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High quality cation-disorder MgAl:04(001)-based magnetic tunnel
junctions deposited by a direct sputtering technique

Mohamed Belmoubarik, Hiroaki Sukegawa, Tadakatsu Ohkubo, Seiji Mitani, and Kazuhiro Hono
(National Institute for Materials Science)

Recently, the capability of MgAl,O4 tunnel barrier in magnetic tunnel junctions (MTJs) has been investigated for
future non-volatile magnetoresistive memory applications. To date, large tunnel magnetoresistance (TMR) ratios
exceeding 300% at room temperature (RT) were achieved in MgAl,O4-MTJs using a post-oxidation of an Mg-Al alloy
layer [1]. However, the chemical inhomogeneity and interface roughness of the post-oxidized MgAl,O4 barriers have
hindered the achievement of large TMR ratios for thinner barriers. In this study, we report very flat MgAl,O4 barrier
interfaces with few misfit dislocations in Fe/MgAl,Os/Fe MTJs prepared by direct sputtering of a sintered MgAl,O4

target [2].
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barrier was deposited using RF sputtering  Fig. 1. (a) ADF-STEM image of an Fe/MgALOs (2.10 nm)/Fe MTJ. (b) Bias

voltage dependence of TMR ratio of an Fe/MgAl>O4 (1.86 nm)/Fe MTJ at RT.
and was subsequently post-annealed at  Inget of (a) is the NBD pattern of the barrier.

(12)/Ru (10), units in nm. The MgALO4

500°C to improve the crystalline quality. The ultra-thin MgAl layer was inserted to tune the interface state. An annular
dark-field scanning transmission electron microscopy (ADF-STEM) image shows the excellent quality of the barrier
and perfect lattice-matched interfaces with the Fe electrodes (Fig. 1 (a)). The formation of the cation-disorder MgAl,O4
structure needed for high TMR ratios [1] was confirmed by the nano-electron beam diffraction (NBD) (inset of Fig. 1
(a)). A large TMR ratio of 245% at RT was observed, which exceeds those of epitaxial Fe/MgO/Fe (~180%) [3] and
Fe/post-oxidized MgAl,O4/Fe (~212%) MTIJs [4], and reflected the coherent tunneling through the half-metallic Fe-A;
band. The bias voltage dependence of TMR (Fig. 1 (b)) shows that the TMR drops to the half of its zero-bias value at
+1.2 V and —-1.0 V, which are about two times larger than that of the MgO-based MTJs [5] and is similar to the
post-oxidized MgAl,O4-based MTJs [4]. This is attributed to the high quality of the MgAl,O4 barrier with few misfit
dislocations due to the perfect lattice matching with an Fe electrode. These results reveal that the direct sputtering is an
alternative way for achieving high performance spinel barrier-based MTJs with uniform thin MgAl,O4 tunnel barriers.
This work was partly supported by ImPACT Program of Council for Science, Technology and Innovation.
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High magnetoresistance in fully epitaxial magnetic tunnel junctions with a semiconductor GaOy barrier
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The discovery of large magnetoresistance (MR) effect for the magnetic tunnel junctions (MTJs) using a MgO barrier®
and the current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) devices using Heusler alloy ferromagnetic
electrodes? enabled us to design the high-performance devices such as a read head sensor of the hard disk drive (HDD)
over 2 Thit/in? and a spin transfer torque magnetic random access memory (STT-MRAM) over gigabit class. For these
applications, it is required to improve the MR ratio within an intermediate range of resistance-area-product (RA) from 0.1
to 1 Q- um?. Therefore, many attempts have been made to reduce the RA values of MR devices, such as the optimization
of deposition conditions of ultrathin MgO barriers in MTJsY and the investigation of new metallic spacers in CPP-GMR
devices®. Another approach is to use a semiconducting spacer because semiconductors have smaller band gaps than the
MgO (~7.8 eV). However, no promising results have been reported so far by using compound semiconductor spacers?.
In this study, we focused on Cu(lnosGag2)Se (hereafter, CIGS) compound semiconductor as a semiconductor spacer (or
a barrier), the band gap of which ranges from 1.0 - 1.7 eV, having a good lattice matching with the Heusler alloys such as
CozFe(GagsGeos) (CFGG).

A film consisting of (a)
Ru(8)/Ag(5)/CFGG(10)/CIGS(2)/CFGG(10)/Ag(100)/Cr(10) (unit :nm) was
deposited on a MgO (001) substrate by magnetron sputtering. After ex-situ
annealing at 300°C, the film was patterned into pillars with ellipsoidal shape
(0.3x0.1 pm?) by means of electron beam lithography and Ar ion milling. Transport
properties were measured by the dc-4-probe method at room temperature.

Fig. 1(a) shows the HAADF-STEM image taken from a CFGG/CIGS/CFGG
tri-layer part. A well defined layered and crystalized structure with sharp interfaces
is clearly observed. The CFGG and CIGS layers have the epitaxial relationship with 1.nm
(001)[110]cree /! (001)[110]cics. The CIGS layer was found to have the (b)
chalcopyrite structure, which is the low temperature phase. Moreover, the bottom

(e)

CFGG

CIGS

CFGG

and top CFGG layers were L2; and B2 structures, respectively. Fig. 1(b) shows the 35FT /\“ 7 2

bias voltage (V) dependence of MR ratio and the output voltage 47 (= MR ratio x VR °
Vp). AtV ~ 0 mV, relatively large MR ratio of 30 % was observed. The RAand 4R4 5 % < 10 %
values were 250 mQ-pm? and 80 mQ-um?, respectively. The MR ratio did not £ 2°; 0 &
decrease obviously with increasing bias voltage. Large AV of 22 mV was observed g 5 / ;
at Vi, = — 80 mV. These results suggest that a CIGS is a promising spacer (or barrier) 10 4 3
material for spintronics devices where low RA are required. 5// : 20 =
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Mg, Ti,O-based magnetic tunnel junctions with CoFeB electrodes
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The MgO-based magnetic tunnel junctions (MTJs) are the building blocks in magnetic random access memory
(MRAM) [1]. Future development of gigabit-scale MRAM requires perpendicular MTJs with large tunneling
magnetoresistance (TMR) ratio and resistance-area product (RA) lower than 10 Qum?[2], which is very challenging for
the MgO barrier considering its large band gap. Here we report on the polycrystalline MTJs using Mg, Ti,O (x = 0.05
and 0.1) barriers that were found to show comparable TMR ratio to that of MgO-based MTJs, especially at low RA, and
have relatively lower barrier heights.

MTJ stacks of Ta(5)/ Ru(10)/ Ta(5)/CoFeB(5)/MgO or Mg.1,Ti,O (0-1.8)/ CoFeB(4)/ Ta(5)/ Ru (5, in nm) were
prepared by using a magnetron sputtering system, with x = 0.05, and 0.1. The MTJ devices were fabricated by electron
beam lithography, photolithography, and argon-ion milling. The MTJs were then post-annealed at 300°-450°C. The
electrical measurements were performed by the four-probe method at room temperature.

The introduction of Ti into MgO was found to reduce the TMR ratio of MTJs for high RA range, as shown in Fig. 1.
In general, the TMR ratio was found to monotonically decrease with increasing Ti concentration for the whole range of
post-annealing temperature. As the RA decreases below 10 Qum?, the TMR ratio of MgO-based MTJs decreases
rapidly and becomes lower than that of Mg, Ti,O-based MTJs (Fig. 2). Detail transmission electron microscopy (TEM)
characterization found that a very thin MgO barrier have some pinholes with more dislocations at the interface while a
very thin Mg, Ti,O barrier have much less dislocations and atomically sharp interfaces. This result demonstrates the

potential of Mg, Ti,O barrier for spintronics applications that need low RA MTJs.

References
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2) S. Yuasa et al, Proc. IEEE Int. Electron Devices Meeting, 311 ( 2013)
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Enhancement of spin-dependent interfacial scattering by inserting thin
NiAl layer at CoxFe(GeosGaos)/Ag interface in current-perpendicular-to-
plane pseudo spin valves
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All-metallic current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) device have attracted
much interest recently for potential applications as magnetic sensors that require low device resistance, e.g.,
the read sensors of high density hard disk drives. However, the main drawback of the current CPP-GMR
devices is their low magnetoresistance (MR) outputs compared with those of tunneling magnetoresistance
devices. Apossible way to increase the MR output is to use a good band structure matched nonmagnetic (NM)
spacer with half-metallic ferromagnetic (FM) layers that can generate a high spin-dependent interfacial
scattering. Nakatani et al. reported a better band structure matching for the majority of spin electron
transmittance at interface between NiAl and the CozFe(AlosSios) Heusler alloy compared to that between Ag
and the Heusler alloy. However, its short spin diffusion length limited the application as a spacer layer. ¥ In
order to overcome the problem of the short diffusion length, we used thin NiAl as a thin insertion layer between
the Heusler alloy and spacer layers.

The pseudo spin valve (PSV) films CozFe(GegsGags) (10 nm)/NiAl 80
(tnia)/Ag (5 nm)/NIAI (tnia)/CozFe(GeosGaos) (10 nm) were prepared 70r

T 60
on Cr (10 nm)/Ag(100 nm) buffer layer that were grown on MgO (100) é‘ gg i s : -
substrates. The thickness of the NiAl insertion layer (tnia) Was varied in ;’ gg ‘o =
the range of 0 < tnia < 2 nm. Fig. 1 shows the tyiar dependence of RA,  © 10

ARA, and observed MR ratio (MRqys). We confirmed a monotonic 38

enhancement of the ARA and RA with increasing tniar < 0.8 nm. & gg i
However, the insertion of the NiAl layers with tniar > 1 nm did not & f‘; [ E
improve the MR output due to their short spin diffusion length. § 1gj! . .
Interestingly, the insertion of 0.21 nm-thick NiAl layers at = , , , , 1
CozFe(GeosGaos)/Ag interfaces effectively improved the MR output. 8
The highest ARA and MR ratio of 31 mQ pm” and 82% at room < 8 i
temperature and 78 mQ pm’ and 285% at 10 K were obtained.” These ¢ /g *s
values are 2-3 times higher than those without NiAl insertion. Therefore, ¢ L]
the Co.Fe(GeosGaos)/NiAl interface proposed here is expected to have 00 03 o8 12 16 20
a much improved spin-dependent interfacial scattering, yielding a high Hyiay (NM)
MR output. )
Fig. 1. The tnial dependence of RA, ARA,
and observed MR ratio (MRobs).
Reference

1) T. M. Nakatani. Spin-dependent scattering in CPP-GMR using Heusler alloy and the selection of the spacer
material. Ph. D. Thesis. University of Tsukuba (2011).
2) Jung et al., Appl. Phys. Lett. 108, 102408 (2016).



6aA -6 Fa0la  HARR D FIGREMESE (2016)

Realization of high quality epitaxial current-perpendicular-to-plane
giant magnetoresistive pseudo spin-valves on Si(001) wafer using NiAl
buffer layer

Jiamin Chen'?, J. Liv?, Y. Sakuraba®, H. Sukegawaz, S. Li* and K. Hono*'

'University of Tsukuba, *National Institute for Materials Science

Introduction

Spintronics is one of the research fields that have rapidly developed in these two decades. However, only a few
applications reached to the practical level so far, i.e. there is still large gap between fundamental studies and practical
applications in spintronics field. Although many previous studies on epitaxial current-perpendicular-to-plane giant
magnetoresistive (CPP-GMR) devices reported excellent device performances, they are always regarded as fundamental
studies because unpractical MgO single crystalline substrate is needed. In this study, we report to use NiAl buffer layer
as a template for the integration of epitaxial CPP-GMR devices on a Si(001) single crystalline substrate. We confirmed
by a careful microstructure analysis that the epitaxial CPP-GMR devices with half-metallic Co,FeGagsGejs (CFGG)
Heusler electrode grown on the buffered Si(001) substrate have a very flat and sharp interface structures. Excellent MR
output that is comparable with the devices grown on an MgO(001) substrate were clearly observed in the device on Si
substrate, demonstrating the possibility of epitaxial spintronic devices with NiAl template for practical applications.'
Experiment detail

A fully epitaxial multi-layer stack of NiAl(50)/Ag(50)/CFGG(10)/Ag(5)/CFGG(10)/Ag(5)/Ru(8) (thickness in nm)
was deposited onto Si(001) single-crystalline substrates using the ultrahigh vacuum magnetron sputtering system.
Crystal structure, surface roughness, magneto-resistance property and microstructure were analysed by XRD, RHEED,
AFM, direct current four-probe method and TEM, respectively.
Experiment result

Figure 1 shows the stacking structure of multilayer for the whole CPP-GMR devices and the RHEED patterns for
each layer. The sharp streaks in RHEED patterns for each layer demonstrate a nice epitaxial growth of CPP-GMR
devices on a Si(001) single-crystalline substrate using NiAl as a buffer material. The epitaxial relationship of
Si(001)[110]//NiAl(001)[110]//Ag(001)[100]//CFGG(001)[110] can be confirmed for all the layers. The usage of NiAl
buffer layer successfully overcomes the difficulty of growing high quality epitaxial ferromagnetic (FM) films on Si.

Figure 2 summarizes the MR outputs of resistance change-area product (ARA) for the epitaxial CPP-GMR devices
grown on a Si(001) substrate (red stars) as a function of annealing temperature. High magnetoresistive ratio over 27%
was achieved using the CFGG Heusler alloy as ferromagnetic layers. It is important to point out that for the post-
annealing temperature up to 400°C, our CPP-GMR devices grown on a Si(001) substrate presents comparable MR
outputs with those grown on an MgO(001) substrate. This means we can replace the expansive impractical MgO
substrate with the Si substrate to achieve high performance epitaxial CPP-GMR devices for practical sensor applications,
which is a great breakthrough. More importantly, by combining this epitaxial Si/NiAl template with the wafer bonding
technique,’ various types of spintronic devices such as CPP-GMR, magnetic tunnel junctions, spin-field-effect
transistors and lateral spin valves can be grown on a Si substrate and easily attached to other integrated circuits or
magnetic shield layers, which is promising for next-generation spintronic applications based on epitaxial devices.
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Fabrication of a reversal stacking of a magnetic tunnel junction by
wafer bonding and thinning technique
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An MgO-based magnetic tunnel junction (MTJ) [1] is a promising candidate for use as a memory cell in
spin-transfer-torque (STT) switching-type magnetoresistive random access memory (STT-MRAM). Although, our
achievements have satisfied the requirements for the 30 nm generation by employing perpendicularly magnetized MTJs
(p-MTlIs) [2], developing a higher scalability still be an urgent issue for moving STT-MRAM on to a further generation
where no one has yet practically achieved. So far, a lot of lab-level studies were made to obtain high perpendicular
magnetic anisotropy (PMA) in an epitaxial film. Thanks to the high quality of the epitaxial systems, some of them such
as Llg-oredered film exhibited substantially high PMA which satisfies requirements even for 1X nm generation.
However, such an epitaxial under-layer is unrealistic in the STT-MRAM process because a conventional CMOS
integrated wafer does not have any preferable crystal orientation. Our aim is to overcome this dilemma and merge an
epitaxial film into a CMOS integrated STT-MRAM stack. In order to realize it, here we propose a new process by
utilizing wafer-bonding and -sliming techniques. This process would enable us to develop an epitaxial film and a
CMOS wafer individually for the benefit of the higher PMA in a film and resulting scalability in STT-MRAM. In this
study, as an introductory step, we attempt these techniques for the poly-crystal film stacks. The purpose is to optimize

the bonding conditions in terms of the stacking structure and the film materials.

Thin films were deposited at room temperature using a manufacturing-type sputtering apparatus (Canon-Anelva
C-7100) on an 8 or 6 inches silicon wafer. Some of the MTJ samples were post-annealed at 1 hour. A wafer-bonding
process was carried out at room temperature in a multi-chamber apparatus where tools for the bonding and the surface
etching were equipped. In the apparatus, first the surfaces of the wafers were etched by Ar fast atom beam milling,
subsequently the surfaces were put together with applying a load up to 200 kN. A wafer-thinning process was applied
for as-bonded wafers. First, a coarse thinning for one back-side of the as-bonded wafers was mechanically done using
grinding wheel. Then a chemical mechanical polishing was performed to remove damaged Si layer. When the rest of
the wafer became 10 micron or thinner, the sample was dipped in silicon anisotropic etchant as a wet-etching process

until the film element fully exposed.

In the first lot, we prepared two types of electrode stacks and applied the bonding and the thinning techniques to them.
The film stacking structures are as follows: [A] Si/Si-O wafer / Ta (5 nm) / Cu-N (15 nm) / Ru (5 nm) / Ta (5 nm) /
Ru-cap (20 nm). [B] Si wafer / Ta (50 nm) / Cu-N (15 nm) / Ru (5 nm) / Ta (5 nm) / Ru-cap (20 nm). For both A and B
samples, the thickness of the Ru-cap was relatively thick to be 20 nm for the purpose to obtain a margin during the
pre-etching (typically etching depth is 3-5 nm) in the bonding process. We planned to carry out the thinning process for
the back-side of sample-B, so the thickness of the Ta buffer layer in sample-B was 10 times thicker than that of
sample-A also for the margin in the final step of the thinning process. Furthermore, for the reason of the anisotropic
wet-etching which does not prefer an oxide element, a bare Si wafer was employed for sample-B which was the
thinning side. Figure 1 (a) and (b) show a supersonic microscopy image for the as-bonded sample and a snap of the final
state of the sample, respectively. The supersonic microscopy image in (a) revealed that some part of the area were not
bonded as shown in the bright contrast. It can be caused by a particle element which initially exists on a surface of a
wafer. Then the photo image after thinning process in (b) reflects the result of the microscopy observation, and suggests

the exposure of other layer such as Ru and Si-O besides Ta. Furthermore, peeled-like areas were seriously visible



periphery of the wafer, probably due to a scratch by contacting the wafer-mask during the film deposition process.

In the second lot, we prepared an MTJ and an electrode stack with Ta-capping as follows: [C] Si/Si-O wafer / Ta (5
nm) / Cu-N (10 nm) / Ta-cap (10 nm). [D] Si wafer / Ta (5 nm) / MTJ stack / Ta-cap (10 nm). In this series, we utilized
Ta cap layers for both the samples for the comparison with Ru-capping. Figure 2 shows a cross-sectional TEM image of
the bonded sample after post-annealing. It suggested that wafers were successfully bonded each other thanks to the Ta
cap layers. Although some nanometer-size voids are visible at the bonding interface as bright contrasts, the frequency of
them is much reduced compared to that with Ru-capping. The image also revealed that the in-plane-MTJ stack was
totally remained without having an impact form a load during the bonding process. We also carried out the whole
process to p-MTJ stacks [3]. Thanks to the improved pre-bonding process and the better surface smoothness for wafers,
the interface showed nearly perfect bonding without any voids. Furthermore, the magnetoresistive properties (MR ratio
and RA-product) and the anti-ferro coupling field of the reference layer were basically the same as the initial wafer. We

confirmed that there was no deterioration in the final structure of a p-MTJ after bonding and sliming process.

In summary, we attempted wafer bonding and thinning process to the film stacks of electrodes and MTlJs, and
obtained the processed samples with a highly bonded interface. Finally, we successfully fabricated high quality reversal
stacks of p-MT]Js that showed no deterioration of the MR/RA performance.

This work was supported by the InPACT Program of the Council for Science, Technology and Innovation.
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Fig.1 (a) Supersonic microscopy image of the
as-bonded sample [A&B]. (b) Photo image of the
sample [A&B] after thinning process.

Fig.2 TEM image of an sample [C&D] after
bonding process.



6aA -8 Fa0la  HARR D FIGREMESE (2016)

Germanium spintronics developed by semiconductor technologies

K. Hamaya
Graduate School of Engineering Science, Osaka University, Toyonaka, 560-8531, Japan

Because of high intrinsic electron and hole mobility, germanium (Ge) is promising for a new channel
material in next-generation complementary metal oxide semiconductor (CMOS) transistors. Recently, the
operation of Ge-CMOS transistors was reported at last."

Up to now, we have focused on the integration of spintronic technologies with Ge by using novel
crystal growth techniques.” First of all, high-quality Heusler-alloy films were grown by molecular beam
epitaxy at room temperature.” Next, a newly developed delta-doping method was utilized for achieving
electrical spin injection and detection.” Using Ge-based lateral spin-valve (LSV) devices with a heavily
doped transport layer (~10"°cm™), we clearly detected spin transport and obtained relatively short spin
diffusion lengths of ~ 800 nm at low temperatures.” Finally, for Ge-based spin-based MOSFET, gate-stack
structures were developed only by low-temperature fabrication processes.® Despite a process less than 300°C,
the Al,O3/GeO, structures can operate as a gate-stack for a Ge spin-MOSFET structure. We would like to
simultaneously utilize the techniques of the spin injection/detection and of the gate-stack fabrication in a
single device structure.

The author appreciates good collaboration research with H. Nakashima, K. Sawano, A. Hirohata, V. Lazarov, S.
Yamada, M. Yamada, and Y. Fujita. This work was partly supported by ImPACT from Cabinet Office of the
Government of Japan, and Grant-in-Aid for Scientific Research (A) (No. 25246020 and 16H02333) from JSPS.

Co,FeSi, Al/n*-Ge
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Fig.1 (a) Schematic of a Ge-based LSV with Heusler-alloy spin injector and detector. (b) TEM image of the
detla-doped P layer with Si near the Heusler/Ge heterointerface. (c) J-V characteristic of the Heusler/Ge Schottky
tunnel contact (d) Nonlocal spin signal at 8 K. (¢) Hanle-effect curve at 8 K. (f) Top-view of the fabricated Ge-spin
MOSFET structure. (g) /-V characteristics with gate-voltage applications.
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Co,FeSi/MgO/n*-SOI T/3f ADERBAEUES

BIERE "2, TATUTOvA | LT, HOFHR ', KERT . FHREHRS, FkiTm'
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Room-temperature spin accumulation and transport signals in Co,FeSi/MgO/n*-SOI devices
M. Ishikawa, A. Tiwari, H. Sugiyama, T. Inokuchi, K. Hamaya’, N. Tezuka~ and Y. Saito
(Toshiba Corporate R&D Center., ‘Osaka Univ., ~ Tohoku Univ.)
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AU TISOI FHEIDT 7R ANACASEAEST H 2 LA R L TE o, AR IIINETOMAE S LI, RAAT—5
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L7z 38F Hanle (S 572> BIG HIVZ A B3k L HER UETH 5
ZEERMERL TS, HHIT. ZHLLOEIRA B A E AT AT
LI L 7 =— VR WGl T 5 TETH B,
ANFFED—HN L, BT HEE 7 1 7T L (IMPACT) R U
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[1] S. Sugahara and M. Tanaka, Appl. Phys. Lett., 84, 2307 (2004). [2] M.
Ishikawa, et al., J. Appl. Phys., 114, 243904 (2013). [3] . Saito, et al., J. Appl.
Phys. 115, 17C514 (2014). [4] M. Ishikawa, et al., Appl. Phys. Lett. 107, 092402 (2015). [5] . Saito, et al., J. Appl. Phys. 117, 17C707 (2015).
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al., Nature 416, 713 (2002).
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Spin injection into Ge using Co,(FeMn)Si Heusler alloy
M. Oogane’, T. Koike', A. Ono*, T. Takada?, H. Saito® and Y. Ando*
(1Tohoku University, 2AIST)
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Enhancement of electric-field modulation of the magnetic anisotropy at Fe and Co surfaces covered by
5d transition-metal monolayer
Masahito Tsujikawa'?, Masafumi Shirai"?
(* RIEC, Tohoku Univ., >CSRN, Tohoku Univ.)
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Fig. 1 Magnetic anisotropy energy
1) T. Nozaki et al., Phys. Rev. Appl. 5 (2016) 044006. (MAE; top panel) and the electric-field
2) G Kresse and J. Furthmdller, Vienna Ab-initio Simulation variation of MAE (bottom panel) in
Package, University of Wien, 2001. Cu/Fe(Co)/5d transition-metal films.
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Electric field effect on magnetocrystalline anisotropy, exchange stiffness, and Dzyaloshinskii-Moriya
interaction in magnetic metal thin films
K. Nakamura, K. Nawa, T. Akiyama, T. Ito
(Mie Univ)
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1) K. Nakamura et.al, PRB 67,014420 (2003); PRL 102, 187201 (2009); M. Oba et. al.,PRL 114, 107202 (2015).
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Fabrication of CPP-GMR devices using poly-crystalline Heusler alloy films
Tomoya Nakatani, Songtian Li, Yuya Sakuraba, Takao Furubayashi, and Kazuhiro Hono
(National Institute for Materials Science)

[EL®HIC

R EERESSIE ST (CPP-GMR) OREEIRTUFFER ED7-DIZ, Co EAA AT —HE&NHHTHH Z
EPNHBNTWD, ZHE TIZ=EIR 50% 2 2 2L (MR) tavid S 7242 T o CPP-GMR #1-14,
MgO(001) i fh FEM T E S B2 X X v v VIR EZ W2 O TH Y | FiR (5500 °C) TOELBEEA
WEETH D72, @ L2 HAINEBR S, SOWAE U SmENELND, —F T, MR~y R EERT
NA AT, S mEREEZ WD Z R TH Y | 5 TR 72 BVLER 13 300 °CRRETH D, T DT,
CPP-GMR % MWl ~ v RO o — O FHUTIE, SR db MR D L RIE BB T, m v
CPP-GMR ENX G LN HMELRB L O vt AOHBNLETH D, AWFFETIL, Coy(Mn,Fe)Ge 7oA AT —
Bl Ag RB D AN—Y—E & A= L4 S CPP-GMR % 72 {ERL L 7=,

EEBRAE

CuBM bz, AR Z VU TICE VAU SV TBIOSHNA T AR NV T HERL LT, A Y
o)L T O 1L . Ru(2)/CoseFesy(1)/CoFeBTa(0-1.2)/Coy(Mn,Fe)Ge(5) /CosgFeso(0.4)/AgeoSnae(4)/
CosoFes0(0.4)/Co,(Mn,Fe)Ge(5)/CosoFesy(1)/Ru(8) cap GRLAE%IE at. %, BEUE X nm) TdH 5, Coy(Mn,Fe)Ge D K
DFABIE, Cos;MnysFesGeyg (at. %) Tdh o7, AUEILT R TE=R TITV, ZOH%EZZH T 300 °C, 3 h D EVLE
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[1] Read et al., J. Appl. Phys. 118, 043907 (2015). [2] Brinkman et al., & AGSN AR—H—HERAE LT D

US Patent 8,611,053. [3] Li et al., Appl. Phys. Lett. 103, 042405 (2013).  Fa<UEHUM A, (b) AR &3 KD
i ARA-EMILBEIR FE DO HEE & D b,
[4] Nakatani et al., Acta Mater. 61, 3695 (2013).
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Large voltage output in CPP-MR devices using Co,Fe(GaysGey5) Heusler
alloy and Mg-Ti-O spacer material

Ye Du,? T. Nakatani," Y. Sakuraba, T. Furubayashi,' Y. K. Takahashi,' T. T. Sasaki,* K. Hono'?
(1. NIMS 2. Univ. of Tsukuba)

The maximum attainable voltage output AVie (AVimex = Jeiss X RA x MR) in all-metallic
current-perpendicular-to-plane giant magnetoresistance (CPP-GMR) junctions is severely limited when the CPP current
density Jgiss €xceeds certain threshold value. The MR ratio gradually decreases with increasing Jgiss due to the spin
transfer torque (STT) that destabilizes both parallel and antiparallel magnetization configurations. One possible solution
to tackle with this problem is the usage of high-resistive transparent oxide as the spacer material that suppresses the
STT effect. Very recently, Nakatani et al! reported an In-Zn-O spacer for the CPP-MR with a Coy(MnggFeq4)Ge
Heusler compound. By properly engineering the Ag/In-Zn-O/Zn tri-layer, a large AV s« 0f 11.3 mV was reported in the
CPP-MR devices with a bias voltage (Vg) of 70 mV. This motivates us to explore other conductive oxides as spacer
materials. In this work, we report large AV in the CPP-GMR device with Co,Fe(GagsGegs) Heusler alloy
ferromagnetic layer and a high-resistive Mgq,TipsOx (MTO) spacer material.

We deposited the CPP-MR stack of Cr(10)/Ag(100)/CFGG(10)/Ag(1)/MTO(ts,)/Ag(1)/CFGG(10)/Ag(5)/Ru(8)
(thickness in nm, ts, = 2-2.5 nm) at room temperature onto a (001)MgO single-crystalline substrate. The top CFGG
ferromagnetic layer was annealed at 550°C to improve the L2, chemical order. For all the measured devices, the device
resistance decreases as the bias voltage increases (Fig. 1), suggesting that the underlying transport mechanism is
possibly spin-dependent tunneling instead of spin-dependent scattering. With 10 nm CFGG and 2.2 nm MTO, the
majority of the devices show a MR ratio ranging from 15% to 25% with a RA of between 100 and 250 mQ um?. In spite
of this, several devices show large MR ratios above 30% with the maximum MR ratio of 45%. For the best device, a
large AV s Of 16.2 mV was obtained at a Vg of 60 mV (Fig. 2), which is more than 3 times higher than the largest
AV ax Value of all-metallic CPP-GMR devices reported so far. Such high MR ratios were observed only thin (1 nm) Ag
layers were inserted at the CFGG/MTO interfaces. The possible occurrence of current-confined-path effect will be
discussed based on the microstructure characterization. The current CPP-MR result with the MTO spacer shows an
advantage in view of output voltage compared to the all-metallic CPP-GMR devices, suggesting that high resistive
materials hold potential to be used as the spacer layer in future read sensors of ultrahigh density magnetic recording? or
other MR sensors that require low RA values.
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Fig. 1 Bias voltage dependence of parallel-state Fig. 2 Bias voltage dependence of AV, for the
device resistance. best individual device.
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Temperature dependence of current perpendicular-to-plane giant magnetoresistance effect in
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1) M. Takagishi et al., IEEE Trans. Magn. 38, 2277 (2010). 2) Y. Sakuraba ef al., Appl. Phys. Lett. 101, 252408 (2012),
3) T. Nakatani et al., Appl. Phys. Express 8, 093003 (2015), 4) J.W. Jung et al., Appl. Phys. Lett. 108, 102408 (2016).
5) H. Narisawa, et al., Appl. Phys. Express 8, 063008 (2015).
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Co2Fe0.4MnoeSi F5 3L O8N L12-AgMg % FH v 7= CPP-GMR ZhR D
Hh g S A A1

Faa=elf t, RSS2 @52
CHAER AHF 2 Hibk AL hu=r REEREHERFEHE T X —)

Spacer layer thickness dependence of CPP-GMR effects using
half-metallic CozFeo.sMnoeSi and L1, Ag-Mg ordered alloy spacer
Yusuke Ina, Takahide Kubota, Koki Takanashi
(! IMR, Tohoku Univ., 2 CSRN, Tohoku Univ.)
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1) M. Takagishi, et al., IEEE Trans. Magn. 46, 2086 (2010).

2) H. Narisawa, et al., Appl. Phys. Express 8, 063008 (2015).

3) T. Kubotaetal., 2015 45 76 [l L - 2K FINTR 2, 13p-PAL-17.
4) T.Valetand A. Fert, Phys. Rev. B 48, 7099 (1993).
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BRI R A2 AW 7 LA 2T —E4
CoFeSi HEfE D /N— 7 A & JLPESTAL

SIREEAL mAEAL ISR
(RO TEEKR)
Half-metallicity evaluation of full-Heusler CoFeSi alloy films using anisotropic magnetoresistance effect
M. Sampei, Y. Takamura, S. Nakagawa
(Tokyo Institute of Technology)

[EFLHIC
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7212, CFS R 3 nm Dkl & 400°C TR L7z, Z Dk -20 0 20
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[1] R. A. de Groot, et a/ Phys. Rev. Lett. 50, 2024 (1983). 343805 5
[2] M. Julliere, Phys. Lett. 54 (1975) 225. Magnetic field (mT)
[3] I. Galanakis et al, Phys. Rev. B 66, 174429 (2002). ) o )
[4] V. Niculescu, et al, Phys. Rev. B 19, 452 (1979). Fig. 1 AMR characteristics of CFS films
[5] Y. Takamura, et al, J. Appl. Phys. 115, 17C732 (2014). with a thickness of (a) 35 nm and (b) 3 nm
[6] S. Kokado et al, J. Phys. Soc. Jpn. 81, 024705 (2012). )
[6a] http://journals.aps.org/prb/abstract/10.1103/PhysRevB.86.020409 deposited on MgO(100) substrates.
[7]1 Y. Takamura et al, J. Appl. Phys. 105, 07B109 (2010).
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T B X2y b NigFes  N(x =0, 1, 3, 43I DR MM o G

GHERRE A 222, JEECRSE 2, W ARER Y, RUNEAIE Y, BEEes T, BT, AEERE? Kigs!
CHPE RS, 2HIEKRT,  BARNHRELS PD)
Magnetic properties of epitaxially grown NiFe,xN(x =0, 1, 3, and 4) films
K. Ito"*®, K. Kabara’, F. Takata', S. Higashikozono®, T. Gushi', K. Toko', M. Tsunoda®, and T. Suemasu’
(*Inst. of Appl. Phys., Univ. of Tsukuba, “Dept. of Electronic Eng., Tohoku Univ., *JSPS-PD)
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(P> TEIFIRHL(Ms) 72 B N 2 U —IRE(T)2ME T Lox> 3 TR Te SRR Z TS LG ST 5 2,
— 5T, RISMEA Sy ZIETERLE L7z NigFeN TliE, IR T 6% D K & 72 1E D B MERISIKHLAMR) 03
WS TR I, 20PN TSI LS LTV, ABFETIE, 9F BT % %2 —(MBE)JEIZ LY
NiFes N 2 = v % % o v Lk L, Bt & AMR 2R 2304 % 2 & C, LAt Mt L7,
EBRA &

&4 Fe, Ni & &8 77 X< N, DRI I1C K D MBE 512 X D | SrTiOs(001) £ 4k (2 NiyFe, ,N(x=0, 1, 3,
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Ref. 3 O LITER R o7, T2, BT OB CIRIEERICTA gi - // ]
> AMR B4V S 17z, Kokado B OBEIC LU, 0 AMR S osf 5 ]
= -08fF /7 N
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SEXE 1) AHDL, £<4 11, 125 (2016). 2) X. G. Diao et al., J. Appl. Phys. 85, 4485 (1999). 3) R. Loloee, J. Appl. Phys.
112, 023902 (2012). 4) S. Kokado and M. Tsunoda, J. Phys. Soc. Jpn. 84, 094710 (2015).
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Magnetotransport Properties of FePt Alloy-NDs Stacked Structures
Taiga Kawase, Katsunori Makihara, Takeshi Kato, Akio Ohta, Mitsuhisa Ikeda, Satoshi Iwata,
and Seiichi Miyazaki

(Nagoya Univ.)
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1) R. Fukuoka et al., Trans. Mat. Res. Soc. Jpn., 40 (2015) 347.
2) K. Makihara et al., Ext. Abst. SSDM2015, G-3-6.
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Schematic illustration of a diode
doubly-stacked  FePt-NDs

Fig. 1
with a

0.62kOe |
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VOLTAGE (V)
Fig. 2 Room temperature I-V
characteristics of the doubly-stacked
FePt-NDs structure shown in Fig. 1 just
after magnetizing with magnetic field
application (0.35~1.5 kOe) opposite to the
initial magnetization (4.5 kOe) direction.
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Mag-flip spin torque oscillator using highly spin polarized Heusler alloy as

spin injection layer for microwave assisted magnetic recording

S. Bosu, H. Sepehri-Amin, Y. Sakuraba, S. Kasai, M. Hayashi, and K. Hono
National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, Japan 305-0047

A major challenge of microwave assisted magnetic recording (MAMR) is the development of a mag-flip spin torque

oscillator (STO) [1] with a cross section area of ~ 40 x 40 nm” or less consisting of an in-plane magnetized field

generating layer (FGL) and a perpendicularly magnetized spin-injection layer (SIL) that is able to generate a large ac
field uoH,. > 0.1 T from FGL with a frequency f over 20 GHz at small critical bias current density Jc < 1.0 x 10* A/em’
[2]. Solid understanding of the underlying mechanism of the large angle(p) out-of-plane precession (OPP) is equally

essential. Recently, we demonstrated a mag-flip STO using highly spin polarized Heusler alloy Co,FeGaysGegs

(CFGG) as a spin injection layer (SIL) [3] for the
reduction of Jc. We reported, the usage of FePt/CFGG
SIL reduces Jc by ~50% compared to that using a
FePt/Fe,Co SIL. In the present study, to generate a
stable OPP mode as well as to achieve a high poH,.
woMIxsing (I is the thickness of FGL), we employed
Fe,Co with puoM; ~ 2.3 T as FGL in combination with a
highly spin polarized CFGG (/=3 nm) SIL
perpendicularly magnetized with FePt (10 nm). We
prepared cylindrical shape STO devices with diameter,
D ~ 29 and 42 nm to investigate STO properties. Fig.
1(a) shows the schematic diagram of the experimental
CPP nano-pillar STO devices. The SEM images for D ~
42, and 29 nm STO devices are presented in Fig. 1(b).
When FGL is oscillating in uniform OPP mode, rf
spectrum can not be detected for external magnetic filed
oHex applied perpendicular to film plane, i.e., 6y = 0
since the relative angle between the FGL and SIL is
constant during oscillation. Therefore, to obtain a finite
AR(?), i.e., to detect the f'spectrum, it is necessary to tilt
slightly the 6y of yyHey: from the film normal. Figures
1(c) and (e) show the AR- ugHey curves with pioHey
applied at a slight tilting 65~ 4 to 5° for D~ 42 nm and
29 nm, respectively. Large AR rise at high poHey is
comparable to that at goHe~ 0, which corresponds to
large angle oscillations that appears at /4 = —6 mA (|J] ~
4.3 x 10* A/em?) and — 3.5 mA (J] ~ 5.3 x 10° A/em?)
for D ~ 42 nm and 29 nm, respectively. Corresponding
power spectra with maximum f ~ 21 and 25.5 GHz
around poHeq ~ 1.1 T for D ~ 42 and 29 nm,

. i .
-0.5 0.0 0.5
IJOHEXI(T)

HoHex(T)
Figure 1: Schematic diagram of the STO device structure (a), SEM images
of reference devices with D ~ 42 and 29 nm (b). AR-ueHe curves with
toHex applied at tilting angle, 0~ 4-5° from film normal for (¢) D ~ 42 nm
and (e) D ~ 29 nm STO devices. Inset cartoons represent oscillation states of
FGL. rf power spectrum (d) for D = 42 nm at /yc = -6mA, and (f) for D =29
nm at /e =-3.5 mA. f~ 21 GHz and f~ 25.5 GHz has been observed for D =

42 nm and D = 29 nm, respectively at goHe~ 1.1 T.

respectively, in Figs. 1(d) and (f) are in the OPP mode. Our micromagnetic simulation results also imply that large ac

magnetic field uoH,. ~ 0.2 T can be generated (not shown) from the STOs with a pillar size of D ~ 30 to 40 nm using

Fe,Co (7 nm) FGL with high uoM;~2.3 T.

References: [1] Zhu J. ef al., IEEE Trans. Magn. 44, 125 (2008), [2] Takeo A. et al., Intermag Conference 2014
(AD-02), [3] Bosu S. et al., Appl. Phys. Lett. 108,072403 (2016)
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Electric field control of perpendicular magnetic anisotropy in Fe-Pt-Pd alloy films
S. Kikushima®, T. Seki™**, K. Uchida™*""*", E. Saitoh™™"""******** K_ Takanashi™"*
("IMR, Tohoku Univ., "CNSR, Tohoku Univ., " JST-PRESTO, "™ JST-ERATO, ™" WPI-AIMR, Tohoku Univ.,
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400°C THRME L 7= FePt 3. i — 20 HllE o5\ ClefEpia  Tig- 1 Stacking structure of Fe-Pt-Pd
FITPEAAT LT D ISR S ATz, FePt T C I, _ thin film. -
FePUMgO R lZH 772 2 5 HICBE£HMS & [0 il
w5 L, BEBSEIENHD LTz, BRE) LR é L el §
B 2L ¥ — 2 (Agpert) D BT I Fig. 2 127 & S

£ 5 MO MR b, BRRSET xe— T O
DB & 5 ZALI (Agertl AE) 2 129(RIVM) & LS S5 | e i
boie, Pt Pd THMT 2 L AR E= L G 0 e

) C I 1 ! | | L~

F =AW T D Z E RN | FesoPtsrsPdizs D

%HEF(: L’—‘-is v \/C gj:Agperpt/AE 7j§ Zl(f\]Nm)(:\ g?) @) 71:’_0
AWFEO—EIZ, TR ICRTHEE 7 1 7T A
(IMPACT) D3R & 5213 C#T S i, as a function of the applied electric field for

w the FePt thin film.
1) T Sekietal., Appl. Phys. Lett. 98, 212505 (2011).

2) Y. Kikuchi et al., J. Phys. D: Appl. Phys. 46, 285002 (2013).
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Fig. 2 Magnetic anisotropy energy change
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CoFeB-MgO D& D BEEERE M EHK T

PEERA L, TR 4, RIS 24, RSl 124S, KEFST 1
VAR RGBS IERTIE T/« A B S A

2R RFE TR X—« A2 hu=y ZEFL AT L F—
SHALRFERRERMT LY br=7 ZERFEE 7 —
CHRAERFA Y b u =7 ZRind S E o 4 —

S RAL R -5 T MBI 7 i SR TR
Adjacent-Layer Material Dependence of Magnetic Properties of CoFeB-MgO system
K. Watanabe?, S. Fukami'#4, H. Sato**, F. Matsukura®?*°, and H. Ohno®®

!l aboratory for Nanoelectronics and Spintronics,

Research Institute of Electrical Communication, Tohoku University
2Center for Spintronics Integrated Systems, Tohoku University
SCenter for innovative Integrated Electronic Systems, Tohoku University
“Center for Spintronics Research Network, Tohoku University
SWPI-Advanced Institute for Materials Research, Tohoku University
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(e

2] el

5 N RS (MTHIICH W L% CoFeB-MgO O REEFFMEIL, CoFeB DBFEEEHEL, CoFeB ClEH: g DK
JE, ROBSLERSMHRE L CTEL T2 Z LM bNTWD 1A, MT) ZHERERIE IV D ERCIE, 8k g
TR THW G2 BLEIE FE(350°C LA B) F CREKURFIED iR S it T e B 720, Jlt, fastED Mo %
BRI VA E . TNETEICHOOBN TWETEAL T 7 AMED Ta AN T84 & T O EVL BT
DG DAL, 425°C CTOBSLIRE HEANLTZRRENERF SN D Z EsfliE Sz D, Las L 24 Mo DR B 72
ik & Z OfE G D 85 SITENT 5 OIS & TV, ARAFZETlE, CoFeB-MgO 1I231) 5
CoFeB DB ICHEMIED 72D Ta, Mo, MOYW & WV, BERFFE & 2 OBBLERTE O E, RO OfE
mm PRV RT3 2 (A A B A L 72,

RRAE

<7 bha ANy H Y 7N X B Si Fab B FEHR Ta, Mo or W/ CoFeB(tcore)/ MgO(1.4)/ Ta(1) (in
nm) 72 % FEREME A R L, BELZEH1C 300 - 400°C THEMLERA fiti L7z, X #REHTHIE DD CoFeB O #EkE DOk
r IS 2 B L. BEHEROBPED HEERNIeT » R LA ¥—tg & FUEBE R T2 55l L 7=,

EEREE

B2 D A% B G T Ta, Mo, W Z Bl U 723U O i i 25l L 72 & 2 A, Mo, WIS DU TR plismRs o
BANRT = MEL (BL), FEE A EDREW (R ETELT 7 AETIEB (o) HEESEILHIICE
Bl S AL, Ta l3AESEICIK O T T L7 7 AEEDERLESND Z R bhroTz, WICHNEESH 72D OB
F— AL PO teores IKIFMED D ta 3G L7245 9. 7TEAL 77 A Mo, BW., 7ENLTZ 7 X Ta kit e L=
BT, 400°C DOEMLERIZ L > T CoFeB O tg xR & <HMF 25 —7F ., a-Mo, a-W & W\ 755 12 13O BE
ODERIZLELT t4~0 Lo Tz, —J, FEBEKEGTEIL Mo, W OWT bR L DRSS F VAR
L7z, 2B DORERIT, CoFeB-MgO DREURFMEIZEEREE O EHIIN 2 TE OfEREEIC I L, FrICRZ
EDOREREEE AL TWND EXIZT vy LA P—OEMEEMHI TEHZ L 2EKL TS,

it

ARWFFED —FRIL, SCEHRHEE TR FEBO 720D ICT B OMFFERR%E 1. L OWNEIRF T8I 7e 5
FHEHET 0 7T A OEBO T TITbive, F oA O— XL K 7B 5GBE e Ze B iz & o
2 —TiThiT,

SECHE [1]T. Liuetal, Sci. Rep. 4, 5895 (2014). [2] K. Watanabe et al., Jpn. J. Appl. Phys. 54, 04DMO04 (2015).
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CooFeSi/Mn3Ge — JE#itc K 2 EERBLIEO/ERL & 2Ef

AR EEE, 2R KW, R9E BB, @F B, FE 20, I s
(Y DA 2 HARRIFERT, HR TR
Preparation and evaluation of Co,FeSi/Mn3Ge bilayered films with perpendicular magnetic anisotropy
N. Matsushita, T. Yabushita, Y. Naganuma, Y. Takamura, Yoshiaki Sonobe*, and S. Nakagawa
(*Samsung R&D Institute Japan, Tokyo Institute of Technology)

FL®HIZ

SR FL A £ Y (MRAM) Z AT DGR b o R VEES (MTY) OB ~DERk & L TEHE 2 it DK
W, BZEMEOHER, WV TIMR DY, 2 bZmzdICITmER(t, KRERBKET T LF—, &
WAV U RN LBEIC /2 D . CoaFeSi(CFS) 13 L2y HLHIKEEIZ IV T A B R A8 100 %D/ N—7 A Z )b
SRR E TRIS LS. ABFETIX CFS # |EMAL & 3572012, @WFmERKE T ET R X —I2 L &
BRI & 72 D MnsGe 5 D & ZZHAE G S B 72 JBiiEIc K 2 TER L MTI B0 FEBLZ o S Lz,
EERA K

ks —72y MR/ ZiEZ2 VT MgO001) AR 12 Cr Ny 7 7 BAEIRTHIEL, 400C T in-situ
T == EITo72D B, CFS/MnsGe DJIET @& 4 /Ff L7-. CFS 3 LT Mn;Ge OERURELIE 400°C &
L7z, fEEMEORHIIE X BREHTIZ L 01TV, BHMERHEORHGIZIX SQUID % 7z,
EERfER

Fig.1 {Z CFS(100nm)/Mn3Ge(100nm)#i&E > XRD [EHf/ 3% — 2 Z7~7. Mn3Ge(002), (004)[EIHr & — 27 KX
CFS(002), (004)[E#7 &°— 2 Z R TE 5723, MmsGe & CFS 13 & HIC(00DELH L TWD Z &85, Fig2
|Z CFS(t nm)/Mn3Ge(100nm)## & DR DAL RFE 2 7797, CFS OIEE 1 705 3 nm IZB VN TIX CFS & Mn3Ge D
JEMZ B AE ST L D — B b LB b8 AR L, EWEEMKRGEEZ RS2 LR TE . CFS "& 5
B 5nm (278 5 AL D —RIER R T < 20, BALFREIZ AT » TRBN A FEZ R T, 2D DR
% CFS @2 &b 2 R IT U, MnsGe O i W I BRI G ET R L F— L CFS O @A B2 i & F a5
DFRfEIENE &2 KB TE HAMREE A R LT S,

SQUID HIEICB W THEEZ K > TV P W H AR RZDZEAT R RS L ET.
B2 IR
1) S. Mizukami et al., Applied Physics Express 6, 123002 (2013).

g 0002t
3 e | Out of plane i
O 1
- = 50.001 '
3 S
8 o -
i 5§ o
MgO sub. §-0.001 I | +g ﬂm
§ b | —4—2 nm
3 AR T SRSl gt B 2110
0'00—?80 60 40 20 0 20 40 60 80
30 r i - — Applied field (kOe)
26(%
Fig.1 XRD pattern of CFS(100 nm) Fig.2 M-H loops of CFS(¢nm)
/MnsGe(100 nm) film. /Mn3sGe(100 nm) structure
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F o U —IREEZSFH ThFe/GdFeCo A #ARE BB IE T & 2 SCHams Uil 1]
BAKHT L, RS 2, B)IRE S
(* AARZFBL LA, 25 5 A 2 HARWISERT, 3 A ARF RSB T2t e 8}

Curie temperature controlled ThFe/GdFeCo hybrid structure for low field magnetization switching

A. Tsukamoto?, Y. Sonobe?, H. Yoshikawa®

(* College of Science and Technology Nihon Univ., 2 Samsung R&D Institute Japan, 2 Graduate School of Science
and Technology, Nihon Univ.,)

LT BT RF =LA A~ F 2 7 Al RE 7 A ALk 3,000

BEARCMRAM S 1-FEBUZ A, BEEFFIE D F 72 2 Z & ) 600

£ 72 % SR M SR |C & 2 i S B SRR S ) —

IO EBAEIT -T2, FR (F—HA TRE) ICBVTHE 250 == g o,

R ZH L, @RISR ORERGFEZ BB 5 & &

HIZ, FLEMRFEICIB W TEMIC L E LI ARG A L SR ‘

MEGLEL AN E Lic, AR TIE, ECurieilZk LV 2,000

BRI (BUREE) 26T D REMEERL(A) & ECurie o e

RS L OMERE RSB (IRRRED) &6 T 2 RMEBEB) e

PESHE A LTz, % = U — IR A REERE (Curie il (. W L. T o

temperature (T;) controlled hybrid structure: TcC) (2L 0, & 8 ]

2 722 AP S A SR B8 22 T RE & 3 2 WM & TR R L 72, -
1,000 F 375 400

YERIBEL  [RSRHE OB L2 O T2 MRS 2 C b R S s

SR A& 283 2 B IR & TR 5 72012, K Curielf B | T.(A) ~ 377 [K]

TR T 7 et R 21X (A) ThaoFeso (10nm) %, &

Curielf B TIRRE KT J7 M 2R REMEEIFIZ 1T (B) GdzzFess2Cogs -

(10nm) & L. 3t~ 7R b ANy 2T REL . \ e

T2o FRVEIERIR (300 K) 7> 5 400K DM ) DR FE {174 -

PEIZFig. 1ORRIZ /R 5 A BEMERE HUE TORFEIL, (A)SIN(B0 € 40 —— (A+B)

nm) / ThaoFego (10 nm) / SiN (5nm) / glass sub. 3= RIZ CTHRAL a?) 30 |x T3

JIHe~25kOe, Curielid To &#9377 K OMFH) (L. 220 || o0 5T

(B) SiN (60 nm) / Gd22Fess 2C0gs (10 nm) / SiN (5nm) / glass sub. 5 ¢ 3

% EFLIREEFFE T 25U T, He324~B40efRE & fKHe/ >/ T -10 | Final state £3

SHBEAICL EE D, £ I T, FRCEOMES SRS 20 | . -

AZ M fE A 8 R (A+B) SIN (60 nm) / ThaoFeso (10 nm) /5 40 <

GdaoFess2Cogs (10 nm) / SiN (5nm) / glass sub. Z{EHL, ZodffE  © s0 -

fi% 77 O UL E P % FTAIG L 72, 300 350 400
Temperature [K]

ERER  ER L 7230EHA+B) L. 300~400K 0l 1 i _ N

BN T. WPRbL AR OB WERERSE 27 Y o A Fig. 1 ;I_’err:_pera_\turidespilndggce of/(flf);rcFlvny ]E:l(l’)ld

AR L, BIUCRT & 5 IR ORI b sy eanetization in (A) SIN (60 nm) / ThaoFeso (
S2IR(300 K)FIE 12 350 T2 [ 1 DI (300K~ nm) / SiN (5nm) / glass sub., (B) SiN (60 nm) /

i - SR \ Gda2Fess 2Coss (10 nm) / SiN (5nm) / glass sub.,

350KICHUT1k0e/S0K) &g & L blc, TOWMEARIE  A.py siN (60 nm) / ThaoFeso (10 nm) /

STOKFFIL CRECA L 721 | 400 K T, SR D5% FRIE & Gd22Fess.2C09.8 (10 nm) / SiN (5nm) / glass sub.

Motz FEET, 400KE THMEAL /2%, —KFAY12100 Oed

BRI S 2 FUNF% . HERGSS CHEIRA~GEIT 53T, Bk

EEERIR B S  ATRE T 2 Fafgsd L7c, LA XV | TeCBEMEREDS . 7 — 1 A ZIREIZR W TaEbriE )

ZRBLTDH L L BT, ARV EREIRE IS W T E L TR AL SRR M 2 TR T RE T b 5 5

R LTz, O & D IRTeCRIE IR E ) OMRFLERSMRAMSEA~ OIS HIfF S D,

R AR —ERIL, SCHARMEAE FLNL R SRR O 78 AR 5l S 88 25 35 (S1311020) DB kIC L W 1T - 7-.
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TEE A GdFeCo lED A ¥ ik — L3 Bl X A Wb s

RSO, RERBR, INAERIS, & HER
(G ERE)
Spin Hall switching of perpendicular magnetized GdFeCo films
T. Matsumura, D. Oshima, T. Kato, S. Iwata

(Nagoya Univ)

[EL®HIZ

Gbit ##8 2 5 MRAM BA%EE L O F DR E B EIC I T, BEMEFEE O &R B EE T E DO BT A3k
HDHNTND., AEUR— VPRI DA R EFIH LeBEERIE, BUERBTOAE L N7 AT
7 — MV LRI R TRIEEBIME O ATREER BV, FHBEIAR~Y—V U OREENES TH DR E
ORISR D LR EN TS V. AIFFE T, #8848 RE-TM)A 4 T 5 GdFeCo fEIZDOWT
TM-rich 35 J O RE-rich $% D E RV T A L R — A BRI L ALK EE 2 MR L, BbREER O]
WRIRTENE, AU R— A ADORE SERFHRZOTHRET S .
EBRAE

HEEZE~Y X b ARy ZEEEICLY, BARBLER £ Si MK BT substrate / Ta (10 nm) /
Gdd{FeoCo10)100-+ (S5 nm) / SIN S nm) Z i L7z, RO TITIE, EFE—LV VY TTT7 0L A A=y
F 7 &AW, BE3um OB —Lv 7 u ARG EER Lz, A R — VR X D B LRI R TS v
AN 0.1 sec D7)V AT buise 7 1BER, PidrH LB fead = 8OuA T Hall EIEZRET S Z LIZ XV fERL
7o Fio, BERRZIXENAIER & FATICRER Mo N2 T2
EBHE

Fig. 1 1X, Gdai(FeCo) i (TM-rich) (23 WTHTE D 7V A B fuse & 8 LI2BIZH—/VEE 2 HIE L
TRERERLTND. 728, Juse & FATIZ Hoxe=1000e ZEIIIL TV 5. fue=%2.5mA I TAE LV HR—1
RN K DREAICIR & RO U 72 AR — VB E D B 2 ZE MBI STV DL 1B, AD Lue 22D RS o 72°F
B O KERETRB I Jw 1L, 6 x 10° A/em? F2JE & 72 572, TM-rich & RE-rich Tli Hall EE DO 513 Hzd 503,
AR R MEALRERIL E D b ORIV TS fuise, Hoxe 23 & BIZIEF [0 DORE, EBROREAL A Fih) & 2>
L FEEICKEETDZ ENphote. £, AR —NVIRIC X DBALIKEED Joy D Hexe RIFHEIT GdFeCo
EOBALN K E <, BFGERRIDN NS VS DODHRRKENE WD FEREST. Fig 2 13 Gdo(FeCo)ro IEIZ e =
£2.0mA ZHE LN D, e & FATRBER Ho ZEME G2 L EOFR—NVEH By OB ERLTND. AV
BR—IVHRIZ LY he=-2mA £V, £2mA OFPRALNEHNZ A E T 2o T D, Ry DIRINBER Ha ik
THEPL R b ST AR — LA NIBRBLZ 01 BETHY, TMrich, RErich & HRIEETHL Z &0

ot
Z>E L
1) L. Liu ez a/., Science, 336, 555 (2012).
6.75 25
— E —
E o 2 \
E = ‘
T “‘ \_1 o
o 15} -2mA
9 66 =
& 8
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> o
= = 05
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6.45 0
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Fig. 1 Anomalous Hall voltage of Gda2i(FesoCo10)79  Fig. 2 In-plane field /A, dependence of Hall
after the application of in-plane pulse current resistance Au of Gdai(FeoCoi0)79 measured
fouise, under an external field of e = 100 Oe. applying a DC current of oc = = 2.0mA .
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Co2FeSi/MgO F&5 & i ~ DI FEIREIC L DK ji‘fétf\@,%%

IR JtE, R BETE, @A BEK, Il sk
R ILERY: Lk EXAELR)
Change of magnetic anisotropy of CozFeSi/MgO films induced by oxygen exposure at the interface
K. Shinohara, T. Suzuki, Y. Takamura, S.Nakagawa
(School of Engineering, Tokyo Institute of Technology)

1. [XC®HIZ

EEMERE T ECPMA) 2 AT 2 BEBALRBIA b o 2V EE (o-MTIIE, KER CHRALEENAIETH 5
Z ek, Ko MRAM fIEEAAE Y FE 7L LTHEHEZEDTWS. FTHETIEIPMA ZHT 5 CoFeB/
MgO/CoFeB #1288\ T b > F/BEEIRPIE (TMR) 2NN S 41, p-MTJ OFEHIZARLI L T2 0l 2],
2L, FERD p-MTJ 12 TMR LAV E VY, & TMR A FEB T 5 72 D10 1E A B o s 100%0)/\~7
A X NVREBERHAMP) G LTH 528, mEMIC HMF 2 iz p-MTJ | iﬁ%t%fﬁéhfwiﬁw. PANGIE NG
ITHMF & U CHIfF S D 7 LR A AT —E4 Co2FeSi(CFS) % FW T E LI OERUCEL Y $A TV 5 18]
ZE TICEE L CFS/MgO #1251 5 TEBLIE T CFS O BHREIX=IR TH - 7243, 4 [ CFS
% 400°C TR, BB RBEZ1T O 2 & TL2MEDHEB L BMEMKEFEOR LICKE) Lzl o®E 5.

2. REBFHE

ABHE, xtm & —%7 > R ARy H k% VT MgO(100) BLRE b FEpR EIC/ERL L 72, 30RO 1L MgO &
#/Cr(40 nm)/Pd(40 nm)/CFS(tcrs nm)/MgO(tmgo nm)/Ta(10 nm) T, MgO IX RF 2 %8y ¥ T, Zi LSO
1T _TDC ANy X TR L=, RIEEIT CFS % 400°C, NSO EZER & Lz, BRAREIT
CFS % piif% %R C 2.0 Pa, 10 min {75 7z.

3. RERER
Fig. 1 IZ/E U 7= 3Bt OB b FrtE 2 7= 5. CFS(O 7 nm)/MgO(1.5 nm)k§ 1% Tld Out-of-plane ® M-H #i#R1C
BT, 5k0e UL EDRE i R AR S /=28, CFS(0.7 nm)/MgO(1.5 nm) d Ll CRAEIRTE 21T 5

Z LIk, Fig.1M) o X 5 Icfafnii fiad L (a)
7o ZAUIEAFNRETEIC LV BmERK T R E 2000l w/. ' '
S22 EERBEL TS, Fig.l @ In-plane &
Out-of-plane MZ 20 M-H i CH E iz g 1000
RO FRIC & 0 T R BT RLE—K, g2 o
AL D &, BEFRREEEIZ LD K OfEIL—2.7x10° 5-1000
M5 —5.9x10° erglem® \[ZHEINT 5 2 & Ry Tz.
ik,ﬁm@)@?%ﬁ@kﬂ HEFLTHDHZ ~2000
LG, BERIRERIZME O CFS OBEE O 72 (b)
TELMERTE.
Bl 2000

AMFFEIE STARCCEEMREL T2 58k o % —) o 1000
DIST 177 AOBRESZIT CEMSNE L. 3 o
BEEZELET. s
BE=rh =.1000
[1] S. Ikeda et al., Nat. Mater. 9, 721 (2010). -2000
[2] H. Sato et al., IEEE Magn. Lett., vol. 3 (2012)
[3] Y. Takamura et al., J. Appl. Phys. Lett., vol. 115, H (kQe)

17C732 (2014) Fig.1: M-H loops of CFS(0.7 nm)/MgO(1.5 nm) structure

formed (a) w/o O, exposure, (b) w/ O, exposure
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