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Nano-Scale Spin Conversion Science
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Spin conversion science is a generic term for the research field treating a variety of angular momentum transfer
phenomena mediated by electronic spins. This can be classified into 4 types such as magnetic, electronic, optical, and
thermo Kinetic conversions. The magnetic and electronic conversions were initiated by the theoretical and experimental
demonstrations of spin transfer torque® 2 and its reverse effect, i.e. spin pumping® %. These two phenomena have
separately evolved as means to manipulate magnetic switching and domain wall displacement, or to inject dynamic spin
currents into adjacent materials. When the adjacent materials exhibit strong spin-orbit interaction, spin currents can be
converted into charge currents and vice versa via the direct (DSHE) and inverse spin Hall effects (ISHE)5). Important to
note is that the ISHE enabled us to detect the spin currents and to discover a variety of spin conversion phenomena
including the thermo Kinetic spin conversion, Spin Seebeck effects in metals® and insulators”. The same is true for the
optical conversion where the optical angular momentum of circularly polarized light can be transferred to the magnetic
moment and eventually switch its direction®.

In this symposium we will show our recent experimental and theoretical efforts to understand the spin conversion
phenomena in terms of the above mentioned 4 types of conversions. In this talk, the overview of the spin conversion
science is given and then some of representative magnetic spin conversion phenomena such as SHEs in random spin
systems® and spin torque ferromagnetic resonance studies are presented.

Reference

1) L. Berger, J. Appl. Phys. 3 (1978) 2156; L. Berger, J. Appl. Phys. 3 (1979) 2137; J.C. Slonczewski, J. Magn. Magn.
Mater. 159 (1996) L1.

2) T.0no, Y. Ooka, S. Kasai, H. Miyajima, N. Nakatani, N. Hayashi, K. Shigeto, K. Mibu, T. Shinjo, Mater. Sci. Eng.
B 84 (2001) 126; M. Tsoi, R.E. Fontana, S.S.P. Parkin, Appl. Phys. Lett. 83 (2003) 2617.

3) Y. Tserkovnyak, A. Brataas, G.E.W. Bauer, Phys. Rev. Lett. 88 (2002) 117601.

4) S. Mizukami, Y. Ando, T. Miyazaki, Phys. Rev. B 66 (2002) 104413.

5) E. Saitoh, M. Ueda, H. Miyajima and G. Tatara, Appl. Phys. Lett. 88 (2006) 182509; S. O. Valenzuela and M.
Tinkham, Nature 442 (2006) 176; T. Kimura, Y. Otani, T. Sato, S. Takahashi, and S. Maekawa, Phys. Rev. Lett. 98
(2007) 156601.

6) K. Uchida, S. Takahashi, K. Harii, J. leda, W. Koshibae, K. Ando, S. Maekawa and E. Saitoh, Nature 455 (2008)
778.

7) K. Uchida, J. Xiao, H. Adachi, J. Ohe, S. Takahashi, J. leda, T. Ota, Y. Kajiwara, H. Umezawa, H. Kawai, G. E. W.
Bauer, S. Maekawa and E. Saitoh, Nature Matter. 9 (2010) 894.

8) C.E. Graves, A. H. Reid, T. Wang, B. Wu, S. de Jong, K. Vahaplar, I. Radu, D. P. Bernstein, M. Messerschmidt, L.
Mauller, R. Coffee, M. Bionta, S. W. Epp, R. Hartmann, N. Kimmel, G. Hauser, A. Hartmann, P. Holl, H. Gorke, J.
H. Mentink, A. Tsukamoto, A. Fognini, J. J. Turner, W. F. Schlotter, D. Rolles, H. Soltau, L. Striider, Y. Acremann,
A. V. Kimel, A. Kirilyuk, Th. Rasing, J. Stéhr, A. O. Scherz and H. A. Diirr, Nature Materials 12 (2013) 293.

9) D.H.Wei, Y. Niimi, B. Gu, T. Ziman, S. Maekawa and Y. Otani, Nature Comm. 3 (2012) 1058.

10) L. Berger, J. Appl. Phys. 3 (1978) 2156; L. Berger, J. Appl. Phys. 3 (1979) 2137; J.C. Slonczewski, J. Magn. Magn.
Mater. 159 (1996) L1.

11) T.Ono, Y. Ooka, S. Kasai, H. Miyajima, N. Nakatani, N. Hayashi, K. Shigeto, K. Mibu, T. Shinjo, Mater. Sci. Eng.
B 84 (2001) 126; M. Tsoi, R.E. Fontana, S.S.P. Parkin, Appl. Phys. Lett. 83 (2003) 2617.

12) Y. Tserkovnyak, A. Brataas, G.E.W. Bauer, Phys. Rev. Lett. 88 (2002) 117601.

13) S. Mizukami, Y. Ando, T. Miyazaki, Phys. Rev. B 66 (2002) 104413.

14) E. Saitoh, M. Ueda, H. Miyajima and G. Tatara, Appl. Phys. Lett. 88 (2006) 182509; S. O. Valenzuela and M.

— 324 —



Tinkham, Nature 442 (2006) 176; T. Kimura, Y. Otani, T. Sato, S. Takahashi, and S. Maekawa, Phys. Rev. Lett. 98
(2007) 156601.

15) K. Uchida, S. Takahashi, K. Harii, J. leda, W. Koshibae, K. Ando, S. Maekawa and E. Saitoh, Nature 455 (2008)
778.

16) K. Uchida, J. Xiao, H. Adachi, J. Ohe, S. Takahashi, J. leda, T. Ota, Y. Kajiwara, H. Umezawa, H. Kawai, G. E. W.
Bauer, S. Maekawa and E. Saitoh, Nature Matter. 9 (2010) 894.

17) C.E. Graves, A. H. Reid, T. Wang, B. Wu, S. de Jong, K. Vahaplar, I. Radu, D. P. Bernstein, M. Messerschmidt, L.
Muller, R. Coffee, M. Bionta, S. W. Epp, R. Hartmann, N. Kimmel, G. Hauser, A. Hartmann, P. Holl, H. Gorke, J.
H. Mentink, A. Tsukamoto, A. Fognini, J. J. Turner, W. F. Schlotter, D. Rolles, H. Soltau, L. Strider, Y. Acremann,
A. V. Kimel, A. Kirilyuk, Th. Rasing, J. Stéhr, A. O. Scherz and H. A. Diirr, Nature Materials 12 (2013) 293.

18) D. H.Wei, Y. Niimi, B. Gu, T. Ziman, S. Maekawa and Y. Otani, Nature Comm. 3 (2012) 1058.

— 325 —



5aA -2 #38lE  H AR FRFAGHIE R (2014)
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Introduction

Spin conversion is a concept of transformation between quasi-particles in solids via a spin degree of freedom. It
has been so far reported that there is a variety of spin conversion methods, such as magnetic, electric, optical, thermal
and dynamical. The spin conversion is revealed in nano-sized materials and can be generated in a hetero-interface.
Currently, there is a number of studies on the spin conversion by using various approaches. The purpose of this talk is to
introduce electric spin conversion phenomena. An example of the electric spin conversion is spin Hall and inverse spin
Hall effects, where conversion of pure spin current from/to charge current is realized, and spin conversion in a
heterostructure between inorganic semiconductors and metals provides a new stage of spin-related physics. Here, 1

introduce the latest topics of the spin conversion in semiconductor and molecular spintronics in this talk.

Electric spin conversion
Spin Hall effect (SHE) is a phenomenon, where pure spin current can be generated by a flow of electric current.

The direction of the pure spin current is perpendicular to the direction of the electric current, which is an origin of the
name, “spin Hall effect” (it should be noted that the physical origin of the SHE is completely different from that of the
Hall effect). The SHE has been theoretically [1] and experimentally [2] investigated. The inverse spin Hall effect
(ISHE) is the reciprocal effect of the SHE, which was discovered by using a dynamical spin pumping [3]. The both
effects allows electric spin conversion to charge, and now are widely utilized in spintronics. The origin of the effects is a
spin-orbit interaction (SOI), and a material with a large SOI is a good material stage for the effects. Thus, the heavy
metals, such as Ta, W, Pt and Pd, and semiconductors with a large SOI are good detectors for pure spin current, since
electric spin conversion in them can be easily realized.

The electric spin conversion in Pt, GaAs, p-type Si has been reported based on this concept [3-5]. Recently, the
electric spin conversion in conductive polymer, PEDOT:PSS was also achieved, although the SOI in organic polymer is
quite small [6]. The spin Hall angle, an index of the electric spin conversion, in the polymer is ca. 107 which is 5-6
orders of magnitude smaller than that of Pt, Ta and so on. This is quite surprising in molecular spintronics. Since
sufficient amount of spin accumulation allows the spin conversion, the spin conversion can be also realized in the other
molecular materials. One example is the spin conversion in single-layer graphene, where the spin Hall angle was
estimated to be ca. 6 X 107, which is comparable to that of PEDOT:PSS [7].

The other notable achievement is the detection of pure spin current propagation in inorganic semiconductors. In
the previous studies, the injected pure spin current into nonmagnetic materials was rapidly converted to the electric
current, since the spin diffusion length of the materials are quite short in many cases. When we replace the materials to
materials with good spin coherence, the long-range propagation of pure spin current can be realized and the propagating
spin current can be adsorbed in heavy metals equipped with the spin coherent materials, resulting in the electric
conversion. The first success was the detection of transport of pure spin current in p-type Si, where pure spin current
was generated by using a dynamical spin pumping method and the pure spin current was detected by a Pd electrode [8].
The similar experimental concept was also utilized in realizing dynamical spin transport in graphene [9], Al [10] and
recently in PBTTT [11].
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Summary

Electric spin conversion is now applied in various materials, and is recognized as a quite attractive phenomenon

in order to investigate various spin-related physics.
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Coupling between single photons and single electron spins via angular
momentum transfer in quantum dots

Akira Oiwa
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Spin-selective optical interband excitation, which creates the spin polarization and detects the spin dynamics, has
contributed to the considerable progresses for studying spin physics and controlling spins in bulk and structured
semiconductors. Though the angular momentum transfer from a single photon to a single electron spin is an elemental
process of the spin-selective excitation it has not been fully studied because of the difficulties to detect single photons
and single electron spins. Gate-defined lateral quantum dots (QDs) are, however, suitable to detect a single electron spin
in a single-shot manner ? and the coherent manipulation of single electron spins has been extensively studied in such
QDs. ** Indeed we have realized the detection of single photoelectrons in a single quantum dot with a charge sensing
technique.” Moreover, the coherent coupling between single electron spin states and photon polarization states would
allow us to investigate a quantum correlation between light and spin in solids and would contribute to long distance
quantum communications. Here we show that single photoelectron spins can be discriminated by Pauli effect and the
angular momentum of circularly polarized single photons can be transferred to single electron spins in lateral GaAs
double QDs. These results manifest that photons can be coupled to electron spins in the electrically tunable QDs.
Double QDs with a metal mask were fabricated in Alg;3Gag¢;As/GaAs quantum wells (see Fig.1). The light source was
a wavelength-tunable pulsed Ti:Sappher laser. First we show that the interdot tunneling between the two QDs offers a
robust detection scheme of the single photoelectrons trapped in the double QD. The interdot tunneling of a trapped
single photoelectron can be clearly detected because the amplitude of the interdot tunneling signal obviously exceeds
the noise level of the charge sensor current. ® In two-electron regime, the interdot tunneling timescale of the
photoelectrons strongly depends on the relative spin orientation (either parallel or anti-parallel) between two QDs due to
Pauli exclusion principle, enabling us to discriminate the single photoelectron spin with a high distinguishability more
than 90% (see Fig. 2). Finally by changing the incident photon polarization, the probability of the anti-parallel spin
configuration smoothly changes from left-handed to right-handed circularly polarization through liner polarization,
indicating distinctly the angular momentum transfer from single photons to single electron spins in double QDs.

We also discuss the feasibility of the coherent transfer from single photons to single electron spins. This can be
achieved by designing both electron and hole g-factors appropriate to the theoretical proposal” and by a spin
tomography measurement technique with a rotation of the transferred single electron spin. The coherent transfer
provides a route to realize quantum repeaters. Furthermore, introducing an entangled photon pair source would realize
the novel experiments of non-local entanglement between a local spin and one of the entangled photons.

Author acknowledge the collaborations with T. Fujita, K. Morimoto, H. Kiyama, G. Allison, M. Larsson, S. Teraoka and
S. Tarucha in University of Tokyo and A. Ludwig, A. D. Wieck in Ruhr-Universitdt Bochum. This work was supported
by Grants-in-Aid for Scientific Research A (No. 25246005), "Quantum Cybernetics" project, FIRST program, QuEST
Grant No. (HR-001-09-1-0007), IARPA, MEXT Project for Developing Innovation Systems.
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Spin current generation from heat and mechanical motion
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Angular momentum conversion between spins and mechanical rotation is
a promising candidate of a mechanism for micro driving devices.
Fundamental phenomena of the angular momentum conversion are the
Einstein-de Haas effect (body rotation due to its magnetizing) *, and the
Barnett effect (magnetizing by body rotation) 2. An essential Hamiltonian of
both effects is spin-rotation coupling

Hq = —hS-Q,

where S and Q are a spin and angular velocity of mechanical rotation,
respectively. The Hamiltonian is effective for all particles which have angular
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Fig. 2 NMR spectra for positive and negative g-factor.
Spectra for (A) *®In and (b) 2°Si NMR obtained at various
angular velocities. The origin of the transverse axis is
difined as the peak position of the NMR spectrum at Q=0.

both installed in the same rotor.
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where m, g, and g are mass, charge and g-factor of the
particle. The Barnett field is in proportion to the particle’s
rest mass. Since nuclei are much more massive than
electrons, relatively large Barnett fields are expected to
act on nuclei. In addition, the Barnett field acting on the
nucleus depends on the nuclear g-factor.

To measure the Barnett field by nuclear magnetic
resonance (NMR) method, the detection has to be done
on the rotating frame same as the body. The reason for
this is that, if there are relative velocity between the
signal detector and the body (signal emitter), an extrinsic
NMR frequency shift arises from the relative velocity
(rotational Doppler effect). To overcome the difficulty,
we developed a new detection method in NMR, and
directly measured the Barnett field. The detection on the
rotating frame was realized by the newly developed
tuning circuit that consists of a sample and detection coil

Figure 1 shows the schematic illustration of the experimental assembly. The assembly comprises two
components: the stationary coil placed along external field B, and connected to an NMR spectrometer, and a
high-speed rotor consisting of a cylindrical capsule in which a specially arranged tuning circuit is installed.
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This circuit is composed of two small coils placed perpendicularly and connected in series, and a small
capacitor. One of the two coils is arranged parallel to the stationary coil to establish a coupling by a mutual
inductance between the tuning circuit and the stationary coil (coupling coil). The other, the sample coil, holds
a sample inside. The RF field in the coupling coil is transmitted to the sample coil and generates an
oscillating RF field to induce an NMR signal. Under this configuration, the sample coil rotates at exactly the
same angular velocity as the sample. The rotor is put inside the stationary coil and, during measurements, it
is rotated up to |Q2/2r|=10 kHz.

In Fig. 2A, we plot the **In NMR spectra at various values of the angular velocity Q. Clearly, the NMR
frequency increases linearly with Q. Furthermore, by reversing the rotation direction, the direction of the
NMR shift is also reversed:; thus, the sign of Bg, is reversed. The sign of the g-factor of “®In is known to be
positive; that is, the nuclear magnetic moment is parallel to its angular momentum. Next we measured the
shifts for nuclei with negative g-factors. From the NMR spectra for **Si having negative g-factor, the
direction of the NMR shift is clearly opposite to that for *°In, indicating that the emergent Barnett field is
opposite in direction to that for °In (Fig. 2B). We collected the NMR shifts for various nuclei as a function
of rotation speed in Fig. 3. In each sample, the NMR shift exhibits linear dependence on Q. The g-factor for
"Li, F, ®Na, and "°In are known to be positive, while those for *Si and °Sn are negative. All the nuclei
with positive g-factor display positive slopes, while all the nuclei with negative g-factors display a negative

slope. These results mean that the nuclei feel 20 o ] )
.- . . . . g | g=
additional magnetic field to the external field. It is a ) o PSiinSi(=12) e Liin LiF (I=3/2)
. . . . 15 e SninSn0Og (I=1/2) (s "Fin LiF (1=1/2) -
direct evidence for the existence of Barnett field. { '« “NanNaCl (1=3/2)
- . . . T i 115 N (1=
In conclusion, we develop a new coil spinning NMR 10k Inin InP (=412)

method of detecting the Barnett field. The Barnett field
is observed as an NMR shift proportional to the
rotation speed. The sign of the Barnett field depends
on the both the sign of the nuclear magnetic moment
and the rotation direction against the external magnetic
field. These features can be used to determine the
unknown sign of the nuclear magnetic moment. Our
findings provide direct evidence of the coupling P
between the nuclear magnetic moment and mechanical 2 (KH?)
rotation, and will produce new technology in which

mechanical motion manipulates the nuclear spin Fig 3 Universal behavior of NMR shifts as a function of the

angu'ar momentum as well as the electron Spin angular angqla!' velocity_ W. Vertical axis represents NMR shifts; its
origin is determined by the center frequency at Q=0.
momentum.
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Theory on Spin Conversion Function:

Topological Engineering of Magnons

Shuichi Murakami
(Department of Physics, Tokyo Institute of Technology)

Recent advances in spintronics have revealed various kinds of conversion of electron spins into other degrees of
freedom such as heat, electromagnetic wave, spin wave, and so forth. Theoretically there are several approaches for
investigations of new kinds of spin conversion phenomena: (a) new theoretical framework, (b) new materials, (c)
nanostructures such as interfaces and thin films.

As an example of exploration of new spin conversion phenomena, we studied magnons in ferromagnet from the
viewpoint of Berry curvature in momentum space. The Berry curvature in momentum space is represented by the
derivatives of the Bloch wavefunctions in terms of the wavevector. As has been studied in the context of spin Hall effect
of electrons in semiconductors”, the Berry curvature is closely related to the band structure. We find that the Berry
curvature of magnons causes various physical phenomena such as thermal Hall effect*”. For example, for the
magnetostatic forward volume-wave modes in a ferromagnetic slab, where the magnetic field is out-of-plane, we
calculate the Berry curvature and resulting magnon thermal Hall conductivity. Furthermore, at the edge of a magnet this
Berry curvature gives rise to the shift of the wavepacket, i.e. the Goos-Héanchen shift, known in optics (Fig.1). We
discuss possible measurement of this shift in a magnet with a step, used for the observation of the Snell’s law for spin
waves in Ref.4).

Furthermore, if one introduces an artificial periodicity into a ferromagnet and makes a magnonic crystal, the band
structure is modified accordingly. As a result the Berry curvature changes and in some cases the Chern number, i.e. the
integral of the Berry curvature over the Brillouin zone, becomes nonzero, implying that the some magnon band gaps

have topological nature. It results in an existence of chiral magnonic edge states within the gap (Fig.2)>°.
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WT 270 CTENEIT- T2, BIRHBEIL 10 mA/em® T, Ni, PB, Cu b Y — FOBENMITZNFh 1.48, 1.48,
1.69V TH-o7=,

BRI E LT T2 REiE e L, S%higT N PB Cu 270 °C
15 Sy RS KV, R L TRtk 2457, SEMEEDS | N 05 em2. 6 om
TR 21T > 7= "z r

fEE L 2 10 u N

HPB
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J Y — K78 Ni< PB< Cu ONEIZ SRR A < 72 I
572, PB & Cu it VY — RDOBFE . RIEWSAIEAF 0-01 01- 02- 03~ 04~ 05~ 06~ 07— 08~ 091
FET 5 bOD, FEROERLFRE TR 0203 04 08 oe 0T 0800
THEONehoTc Fe Uy FHREDERL TV,
—F5. Ni Y — ROEGEITFe V) v FHEITDR
<. KEBS3IE Fe: 20~30%IZfF/E L T 2, T
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BRROBE XSS OSIEICEERERNTHDL Z LR ohoT,

BE R
Y. Hayashi et al., J. Magn. Soc. Jpn., 37, 198-201(2013).
AWFICIIARPEE . MNATERE AR =R VX — « FEEHITR AN (NEDO) RKFRHEMET vy =
k TRHAR BB E A T @ 2h 3T — & — HBEM BB ) ORFEEB CHEME L E LT,

Number of particles
[ee]
T

Fig.1 Distribution of composition of electrolyzed Fe-Ni
alloy particles in the case of Ni, PB and Cu cathode
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[BTHRTE PG R IEIT &K D B4R A AR A AlFR D RE

AKH ER, A #F
(RITRE)
Trial manufacture of alloy based permanent magnet wires by means of in-rotating liquid spinning technique
T. Honda, T. Todaka
(Oita Univ.)

FZLBHIT
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DR RIEE ROV DECHEOMMR AR L 5 LA TE Y, ARETIE, FHEoEEZAVRVES
42D Mn-Bi &2 & Al-Ni-Co 52 DA et LizfER 2 WMET D,

ERAGIE
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7o ORHE4A % BIHRHE A5 R UL CREAMRRICIN T3 2 3k 5, BEREPARIEEIZ R T A2 RS &
EOINCE ST R ANEEICHEARE Z TR L, A5 XA L2 REE 2 H8NENC X - THR L
T, [B#ET B G AR E TR B % Ar W A TS LIS EITE TAaKT 5 2 & TR OREB 21525 FiET
b, VERL U 73R ORER AR ] 0D 2 D FRIMEINENE 2 W TEVLER 24T - 7=,

ERER

Mn-Bi AT DR EI3CHE 222510, MBI O ERL A2 728, BE, Bt 21T 2 5 e &
RIS D HAHE TRV, & 2 CRIERE PR 5 & REROIRIER AR TED B o — Uik CHEERRR O30k 2 1E
W HETHMAEHELFIC LTz, ER U7l 2 2V 3~ 5 1 L > T 7[kOe]Lh EORRET) DIE %152
ZLEMMTETCWD, —J7 AI-Ni-Co BB IZERELS 1[kOe]FLE O HiIR DRAT % BB 4V 5 5T Fig.l 127
F X 512 30cm LA EDOHIFRIROREIAMER TE 5 X 91278 572, Fig2 (SHFRIREE O BVLER & 5% 7 0 BIFR
ZRLTW5D, MFLT 2 I ko TSRO L7 EORBE TR ME T LB 26 b, RIS
DA EOZBIRE SO, 1ERSM, BRSO 21T - o R 2 s T 5,
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Fig.1 Al-Ni-Co wires Fig.2 Coercive force after heat-treatment

S E 3R

1) D. Yamamichi, T. Todaka, and M. Enokizono: Proc. SEAD 22, Moji, p.404-407 (2010).
2) Y. Mitsui, K Koyama, Y.Nakamori, S.Orimo, and K.Watanabe: Metals, Vol.73, p.40-45(2009).
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M Y2 7Y 2 U —IRERA A B /ETY
PEBRWOE . BAME . MTRER . RTRHE BrHfE=
(IR, 2V o7 v 7 Aath, XS4 CDN)
Low Curie temperature magnet for refrigeration sensor tag
T. Watanabe', Y. Morimoto', M. Takezawa', T. Matsushita’, R. Noda®
(‘Kyushu Institute of Tech., *Lintec Corp., *CDN Corp.)
XCHIZ
TS & 7 IR TR ) A AR DB REMEIR & . A v & A 7R Z LT 5 7o O O eER

DFHEDE THER I DM, Z OMERMER L U TRS = U —IBERAMEN 2 O AUSIREE BRI e /2 m
WY X IPRERTEDLEEZLND, £ZTC, Fa = EMRNZ ETHOLER TV PrFe, 44 ViC
DT & v — L OERHE & 285 2 CTREHZERLL . BEREFE ORI 21T o 7, = Ok R 2 =R CEIfEY
DR AR 5 7 A ORI O b O L g U, 1ER L7230t OREEE 2 77 L L COEBIATREMIZ S

WCHREZAT > T D T]WET 2,

EBRAE

VERY S 2 3B DMK IE ProFey; & Pr &% 3 %NS w7
Prys;Feigus D 2 FEAAZRTE LTz, BEHIHE o — L amiEIC LD 1E
fMLCTHEY, v—/LoREREE T 10,20,30,40 m/s O 4 FEEE L
oo AEABACLE - FEAR ORI X BRIEPTESE A2 WV TITV, S5
7 la /R % — B ProFe; fH. Pr AHSC a -Fe fH 72 & DIFELEIZ O
TaHi 21T > 72, £72. VSM % W TEIRIZE T 2 bR o H|
TEZAT > T, BERFING A N5 R EARE T Mo 2 Jim & Lz,
VSM ORE~D e KENINBZFR L 18 kOe TH D, £, EHWLT-
FEHTERBHIR TR 2 D OURIBERIRE 2 T A XA — X2 THIE L, WA
DR ERIFME 2 T~

EERER

X MREHTC KD MERER LV | VB L7232 T 5 ProFeyy
L a-FeDVE—T 2fERTHENTERE, mFa—EED
Fe l3mE 4 7 & U COMEICEREZ KITT, XMHRET
DFER LV b a-Fe DFIG/NI o7z PrysiFegas. = —/LD
IR 20 m/s (2351F 5 VSM OJIERE R % Fig.1 IZR~7, 2D
FER A EECH AR Y ZICHO LN TS NifEO LD &t
W5 L FREROREE, R E BIIZERSOETHL Z L
Wi oTz, PrysiFeisss DIRE EFIZEIT 2 BERRE D ZE DR
ERER % Fig2 17, ZH6OREHIE L Tk, Ni L9 H{EN
R R BRI L2 0N TE, L, R TH a-Fe
DB THRBEITRE S Wl oA B E LTET S
BEIE SN2 o7, A%IT a-Fe OFTH 281 2 7= 50E O VERL
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L 2D ;N

1) K. J. Strnat, et al., North-Holland Publishing 4, 131 (1988).
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IKIBEATNZ I 1T 2 AZ MR T T i & P Tz
KU EF « EIREEA A —V 7

AT=R] FLAR, e, EHA . g %
FCHE K
Near-contact imaging of DC magnetic field on hard magnet materials
by alternating magnetic force microscopy
Y. Kinoshita, S. Nakayama, G. Egawa, S. Yoshimura and H. Saito

(Akita Univ.)

X UBDIT KARA DR LA X D T, M 22 XS % @ W22 fRBE CRIZE T 5 Z LI TH 5.
R BEMEE (MFM) (3B X BIEL O HAKRES TH D03, MO 23 AT 2 A 28533 5120, BREHEEH
ORI NRRKENTZDIT, 1) BRI HEHIMARE T 2N H Y, 2) EHFBENKRE WO
W/ & AD BB OB TLRAZEIC LY RE< 2D, FOMBENRH L. Z07), HREFORMAILIRMERER
Pl L, BRHFECEHEIEEE 2B L CRBZFHEIL TWD . L7 > TREBMICEWEM oL ED 2 &
EREECTH D, —J7, Fex TR COMSGEHAZ: & NS 7 m O & vTREIZ 3 2 28 F e e /) R
W8 (A-MFM) 2 B3 L, @5 R GLER R T 5t U CoRBartE o v 7 MEMERET 2 -V, BRSO m 22
B MRAEBLERIC T LT D D20 AMFM I, IHE L TV 5 Y 7 MEEPERSHC S O IR A I Sk & Bin 548
VihsES 2 FUIN U CRREHA b 2 J8 B0 BUiin S B CHREEBHNIC R O 2B/ MK 2 A S, 2 DAZHEE
K[ADFHET 2 REHEE OB AR BIR 2RI L <, BB S OEMY %2, HREHRENME 5 % B E0EH
w‘icay 74 Ui T 52 ETHAIT 5. ARETIE, EROKABMAGEBEOMES 2L, BETERES O
B0z, Fx NEOIBRE LZ@mORbRE2R~T 77 =2 7 &2 AT 5 Ag-Co B BMERREE Y% A
T, KABAMEOBXBIERE 2R TR RETD.
FE BREEZ, HRO 7 o — 7 HEMEE (B3 oAl Ltrace ) OFEIR T — VHE FIZASH B
fZFLE LT A-MFM Z Ak LTt o 7o, BIERalkHaiE, il NdFeB Rk A (A X 1x1x1 mm®) %
BHRE L7t BRI > TR S 300 pm FREEICHE < L7 b 0=, HAE L7z FePt A2 (IE/E 300 nm)
Eh AW, BEREREH IR Si BUEHREIC ANy X ) BT Ag-Co VT = a7 — IR (kR
45x107 Him) Z R U CTIERL L 7=, A-MFM B30T, BEPEREST A 1 YR FE i 2500 3 C bz L, 70 Hz, 400 Oep-p
DREFRZE AL T, X717 hE—FK (V7 bEE20nm) Tiro 7z,
fER  Fig. 1T, Z\HEREE L 7=NdFeBREEA 12DV,
FemiMrh (), FUBk I HEE 7 (8 O B kS O AL
DFRFEER (Lock-infRIE(E &) (b), TEE 5 [A OB
SR ORER (Lock-indfg) (c), %79 (a)d]
MR TlE, BRI E 2 Bl T&E TR, M
WaPEIRER$ 2 F W 72 R 67 COMFMBLEE TR
LT, SROVEBHE IR 2 TREMEL OEER®  Fig. 1 (a) Topographic image, (b) Amplitude (Lock-in
MiME DS ED T —F 4 7 7 7 MEIED 57 amplitude) and (c) Polarity (Lock-in phase) images of
e - N ol s the gradient of DC magnetic field normal to sample
V. O)OBEEARCOBIER (5 AR OERRIZES surfa?ce on a thermally dgmagnetized NdFeB-permanSnt
I8 TIHHBE O L BIAEIEE KB L2 A A X832 magnet  obtained by A-MFM  with an Ag-Co
—UERLTEBY., £, (DMK MBI OMYE  superparamagnetic tip.
BiTHR: (B8 O 2MEEB L R>TEY, TOMIENLBTHD Z L2 b, FMXOEEMSO M (L
& NEE) BHBERICHBITE S, b ORERND, AMFMIZ X 2 WS 2 AW K ARA#IEE T,
HH OMFM TR C & 2 K 57 T O s XA IE O MRIENE @A o 7 AL RN S 0 RE CRIRE CTH 5 2 &
WD, FEETIE, BIEL-FePAERIRD B R bl L, KABABIEICK T 2ILHOMK
JIBASER & ek U 72 AR R N BB DRI A BN T 2 PETH D.

BE MR 1) H. Saito et al., J. Appl. Phys., 109, 07E330 (2011). 2) i fth, 5535 [A] 0 ARLA F 2 AN e A 22
£, 27pD-2. 3) HAT fill, £ 38 [B] H ARBER F R EMRIHAES BETE
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AV - PLEERELER TR 5 CoFeB/MgO ZBRDEEMR R M

LR, NS, MR, 8oRZE, B, *UHREZR. *HIFEN, s
(BERSRF, *JASRI)

Perpendicular magnetic anisotropy behavior of CoFeB/MgO multilayers by spin/orbital specific
magnetization measurement
M.Yamazoe, T.Kato, S.Takubo, K.Suzuki, K. Hoshi, *M.Itou, *Y.Sakurai and H.Sakurai
(Gunma Univ., *JASRI)
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WHIEEICEE T, | TTo7,

FERAER

Figure 1 1% CoFeB/MgO Z/EIRIZ k31T 5 b il

(AR . AE Sy (R . BuEisn
Wb i (R#R) Thod, WhHEs H L35 L,
|H|<100000e TIIHLERLRE— A > hOTFHBHK
LTWB I ERNMD, UL, |H<100000e Tik,
BLAE ST H 2001) HHEDOAFGNKREL 78 bHT=
LEZBND, Figure2 |12, AL USKE—AL M E
HUE AT — A > b O ORISR 2T,
us=2.18upg &5 % Fig2 &£V Ap. Z3RD, Bruno D=

3] K=—§§%%ﬁﬁu\f\ £ =50meV[4]. GH=

0.2[5]DSMTRIAT 5 & | TEELRS ST 1L
—K=2.7TmeV 2335415, ZiUE Fe/MgO/Fe DElHE

FER 1.omeV[1] & [FFEETH D, Z DREREN B AZRIL,

FEEMAR T LR LEZBND,
SER

[1] R. Shimabukuro, et al., Physica E42, 1014 (2010).
[2]Kato et al., Appl. Mech. and Mater., 423-426, 271 (2013).
[3] P. Bruno: Phys. Rev. B 39, 865(1989)
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[4] D. Weller et al., Phys. Rev. Lett. 75, 3752(1995)

[5] A.R. Mackintosh, O.K. Anderson: In: Electrons at the
Fermi Surface, ed. by M. Springford (Cambridge Uni. Press,
Cambridge, England 1980)
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A HUEEREMEIIEIZ K 5 Au/Fe/MgO £ JE KD
B BB At SR 55 )
gk 2, ML AR, IR R, LS e, B2 ORE, AR Rk
g Eaerx, BUE S, R
(BERS KB PR T, * H AL K40, **JASRI/SPring-8)
Magnetic switching behavior by different magnetic quantum number in Au/Fe/MgO multilayer using
spin/orbital specific magnetization measurement.
K. Suzuki, S. Takubo, T. Kato, M. Yamazoe, K. Hoshi, Y. Honma*, M. Itou**, Y. Sakurai** and H. Sakurai
(Gunma Univ., *Tohoku Univ., **JASRI/SPring-8)
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1000F—— orbital magnetization /
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400/

B a7 N BELEBRIL., SPring-8-BLOSW I THT- 7=, M{RIm L7= o0l

182. 6keV D AS X #R & FUEHZIRET L 178 LA A 2 > 7 b UL &
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TiTbhi, EEIESHEARIX, 0.43a.u. TH o7,

EEBER
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iR £40. 5T LU F OIS CIRIE 2~ L, bz a3 %5, Z0E
JEOREMZ B DS T 5720, KR T8k m=0, 1, 2 Z&IZpBEL 72
SSMH #hifR (BRI A 2127R7, X1 TRz SSMH A X 2 (a) |
(b) (R, OSMH HifRZR 2(c)  UREM) (TR T |ml=1 T mo. ks roomx v s
FIEe AT U U ARERI SN o T=DIIZk L, [ m|=0, 2 TiX
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1) M. Cooper et al.(Eds.), X-ray Compton Scattering (Oxford Univ. Press, Oxford, 2004), pp289

2)  A.Aguietal., J. Synchrotron Radiat., 17 (2010) 321.

3) M. Itou et al., Appl. Phys. Lett., 102 (2013) 082403.
4) T Kato et al., Appl. Mech. Mater., 423-426 (2013) 271.
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I D EN ThygCory TEER VB D
AB - HgE - LRIEIRE AT U U RAHIE

AAMRFIR, 2Bttt BN 2, shARZEE, B
(RERRBEEL L, JR7 ok ' 15 MIRBE T %)
Spin/Orbital/Element specific hysteresis curve of TbCo perpendicular magnetic anisotropy film
with a high squareness ratio
S.Takubo, *A.Agui, X.Liu, K.Suzuki and H. Sakurai
(Gunma Univ, *JAEA, "Shinshu Univ.)
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1) A.Agui et al.,Appl.Phys.Express,4(2011)083002.
2) A.Aguietal.,J.Appl.Phys.,114(2013)183904.
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L1y-FeNi ]| &4 ~DE 5T R I F O 55— G A

RN, SRR, A B3
(FAb @A !, HAE K CSIS?, mUER AR )
First principles study of light-element doping effects on L1y-orderd FeNi
Masahito Tsuj ikawa'?, Yoshio Miura®, Masafumi Shirai'?
(1 RIEC, Tohoku Univ., > CSIS, Tohoku Univ., 3'Kyoto Inst. of Technol.)
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Effect of Magnetocrystalline Anisotropy on Magneto-Strictive Behavior for Fe-Si Single-Crystal Films
Tetsuroh Kawai, Takuya Aida, Mitsuru Ohtake, and Masaaki Futamoto
(Faculty of Science and Engineering, Chuo University)
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Perpendicular magnetic anisotropy of Co,Fe,Mn,_Si Heusler alloy

ultrathin-films

J. H. Kim, T. Kubota, A. Tsukamoto*, S. Takahashi**, Y. Sonobe**, and K. Takanashi
(IMR, Tohoku Univ., *CST, Nihon Univ., **Samsung Research Inst. Jpn.)

Introduction

For the development of MRAM devices with a giga-bit class memory capacity, it is required to reduce critical
current density J, and to get high thermal stability factor over 60. To fulfill these requirements, magnetic thin
films with high perpendicular magnetic anisotropy (PMA) are essentially required for the magnetic electrodes of
the MTlJs.

There are many researches about perpendicular magnetized thin films for magnetic tunnel junctions (MTJs).
Among the PMA materials, Heusler alloys with an interfacial PMA are attractive because they are half-metallic
and can exhibit high output power when being used in MTJs. There have been reported several previous works on
PMA-Heusler alloys"?. However, systematic investigations such as on material compositions are still needed. In
this research, we investigated the Fe composition and the layer thickness dependence of the PMA in
CoyFe,Mn_,Si (CFMS) Heusler alloy ultrathin films.

Experimental Procedures

Stacking structure of the samples were MgO (100) substrate/Cr (40 nm)/Pd (10 nm)/Co,Fe,Mn;_Si
(tcrms)/MgO (2 nm)/Ta (5 nm). The Co,Fe,Mn,_,Si (CFMS) layer was deposited at room temperature and in situ
annealing was performed at 400°C. Fe compositions of the CFMS layer, x were 0, 0.5, and 1. And the thicknesses
of the CFMS layer, tcpms were 0.6, 0.8, 1.0, 1.2, and 1.4 nm. Fabricated films including the ultrathin CFMS layer
were measured by a polar magneto optical Kerr effect (p-MOKE) and a superconducting quantum interface device
(SQUID).

Results and Discussion
Perpendicularly magnetized film was achieved

when the thickness was 0.6 and 0.8 nm for the Co,MnSi LS rtp— T T T
and the Co,FeysMngsSi samples; and for a case of the 1.0+ .
Co,FeSi, the film exhibited perpendicular magnetization & (5[ 1
only when the thickness was 0.6 nm. Figure 1 shows the g 00 ®

product of uniaxial anisotropy energy (K,) and thickness ? ’

of the CFMS film (¢) for the Co,FeysMngsSi samples. ':‘ -0.5- 1
The results can be fit by a linear function as shown in the §= 1.0+ ()

figure. From the interception of the linear dependence, 15l

the value of interface anisotropy (K;) is deduced. It is 0.0 7 08 1.0 1.2 14
about 1.3 + 0.8 erg/cm’ which is comparable to the Thickness Inml

reported value of the Co,FeAl films". The value of K,
for other compositions will be shown and will be Figure 1. Thickness (f) dependence of the product of

discussed at the presentation. K, xt.

Reference
1) Z.Wen et al., Appl. Phys. Lett. 98, 242507 (2011).
2) Y. Cui et al., Appl. Phys. Lett. 102, 162403 (2013).
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Anisotropy field and ferromagnetic resonance equation of in-plane uniaxial anisotropy film
O. Kohmoto, Y. Matsushima*
(Resona Lab. *Okayama Univ.)
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KREDH, Tk, B M DELS FRLQIZ L > T HaBEDD Z ENhnd, ¢=0 DR, Ha=—2(K11
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+ Kuo(— 2s1n200- sin20 cos2d— 4sinBo cosOo - sinBcosOeosd — 2cos200- cos20
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1) AR & VIS OB & ER (5< A9 1R, 2013).
2)  KHAEE : B TFEORRE I GELHAR, 1973).
3) J. Smit, H. P. J. Wijn: Ferrites (Philips, 1959).
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Magnetic anisotropy and magnetoelasticity of Cobalt-ferrites
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RTIL, &ﬂ%‘eﬁf i*%%’*?*“/\ Wkt U CIRRBUCHE R T 5, BigGal I 7 nflim s 0ERY IO,
(T D720, ARAFZETIE, CoA A v DEFHANIILSE, EEDOKE XD tetragonal fif fhE A & trigonal fi i
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RENTND), EBIT, MBRELD/NSWIRIROFI RN G, MKHIEER Bl 3L OB2 # /&S 5,

ETINERHEAE

CFO @ Co (+2fi, 3d") A A ITxtL, G HUEOHEERY O E TR ZEHT 5, %ﬁ Ba KT
NIV R=T U0E, AV LB AAER, trigonal 3 K U tetragonal S D78 D, fEEmEAIZ L o TAEL
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L CRLNZEEMRE, BIEMIC K > TRONIMREZIET 2 2 LIC kY, BRMMESE RES 2,
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Control of uniaxial anisotropy in Co ferrite by the misfit-induced distortion
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BHDHWIIIEEN SN IE S EEZEAL, 0 OMHE, MiEE2dMds2 &8 L.

EERAE

MgALOL(110)BFEE M7 117 CoFe(1:3atm ) &4 % FV T O, st \'
VTR R ARy Z Y U TIEIZE D CogrsFeyrs04(110) R 2
ERE L7z, ArtO, RPHEH TR ATV, BIESRE MgO(001)4
MBS U7 B & @ WO R b 235 H iv7z O, it & 6.0 scem, 4
BOREE 600 C& L7z[2]. #ABFMIZ, RHEED #8145, X #/INAR4t
B X DIREERE, 440 X BREPTEEE I L 28 ERE, EiRT
TP 140 kOe DHiPH TORALME, Quantum design £ PPMS % Hu»
THRRHINEES: 90 kOe TOWER FV 7 IEZEIT- 7=,

Fig. 1. (a, b) RHEED patterns of
SRR MgAl:04(110) substrate and (c, d) CFO

film, taken with the incident electron

MgALOL(110)EHR F1Z CogsFer 504 Wil 2 RIS 2 Ril 1% O beam parallel to (a, c) [1-10] and (b, d)

RHEED #(Fig.1) X ¥, MgALO,(110)AFEE AR 1T CogrsFey 50,4 T [001].

EX XUy VEREBS LN D EARE S T2 D CogsFernsOyf
MgALO,(110)7HEMRIT 4 il X HR A4 2408 D E HE R K 0 H N [001 ]9k
D MgALO(110)FAR DA T TEEIZ IR SN DL TIES ENEA 400
INTND Z EDbhoTz. WALRIE DRSS (Fig.2) L U HN[001]
B ARG LR S, TRIPN[1-1078h 3 & OV B[ 11078 23 Bé /L A fih < &
v, BHO KR FEEREAG LN LR bhoTz. R
V7 JIENE, FUINREEYS 90 kOe TIXAIFI L2 > 7248, B — 7 fH
5 RS S AR T E (K, T 8.52 Merg/em® Tdh -~ 72,
AT CIX L 0 BRI FEBRAE SL % Cog75Fey2504/MgO(001) R D #t
EHHR LA TS

M [emu/cc]

— in-plane[001] |
== in-plane[1-10]
Out-of-plane[110]

N 1 1 1 1 1 1
w 50940 -30 -20 -10 0 10 20 30 40

H [kOe]

[11Y. Suzuki et al., J. Magn. Magn. Mater. 191 (1999) 1-8
Fig. 2. MH loops for H//[001],

[2] T. Niizeki, ef al., Appl. Phys. Lett. 103, 162407 (2013).
[1-101. and [1101.

[3]J. Inoue i, et al., AIP Adv. 4, 027111 (2014)

—346 —



5aC - 10 F38lA  HAMK D FIGREMELE (2014)

0000000 hhpCoO0D0O0ODODOODOODODODO
oooooooo -t
(00D0O0*000)

First principle study of magnetocrystalline anisotropy in hcp Co with stacking faults
T. Komine, and S. Saito*
(Ibaraki Univ., *Tohoku Univ.)
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Broadband spectroscopy of magnetic response excited by microwave or mechanical stress
in micron- or nano-scale magnet
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('Univ. of Hyogo, *Hyogo Pref. Inst. of Tech., *Keio Univ.)
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T AT DB ERR L o TV D, TIVE T, SNBSS A B U IRIC K D RESCIRREHIE> & A
F 7 AFHEIZOW T, ERREINTE L, BEP T, FREicsn T, MEEZHI BKRET—A 2 b
RS TN EEFEG LTV D Z 0 b B FIREFOBEY 2 b L 21T X o TREGRBEHI IO/ & A 7 2
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AL LT, ~A 7 vl B2 D ONTHBIRE) & L COREBMER 2 AT L2358 OF 7 BENEROIGE Rk
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EERAE

~A 7 e ERS 7 DN TIREIZ I L CAD Lz & 0T ) BEEROINERMEZRIE ST 5729 E
EARHAS SR~ A 7 m R & R B & 2 ER 5, B @%Uuﬁﬂ%L@W%
HEARBAII LA 722 HONC ) 7 v A7 T ek 2&EE W, B IREIZ T t#ét@@%@#@&%@%
F O~ A 7 a5 L, N MRy b= T FIA =2 AWM 21T o 72, T/ B IR ORIR
IS F ERE ICHRIET A 720, BEKEPUES T TR ~ A 7 m R B 2 N,

EERIER

JE TR B, S SO VRS U 7o MR SR AR 1 L2 L > T Jib
fL D REHMER ORREREE Ry NU—20 T F 5

AV —THIE LT RO—F &2 X 112RT, RKEHREC
KT 5 S11 & FaREIZ IG5 S21 23 100MHz {43
TRELELTWDZ ENnD, ERETHLLA Y —
WIZEDE— FRIE S, BIELTWDZ & g0o
7oo Flo, HEORBKE— RN - ZRFLTWNDHZ &
LD, E T, T BV 2 BLE U 72 BR A
Pz SN T HEET 5,
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EEERGLIREIRA~DISHD =00 a NV v 7 =T 4 MEREO/ER L
W PEEEAM

BTREGEST BN
(BINKF)
Preparation and properties of Co-ferrite films with perpendicular magnetic anisotropy
Kensuke Shindoh, XiaoXi Liu
(Shinshu University)

[FL®HIC

BEBERA ML —VOEETHLHNN— KT 4 AT « K747 (HDD) FEDOEEMKGLEBAIIZIHESE
DEEBNEGEENTEY., VLRI MORENE/NTND, Frxldh < LKA AOMEE LT
BNDaA/NV R T 2T A4 MIER L, 2729V 7 =T 4 MIZMhBREBEANRE <, RE BRI
EHTHEINDRMTHD 1), A TITRIESF DR a SV 72T NERBESHEHZ LI2LD,
FERE LA B, BEMREGEE AT S2REIOERE B LT,

EEBRAE

st 2 —4y FRA Sy HiEE AW, B LYY aEBR EICa sV b7 2T A NERZREL-, BZE

@ﬁﬁ?ﬁ%4oxuﬂpaqu;b*y&fﬁuiAn;b*y&inu*ilomsoxu)PaWTmWhéﬁfwf&ﬁ
BRI TEVLE A G Z L IC LV, fERREE S, BRERERE I IR EREPRL I RH(VSM) &

mw\ XAREIHTEE E(XRD)IC & Dﬁm%%%ﬁ%ﬁoko

EEHER

Figl Fig2 CTII ARy ¥ HAJEAZ 04Pa & L, FTHIBICHE Ca L N7 =T A b & pkiE%  FEARIEEE 250 C
Ta NV 72T 4 FERIE Lz, BXIFHN T 800 C CTEVILEE U 7= 50RO REKURE & XRRIEITRE R 273,
Fig2 1279 K 9 I KR&H T 800 CTEVLER L 75 R, MEimTEE S [7) T 12kOe 8 2 2 KEWMRIWE ) BT
ﬁﬂ@%%’ﬁ%bkoLﬂbﬁﬁﬁﬁ’%3ﬂk%ﬁ@%@ﬁﬁﬁ%néoikmgn%#x%@ﬁ%
F X0 RKFPOBLERIZ X0 (400)iH O SR A BEEIZ A b, BIRESTIL400)E OFE bR I L v
REWRWNEZHET D200 87 =7 A MEROERNITZ 5 EHERT 2, S%EMOREAZTTS 2 &N T
TUE, BEHICEICRERREN EZFORMOBREIITZDHEEZ D,

: d
/ s / g
= s i z
- J - _Zf 57
30 20 10 010 20 30 30 20 10 0 10 20 30
H(kOe) H(kOe) 20 (deg)
Figl. M-H loops of the thin film Fig2. M-H loops of the thin film Fig3. XRD diagrams for the thin films
T =rt. T.=800°C (2)Ts = 800C () Ts =r.t.
ZE SR

1) Extraordinarily large perpendicular magnetic anisotropy in epitaxially-strained cobalt-ferrite CosFe; O4(001) (x =

0.75, 1.0) thin films
Tomohiko Niizeki, Yuji Utsumi, Ryohei Aoyama, Hideto Yanagihara, Jun-ichiro Inoue, Yuichi Yamasaki, Hironori

Nakao, Kazuyuki Koike, and Eiji Kita
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Highly Sensitive Magneto-Impedance Sensor Using MEMS Multi-core Head
T. Uchiyama N. Hamada™, C. M. Cai*
(Nagoya Univ. , *Aichi steel Corp.)

[ZL&HIZ —nFETlz, eMosIc ZFIH L=, »UL
AW K DAL EER AR LIcR A v B —H
Z (ML) BrHicky, YaTxT4d—F—DmR
M BRRENFER S T AN, £72, Fexid, B
ALV E—H LAY DO~y e LT aTbd b
Tl JARXRTa T —NEET S 2 EERE
LTW5 B RHFSECid, SR SR ML & o
OFFZHEMELT, 74 NIV T T T 0 AvF
Zav ALV ERLLU - MEMS = /L F a7~y Rz k
HERRERSA v =X A o ERIEL, 0O
R 2 AT L 72,

EEBRER

1k, ARBFFECHEA L=, MEMS ~v K&R7,
AROTENT 7 ATA Y (HE 13mm, £X 1mm)
I, AR 250 ¥ —r D aA VTR IN TS,
FH 1RO BH iR bHEE S D, U A PREH D

BHMRER W) X, 74+ NI YT T7T7 40 AT

1.9 mm

1.3 mm

R ALY~y REERT DHTE, K 1004 Fig.1 Prototype MEMS multi-core head, which is
TTholz, LML, 7t AFOEULTIDE  used in this experiment. The miniature head
HIZ LY~y RYERS O H 1. #1000 2 T includes four amorphous wires with 1mm length

ML,

MEMS ~ v K% CMOSIC |2 X A5 A v —& A
UV EKICHAAT Z Sl LY, Y&
FAME LTz, BYE LB OE BAAFE L, 2L
AFEAE R T ONCMOS A > X=X — 2 LB 90
ABEERIEE, A NVERENERET DAL ¥ T
BN SN T, R Yo 4 22 @
7 MV ORIERREZ R 2 1ZRT,

[1] T. Uchiyama, K. Mobhri,Y. Honkura, L.V .Panina,
IEEE Trans. Magn.vol. 48, no.10, pp. 3833-3889,
2012.

[2] T. Uchiyama N. Hamada, and C.M. Cai, ICST'13,
2013 Seventh International Conference on, 3-5,

1E-08

1E-09

1E-11

1E-12

December, Wellington, pp. 573 — 577. 2013. Fig.2
multi-core head MI sensor in a shield box. The noise floor
for the relatively high frequency range denoted by the
dashed lin, is around 70pT/Hz2.
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EEP v U T RNE R R SR T
B IR PEI C F8 1 B R EE BN B4 A Bt

Hem (55, g9 AR, UE RO, A ERR, Al ik
CaFR7, EIREESINR G o 2 —, RJAERT)
Enhancement of sensitivity in low frequency region on High-Frequency Carrier-Type
Thin-film Magnetic Field Sensor
S. Kamata, H. Kikuchi, T. Nakai, S. Hashi and K. Ishiyama
(Iwate Univ, ITIM, Tohoku Univ.)

1. (FC®IC

RS v U 7 RE SR I ML FE A& LT, SERR IO TS, 2R ERE
Hum FRE F TOMEMBIC LY EBLT 256, —MRICEMEEIEIE 100 MHz UL EO &8 & 72 5. BEE) - f (e
L DAV EEE LIZGA, 10 MHz CEET 2 2 ENZEE LW, 22T, 22 CIEEEKS v U 7
SR 1 D JE PR EIC BV T 10 MHz fHE TR OND A v E— X v ADORRZEIZ OV THAEL,
FE BB CENMET 2 B A m A I % v U 7 BRI 1 O Al REEIZ DWW TTRET LT,

2. EBAE

FAITUE CogsNbyoZrs 7B/ 7 7 AEEZ AW, 74 R VT T 7 4 L ARy XY U7X - I L
7. VERISE T OARIZNE 20, 40, 80 um, £ X 3mm, E X2 um & L7z, B1TOWRFADBBALES S 725 L9
(RGP BLER I L0 — 8RB G A G LTs, A VB2 v ZDOREALII R DB D 72 FE - e
HO1ImmzHAWe, A E—F 2 2OREIZIER Yy NI —2 T F 742 H W, AJJEIE-10dBm & L7z,
HERFZIT AV AR A X0 B RFHFANCHAZEHN L7220 61772,

3. RBER 80
Fig. 1 (212§ 20 ym DHE BT 54 v E—& v 2D EHsk e looma
el % o L7e. ~b DALY WIS % B 0 ~ 1000 mA & 75 "1 ==300ma
fbEE7. BREINRRIZE BRI TA e = AR L
TRY, ooz L<mon=zLoThHsd. —FH, ~ILA
RV 3 A U 300 mA DFEGE A FIN L 72354, 20 ~ 30 MHz
TIZBWTA vV E—X U ADO = BRABN-. ZOE—271%
& 20, 40 pm DO FHE 1 CTHH X722 80 pm DFE TR LN
22572, Fig. 2 |21 20 pm OFE FIZHBT 51 B —F L ADINE

—*—300 mA
—*—400 mA
60 H

—*—600 mA
—=—700 mA
50  —*— 800 mA
—4—900 mA

Impedance Z (QQ)

1000

Frequency f (MHz)
WeFURA M 2R Uz, JEIE0E 20, 100 MHz & L7z, —fi%ICIRE Fig. 1 Frequency characteristics for middle

WHIRICEB N TIEA v &7 X v ADBALIER XV, £ v B — position of 20 pm wide elements.

5 ADBAGIIHRIY DB HNRE Wb v E—F L A & =100 it

LT 20 MHz BRREEDIEFI CHAEA A DR, £z, ®E A f
RN TR LEBATY, CORMEMommE S t #

LB ICELRIEIRT 5 ORI TH H. LA L, T T g

300 mA % = A JVAZEIIN L 7ZRHS A > B =& 2 A28 100 MHz f2 E J‘

HETHE T L 72 Fig. 2 & D 100 MHz & Hoit L C 20 MHz Tl > UF | \\ \
E— X AOEbEE LTINS WA, R dZ /dH IZFNER 35_;0-:_1-;—_10 b s :‘;0
14.1,16.1 Q/Oe & KX 2 kid7ehoT-. ZDZ b, ZOF Magnetic field H (Oc)

WEER AR U SR E T Y E ORI éz}”b%). Fig. 2 Field dependence of impedance Z for 20

wm wide elements at 20 MHz and 100 MHz.
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BESEHIN U777 7 Ao 7 %2 vz

77 w7 A — MgRE Y

EHRNH, IARES* AR, MTERE R

(=T 4 7 A UM LHERTF)

Flux gate sensor using amorphous magnetic core induced tensile stress
H. Miyata, R. Yamamoto*, Y. Morimoto*, M. Takezawa*

(MTI, *Kyushu Institute of Tech.)

Y RREDEAL A~ TD

XL ®IC

oz, 7?y&xﬁ~b@%ty%@ﬁrﬁ ZDaATMEOBIEEEICRKRE S EEBEZITHZ L2
HELTWD BEMER ORISR L, ENEZAMT 22 & TR THZ LMo TR, RIFFETIL, B
@n?ﬂﬂ@?%w771%m_%O%Dmﬁ%WMLt B OREXIEE &

THET D,

REBRAE

77 A= oo arMEll LTH RO 'L T 7
AT 2605SC & Tz, Fe ZiOMEITH U | FHAKIL FegB135Sii55C, T\
%ﬁm As= 35 x10°, FUFNEHEE B = 1.6 T Th b, BEIXBILE

TiE, it Kerr ZhRBAMEEZEA L, B O —iE2EEL, &9 —UcHE
D%%ébfﬁo%é_b(mewﬁo%DEﬁ%WMT%éio
LTz, 7T w7 AT — MERE R T D 5A0E, B TS
15 MPa OS] & FIIN L7 RAECRUB & B iE CRIES 2 2 & T, /1AM
et = 7 21572,

ERBEREER

Fig. 1 12 > VB O JE R T A2 v, B CHRIZIREINREE = 7
ERWESES. ZAITEAZEIN LW 2 7 2 WA 0 R TH D,
&0, BRI E > TR HEERK 3ERLELTHNDZ ERN005D,
Fig. 2 |37 A ALIRE DX B DR R TH U [ Fig. 2(a)lZ 5k /1% HIN4 2 Hil,
Fig. 2(b)\Z 3 /) 2 FIIN U 72 R RE DG IXBLESRE R A2 7= 37, I C B R 7 1 s vy
DODEFHHTHY . BAOBXKIIHAS LM X, BRAOBIXIIELAS T
ZR LTV 5D, Fig. 2)DBATHALLE S OBIX 2> F T A MI#EL KRBT
B ZHUTEHER ETH R TIER LS. ROFRIEI N TWD Z & R
LTCW5, —Ji, Fig. 20)DEAZHMLIZ5EE81E, BX a2 T A FaE<L
720 WL ETFHFRICHIi o 72 A b T A DIROBXIEE N BRIz, 20
ZE X0, EBOEMBEICERETERFEI N TND Z ERo0nD, i
I, WBEDRICED2EOTHY | EHIHINC X222 Y ORE R X, Jih
WM aRAb B S e TEZ EBNRRIEEEZ OGNS, UIEXD | IEOR
BEHETDHTENT 7 AR TR ZHIINT 5 2 &1 X 2 W KAk & il £
X, 79 v AF— MERE T OBER EICERATH DL Z ERN S
oo BWVEIRIBEHRBEZA LN D, BENRKE W & CTRRE, &/

2500 e

- n
a o
o o
o o

b tensioned
-1000 F

500 F h
[ as cast

Sensitivity, AVIAH (mV/Oe)

10 15 20
Frequency (kHz)

Fig.1 Magnetic field sensitivity
of fluxgate sensor

Magnetization

4+ (4K 100 ym

(a)without tensile stress

(b)with tensile stress

Fig.2 Magnetic domain structure

A X T D Fe 2T ENT 7 AMELOBEAEERIE 2179 Z & T, B o/NMULR#IfF S D,

L ZDEN

1) H. Miyata, et al., J. Mag. Soc. Jpn., (2014), in press.
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SrTiO #EZ AW o R EERA v v VR FORE

JI R, WEPT W, #EAE, /INEE
CRAEEBER )
Development of thin film magnetic field sensor using SrTiO film
T. Kawakami H. Uetake S. Yabukami, T. Ozawa
(Tohoku Gakuin University)
1. EL®ic BB EREZ AT 5 SrTi0 @A V- 2 7 L — & & CoNbZr Wil 4 fH 7 & ot
TR L VERIEL, B O ArRE A IR R Y R OIER R AT o T,
2. FEBGL Fig 1 lTFMELT B v PR FOMEZ R LD TH D, At HFFHEREROK
RREMERIRZHM L TR 2 RERMEEEZRLIZEZ2BER LD TH D, B FEFIL, Cu
WIRIC X DEM T L — R, SrTi0 WK, 7 E/L 7 7 A CoNbZr ML S, B HFiEA
TAFER EIZY 7 hAT7 7o AL VFERE L7, CoNbZr BERRIEIX 5 um C, RF Ay 234 T
J£77 20 mTorr, #E7J RF200 W, RCAEERH] 8 By T1T 9, BVLELIIEIHARLS HEVLEL 2 W T EZEH T,
[ERfeE AR 400 “C2 FFfE], FREZA 300 C1 W§fH T1T 9, SrTi0 BEREIZ A /Sy X 4@ 2 VTR 3 um
CJEJ)E 20 mTorr, #EJ) RF200 W, & — & {iX 160 CTHIET 5, mEHEEA L ¥ 2 MERIIE 8 1m,
N—F 7100 C20 53, BUE 2 43 30 BT 9, AnEHRIETERUT ARy 2@ AW T, Cr0.2 um, Cu4
pum T, FEF) 20 mTorr, FE7) RF200 W CHES %, S I7VEMTINZ Bl hBVL LR 2 VT mEZEd
TlEHEREA 320 “CC 2 BefM, §#REAR 300 ‘CT LI TIT Y, BV HR T E I LARALY aAf LOHRIC
BEL, B POEMIZITY =T —7 2 E R EMm S, R — 120 L Txy hU—2 75
TAF L Lo, EIER & ATl o 581 REE I O A b IR e 5 ) ~ R A N2 T, #REY
RS ETe, Xy FT—=7TF T A P OFELRIL (Sy) OIRIEF L ONLAAZE 2 B ZEIZIE U THIE L
7
3. EERAER Fig. 2 (IMAHZELRED 7T 7 T D, 1.5 Gz 25 3.5 GHz % T8 Ak < JlE
L7z, £DOH T Gain 73-40 BB AL T—FMHE DR EWEARBDOREL 7T 7 L0 FiHrl-oTo, DR O
WE DB 72 SN Fb A 155728 2 Gain 240 dBLAEE L7z, 2.0 GHz OFf, 128.6 deg/Oe Z 7ok L
Gain (3-40.0 dB & 7257z, Fig.2 XV 2.0 GHz fiE CREZNR & MG NIAE IR -T2 B2 B
Do
ZE Wk 1) H Uetake, S. Yabukami, T. Ozawa, N. Kobayashi, and K. I. Arai , “Highly sensi
tive thin film sensor using coplanar line” , Journal of the Magnetics Society of Japan, vol. 38, no. 2-2,
pp. 83-86 (2014).2) S. Yabukami, K. Kato, T. Ozawa, N. Kobayashi, K. I. Arai, “A coplanar line
thin film sensor and measurement of MCG without magnetic shielding” , Journal of the Magnetics Society
of Japan, vol. 38, no. 2-1, pp. 25-28 (2014).
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; B| _ : I T ) \F‘Bﬁaﬂﬂaa%m:@mg
CoNbZr(5 pm) Au/Cu/Cr 180, . L . : 2
H(Oe)
Fig. 1 Fabricated thin film sensor. Fig.2 Phase sensitivity.
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Development of wide range typed MI element
A. Shimode, N. Hamada, M. Yamamoto
(Aichi Steel Corporation)

X ®IT

MI & > i%, MI (Magneto-Impedance, %A > & —% 2 A) iR uEFIH Uiz M CRIRE AT
THY, HEHEFRECHER SN B Fa v SR LTERAMEEN TS Y, BT 2 2320, #ilER (1 0.5G)
FRET DR THY, FLELT, I3~ RGEEOHEL OBV YREAIN TS, KILT
I, A — R 7407 T Ly MEORHE R-CmEEREIc LY . S OI/MY, KIHEES CREE - K
J AR HOMIE L v ORIRVERE RO 5T\ D, R, SIS ER BEAS O BREE T O e,
BEREBNTOT B 7Y OEBEREN, K2 X MeE o 2@lann, JIERE L Y OJERA < Bk
ENTWDE, F2C, AL, MERMEL LV DICRIETETE (VA VE) OBBHE~ -,

EBR G

R P RIETIEONZER 15um OT BT 7 A
TANYe2=F BPOEA L, MLE X, 74 MY Vikd
WoXETIER L By 2T vy Fafloa ey Fid,
17pm T, FFEI1L0.3~0.6mm D 4 KHEL L7-, BIEL - M
FF1E T B HBEFEE MI-CB-1DK) 2ICH#i L. £ D
HI VR 2 JE LTz, ARl B W T MoK/ Feh %
IR A Ry & Lo, W, BESCE Y & L CORNERE
L UOBRRIL, B X ZRREG D 400RETH D,

[§8)

0.6mm

AMI3006|
v

Output (V)

HER -80 -40 0 40 80
AEL72 MI &1 O J1RHE 2 ek it (AMI306) & kg LT _ M agnetic field (Oe)

LI M E 7 ORI RIETEFEORE A 2 107 Fig.1 The output property of MI elements

T, K1, 2iZmRand Lo, BFENPELIRDIZHONT,

BAFIRES DN DA D > 72, THUT. TEAT 7 AR 100

PEU A Y ORBER DM L-72dTh D bbb, Fi-,
0. 3mm £ 0 MI -7 ORIFIRESE 606 Th 0 Aok (isos, S 0 |
BIRIBEER 300) ORI 2 5L fenTo 2 bnb, BIELYSE B 60 |
FI2MERERRTE D BRI LD, .é a0 [
B% 3R 3 20 |
; AMI306
1) A. Shimode et al: Abstract of International Workshop on 0 —
Magnetic Wires, IWMW2010 0 0.2 0.4 0.6 0.8
2) N. Hamada et al: Abstract of International Magnetics Length of M1 elment (mm)

Fig.2 The effect of Length of MI element

fi I 2011
Conference, Intermag 20 on saturation field
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I*w¥*A~NX?4Vﬁ$¥%%%#6Mﬁ A
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5%, BEHMI, NIKE—BA, TR SRR,
(BREN R, "=y 32— HRAath)
Measurement of domain wall motion in FeCoV compound wires for energy harvesting device
K. Mizogushi, R. Serizawa, T. Yamada, S. Masuda, Y. Ogawa*, S. Kohno', F. Kaneko", Y. Takemura
(Yokohama National University, - Nikkoshi Co., Ltd)

AN, FRRERE, 1 B3RS, MR ERE]

1L [ZL®IZ

O UEEAIT. L 7= FeCoV U A ¥ (LLF. AR
K[UA VLR T D) TERAIAITIATE Dy
TR D RIB IR U D, 2 ORI L%
FEEEHE L ORI AR HiE, SEEIR
NARETHLZ &, BIEREGRENLIN &, B
BB ORI LI LNt 8o
e a+ 500, ek, o0 EENL
T, B Rx L F -2 BRIV F — LT 5
FNF =N RRT ¢ VT B ~DISHICER LT
W5,

AR AN T AE 3 D AN R E (LUF, iiské
B L) A TSR EEZHMIZT A T
Ry Fo 7 M LA L7 (Fig. 1), Z DK,
ST L 0 BETHWMXERATHZ LT, B
BEDRAERR T F L X —INARELZ 72 ) SRS S 5R E )3
KFLZ, AfCldoyF oML ziiL-v4Y
ERIMNTY A ¥ ORERER B E A [ E L7z D T
T 5,

2. EBRFE - R

AREBRTIZ, BE 27 mm. ##£%0.25 mm @ FeCoV
BEBR T A Y. T A YICHEHEEE DT 721E 1 mm,
EEH50 turn ORH a4 v, BRI 3 mmx3
mmx5 mm ® NeFeB A % 7=, [RIEREIIC A %
B fHT, ZOANERICTA Y ERE A NV EREL
7= (Fig.2), FHGEISEEE L, B & VA Y OsBEE
THEMmEHaA NTH DSV ARFEREEIND, a1
1 & a2 OMTINE LR ZEZRE L,
TyFUTIMLEHB LTZVA Y ERMLIOY A YD
RERB BN 2 Lhig LTz, 72, TA PIThH DR
FOREIIMA & U A YO 4 12 k> T EE
776

MEDFER, = F 7ML ELIZTUAYIZE
VT A BERERBENR A 1L 588 m/s. AR LD T A ¥ Tk
49 m/s LR 2y F U TMLEK LY A YDJF
DSBERERS IR EE N K& W2 & A fEsB L= (Fig. 3),
it\@ﬂﬁﬁﬁfiv4kmmméhé@ﬁ%§

IRIE LN Z L 2R LTV D,

BIRE - ARMFTEO—EBIL, ARMEEN JKA T
24 HEE B S EAERAR T EIR RIS E ) e (24-71)
W& SEh L,

0.01 mm
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Q )] 1

0.3<_r'r>1m 0.25 mm

Fig. 1 Schematic of the etched compound magnetic wire.

Pick-up coil 2

Magnetic wire

Pick-up coil 1

Rotor axis
J
w Magnet
Fig.2 Experimental set-up.
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Etched {A 600e  Wire 42 600e
Wire  Le 400e
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Fig.3 Velocity of domain wall motion in FeCoV compound

magnetic wires.

N

& 3k
[1] M. Vazquez et al., IEEE Trans. Magn. 30, 907, 1994
[2] S. Abe et al., IEEE Trans. Magn. 33, 3916, 1997
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An Angular Sensor with Differential Transformer Structure using a Ferrite Ring Partially Shielded by a
Conductor Ring

Haruo Urai
(Faculty of Engineering, Hiroshima International University)
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Application of Magnetic Ribbon Coated with Polystyrene to a Wireless Organic Solvent Sensor
T. Suzuki, N. Kutsuzawa, and O. Ishii
(Yamagata Univ.)
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1) http://www.webshiro.com/syouhinsetumei/mc1xg100v.htm

2) O.Ishii et al: J. Magn. Soc. Jpn., 37, 250~254 (2013)

3)  EnOR, 5 37 [A] B ARRARSES IR S, 319, (2013)
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Application of LC Circuit Adjacent to Mo Thin Film to a Wireless Ammonia Sensor
T. Arai, N. Kutsuzawa, K.Koike and O.Ishii
(Yamagata Univ. )

[FLHIC
LC [T, MEEOREE T A —4 —Z MR T 28BEE L LTRIHESR TS M, Ly
DU, BEIREFICRAET DT =T X3y r— URRENRE CIER AR T 5 F TR ML O M L3R
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(1) L. Kiyoshi et al: IEICE. Trans. Fund., E78-A, 1412-1414, E 92 8.5
(1995)
(2) C. A. Grimes et al: Sens. Actuators., A 93, 33-39, (2001) 9 8

(3) S. Yabukami et al: J. Magn. Soc. Jpn., 30, 218-224, (2006)
@ RHE il 255 37 B H AR T s A AR
2013, 320,(2013)
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Fig.2 Time vs resonance frequency(solid circles)
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Application of Magnetic Ribbon Coated with Ethyl 2-cyanoacrylate to a Wireless Acetone Sensor
S. Kondo, H. Horiuchi, T. Kaneta, N. Kutsuzawa and O. Ishii

(Yamagata Univ.)
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1) S. Yoshizawa et al: J. Magn. Soc. Jpn., 30, 170~173 (2006)
2) T. Shibata et al: J.Magn. Soc. Jpn., 33, 50~53 (2009)
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Bcc-fee structures in ultrathin Ni films on Fe(110)
Takumi Kawasaki, Toyo Kazu Yamada
(Chiba Univ.)
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Engineering of 300 K single organic molecular magnetic junction
Toyo Kazu Yamada', Yuhei Yamagishi', Yukie Kitaoka”, Kohji Nakamura®
(Chiba Univ. ', Mie Univ. %)
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Fexld, BETHLEND ZERVWH— D FRREKESZFZBT 5720, BEmEHEIC X 2HE0 & A -
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1) Y. Yamagishi, S. Nakashima, K. Oiso and T. K. Yamada, Nanotechnology, 24 &, pp.395704, 2013 4E.
2) A. Bagrets, S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nano Letters, 12 2, pp.5131, 2012 4.

3) T. Miyamachi, T.K. Yamada, W. Wulfhekel, et al. Nature Communications, 3 %%, pp.938, 2012 4F.

4) S. Schmaus, T.K. Yamada, W. Wulfhekel, et al., Nature Nanotechnology, 6 2, pp.185, 2011 4. .

5) T.K. Yamada, Y. Yamagishi, Y. Kitaoka, and K. Nakamura, submitted.
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Electronic spin states of graphene/nickel interface investigated at atomic-layer scale
S. Sakai, Y. Matsumoto, S. Entani, H. Naramoto, A. Koide, T. Fujikawa, Y. Yamauchi, K. Amemiya
(JAEA, CROSS, Chiba Univ., NIMS, KEK)
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A ROHIENIE TRPMLETHH I L EZEW®T 5,7 7 7 = U ClERRFAEREO m)ICBEI N, Z &
bR A B AR OFEBUIL Y T 7 = o L MM EE & ORI A E U BEDIERNEIZ 2D TH A9,
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bH7 77 = AMEERRIEOE A REE | B AT — NV OIRS fFREE AT DR S 53R X BEER
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1) K. Amemiya, Phys. Chem. Chem. Phys. 14, 10477 (2012). 2) Y. Yamauchi et al., Appl. Surf. Sci. 169-170, 236
(2001). 3) Y, Matsumoto et al., J, Mater. Chem. C 1, 5533 (2013). 4) S. Entani et al., Carbon 61, 134 (2013).
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Irradiated laser wavelength dependence on magnetic properties of an FeAl alloy
Y. Yoshida***, S. Watanabe**, H. Kaiju***, J. Nishii*** and K. Yoshimi****
(*Hokkaido Univ. CRIS, **Hokkaido Univ. CAREM, ***Hokkaido Univ. RIES, ****Tohoku Univ.)
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LIz A b 71 7Hit FeAl B ORERAIIRA 7T, K 1(a) 1 A N7 ATHEE FeAl £46 O Kk

(L HRR(FR S L — #—&Ei@ﬁ%nm

EOb)iEEnEn L——JF & 532,355 nm TR L7- & & ok (b) 355 nm.

RThbd, 2T, WGEEEAOIZA T A TORFFH M &S

DRTAELEFR LT, M1@)d v 0=2.3° TIIREH S 570e T 5

1% T LIZRE L, 0=T3 TIRRREIH1190 Oe L 720 OOMAT B, G |
% 1(b) &V 6=8.4° TIZ{RRETI 93 Oe Th % = LITHL, 0=61°T

IXEREEI78 572 0e L 72 0 K& SHIKT 5. W 2 ICIRBEH OENE & |
I e fPhE R, SR AR T I L Rk 8 S00)
FERTHD, M2 X0 PREE) ORGEER AR IRERE R B £ § i
TR DRERRLE BN —BE2R T 2 L0305, MH T, of
HERSARATAS SN, K 0 PR BRSPS B2 A T 5, 0

Field rotation angle 6 (deg.)

2: DRSS DGRl fA KA,
L Z- PN

[1] Y. Yoshida, K. Oosawa, S. Watanabe, H. Kaiju, K. Kondo, A. Ishibashi, and K. Yoshimi: Appl. Phys. Lett. 102
183109 (2013).
[2] H. Kaiju, Y. Yoshida, S. Watanabe, K. Kondo, A. Ishibashi and K. Yoshimi: J. Appl. Phys. 115 17B901 (2014).
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B AR R & FEEAL Z2 7797 0-Cr03(0001) 7 R X %
HE|E AL S A T A DR

EAMERRS Y, At L PAHEEM?, BARERERY, B R, EA Y, SBETES haim—
1 RERRZF RSP LA gest
2 EHEEE RN RARSEE v 2 — (JASRI) /SPring-8
3 WE - MEMITTERERE (NIMS)

Perpendicular exchange bias using magneto-electric o-Cr,03(0001) thin film with boundary magnetization
Kentaro Toyoki', Yu Shiratsuchi', Tetsuya Nakamura?®, Shotaro Harimoto®, Satoshi Onoue?, Hikaru Nomura’,
Chiharu Mitsumata® and Ryoichi Nakatani*

1 Graduate School of Engineering, Osaka University
2 Japan Synchrotron Radiation Research Institute (JASRI)/SPring-8
3 National Institute of Materials Research (NIMS)

i

a-CrOg [ TEXREKN R LR THME L LT TEY, £, Cr AE N ¢ N CHREMERICESIT 2 Z
LD, a-Cr,05(0001) i3 k4l (boundary magnetization) % <3, Z 9 L7=H5 8% A 5 SRRtk %2 /i
W AZHRSA T AL, ()ERBEREIFIC & Zw*c?ﬁ&/*% TADAA v F o ZRARETH D Z &, ()5t
RET 7R AL TRELS LB LN L, BV L —=0 ZRRARERNZ ENTFHIERTWS YA,
T D 3 DDOREM: A RIRFIZ R L 72451 :irt,cu\. FRIZ, (DIZOWTIE, FHx TR R IO TR0 AR
B2 AN A T ADOSREEN T THH Z L 2R LTV AR 2, BRBENFIC K 2 Fif e
ALY DAL v F L ZIZONTIE, M7 A—T b & TRENHSOH LB H S 3. ABFZETIE, BR
WK RIZ LD NA T AL v TF o 7% EGHT, EFE 3 DORHEIZOW TR LI RIZON TR 5.
ERITtE

AREHERIZIEL, DC~ 7% br v ARy & Y v 7ikE v ic. fERL L 7 IO RERLIE, Pt (1.5 or 5.0 nm)/Co(0.5
or 0.8 nm)/Pt (0 or 0.5 nm)/a-Cr,03(120 or 150 nm)/Pt (20 nm)/oi-Al,O5-subs. & % . G RFMIZ X, S e T 1
BT, XSRS RHE 2 V-, BERURFMEREAG I 12RO Kerr 20 RAIE, IRENGUEHILEL 5T, 4R X B M
“falt (XMCD) I, B AR — VRhEHIE & V2. XMCD JllE T, SPring-8 BL25SU (2R W\ CTfThbiuiz.

Pt RimfE %2 0.5 nm A L7z EHZ B W T, BR E L HD 20— gng:c%ngﬁants&;ro?e =
[RIFFEIINC X % A @ H (ME-field cooling) #1795 2 & T, ) 15¢ = chim-SlNemcko
EH =8000 kV/cm-kOe 235\ CTAH/ A 7 ZAMNIE SN FEBL L, § 1.0 gy ,,,.e:&i“* ’“‘\
H =-8000 kV/cm-kOe TIIAZHLNA T ANRAFHANZHBLT 5. 3 L) |

(El) Thbh, HEAEOBIRAARIC Lo TR AT 00 —

ADBRIGESFARETH D Z LWyt &7z, Pt REEE  § 09 2 |
FHALZRWRETIX, BT 732 &GS MEICL > T S ot At TR
XMCD SRHEAS AL, SR SCRBENE A 2 73 I A ASpmx
HEWEL RET 7 3 A Lo TEE LAV, Sbig, A B e,
a2 HWT, BN A T AD N L —= U THREIE E1T o 725 Magnetic Field / Oe

=P 3 - N SN
R, oS TRRBRARN LSOO R PU e s b0 AHE g, BH 12
SLififE O AIZ L D Cr OFEIREEDZEAL, ME-field cooling Z51F & <t 7 2 8Kz LV 5. (RIRFAINA A
DOERLIZONT HIRRATETHAH. o7 2 00T, ETICA 7Y FEETNS.)

L Z- PN
1) K.D. Belashchenko, Phys. Rev Lett. 105 (2010) 147204., 2) Y. Shiratsuchi et al., Appl. Phys. Lett. 100 (2012)
262413., 3) X. He et al., Nature Mater. 9 (2010) 579., 4) T. Ashida et al, Appl. Phys. Lett. 104 (2014) 152409.
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51T LTz PtaFe RMBEIEIAIZ I 1T 2 58REME R X A o & RHHE S

AR, IE CEFR)
Ferromagnetic domains and exchange bias in tensile-deformed PtsFe antiferromagnet

Ryo Morita and Satoru Kobayashi (Iwate Univ)

[izt®ic]
L1 AURAIA 4 PtsFe 13 Thi~170K. The~100K 2B\ TENFN(1/2,1/2,00%, (1/2,0,0)% D FORBEIERE SIS REA
HEE T %, PtsFe SAIGAICMMER 2 M2 5 & BB Tl Z R LI, 2 L #EQ1D R TOT R0 ZRITFE S

BilTHE Fe-Fe 1t DAERKIC L D IR STV 5 ([2], Fio, REDOFIET M OBMLIEBR L V., Tha LU T TR HI%
DWACIMBRDBEIG N> 7 b T2 RS GRS v, WEME R A o > & RORiEE~ N U 7 2B O EVER O1FEE
PR SILTWD 3], 1> T BREEME R A A X ECQID TR EEHI AT 5 L HER S D 03, JREEHE R A A o4
A XBLOIRITA LIS 2> T, ARBFZETIE, PtsFe HAIGEICEB T D BALBTED J5 AT & & OIREERIFE
R DL T LR FREEME B A A OGRS, TERE. KON, RREME~ N Y 7 R L o BEAERICR LER DA E 5
25T ELEEME LT,

[EB 5]

FIIRRERIC K 0 MR 11.6% % N 2 7= PtaFe HLAL SR A W o, BifEdIE (100), (053). (035 % R E 5 1A(2 X 2
X4mm?) TH v . KllI7 1 0[1001235 8T AN KR T D, AR 5K, H RS 5T D54 T SQUID BEALMIELLHE IC X 5
BEAIE %17 - 72, Bk 11%[1001,[035]1 % & e m N ((053) M) . [100],[058] % & Teiii N ((035)E ) . [035], (05314 e
m ((Q00)E W) TITV, 22z lo35], (053], (0351 HDfMEE 61, 02, ¢ LEF LT,

[ERERB LOEE]

(2(035)ifi N THEAL (0 DA E{L S 72356 D ZFC %D
T=10K |23 F B R 2/~ 01 DN & o — g (FREED)
B ISR L (100107 S RE L L7285 A lc e K& R LTe, [k
FERIT 02 2R LI-HBEIC BB S, FiZ, H=1T T FC #1215
TR ERE R O | SSHES Ho(GSHRE G RIC K-> CRAE LT
ATV VA —=TOFIE, 01, 02 OEINE & HITHDT B, 01,
02>45" THINZEEL, £DH% 01, 02>70° THOREIIEDT S

M(emu/g)

FLRR IR L, THIRAIDT RO EEFORBAE R ALY L e ! —- —>[100]
S N Field(Oe)
PIRERRLI= SO EFLD0D. [ 1. 035 EMN(0 1) CRAL 11 & ZEAL ST 5 0>

—J7, P 6 DEALITHE LTI, IRBEN BOSHREIN S R T g, @ 00 W - 45° . A : 90°
FHEZRHESL Ao, ZOEIZ. 4 5o0%MAR4 NV H
(111D),(111),(111), ATDELFIT, (ZIFER CHERE SR TR FA A VRN MA L TN Z 2R LTS,

3 oo EF kb5 E [100], [085], [053N2RL L 728555122\ C Hep DIRFERFMEZ T2 & 2 A Hap 1KIRED |
AL EBITHRIIED L Tl ETRIEEr &R oTc, ZORRIE, BORBEIE~ U 7 20 Tha BLETEBIEREIC R 5
LI Ko TG PERT D720 IR TE D,

(&3]

[1] J. Crangle, J. Phys. Radium 20 (1959) 435.

[2] S. Takahashi, Y. Umakoshi, J. Phys. F: Met. Phys. 18 (1988) 1.257
[3] S. Kobayashi, S. Takahashi, Y. Kamada, H. Kikuchi. IEEE Trans. Mag., 44 (2008) p.4225.

— 365 —



5aE -7 F38lA  HAR D FINGREMELE (2014)

Cr, 05 T D A HLE A e 5 0 B8 Sl 1)

FHEW, EHEEELY, TRES, BRAK, SEHEME®, EEEE]
VALK KEFERE TEMFERL, 2 T D KBRSt JemBifibisg s % —
Voltage control of exchange bias of Cr,O5 thin film
T. Ashida', M. Oida', N. Shimomura', T. Nozaki', T. Shibata’ and M. Sahashi'
! Department of Electronic Engineering, Tohoku Univ.
*TDK corporation, Advanced Technology Development Center
[XC®HIZ
Cr,05 (2B W T, BARBEEI R Z AW TZE U & 2 BRI 2005 I EIWEAR Pin Bl Z2 fi L7z~ v 712

BOWTHEMTbNZ 2 0%, ZEREEZ RS- EEHATI2BREBROGTOEZE(LSEDLZLICLY
BHSEA R (Ho) D T A 2T 2 ME LR SN TVEC, EE50HE LNV ZHNTORE L R2->TE
D IHEE S AT D8R D b CrnO; HIEIZB W TEXM KN R ORBL L MR T 5 2 L MR OEE 72
STz, FEHDIL, Cr05 250 nm MBIV TR - B TIMAIRICESESIRIC & D Ho OFF 52
EHB LG 21T o712 Y. 2O T, Hy &0 BARBLI(H)D S5 K& < ¥ u s CHAb O S lin % fgad <
52 EEITE ol AL, FBAEORETEITV H OIKEAZ X D 2 & TERUC K D He Ol & B
AR L O THREEZIT .

EBRAE

AEHMERL L, BIEEZCEN 10°Pal FD RE~ 7 % b A8y
HAEE A WV CTIT o 72, BERERRIE, ALO; (0001) / Pt (25) /Cr,0;5 (250)
/spacer (x) /Co (1) /Pt (5) (nm) Th 5. BRFHEEL LT, HHEDIE
FEARAFPEDORIE S L ORE A — V2RI L D R-H #fRORE Z1T - A
7. BER— VDR OWEZIT O BE, #UBA 320K £ THELL, &
R EWR % E NI Evpre = -40 or 200 [kV/em], Hyere = +10[ kOe] F
AL CER - AR IREIZ T o 7212, 250K CHIE &2 T 72,

Vaug [norm.]
o

MEFC
=0~ +10kOe, -40kV/ecm
—8— +10kQOe, +200kV/cm

-1.5 -1‘.0 -OI 5 0.0 015 T‘.D 1:5

H [kOe]
Fig.1 Perpendicular exchange biased
hysteresis loop of Al,O; substrate/Pt
25/Cr,05 250/spacer/Co 1/Pt 5 nm at
250 K after magnetoelectric field

EERTER

Fig.1 |\ZER - WA H A% OEEEE S O R-H i 2 ~79. &

R EHEEOBEROHIF A% 180° b &5 Z LI2L Y Hy DK
& X7, Hey = -450[0e]2> 5 Hey =450 [Oe] & 2 b L=, Tk, EXL
ZENRIT L0 Cr0; DRBENETE— A > N D FANRZEL L Hey D 18]
DE - AFACENLIZZ 2R T O THDH. 4R, MABEEX
5 Z Lk H 214 (H.=50[0e]) L, EEEZNFEIC X bR
EWERT HZ LT PI LTz, 7272 L, HRIC B ER & R OFEER FE)IX, V71280V THE S v/ EH
ORI S0fEORES L7 ->TVD. Fz, HEOREKFHEORE/RNOHRE Yy OREI LV O
MEMEOYDREORE S Lo TS HEBENZ RSB A00 b EHEZ KBS E 50 ERH Y,
FORBEMERRE 2 L 0 S 2\ ESIT T BERH H EE 2 TN D,

S E 3R

1) P Borisov, et al., Phys. Rev. Lett. 9, 117203 (2005).
2) X. He, et al., Nat. Mater. 9, 579 (2010).
3) T. Ashida et al., Appl. Phys. Lett., 104, 152409 (2014).

cooling process in Hygrc = 10 kOe
and Eygre = -40 and 200 kV/cm,
respectively.
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Cr,04/Pt/Co #2351 % Positive exchange bias 7 ¥& 51

ML Y EmRh Y, FANER Y, BRRACK Y, SemErES, (EfEEcE
(AL RZE T, TDK Bttt ?)
Positive exchange bias in Cr,05/Pt/Co thin film
M. Oida?, T. Ashida®, N.Shimomura®, T. Nozaki’, T.Shibata? and M. Sahashi’
(Tohoku University', TDK Corporation?)

XC®HIZ

BERMKREAT HMENT, REBEEBELERBEROBRT A A~OISARYRF T, THFEE %
HEOTND., FTHHEH AL Cr0s IZ W THFZEEIT-> TS, CrOs it F— /L8 Ty (~307K) 2H7 5
SCBRBEMEIRTH 0, Cr05 & MBBMEE 2 CHFEA SED I LT, RERTHWAAT AEH/LENTEDH I L
NRESN TS Y, LavL, CrOs OBKEFTEN/NS W, AL 7 ANEHTE 2 RHIEETH
L7 0 yX U TRE Tl Ty D2 0 /NS RDGENRZ . Lo T, HiRfhiI CEXBSZFOBLINA
1TH51201F, TeZ TNEK ETHMEISEDLZ EBRRAIREZRD. IBEOHREND, Cr,0; & iRELIERE ORIC Pt
JBAFRAT D & AHIER T RN X —IJNHD L, Te BN LT 5 Z &R bho TS 2 [AED HiEEZ W T
Fx DFRT ToEBARRIZ & 25, ZSHNA T ZADEE L IR RHT D Positive exchange bias® & vy 9 Bl
DBEHlENTZ. 22T, SEFEL T PHHABOREELZ L VEEL FHX, Z O Positive exchange bias ® 1T
DWTEREMZT-.
RERAE

RF~ 7% bu A8y ZHEEZ VT, AlL,03(0001)HAx i Pt (25
nm) / Cr,05 (250) / Pt (to) / Co (1) / Pt (5) & BRI L 7=. Pt i AJ& D tp, ! F——
1Z0~136nm TH 5. FEiEMH D PtiX 873K, Cr,031% 773K, =D 0 . fﬁl\L—
- PUCOIPt 1% 423 K 12T, MEEAT-7-. RSO FHIT SQUID Negative Hex
Z Wz, Cr03 ® Ty~307 K X 0 &V 340 K 725 50 K & CRESG H R A
ZHi L7-%%, =10 kOe D& T M-H H#ROME 21T~ 7=, B HH

ex

Exchange bias H_ (kOe)

AW 2185 Hi 1, 0.1~30kOe TH 5. 31 Out of plane
@100 K
wREER “ Hic = 10 kOe
Fig.1 |2 100 K (2331 % 2 Ha A 7 A D PtH A& AR T 2 /R 7. 0.0 05 10 15
Hi 1X 10kOe TH5DH. ZOM»ES, PHEABZELS LT & agfn Insertion Pt thickness ¢, (nm)

AT ADKHEDNS oo TS Z &P oTz. £, PURAME  Fig. 1 The inserted Pt thickness dependence on
N1 M AR TR A T 2D N ST A7) IE S ~ZE b 5857 Hecat 100 K after field cooling with Hy, = 10
N . . . kOe. Lines are guides to the eye.
BIS NI, ZORHNAA T ADF N D PHFAJBIFE tey= 1 nm
FHEDY T ATDNT, I NSA T AD He IRIFEZ TR TR &

T J @100 K
Fig.2 12T, X TOH T MI DN T He B/NS VRS, @EOA § 101 @ g o
FIOZH AT AER L, e BRE <D LIRSS 52k, Ty o)
B SA T ZADHESHEN K E WY FIINEE, A8 A T R & IESIH 2 0o
ICHEZBDILER Ho SR E D Z L ibhotz. ZhbofRr, S 14 J
RS R HIBILIZ 51 T Cr0s DR A © Y DR E IS § 0]
. N [Ty Y - o ot =091nm
PERE DBEALTT IR 720 T/ <, CryOg B AR IMIHER 2 b 528 2 521 T u% 101 ° lzioomm
HIEEREBELTND. 5 T 0 - %0
Cooling field H,_ (kOe)
BEI o
. : Fig. 2 Cooling field strength Hy. dependence on
1) Y. Shiratsuchi et al., Appl. Phys. Exp., 3, 113001 (2010). Hq, of the sample with Pt insertion layer
2) Y. Shiratsuchi et al., IEEE Trans. Magn., 47, 3909 (2011). thickness tp; = 0.91, 1.00, and 1.18 nm at 100 K.

3) J. Nogues et al., Phys. Rev. Lett., 76, 4624 (1996).
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Observation of Neel temperature of Cr,O3 in Cr,0;/Co exchange coupled system

S. P. Pati', N. Shimomura', T. Ashida', M. Oida', T. Nozaki', T. Shibata® and M. Sahashi'
(Tohoku University', TDK Corporation®)

Magnetoelectric chromia (Cr,0;) has a potential for application in development of low power consumption high density
storage devices due to its electrically switchable magnetic states”.However, the antiferromagnetic ordering temperature
of bulk chromia is just above the room temperature (Ty=307 K), which restricts its practical application and hence it is
required to enhance the Ty. Previous reports suggest that the Ty can be enhanced by inducing strain and doping in
Cr,05>Y. The detection of Ty and its distinction from blocking temperature Tg is sometimes difficult in an exchange
coupled multilayer system. Since the exchange coupling adds unidirectional anisotropy (Hgx) or uniaxial anisotropy
(Hc), in Cr,O3/Co exchange coupling system, Ty can be estimated by investigating temperature dependence of total
anisotropy (Hgx+Hc). However to check Hgx and H¢, we have to measure a number of M-H curve, and it is time-
consuming. In this work, we propose on the direct detection of Ty by M-T measurement. We also detect change in Ty

due to lattice distortions from the M-T measurements.

Our specimen is a layered heterostructure of Al,0;<0001> substrate/Buffer layer/Cr,O53 (20)/Metal spacer/Co (1)/Pt (5)
in nm. We have fabricated two samples having Fe,0; (20), Pt (25) as buffer layer and one sample without buffer layer.
Different buffer layers are used to control Ty by inducing lattice strain. Cr,O; is deposited by using reactive RF
magnetron sputtering from a metallic Cr target in Ar:O, atmosphere. Out of plane magnetization measurements are

carried out by using a SQUID (MPMS XL7) magnetometer.

Figure 1 compares (a) the temperature dependent total anisotropy

-
N
.

(HextHc) and (b) the temperature dependent FC magnetization of Fe,O4

buffered sample. FC magnetization measurement is carried out with an

H_ +H_(kOe)
) B
AN
/|

| 4]

v

application of external magnetic field of 200 Oe. In Fig. 1 (a), the = %gz(b) e ® FC ]
enhancement of Hex+Hc is observed below 270K, which is assigned to i 121 I ¥

the Ty of Cr,Os5. In Fig. 1 (b), a sudden drop in FC magnetization is 5 * H=200 0¢ 1
observed at temperature around 269 K, which is identical to the Tx. = 4;; 50 100 1é$ ( Kz)du 250 300 3:50

Above Ty of Cr,03, the AFM order destroys, which results in the change
Fig 1. Temperature dependent Hc+Hgx(a)

of perpendicular magnetization in exchange coupled system. Same  and FC magnetization(b) of
AlzO3/F6203(20)/Cr203(20)/metal

behaviors are noticed in the samples with Pt buffered and without buffered spacer/Co(1)/P((5)

samples. In the former case, the observed Ty is 294 K, while the latter has

284 K. These results indicate that we succeed to observe Ty of Cr,O; from M-T measurements. In all cases obtained Ty
is lower than the bulk value which is mainly due to the reduction of Cr,O; thickness. The difference in Ty for each
sample may reflect the lattice mismatch induced strain. With increasing in-plane lattice parameter of buffer layer,

observed Ty of Cr,03 become smaller. This behavior is in agreement with the theoretical calculation results?.

Reference

1) X.He etal. Nat. Mater., 9 (2010) 579.

2) Kota et al. Applied Physics Express 6 (2013) 113007.
3) Sai Mu et al. Phys. Rev. B, 87 (2013) 054435.
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20 nm Cr,0;3 (Z331) B BERHL /A T A DFEIC L il

THIER ', S.PPati', BRliAOK', LEHEME, FeiEBGE !
GRAE R ', TDK B4t ?)
Controlling Perpendicular Exchange Bias in 20nm-Thickness Cr,O; Thin-Film
by Lattice Strain Control
N. Shimomura', S. P. Pati', T. Nozaki', T. Shibata” and M. Sahashi'
(Tohoku University', TDK Corporation®)

EL&HIS
Cr20s ITEXMKN R Z R T OBMMEARTH L Z ENMLNTE Y . CroOs/f8EE Mg U mIZ 31T 2 TEE A
B T AR (He) ZANPETIC LY R RETH D 2 L BEBRINTIREINT WD, Z D Cre0s DEZHE A
T ADOFEBRIEET v v & ZIEE Te) L Meiklejohn-Bean D AZ#aRER R ITHET T /2 L < GV, T A HLfE
AT RNF —J & ORI R R T ET A T —RKartaD) OB I L > Tk E D, DF V., Cro0s DIEE N
72% & ToldEAd LT LEW, EEOJSHIZE W THEEN B, #1213 50nm LT Tid Tl Cr20s D%
—RBOTRSfHENHFE LMK FLTLE S, HOEETEW T T 2 720121%, Cra0s Offfb iR 52
Tt F—Kar Z M S E L MNEDR B 5, Cre03 IO Kar [T FEIC L > TEILT D LW ) VYD
LT Emb, AN, FERORR DA DNy 7 7 BICHEEL 20nm £ TEB S ®72 Cre0s 254 L |
A EOEBIZ L DT 2 HNA T AD T DEALZFH~TZ,
EBRTE
2T OREHE c-ALO; JEH LIZ RE-DC = 7% b1 Zo8y ZHEEIC X - TERL L 72, R IT c-ALO;
sub./Pt 25 or Fe,05/Cr,05 20/metal spacer/Co 1/Pt 5 (nm) T& 5, Cr,0s. Fe203 PXERRIEE 500°C CRIE L 7=, %
EFEMIC 1L, X #REPF(XRD) & Wi TEM HIE 2970, BRI REN I 1%, BEEE T3 (SQUID) & v
72o SQUID HIE T2 CTHEEEE H M T, 77 Cr0; @Z“*/Wm}_'_(307K)J: 0 S5yl Cd D 340K F TH-
BL7-%., +1T TORBSGHHHZHN L. 10-340K ORI CRIE L7,
EEER
Cr,0; DFEE D 20nm D565, Cry05/Co S DAL NA T AL ERE IR (10~340K) 12072 > THILH T,
Co DIEBESI DM D HHER SN D(Tg< 10K), Pt & o728 )@ A~—T—J@% Cr,0550/Col (nm) A HIZHHFA
L., REAZHEAET AT —OMS 2T 2L T T2 m ESE2 HFEMRESNTEY P, KHF5EICE
WTHREROTET, LV EEOHW Cr,0; TH Ty Z28LHIT
x5 X912 L7, Fig.lIZ c-AlLO;5sub./Pt 25 or Fe,03/Cr,05 1500t
20/metal spacer/Co 1/Pt 5 (nm) |ZF\F 2 AZH A T AR DI 1250/ —o— ::Zzéi oo pufer
JERF A RS, Pt/Ny 7 7 & Fe203 /Ny 7 7 DX AL T
AREFIIFREETH DN, Pt Ny 7 7 M H L7254 Tl
B2 150K £ TTHLDIZH L, Fe03 3y 7 7 ZfiH L7245
A Tl Cry0; @ T IE=IRAFIT D 260K F TR/ A T AW
FEL Tz, 20O TB OEWVIE, K TEDOEANIZLD Cr0;
DGR B ITEDOZEANRR TH D EE X HdH, XRD B % S0 100 150 200 250 300 350
Y O E TEM 80 FFT M52 5B H L7 Chos O ca il Temperature (K) ‘
. . . [Fig.1] Temperature dependence of exchange bias
Fe,03 3y 7 7 DB/ E L 7o TEY, CrO; D a {23 field in c-AliOs sub/Pt 25 or Fe:03 20/Cr:0s
EXNAHEICRTFERNFEIATNS 20/metal spacer /Co 1/Pt 5 [nm] thin film system.

ZE TR

1) J. O. Artman et al., Phys. Rev. 138, A912 (1965)
2) Y. Shiratsuchi et al., IEEE Trans. Mag., 47, 3909 (2011)

10001

750+
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