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Heat generation of composite particles composed of biodegradable polymer and iron oxide
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(Tokyo Institute of Technology, *Bengala Techno Lab.)
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Fig. 1 SEM images of core—shell composite particles
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Fig. 2 Temperature changes of suspensions of (a) iron
oxide nanoparticles and (b) composite particles in AC
=Tk magnetic field (2 MHz, 3.4 kA/m
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1) C. Oka, K. Ushimaru, N. Horiishi, T. Tsuge, and Y. Kitamoto, J. Magn. Magn. Mater., 381, 278 (2015).

— 154 —



9aE -2 F39E AR FIGREELE (2015)

R NA N—P— I 7T HREEYRE LT
Lo XERIK LSMC 11 7 2 A b EE o fEk]

RABER, FINE, ATHEE RS, HEEL, [IIARZFER
(RBRRE)
Preparation of gold plated LSMC perovskite sphere samples for magnetic hyperthermia
Y. Akai, T. Nakagawa, K. Maeda, S. Seino, T. A. Yamamoto
(Osaka University)
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[1] M. Horiki et.al., J. Magn. Magn. Mater. 329 (2013) 49-52.

— 155 —



9aE - 3 B0 AR RFIRIUEEE (2015)
BB SRR & W To @ R BMR ORGSR & ERIRSE A~ DI

S KRR E B GREER T EHEME R MR RE]
(BERENLRY: P KRR L)
Magnetic properties and medical applications of high heating agents using metallic magnetic particles
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"Yokohama National University, ’Daido Steel Co., Ltd.
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1) Q.A.Pankhurst, J. Connolly, S. K. Jones, J. Dobson, J. Phys. D: Appl. Phys., 36, R167 (2003).
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Heating Efficiency for Magnetic Hyperthermia
Teruyoshi Sasayama, Kazuhiro Tanabe, Naotaka Tsujimura, Takashi Yoshida, Keiji Enpuku
(Kyushu University)
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Fig. 1 Hysteresis loop of MS1 at 10 mT (rms). Fig.2  Effect of viscosity on SAR values for MS1,
MS2, MS3, and Resovist at 10 mT (rms).
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1) T. Yoshida, N. B. Othman, and K. Enpuku, J. Appl. Phys. 114, 173908 (2013)
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Relaxation time properties of magnetic nanoparticles and their dependences on density and viscosity
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(Yokohama National University)
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Thermodynamics of magnetic suspensions in correlation with
temperature dependence of magnetic susceptibility

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

In a thermodynamic circumstance, single-domain magnetic nanoparticles behave uniquely as they can exhibit
superparamagnetism at room temperature, followed by spin-glass-like transition at low temperature. Experimentally,
these two behaviors can be easily identified from the absence of hysteresis in the field strength-dependent
magnetization curve, and the presence of thermo-remanent magnetization in the temperature-dependent magnetization
curve, respectively. Maxwell relation additionally describes that the total entropy of such ferromagnetic system
decreases with increasing the applied magnetic field (for a given temperature), and it increases with increasing
temperature (for a given magnetic field). Referring to this magneto-caloric effect”, the change of magnetic entropy due
to a magnetic field fluctuation is thermodynamically contributable to the temperature rise in magnetic suspension
observed during the irradiation of alternating magnetic field. Therefore, understanding thermodynamic processes of
dynamically-magnetized magnetic suspension and the corresponding measurable-parameters are of importance in
optimizing the heat generation of magnetic nanoparticles used for practical application of magnetic hyperthermia.

The particle movement in fluidic medium, as well as spin fluctuation, is strongly affected by thermal energy in addition
to the availability of external magnetic field. For constant magnetic field, increasing temperature will amplify both the
random Brownian motions and the spontaneous flipping of magnetic moments, giving rise to a lower magnetization
value. A sufficiently-high temperature will completely randomize the magnetic moments so that paramagnetism appears
with respect to Bloch’s law. Hence, the change of magnetic entropy (i.e. spin entropy) is associable with the
temperature-dependent magnetic susceptibility. To investigate the entropy change due to alternating magnetic field, we
recorded complex magnetic susceptibility of two types of magnetic suspension containing: sodium a-olefin sulfonate-
coated iron oxide nanoparticles (Specimen 1) and carboxydextran-coated iron oxide nanoparticles (Specimen 2) at 30°C
to 50°C under 6.5 Oe rms magnetic fields with frequency of 1 kHz, 10 kHz, 100 kHz, and 1000 kHz. We found in both
specimens that the decrease of magnetic susceptibility x in higher temperature was clearly observable at 1 kHz, but
increasing frequency of the applied field to 1 MHz resulted in a less temperature-dependence of x (Fig. 1a). Meanwhile,
the gradient of magnetic susceptibility upon temperature dy/dT estimated from the linear regression of Fig. 1la further
convinces that temperature has a small contribution to the high-frequency relaxation-dynamics in the respective
specimens (Fig. 1b). Here, Fig. 1b also means that the change of magnetic entropy is negligible at higher frequency.

Reference
1) N. A. de Oliveiraand P. J. von Ranke, Phys. Rep., 489 (2010) 89-159.
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Fig. 1 Measurement result of (a) temperature-dependent magnetic susceptibility and (b) the respective gradient of magnetic
susceptibility upon temperature
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High-Density Formation of FePt Alloy Nanodots on SiO, and Their Electron Transport Properties
Yusuke Mitsuyuk, Katsunori Makihara, Takeshi Kato, Akio Ohta, Satoshi Iwata, and Seiichi Miyazaki

(Nagoya Univ.)
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Electron Transport Properties of High Density FePt-NDs Stacked Structures
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BB, Si0, Wi IC TR U 7= Kk Pt/Fe FEJE@IE 4 Y £ — ~ Hy 77 X~ (Ho-RPYILHEE AN ERFENNBY T 5 Z & T,
Ll BAIA4 FePt -/ Ry b & ESBE[@EBE: ~10"em?)—FEHER TE D, SERBESHIINERC IS 1T 5 FePt &4
K b O RPTESISERE 2 B AFM #2812 VD CRElE L7245 58, FePt 7/ R S ORI IT IR & ROk L 7=
B IES LN BIRTEBR TX A2 Z L 2WLNICLTWD, AR TIL. PIHREE A2 RSS2 2 & TR
BYA XD FePt 7/ Ry &KL, € OBILFMEETNT 2 & L b, A XD/ D FePt 7/ Fv b
TR S LIEAZ N L C O BRAE v 7 LIEREEICIBW T, FEREE AFM 2812 W CRFTE S s B M % 31

i L7z
EBRAE
p-Si(100)FEH & 1000°C, 2%O0.dry BR{LIC X 0 2Rk L 7= Si B\igql
(R : ~2.0 nm) E1Z, EB7&FI2L Y Fe (0.9 ~3.6nm) /Pt (1.1 ~
4.4 nm)ZBEEL—TEIZ L CHEE Lz, T 0k, 60 MHz & )& E
HOFEEREAIZ L Vbl - ARk Li-mBEKE T T A~ 2 AT,
Pt/Fe &)@ I3 i |2 AN FENNZA C Ho-RP ALER % Jifi L FePt 5427/
Ky NEHER LT A AORRBFePt 7/ Ry N JgA K v
7Kg, FYE S S.0nm @ FePt F / Ry MER#E., EB 7&EIC
£V SiOx HEEE(~2.0nm)HEFE A2 1T\, Bl XX | Fe (2.3 nm)/ Pt (2.8
nm)FE B IR . Hy-RP ALERIC XV 43 & 7.9 nm @ FePt 7/
Ky b &R LTz, Si FEEmICIE, Al 2% 7 NE x5
L7z, RFrEREEREIL, JERME R 2 — R Si v FL—%
FWCRHIE L7z, AMEBRESHENINCIE, BUBHEL ISR AR % Bl
L. 0.5~4.5kOe OFiFH TN % 2L /7=,
HEBLUER
WO Fe/Pt " JEIREIZIBWT ., FePt 7/ Ky FOERNR
Do, BRTHRENPROONTZ, £/, B TORBIEE
ARG D FEH L7 Ry b & CTF & 7ok S(Fig. D
5. B A XOINAE S IRBES I DRI R TE 5, ZOFERA
bl BREE DI D FePt 7/ Ky b &4 Sio @& Lo
FEEREE(ES N b iHe =~2.5k0e, TR > b :Hei=~0.5 kOe)
ZIARL L FEREVERREE 2 F O COMSFI IS ¢ o R T S - BB
(I-V)FrE 2 3EAM L 72 (Fig. 2). #IHIIREE TIX. Tip /31 7 A-7.0V 3T
BECEML NV OERBED 5D, TIUTK L, SNBSS 0.5 B
L OV 1.5k0e FIIN L7856 Tk, JERLGIC I ~E )T BB 2 )
L(Iin Fig. 2), 2.5kOe LA D2 FIAN L 72 B, Kibg 72 8t L ~v
DK« LEWVEBEOK TFARD LD, M, FePt+ ./ Kv
b EE ClE. FEREME ARM 2REH 2 W23 A, AN A IC L D
-V BPEDOZALITRER D vy, 2 S OFERIT, -V EER ET
DO Ky FOBAEDFAT, FATIZE W K& B L, $RELS D/
72 Ky b OBALIRIEZ HIHT 5 Z & TE L OHIEN ATRET
HHZ EERLTND,
R B A XOHANLE4 FePt -/ F v b OfbEREE D BrES
{RE R A JEREE AFM 2812 IO CEMEE L 724558, 7/ Ry b
PRI ) 76 % I U 7= B s 28 b 2 =R TRl T X 7=,
& R
1) R. Fukuoka et al., Abst. of MORIS2013, Omiya, We-P-07.
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Fig. 1 In-plane and out-of-plane
coercivities of FePt-NDs as functions of
average dot height. A typical AFM
image of FePt-NDs is shown in the inset.
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Fig. 2 I-V characteristics of a double
stack FePt-NDs sample taken with and
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room temperature. Schematic view of an
experimental set up for the local I-V
measurements is shown in the inset.
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Anomalous Hall effect in pseudo-single-crystal y’-Fe;N films
K. Kabara!, M. Tsunoda® and S. Kokado?
(*Tohoku Univ., 2Shizuoka Univ.)

[FL®HIC
y-Fe,N 1%, DL S D Fe ORIMLEIC N R F2MRA L7 ETH Y . Fe & N OFE FHLUERKIC X D
REBEBADAD AL VBN HRE SN TWA[L], £7-. ZORMZ KM LIZA /8 —R b 2 RIVEIKIRGTR)
2], A v — REFH LA ER[3]. & O O B HEREIPT R (AMR) [4]123#5 ST %, FF12 AMR
ZhERCIE 50K LA F OKIE T AMR EE3 A HE R L, 30K LL R Tk AMR BHBRIC cosd Ok 7y 8 R BL9~ 5 45 5 7
G %R LTV 5[5], Fxid, AMRZIE L N+ MRAEDOREZRIZOWTHRAE L. AMR 2 ROKIRIZE T
LU R B GIIRE BIRIC LD b D TH D LW LN LTEZ[6,7], AMR Zh B ITMBEMARD 2 v L
FAERICERTAHDOTHY | B AR — Rl SO BIRBERZN I T by’ -FeN O R 5 72 B KR B R
BETE 52N THISID, EALE DAL TIX, BRI A2 2 b S 7oy -FeyN IO B A — L F oo
W TR Z1T o 72,

EERAE

AEFOERNZ 1T~ 7 % b o 2oy ZAEE Z VT, MgO B i FEAR 12 Fe,N(50nm)/Ta(2nm) O fiEt ak ¢
IR AEIT 572, FeyN BiX. Ar+25%N, DIRAH AN X D UGHEA /Sy ZIETIEA L, FeyN J& BB E % 12 522
HEE N C 50~300°C OFPH TIRE 2 280 S B 72 MEVLEE 2 fii L 7=, RiRE TWEIL 7%, B8O Ta &
B U7, PR 1 X BRETEE(XRD)IC & W 1TV, FeyN(100). FesN(200)D[EIHFTFEE L5 N B A
EQ)ERM L, 74 NI Y7 I 7470 REA A IV 7280 AREHT 0.2mm iE, 7mm B D7k
—NAN—ZTER L, BEAR— AR & HEHRGUR O RIRFIE 2 B 4 MBI X VT 7,
ERER

BUZIE, B R — I EE R (oan = pan! (Par + pod)) DIIETREEREIEZ RT, T2 Ty pan (TR R — /LI
PUR, pp [THHEPIR 2R LTS, $S=0.93 OREFCIE, IEREME T T 51220 TR L T oo B
50K LA R CIXRIcid L, 5K TIXRIBICBIT ALY KL 25 B8N & T\ D, £ FeyN 7k
IZOWTHTHSL &L $=091 OFEFCHIKIRIZI T Doy DD T 2 A CTHdL 5 23, S=0.85,0.82 D
AECIHERIRICB T Doy DBADITIZIER LN 2o TWD Z ERbnD, AERBERIT, Ek L7z FeN
D AMR ZW R OIKIR TORR 2 BIG N, S Z KT 72546
WAL o T Z E[6]lE <AL TWD, T72bb,
50K LL T Clfsbn2ic X % 3d #uE OFGBAE S IEE L 720 |
W A EEN B RS LT 2 L0k o Ty B — A5 S 3
LizbDEEZXLND,

L Z-DN

[1] S. Kokado et al., Phys. Rev. B 73, 172410 (2006)

[2] K. Sunaga, et al., J. Appl. Phys. 102, 013917 (2007)
[3] S. Isogami et al., Appl. Phys. Express 3, 103002 (2010)
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Anisotropic magnetoresistance effect and anomalous Hall effect of MnyN films
K. Kabara!, M. Tsunoda® and S. Kokado?
(*Tohoku Univ., 2Shizuoka Univ.)

IZC&IC

y’-FesN 1% fec Fe & (R DMEE D N OB FEIERMKICE WV DB AV EFNTEE L TREICES L[], TD
FERE LTA v /=R b R UERIRPT (TMR) 2R [2]. A O RTTHEREHGT (AMR) %) 5 [3]% O R 72
WREEREN B S D, y-FeuN ORI ELTH D MngN 1E, fcc Mn DRDMIEIZN B AD Z &2k 7
= UREME & 72 v IRER IR L 2 g, N2 CEBEICB W TR ERLRE G RE SN WD Z Enb, E
ERAL T IRENE b o FNEEE WA E Y b e =0 AT A~OISHARHECE S, ARIFIETIL,
MnNEIRDO A b =27 2734 ZEHICEEA T, 2 OMKURERE (AMRZVER K O A — L2 58) 12
DWW CHEEIT- T2,
RERAE

Mn % —7%5" > k& -V T Are8%N, DIRE T AT KD FUGE~ 771 b w23y 25T Mgo HAk 112 100
nm O A HERE X7, N1 MRAEREZ B L LT, HERE & IC L E N T 120~390°C O#iPH Gl
FE AL S CINBVLEL 2 U 7=, A%, B bBhibfE & LT Ta & 2nm Bl L7=, X #RIEIHTE (XRD) % H
W ORESRMERER 24TV . MngN(110), MngN(220) D [EIFTHREE LA & N 1 NERAIES)ZE N Lz, 74+ FU v
757 47ak Al A I 7 ED ) AREHZ 0.2mmiE. Tmm EDO R — A RN—Z TR L. BT 4 51

5% VT AMR 23R O R — VR ORIE 21T - 72, 0.8 L i

SRR [ A
Fig.1 OFFARIC $=0.94 O Mn,N FEIEOFUMBAE A LI 3T 8520 < [\ ©

AT, 300K THE AMR HIBRIE cos2 R Th b . Z O FIZERS 80,3 =

100K LL FCiE AMR HEREICZ b T 2 & & 10, cosdgl sy A TR L Tu é =

%, Fiz, Figl LS 22 S E7- 4380 AMR Hifg25kw 7z cos20 g

(cos4 Q)55 D 7 — V) TAREK Cyp (Cao) D MIE IR E R AFNEE RS, $=0.94 D g -

SUBHCIE 100K FREED B CoSE~ZMITHIK L. 150K 705 Cofli i © O\l

BLTWD, UL, SIE TRV, CupD BBk & CpoD EEHS
DEEE LT 5D, Kokado 51T KaUiE Cud HBUTFES BRI I D b D : L L =0
THYI[5]. SIETFITEED ChuD R IE. MuN T FeyN[6]RIERIZHE S E %D Temperature [K]

FAZ LD AMR OE (LAY CHNZ 2 LIC 8D L B2 HIVD, Fig2lc ol Fourter coeficnts for Ca and Cu

determined from the AMR curves (inset).
FREHZ I T 5 B A — REROIR R TFIE 2 R~ T, $=0.94 TlIEH L

A — G 3 150K 7 5 Z20KIT I LT 2728, SR FIofEus 150K L 6 100 S
TCOAMRRD ML LTV S, HHTIEL. SR 5 REF—L 50588

{RERO AR D &S OB ST bk 2.
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[2] K. Sunaga, et al., J. Appl. Phys. 102, 013917 (2007)
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Improvement of MR output in Co,MnGay,5Gey 75 Heusler alloy based CPP-GMR devices through
composition tuning
S. Li, Y. K. Takahashi, Y. Sakuraba, T. Furubayashi, and K. Hono
National Institute for Materials Science, Tsukuba 305-0047, Japan

Many recent investigations have shown that the usage of Heusler alloy is an effective way to enhance the MR
output in current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices due to its half-metallic nature as
predicted by band structure calculations. We have developed highly spin polarized Co,MnGay,sGey 75 full Heusler alloy
and achieved large MR output by using it as ferromagnetic electrode in CPP-GMR devices [1]. In our previous study,
DO;-disorder was found with annealing temperature (7,) higher than 450 °C in the CoMnGaGe film with the
composition of Cos, ;MnyssGag Gejgs. The DOj-disorder (Co antics) is thought to decrease the spin polarization of
Co-based Heusler alloy based on the band structure calculations [2]. MR output was thus degraded due to the
appearance of Co antics in our previously study using CoMnGaGe film. In this work, we report an improvement of MR
output in CPP-GMR device by suppressing the Co antics through the composition tuning in CoMnGaGe Heusler alloy.

Epitaxial CoMnGaGe thin films with the composition of Cog4s4Mnyg3Gas1Gey7; (refer to Mn-rich CMGG) or
Cosp7Mnys Gag 1Gegs (refer to Co-rich CMGG) were prepared by using MgO(100) single crystal substrate in
ultra-high vacuum magneto-sputtering system. CPP-GMR devices were fabricate through conventional EB lithography
and Ar ion milling process. Anisotropy magneto resistance (AMR) measurement was performed in a physics property
measurement system (PPMS) and GMR measurement was performed in the CPP-geometry.

Fig. 1 shows AMR as function of T, in Mn-rich CMGG film and Co-rich CMGG films with thickness of 50 nm,
deposited on MgO substrate. The amplitude of negative AMR reaches maximum at 7,=500 °C, and then decreases with
further increasing 7,. This can be interpreted by the reduction of spin polarization caused by Co antics at high 7, in
Co-rich CMGG film, which has been discussed in our previous work [3]. On the other hand, AMR in Mn-rich CMGG
film shows monotonic relation with 7, up to 650 °C, which might indicate suppressed Co antics in Mn-rich CMGG film
by increasing the concentration of Mn. Fig. 2 shows CPP-GMR output as function of 7, in Mn-rich CMGG film and
Co-rich CMGG films based CPP-GMR devices. The Mn-rich CMGG film based CPP-GMR devices show more robust
dependence of T,. It is gives strong evidence of suppressed Co antics in CMGG film thus leading to lager spin
polarization. The ARA drops at high 7, might be due to the chemical diffusion between Mn and Ag in case of Mn-rich
CMGG film based CPP-GMR devices.

[11Y. K. Takahashi et al, J. Appl. Phys. 113, 1223901 (2013) [2]S. Picozzi et al, J. Phys.: Condens. Matter, 19,
315215 (2007) [3]Y. Sakuraba et al, Appl. Phys. Lett. 104, 172407 (2011)
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Fig. 1 AMR as function of 7, in Mn-rich (blue square) and Fig. 2 ARA as function of 7, in Mn-rich (blue square) and
Co-rich CMGG (red circle) films. Co-rich CMGG (red circle) films based CPP-GMR devices.
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CPP-GMR devices using Co,Fe(GagsGegs) full Heusler alloy and a AgZn alloy spacer

NIMS?, Univ. Tsukuba? °Ye Du,* T. Furubayashi,* T. Sasaki,' Y. Sakuraba,’ Y. K. Takahashi,* K. Hono"?

The current-perpendicular-to-plane giant magnetoresistance (CPP-
GMR) devices with a metallic spacer layer have been considered to be
promising for read sensors of ultrahigh density hard disk drives (HDDs).
Using a Ag spacer layer, the MR ratios have reached over 50% with the
resistance-change area product (ARA) reaching 9-12 mQ pm?® However, a
room-temperature ARA of at least 15 mQ um? is required to use CPP-GMR
as a read sensor for the areal density of over 2 Thit/in In this work, we
report a very large MR output obtained from the CPP-GMR devices that
use CFGG Heusler alloy as ferromagnetic layers combined with an Ag-Zn
alloy spacer.

Fully epitaxial multi-layer stacks of Cr(10)/Ag(100)/CFGG(10)
/AgZn(5)/CFGG(10)/Ag(5)/Ru(8) (thickness in nm) were deposited onto
(001) MgO single-crystalline substrates at room temperature (RT) by
ultrahigh vacuum magnetron sputtering with a base pressure lower than
4x107 Pa. The CFGG and AgZn layers were deposited from alloy targets.
The compositions of the deposited films examined by the induced coupled
plasma analysis were Co47:F€259Gai35Ge134 and AgsgoZNnagg (at%). The
top CFGG layer was annealed right after deposition with annealing
temperature (T.,) ranging from 350°C to 630°C. The samples were
fabricated into CPP-GMR devices using electron beam lithography and Ar

milling. The area of the pillar was measured by scanning electron

'
ex-situ | in-situ

70 (b) Ihﬁn;ram

@
a

s
=]

R A (M) um?)

P

w
=

20
300 400 500 600 700

T, (°C)

Fig. 1  Annealing  temperature
dependence of (a) ARA for AgZn, Ag
spacer and (b) MR ratio and intrinsic
RpA for AgZn spacer.

2040 60
It (a

80100 0 5 10152025
ont. (at%) ont. (at%)

Fig. 2 HAADF-STEM images and EDS
mappings for thin film stack of
MgO//Cr(10)/Ag(100)/CFGG(10)/AgZn
(5)/ICFGG(10)/Ag(5)/Ru(8) annealed at
350°C and 630°C.

microscopy. The microstructure was characterized by transmission electron microscopy (TEM).

Intrinsic MR ratio of 25.6% with ARA of 10.9 mQ um? was obtained in the sample annealed at
350°C and MR ratio of 59.6% with ARA of 21.5 mQ um? in the sample annealed at 630°C (Fig. 1). The
structure of AgZn was found to be B2 in the as-deposited state; however, it changes to fcc after annealing at
350°C. At 630°C, Zn diffuses out of the spacer region (Fig. 2). The diffusion of Zn at 630°C improves the
degree of ordering in CFGG, thereby enhancing the MR output. This work shows that the CPP-GMR devices

with the AgZn spacer layer are promising for readers for high-density HDDs. The method for obtaining high

spin polarization by utilizing the diffusion of Zn would be useful not only for CPP-GMR but also for other

spintronic applications.
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Magnetization dynamics in mag-flip spin-torque oscillator with
Heusler alloy Co,FeGa,sGe 5 electrodes for microwave assisted

magnetic recording

S. Bosu, H. Sepehri-Amin, Y. Sakuraba, M. Hayashi, and K. Hono
National Institute for Materials Science, Tsukuba, Japan

The main challenges for practical use of microwave assisted magnetic recording (MAMR) for next generation high
areal density magnetic recording are development of a mag-flip STO" consisting of the in-plane magnetized field
generating layer (FGL) and the perpendicular magnetized spin-injection layer (SIL) that is able to generate a large H,,
from FGL with a frequency over 20 GHz at small bias current density Jc < 1.0 X 10> A/m’. Solid understanding of
underlying mechanism of the large angle out of plane (OPP) mode uniform precession® is equally essential. In this
study we have investigated the oscillation behavior in a mag-flip STO device (Fig. 1(a)) with a 100 nm diameter

circular pillar using well established highly

spin polarized ferromagnetic Heusler alloy, (a) | Topetectrode (b) | T T
Co,Fe(GaysGeys), for SIL/FGL to reduce Jc. 19 ¥ R =aml
AR-H,, curves with H,, slightly tilted 6 ~7° F Lf ~ 1o é i

from the film normal are shown in Fig. 1 (b) M. ﬁ}smm o & 50f

for different negative dc bias currents /.

When |Ii| > 7.5 mA a sudden jump to the H(Oe)
. . . . (c) 300 ‘ ()
intermediate resistance state at high H,, ‘ 1=-0mA WZJ:.g?AA
N L H =993 kOe -6.omy

. . T b oo - -8mA
region appears in the R-H curves, indicating v e e - 75ma

o L . N Ko 588 10 — 10l
excitation of magnetization dynamics by the £ ' xR §o

z " — 8.32 kOe o
reflected spin current from the SIL interface. B e
100 i i v Y Py W'y
. . . 7.01 kOe 8- -
Fig. 1(c) presents detection of rf signal at I,L bl L *ﬂ?f/"
6.1 kOe g
f~12 GHz with large H.,. In addition, the Qi T S 6 7 8 9 10 1.0
. . 5 10 15 20x10° H(Qe)

frequency systematically decreases with f(Hz) X

reducing H. following Kittle’s equation. Fig.1: (a) Schematic diagram of the nano pillar STO device structure
(b) AR-H,, curves for different Iy, (c) rf spectra at [j; = -9.5 mA
measured under various H., and (d) frequency as a function of Hey
for Iy, = -7.5 mA to -9 mA (Je ~ 0.95 to 1.15 X 10'* A/m?).

The rf frequencies as a function of H. are
also plotted for different /. in Fig. 1(d). The
blue shift of f with increasing /4. at high H,
region indicates detection of OPP mode STO for the bias current density Jc ~ 0.95 to 1.15 x 10" A/mz, which is close to

the limit of desired J¢ for practical application.

References:
1) J. Zhu et al., IEEE Trans. Magn. 44, 125 (2008)

2) A. Takeo et al., Intermag Conference 2014 (AD-02),
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(RAER)

Fabrication of magnetic tunnel junction with spinel barrier layer

Maki Sasaki and Masakiyo Tsunoda
(Tohoku University)

(XU I HIE, MgO%[EREE L LI-gmiett b o S (MT)) BFPNEAICHIZE S TEBY, @WK
EHZEE (TMRE) BE LTS, MTIOBESR S v RIGHIZIHEWEARGIE (RA) RO HNDH0,
CoFe, Fe, Fe,;N% O IRREIEE M & MgODRE G TN KE IR I AT 4 v NERFO720, FRRERE OfE L) K ©
o Tm. AR (MgAlLO)IECoFe s DRI TEM & O FIEAIN/NS 72 2 LD BMTIOMERER ST 5 7
DI b RVEERE & U CUTAEAFSE S, 2 E TlZ, CoFe/spinel/CoFe-MTJ, Fe/spinel/ Fe-MTJ4&(Z 51> T 100%
EHADRKERTIMRIEDMEF LN TND D Fex OIFFEZ L—F T, RFEA/NyZ U U IEICE > TAE SR
JVIEBEE 2K L 7-MTIC 60%% B 2 D TMREZ 15T 5 Y. ARFFETIE, Sukegawad 2D FiEICfiiLy, =
BRIV BREERE 2 F AR LIE TR L I-MTIZ/ERL L, & OTMREFFHE D FEAl 217 - 7.

EBRH¥E  CoFe/MgyAlyg/Oxi/CoFeB-MTJ } ("CoFe/Mg/Oxi/CoFeB-MTI & {EfL L7=. £7-, Mg MgAlE D i
JE b A 8L S CIREEEE OFLRL D 5472 5 CoFe/(Mg/Mgyy Alyg)/Oxi/CoFeB-MTI & /R L 72, MgOHL b A AR 12
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TMRE.Z 78 v kL2 b DETRT. MggAlyy 2> HMgspAlsy D ® r
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3)  B.S. Tao et al., Appl.Phys.leit. 105, 102407 (2014) o 20 40 60 80
BEE&EJ%/EE‘ZX, (MgIOO-xAlx)'O
4) M. Tsunoda et al., JAP 177, 17D703 (2015).
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(ALTi)-N FEEERE 2 7258 BaME b o RV A RO (R

AR, IR, A EE
GRAERE)

Fabrication of magnetic tunnel junction with (AL Ti)-N barrier layer

Yasutaka Sakai, Shuhei Kobayashi and Masakiyo Tsunoda
(Tohoku University)

[ZCOHIZ BREME b o FNBEEEMTNE T2 & E HDD A O ~v RISAT 5720120, K
HIPURA), RBEKIETIMR)IENER I D . FEdE MgO Z BEREEMEL & LT L7z MTJ 0541213,
RRAREL P2 Z 22 FROMER A Jiti 9~ 2 & 12 &5 T MgO JEJF 0.75 nm C R4 =1.6 Qum*, MR =210 %3G Hh 5 = &
BHx DT N—TTIEHR LTS Y. L, MgO FHE 0.7 nm LA T Tld MR LS RIICHED+ 5720,
JEARIIC £ D S 570 1K RAABIZEEL <, MgO (2 2 #1772 BREEJE AR O BAFE MR D LTV D, Zn RN
IZED MgO DN R v v 7K TFT 52 EICER L, (Mg Zn)-0 %[kl & L= MT] SN S T
% 73, MgO FEEEE MTI IZEE_T MR ELIZIE T LT 5 Y. Z 0K Zn OIS LD MgO DMK
TL, TORRELTABEBFOaL—L U N U RVOMREPMEBE L 272D THDLEEZEZBND. 22T
Fexl, BEooBBWIMT KD b o VEERE S AR R & JFEE £ 7 1T L BERE RS I L > TR T 5 2 &
%f%zt. Tz D7 NV—T7TIIIEAE AN FEBEE MTJ (25T MR =50 %, R4 =10*~10"Qum’ TH 5 =
EEHEL TS Y. £, TINIXEE#EO BEARTH Y, (ALTI)-N OFESAEE T Ti #% 30 %Ll F T
I3 AN OfE S CTh 2 VY RIEE 2RO Z ENHE SN TWD Y. 2 2 CARIIZE TN =k &

L C Ti Z8&UNALTI)-N [EEERE MTJ ZERL L, %0 TMR ek 4 74 L 7.

EEBRAE AR~ xR ooy ZEEBEEMA L, HEPTERAIEHALT)-N #i%, CoFeB/AL-N or

(AL Ti)-N/CoFeB-MTJ % {EHL U 7=. HLHLRIAIE H(ALTI)-N EIEOFALIZIX Ar & N, DIRE T A % 7= RO
ARy Zik, MT) OREREBTE R IIRGHE A 7S > 2 {5 & Al or (AL TI) MR

#OT T A~ IEEZ VB, MTI O TMR ##PEE CIPT, S 10N o NyTO% |
HT1Z XRD, SARAHTIE XRF, BALEBREE VSM % 22 L Caffli 247 - é@f\\x " N0
7. %%: ]
RERBER  Fig! IC(ALLTL)-N HIEOHGTRO Ti WEKFAEEZ RS, 20 218?: \\
FERAD, (ALTI-N OfG R AEIEDS 7L S 2 - xS03 OHAITI, Jg& I SRR |
Al-N 12 ttf\“CHij(“C QHTRRE DD AR CTE 5. F£77, x=0.3 FE TP Ti content (at.%)
BRELO LTINS LT, (ALTi)-N DS RHEE S x=03 Z B LT Y Fig.1 Resistivity of (ALTi)-N thin film.
FRAIRE S s D A ARG 2 L2720 T 5. Fig.2(a), (D)X MTI D RA $5 107 | | | |

L O'MR O Ti RV R 2N 2R, Fig2@I ook Lz THEEEIC LD R4 1001 (a) Plasma “‘(‘gf‘,j_‘;"“ .
DEALIT Figl E5HELTHY, L0 E Ti LTI RA O X 672 510 0 1% Négs N, ]

T&5. —J, Fig20)PHIZ AN IC Ti RO TICEET 52 L1280 MR &0l

PR 5 2 E DD, ZHUTZEILETO Al IS Ti AEET S 2 L ThE Sl
R L7 R, BUR TOZEAMEE S, FEEME E TRk 0T

Reactive sputtering |
“ (RS)

TLEZERNRERTHD EEZLND. T, ICEA Sy ZIRIZ X - TER 80
L7Z(ALT)-NIZ 7T A& iEZE T Z L IZX > TMR A M EL7Z. it
BT R BERAEEZHZETCMRENM ETHZEEZERLTEY, MR A
HEFF Lo DIR RALDOEB N HIFF S NS,

MR ratio (%)
N o)
S =)

N
2

ZESCHER 1) S. Isogami et al., Appl. Phys. Lett, 93, 192109 (2008). 2) Y. Uehara et al., J.
0

(b)

R.S.+P.N.
" P.N.

Magn. Soc. Jpn., 34, 311 (2010). 3) Y. Kurosaki et al., 35" MSJ Annual Meeting. (2011). 4) 0

2 4 6 8
Ti content (at.%)

S. Yoshimura et al., Appl. Phys. Lett, 97, 10C920 (2005). 5) D. Holec et al., Scripta Materialia, Fig. 2 (a) R4 and (b) MR ratio

62,349 (2010).
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CoFe,0, # W/~ HEEB(LM A ' 7 4 L X —FE 1 DfERL

PRt WIWERE 2, S EE 2. RIRRHR 2
(AbERBesafbt. LRI ?)
Fabrication of perpendicular magnetized spin filter junctions using CoFe,0,
H. Kajita', T. Yanase?, T. Shimada?, T. Nagahama?
(Hokkaido Univ. of Graduate school of Chemical Sciences and Engineering*
Faculty of Engineering, Hokkaido Univ.?)

EA

a0V k7274 kb (CoFe,0,) TR ERAAIEEE L - TH Y, IR X e B, 793K D&
W2 U —f, TLTHERKRE LTEI<HBNTWS, 20X REEIcksTAY Y 74V E—D L 57
ISR STV D, T4 MgO(100) H:dl iz = v 4 & o v Lk & L 7= CoFe,0, N IEEMEA R T & A L,
EVMERE N Z R LT e VWO MENR SN TS Y, L1 FePt 84D X 5 REEBALE L AEbESH 2 LT
BEMGA LA T 4 VE—DIERNAIREE B X biILD, £ Z TARER TIL CoFe,04 D HEERELIEFE D UE
ATV, BEBACMA Y T 0 VE —DOIERER R D,
RERAE

CoFe,04 1Z MgO(100) Fabik 1T it MBE 5% W CERE U 72, IR R MgO(100) E:A4k/ Cr (20 nm)/MgO
(2 nm) or Pt (3 or 10 nm)/CoFe,0, (t=2-10 nm)/MgO (2 nm) & L 7=, CoFe,0, /&3 4x10* Pa Dl T ¥ I /LK
T, 300°C TCo & Fe DRI _LAED LV THolz, ZDLE, V=T vy v X—%HnTru=y I RIZL
7o 7K. 410" Pa DEEFE T ¥ HIVEHA T TR % 721 (300°C, 450°C, 600°C) T7 =—/L%%47-7z, =
B % v LR EIL RHEED (2 L 0 | MO REFRIT AFM 12 & 0 R L7z, BREHEITEREICB VL O
W —h % (MOKE) % FWCHIE Lz,
fEE

Pt Ei(27&% L 450°C 7 =—/ L L 7= CoFe,0, ® RHHED 4 #[X 1 127~ d, WKL A R Y =7 XFZ —U»R5E5
N, TEXX VY LRELTWAZ ERERTE -, AFM L0 P 12 0.20 nm TYHEHENR B W &N
o T, X212 CoFe, 0, DRER E AT U v AR A RT, B IXEIRICR L CREIZEIM Lz, ATV
AR & D B AR mERAL SRR Sz, mNICEIII L7288 e A7 U U ARMRE N /ehoTz, Th
LV ERLL 7= CoFe,04 IZREMAAESTMEZA L TWNDH Z EIVRIREN D, MO _EIZ#3E L7- CoFe,04 12t~
Pt BIZZAE L7z CoFe,0, DN KR ERIREE N R L, AT E K< RoTWDHZ EnbNnd, ZOZEnb
PtJgZff A4 252 LKLY CoFe,0, DEEBALBIENKFEL TWVD I ENTHEND, o, TEMBA A
BT g VE—RAf AR L R R T D,

Kerr rotation angle / a.u.

X 1. Pt EIZHKAE L72450°CT =—/L LT T
(:)Fezo4 %) RHTEE;-I% # 2. CoFe,0,(t=10 nm)®> MOKE h##
L Z PN

1)H. Yanagihara et al,, J. Apply. Phys. 115, 17A719 (2014).
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#A7% CoFeA/MgALO, = t° % & 3 % /LI e 1
Z O Te B E bR O /R

SR E, 1. P. Hadorn, RALRIEH;, FEFiE, —=4AaH]
(bt BtE)
Fabrication of perpendicular magnetization films using an ultrathin Co,FeAl/MgAl,O, epitaxial stack
H. Sukegawa, J. P. Hadorn, T. Ohkubo, K. Hono, and S. Mitani
(NIMS)

(L &HIC

%M%E&%@@E&®ﬁﬁumtéhéﬁwﬁpwﬂﬁﬁ@%ﬂﬁbt BRI E ST K & 7o
HAEED TS, BHIAEVEABAMIBKR T VLT 7 ZAEY (ST-MRAM) ~OISHIZEel T, &
W R U RUVEESIERST (TMR) BEAMS 5405 MgO /N U 7 & CoFeB % filA B b 7oA IE DM A NCHIFZE S U T
%Y, E7-. MMEEMEAIE & LT Fe P CoFeAl (CFA) A4 Y2 M5 Z L2k > T MgO & DREIZK X
REEMARBRTENHEIND Z ENPEINTWND, —F, T HOMBEMERE MgO & ORICIE 3~4%F
EDFRIEE DT D72, T b DSl Job\f AT 4y MEPHEFOT OB AT Lo TG
DELENI DLWV B D, MgALO, ZX—A LT 50 TIE, MTIDO/NU TIEE LTEV TMR HAd
BonDdZ BTz Y, MgO I _IRRENER & O T RELZ/NESL TEDH 2 D, X BN Rkt
EOMERN T BEMRE T EZ I DICM ETEX 5 AEEMEZ MO TV D, AL T X F v L

CFA B & MgALO, VIR Z FifE S5 Z LI XL W RELRB|BEMKEFENG LN Z L2HET D,

ERAEE

ZREERME X~ 7 hu v ARy FAEEEZ W TER L, S BHEE & LT MgO(001) s A3k BT Cr
JEZ /Ny 77 —& LT, CFA (fcga) Mg (0.21nm) /MgAl (fyea) /Oxidation/Ru PR3k (2nm) & L7z, CFA
JE1% Co-Fe-Al DE&HX —57 v ML EIT 72, F72. MgAl BORRLIZIZ T T X~ig{bikEs L OVE Rk
LiEE RV Y, (R U= ST Bz h BV (BVLERIRE T.,) #1771, VSM % FH\ CREGRFIEREATR
HEIRTITo 70, EIHEEMATIZIZ HAADF-STEM % V72,

EEMER 1500 T T
MgAl JERE (LS 2 tygar (205 U Tl 2 2 L IT XKD | Ty 1000
>200°C THEEMSRMALIED G a7z, il & LT Fig. 11Z1E, fopa
= 1.0 nm, fygar = 0.45 nm DIEEIT%F L 5 Pa DEEHFRPHSAL T

Sy BRI X 0 VERL L 7= CFA/MgALO, #3d& DR b it ool i )
ﬁ(nfaww)%ﬁbfwéo:@%ﬁﬁ%ﬁﬁ@kﬁ&b P e In-plane
THLRTND D EBDND, tera=1.0m & A=A, i W [ S
BRI E T L F— Koy 13K 4x10° erg/om’ FEJE & K & 72 1000 -5(;00 0 soloo 10000
[l EBND Z L b o7z, HAADF-STEM &I & BMHr7> | MaoneteTen(oe
UL R CEA NGALOL B - OM 5 T, ot s o T
VYU ELTEY, REIZI AT 4 v MefrBNIE E A ETEE multilayer annealed at T,, = 200°C measured at
LAWK FEAMIERBON TN D I L SRR, Thp  o0m fempenture
DFEFIL MgALO, Z W TR B 7e BER G 2 EBFRECTH D Z L AR LTV 5D, AIFFEDO—ERIX
SHHOTZERR S HEME 7 1 T A (ImPACT) 12k W EESh TiThilr,

S E R

1) 51 Z1% S. Ikeda et al., Nature Mater. 9, 721 (2010). 2) J. W. Koo et al., Appl. Phys. Lett. 103, 192401 (2013). 3) Z.
C. Wen et al., Adv. Mater. 26, 6483 (2014). 4) H. Sukegawa et al., Appl. Phys. Lett. 105, 092403 (2014).
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