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Development of microwave interferometer based ultra-high sensitivity
ferromagnetic resonance measurement apparatus
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Microwave assisted magnetic recording (MAMR) is one of the promising candidates for increasing the recording
density in hard disk drives (HDD). In the MAMR technology, a spin torque oscillator (STO) embedded in the HDD
slider generates a microwave field, which is applied to the storage layer of the HDD media to temporally decrease the
coercivity during the magnetization switching process. Because this technology takes advantage of the cooperative
phenomenon between high frequency magnetic fields and spin dynamics, it is crucial to thoroughly characterize
dynamical properties of both the STO and magnetic storage layer. However, the high frequency characterization of the
STO is particularly challenging due to its small dimension and multilayer structure that complicate the behavior at high
frequencies, thus making it difficult to come up with a clear interpretation of the results obtained by the standard
electrical characterization techniques such as oscillation spectrum or thermally excited mag-noise measurements.
Therefore, it is desirable to have other means for measuring high frequency dynamics of a magnetic nanostructure as a
complementary technique.

For this purpose, we have developed a technique to measure ferromagnetic resonance (FMR) with a high sensitivity
based on microwave interferometer, which we named as Interferometric FMR (I-FMR), whose block diagram is shown
in Fig. 1 [1]. The basic idea of this technique is as follows. The stimulus signal from P1 is split into two paths, and they
destructively interfere with each other such that ideally no stimulus signal exits the power combiner when no magnetic
activity is excited. When the FMR condition is met, the stimulus signal of the path =z
going through the coplanar waveguide (CPW) excites FMR on the magnetic
element, thus the balance between the two paths is broken. As a result, only the
difference signal reflecting the FMR response of the magnetic element exits the
power combiner, which is amplified and eventually detected at P2. The first
I-FMR demonstration showed a large sensitivity enhancement of as large as about ~ Fower Iernem = combiner
40 dB (x 100) compared with the conventional vector network analyzer FMR Baste (e

(VNA-FMR) as presented in Fig. 2, which allowed a clear resolution of the Kittel

mode FMR signal on a 100 nm diameter and 5 nm thick CoFeB single nanodot.
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Fig. 1, Block diagram of the
I-FMR apparatus

Following this demonstration, we have developed the second version of the I-FMR 104
apparatus. The main difference between the first and second versions is that the '2 interferometric FMR 1y
first version required manual adjustments of the interferometer every time when P P - __j "-kﬂ‘;,__ S
the frequency is changed, which is a very tedious and time consuming step, while 12 SNR=59.2 dB ‘
this adjustment is fully automated in the second version without largely sacrificing & 2 et e B
the sensitivity, thus making this system a powerful tool for the high frequency °-; mwv*: o
characterization of nano-scale magnetic elements. o s;";ﬂ;d: A AT
In the presentation, | will first give the system overview of the second version of 02
the I-FMR apparatus, then will show some FMR spectra measured on nano-scale lg e o EMR
magnetic elements under various conditions to shed new lights on the g T
magnetization dynamics. 0 0 pres s
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diameter and 5 nm thick CoFeB
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1. Background

Magnetic storage and spintronic devices face a serious challenge in trying to simultaneously
achieve ultrahigh-density recording and ultralow power operation. In other words, a nanomagnet with high
magnetic anisotropy energy needs to be switched by applying a small external magnetic field. We reported
low-field magnetization switching assisted by spin wave dynamics, which is called “spin wave-assisted
magnetization switching”."” In previous experiments,"” we employed the in-plane magnetized
exchange-coupled bilayers having hard magnetic L1,-FePt and soft magnetic NigFe;o (Permalloy), and
observed a large reduction in the switching field (Hsy) of L1o-FePt by exciting the perpendicular standing
spin waves (PSSW) in the Permalloy. From a practical point of view, however, this concept is needed to
apply the “perpendicularly magnetized system”. In addition, the detailed switching process of spin
wave-assisted magnetization switching has not fully been understood yet.

In this talk, we show (i) spin wave-assisted magnetization switching for the exchange-coupled
bilayers with perpendicular configuration. In addition to the study on the perpendicular configuration, (ii) the
resonant switching behavior of spin wave-assisted magnetization switching is discussed using the in-plane

magnetized exchange-coupled bilayers.

2. Spin Wave-Assisted Magnetization Switching in Perpendicularly Magnetized System

We investigated the magnetization dynamics of exchange-coupled bilayers with a perpendicularly
magnetized L1o-FePt and a soft magnetic Permalloy. The L1,-FePt (001) layer was epitaxially grown on an
MgO (100) single crystal substrate with an Au (001) buffer layer. In order to examine the effect of
magnetization dynamics on Hg, of the perpendicularly magnetized L1,-FePt, we exploited a nanodot
consisting of the L1,-FePt layer and the soft magnetic Permalloy layer having a magnetic vortex. The
L1,-FePt layer exhibited Hy,, = 8.6 kOe without the application of rf magnetic field (H,s). When H,s= 200 Oe
with the frequency (f') of 11 GHz was applied, H,, was reduced to 2.8 kOe. By comparing the experimental
result with the micromagnetic simulation, we found that the vortex dynamics of azimuthal spin waves in
Permalloy effectively triggered the reversed-domain nucleation in L1y-FePt at a low magnetic field (H). Our
results demonstrate that the excitation of spin waves in the magnetic vortex leads to the efficient Hiy

reduction even for the exchange-coupled system having the perpendicularly magnetized L1,-FePt.”

3. Resonant Switching Condition of Spin Wave-Assisted Magnetization Switching

In order to understand the detailed switching condition of spin wave-assisted magnetization
switching, we mapped the switching events in the H - f planes for the exchange-coupled bilayers, where
L1y-FePt and Permalloy layers showed in-plane magnetization. The magnetization switching was observed
only in a limited region following the dispersion relationship of PSSW modes in the Permalloy layer. The
experimental result and the numerical simulation indicate that spin wave-assisted magnetization switching is

a resonant magnetization process. This is a characteristic behavior and different from the conventional



microwave assisted switching. Our results also suggest that spin wave-assisted magnetization switching has

the potential to be applied to selective switching for multilevel magnetic recording media.”

This work was done in collaboration with Dr. W. Zhou (Tohoku Univ.), Dr. H. Imamura, Dr. H. Arai and Dr.
T. Yamaji (AIST). It was partially supported by Grant-in-Aid for Scientific Research B (16H04487),
PRESTO “Innovative Nano-electronics through Interdisciplinary Collaboration among Material, Device and
System Layers" (JPMJPR1422) and Research Grant from TEPCO Memorial Foundation. The device
fabrication and the structural characterization were partly performed at Cooperative Research and

Development Center for Advanced Materials, IMR, Tohoku University.
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l. Background

Applying a microwave magnetic field to a magnet induces FMR excitation, and when this excitation is large enough,
it can decrease the switching field. This switching scheme is called microwave-assisted magnetization switching (MAS)
and attracts attention for its applications in next-generation magnetic recording such as microwave-assisted magnetic
recording and three-dimensional magnetic recording. [1-4] The difficulty of generating a microwave field can be solved
by employing a spin-torque oscillator (STO). The STO is a nanodevice, and the one with dimensions less than 30 nm
has been reported. [5] By applying a dc current to the STO, the STO magnetization oscillates and generates a
microwave field (stray field from the oscillating STO magnetization). This microwave field is confined near the STO,
which is beneficial for manipulating magnetization in the nanoscale. In this presentation, for the implementation of the
magnetic recording based on MAS, we investigate MAS focusing on two topics: circularly polarized microwave field
and varying-frequency microwave field.

I1 Microwave-assisted magnetization switching in a circularly polarized microwave field

Amplifier

In order to understand MAS, the polarization of the microwave field, | CH1[ Zcharbitrary
e.g. linear polarization (LP) where the field direction alternates in one ~ wave generator
direction and circular polarization (CP) where it rotates, must be I<I_Sﬁn?ts; cH2|
considered. This is because FMR is a precessional motion of the

magnetization and is most efficiently induced by a CP microwave field
that rotates in the same rotation direction as the natural precession of the
magnetization. The microwave field polarization is also important in
applications using an STO because the polarization of the microwave
field from the STO strongly depends on the oscillation trajectory of the
STO magnetization. Here, we investigate MAS behavior of a Co/Pt
multilayer perpendicular magnetic nanodot with a diameter of 50 nm in a
microwave field with various polarizations. Figure 1 shows the measurement setup. We use a microwave field generated
by introducing a microwave signal to the coplanar waveguide (CPW) because the frequency and the amplitude of the
microwave field can be easily controlled. The sample has two CPWs crossing at a right angle above the hanomagnet.
By introducing microwave signals with a tunable delay to the CPWSs, microwave fields with a linear, elliptical, and
circular polarization can be generated. Switching of the nanomagnet is detected by the anomalous Hall effect.

Figure 2 (a) shows the dependence of the switching field on the delay phase between the microwave signals
introduced to the two CPWSs. When the delay phase is around 90°, the CPWs generate a CP microwave field rotating
clockwise in the x-y plane. This microwave field reduces the switching field only when the nanomagnet reverses from
the —z to +z direction because the rotation directions of the microwave field and the magnetization precession coincide.
At around 270°, the microwave field rotates in the opposite direction and MAS occurs only when the nanomagnet
reverses from the +z to —z direction. Next, we fix the phase delay to 90° to examine MAS in a CP microwave field.
Figure 2(b) shows the dependence of the switching field on the microwave field frequency. The switching field
decreases almost linearly with increasing the frequency and suddenly increases to the value without MAS. This kind of
switching behavior is typical of MAS. [3] A large switching field decrease from 7.1 kOe to 1.5 kOe is demonstrated. In
comparison with MAS in an LP microwave field, a CP microwave field induces the same MAS effect with half the
microwave field amplitude (data not shown), thereby showing that a CP microwave field is efficient in MAS.

Fig. 1. Experimental setup.

— 100 —



7 mg‘ poras --Trr-omp.
A 7 o g itching fi
t)x“’ &) = o L I[ | Fig. 2. (a) Switching field versus delay phase of the
ﬁ; Il I | 2., | Il signal in CPW 1 with respect to that in CPW 2. (b)
@ 1| [ I‘ = | [Microwavefield . ' . . .
1 | | Z 3|amplitude | Switching field versus microwave field frequency in the
=0 DU ) o i B V- |
2] owntoup_ | Uptodown - o 5ce =l CP microwave fields from CPWs 1 and 2.
I 1 Microwave-field frequency: 16 GHz 1 —~ 184 Oe
o amplitude: 122 Oe o
0 45 90 135180 225 270 315 360 2 4 6 5 10 12 14 16 18 20 22
Delay phase [deg.] Microwave field frequency [GHz]

111 Microwave-assisted magnetization switching in a varying-frequency microwave field

The FMR frequency of a magnet is not constant but varies with the magnetization trajectory because of nonlinearity.
When the magnet has a perpendicular anisotropy, the FMR frequency decreases as the FMR excitation evolves. This
suggests that applying a microwave field with time-varying (decreasing) frequency induces larger FMR excitation
because the frequency follows the varying FMR frequency, which is expected to enhance MAS effect. Recently, the use
of varying-frequency microwave field was suggested by a micromagnetic simulation study, which reported that, in a
certain configuration, an STO spontaneously changes its frequency to match the FMR frequency of a magnet because of
the mutual stray fields. [6] Here, we investigate MAS in a varying-frequency microwave field. The experimental setup
is similar to that shown in Fig. 1 except that only one CPW is used to generate an LP microwave field and that the
anisotropy of the nanomagnet is smaller.

Figures 3(a) shows the dependence of the switching field on the microwave field frequency for constant-frequency
MAS (CF-MAS). Switching behavior typical to MAS is obtained. Figures 3(b) shows the result for varying-frequency
MAS (VF-MAS). The horizontal axis is the start frequency of the microwave field, and the frequency gradually changes
to 0.02 GHz over a 10 ns time period. VF-MAS differs from CF-MAS in the following two aspects. (1) VF-MAS can
achieve smaller switching field with the same microwave field amplitude, thereby showing that a varying-frequency
microwave field enhances MAS effect. (2) After the abrupt increase, switching field becomes almost same as the
minimum switching field of CF- MAS, which differs from CF-MAS where switching field increases to the value
without MAS. The latter can be explained as follows. As the start frequency increases, the frequency changes at a
higher rate, and when the magnetization excitation cannot follow the frequency change, the enhancement of MAS by a
varying-frequency microwave field no longer occurs. When the enhancement disappears, switching occurs in the same
manner as CF-MAS when the frequency decreases and matches the frequency at which CF-MAS occurs. Therefore,
switching field becomes almost same as the minimum switching field of CF-MAS.
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Introduction

Microwave assisted magnetic recording (MAMR) is a possible technology for use in future hard
disk drives [1]. The simultaneous application of a DC field from a write head and a high frequency
(HF) field from a spin torque oscillator (STO) can locally reduce the switching field of media in the
vicinity of the STO, leading to a higher effective head field gradient and improved SNR. In this work
we present results of simulations of two types of media: exchange coupled composite (ECC) and
antiferromagnetically coupled (AFC) and consider their behaviour in a MAMR system.

ECC media

The use of ECC media in a MAMR system offers advantages such as a reduced resonance fre-
quency and enhanced MAMR effect. Fig. 1 shows the switching fields of the hard layers of 4 nm
hard + x nm soft ECC grains subjected to a 500 Oe HF vector field rotating in the plane perpendicular
to the easy axis. Without the HF field the switching field was about -16.5 kOe for all grains. With
the HF field the switching field decreased rapidly once the soft layer thickness exceeded 4 nm. The
switching field changed sign for soft layer thicknesses between 6 nm and 8 nm, i.e. the hard layer
magnetisation switched before the applied field reached zero, as shown by the inset hysteresis loop
for a grain with a 7 nm soft layer.

The same effect can be realised in a recording medium. A static planar write head with a STO was
used to write single bit footprints on AC-erased ECC media. The average change of magnetisation is
shown in fig. 2 as a function of down-track position, together with the vertical component of the head
field at each point. It can be seen that the magnetisation switched in the opposite direction to the head
field, with peaks under the edges of the STO (position indicated by the darker shaded region).

When the head field was zero no magnetisation switching was observed, but [2] describes condi-
tions in which the HF field alone can switch the magnetisation direction. Tuning the STO and medium
properties may enable this effect to be realised.
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Fig. 1: Minimum switching field of hard layer on Fig. 2: Change of medium magnetisation, AM,
descending part of hysteresis loop vs. soft layer as a function of down-track position for footprints
thickness. 500 Oe in-plane HF field. written by a planar head and HF field from a STO.
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AFC media

Another advantage of MAMR is the possibility to realise multiple layer recording [3]. Selective
recording of each layer in a medium with two or more recording layers is possible if the layers have
different resonance frequencies. However, the spacing between the recording layers cannot be large as
the HF field and head field rapidly decrease in strength with distance from the ABS. As a result there
can be strong magnetostatic interactions between the recording layers. To mitigate these interactions
the use of AFC media has been proposed [4].

Fig. 3 shows hysteresis loops of single layer (SL) and AFC media. The thickness of both media
was 11 nm and the AFC medium had the structure 4 nm hard / 1 nm Ru / 6 nm soft. The saturation
magnetisation of the hard layer was 600 emu/cm? and that of the soft layer was 400 emu/cm?®. In zero
field antiferromagnetic coupling between the hard and soft layers of -1 erg/cm? led to an anti-parallel
magnetisation state and almost zero remanence. The hard layer of the AFC medium had the same
switching field, 20 kOe, as the SL. medium. In contrast to ECC media, switching of the soft layer in
AFC media did not initiate reversal of the hard layer due to the large difference in switching fields
between the two layers.

Tracks were written on SL and AFC media at various linear densities. At low densities the SNR
was similar or slightly higher for the SL. media. However, as the linear density increased the SNR of
the SL media decreased whilst the AFC media SNR was almost unchanged. Fig. 4 shows averaged
readback signals of ten tracks written on SL and AFC media at 1693 kfci (15 nm bit length). Although
the signal from the AFC media was lower due to the anti-parallel magnetisation, the noise was much
reduced, as evidenced by the smaller fluctuations in peak height and much lower transition jitter.
Other properties of AFC media will be discussed in the talk.
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Fig. 3: Hysteresis loops of single layer (SL) and Fig. 4: MR head output signal for 1693 kfci tracks

AFC media. K, hard / SL = 8x10° erg/cm?. written on SL and AFC media.
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Perpendicular magnetic tunnel junctions with the p-SAF structure having strong interlayer exchange
coupling by the iridium spacer layer and their spin-transfer-torque switching properties

A. Sugihara, K. Yakushiji, A. Fukushima, H. Kubota, and S. Yuasa
(National Institute of Advanced Science and Technology)

A perpendicularly magnetized magnetic tunnel junction (p-MTJ) is promising for a memory cell of
spin-transfer-torque switching magnetic random access memory (STT-MRAM). For steady read and write operation of
the cell, perpendicularly magnetized synthetic antiferromagnetic (p-SAF) coupling in the reference layer is one of the
key technologies. So far, p-SAF with a Ru spacer layer has been intensively developed because of the high AF
exchange coupling field (Hex). Although there have been other candidates such as Ir and Rh besides Ru, they have not
been extensively investigated yet. In this study, we systematically investigated magnetic properties of the p-SAF films
with an Ir and Rh spacer layer. We also evaluated STT-switching properties in the p-MTJs with an Ir spacer layer.

The p-SAF films whose structure is Si-O substrate / Ta(50) / Ru(60) / Pt(20) / [Pt(1.6)/Co(2.4)]n-¢/ Spacer(t) /
[Pt(1.6)/Co(2.4)]n-s/ Pt(20) / capping layer (thicknesses are in A) were fabricated, where n is repetition number. Figure
1(a) shows the antiferromagnetic exchange coupling energy (Jex) for Ir, Ru, and Rh spacer layers as the functions of t
and the M-H curve for the Ir at t = 4.5 in the inset. The maximum Hex and the maximum Jex values achieved 12 kOe and
2.6 erg/em?, respectively, being over 20% higher than that for the Ru.! Furthermore, the width of the first peak in fig.1
and annealing tolerance (not shown) for Ir spacer layer is greater than those for Ru, suggesting that Ir has very high
potential for manufacturability of STT-MRAM because they give wider process window than that for Ru.

We also fabricated p-MTJ stacks with the Ir spacer layer and microfabricated them into nano-pillars (18 - 60 nm in
diameter (¢)) to evaluate their STT-switching properties. The TMR ratio, RA-product, and Hex were observed to be
133%, 5.2 Qum?, and over 8 kOe, respectively. Figure 1 (b) and (c) show STT switching properties of the nano-pillar
whose size is 25 nm¢. Average switching current (l¢o) and thermal stability factor (A) were estimated to be 43 pA and 85
by fitting from theory.? The switching efficiency which is calculated from the I and the A achieved high value of about
2.3 These results indicate that the Ir has more suitable properties and no disadvantage compared with Ru for the spacer
layer in p-SAF structure for STT-MRAM.

This work was supported by the InPACT Program of the Council for Science, Technology, and Innovation.
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Fig.1 (a) Antiferromagnetic exchange coupling energy (Jex) for functions of spacer layer thickness (t) and magnetization (M-H) curve
for the p-SAF film with a 4.5 A-thick Ir spacer layer (inset). The STT switching properties of the nano-pillar with an Ir spacer layer
for (b) the parallel to antiparallel (P> AP) and (c) the antiparallel to parallel (AP->P) configuration.
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Theoretical analyses of magnetic tunneling junctions with semiconductor barriers CulnSe, and CuGaSe;
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BERSREEN— KT 4 AT RTA TOFELB) ~y ROREFERMRT VX LT 7 8AAEY (MRAM) &\ o7
RN FEERERIA LIZEHNT S AORB O 0120, fEREER ST TEZmWBEEEFL (MR &) 2z,
0.1~1 Qum? B DI WVEFEHEHT (RA) BRI R TH 5. #1065 ITITAE, LAY I-E K CulnggGag,Se, (CIGS) /3 7 &
WZHFO MTI OFERICARTh L, Z DR TEb MR B (IR T~100%, =XiE T~40%) &%\ RA (0.3~3 Qum?) 2 EEFIZE S
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(CGS) =Y LiFf, Zhba U TR DR N v RS (FelCISIFe 35 L UM Fe/CGSIFe) DA B UARTEZEFEIEIZD
WCE—FHHBEICE SO M 24T o 72 [2]. ABFJETIE MR AKX v v 7O RE & L PO X 5 B Z R0
WO RBEERT =< ThHD. T TNV FF¥ v v T2 RZHINCELEE D Z ER3FEER Cud 3dRRBIZR T 24 W
A+ Coulomb HHEAEM U 2B EBICANGEEZIT>7=. X 1(a) 1 Fe/CIS/Fe MTJ (U=5eV) D EATRHLIRREBICH T D
Majority-spin FEF BB RO kKFEETH 5. B < 5N 7= FelMgO/Fe Ot F & FRRICHiV B — 7 #i&23k,=(0,0) IR 6h,
IORTab—L 2 b N FRBEEBGNREL TND 2 ERbnD. FEOIES % FelCGSIFe BT HHfERT 5 =
ENTE Tz, B 1(b) X CIS, CGS, MgO ENENAENY TREICFHESOMTIDORA & MR ILODFEEREZ EL OO THS.
Fe/CIS(CGS)/Fe i% 100%p(# D MR k& 10um? L FORWRA 2495 Z L pvbinotz. 2D X 57 RA DEIZANY
TR ARG D FelMgO/Fe £V b+l b D TH S, FhoFx 1L, UEKRELTDH EREERY Y v 72 RELT
%) &L HIZ FelCIS(CGS)/Fe D MR R KEL D & bR T HZ LN T,

B, AWFFEO—EITEFRINIFE R HEE 7 10 7T & (IMPACT) O ZZITIThbN=bDTH 5.

7/a T T T T T 08 10°, -
@) - (b) ,
205 245 286 236
06 104 1.64 p
L ] o
3 fyeo=1.24 [nm]
kyo . 1Ho4 gwp ™
- A" CGS (foes=2.64 [nm])
5 —=4. nm
= . =0 ev] o
0.2 10% 410
&5 ey CIS (fas=2.76 [om])
-w/a L 1 1 L 1 10! " " " " "
‘/-ﬂ/a 0 7/a l 1070 10° 100 10° 10° 10° 10° 10° 107 10° 10°

RA[Q um?|

1. (a) Fe/CIS/Fe MTJ (U=5eV) D FEATIELAIRREIZIS 1T 5 Majority-spin & 183K D kM17E. (b) Fe/CIS/Fe, Fe/CGS/Fe,
Fe/MgO/Fe MTJ 123517 %5 RA & MR L. N U TR (tess, tes, tugo) 1173V TITH bITWEA O Fe [ OB TR - 72 %
DThHb.

1) S. Kasai et al., Appl. Phys. Lett. 109, 032409 (2016).
2) K. Masuda and Y. Miura, Jpn. J. Appl. Phys. 56, 020306 (2017).

— 105 —



21pA-3 Falla H AR AR BEELE (2017)

B B2 —iEIC kY ﬂfﬁﬁ%}ﬁi é %wl iif\n &4 Fe/GaO,/Fe
B N v RV I BT DR s R

EOA RS> <> N Sai Krishna*, fRFEACZE* ¥, TRk~ Gpmin*
(PEREATR G Ay b= Ao & — "TFHELEKRY)

Magneto-transport properties of fully epitaxial Fe/GaO,/Fe magnetic tunnel junctions fabricated by
solid-phase epitaxy at low temperatures
N. Doko™™, N. Matsuo™"", N. Kurishna”, H. Saito”, and S. Yuasa
("AIST Spintronics Research Center, ~Chiba Institute of Technology)

XL®IZ
BT, PEARM B A fefabuiEfE & L R EERBA N oS (MTY) I8\, BIERINCE D bz
JUBIRZSF[A]RC 1Qum? BL T OIRHSHUE A [2)55 OBk AE - FENHE ShER Sh T b, Fxidv 1 Fx
¥ THERRE T Y 7 N(GaOy) & FEEERE & L 7o A HUKE L Fe/GaO,/Fe MTI A /EHE L, =EIR C 92%I25E 3 21
KIHEEE (MR )2 @i L7z [3], Hibsh Gao, FEEEE 1T, Ak D7 L7 7 A GaO &+ D7 =—
NTHZEITEVHELNDD, £ DERITK 500°C D EIRNSUNE TH D Z &b FEMHFEF~O I ITIAEE R
D D, AL TIE, 7 =— VSIS E RHRINCE (L S 72 5t MTI Z2/ERL L | f5 i 36 X O %
R 2GR~ T2
ERGE
JFEEHI Y TR B X o —iEIC L W ERL S Lz, MTI A& 1S Au(20 nm)
/ Co(10 nm) / Fe(5 nm) / GaO,(2 nm) / MgO(1 nm) / Fe(30 nm) / MgO(001) #:
WTohD, LE Fe BRI EIZEZEFIZTEDEET =—/L% 250°C TIT
ST, D=, LER Fe lIEATIC GaO, & # e B R P T DT =
—/L (250°C ~500°C) L7=3tkEt&ER L 7=,
ERER
Figure 1 (2458 O S & % 1-#R1E1 47 (RHEED) 4% /53, BIEf% D GaOy
B> RHEED #13/~u—IRTH Y (Fig. 1a) . [FEN T E/L 7 7 AIREE
HHZ L ER L, BT E/NT 7 A GaO, 8 LIZpkE L7z L Fe **’ﬁﬂ%
Tra— R R Z— %R L (Fig. 1b), 2T 5 2 L BARR S
ntoﬁaﬁﬁﬁ’k’ %#%%@NWED@i%WCT@T:%
I &0 B AR T A R U — 27k (fig.1c) & 72 o 7=, Wi - B B 2
X0, [FED GaO, JEILHAEm Th D Z & DR I LTz, I’Jﬂ?i%ﬁﬁu\t
MTJ @ MR IZER T 102%TH Y  GaO, B DE DT =— L2 &ie 7' n ' ’ ,

(b) Upper Fe

WX VERLL 7= MT) & [RIRRE DEN S b T,

il

ARFFE TR ROMZER % 7 1 7' F & (IMPACT) B X OEMFE  (No.

26103003) DOIHEAEZIT T,

2D N (c) Upper Fe (annealed)

1) T. Kanaki, H. Asahara, S. Ohya, and M. Tanaka, Appl. Phys. Lett. 107,
242401 (2015). Figs. 1 RHEED images of the (a)

2) S.Kasai, Y. K. Takahashi, P. -H. Cheng, Ikhtiar, T. Ohkubo, K. Kondou, Y. GaO, barrier layer, (b) Fe upper

electrode, and (c) same layer after

Otani, S. Mitani, and K. Hono, Appl. Phys. Lett. 109, 032409 (2016). an in situ annealing at 250°C,

3) N. Matsuo, N. Doko, T. Takada, H. Saito, and S. Yuasa, Phys. Rev. Applied respectively.
6, 034011 (2016).
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MgGa,0O4 A B R VRN T &2 =
{1385 e il S G T3 5213 e ol NI WA o

IR E Y, JNEEEE 2, M. Belmoubarik', PH(mmg{:t%Eﬁ% RS 2, Eom =2
(FARIE— 2, BLEEPERY 2, RAMR OB, =fmaka] P, FEEFnfE
(" WRA s, Zﬁz NN
Low resistance epitaxial magnetic tunnel junctions with an MgGa,Oj4 spinel based barrier
oH. Sukegawa,' Y. Kato,” M. Belmoubarik,' P.-H. Cheng,'? T. Daibou,” N. Shimomura,’ Y. Kamiguchi,’
J. Ito,” H. Yoda,” T. Ohkubo,' S. Mitani,"” K. Hono'”
("NIMS, “Toshiba, *Univ. Tsukuba)

ZLC&HIC

A FIVRERIEY (MgALO,) %3V 7J@ & L CRWZRENE b o 3L BEE (MTI) Tt 300%% B 2 5 EW
il N O RAVERIEST (TMR) BEAEBLEN TS D, £72, MgALOs % CoFe X° Co A A AT —Ha7e &
EDOREFIEAMEN R, REFRRRENE/ N Y T RE DRSNS Z &5 D TMR D S 7 A EFRFEO SE
RBHFCTED, —FH. MgALOy DFF O/ R¥ v v 7 (E,) 13 MgO & IZIEFED 7~8 eV FEEE DfE % ¢
DI ENB, MgO N 7 MT) i 2 DRSO FBIIHNETH > 7o, AWFZETIE, Eg A KD /hENnAE

INVREBEDZE N TIEE L THEAL, N 7 &S OEBIC L D IRIEba B Lz, FRlZ, WA B0
EEREMEE L THTAH Y U LARALE R MgGa,0y (Eg~49eV) IZFHFB L, 2 —L v b b pghif
IZEDEWVTMR OFEBUZM A, N 7 @ SR O A REMEZ B> 72 2,

RERAE

MgO(001)EfE il 12 Cr & FHiE L T, Fe/MgGayO4/Fe/IrMn/Ru 13 0 i PR LT MTT i % VESRL L 72, MgGa, 0,4
AU TIE MgALOs Y THERLD L RIARIZ, BERE MgGax04 7 — 7 > b E @A ANy 2325 Z LIZ X VI
U7z, fbddh & MR D72 124K g & iR L 72tk AR A Mu?ﬂkﬁ!ﬁ%ﬁo 7oo EI 4 SRS L B 1E

SURFERTAN & i STEM #1221 & 61&&ﬁmfﬁmﬁ¢$ﬁéﬁoto ””m!"mm”“ m
1111 i

EERHER?

Fig. 1 \Z13/EH L 7= Fe/MgGa,O4/Fe #i1 OWriii STEM 14 % 7~ L C
B, XX v (00N EPHERCTX 5, £/ Fe @ & mmks
FHREE LTl CEHARRmE R EI I N TS Z L bbhnDd,
TMR FIEEER 121% (4K @ 196%) & EERYEVEDR G B, 2 giiiiii
FUEMeGa:0: 8 TE A L3t —L o b b JARRIC L 5% .
HLZEZ N5, F—Y 7R OEREE — /17 AEED lﬁ"
MxET = hOLE (Fig.2) 2EHH5 8510, MgGa0s/3Y Fig. 1. High resolution STEM image of an
T1E MgALO4 /N U 7 N ARIEFITHEBIAMES (K 1/50) . £728  Fe/MgGa:04/Fe MTJ.

Wl

MEENE LRI 554 7 AEE (RAD 13 MgGay04 (ZFUWNT & 10°
D/, ZTNHEDZ LT MgGaOu MENY T ESZFLZ L% otk
ALTHEY, HTMR B ZHA - MTI S 7 E LTRSS
ThD, AFRO—EIT, FHOFIEMRIEHLE T 1 7T 2 20T
(ImPACT) I2 & ¥ B S IR 238 L CERFES L CH T o7, 2o}
BN S o't
1) T. Scheike et al., Appl. Phys. Express 9, 053004 (2016). ol
2) H. Sukegawa et al., Appl. Phys. Lett. 110, 122404 (2017). 0.01 Bias vaiinge (V)
3) M. Belmoubarik et al., Appl. Phys. Lett. 108, 132404 (2016). Fig. 2. Current-voltage characteristics for

MTIJs with MgGa204 and MgALO4.
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Fe/AlO/Fe;04 lIC BT B ko R IVBERF ¥ 233 X U AN H

W5 A %@X%*1§ﬁﬁﬁy\%5@£ﬂibt%”\
IR, RRREAR, VEHEIG. Gang Xiao***
(AERFE T7-HF, *itjt]:\ **ﬁitk%zﬂﬁf\ *¥k7 T 0 R
Inverse Tunnel Magnetocapacitance Effect in Fe/AlO,/Fe;0,4
H. Kaiju, T. Nagahama*, S. Sasaki*, T. Shimada*, O. Kitakami**,
T. Misawa, M. Fujioka, J. Nishii and G. Xiao***
(Hokkaido Univ. RIES, *Hokkaido Univ. Eng., **Tohoku Univ. IMRAM, ***Brown Univ. Rhys.)

XL ®HIZ

LA, BREEPE b o BEER (MTI) 12815 b FVBIR ST v /R Z A (TMC) ZhRIE, RfAe &
AF I AHET HH AR E B2 b b —F, BEERRE Y —, BEAEKESA v E—F R
FAL~DOIHLHFREIN TS Z ENDENATREREEHZEDTWVAH[1-4], BEF O TMC ZhETIEL,
SRBMEE ORALN AT THD L X v XU H U R GRREL, AT TH D & & Cop VNS 5, K%
TlX Fe/AlO/Fe;0, MTT IZEBWTZEDW DI (Cp < Chp) TH DM b U FIVBERF ¥ /3 Z A (iTMC) %)
RERALLEZOTHRETB[5],

EBGE

Sy TR A % Uk (R BIEEZEE: 10° Pa)[6]IC L W MgO(110) 2mﬁlﬁm;""'f
M 12 MgO(R0 nm)/NiO(5 nm)/Fe;0460 nm)/AlO(2—4 nm)/Fe(10 m 3 :’:ZIEO
nm)/Au(30 nm)72> HHERK I D MTI Z/ER U7=, fGn Licix 7+ ~ U ;‘; 244]- ~Fe,0,
VIGT 4= ArAF I ) T EERG T, BATRIE 10x10 pm® § | |
L Uiz, TMC SRR RS P 4 FiEe B0, e 8 240}:!1’ \Z \1 3]
JA B IE 20-1MHz, ZRFHEIE BT 35 MV, KEUINBSG I 14 © ]
kOe & L7, 2367'-1600‘ 500 0 500 1000

Magnetic field (Oe)

EERGER [ 1: Fe/AlO/Fe;04 (Z351F %
nl:ffiﬁ:nwmomwxthiﬁwfﬁﬁﬁrmmiﬁu%ﬁ iTMC Z)#
Wiz, T7obb, BLATIRED L& G 2/ a <, ROHATIREE 20— , . .
&%cﬂmk%<ﬁéo_@k%®%m4%ﬂMcm(4qWQW@) = ]
LIEFT D, K2 IZITMC LD AR B E 2 R 3 iITMC EIZR KT 11.4% & Counyy
&R LT, £72. Z OB Zhang BT L HADENY TR Q 10 T ]
(Hm)%ﬁ@kntwaF@mm%?w ROAE ARG RY 7 & G ]
BEHC (SDD) &5 L [41% V= BRI T K 0 BRI TE 5 2 b i
Bbhole, IHIT, KEFEMHRIZ iék6ﬂ&9@%@2t/\ﬁ4 O —— 1
AT DH MTI TiE 150% % 25 iTMC L3t i s 2 & 238 5T 7 Frequency (Hz)
o7z, I TIXITMC O EIERAFME & 5 o 7o 3/l 72 S8R - %%%% X 2: iTMC Lb o J& % S5 b 1
AT D,
2 Uk

[1] H. Kaiju et al.: J. Appl. Phys. 91, 7430 (2002). [2] P. Padhan et al.: Appl. Phys. Lett. 90, 142105 (2007).
[3] H. Kaiju et al.: Appl. Phys. Lett. 107, 132405 (2015). [4] T.-H. Lee et al.: Sci. Rep. 5, 13704 (2015).
[5] H. Kaiju et al.: Sci. Rep. 7, 2682 (2017).  [6] T. Nagahama et al.: Appl. Phys. Lett.105, 102410 (2014).
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Co2Fe0.4MnosSi/MgO/CosoFeso I > RV I3 1T D B HIRNR D
T HUE MM AF

Off #8678 12, HEME 2FH 25 =fF 58 4 J)IF B4 EE 2 4 S 50% 28
(1 FAERZRFBE LEAgeRt 2 b R BB ST
3 WALRFAE Y bm =7 R EfidE B E ¥ o 7 — 4 Y LA HARBISERT)
Buffer layer dependent magnetoresistance effect in CozFeo.4MngsSi/MgO/CosoFeso magnetic tunnel junctions
oMingling Sun *2, Takahide Kubota 23, Shigeki Takahashi #, Yoshiaki Kawato 4,
Yoshiaki Sonobe # and Koki Takanashi 23
(1 Grad. School of Eng., Tohoku Univ., 2 IMR, Tohoku Univ.,
3 CSRN, Tohoku Univ. 4 Samsung R&D Institute Japan)

&
RMERAFHBEEA TV OF N BEMHE LT, AVVEAEAMOBR T VX LT 7 8AAE]Y
(STT-MRAM) MEHZIBRTWD, FFICXFHE Y N7 T ADFLEBAEEZEBRT L7720, @0 b U RURR
BH (TMR) b2 i 2 7 BERAL b o 2 8E (MTIs) BNLEE 7250, Co DTNV A ZA T —E4&I1XA
USRS L THHN—T AZ M ELE S TEY, @ TMR ESICH T THERMEICh 5, —TF. £
D fl e S 1T B A2 TR TH 0 RERER R EN NS W o n | BEBULKRA AT —EEEHDT
DITIIMGERE D ER & FmE R T O 5B R R Th b, Fox DT N—7"TIiL, CoFeosMnoeSi (CFMS)
TNHRA AT —REICER L, BEMBKETEO FHEMEI P, Ru XX CnREANCHRTE -2, MEER
{EIEAERL D 72 O IR, L 72 CFMS B AW T, THIM B E OILB O T AV R MME T4 25 2
ENBEIND, £ 2 CABIETIEX. CFMS/MgO/CosoFesy (CoFe) MTIs (245115 TMR bt O EVLERE FE & Y
CFMS EEARFIEZ B0 D THJE 2 W =REHC W TR T2 2 L2 HM L Lz,

EERAE

MEEZE LT~ 7 % b A8y ZAEE Z VT, MgO(100) B b HapR 2 “THiE” /CFMS (tcrms)/MgO
(2 nm)/CoFe (5 nm)/Ir2Mnzg (10 nm) /{5 )& | terms= 30 nm, 10 nm, 5 nm, 3nm, 0.8 nm & 4 % ff e ilkl 2 /ERL L 7=,
“FHIE” 1ZPd, RuXiZCr& L, D955 Pd O Ru BT FHMEHEDTZDIZ T CriE@EfEE L. T
FICRRE L=, REHE 7+ N V5T 40— TAIAF IV T L) 7 A TETEFITEMI T L
Too FTINTALICEZEFENLEYF C 2002 725 500€ % T 50€ %A TR 21T 572, TMR IR OHIEIX
FERTAMT T —"—Z2HNTTo7, 7ok, BIEROHIIBSG XIS TmN AN TH 5D,

ERiER

temes = 30 nm, BVLEE FE 400€ OSF TR, THUBMEHIK & 32 TOREFTK 120% D TMR 235 5
77, temrs =30 Nm 238 1F D TMR LD Lk 5 BAVILERIE 12 DWW T, Ru O Cr FHIUE 1% 500€ TH -
7=DIZXF L, Pd FHiE Tl 450€ T TMR L3 LEE®H 72, —F . tomes =5 nm (235 1F 5 BVLERIR LK 71k
1T, Ru KON Cr FHIEZ W73 BHT tomrs = 30 nm DIGE R TH - 72725, Pd T HUE D551 I3EVLELE
FEITH ST TMR L 1%L T & 72 572, & 51T, tomrs = 0.8 nm OFENTI, Cr FHUE 2 W 550k O 2 250€
TOEPE TR K 22%D TMR ez R4 —75 T, Pd LT Ru THIE 2 AW 7250BHE 5% AT D TMR ez~ L
Too ULbED X 572, TMR EEOBULET DN tepms IKRTFPEIX T HIMBHZ K 0 B2 2 AL OEA WL 5
DEEZLND,

&R

1) H.Yodaetal., Curr. Appl. Phys. e10, 387 (2010).
2) M. Sunetal., IEEE Trans. Magn., submitted.
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TILIZJLBDEFRE NGB ERXE VM

FEEA " LENEPE Y, BRGNS ) R KRS, R
CBRREB T IR T A Y Y ba =27 A Z — 3§ i KA
Spin transport and relaxation in n-Ge
Y. Fujital, M. Yamadal, M. Tsukaharal, S. Yamadal’z, K. Sawano3, K. Hamayal’2
'Graduate School of Engineering Science, Osaka Univ., 2Center for Spintronics Research Network, Osaka
g g p
Univ., *Advanced Research Laboratories, Tokyo City Univ.)

[IZL&IZ]
U 2 2(Si) CMOS ATz i1 2 HHMEDORA RGN L 5 & T 5, N TV IURAXZDTF v 1L
MEE 7N~ =7 A(Ge)~NEEHZ L O LT 2N H H[1]. T E THA X Ge-CMOS DERIT
BETDHAE Y b =7 AHROBRRE 21T > TE72[2]. AR TIE, Ge ~D A B U EAHIf & A
EUAREOBIND, Ge FTHELDLET AL OEMBIRE TEikmT 5[3-5].
[EBRFE]
MBE % T Si R EIC/ERL L 72 Ge J@(n~10"%em™) L2 U v @YD F V% F—v' 0 Fd %4
L T CoyFeAlysSips (CFAS) A {ERL L, Fig.1(alZd D L 9 AR A v L7 3B 7~ & Joiin T
L7=. A AZRERIEITIER AT 4 S - HDE[EREG(-1 mA)]Z vz,
[EER#ER]
Fig. 1(b)IZ1E R M) 72 FERFT Hanle 2h R ORIERE R 279, CFAS OBALELE (CFAT « BOFATIZ KT
J& L7 RZE S DB STV D, ZORIE &k & 22 TITV, —IRICIEHCE 7 LV CfEiT L7z
WREONTAE U FHa( 1) DIREERFMZ Fig 1(c)W2rRd . 100 K £HT 2 S IR EER 7N 2 7~ H5 1%
7@ 2R L722Y, 2 OFENIKITIRE SN AMWSEE O MEGEL[3,4.6]1 & 7 4 / VBROK
MECEL[7] 2 X— R & LIz AR Call CE 2 Z E M B E 7o 72[5]. #8&72 73 & Hanle
hFIE 250 K £ TULBHI S 2o 7oy, SEIOFRERT Ge HFOE T A Y OFEFEHE D iR <
Nicl=, 5%, BIEMNT TAEUIESEZ2EL 2008 L R D BIRBE~DIRH N2 52 5.
AMFGEIE, FHFE AR SR (A)(16H02333) -
R EE AR S 2B B No.  (a)
26103003)DHfiBh A 32 1F 7=

2% X #k

1) H. Wuetal, 2014 International Electron Devices

Meeting (IEDM). (®) 20 pe ~ '
2) K. Hamaya et al, Phys. Rev. Lett. 102, 137204 10 R . Theoretical curve
(2009); K. Kasahara et al., Appl. Phys. Express 7, %} 2 04(° 3 %;% / =
0 = T
033002 (2014). < S { .
3) Y. Fujita et al., Phys. Rev. B 94, 245302 (2016). -10r- 0.2k EE_
4) M. Yamada ctal., Phys. Rev. B 95, 161304(R) sl Vo o
(2017) 40 0 40 0 50 100 150 200 250
' B, (mT) T (K)

5) Y. Fujita et al., Phys. Rev. Applied (in press).

6) Y. Song et al., Phys. Rev. Lett. 113, 167201
(2014).

7) P.Lietal., Phys. Rev. B 86, 085202 (2012).

Fig.1. (a) Optical micrograph of a fabricated lateral spin
valve. (b) Nonlocal (NL) Hanle effect curves at 77 K.
(c) Temperature dependence of the spin lifetime in Ge.
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Ag/InZnO/Zn A ~_—H—J& % ¥, -> CPP-GMR
ANV T ORI E & SR PURRE

AL, e R, BInE ., BEMRIR, AREFEIR, EEAE
(W'E - MEMITIEREAS)

Microstructure and magneto-resistive properties of CPP-GMR spin-valves with Ag/InZnO/Zn spacer
Tomoya Nakatani, Taisuke Sasaki, Songtian Li, Yuya Sakuraba, Takao Furubayashi, and Kazuhiro Hono
(National Institute for Materials Science)

FL®HIS

RV ELE KBS (CPP-GMR) 13 b v R WBESHRGTIC e BT (R4) 28 1 M2 b/
EL, N=RT 4 AT RIATOFE~NY R —~OIE MRS %, CPP-GMR /D1
KDTZDIT, MAE IR A X T —GeZ BgMEEIZHW51E0, A~—%—EIZ Ag/lnZnO
(IZO)/Zn OREEMHEEEZH WD Z ENFRTH D Z ENME SN TS, [1] LLARRS, Al—
Y —JE KT DR EOKRENL L < Do TR, ARIFFETIE, Ag/IZ0O/Zn A~—H—J& %
7= CPP-GMR FJEN IS & RIS DWW T, i & BRI O BIFRIC SV TRl L7,

ERAE

ZRy Z Y72 X0, Cu BBAR_EIZ Ta/Ru(2)/IrMn(6)/CoFe(2.8)/Ru(0.8)/CoFe(0.6)/CoFeBTa(0.8)
JCMFG(2.5)/CoFe(0.4)/Ag(0.2 or 0.4)/1Z0(1.6)/Zn(0.8)/CoFe(0.4)/CMFEG(4)/CoFe(1)/Ru(8) (I5/EI% nm)
DEFERHAE L NV THEEZERL L, 35T 280 °C. 3 Bl 7 =— %417 ->7-, CMFG %
Cox(Mng¢Feo4)Ge A AT —H4ThH D, HE 100 nm 35 L0200 nm OHER TN T L, =
IR COMKIPURESE 4 55 EICK OV IIE LTz, A B L 7RO RGHIE & 2 E1 50 7 1 TAMK
# (STEM) B LU= R/LX—458 X #4556 (EDS) (2 X - TH#T L 7=,

#ER

30 AgSn(0.4)120(1.5) (b)

@
&

1 |2 CPP-GMR F 7O HfE#HdL (R4) & B
Hikt (AR/R) %153, Mgl L. AgooSnjo(4 nm) A 251 & Ag(o.z)/lzou.e)/z-w(o,% A ] %;5 =227%
~N—H—JE D CPP-GMR %7 TlX RA ~ 65 mQ pm? < 2| o AMadh 1z
ARIR=9%TCHo71=, —J7. AgIZO/Zn A~—4 —F q“
END 2 LT RA & 70-120mQum’, ARR % 15% 7 10) LI I
PUEICHAT 52 EMTED, AgABRENEE || Gl |
RADVNE L 72 DA b 5, FEIBISSE & gt m [ 200m dameterdevices | & M
T AEWETHZ LT, ARR % 30% % THRESHED oo R:‘;mgfiz) A
ZENTER (K1), (¢), ZAE. RA L ARR D I (a) AIZO/Zn A ~—H—H 70 RA & ARR
FUTCIL 2 Thit/in® DOREKGLERE FE I3 ST D e~y Do, (b), (¢) WL & 7 1 & A Dk O
Kb o — DB MRS R LTS, 2] MR fif, A~N—V—EI% AgooSni/IZO,

2(a)-(c)IZ, EDS (2L % In, Zn, Ag D43Af & 7R
T In & Zn IFR—DMEIZHFELTNDHZ NG
12O FICHNCRE S L7z Zn 13120 ik L, —1k
PIZO BT 5 EEABND, —T7. AgiL1Z0 * 2 Ag(0.4)1Z0(1.6)/Zn(0.8) A ~<— 4 —J& O CPP-
NP IR =2 LTS (K 2(c). Al GMR #1-(R4 = 70mQ pm?, ARR = 17%)IZ351F 5 In,
O STEM |2 L DM Cld. Ag i fec-Ag & LT 120 ZnAg Do,
<~ bhU w7 ZAHFTHHLTWDED0, vk b 120 FIZEEL TO D OISR TE 20 h Do,
HEFEIRIL Ag IO mWERS 2 B RIS D Z & BN TP S D, 37215 | Current-confined-path
BRI — 7R B34S, RA & ARIR DIERDEIR CTH D EEZHND,
& 3#K [1] Nakatani et al. APEX 8, 093003 (2015). [2] Takagishi et al. IEEE Trans. Magn. 46, 2086 (2010).

B AgSn(4) a P
® Ag(0.4)1Z0(1.6)/Zn(0.8) (@) £ gl ARR

5
-1.5 0.0 15

ARIR (%)
>
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Co,MnSi Z AW EiR EA 2 v o L T FE ORI I
K E 3 Co,MnSi D Mn #H ik o 522

RARFOHE T, A5 %, Hu Bing®, Moges Kidist?, H B2 b ILUAE S 2, flkd 4t 2
(TDK A 4t, 2 ki K%)
Influence of Mn composition in Co,MnSi films on magnetoresistance characteristics of Co,MnSi-based
current-perpendicular-to-plane spin valves
K. Inubushi®, M. Inoue?, Bing Hu?, Kidist Moges?, K. Nakada®, M. Yamamoto?, and T. Uemura®
(*TDK Corporation, “Hokkaido University)

1. FLC®IC

AV hB= AT NA AIHED AL JRE LT, N—T A X NVFAD Co kA AT —A RN EH
ENTEY, R b RS (MTH)Y, BREER A B2 3L7 (CPP-GMR) #7159, A g A#ZT
REVICHS I, RSN TV D, Kilt, F& DO ADMNE Co,MnSi (CMS), Coy(Mn, Fe)Si (CMFS) & T
Co,MnGe A AT —E&HERIZIBNT, N—T A X NVEEEZIR TS5 Coyn 7 v T4 B3, Mn 2 L&
AR & 0 BIBRICHEINT S 2 & THIfl S D 2 & &2 ERE L2 MY ARFZED HAYIE, CMS % iV 72 CPP-GMR
FTFOWEIRPL (MR) FPEIZx T 2 LT Eam OB LA LN T L2 L ThHD.
2. EERFIE

CMS &Mk & Ag A~S—H % =383 1 7 2D CPP-GMR #1128\ T, CMS B IZ 1T 5 Mn LAk
Z RIS L S8, ZD MR ¥itEA 772, CPP-GMR EHiEL, FEE2BEELET v o\ —f Ttk
W5 Z L2 k0 R U 7=, RS U 72 JE & 13 MgO(001) Bk 5 JLAR 1R > &, MgO buffer (10 nm)/CosoFes,
(CoFe) seed (10)/Ag buffer (100)/CoFe buffer (10)/CMS lower electrode (3)/CoFe (1.1)/Ag spacer (5)/CoFe (1.1)/CMS
upper electrode (3)/CoFe (1.1)/IrMn (10)/Rucap (5) TH 5. 728, MR DM &M 57-%, Agspacer & LT
CMS FEfli & O OMFEICE S 1.1 nm O CoFe Ea A L7-. CMS FEMiL CMS ¥ —4 ~ kT Mn
B =2y b ERWEZRERA Sy ZIEICL OHERE L, T OB % Co,Mn,Sigs, & it L7ZFFHC o = 0.62 >
5 a=145 FTEISE. Fz, CMS BIEOKE IR ED7=®, EE CMS &2 =I5 THERER, in-situ
T550°C O =—V&fro7-. LilOE#EEICKH LT, EBY Y 7T 74, ArA A2 ) 7 X0 #in
T.%#4T\y, CPP-GMR 7 ZERI L7=. F 1O MR EMEAZREIZB W CHEIE 4 WA KV RIE L. MR I
lZ(RarRe)/(Re—Rc) IZE DV EE LTo. T ZIT Rapp IWALSCTAT (CFAT) RO, RelTHES RIS L 722
WHFHAERIUR D TH S .
3. fERBIOEBEL 55

11288 L 7= CMS/CoFe/Ag/CoFe/CMS CPP-GMR -7 0 51 T S
MRt Co,Mn,Sigg EABIZ 1T D Mn fLEK a (2% DFEEE R 20t o
a ORIMZHEY, MR £5E725 Mn-deficient 72 = 0.62 [Z% 4% 11.1%7> o o ° "

& Mn-rich @ a = 1.45 (%89 % 20.4% % CHRIEMIHMT 2 HE R Do o 12T ° 1
fo. ZORRIT, CMS 52 UE CMFS 2 MT ISR 2R B |, ]
LREEETH Y, Mn-deficient 722> 5 Mn-rich OfERICZE LS ® B & =

i, RFEMINZ, Coun 7 v T WA FMEE T2 Z izl > TR TS 5t -
%. Vb, AREFEOFEFIE, CMS O/AE Mn U v 2T 57 7 a— 290K

F 73, CPP-GMR #2315 CMS A B U RO /N—7 A X )LD I, Q2 06 08 10 12 14 16
MTJ DA ERIERIZIEF AN THDHZ L 2R LTS, Mn composition a in Co,Mn,Sig g,

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

2) H.-x. Liuetal.,, J. Phys. D: Appl. Phys. 48, 164001 (2015).
3) G-f. Lietal., Phys. Rev. B 81, 134432 (2014).

4) K. Moges et al., Phys. Rev. B 93, 134403 (2016).

5) J.W.Jung et al., Appl. Phys. Lett. 108, 102408 (2016).

6) S. Lietal., Appl. Phys. Lett. 108, 122404 (2016).

7) Y. Ebinaetal., Appl. Phys. Lett. 104, 172405 (2014).

8) T. Uemuraetal., Phys. Rev. B 91, 140410 (R) (2015).

Fig. 1. MR ratios at 290 K for
CMS/CoFe/Ag/CoFe/CMS  CPP-GMR
devices as a function of Mn composition
o.in Co,Mn,Sig g, electrodes.
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Co,FeqsMng¢Si/L1, 2 ! AggMg/COQFEO 4Mng 6Si FTIZBIT A

AAERERGE LI SN AR R AR P L VA e =) L IR e

W EH VL PR A R RE Y @A iRt
CHAEKR 4,2 ﬁitjt A bn =7 ZAEnEENEHE X —)
Ferromagnetic layer thickness dependence of current perpendicular-to-plane giant magnetoresistance effect
in CoyFep4sMngeSi/L1,-type AgsMg/Co,Fo4Mng ¢Si devices
Takahide Kubota™?, Yusuke Ina', Zhenchao Wen"?, Koki Takanashi'?
(* IMR, Tohoku Univ., 2 CSRN, Tohoku Univ.)

[TL&MHIC

e T A L O RS HTF#E - (CPP-GMR % 1) 1%, mfEHESUE (RAME) 0.01-0.1 Qum? FLEE DX
EHER B WD T Hg Rk = fﬁ&ﬂﬁ%ﬁ%@kﬁ (MR ) ZMGonsd Z &nn, WO NN— KT 4 27 R
A THOBELIY ~y FADISHBEERENTWD D, Fox D7 L—F 13, ZHETITE A E stk
T D CojFegsMneeSi (CFMS) A AT —AaaiitEE L U, FERMEPREIC L1, D AgsMg &4 % VD
L TEEIMENARETHD LA RLTE2Y, AgMg TRIEAZ W -ETiX, ThE Tﬂﬂi@é’w:ﬁﬁb\%
LT Ag g & ik Lf%a:ﬁ%ﬁﬁ%{t (ARA) BNRENVZ ENHER STV AN I, ZolIRIC
WTOHERITZNETHFIITATOI TR, Z 2 TABIZE Tld CFMS/AgsMg/CFMS CPP-GMR 3% 1123
i} % ARA @ CFMS )Z'H%J;ﬁkfm: Valet-Fert DEF /L V%542 2 & T A7 WONTHRE D A B Rt
etk (B, y) ZHEHTL2ZEE2HNE LT,

KRR &

HEEZE~ 7 3 ha v A%y 2358 2 F . MgO (100) B & FLH/Cr (20 nm)/Ag (40 nm)/CFMS (tervs
nm)/Ag X% AgsMg (5 nm)/CFMS (tcems NM)/Ag (2 nm)/Au (5 nm) DFEE I 2 (ERL L 7=, CFMS BIEE (tcems)
133,4,5,7,9,12nm & L7z, &BIXERTHMEEL, Cr & Lo CFMS BRE% ICEBmEZEF T, Zhth
650°C, 500°C CEMVULHEZ4T 7=, REHIBERY V777 4 — S 2N TH 7 I 7 n vt —F—DHE T
MIT. L7z, GMR 2O RPE IXRIBITI\VCTEFE 4 i 715 TITo 72,

EERIER

terms =12 NM 2351 D MR b (FABIIO T 522 L5 < RiOfE) 1% Ag FREEDOFHE 1T 24%. AgsMg HH
EDFEFT 23%’(3?)/3710 WO B OHZAITIBN T topms DIV MR FLIFHER L, MR T
Ag. AgsMg ZNZNDHA T 43%, 49%E THIR L7, ARA D tepus IRIFMEND B,y ZHH L2FER. g1
Ag FHEHE T 0.63 FLE, AgsMg 8D FE T 0.78 %;r“@mﬂﬁgmto y DIEIZSWTIE, CFMS J&
P E OREIZBT S, FREEIUEO RHET D 72 DIEOHEIZITE > THRNE DD, WFhnH
FIZBWTH 07 EERD EEZ NS, Ag HHEOFR T L il LT AgsMg TRIEDOFE 7 TEW 0355
N ERIE, PRBICFMS B RE N ESN-Z LIk > TCRMS B OB AIMERm E Lz & EZ 65,

HEE
ABFFED —H#81E A AR AR B FLAAT e Rl B EATZE S, 25220910), fH#A b L— DT JEHEE R AR
(ASRC) D a2 7T,

BE IR

1) M. Takagishi et al., IEEE Trans. Magn. 38, 2277 (2010).

2) H. Narisawa et al., Appl. Phys. Express 8, 063008 (2015).
3) T.Kubotaetal., J. Phys. D: Appl. Phys. 50, 014004 (2017).
4) T.Valetand A. Fert, Phys. Rev. B 48, 7099 (1993).
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T B X % v )L CoFe/Ge/Fe;Si #itAitE 1 DIRIE LR & F OGRS E

FEHEE—E ", WEHE Y, B, mhaR—RE 2, FeiEns IS 2, R
CBRRHERET, 2B T A b=y 22— 3 Hmo L7 b a o (KR)
Low-temperature growth and magnetic properties of all-epitaxial CoFe/Ge/Fe;Si vertical structures
S. Sakai', M. Kawano', M. Ikawa', S. Okil’z, H. Sato’, S. Yamada'?, and K. Hamayal’2
(‘Graduate School of Engineering Science, Osaka Univ., “Center for Spintronics Research Network,
Osaka Univ., *Tokyo Electron Ltd.)

[IZL&IZ]
Foxix, DRI EHX ¥ —MBE)EE HWT, TE XX v /L FesSi/Ge/Fe;Si MitHAk 1k & Ak

THZ LTI L TWA[L]. LarL, Ge JERERFOEBIRERIEOH L S025[2], Ge @6 EE
FesSi JE~D Ge JF 1 DIk Z 53, FesSi BOBKFHENLIL L TLE D Z EBbhoTND.
AWFFETIE, Ge JBREMMICEMT E X % —(SPE))EAE AT D Z & T, Ge & D FHMEDH
EERERE ORI E FEBL L, BARBRFEEZ AT 2 G ORIR = B ¥ % o v VR & MGt
T 5[3,4].

[FBr71E]

MBE £ % FVN T Si(111) R FIZ FesSi 8 (25 nm) & iR L7
%, EcfEmEz Sim&uLR2]), £OE EICIESE Ge B3 nm)&
FIRHERE L C, 1 KO 7 =— LRLE(T, = 150, 175, 200 °C) % it
L 72(SPE-Ge). = D%, {5 T, ® % % T SPE-Ge J& LT Ge JE(17
nm)% MBE % L72(MBE-Ge). #&#%!Z, {RE T, #={EETF
\F7=%, CoFe J&(10 nm)% MBE i L, CoFe/Ge/Fe;Si ffitl!A#
e L72[3.4].

[ FHE R ]

Fig.1 12 T,=175 °C TIES L 7= #H ks O Wi TEM %< Figl TEM image of all-epitaxial
F. i Ge JE IS IZRE KM METEL TV A, FesSi g LT Cofe/GelFesSion Si(T).
—KEICHE LT Y, SPE-Ge/MBE-Ge J& D/ERLC I LT\ 5. 2000 ———
SED, 200 °C LT &V 5 EILCE B4 % o LERREME Ge/gh —T
PRI S 2 (RIS 5 2 LITBh LTz,

—

10 om

1000

5 1 [ iresisiin)
Fig. 2 12 300 K THIE L7z Bfb iR R 2 g B é 0 i I‘i !

b 17‘ U o 2 BARVEIM S, CoFe, FesSi 728 Ge 24 L ThER 3 = IH;: i E
FICAMT LTV D 2 ERRIREND. £, —OOKERESE 1000 —
FNENHM EIZ/ERL L 7= CoFe, FesSi OB & < — B et S
HLTVBIEMD, MANICHBRERSEHETH 2L w0l T
RSNz, T, Ge TRE OBIL OB R I SR 5 H{pe}
2 DHEBIZONT HERRS. Fig. 2 M-H curves at 300 K for a

ATFGEIE, BHFE FARRFZ2(A)(16H02333) - Friiisa s se - CoFe/Ge/Fe;Si trilayer (red line), a
) AE /w@$+%(26103003)0)*$ﬁjj 2T CoFe layer on Ge(111) (blue line),
B E ik and an Fe;Si layer on Si(111) (green
1) K. Hamaya ef al., Mater. Trans., 57, 760, (2016) line).

2) S. Yamada et al., Cryst. Growth Des., 12, 4703 (2012).
3) M. Ikawa et al., J. Cryst. Growth, 468, 676-679 (2017).
4) S. Sakai et al., Semicond. Sci. Technol. (accepted).
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T B X % ¥ )L CoFe/Ge/FesSi Mt &I I 1T D A B L AREDOHELH

FINEE ", WEHE ', BB, pheR—Be Y R, L m P R
CIRREM T, 2IRAREM T ALY hr=s 22— H o L7 ko o (BR))
Spin transport in all-epitaxial CoFe/Ge/Fe;Si vertical structures
M. Ikawal, M. Kawano,1 S. Sakail, S. Okil’z, H. Sato3, S. Yamadal’z, and K. Hamayal’2
(‘Graduate School of Engineering Science, Osaka Univ., *Center for Spintronics Research Network,
Osaka Univ., 3 Tokyo Electron Ltd.)

[IZC&IZ]

PEEAE B FIIAERAEVERE AT H2RMCEERT S 2 LTHfFINTWND.
Fx TN ET, Mt Ge F ¥ F/L AL MOSFET O aJHEMEZ B3R L, SRBLMEIAR/Ge/ SRR fER!
HEEOREMRERM 2B LT KR TIE, KITBI%E LT Ge OARIERS Sk &£l 2%
WTEBL L 7o = B % % 3 ¢ /L CoFe/Ge/FesSi fMtAAEEIZ VT, BRI A B AE OB EKL) L
72O THETD.

[EBRAE]

MBE 25 {& 2 H W T, | P Si(111) 3 ki
CoFe/Ge/Fe;Si fithilfiE v 2 X vy Vi E L7 Y. &
TRV T T T 4= At A AV T EERHNT
Fig. L IZRT X 7RO AL LT FE T &
L7 9.

[EER#ER]

WU ER T OBXBIEZIE Lz L 2 A, (KIERHAIT
N oA R L, FEEICIEMIRR 8RN E O
Ge BRI TWD Z LRI L. 20 K 2B

LEIEEFEIL, N RARE Z R T D BRI R
%Tbt Fig. 212 10 K THIE L 7= BEZEA(A Vo) DR

R E 2 R 7. B F OB BB O BALELE (CEAT - )X
PATWC KIS LT RO B 2T U 3 A E 5B 12
ENTWD., v F—A—7HE KR LBHSHh,
FOPATELE N L EICIR I N TWD Z E PR ST
Wb, ZOFERIL, CoFe/Ge/FesSi it &EICIT 5 A
MREOBHNCKRKSI L EEBERL TS, T
%, AVs DIRBFERTFME, A 7 ARG Bl Th
u&ﬁ/ﬁj‘é.

AWFFEIX, BHFE AR IE(A)(16H02333) « H7 i s sk
WFFEF ) A e B HR2(26103003) DA B &2 5% 1) 7=

Fig. 1 Scanning electron micrograph of

CoFe/Ge/Fe;Si spin valves.

2 CHk H (Oe)
1) M. Kawano et al., J. Appl. Phys. 119, 045302 (2016).
2) K. Hamaya et al., Mater. Trans. 57, 760 (2016). (A Vs) as a function of external magnetic

3) S. Sakai et al., Semicond. Sci. Technol. (accepted). field (H) at 20 K with an Inc of 0.5 mA.
4) M. Kawano et al., (submitted).

Fig. 2 Spin accumulation output voltage
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7 ENT 7 A GdFeCo EIZI 1T 5 A B U HE MLy

I =R, KRERBE, INERAIGS, & MR
(AR KT
Spin orbit torques in amorphous GdFeCo films
K. Kawakami, D. Oshima, T. Kato, S. Iwata
(Nagoya Univ)

[ZLHIZ

Gbit it 2. 5 MRAM BA% 1 X OV OIKTHE B LI T, MM O B2 3R 2 AL S s T1E OB 032K
DHNATWND, AL UAR—ARICEDMAC AR Le#biREL, A T A7 72— ML U
LRI R THRIEBR B OFREMER SV, FIEZ ALY =V V ORNES ThH D72 EOFIRNH %
LHEfENTWAS Y. GdFeCo i, Gd L EB LB OBKT— AV FAETICHAE L7 = VEHERTH 0,
FRRIC & 0 BEREHEZ HIET 5 2 L BNABERM B CH 503, AIFFETIE, #Ek D %72 % GdFeCo EIZBiHZ Ta
BTAEUEAY UMICE DAL VHE ML Z IOV TR THRET 5.

EBRAE

HEEZE~Y 73X ha v ANy 5&% , BAIRAERRAT & Si AR 12 Ta (20 nm) / Gdy(FegoCo10)100-x (5 nm) /
SiN 3 nm)Z Al L 7=. B DTz EE¥E LYV TITT7 4 AfA Ay F o7, 1 1~8um
®m~w7mx%ﬁ%¢@bt.xt/f—wMMﬁ%inwx%1omm@nwx%mgm%ﬁﬁﬁ Wt
I VB Leas CEREA—/L (AHE) BEZRET S Z EICL VR L. £7o, 7V REG & PATICRER
Het MZTo. AEHGE MV 27 IXJEHEL 80 Hz DAFRENT J 9 Z LI X Db & DZ{b%, AHE
DOEHKELEZRHET 52 & TR o 72, ZWMER & ATRB X OEE S TICHA Hu 2252 125 o
T, BB TITA T MBI T 40—V KT A7 "I LD Ho, He Z157-.

SRR

Fig. 1 1%, Gd#pk 21, 23, 26 at.%? GdFeCo FEIZH51T 2 A B L a8 — /WAL SR D B SR T L Jow DM
B Ho iRIFMEZ R L TV 5. AHE O 5025, Gd26 at.%LLl T ix TM-rich, Gd28 at.%!% RE-rich TH 5 = &
MR U720 Jaw D He AFHEIE Gdor(FeCo)ro D3 H KX <, IEBRBIEA R Z WIEE Hoa IFHENKE < 725
R R ONTz. 728, JawE Hea=00e ~IME L72fEIE Gd ALEIZ K & <KAFAET, 10 MA/em? FREE & 72 o
72. Fig. 213 Gdu(FeCo)ipo TEDEFIRIL Ms & J. =2 MA/em? IZ51F % Hp,, BLUOZIN o6 RO LN D A
R — VA I/ Je O Gd SLAE T E 7R LTS . Hp 13X GdFeCo OB TR & < 725738, AHE &
F720 , Hpp OFF 5% TM-rich, RE-rich T2, £, L/ LIZETOME T IZ 01 BRELRD
Z Wit

> IR
1) L. Liu et al., Science, 336, 555 (2012).
300
— | (a)
[&]
L200
3
%10 L Gdzs(FeCo)4 2100 B
§ I Gd (F C ) 0 I 1 1 1 1 1 1 1 1
‘? : \N\ e 40 -(b) HbL -4 0.3
> L i T .
£ 5L = 30 -
_g L Gdz1(FeCo)7s Qj 20 i : 0'23
2 £ t |
g 10+ sk |2
3t [ ]
0 - - - - - - - - L 0 1 1 1 1 | 1 1 1 0
0 200 400 600 800 1000
External field Hix (Oe) 20 Gd compc?sﬁltion x (at.%) 30
Fig. 1 External field He dependence of Fig.2 Gd composition dependence of (a) net
switching current density oJiw  of magnetization M, (b) damping-like field Hpr,
Gdx(FeonC010)100-x. and spin Hall angle & / J in

Gd(FeooCo10)100-x
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Gdx-Ferx B MBI Z 36 1T 2 FE I FEC e i % B ek 0D L R A4
iT=cRe= Jﬁ L, OFE B2, iR oKL, e E22 ATk EL 0 Bkl R BTH EE 2
(RERT Y, NHK $#2)

Current induced domain wall movement of magnetic wires with various composition of Gdx-Feixalloy
Ryo Ebisawa?, Kenichi Aoshima?, Daisuke Kato?, Nobuhiko Funabashi?,

Kiyoshi Kuga 2, Yasunobu Akiyama!, Kenji Machida?

(Tokai University.!, NHK STRL.?)

1L C®HIT

IRk w 75 7 o RA-HAT 4 A7 LA L LT, @Rk E BE L 72 A0E 5 (MO)ZE MDA R (SLM) O
HEAT->TVD D, BFEOFEISHGIZE D BRI kT V2 Z Y XfE/IMNC K 5 BEEhE mﬁ?@tw Ak
FHRICE B BRI MIE & 72> TN D A, 4E, TENT 7 Af HIHEB A B (RE-TM)E 4% FV 72k
PERIFRIZ BT, KRB COMEBEBEINERE STV 5 3, Fx 1 XEIRGEMEELREI 2\ /- MOSLM %
H%L RE-TM 54T 5 Gdx-Feix (2% B L. BEx 2efilak o Gd-Fe PEMARE T2 1ER L C& /-, ZhET

YIRS T ORIV R EE . FIEAREX T AL 71538 K OVEA ) 72 S A i B B B e PR I S W TS 2 LT,
%@ PV AR & B 2 72 & X OBMFEMEEB R FHEIC OV TR0 THRET 5,

EBRIT1E

VESRL U 7= BEPEARR 1T Gdx-Feyx BEMERMAR(IE:500nm, J&:15nm., x=0.204, 0.230, 0.244), MR, AL XA~
%%ﬁ@&mﬁOmmh%&é%ﬁkb N R I DA TG L Lz, ZHUORFIFA Ry X
X DB B, A AV VT R ATERAWTER L, v A 71 Kerr Il &% E (1:408nm) %
ﬁHb\Tia‘é@%fﬁf@@&z(tﬁﬁiﬁ'ﬁﬁ%ﬁ L7, Bk BB R Clx, SMMBHEAR 8k0Oe ZHIMN L /~N— R &
TP ERIRR OREAL 0 2 B & ISRl 2 AL, BR 2 e & LT, (Gdozwu-Feorss TIEHMIREX Z>< D72 i
M & I ZEPRAEAN), 2L AlE 50ns, 1us DEIRZEA Lz, £ 0%, MO B CHREED BB 2 8122 LERIEA
AT MO 25080 BB 2 B (5 [RIOE)) Liz, &4 ORIEZ 5 [\ K LBENEE Ok L O
AR (T —"—) &R,

SRS

-‘“: -T—j x=0.204
Fig. 1 (ZREMERIARES DAL SOlins M 2 ~ A« 7 1 Kerr (2 CHIE L7257 % 2

Y, CHETORECHE LEESIC, POEAT Y v AL—T T  §1°
5 AR ORI R X <, v A T ABROKERTIT/ NS nE NS £
XN —T T o1, 7T AERMO KR, —FRbRE, <A s

FARR CORMRIIREEBBIC L5 s s | K — FARR 5 73k e

KRN —TINELNT=DE EEZBND, Gd BEVMARIEE, 7T A Fig.1 Kert loop of
D SCERRER DK E o 72Dy, ~ A F AR O SRR TR FPE D Gdx-Fe;xmagnetic wire
Rbivimotz, £72, Fig 2 ICERAEMEBBIHEZ T, b5 1500

7V A E s

D7V AETS Gd BNE VAT L, BEREENMELS | EEE LK 1200 |
XL T D LWMEERBENE L TR X < 7o o7z, lus TlE 21.3MA/cm?, 50ns T
1% 28.0MA/Cn? LA EDEIREE TlX, ~/VF KA AL il oT=, 72, 1ps
@/VI/XTIJEHT %, 50ns DL AR KV HAREGLE E CTREEDEN S Z & & .
T X 72, Gdoas-Feo7se D BEE T V(JC) 1. 1ps THX 13, 3MA/cm?, 50ns L

Velocity Vms)
©
=3
2

£
=
S

d
2
=]

TIE 16.0 MA/em? T o7z, ZAUT/ IV AMER KR E WERFEED R E < o P — FP—

5.00 10.00 15.00 20.00

KER TEIN 22D L BEZX TV D, BN RKE W Gd A Z WA T . Current demsity Je(MA/cn)

15.00

30

LI E <, BENEEITIE) > 72, GdozsFeors DA B OB T 7L Alig:50ns
HY . ZOERERKIZITV Gdo2sa-Feorse (23U TIX, AIFIBLL(Ms) 23 T
Bolelzd, BMEBREBEEN TR 129D EEZLND,

L Z D& N

Veloeity V(s
o 5]
o =
g8 8

=]
=]

w
=
=3

1) K. Aoshima, et. al, J. Display Technol, vol. 11, no. 2, pp. 129-135, (2015) | Nz 520,204

2) K. Aoshima, et. al, J. Display Technol, vol. 12, no. 2, pp.1212-1217, 000 o

00

(2016) : Current density Je(MA/cm?)
3) H.Awano, J. Magn. Mater., vol. 383, pp.50-55 (2015) Fig. 2 Domain wall velocity

4)  S-W.Jung, et. al, Appl. Phys. Lett., 92, 202508 (2008)
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3 = U —iE Co/Pd RZ N 2 Vo A & 1 AR A SR

ARFE, FEEE, KK, IIEEEE, EERE>, )15 RE, & Hk
(&K, *H¥ LA HARWFSEHT)
Spin transfer torque magnetization switching of Co/Pd based multilayers with low Curie temperature
T. Kimura, X. Dong, D. Oshima, T. Kato, Y. Sonobe*, Y. Kawato*, S. lwata
(Nagoya Univ., *Samsung R&D Institute Japan)

1. [TL®HIZ

A B UEABALRERE, KEE MRAM Z B3 28T & U CRREIED L TW5H A3, 10 Gbit #if x5
KEOEIIIL, WAL ENE SRV EERERZ W S8 5 @R L FIEOBRENRD 5D . ek
IXE BB KR E FEBT A AV EE LT, B0 F o U —iEE (KT &EWEEBSETE (5 Ky
EHETDHEE R T, IRKOEERZBES S MEEN AT Y EICER LY. K Tc/g & LT CoPd/Pd £ )&
5, @& Tchg & LT ColPd @z W= FEEIEORALKER Z /it L, (K T8 OALRERDS, & Tc 8 DR
{EHEE DZBFERIC I VHIETE 52 L 2R L CE 72 29, Aald Te ZHl#E 7l fE7e Co/Pd A& @M~ A
B EARACBER R LTz

2. EBRAE

BARALRRAS Si ik blc~ 27 br Aoy ZYEIZ XD, Sisub. / Ta (10) / CuzeTaze (150) / Pt (5) / [Pt (1.0) / Co
(0.6)]6/ Cu (2.5) / [Co (0.3) / Pd (1.2)]s/ Cu (5) / Ta (2) (BEEDHNLIZ nm) ZER L7, FEF ORI LIZIE,
T4 NIV TTT 4, ECRTTIATAA AT T, BLOEFE—LV Y777 0 %20, EHEE 200
nm¢ DEEZH T 5 CPP-GMR FF 2 Ff U7z, BEKHRPURFMEIZEDE 4 S FEIC K VMBI L, A& IEARE
LI HRIE /<L A 10 pusec~10 msec O/ 3/L A EE & FIIN#., 1 mA Ot LB CHEAIRIZNET 5 Z &
TR L7z, AN LIEORSUREEIE, REMN DB /15 (AGM) I X D HlE L7z,

3. RERFER

Fig.1 (@) % Co/Pd % A€V Ji§ &3 % CPP-GMR 5% 1-® MR Hift %,
Fig.1 (b) 1ZAMAEER Hexe = -3 kOe & HIM L T A & 2 1 AR LI R % fle L
BL7Z FR MR EZ R L TWA. K(a)h D, ColPt U 7 7 L R8O
7173 3.5 kOe, Co/Pd A& U J& DK 173 5kOe Th D Z L3 orhoi-.
PO MR HI3H 02 % Tdh -~ 7. Fig. 1 (b)I%, FMEBEZSR-7 kOe Z EIN °r
L CHEATIREEIC L, %I 3.5 KOe & FIAN L CROEATIRIEIC L7k, SN - y
W% -3 kOe FIIN L T A B U i ABALIER 2B LR TH 5. (a)

IV AEEED 23V A 10 psec ThHH. -R #iFR L U, 1=18 mA T/FE
17 (AP) BEAT (P) ~, F£72. 1= 20mA TP 2»5 AP ~ /b i
NDHRETWEZERDLND. NSRS O D IREREEITZ
NFN 6.0 x 107 Alem?, 6.7 x 107 Alem? Tdh o 7=, ERE I Dy
DV AMEEAFED D ColPd ZEIROBZ EMIEE A # REL - 72 e |
EZAH, A=TO LWV ERELN. ZHUFAELIEAICKLY AEY B puse Curent 7 mA) 2

JE N —F KR 2 E AR SN D AT~ IR I/ E <, ColPd N (b)

WK DA L, BHEKEREITLTWD b0 EEZHND. Fig. 1 () MR curve, and (b) IR

1) Machidaetal., DOI 10.1109/TMAG.2017.2711247, IEEE Trans. Magn.  curve for the CPP-GMR junction
(2017).
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2) D, 45 40 B ARG VTS, 80C-9 (2016). with [Co/Pd]s memory layer. The
3) X.Dongetal., 61st MMM conference, FT-03 (2016). R curve was taken at an

external field of Hext = -3 kOe.
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Study on measurement method of Dzyaloshinskii-Moriya interaction by simulations
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Fig 1. Effect of DMI and the magnetic (@)D= 0 erglem (b)D =1 erg/em
field on the switching probability Fig 2. Effect of the pulse length and the normalized

magnetic field on the switching probability

RN

[1] X. Z. Yu, et al., Nature. 465, 901-904 (2010). [2] S. Emori, et al., Nat. Mater. 12, 611 (2013).

[3] V. E. Dmitrienko, et. al., Nat. Phys. 2859, 202-206 (2014). [4]S. Kanai, et. al., Appl. Phys. Lett. 101, 122403
(2012).
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Simulation Analysis of SpinRAM with Dzyaloshinskii-Moriya interaction
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Figurel. Effect of DMI, pulse length, and the diameter of the disc on the switching current
BE IR
[1] T. Moriya, Phys. Rev. 120, 91 (1960) [2] I. E. Dzialoshinskii, Sov. Phys. 5, 1259 (1957)

[3] S.Rohart and A.Thiaville, Phys. Rev. 88, 184422(2013)  [4] K.Yamada et al., Appl. Phys. Lett. 106,042402(2015)
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Fig.1 Simulation model of the STO. The direction of the applied Lax 10t " o 0.0
field and current are indicated by the red and yellow arrows. Applied Field(kOe)
Fig.2 The map of the emission power of the
2D N STO, the diameter of which is 200nm.
1) B. Wang. et al., Appl. Phys. Lett. (2016) 2) T. Taniguchi, et al., Appl. Phys. Express(2013)
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