 315 360
PR, angle (deg.)
£330k restance. in CEMA. GFMSA and
1) Y. Sakuraba et al., Appl. Phys. Lett., 104, 172407 (2014). CFMS films at room temperature.
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bee B Cu B4 AX—Y—@EIZ 7= CPPGMR

HARFER, EEA T R
YIE - MBI TERE R
CPPGMR using Cu-based bcce alloys for a spacer layer
T. Furubayashi, Y.K. Takahashi, K.Hono
National Institute for Materials Science

FC®HIC

ZNFETCPPGMR £EAFDAN—HP—Jg L LCd fec BB THD Cudb D WL Ag NEL FANWSNTED,
Co AR A AT — G & OMAGOEIZEI Y REZL MREXAELNTND, AX—H—fFL LTHA X
7 —E@ L L bee BEDMEIEZ WD Z LIZLY, RE TR REEHERE LI MR PRESND
EWVWS TREMNS, ZivE T L2 M Cu,RhSn [1] X° B2 A NiAl [2] 23534 H LT X 2 RBHE R RITE 5Ty
20, TNBDEETIIA Y UHEBOBENKE VT2 MR BARDIEIZ L~ L TW DD TR s
WO ZENRBEZXBND, £ TAIETIE, FROMEEEEZ DA UIEHOEN NS NWEEZ X N5
MELE LT R FES D HRA/ NS < EoiMcFE 25 £720 B2 8 CuZn 54 KT D0 CuAl 544 A
——EIZHWD Z L ERATL, CLALIZERMATH DDAy ZEE U TIER TE 2 R[EEMEN H 5,
EER

Wattig & L CldadsA 2 7 —454: Co.Fe(GaysGeys) (CFGG) % V=, A B 2L 77 CPPGMR - 1ERL D
728, MgO(001)HifH &b Hb 112 sub/Cr(10)/Ag(100)/CEFGG(10)/CuZn or CusAl(5)/CFGG(10)/Ag(5)Ru(8). HEHLA
I (nm), OFEEHE T~/ 2 hr ARy XXV R L7z, BUERZIC T =— /L2470, B Tz &
YV CPP MIE T 2R LT,

R

X HRIEHT OfE R MR E HFEE & RIAR D HAR & THUE %2 VT CFGG EIZAERL L 72 20nm JE 0 CuZn 1X(001)
T2 X v VR LT B2EiEE & H 2 &
Mo T2, CusALIZ(001) FALO = B Z F 3 ¥ JLRL
BRI NT0y, DOy BLHIEE 2 7~ 3 [EHmf I R
LT, A2 R HHETH DL EEZBND, A

17 SR CIE L7 B2 L X BT (ARA) i 9 ]
ZT =—WRE T, L OR LT, D720 Ag < 10k % -

15 - . . . .

O Cuzn 1
- A CusAl .
X

AR —H—% - [R] U SRR 8 | RIS O 31 O
B3] bRLTWA2S, HEAEKW T, T Cu 254

EEHWTEHTRBH L NITEV ARA BME LTINS,
Ag A= — DA AR EEL D A 7 IRt
FREEABBR X5 = L 125 ) MR 2SB5A LT 5 5r T
LEZHNS,

ARA (mQ-um
F—>—

AAFFE1L ISPT BHAFEr 2224609, 25249087 D BhY L i
EZFTbDTH D, 0 .

B E TR Ta (°C)

[1] K. Nikolaev et al., Appl. Phys. Lett. 94, 222501 (2009).
[2] N. Hase et al., J. Magn. Magn. Mater. 324, 440 (2011).
[3] H.S. Goripati et al. J. Appl.Phys. 113, 043901 (2013).
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Crystal orientation dependence of band matching in CPP-GMR pseudo
spin-valves with Co,Fe(Ge, sGa,s) Heusler alloy and NiAl spacer

Jiamin CHEN', T. Furubayashiz, Y. K. Takahashi’, and K. Hono?"'

'University of Tsukuba, *National Institute for Materials Science

According to the Valet—Fert model', the MR ratio depends not only upon the bulk spin polarization and the resistivity
of ferromagnetic (FM) layers, but also upon the interfacial spin asymmetry that is a function of the lattice and band
matching at the FM/non-magnetic metal (NM) interfaces’. It is highly relevant, therefore, to study whether or not the
crystal orientation relationship between the Heusler layers and a spacer layer affects the interfacial spin scattering
asymmetries or MR outputs. In our previous study of (001) and (110) epitaxial CPP-GMR devices, we found the change
of crystal orientation in Co,FeGagsGeys(CFGG)/Ag system had introduced a different lattice mismatch at CFGG/Ag
interface resulting in various MR outputs. The influence of lattice matching on the interfacial spin scattering asymmetry
is considered to be the main reason for the ARA value difference’. However, how the band matching changes according
to different crystal orientation is still unclear to us, because both lattice matching and band matching change when we
alter the crystal orientation in CFGG/Ag system. To focus only on the band matching influence, we prepared CPP-GMR
PSVs consisting of CFGG and B2 NiAl alloy for a spacer’. This combination is free of lattice matching influence
depending on the crystal orientation because both alloys have the same bec structure. The effects of the crystal
orientation on band matching were examined by comparing with the devices’ MR output in (001) and (110) orientations.

Pseudo spin valves (PSVs) in (110) orientation with the layer structure of
sapphire/Ta(20)/W(100)/NiAl(10)/CFGG(10)/NiAl(2,5)/CFGG(10)/NiAl(5)/Ru(8) and (001) orientation with structure
of MgO(001)/Cr10/Ag(100)/NiAl(10)/CFGG(10)/NiAl(2,5)/CFGG(10)/NiAl(5)/Ru(8) (unit: nm) were fabricated using
an ultrahigh vacuum magnetron sputtering machine. The films were annealed at temperatures ranging from 300 to 600
°C after the deposition. The microstructure was characterized by XRD, HADDF-STEM and EDS mapping.

Figure 1 summarizes ARA against the annealing temperature T,. At the T, of 300 and 600 °C, Both (110) orientation
and (001) orientation devices show similar AR4 values. When the spacer thickness reduces form 5nm to 2nm, the MR
outputs improve slightly. These results suggest that there is no or very small orientation dependence of band matching
on MR output.

Figure 2 shows the plot of the saturation magnetization/unit film area (M/4) value as a function of #. The intercept
of the #r vs. My/A plot represents the thickness of the magnetic dead layer at CFGG/NiAl interface. Both films in two
different orientations show negligibly small dead layer thickness, which indicates a good lattice matching between the
CFGG and NiAl layers. This result proves that the films are comparable and free of lattice matching influence on MR

output.
p 55 . . . . .
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stack in (110) and (100) orientation with NiAl spacer. 5] DeadLayer(nm) | 0.04 | 0.06
[1] Valet and A. Fert, Phys. Rev. B 48, 7099 (1993). 0% H o 5 2 Y
[2] K. Nikolaev et al., Appl. Phys. Lett. 94, 222501 (2009). M/A (emu/em’)
[3]J. Chen et al., J. Appl. Phys. in press. Fig.2 Plots of M/A versus CFGG layer
thickness (#r) (a) in an (001)-oriented CFGG
[4] N. Hase et al., J. Magn. Magn. Mater. 324, 440 (2011). film and (b) in a (110)-oriented CFGG film.
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CPP-GMR pseudo spin-valves using ferromagnetic Heusler layer
Co,Fe(Gay 5Ge, 5) and nonmagnetic Heusler spacer Cu,CrAl

Y. Du'?, T. Furubayashi’, Y. K. Takahashi’, Y. Sakuraba®, K. Hono™'
'Graduate School of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8571, Japan
National Institute for Materials Science, Tsukuba 305-0047, Japan

The current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices utilizing Co-based full Heusler
alloys in the past few years have drawn much attention due to their potential application in the read sensors of ultrahigh
density hard disk drives. Recent studies by Li et al and Sakuraba et al have demonstrated large MR ratio of over 50%
and resistance change-area (ARA) product of ~12 mQ pm” by depositing epitaxial CPP-GMR film stacks on MgO (001)
single-crystalline substrates. In these works, Ag was adopted as the spacer layer. On the other hand, other spacer
materials have been proposed theoretically and experimentally. Nikolaev et al realized the all-Heusler CPP-GMR
devices with ferromagnetic Co,MnGe (CMG) and nonmagnetic Rh,CuSn (RCS) Heusler films. Desirable band
matching for the majority spins of CMG and RCS was proved by band calculations and finally the AR4 of 4 mQ yum’
was achieved. Another work by Ko et al demonstrated the possible usage of Heusler spacer Cu,CrAl (CCA) for the
CPP-GMR devices, yet no experimental work was done. In this work we investigated the CPP-GMR properties of
pseudo spin-valves using ferromagnetic Heusler layer Co,Fe(GagsGeys) (CFGG) and nonmagnetic Heusler spacer
CCA.

Thin film of Cr(10)/Ag(100)/CFGG(15)/CCA(20)/Ag(5)/Ru(8) was sputter-deposited on MgO(001) substrates and
annealed from 300°C to 400°C. The CCA films with different compositions were investigated by using different
sputtering targets. The structural properties were examined by XRD, HAADF-STEM and EDS mapping. For the
CPP-GMR properties, film stack of Cr(10)/Ag(100)/CFGG(5)/CCA(tn)/CFGG(5)/Ag(5)/Ru(8) was deposited and
annealed at 300°C before the microfabrication. Four-probe measurement was performed for transport properties.

For CCA thin films with the composition of Cu,Crq7,Al, as shown in Figure 1, CCA (002) peak that indicates B2
ordering appears when annealed above 300°C. Better L2, ordering is observed when performing the Phi scan for the
films. CPP-GMR devices with 10 nm CFGG and 5 nm CCA demonstrated MR ratio of 4-5%. On the other hand, when
increasing the Cr content in the Cu,CrxAl films from x=0.72 to x=1, the MR ratio decreases dramatically, and this
indicates that excess Cr is detrimental to improve the MR output. Finally, in Figure 2 we summarized the MR ratio as a
function of the CCA thickness (#y varies from 2.8-5.0 nm), possible interlayer exchange coupling in the elliptical

CPP-GMR devices may explain the MR oscillation.

Reference
1) Li et al., Appl. Phys. Lett. 103 (2013) 042405  2) Sakuraba et al., Appl. Phys. Lett. 101 (2012) 252408
3) Nikolaev et al., Appl. Phys. Lett. 94 (2009) 222501 4) Ko et al., Appl. Phys. Lett. 95 (2009) 202502
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Figure 1 XRD profiles for film stack of
MgO//Cr10/Ag100/CFGG15/CCA20/Ag5/Ru8.
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Figure 2 MR ratio as a function of CCA spacer thickness.
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High power spin torque oscillator using a Co,(Fe,Mn)Si alloy
T. Seki, Y. Sakuraba’, H. Arai*, H. Imamura* and K. Takanashi
(IMR, Tohoku Univ., *AIST, "Present affiliation: NIMS)
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Operating principle of a three-terminal domain wall device
with perpendicularly magnetized Ta/CoFeB/MgO free layer
H. Tanigawa, T. Suzuki, K. Suemitsu, N. Ohshima, T. Kitamura, T. Ohkochi*, M. Kotsugi*, T. Kinoshita*,
T. Koyama**, D. Chiba**, Y. Yoshimura***, K. Ueda***, T. Ono***, E. Kariyada
(RSMC, *JASRI, **Tokyo Univ., ***Kyoto Univ.)
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HET & U THRIA S BHFZEBTR DM THhOIL TN D, FLekE X IAARE & i LIRF O BEITAREE S 70 2 3 b 1A% &
(X, FiEkm A LIFOMEZALDR BN WO R D D, AETIE, 7 —BIcRERIE A6
6TMm%mwp%E%%%mt3%%@%@%@me%ﬁw3ﬂﬁL\7U~E®@Mﬁ%%%mow
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Fig. 1 Schematic illustration of the three-terminal
DW device and experimental setup.

\\}ﬁ

E-DTN

1) T. Suzuki et. al., Symp. VLSI Technology Dig. Tech. Pap., 2013, p. 138.
2) S. Fukami et. al., Appl. Phys. Lett. 98, 082504 (2011).
3) H. Tanigawa et. al., Jpn. J. Appl. Phys. 53, 063001 (2014).
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Writing properties of domain wall MRAM devices using one step etching process for MTdJ films
K. Suemitsu, T. Suzuki, H. Tanigawa, T. Kitamura, E. Kariyada
(RSMC)
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1) S. Fukami et. al., Symp. VLSI Technology Dig. Tech. Pap., 2009, p. 230.

—274—



4pD - 8 38 HABKFER AR ZLE (2014)

CoPt/Ru/CoPt ZERE % DEERL MTJI DRESIETIHIAR

RS =i, SEESF . REE 5. ARH B, S8 @& Sk ¥nh
(PEREFAHR AL - 7/ ALY bu= 7 At v 2 —)

MR-loops of perpendicularly magnetized MTJ with CoPt/Ru/CoPt reference layer
A. Fukushima, K. Yakushiji, M. Konoto, H. Kubota, H. Imamura and S. Yuasa
(Spintronics Research Center, National Institute of Advanced Industrial Science and Technology)
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MR element fabrication with lift-off process by dry ice blaster
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Lattice-matched magnetic tunnel junctions using Heusler alloy Co,FeAl and spinel Mg-Al-O barrier
H. Sukegawa,l T. Scheike,l’2 T. Furubayashi,1 Z.C. Wen,1 K. Inomata, 'S. Mitani'?
('NIMS, *Univ. Tsukuba)
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FE{bIZ X % CFA FE~DH A —73 CoFe IR AIZ L 0 IKH SN TV A ATREMEDS RIR S5, MTI A 1 i
LICE D A% E 5725 TMR BitE o m ERHIFT& 5,

L Z &N

1) H.Liuetal, Appl. Phys. Lett. 101, 132418 (2012).

2) H. Sukegawa et al., Phys. Rev. B 79, 184418 (2009).

3) H. Sukegawa et al., Phys. Rev. B 86, 184401 (2012); Appl. Phys. Lett. 103, 142409 (2013).
4)  W. H. Wang et al., Appl. Phys. Lett. 95, 182502 (2009); Phys. Rev. B 82, 092402 (2010).
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(Fe,Co),N 7EE A2 FHV 7= 5@kt b o R v25 O EY

FEI Fnsst, MW [EE
(LK)
Fabrication of magnetic tunnel junctions with (Fe,Co)4N films
Kazuki Kabara and Masakiyo Tsunoda
(Tohoku Univ.)

ZLC®HIZ
y’-Fe,N/MgO/CoFeB DOFEfEREE 2 A9 2 Mt b > FAAEAMTIIZE W T, FeN DEDAE \Fﬁ[l]%
Rk UTeA /=R }\‘/?\ll/ﬁﬁ’j?ﬁ?”?ﬁ%ﬁﬁiéﬂ“(b\é[Z] %72, Takahashi & OBEEGGFHFE[S]IC L AL,

FesN O OMIED Fe 2 Co ICEH# L L7- FeCosN 1L 7 = /L I\ T AL L E %O)Jj(ﬁ‘EEI“(DOS)#ﬁK .
—TARY I ThDHE %&% LTWD, EH1C, BT BGERKIRGTR R OWIE 2> 5 (Fep 25C0075)aN %Hﬁrji
INTT A Z VT D AREMEZ BEICHE LTV 5 [4] £ 2 TANIE T RSN 2 sR MG 12 V2 MTI DR
ERBT,
REBRAE

Bare Si #:4K _E 12 Cu(5nm)/Fe-N(10)/Cu(50)/ T B8 i 8 /MgO(1.5)/C0og 75F€0.25(4)/Mnlr(5)/ Ru(7) D MTJ % {EHL
U7z, T EBBREEIEE 1% (Feo25C0075)sN 3 K TF FeyN/(Feg25C0075)sN & L. Ar+30%N, DA H A % 72 S5t
DC~ 7 b A8y ZYETIER U HERTEZ I RIMR(IR) MBI A fil U 7=, VESE U 72 MR OO % di i it
Mricid X #REHEXRD) 2, £ 72 TMR FPEFEMICIE CIPT & iz,
EKEHER

MTJ DYERLZJET 5 (Feg5C00.75)sN TEIE D NIEAE L2 DU THEET L 72, Fig.1 (2 MgO F:4 |, Cu FHiJE L,
Fe,N 58t 8 L2 F I /ERLL . 300°C C IR INEVLEE % Ji L 7= 10nm JE D (Fey25C00.75)4N TEIEED in-plane
XRD 7’0 7 7 A V&9, MgO Htk EFEHCIE, bee CoFe D RIFTHRA RS '
TEBHZEMND(FeyasCoprs)lN FAHRENR L CLE-TWVDZ b s, BlE
1T > 72 32Br D> 6 MgO AR | D (Feg 5C00.75)sN TR D IR INENEIRFE 1% 120°C T
HDHZ LN ST, —J5T Cu FHIE LIS KO FeyN s@ifgtEE okl ¢ix, Cu
L (Fe,Co)uN DEIPFTHRDO LN HERTE D Z L5, (FegsC0o75)sN FHME =4 T
WHZEBHEREND, ZOZ L, THEDKFIAT 4 Fae/hs<T5

(2 & 0 (Fe,Co)yN FEIED MNEAMHERE 23 m L35 2 L Z2FEIRL TV,

Fig.2 1% (Feg.25C00.75)sN 35 X TF Fe,N/(Feg 25C00.75)sN T BB FRmENE J& 2 F V7= MTJ 2, 00 cura
DEIFALBIR ST H TMR b &2 70y b L7ZHDOTH D, M MTI TFeN  pot Inoplane XRD profile
#H MTI ERIERIZA V3= TMR W1 D3MEF B 4172, (FepsCog.75):N 25 MTJ & Ek for (Feo.25Co0.75)N layer.
2 L C. FesN/(FegsC0075)N F MTI TIEm W TMR BB STV 5, F7-,
(Fe25C00.75)sN & MTJ TiZ 320°CLL LT TMR LA AT T LTV 508, 0
FesN/(Feg25C0075)sN & MTJ TIE 370°C T H-30%LL D TMR FLZ#ERFCE Ty

T
*.Cubuffer _|
1:MgO Sub.

*

Cu/FeyN

*

- — T>—(Fe,C0),N(200)

FF

Cu buffer |

Log Intensity (a.u.)

S
° I
gﬁ
110)
|

2, MgO Sub]
60

Do TOZETHTIAT 4y M CU FHIE LD S HIT/E W FeyN FHE g.zo_—
é’ﬁﬁl/ H T Lk VG(FGOA25C00A75)4N E@ﬁﬂﬁﬂ'ﬁ‘lﬁﬂfﬁﬂrﬁli L2 ¢tizk %) %_) DL % -
ExbnD, 20

-40 e
L 2 BGN i

000 200 300 400
l) S.Kokado et al., Phys. Rev. B 73 (2006) 172410 Pod anneal temperature7, (*C)
2)  Y.Komasaki, et al., J. Appl. Phys. 105 (2009) 07C928 Fig.2 Dependence of TMR
3) Y.Takahashi, et al., J. Magn. Magn. Mater. 323 (2011) 2941 ratio against post anneal
4) A EW b, 937 18l A AR R SHE A, 5aC-10 (2013) temperature.
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7k Fe it @4F AIC X 5 MgO [ Fe @R E OvEN Mk E8h 5#

BPIEREAT 4, RARERS 2, SEEG— 4, ARBE M, EEEME Y, SR 2 8RR %, Bikds
1. FERBE 7/ Ay hua=7 At 2 — 2. Wb, 3. BORERE T, 4. CREST-JST
Improvement in the wettability of an Fe layer grown on MgO by insertion of an ultrathin Fe oxide layer
T. Nozaki'*, T. Okubo?, Y. Shiota®*, H. Kubota'*, A. Fukushima'*, K. Hono?, Y. Suzuki**and S. Yuasa'*
1. AIST, Spintronics Research Center, 2. NIMS, 3. Osaka Univ. 4, CREST-JST

FL®HIZ

b RV IS B AREARGEER (7 U —) B ORI RERENE /1kIicBi 5 1 2OEETh 5,
A EANBAC SR O BRI T2 <, Bl CITEEIC L 2 KRBT IESIEEI e &L ~DREICE
WTHEEMEREE > TS, LOLRNRD, FellRFEIND 3d EBARMBEMEERIZ, BFmBb~ s xv
7 A(MgO) & g L CRERFHTRNAX—2HFT H720, Fe LD MgO BIXFEHRRENAEETH 503,
MgO b Fe lZERBCRAMELE S 4L, Inm At O EREL C O & d B SRR N L 70 2, 2 OfEIR
FET7 V=@ N RV SIRE T A ER T A EONRE L 2 5,

AFEFR TIX, MgO/Fe FEE D S ZHRE D Fe b 2 AT 25 Z & TR Sz, MgO i Fe JE ik
EOmBE, B L UOKFHESEDRIC OV THET 5,

ERFES L UHR

NIRRT E X 7 v —3EE A VT MgO(001) Ak Eiz
Cr (or Fe) / MgO (2 nm)/ Fe-oxide (t) / Fe (0.8 nm) / MgO
(2 nm)H#iE & 7ERL L 72, Fe-oxide 1R FIRER R R PHA T
TOAE Fe lEIC X D RIGHAZEEZ V], £
USNDREITETFHRABEICLIOER-R L, M1 12()
Fe-oxide JEME L. 35 K U(b) t=0.3 nm D5 O HF[#H Fe
J& ® RHEED % ({f[X), I X OWF1EF-STEM(Scanning
Transmission Electron Microscope)(Z & % Wriif4 & x93,
BUOGEIY MgO Jg, £ OICE 7z BV E
W Fe J§ T 5., MgO LIC [ Fe J8 & Wi S 47285 (b)
B EIRR &R 5 2K MRk RHEED 4381
E2X 4L, STEM BIZE\W T H Z DR 7D B 47,
— )7 T D Fe-oxide J8 Zffi A L7255, Inm LLF D
I BB 5T A Y — 274k RHEED /3% —
WBIEE S, STEM 2123\ T 6 IEH I 72 Fe @A
R S TWD Z e no T,

X 51T, Fe W= % 0.4~1.5nm OEEE T2 L & g

SURFIE & R ST, MgO E~ORR OB & 1 (a) Fe-oxide EIFAMEL ., 3L UV(Db)
i lnm kb‘ft%ﬁ%?ﬁ%rﬂﬂTéB&{KHﬂﬁk fi’)t_ Fe-oxide )%E t= 0.3 nm @%ﬁ@ﬁ%*ﬁ%ﬁ

W2k L, ARi# Fe-oxide JE Z i A L7244 1% 0.6nm % STEM f&, MgO & (Ef) 1chE -
CHIBIEL <4 80 7 % AR, B Fe Ji ORGIIEIT 0.8 nm Th 5,
WREEDOBBIZ AN TH D Z ENnh o722 WA S T3 5 T Fe 8 o
BEZ W RHEED 4 %77,

[1] T. Nozaki et al. Appl. Phys. Exp. 6, 053005 (2013)
[2] T. Nozaki et al. Appl. Phys. Exp. 6, 113004 (2013)
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MgO(001) Bk _EIZ ik = H7= Rh/ FeCo D R e

Kz, O5HER, EEPP, SRWET, SEmE, T, BRJIIS, FE, AR
(KA KT, AL KF)
Magnetic properties of Rh/FeCo film grown on MgO(001) substrate
H. Omiya, S. Yoshida, B. Wang, S. Kanatani, K. Takahashi, A. Arakawa, T. Hasegawa, S. Saito’, S. Ishio
(Akita Univ. *Tohoku Univ.)
X C I

5 1 FERGRIC &L B & Fey,Co, i x=0.5~0.6 DAL, Bkl (c/a)As 1.22~1.25 ZHt 5 & 1.0 10° erg/em® o
PR R B IE(K)Z T D LM S TEY 2, & K & & M2l 2 2Bk e LTI S Tng, E
BRCiX, Uy 7y —@a N s F Uy VlRIZE > T FeCo ICTIENFHENEANTENIL, |ER
RETMENFEEIND E VI HENH DY, AFETIIN Yy 77 —J@ L LTRh AW T, FeCofffblliFE S
2 it R T ME(K) &2 7l L7z, ARl Ky ORI ME & IR B S % & C TR L T <.
ERGE

v~ Fxbhur ARy HZ Y IECL Y, ERIRE 4000C L LT,
MgO(001) Hihfz 112 (001)ALr L7= Rh Z ki L=, Z D%, EHIRE 4 0.15 e — w
200°C & LC, FeCo # il L, %10 Ru A (R & L Chlie L7-. s I '
REPEREAR I V308 — 2 R E L&, MG X XAREIT S &, 5 dh i
RETTE(KY) DRI ITRAR F v 7 & vz,
e RS

Fig.1 I%, MgO(001)sub. / Rh(20 nm) / Fe,.,Co,(1.5 nm) (x=0, 0.2, 0.4, 0.5,
0.6, 0.8, 1) / Ru(2nm)D =i TOM A — W R OBPEFER 2R L TWD. B
AL HBRIZ IR 22 ZE L AN BLAL, Fep,Co, DRLALAS x=0.4~0.6 C T4 5 2

Kerr angle (a.u.)
.

H(kO¢)

. N Fig.1 Polar Kerr loops of Fe;,Cox
JiteEZEBL, Fe b L <1k Co DI E & b IZBEEMES IR S PEITIHA films.

%.Fig.2 TiX, B V7 OMBRIKTFHEZ /R LTS, v dhfdig, 1
E 20 RS DI TH Y, 185 T Ly lFIFIE Ky I IS LTV S, G R L

2 DIEIE Co DI & BN S 5 12 SN TR E < 7Y x=05 HHECRA o[

& 720, x=06 DL LTI 35,2 OFSRITE L FREHEOR R LM £ 4+

FIARS B LTS, ROBA MY OB KEN- 1 x=051CHE 8 2] o

L, L& A ks & T FeCo DIfJE 4 05, 1.0, 1.5, 2.0, 25,3.0,50nm = ,4

EAE ST Ky DL, BUEOBME & 6108 L 25~3.0 nm fHE 5 4 ¢ .

TRICETS. i: .
SRS IE, FeCo I ODIE 7 BB ICEHR S - — ke B MK O Rh 0o 02 0;181 Cﬂ.ﬁ 08 1

2K AR, I 3 LRI RIZONTHEHRET S, Fig2 T

Composition dependence of Lzq for
BE R Fei«Cox films.

1) T. Burkert et al., Phys. Rev. Lett. 93, 027203 (2004)
2) Y. Kota, A. Sakuma, J.magn.Soc.Jpn. 37, 17-23 (2013)
3) F. Yildiz et al., Phys. Rev. B 80, 064415 (2009)
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FePt/FeCo —JE MR Dt b &Iz N Fe i » AL 5P

E P, ReE Mz, FH B A, ) B, ek g, A BIE, AR R
R KT %, sk

Crystalline structure and surface/bulk magnetic anisotropy in FePt/FeCo bilayer films
B. Wang, H. Oomiya, S. Yoshida, A. Arakawa, H. Sasaki, A. Sakuma , S. Ishio
(Akita Univ., Tohoku Univ. )

XU WIT : FePt 1T 107erg/em’ 2 2 5 K& 7o —#ilif K R 7% 7R, bee FeCo IZREMEMEI O T, B
HRE AL 2B TEBRMMEICH Y | IZIESMHE (c/a~1 2) %:HJJWZ) Z L2k o T, FePt
LRI LAV O —EhRAU R TYE Ku 2ABE & D Z L0V 1 RERFFRE I NSV DD EBRIC X - TG
ENTWS, Zib XY FePt & FeCo (Z#HAMEHT, FeNdB ®zxzvﬂv~f§>&ﬂ2257ﬁw\@ﬁﬁﬁ*ﬂn H
DT BERE ACHFZE S LTV D R TSR, BAT U A RGN — U RRER S TS AT RE AR YR A
FePt A AT 4 7 L 72 D AlReMEN S D, AFFETIX, FePt/FeCo JEIEDRESFAK, FePt 35 & (X FeCo & JE
DRER T D E BHIFHE 21TV, R\ T FePt/FeCo —JEIEDFE S & OXIIGIH L O 1 FERF RS
REDODUBEITRS>T-OTHET 2,

FEBRF ¥ © FeqoPtyo/Fe Coy(t nm)iE(0<x<1;0<t<10)1F. 10 Pa DO#EEZ2H T MgO (001)HAR |2 s
L7z, 9. FePt (10 nm)% 5tk 640 ‘CTT =—/L&24TV, T D 200 CIZHHEI L T FeCo treco=0
~10 nm Z 8P 7o, BREGVEIR, WAL O 72 5 NS v A —Z & e, bl o figt

TIE, R R —F 2RO —RITETT NV TH 2, EIINBGE ORI EE 5 FePt, FeCo 451y DRAL

LEF OB DAL R Z R H L, R X O\mE S M OBLHBEE R D7 4 v T 07
c:ot V) D —ERE < 7P Ku(FePt), Ku(FeCo)x R 7=, B ZCTFILX, LTOHEY Th D,
F= 3 {-MiHcos(h-@)yH(Ku-2nM?) sin’ i} Vit Sidi1008(0r- 1) /1

ZITL BB OBE S, b @ IBE R OB ¢ il E 7 1 exaery
BETH D, _w .t o,
FEBRE B : Figl 13, FePt, FeCo D48 DK R ITIETH %, FeCo %E,nzuAAzAAA d o«
78 1 nm LR & %1% FeCo b FePt [AFLEE D Ku A {RFF L T Sy 4 4

0. B ORI CTH D, KT FeCo 0 Ku AKHIT M Szl

B, BEAS 2 nm THEDAA LTS, B2 nm BLEic 7 ol JUR

&, KuldtBr b LATADMEIZET 5, Wrinl TEM 8%k LU 0 2 4 6 8 10
X MBEEORE AT L AUE, FePt EICIUBEL 7= FeCo T, W E | FeCothidmess ()
LT FePt (QODEICHEE LT foe AR S L, ol raiia D& hIcmoss oo o
BZUbee BT~ clald 11T823<, F2F 1 FEFHED  FeCo in the FePt/FeCo bilayer.
FEFRI G, FeCo HIZA LU % FePt J8 & O mzhiiL, L% 1 nm
RETHETEELXOND, AID, IEEA 2nm O & & O
THERFEANV IR LFEZ BN D, T I T, FeCo REH 2 nm
DIFD FeCo kA7 % Fig2 I LT, D K 512 Ku OFERKAFE
IX. FeCo MIEHMEL AT H2HEOH 1 JFHEH OB & K< —
L TWD, fldnifil & A M0 ERRE ]2 HoE  FE 2 nm
FJE D FeCo EDBER ST MIX, EHFMEBIZL A bDEBZE X BNLD, 02 04 X 06 08 1
UbZzzlwsn e, RE 1nm ELTO fee YIHIE TiX, FePt £ Fig 2 Composition dependence of
RENE L EHREOMEIC L VRS ASFENGER S, 1 nmpl  uniaxial anisotropy Ku of Fei-xCox
ECHESRES RS ATE LT LB bhs, e FeryieCobilayer
IR 2N 2 & BT RBFEM S, KB THEBIERT 5,
KBTS JST PESEILAEREIRATIE 7 1 7T b TR AT ] 10 & 2RO U TITb e 4 D TH 3.

®  Ku(FePy)

“‘;i-l-

. ?\ Ku(FeCo)

(107 erg/em®)

AN o N & &
: .

! \“ln

CPA [

Ku(FePt) and Ku(FeCo)

=]
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L1o FePt-M(M=Mn,Rh)7& I5 D fgd KB RRRAIRE (2%~ D 48 - E 20 R

ARFSErE, AL, EBANEE, S, ARE—
(FKH R L)
Effect of lattice distortion on magnetic phase transition on L1, FePt-M(M=Mn,Rh) thin film
S. Kimura, H.Yamada, T.Hasegawa, A.Arakawa, S. Ishio

(Akita Univ.)

[FLHIS
L1 FePt HLHIA &ML, [001]5W (c#hi7m) 12 7.0X107erg/em® D KX 72 Ky H 3 5. FePt DA

MZRh R EDE =JnREEHT 2 &, FIRIZBWTHREENME (FM) - (AF) fAZ{b$ 5 Z &mbil
TS D, L1 (FerxMny)soPtso T D 0<x<0.30 DHARKIZI51T 54 Te DEAHE TV DHH 2, x>0.30 UL
BeDFEMR T — 2 BIMON TR BT, MUK T 2 FEM R FRESREIR B 4 3K 6D 2 RAEH 72 BRI D TH 72
V. FE T, BJRBEERIC LY L1 B FePt BAIA 4D cla DI, T b 32 & d BHERE R H
HINTWD I LinLeAs, ca LAHEBIRE OB Z EBRAICHIZE LS X EL RS Ty, £
ZCARMIETIE, B DHMRAEHWTEELE AL, Ll Feso(PtixRhy)so 35 & UN(FerxMny)soPtso F I IZ 35 1T 2 1k
IR & AR BIRE 2 A L, ca CHIEBIRE & OMEBEEZE8ET 5.

£ b 500

BARRAL Si B & MO D DR B HMA VT, AR 700 §EM__Bulk b
FHCEZEA L, BE~ 7% by 2 7 k% A 600 | Mg
VY, SR CHEEL ST B IS 6.120m O Fes(PRs B LT Z 500 . v
(FerxMny)soPtso & Si02(10 vol.%) % [RIFERKIE L 7=, SiOz(10 vol.%)lE  &3g9 [oooo_ hye
c B EL IO 720 OWRMAITH Y | ZHUS LV SIREEA S 200 [ To /Dj
NDZENSMoTIND Y, £, MO HAR_EIT 1T Feso(PtixRhy)so R o FAF
B L Y (FerxMny)soPtso 2 Rl L 72, YR\ CH5 HAR D5 & 2l in#h 0 01 02 03 04 05
ILVERAEE 2 T, FHREEEE 300 °Cls, BVLERIREE 700 C, R Rh content, x(at.%)

FERE 10 SYRI O BAER 247 5 7=, #RkH (x) 1ZPt & RhE7zix Fe  Fi9:1 Rh composition (x) dependence of
phase transition temperatures of L1o

& Mn ORERHAZ R 5 2 & THIB L 7. fEfdEORHIIZIL X Feso(Pt1.xRhx)so films.
GRS, RGO FTAT LS IR BV RUR R ) fh R OV B _
FRERFEAOE. 740k MeOswb.®

640 E SiOpsub. -
RR#ER 540 E \:\:

Fig. 1 1%, BVLPR D Feso(PtixRhy)so D Rh B EE x 1 %F 2 o440 S .
FAAEBIRE 27 LT\ 5. SO, M LICHBE L= Ik MgO & 340 F Te *
FERR BNl U 7= I L 0 S ARIRRBIEE S ER T M AR L T 240 E T ¢v g
W5, Fig.2 13, Fig.1 OF —# % cla THEH L HOTh 5. [ 1:3 3 IOI e
FCRIZSE, Told ca OB IR LT ER LTS, = off 089 091 093 095 097
I, SEATARIE YD FERE R LT O E o TWA, 2 U —iE o
FETAZBE LTI, 2 IR LTWRWA, a BilioHh3E 0~ Lz Fig.2 c/a dependence of T of Lio

N Feso(Pt1-xRhx)so films.
AT, FIUTEEN To S F L7, = 4% (FerMny)soPlso & 130 eso(PtiRhn)so films

DA L 72 o2, —TF ¢ BOZIZxE LTI, Feso(PtixRhy)so & ON(FerxMny)soPtso DT 4L 6 AR & 7Rk & 7 )
S7=. F£72, AF-FM FERREIEE TolZBI LTIk, & 2SR LTV ZRW A, cBiidIsi 1okt L. Feso(PtixRhy)so
WZEBW T TolZE T L, KRS (FerxMn)soPtsg I W TIE Told EH- L7z, 2O 0mEWIEEANIZHED E
MEOZLICERT 2D EEZE2 N0, BURTIXEDOENENTH LD, S%ITERE TR LEREL
S OITHIINS I EREZIT .

1)T. Hasegawa et al., Acta Materialia 56, 1566 (2008). 2) D. B. Xu et al., J. Appl. Phys. 109, 07B747 (2011). 3)X.B. Liuetal., J.
Appl. Phys. 109, 07B762 (2011). 4) T. Narisawa et al., J. Appl. Phys. 109, 033918 (2011)

ARFZE1Z NEDO & F 25 > 1 (11B0700d) D BIAL 2 3 1 T b=,
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Fe/Co N TA& 12 X % FeCo D VEHRL b e e

e —=. R OJEr R BT
(B R RpEZEH T v 7 —, *IKEHKTH)
Preparation and magnetic properties of FeCo films by using Fe/Co superlattices
K. Shintaku, S. Fujishima*, S. Ishio*
(Akita Industrial Technology Center, *Akita Univ.)

XL &HIC

NdFeB AN SN TS 30 FENRIE L, EOMICHBADEBNEFERAONTEZN, TElix
HHDIEFRSH-TELT, WHARBADORENRS EENTWD, Fo, BAMERISIZ TEIRA B8R
26 b BEFRE A ORI EORTR A OB DM E L STV 5, L2FeCo 1% NdFeB |2l TRER ST
PECEIFRBAL 25K 50% KEWEFPHIESR TS VY, £72. FeCo/Pt /BB H VT, HRMERTHR O K& 28
HEALZEORELHD D, THEEEOTEX X2 ¥ /LIC kD, FeCo lIChEMEREZEA L, MKHHEL D
BILR & T~ T,

AR

ABHZT. MgO(100) RS Em Bz, Ar HAFHKF Tde v 7% ha o ANy ZIEIZ L VAR L T, B
B2 1~3x107 Pa ThoTo, FRSNZIKOME L Cu-Ka #t % AV 72 X BREHT (XRD) (12X 0 #H~7,
WA A RCEHR B RS /15 (VSM) & Wil — b ems o it e L 7=,

HBWREER
ItMn/Pt FHIPE EICAERE S 7o & J8 N HUR - JE R D Fe/Co N LASFHEIL, XRD BIEIC LY . HfEMA72
TE XX ¥ /L FeCo NG B AL, ffnNLBIFRIX, BEIRE J7 M43 MgO(100)//fec-Pt(100)//bet-FeCo(100), 5
ﬁWﬁﬁ#MgM%WMPM%WMW&MH@T%% ERER S (K1), THIRE DB XX v L
BfREANTHEFOFEEZANDSZLICLY, KB CTOERNAREE 720 . FE COMIEZIMH LR, K
%EVAwf@ﬁmmm¢ﬁ&wﬂﬁéntmmH&deﬁﬂ%é:&%ﬂ%&&okymﬁ%éﬁ@k%
S clald, BENES 25 RKRELRD, 5nm T 3~4%FfE, 3nm UL K Tl 5~8%$§ﬁ?f“z§>5 WAL E 7>
DX, BREEIDEL Oe FREE O W NERBEAMERLIZ 72 > TV D, KREZREGHEZHT7D1iE, BEERMEIZITV 20%
DLEDEREZG 2D ENEELBDOND, REREALEZHDHIT-DHIC Ti&ﬂ%oﬂzﬁ%{ﬁﬁux%&k@*ﬁﬁ
EiToTc, BNCHET 22 EEE & bic, BEXE Y (Inm) &2 5( IR ERBRBETHEDOIERH Y |
SOICREREALZ LG Z DHESRM MBI OBRELZEITT TH
Do KT BICHAARFNE 72 & D L2g B FeCo B D AR o Mgo

200) !
100000 ( [P.“‘ r:Pt(ZOOj

FYRIET D Z Lk MEIERET O & R 2 HEGRETE L 0B A H FeCa(200)

10000

ERFET S ECHED TERETH S, £/, W3 TROTEME | m | LN
R HHRAM B BT HEFAWE L LTOREIZIMS = o sl ™ .

10

ERBIEE SN, SEHNARBEN D L EECHD EEZ D, 1 P L

E i

ARAFGE D —E01% IST WFFE Ak B 253 (PE S LR FLRE LA AT - FeCo(200)
RINTT L) ORMEZIELOTHE, | gl yiraw)
& Ok i il

1) T. Burkert, L. Nordstrom, O. Eriksson, and O. Heinonen, Phys. " ! !

Rev. Lett., 93, 027203 (2004). I
2) Y.Koda, and A. Sakuma, J. magn. Soc. Jpn., 37, 17-23 (2013).
3) G. Andersson et al., Phys. Rev. Lett., 96, 037205 (2006). B1 T FF v/ FeCo(1lnm) 5D XRD /X%
—, (k) mE, (F) mh,

— 283 —



4aF - 5 F38lA  HAR D FINGREMELE (2014)

[FeCo/Pt) 2 & I5 D IE 5 fh T8 A & B2 5 M

fREE, Fre—z, ARk
(BKH R TH, *BH R o 2 —)
Tetragonal distortion and magnetic anisotropy of [FeCo/Pt] multilayer films
S.Fujishima, K.Shintaku, S.Ishio

(Akita Univ., *Akita Industrial Technology Center)

Loz

WA ARG A O SR B R O W) FI2iX, ik R B (K) . mfafnkib ) % il
2T MBI OB N MEARR R TH S, T.Burkert”, G. Andersson?. V.Kota. A.Sakuma® & D%
—JFHEFH R LUE, Fe,Cop IZ81T 5 Co DFHLALAS 0. 5-0. 6, ikt (c/a) 23 1.2-1. 25 DEE -
7ol X 107erg/em® LD MICHBA D K, 2B RLTH ENTEL EPREND, £/, [FeCo/Pt]
ZREEICB VT, ¢/a=1.2-1.3 DR R EANEL, —HBIKEFENRE SN D & OFERBRIER
PDERESNTWD Y, KB CIREITIFEOR R ERGET D & & bic, BT IMKRE L E
BRIl 5 2 &2 HIE T 5,
EBRF L

FRIE VT L 2E 2 ot A /% & A5 R (B ZEE 1-3X 107 Pa) & IV 72, Mg0(001) B fh FE bR
Z 600 CTMENL | 1 RpRPREF L 7o, RIS, FARIRE Z 330 CIZ TNy 77 —Jf@& LT IrMn,
Pt ONEIZHE LTz, & D%, ﬁé*ﬁ{mr“% 200 ‘CIZfrRFF L FeCo

L PR REIC 20 R LT, REGEHEEIRIC TRDaen 2000 F |
75 (VSM) , M RP AT 1 xﬁlﬁl%ﬁ*ﬁ%(m) ERV, 1000 [
KR R o

FeCo &L Pt DI AT v D c/a DEIFE%IEIML T g
HEBEZHND, LA L XRD JIZE DS out of plane, in—plane -1000 F
EHIT FeCo B — 7 13BN 5 Z LT T EADORETIIR 22000 -------------------
BT o7, 7272 L, BIRME 2 FEEO BB TR L =
72Pt Ny 77 —JE LD FeCo B TD c/a DEINNE 10%LL
TCThot-, Fig. 1(a). (b). (c)lXFeCo DL &2k X
7= VSM ORIERE T Td %, FeCo DIEIE AN 0.84 nm(6 ML) D &
R ERRRI N T 2 [V TV B A3, 0,56 nm (4 ML) & 5512
WAL AR E H 72 > T D, TDZ EDvh | FeCo DR !
DETIVTERERKEFENRE KL TS EEXLND, F 1000 |
To. A T FeCo OMMMKIFNE, ZIEIICH T 5 Pt BT '

1000 |

-1000 f

M [emu/cm?]
[—]

2000

Wb, WOBSIRIEGRAEIE, 7 A FEFRAAAE A 2 R b AT > T "I

O, FMIIEARETLTETH D, -1000 [

HEE 22000 TR PN N
ABFFED —HRI JST WFFER R RBA SR (PRI AL ILAR 20 -10 0 10 20
n7D77A)®E%%xTh%@T%50 H [kOel

% & STk Fig. 1IM-H curves of

1) T. Burkert et.al., Phys. Rev. Lett., 93. 027203(2004) (a) [FeCo0(0.84 nm)/Pt(3.12 nm)]20
2)G.Andersson et.al., Phy. Rev. Lett., 96. 037205(2006) (b) [FeC0(0.56 nm)/Pt(3.12 nm)]zo
3)Y kota,A.Sakuma, Jmagn. Soc. Jpn. 37, 17-23(2013) (c) [FeC0(0.28 nm)/Pt(3.12 nm)]20
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CoPt/Pt/CoPt j# 5 D Ehige A0 A/EF D3 g S B R )32@‘%%2%5

FINWEN, AR, BFeE A, ZHEE
&/ PN,
Effect of magnetostatic interaction on magnetic properties of CoPt/Pt/CoPt thin films
K. Haykawa, H. Kawamura, N. Nomiya, and R. Sugita
(Ibaraki Univ.)

FL&HIZ

CoPt BRI T = W IR LRGSR T ME & B b 2 A3 5720, ~N— T 4 27 OFREEECHMKERET ]~ A &
—BEARORNERE & LTHFZE ST 5 D2, 8 Co Ao & B2 < A ERIC SOV T < OBFER 72
ENTWAR Y, g CoPt T EREAR IS j‘é)zf'ﬁﬁ%@zmﬁfﬁﬁﬁ AT DI a3 TN T
WU, ARBFSE T, CoPt/P/CoPt FEIE 0§l ALVE A 23 AR IC ST T2 DUV TR L 72,
EBAE

BEE~ 7 b a s A8y ZAEE 2 AWT, AT ARM T, PR

J& (100 nm), TJ& CozPty 5 (10 nm), Pt HfEE (& nm), /& CozPtsg

H% (3nm) % Z DNAIZEME L 72, PtHHJEIE G2 0~30 nm & L7z, Al
BEH AL % 2 mTorr & L, AEIZETEIRICTITo 72, il L7230k R V. S
D A7 U AR A IREVEURHRBE /)G (VSM)IZ KD lE L7, o2 o 0 L2 3

1000 3nm

500

Magnetization [emu/cm’|

Applied field [kOe]
RRER Fig. 1 Perpendicular hysteresis loops of
Figs. 1, 21, £ Z 41 CozoPty %%H%(ComPtgol Pt(100 nm) /77 3 and 10 nm thick CoPt single layer films.
7 AER) R OBEIEOEEEE S e 27 Y AWM TH 2.
HLUE LD CoroPta IR 1% 3, 10 nm, FHEIED & 1% 15, 20,25 nm 1200 —
Th 5. FHE3 nm K10 nm OHEEHEOARIITFNFn 1 % a0 /y‘ o Cad A
K01 THY, FERKRE < RS, 6= 15 nm ORBBICE 2 £ "4;
WL, EJF ConPly I & Td CopgPtey B2 FFRAFAILIEAIC L § 400 i /5
DFEAELT—IRMEL, BEE13mmOHEEREFE e 27 U v A E 0 } | r/’* A }
RIS/ > TG, GuAE 2D 2, EFRMOBRRAAHT | %:me4'£/
ED, 6= 25 mmOEXT Y AMERTE, BEE TEOSHER § 40 om0
WHIRIC 2> TV, B AT U v AMBICHIT 2HEEHEOR 5 250m 2/,
LANERIEE % So. BIGRRES) Hy & RIES) H, 0O RIRIE L2 O,

DI TOME % S & LT, SoflSy D S &AM Fig. 3124, £ 1200

JED AR BAERIC D — &L LTV 5D &y < 15 nm OFE)E
JECIX, So/S1 139 0.9 1272 > THED, 15 nm < & < 25 nm DOFE
WCTETEBOMEERNEMMICHEDLZ ENIND. Gy 2
25 nm T, Sy/S1 1% 6.0 #Hix THY, ETFEMOEERIR

-3 -2 -1 0 1 2 3
Applied field [kOg]

Fig. 2 Perpendicular hysteresis loops of stacked
CoPt films with 15, 20 and 25 nm thick Pt interlayers.

DT ERRERTND. .
B 6
ARMFZED —FBIE A AEIHIR BT 2SR 2 Al B & AR 58 ~ z I
C(24560394)IC L W17 E L. = ZICHEHE L £ = 3l
BSEXH 2
1) Y. Wang, et al: J. Appl. Phys., 107, 7732 (2010). é N ,
2) N. Sheeda, et al: IEEE Trans. Magn., 45, 3676 (2009). 0 10 20 30

Op [nm ]

3) S. Guo, et al: J. Magn. Magn. Mater., 344, 35 (2013).
4) G. Gubbiottia, et al: J. Magn. Magn. Mater., 286, 468 (2005). 19 3 Dependence of So/S, on thickness of Pt interlayer.
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(PERRIIFF 7 A E)

Lattice distortion effect on magnetocrystalline anisotropy in corundum-type Cr, 03
Y. Kota and H. Imamura
(AIST Spintronics RC)

1 ELC®IC

WA, CrpyO3 1ZHG D Co Jg 2 kg L 7= 23 A 7 A BV CRERB AN A 7 AL L Cr,0; OEBEXMEENF % F]
A LT 8813 A 7 ARG OHIEN EBL SN TE Y [1], Bz A= EEHEIIC X D2 EEEEN AT Y ’@ﬁﬁ‘éﬁi@ﬁﬁ%
WD EE > TS, LA LA D Cry0s/Co A T ARD 7 7 & 2 ZIR TR B O RIS ICIRIE L, D
2 Cr,03 ®F—/ViRJE (308 K) # K& < FRIDZDOMNHIRTH%. Meiklejohn-Bean DT T /LD E z 512 L IZA i A
T ADT 1y X2 TR PE IR 8 OB BT ERIC AT 5 B2 bNEB Y, Crnh0; ORRETEE T2 2
LiET Ry R TRER OB ESDTLDICEETH .

& ZCAHRIE T, RFTA L EERE (LSDA) 2SS EHREDE —FEHFHAICL Y 27 & 48! Cr,05 Ofk
PR R T RN X — DR R AT TR RICOWTIHET D, FIZCnO3 HEZDO THIE E DRI ZAT 1 v
BT DT EOHBIZONTHRIET 5. B REOHE —FBLEHRIZIX Vienna ab-initio simulation package % F
VW, BBEBOL YA NI —a RV F—OMIE (+U) BB L=, £72 Cry03 O ER & BREIZ OV TILER
B 2] #5M L7z,

2 HEHR-BE

o
[V
~

Figure 1(a) ITWREFTEER K & B L SN2 mNEFEE a/ag & DR
BEZ7ay hLELDOTHD. R LY —a T RAX—OMIEE U 133CHk
[3] THEX LS HE (U=3.3eV) ZH\V, E7EEKBEER LD LS ICH

EHBOKFEREZRELE. K>0K <0) 0t EHE (HN) HHAE
S50 & 72D, Figure 1(a) 2°5 K 13 ajag (ZxF L CTRIBIZIED VS, alag
7 1.00 I T K OFF BRI 5 2 L 935 B. & BIc 2 2T Fig. 1(b) I 2f ]
BB ST A —2Th b U IZxtd 5 Cry0; ORI ET R L¥— AE

K [106 erg/cc]

DIRFMEZ IR %2R, alag 73 0.98,1.02 D& &, UR33eVIHiTd (b) | | a/aé |

U< R EQEHMTIE U ORI E & bIC AF RIS R SES0TY 0'035//;\1\\1\;’,

B (=L alag 75 1.00 DL ZZ U > 6eV TERICESNTOD). ZAUE € gob s

U DHIMIZ £ 5T Cry DT FAF—R ¢ v 7, S0 GARELIEMR 3 7w

B OMO= AR EIRE BB LRI B b0 b 2ons, 00T ol ]
IRBOFREREND KT U ICHT 2 KR 55 0D, afag #RE < 4-0.06—*’% e s;ggi;,’;fi,",

T2 LTKBARIKT B0, ENHEIC LS Cr03/Co D7 my ¥ 7 0 2 UL[;EV] )

Eom LRI CTE D, G TR MBS T MO G EERIT A, BN
R FE EAEF RO EGME [4] L OBAIC O W TH#EmT 2 TETHD. Fig. 1 (a) Magnetic anisotropy con-

stants K of Cr,O5 as a function of nor-
References

malized in-plane lattice constant a/ay.
1) Y. Shiratsuchi et.al., Appl. Phys. Express 3, 113001 (2010); X. He et.al., Nature Ma-
terials 9, 579 (2010); T. Ashida et.al., Appl. Phys. Lett. 104, 152409 (2014).
2) L. W. Finger and R. M. Hazen, J. Appl. Phys. 51, 5362 (1980). netic anisotropy energy AE. Positive
3) N.J. Mosey et.al., J. Chem. Phys. 129, 014103 (2008).
4) M. Tachiki and T. Nagamiya, J. Phys. Soc. Jpn. 13, 452 (1958); J. O. Artman et.al.,
Phys. Rev. 138, A912 (1965). out-of-plane (in-plane) anisotropy.

(b) U parameter dependence of mag-

(negative) sign of K and AE indicates
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MOD 7412 2 A M0 (100) 2ok B~ Co 7 = T A MO /ERL & 2E4M

TUEEE, fex KRR, BRIRRERE, fRRHE T, MASAT, AfEkesE
(B M AR R )
Preparation and characterization of Co-ferrite thin films on MgO (100) substrate by metal organic
decomposition method
M. Ninomiya, M. Sasaki, T. Tsurui, K. Shinozaki, T. Komatsu, T. Ishibashi
(Nagaoka Univ. of Technology)

1L [XL®HIC

IR, ROSPEEE ~ 7% ha v A3y 2 Y o 7R T MgO(L00YEM 1T CoFesOu(x= 0.75 1.0)i
IEZAFR L7235 B I CHIE O B2 X 3 v VAR ICHEWREBLT D FEIC L > TRWEREMKQEGEELRT 2
EBRESN TS Y. £, Co7 =T NI THRTE L F 2 —ikRr LA L —H —HEfTE TIERL L7285
AL RERBEERRESIMEZRTZERRE SN TS, AFZETIE RO & 5 B 228 E %2 FV 7220 8
{8 22 WA ERLT VL T H 5 AHEE B E(MOD)IE A RV T 2 (R U, RS oD # Pk R OV SR PE 0D A %
1To7=.
2. EBRAZE

Y MgO(L00PEHR (10 mmX 10 mmX 0.5 mm) L (Z i fifi AL = JE AT i CoFe(1/2)> MOD #R A FIV T HE
BL7=. Co7 =T A ML, MOD YA % KA 12 %247 (3000 rpm 30 ), #28:(100°C, 10 47), {RKEAL(45C°C,
1043) % 5[El#§ 0 I L 7%, ABERK(550°PC70°PC,85(°C, 1) &4TH Z Lick» TER L7-. FifiE X
BRIEHT(XRD)E, "Bk i O IR IR - 1 BB (AFM), BEALE 13 = IR CIRBI VRS 1 5H(VSM), & 512
JRI TR 70 7 P A 3 125 1 R BB - M B (TEM)IS & 0 34 L 7.
2. BREOEBE

Figure 1iZ 700°C TABERL & 1T - 723 B O X #REfr/ 8% — 2 Z7~7. 42.9 deg. 43.5 degiZ £ £ 4L MgO
@ 200[E k& O° CoFeO, D 400 [HI TR A s T 7=. £7-, CoFeO, ® 400 [EHiff D g HRDd SN D
1 ESRIL 834 ATH Y, /LT D CoFeO, DS 1-EHK 8.38 AT L ~IHIE J7111Z —0.05%1F & E A TUV .
ZORERE, FREOAME LR EERRRE T EEZ R TISAEOK T ETH DL 11086 L D HEIS/NI N
Lo .

WIZ Fig. 212 [ UalBt o b bt 2 ~3-. m, mE5m e HICREEIIH 1 kOe THh D Z L bz,
Flo, BREBETERR LN ST ENOETEICL D BEMKETENKI L 2ol EXLND.
FERTIT TEM Z W ISR ORISR R RICOWTHRET L TETH L.

106 : : : , 0.015
o
105 ¢ S 0.01 |
~ 2 o
) 4 | 2
510 2 ¢ —~ 0.005 |
S 103t 8 g /
é’ Q@ 0
% i = 0.005 /
100 0.01L — Parallel |
101 -0.015 1 . ) ) ) !
40 41 42 43 44 45 20 15 10 5 0 5 10 15 20
20 (deg.) H(kOe)
Fig.1 XRD pattern of the film annealed at 760 Fig.2 M-H loop of the film annealed at 7
L Z BN

1) T. Niizeki, Y. Utsumi, R. Aoyama, H. Yanagihara, J. Inoue, Y. Yamasaki, H. Nakao, K. Koike, and E. Kita, Appl.
Phys. Lett103, 162407 (2013).
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Cr(211) FHig FIZIEEL L 7= Ni-Fe 5 D Fe/Ni #HEL & BRfE Stk i

BNRRAT « R¥FFe « —KIERT -

By SR - FrdE(E ="

(PR, "HOREER, TIER)
Relationship between Fe/Ni Composition and Crystal Structure
in the Ni-Fe Thin Films Deposited on Cr(211) Underlayer
Shigeyuki Minakawa, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba”
(Chuo Univ., "Tokyo Univ. Arts, ~ Yamagata Univ.)

FC®HIZ

Ni, Fe, Ni-Fe &3 fURALIRBEMAIEC, LERBHEE fec & L<iT bec HEETH S, HEHO

FEIERE N R D LR B B LT D . TR, 2V 7 ARBERIZIIAFEAE L AR W HELS (E 7 il i 2 R oA Bk

DTS ZSHAPER SNTWD.

ZHET, Cr(211)X° MgO(001) i FIZEBW T, HEZTE hep 2 HONi B X

UM NigoFeyy (at. %) BEDERL S LD 2 L WE SN TOD 2 Y2, FEMAMEERENTIIS E1 T Cuoen Y R

ZECIE, Cr(211) FHifE I Ni, Ni-Fe, Fe AR L, RIS LU Fe/Ni MO O RS dbdE |2 & IE

FEENTFA~ T,

SEERAE B fER I RHEED MEEfT X 08 EE
78 RF ~ 7 3R ba ARy 2 Y o 7aEEE2 iz,
MgO(110)EAR_E1Z 10 nm JE D Cr(211 )y, Hi1JE 2 MR
JE 300 °C TAT OB XXy LR S8, F 0%,
VR C Cr FHUE I NI, Ni-Fe b L< 1%, Fe lEaTERL
L7=. JEEZ 1705 40 nm OEITE(L S8BT, HEEE
filitZ 1% RHEED 3 & OY XRD, B L AR E 121 VSM %
LAY

ERER  Fig 1(a-DB L OOG-DIC Tnm JED Ni B LW
NigoFey FEIZ %) U CHIZE 44T 572 RHEED /3% — % 7R
9. hep KisaDIER A RS (Fig. 1(e) [EHr/ & — 73

BEINTEY, H¥LE hep Hi&EE2 LD Ni BLO
NigoFex AT m = &% % o ¥ LRI I W RS
TWAHZ EDyh%. RHEED fif#Tic kv, =2 %
Y VIFAEEER Z hep(1100)[0001] || bee-Cr(211)[011] & 74
E LTz, ZOHNEMRIE, Crll) FHE Elc=e s %

Ty VR LTz hep-Co IEDOBA LR TH 7= .
JEOHENNZAEY, Fig. 1(c)3 X O d)IZ7~9 RHEED [a]#f
FRE T T T 7 ANVDARy EY T HARY N Z D

SREEAHIRK LTV 2 OD R S D, 1S X XRD i
WraiT->7-& 24 (Fig.2), hep(0001)iins fec(111)ik &

SEATIZ 72 o T A BMEC, AREREMAE LT D 2 A
537372 hep 38 K OMee fifidm D BRI fee(211)[111]

& fee(211)[111] ] hep(1T00)[0001]1 T ~7=. L7=h - T,
BEE DO BENNZ £EVY, Fig. 1(HDIZART fee FESD S D
RHEED /X% — 75 hep fiiga b O34 — A ZHE LT
WHHD LR ENS. Fig. 31240 nm ED Ni BL O
NigoFey DS+ XRD /3% — 2 %773, MgO FEfiids &

N Cr THUED S ORGFHIM A, hep Fdbn b DG %
MR TE 5. fecQINITEEHIKIH D=, BEINL T
720 Y HIE, Fe BX U Fe U v F D Ni-Fe &4 OHE
ERATAE IOV TS, WET 5.

BE#R 1)J. C. A. Huang et al.: J. App. Phys., 83, 7046
(1998). 2) W. Tian et al.: App. Phys. Lett., 86, 131915
(2005). 3) M. Ohtake et al.: J. Phys.: Conf. Ser., 266,
012122 (2011). 4) M. Ohtake et al.: Jpn. J. Appl. Phys, 50,
103001 (2011). 5) A. Nakamura and M. Futamoto: Jpn. J.
Appl. Phys., 32, L1410 (1993).

»
WL R

(b-1) NisoFeo ©hep ® o
: 4 2200
i3 ® 5710 ® 1210 ®
; 2020® 1700 ®0220
Z ° ° e
| ] 1010@ 0110

— M

Distance

(d-1

Y
Z
Intensity (a.u.)

(b-2) NisoFe20
v

Film thickness (nm)

| —Z 202
\ I [ ]

z,

Intensity (a.u.)

(c-2)

i i
o o
g;Y 2
5 g
g g
a z a8

(d-2

Intensity (a.u.)

Fig. 1 (a, b) RHEED patterns observed for (a) Ni and
(b) NiggFey films of (a-1, b-1) 1 and (a-2, b-2) 40 nm
thicknesses deposited on Cr(211) underlayers at RT. (c,
d) RHEED intensity profiles along the dotted lines in (a,
b). (e, f) Schematic diagrams of RHEED patterns
simulated for (&) hep(1T00) and (f) fec(211) crystals.

(bi) fee-Ni(111)
fed-Ni(11i1)

Intensity (a. u.)

LA ik}
-180 -90 0 90

i 180 —180 ‘—90 0 90 180
¢ (deg.) 3

Fig. 2 ¢-scan XRD patterns of (a) hep-Ni{1010} and (b)

fce-Ni{111} poles obtained from an Ni/Ct/MgO specimen.

(@) Mz0@20) Cr211) (b)  feeNisoFex(211)
o NisoFe20(1100),/  Cr(211)
Ni(1100) ¥ fec-NiZ11 J, M20@220 i

Intensity (a. u.)

40 50 60 70 80 90 40 50 60 70 80 90
20,26y ¢ (deg.)
Fig. 3 Out-of-plane XRD patterns of (a) Ni/Cr/MgO(110)
and (b) NigyFe,/Cr/MgO(110) specimens.
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Bl HiEeED THE FIZER L2
T 2 X %L FePt 54 %Hﬁ@% ST

C RATFE « ZARIERS - Ml SC T - FRdE(s ™
(oo, "HREER, TILER)
Structual Analysis of Epitaxial FePt Alloy Thin Films
Deposited on Underlayers with Different Crystal Structures
Yusuke Numata, Mitsuru Ohtake, Masaaki Futamoto, Fumiyoshi Kirino", and Nobuyuki Inaba™
(Chuo Univ., “Tokyo Univ. Arts, ~Yamagata Univ.)

H I

[XLHIS  FePt &403 c HilH1A11Z 6.6 x 107 erglem® D K, 285D, OB IR ETEHEAS MRAM 72 E~DJSIC
TR S CUND. T RS CIIRH LA S C o 5 ¢ B HAHEIEN R L 705, ¢ Sl FHUBORS S
RAEHANT L~ TEBIT 2 22, AFZETIE, (001) % L < IR(L0) Bk mEMR o~ ~T n o B2 3 2 v Lk S 17 fec,
hep, ® L < I3 bee HEi&E 2 >4 R FHIE 1I- FePt A TR L, SEM/ RS T 41T~ 7=

EEAE PRI RHEED dEEfT & OMEEZERF ~ /% L A%y Z Y U 7B Uz, NS B IR
f” 600 °C “C FePt ATk L7z, TFHUEMELE LT, fcc (Pd, Co72&), hep Ru7pd), FBEUY bee Cried) ZHW
. REESHHICIZ RHEED 35 X OV XRD,  BHLHEHAIELZIE VSM A L7-.

SEMER  Fig. 1@-)B L0, ZHhEh, fee-Pd(001)3s L0 fee-Co(001) FHE HIZHRL L7z FePt 50> RHEED <%
—VERT. WTHIORIZH LT, A MY =27k

A7 — BB SN TERY, TEX ¥y
IV FePtIEDME HAVCND Z &0V D, Fig. 1)@,
AI(001), L1,(001), FBELTY, L0055k LT, #E
EEAEIE ) DHEE S35 RHEED /34— OREAIX] 27K
9. WO RHEED /34— A28\ T, Fig.
1(@-2)B L b2 DisE T 1 7 7 A AMHPOREICRT L
21T, LL(L00)#EEHDIER A R S AR v R DA
RSV HA R =T PBIEREITEY, BRI ¢ i)
HPZIAY V2 LLp(L00)FEEAAMFAE LTS Z & 03530
%, —J5, cHDSEELZAN = L1o(001)fE 57> 5 olaks
TN, ANV —ZROERT RS = PEIER ST
WA, L1(100)fb5m D DA L R L CLE
W, BRI Z EMTE AV, FZC, XRD W,
WEXEfRNT 24T > 7. Fig. 2(a-1)+ L Ob-1)IZifi4+ XRD X
&—>, Fig. 2(a-2)3 L OO Y — 2 &R
WO LT, Ll(100)k5ibDIER A~ N
FePt(00L)EHE TSN Z, L1001k A7 g
TSNS SR DMBIER SV TE Y, L1y(001)fdh HAAHE
LCWAZ L5, RHEED 8L OVXRD /34—
(2T, fec-Co FHlUE EIZHZRR L7 FePt BRI Z5T LT
1%, fee-Pd FHUE EDO DI, L1o(100)fEkEA 5D
FERE T SCEREE DSR2 D, THNIZ ¢ BN 2
Lo AEdB MBS TIER S CND Z E V0D, 2D
PR E LT, FePtPd RO I A~ v FiE~A T A
THHDITH LT, FePtICo TIXTT7 A THDHIZ0,
foc-Co THUE FITTERL L 7= FePt B CIRImPN A OR~
I35 0, L1(100)fEdb IR AMIERE S u7-
HOLEEZOBND, HHIL, fec(l10) FHUES, hep
L <13 bee fiEZ452 N EITTERL LT FePt oM
HEZOWTHIET 2.

BEZ3CHER 1) D. H. Wei, F. T. Yuan, H. W. Chang,
and Y. D. Yao: J. Appl. Phys., 103, 07E138 (2008).
2) E. Yang, S. Ratanaphan, D. E. Laughlin, and J. G.
Zhu: IEEE Trans. Magn., 47, 81 (2011).

(a-1) FePt/Pd

(b-1) FePt/Co

Eg 5 - . F-1

g .

£ [(a2) b2y ||

g [(a i

5

£ (¢) AL(001) (d) L16(001) (€) L16(100)
' ® o || o ® ol[ed 0 o
; ; ; & 003 & 31 400 310
022 002 022|022 002 022 201 200 201
o W[ o e[ .

Fig. 1 [(a-1), (b-1)] RHEED patterns and [(a-2), (b-2)] the
intensity profiles observed for FePt films deposited on (a)
fce-Pd(001) and (b) fcc-Co(001) underlayers. The intensity profiles
of (a-2) and (b-2) are measured along the dotted lines in (a-1) and
(b-1), respectively. (c)—(d) Schematic diagrams of RHEED patterns
simulated for (c) Al-FePt(001), (d) L1,-FePt(001), and (e)
L1,-FePt(100) crystals. The open and filled circles correspond to
superlattice and fundamental reflections, respectively.

(a-1) Pd(002) (b-1)
+FePt(200) FePL(200)
= |Fept(001) FePt(002)
g Mgop N s Tion +(002)
S (W 34 SITiOs|
: FePt(001) Co(002)
Ke] K| gN
5 KB
> Pd(020)
'z |(@-2) +FePt(200)| |(b-2) FePt 3(2)8
E ngbJ\Iggggg FePt(001) Sr:;j\/\.:ooz
FePt(001
.,,./L( ) JL g \Co(020)
I T R ™M

60 20 30 40 50 60
206, 26y (deg.)
Fig. 2 [(a-1), (b-1)] Out-of-plane and [(a-2), (b-2)] in-plane XRD
patterns of FePt films deposited on (a) fcc-Pd(001) and (b)
fcc-ICo(OOl) underlayers. The intensity is shown in a logarithmic
scale.

20 30 40 50
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GaAs(111) Hiik ah Fstk EIZTEEL L7z bee ffid z2 F7-o
Fe, Co 35 & O° Ni iR O i 1 it

B A - BERAT « RAT9E - ZAIERS - FnZEfs 3
(g R, THIER)
Structure Analysis of Fe, Co, and Ni Thin Films with bce Structure Formed on GaAs(111) Substrates
Takahiro Soda, Shigeyuki Minakawa, Mitsuru Ohtake, Masaaki Futamoto, and Nobuyuki Inaba”
(Chuo Univ., “Yamagata Univ.)

FC®HIC

Fe, Co LU Ni (ZARMNZRWHEMA L CTH Y, BEKUSHT NA ZE LTRSS HVOLR TS, Z

O OMEHI L 7 RRE TIXLZEMIE L L TELE 1L bee, hep 36 XU fee #iE 4 & 273, #BCIREE CIRIRRERIZAF
18 L7 W E 2o 2 FF RSB OTRN TTHE TH 5 Z L B ST D 7. ks e 5 L BEUHE

DEALT D70, MEREREZ RO 3d RIEES SR IR LCER ShTns 9,

ThETHAIE

GaAs(100)E:tk - T OETERLAIHLETE T bee HE1EA £ > Co B LN AR &415 = & 2 L7- %9, AiFgE
Tl¥, GaAs(111)3Ak Bz Fe, Co BL NI IEZTEAL L, IEORE G2 KIFE I IR D 8 % R AIC TR~

FEAE B OERITIZ RHEED #iE T X O & E
78 RF w7 3% b ARy Y v T Z AT,

GaAs(111) 4% 2 600 °C DOANEVLIRIZ L 0 Kk HEFL
IR A AT o 7=, BIRCHRE%L 1205 40 nm OFFHT
AL EH7- Fe, Co BLONi AR LT-. O
FAEFE & Rt OREEEMTIC RHEED B8 XY XRD %
FNENRA, BB EIZIE VSM 2 L7z,

EEBER  Fig. 1(a-1)-(Cc-1)Iic 1 nmED Fe, CoB LW
Ni Bz %f L TEIE L7- RHEED /X% — 2 &g, %
TOMEHZIBWT, bee Bk OE % 73 (Fig. 1(d))
B2 — o PNEER STz, L7223 > T GaAs(111) Hapk
I HEZZ 7 bee-Co 8 L U bee-Ni f& g ~7 B = B 7 &%
VR NARE LT D Z EM % . RHEED /347 —
HDIRE LT & % v LV HAEIRIT
bcc(111)[110] || GaAs(111)[110]
To-72. Fig. 1(a-2)—(c-2){Z 10 nm JED Fe, Co B L
OV Ni I UC@lgs Lzl S — v 3. Fe i
IZBWTIE L nm EDGA & [RIERIC bee #EiE DR A3
BlEESNZ2Y, Co BEL NI EICH W T fee fl g
Era <7 (Fig. 1(e) B ~Z—rnfGobiniz. =
DOFEFITHEL E 72 bee fE 2N L 0 ZE 7 fee i~ &,
2NV D beekEIEDFIZRE L L THILIL TV D
Nishiyama-Wasserman (NW) "o db 7 A BRI & -
TERELTWDL AR REIND. LN T, K
Fi CIIBE OB FEYY, NW OBIRIZHEY, R
FEHAE T 5 bee{110} i & fec(111)E A A TIZ /R > 7
FABEBECHEREBNELLL LD LRI ND.
RHEED /X% — /2 B IE L7 BRI
fcc{111}<110> || bce{110}<001>
Tdh-o7=. Fig.2(a) (Z 40 nm [E/E o Co ETHlE L7
XRD 5 X E %~ . GaAs S oz fec-Co
feml IS T DR (Fig. 2(b) 23ERd S 41, MRS
BWTH NW OBIRTREGEDFERRSET L2 &
DHEE S D Y BITREKUEEREAT I DWW T b s
5.

ZEH#R 1) J. C. A. Huang et al.: J. App. Phys., 83, 7046
(1998). 2) Y. U. Idzerda et al.: Phys. Rev. Lett., 62, 2480
(1989). 3) C. S. Tian et al.: Phys. Rev. Lett., 94, 137210
(2005). 4) X. -G. Zhang et al.: Phys. Rev. B, 70, 172407
(2004). 5) M. Ohtake et al.: Key Eng. Mat., 605, 478 (2014).
6) M. Ohtake et al.: Eur. Phys. J. B, 86, 1 (2013). 7) Z.
Nishiyama: Sci. Tohoku Univ., 23, 638 (1934).

(a-1) Fe(1 nm)

(b-1) Co(1 nm) J(c-1) Ni(1 nm)

(d) bce(111) (e) fcc

332 224 |[630 513 6220
b o“® o o“® off ®
402 622
330 222 114| 400 “@° @
® O O ®@ O O e [
311

%311

220 112
o "® o o ® o o

222 220

Fig. 1 (a)-(c) RHEED patterns observed for (a) Fe, (b) Co,
and (c) Ni films of (a-1)—(c-1) 1 and (a-2)—(c-2) 10 nm
thicknesses deposited on GaAs(111) substrates at RT. (d, e)
Schematic diagrams of RHEED patterns simulated for (d)
bce(111) and (e) fcc crystals. The incident electron beam is
parallel to GaAs[110].

Fig. 2 (a) Pole-figure XRD pattern of a 40-nm-thick Co film
deposited on GaAs(111) substrate at RT measured by fixing the
diffraction angle of 20B at 44°. (b) Schematic diagrams of
diffraction pattern simulated for GaAs, bcc-Co(111), and
fcc-Co crystals.
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CoF /hiFa2EZHTDHAYR=T AL HEIROEG & B

INEERHE, S&a8 —
(FEMR)
Structure and magnetic properties of meso-porous silica thin films with Co nano particles
H.Kato, T.Haeiwa
(Sinshu Univ.)

T CHIT

REEEAROACSEZFHAL, ZREZHE LTHOND A Y R—F 22U BHEHI. £ OMALNITHE:
PSR 2 I T 5 2 & THERIRIC K] b 7o et @ R O IR 1 (e T/ MIRR T L A) B TBRT 5 Z L8 T
., TMR 2R %2FA LA bu = AT NN AR E~OEAPPHFEINTWS, KT
EASA(Electro-Assisted Self-Assembly)i:z H T, AL EEARIZ X U CHRERLM L2 A Y R—F AU 7 R
AR L, MIFLNIC Co FelE Z 3R Z M DA IE o O KURFEIZ DUV TR L 72 D TR T 2,
ERGE

TH =)L 20mL, hURAFAARTTIULT E=U L7 =K 07669, it~V 7L 0179, ZREEK
20mL, AV AT 7 =F 0 0.71mL, R 80pL 7 B 7 HIRA K A H IR T 2.5 RERIFIR L. AiTBRIREIK
LT %, RTvva Ay NOERBIZIERT 2 Ay X a— LA T A KT R), KRRIC SUS B % fid
&L, Z2MEMAG-AGCDIZR L T-2.0v OEN % 30s FIIN L A VR—F AV B Z R 5, FTA"
KCYed L7z, BRI H T 130°C6 K=+ > 7 L, #il) T 250°C4 FEffEBERK L 7=,

LN ~DCoFEIHITIT, B VA A » FEE AV, Filg= 3L 85.0g, 7~ 7[EE1.59, 7KEE/K50mLH 5
IRDIREMWAE A v TR E LTz, o & FMITEE6.0v, 7L ZE20ms, 1003V 2 & L7z,
EXL TS

Fig.1(a),(0) (2RI L7= A ViR —F 2 ) H KO SEM 14 % R~9, RO IFIE2HiPH(2.6cm X 1.5cm) T JE 4
7ML BIR S iz, £o, REICHRABRMANBE SN D 2 Lonh, MFLANERIZR L CERE AR
LTWhEEZBND, MFLEIL 3.5nm, JEAHIE 4.7nm Th o7z, Fig2 ICEM/ VAR » X 5T 7=% O
FED N T ~DRAL R 2R3, N - EBEE HICE AT U ARRNo 2720, BE B 2 4
D ENBIEIN, F2, mHN - BEE BITEEBABIZIER U Th o772, Co ORI RIZERRIZIT
ZEMEBZBND,

M (10™emu/cm?)
ol

I
5 10

H (kOe)
@ (b) Fig.2 Magnetic hysteresis curves of
Fig.1 SEM photograph meso-porous silica thin film meso-porous silica thin film with Co

2Z 3k M.Etienne, S.Sallard, M.Schroder, Y.Guillemin, S.Mascotto, B.M.Smarsly, A.Walcarius, Chem. Mater. 22,
3426-3432, 2010.
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Preparation of Bi,YFe;0;,and BiGd,FesO,, magnetic garnet thin films by
Metal Organic Decomposition method on GGG and glass substrate

D. A. Wahid, T. Hattori, J. Sato, and H. Shimizu
Tokyo University of Agriculture and Technology, Koganei, Tokyo 184-8588,Japan

Spatial light modulator (SLM) is a real-time programmable device for modifying amplitude, phase or
polarization of optical wavefront by electrically controlled signals. Application of magneto-optic SLM (MOSLM)
is highly expected because of their extremely fast pixel switching speed and non-volatile property. A single crystal
garnet with perpendicular magnetic anisotropy and two polarizers have been used as a pixel element to switch the
optical output depending on the up and down magnetization owing to Faraday Effect . Magnetic garnet films
with high Faraday rotation and efficient magnetization reversal are required for various applications in the visible
and near infrared spectral regions.

We prepared and characterized the Bi:Y1G (Bi,YFes0;,) and Bi:GdIG (BiGd,FesO;,) films by metal organic
decomposition (MOD) method on (111) gadolinium gallium garnet (GGG) and glass substrate in different
annealing temperature of 620 — 800 °C under dry air, in order to investigate the relationship among the Faraday
effect, magnetic anisotropy, and fabrication condition, because fabrication condition determines the film
composition, crystal structure and magnetic anisotropy. The thin films prepared in this study were investigated by
Faraday effect and X-ray diffraction (XRD). Fig. 1 shows the Faraday rotation spectra of the Bi:YIG and Bi:GdIG
thin films. Fig. 2 shows the magnetic field dependence of the Faraday rotation (normalized) for these samples.
Fig. 3 shows XRD patterns of these films showing no other peaks associated with polycrystalline or impurity
phases. With increasing the annealing temperature, XRD intensity from the thin films increased, and Faraday
rotation increased, showing that the amount of Fe®" associated to the magnetic garnet crystal increased.
Furthermore, the magnetic anisotropy of samples is changed from in plane to perpendicular direction by increasing
the annealing temperature. A possible reason for the change of magnetic anisotropy are the difference of chemical
composition (O, deficiency) of Bi:YIG and Bi:GdIG thin films by increase of annealing temperature. The other
reason is that the strain from the GGG substrate is decreased as shown in Fig. 3, leading to perpendicular magnetic

H 2-3
anisotropy 31,
Bi:YIG at 620°C on GGG 3 —GdBIlG at 620°C on GGG 1000 ]
R = v g5
6 : 1 1B v 100 > o 1
- == -BiVIG at 700°C on GGG AL onGes . z e :.5 é
— 4 - == -Bi:YIG at 750°C on GGG os Gé
¥ ——GdBIIG at 620°C on GGG — o ! -
=, i . 9 — 01
= 2 ——GdBIIG at 750°C on GGG B oo = |
.g ——GdBilG at 800°C on GGG © 2 om
‘g 0 g -1 E 0.001
- L as ’_E“ 0.0001
> .
@ 2 5 —— BiYIG at 750°C on GGG S 1
° =] o L) e
o = 1 —— BiYIG at 620°C on GGG £ w ® 33
g 4 o Z hd g8
0s G o 88
> c dd
6 2 o 2 ! 33
2 £ e
450 500 550 600 650 700 8 0s 01 N
Wavelength [nm] 1 001
15 0.001
Figure.1l. Faraday rotation spectra of 2S5 00 08 1 182
9 y P Magnetic field [kG] e e aw m o
Bi:YIG and Bi:GdIG films on GGG Figure.2 magnetic field dependence of Fioure.3 XRD th‘deg'f BVIG and
. . igure. pattern o 1 an
substrates normalized Faraday rotation at the Bi:GdIG on GGG substrate

wavelength of 600 nm

Reference

1) K. H. Chung, et al., Magn. Soc., Jpn., 32, (2008) 114-116

2) X.R.Zhao et al., Appl. Surface Science, 255, (2006). 2628-2633
3) K. Matsumoto et al., IEEE. Tran. Mag, 28, (1992) 2985-2987
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FeRh 2 & 4/BaTiO; ~7 2 E I BT DRI I 5 2 5
=D

i
AR O, A IR R
(HITK)
Strain effect on magnetic phase transition of FeRh alloy system/BaTiO; heterostructures
I. Suzuki, M. Itoh, T. Taniyama

(Tokyo Tech.)

98

=

[FL&HIC

CsCl ! FeRh JRHI A 41T, I CTIXSIREAE T 5 23 380 K A1 UL THaREME~ & BRI A8 R mE L L
THHIL, TEZX Uy LHEBRIZBON T, BFEICL > THRKEBIEENESTHEIND Z EnmREInTn
5[1,2], AWFFETIX, Ga ZIRIMNT 5 2 & THRSHERBIRLE % FH%E L 72 FeRh 1543 (Ga-FeRh) & HiLURI ) 70 5 55 H6 A
T& % BaTiO3(001) (BTO)JEM _IZpkfE L, BaTiO; DREEFERE I FE 5 #5722 {L 7)Y FeRh ORI H 2
Y2 Tt RaNel

RERITE

#EHE, MgO(001) K O BTO(001) B4k st A4 12 MBE %% VT Fe, Rh X N Ga & [AIRf A5G35 2 & TIE
L7z, XRD & AW THEFHME 21TV, BAL OB, BEGIRAFME K ORSERST A VSM, PPMS 4 H U
TENENRE LT,

RERFER

XRD OFfEF L0 | T RKHTH D00 E— 27 37 53, #HHIE L7z Ga-FeRh 7% MgO(001) % T BTO(001)
EWRECZ XX Y VRELTWDZ L EMER LIz, KIZ, Bt O R ERFME 2 0 E L 78R %
Fig.1 {2879, MgO FEt EiZth~ BTO M #k = TIE Ga-FeRh & FEf & D K & kg T R E LI
R L CEHEBERIWMIEL RS TWVEN, KBME - REEEBRNBIE I N, BHEAREICE
VT 285 K TN 190 K fFI 2 e fb o 25 k28 L B Av. FFIC 190 K fF3F TUdséfb 23 K & < A
L7ce 2D DREIE BTO OIEL &SR 7 dh . &5 &2 b 2 K&~ O R & M s B IR
ZENEN—HT 5, ZOMHEBRBIEEOESG CHMILOKGKAFAEZHE L E Z A, HHiE
B oORIEM TR bo DR, AfERIT. BTO DR & D 2 m K g~ O 8
R I PE 9 4 - B AALIC X > T Ga-FeRh I B W\ THBEME 2 D B BIMYE ~ DK tis B 28 5 i
SN LEZEZRBLTWVWS, ZOK, BTO (100)D ¢ K A A > ETIiX(1-10)7 [f] © F Hig i 7
DK LAIO)F M TS DB EMT S, —FHa RAALYy ETEHEMSOIBRERLTWD L

Exzbhbd, AEEEMHLZ BTO E#KIL a —t 500 —

FAL Y OBABEN- b, EfE g 1000r® < O

HERIT X » TREBEM R RE D ZEA L é w{*+M§mhiém¢—wam
rEEZLND, — T, 290 KL T % A ¢ %

ERALS WA LI p, BleoBR ikt g 600 14
SESAANSIES RULT % [AK N F (PR AR AN - BT 13
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DB S FeRh OBK R F oz = 2000 ) 1=
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1) S.Maat, et al., Phys. Rev. B. 72, 214432 (2005).
2)

C. Bordel et al., Phys. Rev. Lett. 109, 117201 (2012).
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Fig.1 Temperature dependence of magnetization
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4pE - 4 %
Fe;0,/Cr/Fe 2 @I 31T 5 Fe g DO binfe
RIERES IR SfEE ok &mEcs
AbifgE R R e Lbigebe
Magnetization process of Fe layer in Fe;04/Cr/Fe multilayers
Taro Nagahama, Tomohiro Kawai, Nozomi Takahashi, Takashi Yanase, Toshihiro Shimada
Graduate School of Engineering, Hokkaido University

% < OMEEBIIZ I LY . BREGHESRE T 7 EOMKFENR R E B IND, £, 20
FR7p B2 ) ESHMAT 22 LI2ED, BKEHELHIBI L, 731 2 EITEH L TWD, BiEe B2 kK
HR TR LN MBI AERIXZ OB el b2 K 5, —F TBRILWBMEI CoZ D X 5 et E
EHEVEI IR, L, BIEMERWEAY Y ba=7 AFF~OIGH O ARt 2 5T 5121, BAS:
PEDOFERAG 72 HIENI R 253 2 LI TE 20, A RlFk & 13, SR 22 BEEBR (LY C & 5 Fe;04 & & T Fe304/Cr/Fe
LA ERL L . £ OBSRFEDORHE 21T - 72, Fey04 & B T L JEIE D BERFFIEIZ DUV TR, Fey04/Fe D ELHE
ZZHAA HAEH ' 5 X 1Y Fe;04/MgO/Fe C O J@ f ZZ kA ALAEHIC B 285 2 038 5 28, FEREMEA IR 2 8 A 721
15 T ORI DOFAMIIHRE D 72\, A TIEEMER T X XUy VE@IEAER L, ZOMKFE%
FEMZ AR~ 72,

VERL U 7250 o 1% 1 X MgO(100),(110)/NiO(5 nm)/Fe;04(60 nm)/Cr(te,=0-10 nm)/Fe(5 nm)/AlL,O3(2 nm) T&H 5,
B O VERT S PE MBE 1 CfT o 77, FesO, B O FEFE 41 4 X 10*Pa, BUEIE 1T 300°C CfT - 7=, Cr
X130 C TR, ZDORITZRECTRE L, =% % v /L% RHEED (2 X 0 fE38 L7z, Bl iTms
=B W T=IR TRIE LT,

1 1Z MgO(100) /NiO/Fe;04/Cr/Fe/Al,03 2D, Fe;04,Cr,Fe Z i Z 1 RHEED 8% /~9, £ &
NWRA N =7 BB S L, TEXF U LEEZ L TWD Z ERgnd, KRIZIK 212 MgO(110) /NiO
/Fe;04/Cr/Fe/ALO; Z IO G DK e 27 Y v ARz ~d, Crl@DE 1L B2 0.2, 50, 9.5nm Th
Do EBIEN RN, K E O Fe g ORALIER & . T8O Fes04 8 OB IR B ST
%, BEBEOBALIERZ E G | R O/NES W ITA Fe 8 DOBAEHE TR EUVIE D 28 Fey04 B DBHMLIHERIC
KIELTWAENDOND, CrlENEL DI E Fe BORBENINRESRT DL ENGNnoT-,

2% R

1) H. Yanagihara et al 2008 Appl. Phys. Express 1 111303
2) H. Yanagihara et al J. Phys. D: Appl. Phys. 2011 44 064011
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TR (2 fE D R Pd(lOO)ﬁ%ﬂ%@ﬁé@ﬁ@%4 ¢

PR, WA Pk
(B RFE T, “JASRI/SPring-8)

/

Change in magnetism of ferromagnetic Pd(100) ultra thin film by phase transition of the substrate
S. Sakuragi, H. Tajiri', and T. Sato
(Keio Univ., JASRI/SPring-8)

[TLC&HIZ

Pd 13V 7 CIRIERENEZR N B b T A — )V FCIImBirt 2 B84 5, B &R I X, Pd(100)
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AR 2 B L, TOBMENE A EEHEICI D FPRLEFE LR VWEENLS, BFHAREICIESL
B LM T BB D AFAE 2 BRI IZ %%ﬁ_bfwé”oth&ﬁ%‘m&ﬂmﬁﬁtétﬁéék%
BIRREOZED Z OH LOBHERBIBEIC E O X 2 R E 52 5020 T, £ H0C@Emn o
ATV, Z 2 TARBIZETIL, SITiO; 2547 105 K LA N TSI 242 U5 2 L 25 L. RS AL
T U % PA/SITiO; FL i O IRREZSALIZ ALK L 7= PA(100) 4B B D REMEEALIC DWW CRIE 24T > 72,

EER 5 ik
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AR U—RESE, TNEBEEZEF v o= T T U U SN AR E L KRBT Z &<
FHALTC, ZOXDICLUTER LY 7 o0 T, SQUID #)EHE w5 Z & TIRIEA b =i £ TOR
LR FERAFEZ JIE LT,

R -ER

112, SQUID B4 /150 545 B AL 7z sttt Pd(100)HERE OB LD
TERAANE 2R3, mEME PAQ00)VBIER DY > 7 v oftilc, 75> 18
7T L LTREAED SITIO; ¥R L., MEEIT-72, K1 )
5. FREEME PA(100)ABH B OB DOIRFERAFMERRAR Y. SITIO; DARER
BETHD I05KAMETT T 77 L5284 R LT
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nTns Y, AEIOERTIE, 6 ERORIEDOZE(LD PA(100)D
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2) S. Sakuragi et al., (submitted). Temperature(K)
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Theoretical evaluation with respect to perpendicular magnetic anisotropy of ffdsgstacked on Rh
K. Hyodd', Y. Kota™, and A. Sakuma
(*Tohoku Univ.,**AIST)

1 LIS

bet-FeoCosp A&l cliliE & alillE DL (c/a) % 1.2512iE 2105 2 & T, BERAMEREKE G EEH (K, ~ 100
Merg/cn?) 23515 Z L AHGRIIZFHIZ T WS D, ZORDERDED, SEETHELOKFI ATy FIZL-
T bee-FeCoa & DIk 72 EEHE 5 (c/a>l)iRAan I hTn5 23,

Lao & I% fec-RhJE[Hi Fe, Cofgz X HMEE 52 T, c/a= 12D bet-FeeCoso AdZ/EH L3, 2L T,
HEENE K25, REHRIIZEZSNER

Ku X tem = Ky X tem + Kint (1)

(tem : FECOBEDIRE) ND T 4 T4 V72 & > T, ZTNEFN/ L2 BEEEGHE Ky =(2.50+ 0.34)x 107erg/cn?,
TR TR Kine = (0.68+ 0.34)ergen? & iz AL > TWd. 20k 5 ICEBARHIEETH 2 DITx LT,
AMEHZB L T O N BFEOBRIFZE RNV 2 2 E LS DTH 5728, #if=IZ bet-FeCoi & D s, Wiz
NHUE A K 1252 DO MmN A B ETH S.

AL TIEFEER & [ U FeCo/RhD Ky, Kine 25— HHEI 2 AW CHH L, &K AEORIELZMIHT S L%
HE UCTUTOREETo 72, PR UTHRHAAL VEERMIIE D W EAIE~ 7 1 v 7« V2 W,
fcc-RhJEIZHt £ 7= bet-FeoCoso JHI A4 (c/a=1.2) 12D WT, tem 2E X T Ky 25t L. 2 LT, EREFERIC
RAQ)ANDT 1T 42005 K, & Ky Z23Rd 7z,

2 BRBELUEER

HEERN SR (L) AD T 1 F 1 ¥ TES N Ky, King % fig.1
iZ77#¥. FeCo/Rh(FeRh), FeGRh(CoRh)iZ, =z Fe, CoE+

Z RhFHENCHLE L 725G G DFER R TH 5. £7- FeCo/Rh(exp) F(ﬁ(;{}%hFcco/Rll FeCo/Rh (};‘;ﬁ:’)
BEBRED 7 157+ v 788D Th b, FeCobulk) it bet- 0 e 115~
FeCo(c/a=1.2y\ V7 TOFEMTH L. £ K, icBILT, &M %ig |_h (1)0 i
Al 2 FBRIED X —HAHE» D S N7z, £, FeCoRh(FeRh), & | 0"’ 5
FeCo/Rh(CORN)C K, ld/9L 2 DM & 181E 8L, &k (1)» < L] J EK |los 5
SRR TR ST Ky 23HITET NS 2 LA H o7z, = — i)

— 77, Kint 122\ T, 5154 1Z FeCo/Rh(FeRh), FeCo/Rh(CoRh)
DT Kine <0 &7, Kine >0 TH > 7 FERME & ERF 5T 5~ Fig. 1 Comparison of results between calculation

BMUBWHERE 72, ZHIXERCTERI N ZERORER, (FeCo/Rh(FeRh), FeCo/Rh(CoRh), FeCo(bulk))
HETHEUZHENRRL IIRECELLAREEZREBLTY and experiment (FeCo/Rh(exp)) with respect to

B AT, Kin 2358 & BECR S < 378 2 BHZ DV TR~ bulk anisotropyK, and interface anisotropifnt
DERD ST B FETHS. of bct-FegCosg stacked on Rh.
References

1) T. Burkertet al., Phys. Rev. Lett93, 027203 (2004)
2) B. Wanget al.,, Jour. Appl. Phys.115, 133908 (2014)
3) B. Lao, J. W. Jung and M. SahaslitEE. Trans. Magn.(in press)
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TbFe layer thickness dependences of perpendicular anisotropy and damping constant for amorphous

GdFeCo/TbFe bilayer

T. Higashide, B. Dai, T. Kato, S. lwata,

S Tsunashima*

(Nagoya Univ., *Nagoya Industrial Science Research Institute)

ZL®IZ
Gbit #k MRAM % BT 572D O & LT, AU IEARLNERN
T A XA N ER BT A~ 5 T2 D KREBALIC

AR FETHD.

HEHINTWS., Z0OAE U IEARALKEZE T

INE TR X IA HE-ES

)% T % GdFeCo <° GdFeCo/TbhFe JE K4 A€ U —J& & 3 5 REMALT O R & 1E ABMERERSR 1 2 /ER L, B

E PR LB T 1 D, & BRIV Keg lC DWW TS LT & 72 12,
XU T EBITFAR LN TR, KiFSE Tl GdreCo/ThFe — &

L LR 3, & B BIR D& 5 @l
WD 7o vy 7ok BE VA L — S — %

FAV N7z pump-probe iEIC X VEHMII L, o By S ERal KIZERERE J, L OBMREZH~7-.

RBRAE
BEEE 7R hr ANy 2 o TAGEIC LY, BYR{LIESS X S

FM 12 substrate / Ta (5 nm) /CuAl (30 nm) / Ta(3 nm) / ThygFess (x nm)
| Gd,(FeC0)7o(10-x nm) / Ta (2 nm) & L L7=. x=0~5nm OHFiFH T
JEE A28k SH -, & 5T pump-probe HIE T SIN Z [\ kS8 57
H, TOREEIZRF~Z7 3 ha Ay ZIZ8 D SiN (140 nm) % AR
L7, BB b A I 7 2%, HLEE 1560 nm,
0 IR U JEH$ 200 kHz O 7 7 A 23— L —H— % F 7= pump-probe
FEIC XV RIE L, BERHSIIMRE RS 7 M2 5 45 BRI 72 5 mic
ARG % fe K 7.8 kOe FIAN L 7.
HRLER
Fig. 1 1Z4MRREA 4.8 kOe %% T, pump-probe ¥4I L 0 HlE L=
GdFeCo(10-x nm) / ToFe(x nm) " EE(x =0, 1, 2) Difz=EEh 2/~ L T
WD (A . BELOREEES) 2 R EEIE K e ' sin et 12X
T4 T4 T (ERL, ok DI UKFYE % Chappert DY
RV T 4T 4 T THETH U T ERa% RDTZ. Gd
FeCo HJEHD ald 0.049 TH o727 ThFe % Lnm AT H Z &
To=02952 KIEIZHIN L7=. Fig. 2 1T EICHIE L7- GdFeCo /
ThFe “JEEZAEY =@ LT DAL LEARTD, I & KD
ThFe J@ DIEEKAFMEZ R LTS 2. J 0% ThFe f@ % 1 nm 3 AT
T ET22EREIT RS> TNDEN, AEERDIZL B T ERD
HIMIAI 6 5 & 72 oloiow, IO I FEEE O X v 7 E
BT R TE RN E VI ERES.
L 2 BGN
1) B.Dai et al., IEEE Transactions Magnetics, 49, issue7, pp.4359-4362(2013)
2) B. Dai et al., The 37th Annual Conference on MAGNETICS in Japan(2013)
3) C. Chappert et al., Phys. Rev. B, 34, 3192 (1986).
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CoPt/Ru FEEMALIED VNA-FMR

BHERAE, MA B, 49ufhB, dbb &, DS, EH R
(RAERZ ik, *4 T EKR)
VNA-FMR of perpendicular magnetic CoPt/Ru films
Y. Kusanagi, S. Okamoto, N. Kikuchi, O. Kitakami, T. Kato*, and S. Iwata*
(IMRAM, Tohoku Univ., *Nagoya Univ.)

FLHIC

T RIS YT B EER CORMEEENIEHS T ToOE N EITRE S B, EER)C IS < gz
BNPAE L 72D, T, A 7 alET VA MELKERR A © R ABME R &, B LA Eh O i EI A E
FLpoTWD., ZOBMBLECBIT 52 FER L LTH U EV T ER oD D0, ZORFOMR L
Tk & DBfRZ: ERIEARALRE B2, FEEAPPFFINHOIMEHZB W T HREFSICHRL TV
WONRBURTH . AT UMEASOISHBEIRE SN DB —-DIZ Ru FHL EITHE L 72 hep-CoPt &4(LA T
CoPt/Ru)3& ¥, Pt #K7AY 10~30 at. %D TH K T 2X 107 erg/lem® B2 VO @ W IERE MR TME2 7T, K
W42 Tl CoPYRu IEDIRBEMEILIB 2 E L, & o Vo e L ik, ks 8 L OMELZH~s - L %
HH9E 9 5.

EER 5 ik
VESRL U 72 3B D fERE R IE,  SiO, sub. / Ta(5 nm) / Pt(10 nm) / Ru(20 nm) / CoPt(20 nm) / Ta(2 nm) & L7=. JRfE
IZIEDC~ 7R b ANy Z Wiz, BAbiifrz Kerr 2384 W CHRIE L, %% Hall 20 5E0)E & GST
BT X0 TR IGERR BT %2R 72. FI SR BICE L7z CoPtiiE 7+ N ) Y 7T 7 4 — &
Ar A F Ty F U 7 H O — (1500 x 8 um)Z TERL L, kg & LT Sio, R L, 2D ki) 7 b4
ZEEANT Cu 27 L —F RS AE SRR EEIE 10 pm, R 100 nm) 2 (EHL L 7. S8 EEEILIS(FMR) O HIE Tl
NI RESS Hye % 30RHE 0 LIRELIZHIINL, X7 Ry RU—7 , ,
F 7 A F(VNA)YE IV CHBIBRRE Sy 2 30E L, AR 2 B bR - 12k00

T/ Vbt ol a— VLU VEETI 4T 407 TH20 ,MWwWWWMMMmeMM

(2 VD 2 3F|Sy | R, EBOE X TR~ hL b
10 kOe
L WWW

DFELY NS 035 & 2 B 7 A 3 L=

B W
SR v 1
BN FIE ALY FL% Figl [ORT. E— 2 MER/NE NG 0001 A

D OIERES oo & K < F BRI sy 0 10 20 30 40
FLTD. $7 OB E— s 20— L YK £ v T 4 o rf field frequency (GHz)
7 USRI £ 2R, H \okE L7 1w b Uik % Fig2 loi [ I FMR spectra for CoPt/Ru film.
T, ZNL VRO BET DML GST IEIC X v ko= BT ofiE & 13

As, I

ER U oo, e — 2 AR L 0ok e ol o2l 07T )
LAY, exinsic RHABEENTS LoD CoP RIS 3o T2t ]
BO02~0.)ITHANFTDLNCREREL /o7, ZOFEELTE W s
BRICEDHE, THICL2EBREZLNS. Akizx ey 8 200 .

7 EHD CoPt IR, Ru, PIEIR(EAFNES LU PR IEEEZT ™ (o] 7 A
SHR RS E OBIRE#T 5 TETHS. o7 en=2.85k0e
5% i % 2 4 6 8 1012

HdC (kOe)
1) T. Shimatsu et al., IEEE Trans. Magn., 43, 2995 (2007)

Fig. 2 f; vs Hy.. Dashed line is fitting result.
2) S. Okamoto et al., J. Appl. Phys., 90, 4085 (2001)
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MBE i L 7= Ag %/ CoPt, CoPd B D4 & AU FIE

KHEOKREE, fEE RGO WEE BT, g W, Al R
Gy -P N
Structure and magnetic properties of MBE grown CoPt-Ag and CoPd-Ag films
T. Nagata, Y. Tokuoka, Y. Seto, T.Kato, S.Iwata
(Nagoya University)

FL®IZ
L1o-FePt D BRI IR BE ORI & ORI T{LI2i, Fe LFEREAR AQ IR AR CTH L Z LGS TWna. —J5,
L1o-FePd ~o Ag #INFH AR R IZA R TH 503, MR LICIFAD TRV EnmEshTng D 2). S
T, AR TIE LI WA S~D Ag BINIEhHRZ RFEANCHET 5720, [ U L1 &2 #-> CoPt I ~n Ag ikiN% A
7o Fio, ST TORAREOFIE L7220 CoPd 12N\ T, EIROMFRRE AV 8, CosPds A TERL L, Ag
WINZ & B L S E DL E2 T~ T,
ERG
CoPt-Ag (20nm) &% U} CoPd-Ag (20nm)i%, MBE 12 & 2 = Ju[AIFEZR

(CoPt)1pp.Agx

CoPt 002

[

)
BT > TERL U7z, RGP OBEZEEIX5X10° Tor LFTH Y, Co, 2| CoPt 001
Pt, Pd, Ag 045 UL 127 L ZAUK BB = 4 — |2 & 0 I L 7= %
FEARIZ 1 MO (001) % AV, FEARTEE 300°ClLzd W TRl L 7= £
CoPt-Ag 1% MgO B FIC BH2RME L7225, CoPd-Ag fiEiX CoPd & %
MgO DA EHGFEEBEMSE D720, /Nv 7 7 & Pd(10nm) & HH A L ;
7o, fE A LR o RHEED #8122 & OV E 4 0 XRD, Fifitkid
Ik AFM, BESURFEIE AGM B b L2 DR, BASOLY: Kerr iz 10
RICmATNETENENRE LT, f
ERHER L BE £

=

Fig. 1 13 300°C THliEE L 72 (COPt)100-AG ED X #R Bl 7 1 7 7 A L -1
L MHA—T2RLT0S. XBTET 7 ALY COPLIA 001 s gl L
Bl L CTWD Z ENand. £z, HAKE S O 001 [BITHRAS B Fig. 1 XRD profiles and M-H loops of
B SN TS, EIZ, AgDEINZL Y, CoPt001 & — 7 5HEE A3 HY (CoPt)100-xAgx grown at 300°C
RLTHY, HAULMBES N TVDZ LA D. 2B, AGFN [(Copdug Aee
I2X B CoPt OV — 7 ALEITIFE A EZLL TV, M-H L—71Z
BUWTIE, AgS%IRINIE CTRRIEM G I ORI N b K& oz,
g, HAHEOEE & 3RS, RIS fAE L2 Z E BB L C
WaEEZILNS.
Fig . 2 13 300°C THLE L 72 (CoPd)1005Ag 15D X #7207 7 A L
ZRLCW5. CoPd % 001 Filal & 72 o T 5 28 L1, #HAIE I )G
95 001 B — 7 3Bl SN2 T-. F7, CoPt &I EZRY Ag 23

X-ray intensity (cps)

(CoPd)eAg,

10 20 30 40 o0 60

4% Z &CCoPd002 O —7 MEMMlicy 7 hLTW5. 20 (deg)
PLEMS, CoPt-Ag Tl Ag Id CoPt IZFE AR 478k L T\ 523, Fig. 2 XRD profiles (CoPd)100-xAgxfilms grown

CoPd-Ag Tlix Ag £ &L LT D EEXBND. SITHIZED FePt at 300°C
L FePd IZxt3" % Ag DIRMZHE & i3 2% &, FePt-Ag & CoPt-Ag
THEEMEN R S, F7-, FePd-Ag & CoPd-Ag I[N R SND Z LRz 2.

L ZD N

1) 85, %37 Al AR AR AR EELE,  pl198, (2013).
2) Y. Tokuoka , et.al , J.Appl. Phys., 115(2014) 17B716 .
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T E R B JTME % 7R 97(Co,Fe);04(001) - ¥ & o v L HERRIZ BB 1T 5
T8 SRR M 0D AR BE AR Tk

VRS, BTRAREZ, H BIE—RE, HiREA, =%3890
(BLPRE)
Growth Temperature Dependence of Magnetic Properties on (Co,Fe);04(001) Epitaxial Films with
Perpendicular Magnetic Anisotropy
Y. Utsumi, T. Niizeki, J. Inoue, H. Yanagihara, and Eiji Kita
(Univ. of Tsukuba)

[ZL&HIZ

A ANEEZRFFOT L R T =T A b (Co, Fe),0, 1%, BLEIZEML L7T= Co* A A > Ol 4 BB & AN

P CHIHE LWz, KRERFEMKBETEETRTZENAMON TS 1), F2EREE, ERE O
F ARG ORER, BEXOEMHER 28 L CROEEMKE L2 R, Fxld, CoFe 5@ —7 > ha MWz
FOGHEA S 2 U o ZYEIZ LD, MO Fof BIC R & 72 BB KR T PEZ 7R CoFe,0, HE A ERIT 5 Z &I
LTS 2.3). 2 DOFERGARICIR RMFE L CRERIE FEER (K,) X, fafpt (M) 733 L <21k
TLHREDRENDHD. S HITHERFOIRE (Ty) ITKFEL TARENRES BT L2 LR L. £

T T, CoyFes O4(001)EMED RS & BEREME, FRCARIICOWTEAEZ Y TR L& L.

EBRAE

MgO(001) 85 B 2 Fafi & L CH# —% > MZiX CoFe @2 HWT O, IGERF ~ 7R br v ARy Z ) 7
FEICLVRABEER L7z, ArtO, FHKH TR Z 1TV, RRIERFD O, i & % f K 10 scem £ T L S 7z,
FEMGRE T,13 200 CH25 600 CE TE X Tl 72 &b 2 - 7=, #BEHMIEL, RHEED #8152, X /a5
BT L HEERIE, XRD 217> 7. =iRIZFHV T 70 kOe DO#iFH TRAMLRIZE, Quantum design 41 PPMS %
HWTHESR V7 EE AT > 7. £, SIMS IZ X 2 HIE Z1TWIRIE F7 1) ~D Mg, Co, Fe DILER DOEE - % 7
L7z, EHIZTEMBIEEAT D 2 & T, AR (Ts) & WA FRSEI(APD), WAL FHEES(APB)D BAFRIC DUV T

~Te. 600 1.0

T
3, 6 sccm
Film thickness : 50 - 68 nm

ERIER A
1ICHRIBHRE D572 5 CogosFerpsOy/MgOOO IO EIFIRA(L, oo Pt
FRI L 2o, BARREEIE Ty~ 300° C FREETAL 2 B OfE & 72 A 10
0%, AT 6007 CRREE TR L 72 & 0.9 22 D& 70 6
720N Tg=300" C & 600° C TR L7=akto> SIMS JllE OfE R T
I%, Fe, Co DARIZIIRERENRA LN -T2, FT= Ty=600° 100 o vim,
C OFRBHIB W THEM DR ST T D Mg S 30-40 nm Fa L R 0 ‘ . ‘ 00
P L T DR HERR S 7=, F 72 Ts=300° C & 600° C Thk
L 7= 308> APD IZB9 % TEM HIE DOFE B TIE, m#EICBE LT
B O K & SRBERIEICBIT 255 R bR 1. X 1 Ms RUAR O EARE KA
A CIE,  FEARIREE DS BACIBRR I AT T RBIC OV T LV BEITRGET L T Lo,

AL, SCHRRHAE RN 7 2 U= 7 N OBREZ T CiThhi-.

S E 3R

1) J.C. Slonczewskii , Phys. Rev. 110 (1958) 1341
2) T. Niizeki et al. Appl. Phys. Lett. 103 (2013) 162407
3) WM, 5537 B H ARBIRSES RS 3aC-1
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AR Z Y 2 ZETHERL L 72 NiFe,04(001) D R 45

A& THAF, Ritesh Patel, $5AFIH, FrBIE =, #IREN, EZIE6
(FUBER)
Magnetic Properties of NiFe,04(001) epitaxial films grown by reactive magnetron sputtering
J. Morishita, Ritesh Patel, K.Z. Suzuki, T. Niizeki, H. Yanagihara, and E. Kita
(Univ. of Tsukuba)

[TLC&HIZ

PR BEx RBBAERICL > TR SN THHIAE RNV T = T4 ME, BWVF = U —EE %K
TLHRIT & o THERRIR DN HoN—T A X )V E T, WRBEED ST RME £ T2 92 LD, AE U B
0= ZMELE LCREREEMEZMOT-MERTH L. AFLT =T FOFEBILIZONWTIEINET
IZZ L DEATHER H DB DD, HBHLALEDMESYNEL, —MHICAE RV T =T 4 bOFEE (HERkoT
F), WIEGE, FSMRICREKGETLIZEND, AV b= AT AOEFEMEIE LCRIAT 0
IR G TlE7ew. 2 Th NiFe,04 1%, BV ZBETHZ &0, TNETICAE Y 7 0 V¥ ORERER
B LTRIAT2RANB 2 ENTWDER, BIfFSNDIEERER MR IIHBLATHARWY, ZoZ &,
NiFe,04 DRFOTEAERY 72 K5 2 51 & 72 0DI21E, T DI O & S IO W TSR 2 LER &
HZERTEELTWS., 2 TAMZETIE NiFe,04 ICEB L, AL Fr=27 AT/, 2~ H %2 &HHIC
F ORI « OV TIHRLZ & L LT,

EER

EEAL MgO(001) % T MgALOL001)?D 2 FEFEDFEM FIC, Kt RF ~ 7 % b Ay Z U o 7¥EIC LD
NiFe,0,30 nm)Z ER L7=. #—% v MZIX FeNi 64 % HW T ArtO, RIAKF TS L7, F£/2, oL X
DORIFEIRFEIL 300°C & LTz, fIERED O B A B % /3T A —% & U CREHE ERL L 2 o, Yth2 37 L7-.
S5t R EIHTVA(RHEED)C L 0 RO = v % F o v VR E AR L, 30t X BROHTIEXRIIZ XL Y Ni
& Fe OMERZ M L7=. BHMERIEICX, BERBEIFHVSM) % -,

BRRUER

MgO(001) &% T8 MgALO4001)?D 2 FE¥HD Hbk F IR L 7= 350 , ,

NiFe,0, (QODHEL, EORFCBNTHL ST s | i

RELTWSZ L AR L. Lo LEMGBEITHS BB “E © |e-e ZE, S -

IZff 15 L MgALOL001) (¥ ¥t :32%) LTIZSvrit 2 2501 .

O ERAL & PO TNRALIR T & 5 72 DI L, Mgo(001) = 00| 1
(B AL 0 -0.3%) LITHR SE72 NiFe,0, (001)#ET S

L, B b IFE AR LTV, K ICHRBEAEICKT L “E 180~ m NiFe,0,/MgAl,0,| |

TENZNOHAR EICHIE L 7= NiFe,0, (001)EO IR © 100k ® NiFe,0/MgO | |

{2 . MgALOLO01) I IZHkE L= NiFe,0, (00D 8 i |

1%, 0,3 A &N 10 scem VT T/ 3L 7 W O fafikgft z 7~ L, N

BAEHUT 10° Qem LI ETH 7=, HHETIE, EHREOE 0 i = . 5 1

YD E@;iﬁ:ﬂ%ﬁk%b:ﬁﬁ%%&ci L, BEEPEDENICE 0, gas flow, @ (scem)

NBOBEETS. 1 PAFIRE L OB T Ak A

L

AT, CERFE TREEE T 0 Y =7 OB A= TiThbhr:.

SE R

1) U. Liders et al. APL, 88, 082505 (2006)
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EMEEMSESEIV T 254k (001) I S T4 Ak s YA S oA
BBAR =, N E L, BN, H EIE—BR, Z G, PSRN, S ENE -, R, /NN, 22008
GRFEKR, ™ K, "KEK)

Determination of cation site occupancies in cobalt-ferrite (001) thin films with high perpendicular magnetic anisotropy
T. Niizeki, Y. Utsumi, H. Yanagihara, J. Inoue, G. Shibata,” T. Kadono,” M. Sakamaki,™
K. Amemiya™, T. Koide™, and Eiji Kita
(Univ. of Tsukuba, “Univ. of Tokyo, " KEK)

L&l

TNV R T 254 b Co,Fey O, (CFO) %, BB AT =54 FORTERFRMCTE MR E ST & I K& 2
BHRERT MO NTVS. CNODOREEFIF LT, TEXFYv)IUETERIC KD CFO HEIC &V EERS RS
(54 ZAD T OV A L—F —HEREER KIS PRI Y 2 £ — (MBE) 2l TITbN TV V. ik, BAIKISHE
SRTX AR ZBEEHVTRELRIY X3 v )UK FERZET 5 CFO M2 ER L, #%T 10 Merg/em® Zi#BZ 3 &L
TR TR K, 7155 T LIS Lie. RFEARDEVNILY CFO I3 % Ok Sid A 55 M3 VIR AL B ok
(Oh) ICAIfET % Co** DETIREENZ DR EIES T EMHISNTVEN Y, KERRTEARZEATS L TEHV K, ZHEE Lk
78w & CFO RIS DV T & AR DD D L DOMNE AT AV, 22 TAMETE, &V K, Z/R9 A78y & CFO #fkic
DNTHR X SRR — 1 (XMCD) 530672170, ERREZE TH % Co, Fe DILFBIRMME— A >~ Mk, EHICHEER
#55 & Ligand Field Multiplet (LFM) E5/V & OL#ZEFTS T & T, AF 4 B X TV A1 M3 HEfHie.
KERAE

BERE L7z MgO(001) 4Kk Fic, RISHE f <27 % ha 28w 2V V712 & b Co Fe,_ 0, ¥ (x = 0.75,1.0) % 50-100 nm T
EAF Vv )UREE . Z—5y Ml CoFe &z HV, O, figld 6.0 scom, FEMIREX 300°C & Lz, F7z, BiRE L
LT Fe;0, ML/ L7z, XMCD OifiliZid KEK-PE/BL-16A 12 TITV, Wil 5 T ZHMNLZEH S 660-820 eV 0L 3 )L F—ifi
BCiTo7z. WIS SETFIEZEE Y, ZOMMESHE nm L/hXVHEEZE LT, ROEEERIHWED - k.
KRRERBLUER

Fig. 1(a) IZ Co,Fe;_ 0O, {#H (x = 0.75,1.0) @ Co 2p XMCD A7 b)LE/RT. x = 1013 5T TEHALKREMNTZ > 2720,
ARY ML ENZ BT 2720 DFE1.27 ZF Lz, ZORE, WAXT MVOBIRIZIZE—H L. £ T, x=0751CkK>
T, BERTEY A MO ZIGE LTz LEM AX7 B L & DEZTT - /558, Co** (100 % Oh) 12 35U T HERE R & i hi R &
Holz. TOTEMD, x=0.751.0 LEIC Co hF 4 E Co*t & UT/\TEARL B Y1 MBS 2 LMoz,

LESSR AT A R FED Co AF A Vi
MU, Fe AFAEAEL LE 38D D% -

=== C0g75Fe22504

Difference —— CoFe,0,

NENHNET-H2 0 OIRIBICHZBLTALTZ
2170, Fe’™ (Td) & Fe’* (Oh) DR 7% AlHeZfE
DA U IAE %2R, LEM A7 L&Dt
A5, Fe0, & CFO D7IF TAE D Fe?* (Oh)
ThdT ehnhotz. —7H, x=075¢L x=1.0
D, $75bb5 x = 0.751CBF 5 REA Fe 13,
Moyer 5 ¥ MM/ #EH Fe® (Oh) & I3 RHRIYIC
Fe** (Oh) TH Y, BHMEEEZ B L RBIRMIC
R T REES TNy o iz, T CFO fE

YA M HzREOT LN TPRENEDT, B (@ Co Lpg-edges (b) Fe L, 5-edges
WK TH B Fe;0, LU DD 21T 72, x1.27 A x1.27
Fig. 1(b) IZ Co,Fe, O, il (x = 0.75,1.0) & < 4 ~ il
Fe;0, ® Fe 2p XMCD A7 FUIZDWT, % ‘ - gg;;jjfso« V v Fe,0,

S Y —— <Fey0,> —<C0q 75Fe, 250>

—— Experi mint <Fez0,4> — <CoFe,0,>

—— LFM Co”*(100 % Oh) Y oo <CoprsFes ss04> — <CoFe,0>
LFM Co’*(80 % Oh)

---- LFM C0™*(60 % Oh)

XMCD (step normalized)

H —— Residual (100 % Oh)
B Residual (80 % Oh)
---- Residual (60 % Oh)

LFM Fe**(Oh)

—— LFMFe¥(Td)
SR ORI R FOifE) Y, Fey0, DHFHICEN ‘ ‘ ‘ ‘ ‘ ‘ |t
TEBIIC K2 N EHEREEZ BN, 770 780 790 800 700 710 720 730
YT, NN Photon energy (eV) Photon energy (eV)
AFZEE, SRRFPEETTRBIE T 1o 2 7 0
B2 Tiibhiz. Fig. 1 (a) x = 0.75,1.0 ® Co 2p XMCD A7 ML E KL Ta¥ A o fi%e
References RE L7z Co™* @ LFM A% kL. (b) x =0.75,1.0 BX T Fe;0, D Fe 2p

1) W.Huang et al., Appl. Phys. Lett., 89, 262506 (2006).
2) T.Niizeki et al., Appl. Phys. Lett., 103, 162407 (2013).
3) R. Bozorth et al., Phys. Rev., 99, 1788-1798 (1955).
4) J. Moyer et al., Phys. Rev. B 84, 1 (2011).

XMCD A% kL& Fe?* (Oh), Fe** (Td), Fe** (Oh) LFM Z~X% kL.
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Multi-functionalization of capsule endoscope using rotating magnetic field
S. Murata,R.Adachi,T. Honda
(Kyushu Inst. of Tech.)
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\ [
v T Vi i H H
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Fig.1 Capsule with child agent. Fig.2 Actuation principle.
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Development of anchoring mechanism for capsule endoscope using rotating magnetic field
R. Yoshimura, T. Honda
(Kyushu Inst. of Tech.)

XL &®IC

BT VNREEI IR A A T 72 T EN 2 B TX 2 BRI TH D, TD—FTIRKND L 7
YL OBENIHEE OFEEHEENC X SN D720, MHEMOEMRBENTE WS POMERH D, T2
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L 57* BE|Z % % L f:o Fig.1 Structure of anchoring mechanism
Fig2 ICBERE 45T, 2= L CRAeT pMEE H

BRE D TR OR S Fcat LREATNTHMT A ~
L. TUOFax—HOWENRR MV BRG. A N L = \
f5F v b AEREA D ICEIE L, X OREE S k9 ICR QZ:§§}~f i@%%— b,
CHET, TOLET I Faz— A REOGEREML S i -
AT, FOREEPET 7 4 VAR L. FD7= A
BB TENMUEN S KE S BT D, 0L xDWH
{E%Wﬁiﬁ v @P%%;‘—Ejﬂi FoTH 70?11/53:%@%&:1%?% Fig.2 Actuation principle of anchoring mechanism

T3, £io. EWERRT 5T, KIFE Y OREBEREZIML, Sy NEVEBEIS T2 LT/ Fa
T— X ZPHNEE TBEIS YD, 0L EEIMRETIL, PET 7 4 LV ADOHMENICE > TR,
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(a) Actuator (b) Overall view
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Magnetic actuator and excitation system for intravascular treatment
M. Takahashi, Y. Taira, T. Yamada, Y. Takemura
(Yokohama National University)
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ERER

Fig. 1 £V .~V AFRLY A VOFNIET 5 2 il
M OB H, O x 8§55 Tod 5 dH/dx 132 A Vs
THRRERD, aAAFLzEI<IZo2uEdbT52 L
DR INT, Fig. 2 DL ITWAZEET S &, A
IR T — A v b G AR B L7 3343
BB BT 3 A VIREL D S RS o TREREY
HEEZLND, £T2. ~IVLRILY T A L) B AT
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EINTELTYD, BAE—FZRiiEEs 2 LN TE
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RAEHMLUIZE Z A, BEADEER LR a4 Ll
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UADEHITHIZD Z EBRFFFCE D, Fa—THNITHE
AR U GIRARE L. Wn S BRI RS S n 5 7 Fig. 1 Magnetic field gradient dH./dx generated
U F a T B AN LT & = 5, [y by Helmholtz coil.

L DWHINFRECTH D Z & DR I N,

Magnetic field gradient [A/m?]

SE R Exciting coil
- (Helmholtz coil)
[1] S. H. Kim et al., Artificial Organs, Vol. 37, issue 10,

x

pp.920-926, 2013.

[2] C. Yu et al., Sensors and Actuators A: Physical, Vol.161,
issue 1-2, pp.297-304, 2010.

[3] P. J. Flanders, Journal of Applied Physics, Vol.63,
pp-3940-3945, 1988.

Fig. 2 Placement of exciting coil and magnetic

actuator.
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Effect of ELF magnetic fields on anticancer drug potency against human lung cancer cell line
Toru Ushimaru, Makiko Kakikawa, Sotoshi Yamada

(Kanazawa University)
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Fig.1. Drug action on human lung
cancer cells under magneticfields
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N7 fia %L & Exposure, Control THEAL L7z oo =—Hnb
Ml E R 2R, PINAANER & L TR 21T - 72, Fig.3 (2
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1) M. Kakikawa, S. Yamada, IEEE Transactions on Magnetics 48 (11) , art. no. 6332585 , pp. 2869-2872(2012)
2) K. Mori, M. Kakikawa, S. Yamada, IEE Japan. MAG-12-127, MBE-12-096(2012)
3) M. Kakikawa, S. Yamada, Y. Ikehata, IEEJ Transactions on Fundamentals and Materials, Vol.133 No.6 pp.385-386

(2013)
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Effects of hyperthermia using cultured cell by entrainment of cell cycle and
antibody-conjugated magnetic nanoparticles
ORyo Makita ! Shouhei Akaike ', Toru Matsumoto ', Takafumi Seino ', Satoshi Ota', Tsutomu Yamada ',
Yasushi Takemura '
(‘Yokohama National University)
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BN

[1TR. J. Palzer et al., Cancer Research, Vol. 33, p. 423 (1973)
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Effects of coil and core shape of the magnetic circuit type alternating magnetic field generator
on magnetic field in core gap
Y. Saeki, T. Nakagawa, S. Seino, T. A. Yamamoto,
(Osaka University)
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1) M. Takahashi, T. Nakagawa, S. Seino, T. A. Yamamoto, “Design of magnetic circuit for radiofrequency hyperthermia”, J. Magn.
Soc. Jpn. 38 (2014) 102-106.
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Energy dissipation of superparamagnetic suspensions in correlation
with their nonlinear response of dynamic magnetization

S. B. Trisnanto', Y. Kitamoto'
'"Tokyo Institute of Technology, Yokohama 226-8052, Japan

Nonlinear dependence of magnetization incorporated within superparamagnetic system upon magnetic field strength is
basically found as the consequence of its saturation with respect to either the alignment of magnetic moments or the
coexisting interparticles interactions. A mathematical approach of this nonlinearity is well described by Langevin
function which takes the in-between dominance of Zeeman energy and thermal energy into account. Owing to this
phenomenon, it has been huge interest to explore the capability of such superparamagnetic suspensions in biomedical
fields along with the utilization of sinusoidal magnetic field to induce magnetization responses of the suspended
particles. In this manner, a few amount of external field energy is dissipated during relaxation processes of the particles
in which its value corresponds to the imaginary part of magnetic susceptibility. This mechanism of energy dissipation is
mainly used as fundamental concept in developing magnetic hyperthermia, a temporary local heating of cancer at 43°C".
Meanwhile, translation of Langevin function into polynomial form leads to a term of harmonic magnetization of which
the contribution cannot be omitted in order to obtain high resolution of magnetic particle imaging while applying high
field strength of alternating magnetic field.

The change of hyperthermic efficiency (of energy dissipation in form of temperature increase) related to nonlinear
magnetization is supposed to have a correlation with excitation of harmonic magnetization within nonlinear region of
Langevin function. To verify this hypothesis, we experimentally measured and evaluated complex magnetic
susceptibility of superparamagnetic suspensions containing iron oxides nanoparticles, with respect to the dependence of
particles behavior upon magnetic field strength Hjat fundamental frequency f. The measurements were done at 0.3 kHz,
3 kHz, 30 kHz, and 300 kHz in frequency with amplitude ranging from 6.5 to 65 Oe-rms. The equilibrium susceptibility
at fundamental frequency y; was then calculated toward estimation of efficiency of harmonic excitation regarding
nonlinearity of magnetization response observed in the respective specimens. From Fig. 1 showing the evolutional
deviation of magnetization from its linear response represented by dy;/dH, in the function of frequency, the excitation of
harmonic magnetization can be said to be generally significant at low frequency. Here, higher value of the negative
gradient simply means that the decrease of magnetization becomes greater when field strength increases. Otherwise, the

magnetization response becomes linear as the 0.5x10% i
gradient reaches to zero value at higher

. . 0 A

frequency. The nonlinearity at low frequency
itself can be addressed to relaxation dynamics y _g.5% 10 -
of the particles causing such saturation of TOE

. . . -4
rotational motions, based on further evaluation =3 -1.0x10
of imaginary part of magnetization. We can E 1.5% 10
also see in Fig. 1 that a weakly interacting =
particles system of Specimen 1 shows more E -2.0x 10 1
linear behavior compared to a clustered N .

. . 2X-2.5%10% A
particles system of Specimen 2. Furthermore,
in accordance with these results, we will -3.0% 10 4
numerically discuss the contribution of 2
nonlinear response of dynamic magnetization 3.5%10°% o T T
_ esp yhamic magl 102 103 10¢ 105 108
in attenuating the hyperthermic efficiency as a Frequeney [Hz]
compensation of harmonic excitation. Fig. 1 Gradient of equilibrium susceptibility at fundamental frequency

Reference
1) R. E. Rosensweig, J. Magn. Magn. Mater., 252 (2002) 370-374.
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Evaluation of magnetization distribution of magnetic nanoparticles by magnetization measurement and
estimation of heating ability of them under alternating magnetic fields
Takashi Nakagawa, Kazuma Watanabe, Satoshi Seino, Takao A. Yamamoto
(Osaka University)
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DRPEL ., ), TGRS IIAZETR
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Calorific value estimation of (La, Sr, Mn, Cu),O; by measurements of hysteresis loop
in alternating magnetic field
H. Kado, T. Nakagawa, S. Seino, T. A. Yamamoto
(Osaka University)
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1) M. Horiki et.al., Journal of the Magnetics Society
of Japan Vol.35,No.1,2011 p22-26
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Measurement of AC hysteresis curves of magnetic nanoparticles and their magnetic loss
Satoshi Ota, Tsutomu Yamada and Yasushi Takemura
(Yokohama National University)
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1) Nakamura et al., IEEE Trans. Magn. 49, 240, 2013.
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Evaluation of heat value of magnetic nanoparticles in cultured cells
S. Ota, T. Yamada, Y. Takemura
(Yokohama National University)
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Dynamic hysteresis loops and heat generation of magnetic nanoparticles for hyperthermia

K. Ota, A. Seki, D. Isaka, A. Horiuchi, M. Kishimoto, H. Yanagihara, E. Kita, and H. MamiyaA

(Univ. Tsukuba, NIMS*)
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Magnetic Field Effects on Colloids and Surface Phenomena

Sumio Ozeki
Department of Chemistry, Faculty of Science, Shinshu University,
3-1-1 Asahi, Matsumoto, Nagano 390-8621, Japan

Magnetic property is one of universal properties of materials, which arises from angular momentum of an
electron and nucleus. Diamagnetism and paramagnetism result in orbital motion and spinning of electrons.
Therefore, any material will interact with magnetic fields. If the structures and properties of materials are
controlled by magnetic fields, we may be available for a general method of materials processing.

Magnetic fields affect chemical reactions,'” chemical equilibria,”” structures and physical properties of
materials®” via both the direct effects such as quantum mechanical, thermodynamic, and mechanical effects and
the indirect effects such as convection, concentration changes, and temperature changes. However, since the
magnetic energy of diamagnetic and paramagnetic materials is much smaller than the thermal energy at moderate
temperature, it was believed to be insufficient to overcome the activation energy associated with chemical and
physical processes. The magnetic energy (12.5 mJ mol™) of an electron spin in a field of 1 T corresponds to the
thermal energy of 0.67 K or electric energy of 58 wV, and is about only 107 of the thermal energy of 205 kJ mol™
at 300 K.* Therefore, thermal energy disturbs magnetic effects in feeble magnetic systems. Consequently, it
does not seem that magnetic field effects appear even at moderate temperatures at which materials are processed.
However, a variety of magnetic field effects were found in fact using high magnetic fields in appropriate systems
and sophisticated techniques.

Magneto-Science,” ' a new science of materials using magnetic fields, is recently developed all over the world.
Magneto-Science covers mainly the subjects on feeble magnetic materials such as soft matters, carbons, ceramics,
organometals. Colloidal and interfacial systems under magnetic fields are very attractive and important because
the dimension is very much sensitive to magnetic fields. In this review we introduce several examples in colloid
and interface chemistry under magnetic fields. Molecular assembles such as micelles, bimolecular membranes,
and vesicles were changed in shape and, in some cases, size by magnetic fields. Since mesophases are sensitive
to relatively low magnetic fields, magnetic fields controlled not only its own structures and functions but also
cooperatively other magnetically-insensitive materials. Moreover, a few interesting magnetic response in
hydrogels are summarized.
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Chiral surface formation by magnetoelectrolysis

Iwao Mogi
(Institute for Materials Research, Tohoku University)

1. Introduction

Chiral surfaces of catalysts are responsible for asymmetric synthesis of organic materials. Particular
concern is that surfaces of minerals could play chiral catalytic roles for prebiotic synthesis of amino acids in
molecular evolution. A study of chiral surface formation is thus of great significance from wide viewpoints
of chiral catalysts, pharmaceutical industry and the origin of life on the early earth.

When a magnetic field is imposed to an electrochemical cell, the Lorentz force acting on the faradaic
currents causes convections around the electrodes in the electrolytic solutions. This is well known as the
MHD (magnetohydrodynamic) effect. There exists two kinds of MHD flow in the magnetic fields
perpendicular to the electrode surface; micro-MHD vortices on a fluctuated surface of the electrodeposits
and a macroscopic flow around the electrode edge (the vertical MHD flow). The micro-MHD vortices could
produce chiral defects such as screw dislocations on the electrodeposit surfaces, and the vertical MHD flow
breaks the symmetry in the micro-MHD vortices, leading to the induction of surface chirality. Our previous
papers-? reported that the magnetoelectrodeposition (MED) induces surface chirality of Ag and Cu
films. Here we show two new methods for the chiral surface formation; magnetoelectrochemical
etching (MEE) and rotational MED.

2. Magnetoelectrochemical etching

The symmetry breaking mechanism in the coupling of micro-MHD and vertical MHD flows would be
applicable to magnetoelectrochemical etching, thus we have tried to explore chiral surface formation in MEE
processes. The MEE experiment was a galvanostatic dissolution of a copper film in a 50 mM CuSO, + 0.5 M
H,SO,4 aqueous solution under a magnetic field of 5 T perpendicular to the film surfaces. The MEE copper
films were used as an electrode, and the chirality of such electrodes was examined by voltammetric
measurements of enantiomers of alanine (an amino acid). The MEE film electrodes exhibited the difference
in oxidation currents between the enantiomers, and such a chiral behavior depended on the magnetic field
direction and the etching current. The former result shows that the MEE process could induce chirality on the
etching film surfaces, and the latter suggests that the chirality induction is responsible for the combination of
the micro-MHD vortices and the vertical MHD flows, as proposed in the MED processes.

3. Rotational magnetoelectrodeposition

Another method for the symmetry breaking in the micro-MHD vortices is Rotational MED, * in which
the electrochemical cell was rotated in a magnetic field of 5 T during the electrodeposition with a frequency
of 2 Hz in a clockwise or anticlockwise direction. The MED copper film electrodes exhibited chiral behavior
for the electrochemical reaction of alanine enantiomers, and the direction of rotation allowed control of the
chiral sign.” This chiral induction arises from the asymmetric influence of the system rotation on the
cyclonic and anticyclonic micro-MHD vortices around the electrode surfaces.
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Diamagnetic responses in biogenic micro crystals and possible
application for micromirror device
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Kagamiyama 1-4-2, Higashi-Hiroshima, Japan
2 JST PRESTO, Saitama, Japan

iwasaka@hioshima-u.ac.jp

Living creatures such as fish and algae are utilizing micro crystals which are genetically produced in
cellular tissue. In case of fishes, guanine crystals are generated in chromatephore on the surface of
fish body, and control the structural colors for the purpose of utilizing solar light reflection. Some of
alga carry out photosynthesis and fix the carbon dioxide. Coccolithophore is one of the alga that
forms calcium carbonate crystal by biomineralization. Coccolith is a dish shaped assemble of
calcium carbonate crystals whose physiological functions unrevealed at present.

In this report, we observe quick responses of the biogenic crystals of both fish and algae under
magnetic fields. At first, we found a drastic change of light scattering in goldfish scale guanine
crystals under magnetic fields of 5 T ~10 T. A structural color in guanine crystal array was changed
during the magnetic field sweeps. A determination of threshold of the magnetic field effect revealed
that the minimum magnetic fields for the light scattering inhibition was around 200 mT for the case
of the biogenic guanine crystal plate. The crystals caused a diamagnetic orientation at several
hundreds of mT and changed the light reflection direction. The same kind of measurements were
carried out on the coccolth discs of coccolithophore, E. huxleyi. We observed a change in structural
colors in an aggregation of coccolith discs during magnetic field changing between 0 T and 2 T.
However in the same manner with guanine crystals suspension, a homogeneously isolated coccolith
discs showed a magnetic orientation at 400 mT. We obtained a light scattering changes which
depended on the combination of the directions of light, magnetic field and the observation.

The employed micro crystals were floated in an aqueous solution with a Brownian motion. The
magnetic response at 200 mT suggested that their diamagnetic energy exceed the thermal energy kT.
A simple calculation of the energy supported this hypothesis. It is expected that the magnetic
control of the floating micro crystals can be applied for the micro-mirrors in wet MEMS that will

provide a new micro-fluidic device for biomedical systems.
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Plate from goldfish scale. calcium carbonate crystals discs so called
coccolith.
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Single Crystal Structure Analysis of Magnetically Oriented powder Crystal

C.Tsuboi, S. Higuchi, K. Aburaya*, F. Kimura, M. Maeyama*, T. Kimura
(Kyoto Univ., *Rigaku)

Introduction

We have been developed Magnetically Oriented Microcrystal Array (MOMA) method to make it possible to
carry out single crystal X-ray diffraction analysis from microcrystalline powder. In the method, microcrystals
suspended to the UV-curable monomer are there-dimensionally aligned by frequency-modulated rotating
magnetic field. Then the obtained alignment is consolidated by the photopolymerization. From thus achieved
MOMAs, we have been succeeded in crystal structure analysis for some substances [1] [2]. Though MOMA
method is an effective technique, it has some following problems; in a MOMA, the alignment is deteriorated
during the consolidation process. In addition, the sample microcrystals cannot be recovered from a MOMA.
To overcome these problems, we performed an in-situ X-ray diffraction measurement using a 3D
Magnetically Oriented Microcrystal Suspension (MOMS) of L-alanine.

Experiments
A measurement setting of the MOMS technique is schematically shown in Fig 1. L-alanine microcrystal

suspension was poured into a glass capillary and placed on the rotating unit equipped with a pair of
neodymium magnets. Rotating X-ray chopper with 10°-slits was placed between the collimator and the
suspension. By using the chopper, it was possible to make specific direction of the rotating MOMS be
exposed to the X-ray, realizing the same measurement situation as the 10 degree oscillation angle
measurement for the usual single crystal measurement. A total of 22 XRD images of 10° increments from 0°
to 220° were achieved.

Results & Discussion

The data set was processed in the same way as the single crystal measurement and the crystal and 3D
Molecular structure of L-alanine was determined. They showed well agreements with the reported one
determined from the single crystal (Fig. 2). R1 and wR2 were 6.53 and 17.4 %, respectively. RMSD value
between the achieved 3D molecular structure and the reported one was 0.0042 A. From the result, we
concluded that this method can be effective and practical way to perform crystal structure analysis.

IP

@ Static magnetic field

MOMS

Rotating X-ray
chopper

X-ray
Synchronous
rotation

Fig. 1 Schematical image of the measurement Fig. 2 Comparison of the structure determined
setting. in this study (blue) and reported one (pink).
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Influences on the crystallization kinetics of iron-based amorphous alloys
under high magnetic fields

R. Onodera, S. Kimura, K. Watanabe, Y. Yokoyama, A. Makino, and K. Koyama*
(IMR, Tohoku Univ., "Grad. School of Sci., and Eng., Kagoshima Univ.)

Introduction

Iron-based amorphous alloys are known as precursor materials of iron-based nano-crystalline alloys, which have
excellent soft magnetic properties, such as low coercivity, high permeability and high saturation magnetization. These
soft magnetic nano-crystalline alloys are produced by the crystallization of iron-based amorphous alloys, and have a
unique texture, which consists of a nano-size bce-Fe grain with a high volume fraction and an inter-granular amorphous
layer. The characteristics of their texture dominate their soft magnetic properties. For instance, the coercivity highly
depends on the grain size [1]. For improvement of the soft magnetic properties, therefore, the enhancement of a
nucleation rate, the suppression of the grain growth and the stabilization of a residual amorphous phase on the
crystallization of bce-Fe are required. However, the nucleation and grain growth control by a simple thermal treatment
and/or the adjustment of chemical composition are hardly to achieve homogeneous texture with ultra-fine grains. Thus,
a new method is required for the accurate nano-crystallization control.

Recently, the material processing by applying magnetic fields has been investigated strenuously. A magnetic field is
particularly important for the in-field processing of magnetic materials, because of the contribution of the magnetic
energy to phase transformation and metallurgical effects. However, there are very few reports that dealt with the
crystallization kinetics of amorphous alloys in high magnetic fields, although many studies for other magnetic materials
such as steel, nickel and cobalt based alloys, have been reported. The detailed information about the crystallization
kinetics in high magnetic fields is necessary for the development of the novel nano-crystallization process, which will
achieve accurate control of the grain size and the precipitation of a crystal phase by applying a high magnetic field.

In this study, we have carried out differential thermal analysis (DTA) and magnetization measurements in high
magnetic fields, in order to investigate the influence of a high magnetic field for the crystallization kinetics of

iron-based amorphous alloys.

Experimental detail

Feg33S14,B2.5s amorphous alloy, studied in this work, is the basic composition of Feg; 3S14BgP4Cuy; hetero-amorphous
alloy, in which the nano-crystallization occurs by annealing. The sample ribbon was prepared by single-roll melt
spinning with 3 mm in width and 27-29 pm in thickness. The DTA measurements in high magnetic fields were carried
out at temperatures ranging from R.T. to 900 K in applied magnetic fields up to B = 20 T [2]. Magnetization
measurements were carried out using a high field vibrating sample magnetometer (HF-VSM). The heating rate is 10
K/min for DTA and 5 K/min for magnetization measurements. The sample space was evacuated to ~ 10° Pa by a
turbo-molecular pump system during the measurements. The structure of crystal phases was determined by X-ray

diffraction.

Results and Discussion

Figure 1(a) shows the DTA curve at 0 T. Two exothermic peaks due to the crystallization reactions are observed. The
first peak indicates the crystallization of bcc-Fe(Si) and the second peak the crystallization of iron-boron compounds
such as Fe,B and Fe;B. The first and second crystallization temperatures, which are determined from the onset of the
exothermic peaks, are 7y, = 706 K and Ty, = 795 K, respectively. Figure 1(b) shows the magnetic field dependence of
the first crystallization peak up to B = 20 T. The crystallization peak of bcc-Fe(Si) shifts toward a lower temperature

side under high magnetic fields, whereas the second crystallization peak shifts toward a higher side. The first
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crystallization temperature is decreased by 10 K and the second one is increased by 4 K at 20 T, compared with those at

OT.

Figure 2 shows the magnetic field dependence of the
growth curve of bee-Fe(Si) at 660 K, which is obtained by
isothermal magnetization measurements at 0.5 T and 10 T.
The growth curve at 10 T shows abrupt time evolution,
compared with that at 0.5 T. The magnetic field effect on
the growth rate is discussed in terms of the elapsed time,
705, which is defined as the time where the crystallization
fraction, x(7) attains x = 0.5. 75 is decreased from 3.0 ksec
at 0.5 T to 1.8 ksec at B = 10 T. This result suggests that
the growth rate of the crystallization reaction increases
under high magnetic fields. In this first crystallization
reaction, ferromagnetic = bcc-Fe crystallizes from
paramagnetic amorphous matrix. Thus, the crystal phase
gains lager magnetic energy, compared with the
amorphous phase. Therefore, the gain of the magnetic
energy decreases the activation energy required for the
nucleation of the crystal phase. It is considered that the
enhancement of the growth rate is caused by the increase
of the nucleation rate due to decreasing of the activation
energy by the magnetic field. We expect that the
enhancement of the nucleation leads to the increase of the
volume fraction of bce-Fe(Si) with a small grain size,
which results in the improvement of the saturation

magnetization.

Conclusion

The crystallization kinetics of Feg;3Sis»B125 amorphous
alloy in high magnetic fields has been investigated by the
DTA and magnetization measurements. In the DTA, the
crystallization peak of bcc-Fe(Si) shifts toward a lower
temperature side by applying magnetic fields. In the
magnetization measurements, the growth curves of
bee-Fe(Si) were obtained by isothermal measurements.
The growth curve at 10 T shows the acceleration of crystal
growth, compared with that at 0.5 T. These magnetic field
effects indicate that the nucleation of bcc-Fe(Si) is

enhanced under high magnetic fields.
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Development of new in-field analytical system and synthesis of ferromagnetic
materials under high magnetic fields

Keiichi Koyama
(Graduate School of Science and Engineering, Kagoshima University)

Magnetic field is one of the key thermodynamic parameters such as temperature and pressure for controlling the
equilibrium of condensed matters [1]. Therefore, in order to discover and develop a new material, magnetic field effects
on the magnetic phase transition, chemical reaction, solidification, etc. have been studied using high field magnets all
over the world. However, it is very difficult to observe these phenomena in high temperature and high magnetic fields
over 20 T using commercial equipment. In general, magnetic energy is quite small compared to thermal energy. For
example, the magnetic energy of an electron spin with one Bohr magneton (ug) under a magnetic field B of 1 T
corresponds to the temperature 7 of 0.67 K [1]. This is a reason why high magnetic fields are needed for examining the
magnetic field effects on materials over room temperature.

On the other hand, some magnetic materials have a large magnetic moment that interacts with one another by the
exchange interaction. In this case, the phase transition of the magnetic materials can be observed by applying magnetic
fields in the vicinity of room temperature. Indeed, some ferromagnetic materials show the large magnetocaloric effect or
the magnetic field-induced strain, accompanied by a magnetic field-induced first-order phase transition at room
temperature. These materials have been studied as a candidate of magnetic refrigerants or magnetic actuator materials,
all over the world. One of the ferromagnetic materials that have a large magnetic moment m and show a first-order
phase transition over room temperature is an MnBi compound.

In order to study magnetic field effects on equilibrium states of Bi-Mn binary system and other ferromagnetic
materials, we have developed high-field differential thermal analysis (HF-DTA) equipment for utilization in a high field
magnet with 30 mm bore [2]. We have reported magnetic field effects on the peritectic decomposition and composition
states of a MnBi magnetic material in fields up to 45 T by using hybrid magnets [3].

Figure 1 shows phase diagram of MnBi [2,3]. The
decomposition temperature (MnBi—Mn, (sBi + liquid phase: 632

740 - Mn

K at zero field) 7, was found to increase linearly at a rate of 2 KT + liquid 7
in fields up to 18 T and to deviate from that linear increase above 70iigme  Eaiy " g
20 T. In addition, the peritectic temperature (Mn;Bi—Mn + < ‘.
o . . . =~ 700 L Mn__Bi+ liquid e ® i
liquid: 721 K at zero field) 7,, was slightly increased by applying a 2 1.08 ..' L4
magnetic field. At a magnetic field of 45 T, T} and T}, reached 714 g 680 L ‘0' _
Q. ,
K and 726 K, respectively. Furthermore, the magnetocaloric effect £ 660 T ..0.
— - t, -
of MnBi was observed in 11.5-45 T in the vicinity of 689 K, S P
showing that a field-induced composition process occurs [3]. The 640 —.’ MnBi -
behaviour of 7; and T}, for MnBi and Mn; (3Bi under high magnetic 620T- e
0 10 20 30 40 50

fields could be discussed on the basis of mean field theory [2].
Obtained results indicate that we can generally control the Magnetic field (T)
equilibrium state of magnetic materials by steady magnetic fields. Fig.1. Phase diagram of MnBi [2,3]. The

Figure 2 shows the equilibrium diagrams of Bi-Mn binary  dashed line indicates the extrapolation
system at a zero field (a) and 18 T (b) [4, 5]. The symbols and lines ~ calculated by using the least-squares method
were obtained by the HF-DTA [4] and calculations [5], respectively. ~ with data for B < 14 T. The solid horizontal

Here, calculated Bi-Mn equilibrium diagrams in high magnetic  line at 720 K is a guide to the eyes.
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fields were numerically investigated by the Computer Coupling of
Phase Diagram (CALPHAD) method with including a mean field
calculation for magnetic energy. For a zero field (Fig.2 (a)), T, (T%)
T (Ty) and Ty were determined to be 632 K, 721 K, and 538 K,
respectively. When magnetic field of 18 T was applied, 7},; increases
and reaches 667 K, whereas T seems to be independent of magnetic
fields. Therefore, the area of MnBi + liquid extends out, whereas
Mn, ¢sBi + liquid becomes narrow with applying a magnetic field of
18 T. Recently, we pointed out that the parabolic relationship for 7,
T» (Tw)-B is mainly dominated by the magnetic properties of
paramagnetic Mn,;ogsBi [2]. The calculated results were good
agreement with the experimental results.

The gain of the magnetic energy part (Ey = -mB) in the free
energy plays an important role in the effect of magnetic field on
phase transition and reaction of magnetic materials. Recently, we
found that magnetic field enhanced a solid-solid reaction for form of
ferromagnetic MnBi from nonmagnetic Bismuth and Manganese [6].
In addition, c-axis of the hexagonal structure of MnBi was oriented
parallel to the magnetic field direction. Using this effect, we
developed a new solid-state reaction sintering method under high
magnetic fields for synthesizing permanent magnet [6].

Furthermore, recently, we have developed an in-situ observation
system with DTA under high magnetic fields up to 10 T. We expect
that the equipment will be one of the key analytical systems, in order
to study magnetic field effect on the magnetic phase transition,
chemical reaction, solidification, etc.

In this presentation, recent results of magnetic field effects for the
ferromagnetic MnBi and Fe-C steel and our new analytical system

utilized in high magnetic fields will be presented.
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